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Tetraspanin family identified as the central genes detected
in gastric cancer using bioinformatics analysis
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Abstract. Gastric cancer has become a serious disease in the
past decade. It has the second highest mortality rate among the
four most common cancer types, leading to ~700,000 mortali-
ties annually. Previous studies have attempted to elucidate
the underlying biological mechanisms of gastric cancer. The
present study aimed to obtain useful biomarkers and to improve
the understanding of gastric cancer mechanisms at the genetic
level. The present study used bioinformatics analysis to iden-
tify 1,829 differentially expressed genes (DEGs) which were
obtained from the GSE54129 dataset. Using protein-protein
interaction information from the Search Tool for the Retrieval of
Interacting Genes database, disease modules were constructed
for gastric cancer using Cytoscape software. In the Gene
Ontology analysis of biology processes, upregulated genes were
significantly enriched in ‘extracellular matrix organization’, ‘cell
adhesion’ and ‘inflammatory response’, whereas downregulated
DEGs were significantly enriched in ‘xenobiotic metabolic
process’, ‘oxidation-reduction process’ and ‘steroid metabolic
process’. During Kyoto Encyclopedia of Genes and Genomes
analysis, upregulated DEGs were significantly enriched in
‘extracellular matrix-receptor interaction’, ‘focal adhesion’
and ‘PI3K-Akt signaling pathway’, whereas the downregulated
DEGs were significantly enriched in ‘chemical carcinogenesis’,
‘metabolism of xenobiotics by cytochrome P450’ and ‘peroxi-
some’. The present study additionally identified 10 hub genes
from the DEGs: Tumor protein p53 (TP53), C-X-C motif
chemokine ligand 8 (CXCLS), tetraspanin 4 (TSPAN4),
lysophosphatidic acid receptor 2 (LPAR?2), adenylate cyclase
3 (ADCY3), phosphoinositide-3-kinase regulatory subunit
1 (PIK3R1), neuromedin U (NMU), C-X-C motif chemokine
ligand (CXCL12), fos proto-oncogene, AP-1 transcription
factor subunit (FOS) and sphingosine-1-phosphate receptor
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1 (S1PR1), which have high degrees with other DEGs. The
survival analysis revealed that the high expression of ADCY3,
LPAR2, S1PR1, TP53 and TSPAN4 was associated with a
lower survival rate, whereas high expression of CXCL8, FOS,
NMU and PIK3R1 was associated with a higher survival rate.
No significant association was identified between CXCL12 and
survival rate. Additionally, TSPANI and TSPANS appeared in
the top 100 DEGs. Finally, it was observed that 4 hub genes
were highly expressed in gastric cancer tissue compared with
para-carcinoma tissue in the 12 patients; the increased TSPAN4
was significant (>5-fold). Tetraspanin family genes may be novel
biomarkers of gastric cancer. The findings of the present study
may improve the understanding of the molecular mechanisms
underlying the development of gastric cancer.

Introduction

Gastric cancer has become an important health risk, as it is
the fourth most common cancer after breast, lung and ovarian
cancer and the second leading cause of cancer mortality
worldwide (1). It is estimated that ~934,000 novel cases are
diagnosed and that there are ~700,000 mortalities annually (2).
In China, there are >220,000 mortalities due to gastric cancer
annually, which is approximately one-half of the global gastric
cancer mortalities (3).

Gastric cancer has been subdivided into two primary
subtypes based on histological appearance, including the
well-differentiated intestinal type and the poorly differenti-
ated diffuse type (4). Gastric cancer has a poor prognosis, as
the 5-year survival for patients with gastric cancer in China is
only 30% (5). However, the majority of gastric cancer cases
are diagnosed in the middle to late stage (6). Therefore, the
development of methods for timely diagnosis and effective
symptomatic treatment of gastric cancer is urgent. Therefore,
the present study investigated the potential biomarkers of
gastric cancer using bioinformatics tools and aimed to provide
guidance on the diagnosis and treatment of gastric cancer.

Bioinformatics tools, techniques and resources are critical
to biomarker discovery, assessment, validation, qualification,
standardization and market acceptance into clinical practice.
Major scientific efforts and economic investment over the
past 20 years have resulted in thousands of novel candidate
biomarkers for diseases; however, relatively few biomarkers
have been used in clinical practice (7).
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The present study used a high-throughput bioinformatics
platform to analyze microarray data and identify differentially
expressed genes (DEGs) for further investigation. The current
study used the microarray dataset GSE54129, which was
downloaded from Gene Expression Omnibus (GEO; www.
ncbi.nlm.nih.gov/geo/), containing 111 human gastric cancer
tissues and 21 non-cancerous gastric tissues. The present study
used R software to obtain the expression profiles and DEGs.
Gene enrichment analysis and network analysis were also used
to provide interpretation of high-throughput results. To confirm
whether the hub genes associated with poor prognosis were
involved in the pathogenesis of gastric cancer, gastric cancer
and para-carcinoma tissues from 12 patients were subjected to
reverse transcription-quantitative polymerase chain reaction
(RT-gqPCR) analysis. The present study identified potential
biomarkers for further research.

Materials and methods

Patients and ethics statement. The use of human gastric cancer
specimens and the database was approved by the institutional
review board of the Hospital of Qingdao University (Qingdao,
China). Human tissues used in this study were obtained from
patients with gastric cancer (recruited between September
2014 and September 2016; mean age, 62.5 years; range, 54 to
72 years; male, 58.3%, female 41.7%) following resection at the
Hospital of Qingdao University. All patients received standard
adjuvant radiotherapy following surgery. Written informed
consent was obtained from all patients.

RNA isolation and RT-qPCR analysis. Total RNA was
isolated from cells using TRIzol reagent (cat. no. 15596026;
Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA). A total of 4 ug RNA was reverse transcribed into
cDNA using the RevertAid First Strand cDNA Synthesis kit
(cat. no. 1622; Fermentas; Thermo Fisher Scientific, Inc.).
qPCR was performed using the Power SYBR Green PCR
Master Mix (cat. no. 4367659; Applied Biosystems; Thermo
Fisher Scientific, Inc.) on a 7500 system (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The following primers were
used to perform qPCR: Adenylate cyclase 3 (ADCY3), 5-TCT
CCGAGCCCGAATACT-3' (forward) and 5-GTTCCGGAC
CGAGATTTCAT-3' (reverse); lysophosphatidic acid receptor
2 (LPAR?2), 5“TGACTGGAGGCCCAGAT-3' (forward) and
5'-GCTCTTTGCCACTGTTG-3' (reverse); sphingosine-
1-phosphate receptor 1 (S1PR1), 5'-GCTCTCCGAACG
CAACTT-3' (forward) and 5'-CGATGAGTGATCCAGGC-3'
(reverse); tetraspanin 4 (TSPAN4), 5-CGTCAAGTACCTCAT
GTTC-3' (forward) and 5-ACGGGAAGGAAGAGGAC-3'
(reverse); and GAPDH (reference gene) 5'-TCTCTCCGT
CCTCGGAT-3' (forward) and 5'-CGTAGTTGTGCTGAT
G-3' (reverse). The thermocycling conditions were as follows:
Pre-denaturation at 94°C for 5 min; 40 cycles of denaturation
at 94°C for 30 sec, annealing at 60°C for 20 sec and extension
at 72°C for 20 sec; and a final extension at 72°C for 10 min. All
RT-gPCR reactions yielded products with a single dissociation
peak. Results were analyzed using the 224 method (8).

5-bromo-2-deoxyuridine (BrdU) assay. To perform the BrdU
assay, cells were grown in 96-well plates (1x10* cells/well)
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(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany; cat.
no.CLS3595-50EA). After 18 h, BrdU (10 ug/ml; Sigma-Aldrich;
Merck KGaA) was added to each well. A total of 3 h subsequently,
the culture media were discarded, and BrdU incorpora-
tion was measured using a Cell Proliferation ELISA kit (cat.
no. 11647229001; Roche Diagnostics, Basel, Switzerland),
according to the manufacturer's protocol. Absorbance was
normalized to the cell number.

Transfection. Transfection with plasmids and short hairpin
(sh)RNA experiments were performed according to protocols
provided by Invitrogen (Thermo Fisher Scientific, Inc.). DNA
oligonucleotides carrying shRNA were constructed into the
pLKO.I plasmid (Addgene, Inc., Cambridge, MA, USA).
Packaging plasmid psPAX2 (4 pug /ml) and 4 ug envelope
plasmid pMD2.G (both from Addgene, Inc.) were co-trans-
fected into 293 cells (American Type Culture Collection,
Manassas, VA, USA) achieving 80% density with 4 yg recom-
binant plasmids using Lipofectamine® 3000 (Thermo Fisher
Scientific, Inc.). The 293 cells were grown in DMEM (Gibco;
Thermo Fisher Scientific, Inc.) supplemented with 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.),
streptomycin (100 ug/ml), and penicillin (100 U/ml) and incu-
bated at 37°C with 5% CO, in a humidified atmosphere. The
supernatant containing lentivirus particles was collected after
48 h. Target cells were infected 3 times with medium containing
lentivirus (10® TU/ml) for 6 h, and recovered in normal growth
medium for 24 h before next infection. The purchased shRNA
target oligos were as follows: TSPAN4 shRNA#1, 5'-CTG
AGCACCGCCTGGTCTCTT-3"; TSPAN4 shRNA#2, 5-GCC
TTTGTCATGGCCATCGGC-3"; TSPAN4 shRNA#3, 5'-GGT
GGCCACGTGCTGGCTGCG-3"; and control shRNA
(non-targeting), 5'-AACTGGACTTCCAGAAGAACA-3'.

Microarray data. The microarray dataset, GSE54129, was
downloaded from the GEO database. It was based on the
Affymetrix GPL570 platform (Affymetrix Human Genome
U133 Plus 2.0 Array). This expression profile contained
132 samples; 111 human gastric cancer samples and 21
non-cancerous gastric samples were analyzed by high-density
oligonucleotide microarray.

DEG identification. The expression profiles GSE54129
contained 132 CEL files, and in order to obtain the expression
data the present study used the Affy package version 1.52.0
in R (version 3.3.1) (9) and the ‘rma’ method to perform the
background correction, normalization and expression calcula-
tions. Subsequently, the limma package version 3.0.1 (10) was
used obtain the DEGs, with the Benjamini-Hochberg adjust-
ment method to identify DEGs with log,lfold-change (FC)I >1
and adjusted P-value cut-off <0.05 as statistically significant
candidate genes. When the DEGs were obtained, the gplot
package version 3.3.2 (11) was used to draw a heatmap that
revealed the regulation of the top 100 DEGs (50 upregulated
and 50 downregulated), and a volcano plot for the distribution
of the DEGs in this dataset.

Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene
Ontology (GO) analysis. The KEGG database (www.kegg.jp)
may provide functional meanings to genes and genomes at the
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molecular and higher levels (12). GO (www.geneontology.org)
is a community-based bioinformatics resource that supplies
information about gene product functions using ontologies
to represent biological knowledge. The GO database may be
used to identify the molecular function, cellular component
and biological process of input gene sets (13). The present
study placed all DEGs in the online analysis tool Database for
Annotation, Visualization and Integrated Discovery (DAVID)
to obtain the relevant biological annotation. DAVID integrates
a variety of online gene annotation tools, which facilitate the
comprehensive analysis of gene function (14).

Disease module search. After the DEGs were obtained from the
gene expression profiles, the interactions between DEGs were
determined using the Search Tool for the Retrieval of Interacting
Genes (STRING) database. The STRING database contains
information on >5,200,000 proteins from >2,000 organisms.
It provides assessment and integration of protein-protein inter-
actions, including direct (physical) and indirect (functional)
associations (15). All DEGs were mapped to STRING and only
interactions with a high interaction score >0.9 were selected.
The DEG network was constructed using Cytoscape software
(version 3.2.1; http://www.cytoscape.org/), disease modules
were extracted from the whole DEG network using the MCODE
application in Cytoscape, with the following criteria: MCODE
score >10 and each node >3 degrees.

Survival analysis. Kaplan Meier plots (KMplots) are
capable of assessing the effect of 54,675 genes on survival
using 10,293 cancer samples. These include 5,143 breast,
1,648 ovarian, 2,437 lung and 1,065 gastric cancer patients with
a mean follow-up period of 69, 40, 49, and 33 months, respec-
tively. The primary purpose of the tool is a meta-analysis based
biomarker assessment (16). The top 10 hub genes of the disease
module were placed in the KMplot database to examine the
association between alterations in their gene expression levels
and the 5-year survival rate of a patient.

Tumor xenografts. All animal experiments were approved
by Qingdao University (Qingdao, China) and performed
in accordance with the Institutional Animal Care and Use
Committee guidelines. All experiments were performed
with female FOX CHASE severe combined immunodeficient
(SCID) mice (purchased from Model Animal Research Center
of Nanjing University). SCID mice were used for experiments
when 6 weeks old. The weight of the mice was 18-20 g and
there were 5 mice in both the control and the test group.
The mice were housed at 22+2°C with a relative humidity
of ~50-80%, a working illumination of 50~300 1x, 12-h
light/dark cycle, ventilation frequency of ~16 -20 times/h with
an airflow speed, <0.18 m/sec and an ammonia concentra-
tion, <20 ppm. NCI-N87 or SGC-7901 (both American Type
Culture Collection, Manassas, VA, USA) cells with stably
downregulated TSPAN4 or control cells were subcutaneously
injected into mice. When the tumor diameter in the right flank
of mice reached 5 mm, mice were sacrificed using an injection
of pentobarbital and tumor tissue was collected.

Statistical analysis. Statistical analyses were calculated in
GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA,
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USA) using the test appropriate for each comparison. Data
are presented as the mean + standard deviation for continuous
data. One-way analysis of variance or multivariate analysis of
variance was used and Dunnett's test was used for pairwise
comparisons of multiple treatment groups. All experimental
groups were compared with the control groups. P<0.05 was
considered to indicate a statistically significant difference.

Results

DEG identification. The dataset GSE54129 used in the
present study contains 132 samples: 21 normal tissues samples
and 111 tumor tissue samples. Each sample set was read and
analyzed using the Affy and limma packages in R software.
Following preprocessing, results for the whole dataset were
obtained using the ‘rma’ method in the Affy package, with
P<0.05 and fold control (log,/FCI) >1 as thresholds to screen
out satisfactory DEGs from the expression matrix. A total of
1,829 DEGs were identified, in which there were 838 upregu-
lated genes and 991 downregulated genes. To obtain a brief
overview of these DEGs, the top 100 DEGs (50 up-regulated
& 50 down-regulated) were captured in a heatmap using the
gplot package (Fig. 1), and a volcano plot to illustrate the
distributions of all DEGs (Fig. 2).

KEGG pathway analysis. KEGG pathway analysis and GO
enrichment results were obtained by uploading all DEGs to the
online tool DAVID. The results of the KEGG analysis (Table I)
illustrated the most significantly enriched pathways of DEGs
in gastric cancer (top five upregulated and top five down-
regulated). The upregulated DEGs were significantly enriched
in ‘ECM-receptor interaction’, ‘focal adhesion’, ‘PI3K-Akt
signaling pathway’, ‘staphylococcus aureus infection’ and
‘protein digestion and absorption’, while the downregulated
DEGs were significantly enriched in ‘chemical carcinogenesis’,
‘metabolism of xeno-biotics by cytochrome P450°, ‘peroxi-
some’, ‘fatty acid degradation’ and ‘gastric acid secretion’.

GO enrichment analysis. The results of the GO analysis
(Table II) demonstrated that with respect to biological
processes (BP), upregulated DEGs were significantly enriched
in ‘extracellular matrix organization’, ‘cell adhesion’ and
‘inflammatory response’, while downregulated DEGs were
significantly enriched in ‘xenobiotic metabolic process’,
‘oxidation-reduction process’ and ‘steroid metabolic process’.
With respect to molecular function (MF), upregulated DEGs
were significantly enriched in ‘heparin binding’, ‘extracellular
matrix structural constituent’ and ‘integrin binding’, while
downregulated DEGs were significantly enriched in ‘oxido-
reductase activity’, ‘NAD+ binding’ and ‘aldo-keto reductase
(NADP) activity’. With respect to cellular component, upregu-
lated DEGs were significantly enriched in ‘extracellular
matrix’, ‘extracellular region’ and ‘proteinaceous extracel-
lular matrix’, while downregulated DEGs were significantly
enriched in ‘extracellular exosome’, ‘peroxisomal matrix’ and
‘apical plasma membrane’.

Disease module search. To understand the interactions among
the collected DEGs, we the STRING database was used to
obtain the protein-protein interaction (PPI) information for each
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Figure 1. Heatmap of the top 100 differentially expressed genes. The blue bar contains 21 control samples, and the red bar contains 111 tumor samples. Red,

downregulated; yellow, upregulated.
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Figure 2. Volcano plot of the distribution of differentially expressed genes the
dataset. A total of 838 genes were upregulated and 991 were downregulated.
Red, upregulated; blue, downregulated. FC, fold-change.

DEG. During this step, PPIs with the highest interaction scores
(confidence >0.9) were selected. Using Cytoscape software to
analyze the PPl information, the degree of each node was ranked
and the top 10 hub nodes with higher degrees were obtained.
These hub genes included tumor protein P53 (TP53), C-X-C
motif chemokine ligand 8 (CXCLS), tetraspanin 4 (TSPAN4),
lysophosphatidic acid receptor 2 (LPAR?2), adenylate cyclase
3 (ADCY3), phosphoinositide-3-kinase regulatory subunit 1
(PIK3R1), neuromedin U (NMU), C-X-C motif chemokine
ligand 12 (CXCL12), fos proto-oncogene, AP-1 transcription
factor subunit (FOS) and sphingosine-1-phosphate receptor
1 (S1PR1). Among these genes, TP53 had the highest node
degree (degree=53; Table III). In addition, it was noted that
TSPAN4 appeared in the heat map of the top 100 DEGs, and a
further two tetraspanin family genes, TSPAN1 and TSPANS,
also appeared in it. Tetraspanin family genes may be a high-
light biomarker of gastric cancer.

Furthermore, the interact information of 1,829 DEGs and
2,901 edges was used to construct the top 4 MCODE score
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Table I. Kyoto Encyclopedia of Genes and Genomes pathway analysis of differentially expressed genes associated with gastric

cancer.

A, Upregulated

Pathway ID Name Count P-value Genes
hsa04512 ECM-receptor 26 2.17x10'2  TNC, COL3A1, COMP, COL6A3, THBS2, COL6A2, COL6AI1,
interaction LAMCI1,THBS1,COLI11A1, SPP1,FN1, THBS4, COL4A2,
COL4A1,HSPG2,ITGA1,ITGA4, COL5A3,ITGA7, COL5A2,
COL5A1,LAMA4,ITGAS, COL1A2, COL1A1
hsa04510 Focal adhesion 40 337x10"? TNC,COL3A1,MYL9,RAC2, COMP, ILK, COL6A3,ZYX,
COL6A2,COL6A1,THBS4, THBS1,COLI11A1,THBS2, PIK3R1,
SPP1,FNI1,IGF1,COL4A2, COL4A1,ITGA1,ACTNI1, ITGA4,
FLNC, COL5A3, PARVB, COL5A2, COL5A1, FLNA, KDR,
VEGFC, LAMA4,FYN, ITGAS,ITGA7,COL1A2, PDGFRB,
COL1A1,LAMCI1,MYLK
hsa04151 PI3K-Akt signaling 49 2.87x10"2  HSP90ABI1, OSMR, FGF10, TLR4, CSF3R, PIK3AP1, MYC,
pathway ANGPT2, COL11A1, PPP2RI1A, TP53, VEGFC, COL1A2,
PDGFRB, GNB4, COL1A1,LAMCI1,MCL1,TNC, COL3A1l,
BCL2L1, IL7R, G6PC3, COMP, COL6A3, SPP1, COL6A2,
COL6A1,IL2RG, THBS1,THBS2,PIK3R1,THBS4,FN1,CSFIR,
IL6, COL4A2,1L2RA, COL4A1,ITGAL,IGF1,ITGA4, COL5A3,
YWHAE, KDR, COL5A2, COL5A1, ITGAS5,ITGA7
hsa05150 Staphylococcus 17 1.35x10® ICAMI, SELP, C3AR1, C5AR1, C3, FPR3, C1R,ITGB2, C1S,
aureus infection HLA-DMB,CI1QA,CI1QB,FPR1,CIQC,HLA-DQA1,HLA-DPAI,
FCGR3B
hsa04974 Protein digestion 21 3.16x10®  COLI18A1,COL4A2, COL4A1,COL21A1,COL3AI, ELN,
and absorption COL15A1,ATP1A2, COL5A3, COL5A2, COL5A1, SLCI1AS,
COL14A1,COL6A3, COL1A2, COL6A2, COL12A1,COL6AL,
COL1A1,COL11A1,COL10A1
B, Downregulated
Pathway ID Name Count  P-value Genes
hsa05204 Chemical 18 2.86x107  CYP3A5,CYP2C19, SULT2A1, CYP2C9, CYP2C18,NATI,
carcinogenesis ADHIC,ADHI1A,ADH7, CYP3A7-CYP3A51P, MGST?2,
ALDH3A1,CBRI1,SULT1A1,SULT1A2, GSTP1, UGT2A3,
UGT2BI15
hsa00980 Metabolism of 16 2.72x10°  CYP3A5,SULT2A1,CYP2C9,ADHIC,ADHIA, ADH7,
xeno-biotics by ALDH3A1,AKR1C2,CBR1,AKR1C4,AKR7A3, UGT2A3,
cytochrome P450 UGT2B15,AKR1C1, GSTP1, MGST2
hsa04146 Peroxisome 16 1.2x10° XDH, ACOX1,NUDTI12, EHHADH, EPHX2, PRDX5, PHYH,
PEX7,ACOX3, PEX11A, FAR1, PXMP2,IDH1, ACSL3, SCP2,
SLC27A2
hsa00071 Fatty acid 11 457x10°  ACOXI1,CPT2, EHHADH, ADHIC,ALDH2, ADHIA, ADH7,
degradation HADH, ACSL3, ALDH3A2, ACOX3
hsa04971 Gastric acid 11 3.2x1073 KCNJ16,KCNIJ15, PLCB3, PLCB4, ATP4A, ATP4B, KCNE2,

secretion

GAST, CA2, SST, KCNK10

disease modules of gastric cancer using the MCODE applica-
tion in Cytoscape software. KEGG pathway enrichment results
were obtained for each gene contained within the modules
(Fig.3). The results demonstrated that the genes contained in the

modules were significantly enriched in ‘chemokine signaling
pathway’, ‘protein digestion and absorption’, ‘complement and
coagulation cascades’ and ‘AGE-RAGE signaling pathway in
diabetic complications’.
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Table II. GO analysis of differentially expressed genes associated with gastric cancer.

QI et al: DETECTION OF HUB GENES AND KEY PATHWAYS OF GC

A, Upregulated BP

GO term Function Count P-value
G0:0030198 Extracellular matrix organization 60 8.71x10%
GO:0007155 Cell adhesion 84 2.77x10°%
GO0:0006954 Inflammatory response 71 4.15x10%
G0:0030574 Collagen catabolic process 27 7.35x107"
G0:0050900 Leukocyte migration 44 4.32x107'¢
B, Upregulated MF

GO term Function Count P-value
GO0:0008201 Heparin binding 40 5.50x10°"
G0:0005201 Extracellular matrix structural constituent 27 1.27x10°"8
GO0:0005178 Integrin binding 30 6.20x1071
GO0:0005515 Protein binding 466 3.03x10°1°
G0:0050840 Extracellular matrix binding 12 4.26x107
C, Upregulated CC

GO term Function Count P-value
G0:0031012 Extracellular matrix 88 2.87x10*
G0:0005576 Extracellular region 186 1.45x107%¢
G0:0005578 Proteinaceous extracellular matrix 71 2.96x10%
GO0:0005615 Extracellular space 161 5.22x10%
GO:0070062 Extracellular exosome 225 1.94x10*
D, Downregulated BP

GO term Function Count P-value
G0:0006805 Xenobiotic metabolic process 24 5.27x10°"
GO0:0055114 Oxidation-reduction process 67 3.82x10"
G0:0008202 Steroid metabolic process 16 4.19x10"°
G0:0030855 Epithelial cell differentiation 16 6.14x107
G0:0007586 Digestion 15 9.10x10”
E, Downregulated MF

GO term Function Count P-value
GO0:0016491 Oxidoreductase activity 26 7.08x10°6
GO0:0070403 NAD+ binding 6 2.06x10*
GO0:0004033 Aldo-keto reductase (NADP) activity 6 4 44x10*
G0:0004062 Aryl sulfotransferase activity 5 1.7x107
GO0:0004022 Alcohol dehydrogenase (NAD) activity 4 3.1x10°
F, Downregulated CC

GO term Function Count P-value
GO0:0070062 Extracellular exosome 198 2.96x10°
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Table II. Continued.
F, Downregulated CC
GO term Function Count P-value
GO:0005782 Peroxisomal matrix 12 7.33x10°
G0:0016324 Apical plasma membrane 32 2.21x10°
GO:0005789 Endoplasmic reticulum membrane 69 2.47x107
G0:0016021 Integral component of membrane 295 9.53x10°

GO, gene ontology; BP, biological process; CC, cellular component; MF, molecular function.

Table III. Top 10 hub genes ranked by degree.

Gene

symbol Full name Degree

TP53 Tumor protein P53 53

CXCL8  C-X-C motif chemokine 53
ligand 8

TSPAN4  Tetraspanin 4 51

LPAR2 Lysophosphatidic acid receptor 2 50

ADCY3  Adenylate cyclase 3 49

PIK3R1  Phosphoinositide-3-kinase 48
regulatory subunit 1

NMU Neuromedin U 44

CXCL12 C-X-C motif chemokine ligand 12 44

FOS Fos proto-oncogene, AP-1 transcription 44
factor subunit

S1PR1 Sphingosine-1-phosphate receptor 1 41

Survival analysis. It was necessary to validate the 10 hub
genes screened from the DEGs. KMplot analysis was used
to elucidate the influence on survival rate of the differential
expression of hub genes. Among the 10 hub genes, increased
expression of four genes was associated with a decreased
survival rate; they were ADCY3, LPAR2, SIPR1 and
TSPAN4. The increased expression of five genes was associ-
ated with an increased survival rate; they were TP53, CXCLS,
FOS, NMU and PIK3R1 (Fig. 4). Quantitative alterations in
the expression of CXCL12 were not significantly associated
with survival rate.

Tumor xenografts. To examine whether the four hub
genes associated with poor prognosis were involved in patho-
genesis of gastric cancer, gastric cancer and para-carcinoma
tissues from 12 patients were subjected to qPCR analysis. It
was observed that four genes were highly expressed in gastric
cancer tissue compared with para-carcinoma tissue in the
12 patients (Fig. 5A). However, the increased TSPAN4 was
most significant (>5-fold). To investigate whether TSPAN4
was associated with the proliferation of gastric cancer cells,
a BrdU assay was performed. The results indicated that the

downregulation of TSPAN4 markedly decreased the prolifera-
tion of NCI-N87 and SGC-7901 cells (Fig. 5B). To examine the
role of TSPAN4 in tumorigenesis in vivo, TSPAN4 was stably
downregulated in NCI-N87 cells using a lentivirus carrying
TSPAN4 shRNA, and NCI-N87 cells with stably downregu-
lated TSPAN4 or control cells were subcutaneously injected
into athymic nude mice. A total of 20 days subsequently, all
the control cells formed visible xenograft tumors; conversely,
mice injected with NCI-N87 cells with stably downregulated
TSPAN4 exhibited significantly delayed xenograft tumor
growth, with a decreased mean tumor weight compared with
the control group (P<0.01; Fig. 5C and D). Similar results
were obtained when using SGC-7901 cells (data not shown),
validating TSPAN4as a potential therapeutic target in gastric
cancer caused by TSPAN4 overexpression.

Discussion

The incidence and mortality of gastric cancer has made it
the 4th most common cancer with the 2nd highest mortality
rate (17). Due to the complex etiology of gastric cancer,
identifying biomarkers and biological pathways has become
valuable for the diagnosis and treatment of the disease. The
dataset GSE54129 was used in the present study and for a
comprehensive bioinformatics analysis, and 838 upregulated
and 991 downregulated DEGs were identified.

In the KEGG analysis of the DEGs, the upregulated
genes were significantly mapped in ‘ECM-receptor inter-
action’, ‘focal adhesion’, ‘PI3K-Akt signaling pathway’,
‘staphylococcus aureus infection’ and ‘protein digestion and
absorption’. In previous studies, ‘ECM-receptor interaction’
and ‘focal adhesion’ were identified as representing some
of the main differences between normal and tumor tissues
of gastric cancer at a molecular level (18,19). Guo et al (20),
demonstrated that focal adhesion kinase (FAK) was negatively
correlated with olfactomedin 4 with respect to lymph node
metastasis in gastric cancer tissues. In addition, FAK was
positively correlated with the expression of caveolin 1, which
is known as both a tumor promoter and suppressor in different
cancer types (21). Furthermore, hepatocyte growth factor is
able to upregulate heparanase expression and induce tumor
cell migration via the phosphatidylinositol 3-kinase-RAC-a.
serine/threonine-protein kinase signaling pathway (22). In
the present study, the downregulated DEGs were signifi-
cantly enriched in ‘chemical carcinogenesis’, ‘metabolism of
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Pathway ID  Name Count FDR

Pathway ID  Name Count FDR hsa4974 Protein digestion and absorption 19 0
hsa04062 Chemokine signaling pathway 17 0 hsa04933 AGE-RAGE  signaling pathway in 8 6.61x107
hsa04060 Cytokine-cytokine receptor interaction 16 6.39x10°" diabetic complications
hsa04080 Neuroactive ligand-receptor interaction 11 2,03x10°® hsa04512 ECM-receptor interaction 7 2.96x10°
(8] D
Pathway ID ~ Name Count  FDR Pathway D Name Count  FDR
hsa04610 Compl and coagulation ¢ I 4 0 hsa04270 Vascular smooth muscle contraction 6 1.98x107
hsa04933 AGE-RAGE  signaling pathway in 4 1.23x10° hsa04510 Focal adhesion 3 0.147

diabetic complications hsal4810 Regulation of actin cytoskeleton 3 0.147
hsa04510 Focal adhesion 4 1.28x107

Figure 3. (A-D) Top four disease modules constructed from the differentially expressed genes, and the enrichment results for each module. Red nodes,
upregulated genes; green nodes, downregulated genes; FDR, false discovery rate.

xeno-biotics by cytochrome P450°, ‘peroxisome’, ‘fatty acid
degradation’ and ‘gastric acid secretion’. These results also
coincided with the results of previous studies (23-27).

The results of the GO analysis demonstrated that in BP,
the downregulated DEGs were significantly enriched in
‘oxidation-reduction process’ and ‘steroid metabolic process’
and previous structure-activity relationship analysis has demon-
strated that the 7-methyl-substituted and 15-methyl-substituted
steroid analogs lead to a marked increase in potency against
the human gastric cancer cell line MGC-803 (28).

During the disease module construction based on the
PPI network from STRING, ten hub genes from DEGs were
screened out: TP53, CXCLS8, TSPAN4, LPAR2, ADCY3,
PIK3R1, NMU, CXCL12, FOS and S1PR1. From the results

of the KM analysis, it was identified that the increased expres-
sion of five genes was negatively correlated with the 5-year
survival rate. They were TP53, ADCY3, LPAR2, S1PR1 and
TSPAN4. TP53 had the top degree among all DEGs. TP53
encodes a tumor suppressor protein containing transcriptional
activation, DNA binding and oligomerization domains. These
proteins induce cell cycle arrest, apoptosis, senescence, DNA
repair or alterations in metabolism (29-32). Previous research
has proved the association between TP53 and gastric cancer.
Ando et al (33) studied 182 clinical samples of gastric cancer
and observed that TP53-positive tumors were invaded more
deeply and had more lymph node and liver metastases, and
that some genes (PICT1, RPLI11) participate in the cancer
progression via TP53 (34). TP53 mutations occur late in
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Figure 4. Survival analysis of hub genes which have a significant association with survival rate. ADCY3, adenylate cyclase 3; CXCL8, C-X-C motif chemo-
kine ligand 8; FOS, fos proto-oncogene, AP-1 transcription factor subunit; LPAR2, lysophosphatidic acid receptor 2; NMU, neuromedin U; PIK3RI,
phosphoinositide-3-kinase regulatory subunit 1; SIPR1, sphingosine-1-phosphate receptor 1; TP53, tumor protein p53; TSPAN4, tetraspanin 4.

gastric carcinogenesis, contributing to the final transition to
cancer (35). LPAR2, a lysophosphatidic acid (LPA) receptor,
contributes to Ca®* mobilization, a critical cellular response
to LPA in cells, through its association with Gi and Gq
proteins. Experimental results have observed that LPAR?2 is
highly expressed in SGC-7901 cells, a human gastric cancer
cell line, and the LPAR2/Gq/11/p38 pathway regulates
LPA-induced gastric cancer cell line migration (36). ADCY3
is a membrane-associated enzyme and catalyzes the formation
of the secondary messenger cyclic adenosine monophosphate
(cAMP); a study reported that the expression of ADCY3 was
regulated through an epigenetic mechanism, thus ADCY3
overexpression may exert its tumor-promoting effects via the
cAMP/protein kinase A/cAMP response-element binding
protein pathway (37). SIPR1, which is highly expressed in
endothelial cells, has also been suggested to be a therapeutic
target for gastric cancer in another study (38). SIPR1 was

demonstrated to have a markedly increased expression level
in benign tissues compared with malignant human tissues by
Wang et al (39). TSPAN4 serves a role in the regulation of
cell development, activation, growth and motility. TSPAN1
and TSPANS were additionally screened out from the top
100 DEGs, which are members of the transmembrane 4
superfamily. A study by Chen et al (40) suggested that the
overexpression of TSPANI is positively correlated with
clinical stage and negatively correlated with survival rate (at
3 and 5 years). The overexpression of TSPAN1 was reported
to be negatively correlated with carcinoma differentiation,
and TSPANI is positively correlated with the infiltration and
lymph node status of a tumor (40). Furthermore, Lu et al (41)
reported that the miR-573/TSPANI axis is important in the
control of gastric carcinogenesis. In addition, TSPAN8 was
suggested to be associated with tumor progression and is an
independent prognostic factor in patients with gastric cancer;
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Figure 5. TSPAN4 is involved in the pathogenesis of gastric cancer. (A) Total RNA was prepared and subjected to reverse transcription-quantitative polymerase
chain reaction analysis. GAPDH was used as a control. The results were analyzed using the 244 method. Data are presented as the mean + standard deviation
of three independent replicates, P-values as indicated. (B) Cellular proliferation of control and TSPAN4 shRNA gastric cancer cells was assessed using the
BrdU assay. Data are presented as the mean + standard error of the mean of five experiments. (C) NCI-N87 cells treated with lentivirus-delivered TSPAN4
knockdown were subcutaneously implanted into female athymic nude mice (n=5 per experimental condition). Tumor images were captured on day 20. Scale
bar, 1 cm. (D) Tumor growth curves. Data are presented as the mean + standard error of the mean. "P<0.01 vs. shRNA con. Con, control; TSPAN4, tetraspanin
4; ADCY3, adenylate cyclase 3; LPAR2, lysophosphatidic acid receptor 2; SIPR1, sphingosine-1-phosphate receptor 1; shRNA, short hairpin RNA.

it has been reported to promote gastric cancer cell growth
and metastasis, at least partially through the activation of the
extracellular signal-regulated kinase/mitogen-activate protein
kinase pathway (42,43).

The other genes, PIK3R1, NMU, FOS, CXCLS8 and
CXCL12, have a significant positive correlation with the
5-year survival rate. PIK3R1 is involved in the regulation of
cell function, including proliferation and survival. PIK3R1
serves a critical role in the formation of a number of types
of malignant tumors. The results reported by Fu et al (44)
further demonstrated that downregulated PIK3R1 exerts
inhibitory effects on the proliferation and invasion of
SGC7901 and U251 cells. NMU has been regarded to have
promoting effect on the generation of a biologically active

neuropeptide which serves a role in pain, stress immune-medi-
ated inflammatory diseases and feeding regulation; the gene
has been reported to exhibit early alterations associated
with cancer (45). NMU was observed to be the second most
upregulated gene in HT29 colon cancer cells in a recent
study (46). The FOS gene family consists of 4 members:
FOS, FosB proto-oncogene, AP-1 transcription factor
subunit, FOS like 1, AP-1 transcription factor subunit, and
FOS like 2, AP-1 transcription factor subunit; they encode
leucine zipper proteins that are able to dimerize with proteins
of the JUN family, thereby forming the transcription factor
complex AP-1. Research has demonstrated that AP-1 and the
AP-1 binding sites of the matrix metalloproteinase (MMP)9
promoter (-670/MMP9) are activated by IL-1p-induced p38
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activation, increased the migration of gastric adenocarcinoma
cells (47).

CXCL8 and CXCLI12 appeared in the top 10 genes.
CXCLS functions as a chemoattractant and is also a potent
angiogenic factor. CXCLS is able to modulate host immunity,
neovascularization, and the growth and invasive behavior of
tumors. Research has demonstrated that CXC chemokines
have the ability to stimulate the formation of new blood
vessels, facilitating tumor progression (48); this may explain
why the high expression of CXCL8 was positively correlated
with survival rate in the KM analysis performed in the present
study. It is noteworthy that although CXCL12 did not have a
significant association with survival rate in the KM analysis,
high CXCL12 expression levels were significantly associated
with larger tumor size, increased tumor depth, lymphatic
invasion and poor prognosis in gastric cancer in the study of
Izumi et al (49).

In conclusion, by combining bioinformatics methods and
tools, the present study provided a comprehensive analysis
of DEGs from gastric cancer. A number of pathways and
biomarkers in the progression of gastric cancer were identified,
which may provide guidance for further molecular biological
study. Furthermore, via tumor xenografts, it was observed
that downregulating TSPAN4 expression was able to inhibit
tumorigenesis, indicating that the gene may have a delaying
effect on the progression of gastric cancer. As a complex
disease, the biological mechanisms of gastric cancer remain
to be completely elucidated. Further research is required,
including biological experiments and bioinformatics analysis.
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