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Abstract

To screen the differentially expressed genes and elucidate the mechanism of esophageal
squamous cell carcinoma by analyzing the microarray data of esophageal squamous cell
carcinoma(ESCC). The datasets of the related gene expression profiles were downloaded from
GEO database and screened differentially expressed genes(DEGSs) by using the R software
package. The gene ontology(GO) functional annotations and KEGG pathway enrichments
were performed using the DAVID database. The protein-protein interaction(PPI) network was
established by STRING online tools and visualized by Cytoscape software. A total of 186 DEGs
were screened from the datasets, among which 72 were upregulated and 114 were
downregulated. A number of pathways appear to be altered in ESCC, including PI3K-Akt
signaling pathway, focal adhesion, ECM-receptor interaction and so on. This study has
employed bioinformatics method to screen the DEGs and pathways in the development of
ESCC, and provides theoretical basis for early diagnose and accurate treatment of ESCC.
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1. Introduction

Esophageal squamous cell carcinoma(ESCC) is one of the maglinant esophageal cancer which ranks
6" cancer-leading mortality in the world, with more than 455,000 new cases and 400,000 deaths per
year worldwidel*®l. The 5-year survival rate of patients with ESCC is less than 25%, but the patients
in early stage could survive longer since they receive curative therapy before it develops into
advanced cancer™ %, However, the superficial ESCC is often difficult to identify due to minimal
macroscopic and color changest®. At present, the risk factors for ESCC are not well established:
though many studies indicate that gastroesophageal reflux disease(GERD), cigarette smoking, and
obesity are the main risk factors for ESCC, some research focus more on oral hygiene and human
papillomavirus(HPV) infection”*2. Since the pathogenesis is not clear yet, it is vital to study the
underlying mechanisms and molecular events in ESCC so that the development of the early stage
diagnostic Kkits can be focused on the reliable biological markers and may help to evalute the disease
phase, therapy methods and so on. Thus, the gene expression microarray datasets were downloaded
from the NCBI Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/) to
identify the differentially expressed genes(DEGSs) using the R software, followed with the gene
ontology(GO) pathway enrichment analysis on Database for Annotation, Visualization and
Integrated Discovery(DAVID) online analysis (https://david.ncifcrf.gov/). Then the protein protein
interaction(PPI1) networks were established to excavate the hub genes and illustrate the molecular
interaction in ESCC. In conclusion, a comprehensive bioinformatics analysis of identified DEGs was
performed to elucidate potential pathways and biomarkers involved in the carcinogenesis and
development of ESCC, which provides reliable molecular markers for future diagnosis and therapy.
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2. Materials and methods

2.1 Identification of DEGs in ESCC

The expression profiling data GSE17351[%%1 GSE26886!*4l, and GSE20347[*°1 were downloaded
from the GEO database (https://www.ncbi.nlm.nih.gov/geo/) and all based on a GeneChip Human
Genome U133 Plus 2.0 Array platform (Affymetrix; Thermo Fisher Scientific, Inc., Waltham, MA,
USA). The dataset of GSE17351 contains 5 ESCC samples and 5 normal samples. GSE26886
includes 9 ESCC samples, 19 normal samples and 41 other lesion samples. GSE20347 includes 17
ESCC samples and 17 normal samples. The raw data, platform and series matrix files were
downloaded from the GEO database. The pretreatment of the profile raw data consists of three steps:
background adjustment, normalization, summarization. The limma package in R software was used
to execute the gene differential expression analysis . Samples met the cut-off criteria of the adjusted
P-value (adj.P) <0.01 and |logFC| >1.5 were considered as DEGs.

2.2 GO and KEGG pathway enrichment analysis

The DAVID database provides abundant annotation tools for researchers to identify the biological
function of genesl*®l. GO annotations and KEGG pathway enrichment analysis were performed using
a DAVID online tool on the DEGs. In this study, P < 0.05 was considered statistically significant
difference.

2.3 PPI network and module analysis

The Search Tool for the Retrieval of Interacting Genes/Proteins (STRING; http://string.embl.de/) is
an online software used to reveal the PPI networks between the known and predicted proteinst*”. In
this study, a PPI network of identified DEGs in all three datasets was identified using the STRING
database and the combined score > 0.4 was set as statistically significance. In addition, Cytoscape
(http://www.cytoscape.org/) software (version 3.4.0; The Cytoscape Consortium, San Diego, CA,
USA) (11,12) was used to visualize the PPI network. The DEGs which node degree > 10 were
identified as the hub genes.

3. Results

3.1 Identification of DEGs in ESCC

Using the R limma package and setting p < 0.05 and |logFC| > 1.5 as cut-off criteria, 1672, 4224 and
911 DEGs were screen from GSE17351, GSE26886 and GSE20347 separately. Adopting the
interactive online tools VENNY 2.1, 186 DEGs were identified, including 72 up-regulated genes and
114 down-regulated genes (Figure 1).

3.2 3.2 GO enrichment and KEGG pathway analysis

The DEGs were uploaded to the DAVID to perform the GO enrichment analysis and KEGG
pathways. The P-value < 0.05 was set as the cut-off criteria. The GO enrichment analysis consists of
three parts: biological process, cellular component, and molecular function. In the biological process
category, the DEGs were enriched in extracellular matrix organization, extracellular matrix
disassembly, collagen catabolic process, and skeletal system development. In the cellular component
part, the DEGs were mainly congregated in extracellular exosome, extracellular region, extracellular
matrix, proteinaceous extracellular matrix, and collagen trimer. In the molecular function group, the
DEGs were mainly concentrated in serine-type endopeptidase activity (Figure 2). The pathways of
DEGs included ECM-receptor interaction, amoebiasis, protein digestion and absorption, focal
adhesion, arachidonic acid metabolism, PI3K-Akt signaling pathway, transcriptional misregulation in
cancer, platelet activation, signaling pathways regulating pluripotency of stem cells, p53 signaling
pathway and complement and coagulation cascades (Figure 3).
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Figure 1. Identification of 186 DEGs from the three expression profiling data
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Figure 2. The GO enrichment analysis of ESCC.
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Figure 3. The KEGG pathway analysis of ESCC.

3.3 PPI network and module analysis

The DEGs were upload to the STRING database, then the interaction relationship table was imported
into the Cytoscape software to visualize the PPI network. The network showed that the protein
products encoded by 70 DEGs had protein protein interactions. The DEGs whose node degree > 10
were identified as the hub genes. The 7 hub genes, namely, MMP9, MMP3, TIMP1, COL1A2,
COL3A1, MMP13 and SPP1 were all up-regulated genes .

3



International Journal oi Science Vol.5 No.10 2018 ISSN: 1813-4890

Figure 4. The PPI network of ESCC. Orange: up-regulated; Blue: down-regulated.
4. Discussion

ESCC is a malignant cancer with low 5-year survival rate in the world. Though there are some
advances in the early detection, the therapies for ESCC have some limitations due to the lack of
specificity of the target lesions. Therefore, an increasing number of interests focus on target therapy.
Bioinformatics analyses of microarrays can screen the candidate therapeutic targets and elucidate the
potential molecular mechanisms of ESCC. In the present study, GEO database was used to screen
candidate expression profiling data. The expression profiling data were divided into cancer group and
normal group for subsequent analysis. Based on the 3 profiles, GSE17351, GSE26886 and
GSE20347, 186 DEGs were identified from the normal samples and tumor tissues, including 72
upregulated genes and 114 downregulated genes. Then function annotation and pathway analysis
were obtained utilizing the GO enrichment and KEGG analysis tools. In the biological process
category, the DEGs were enriched in extracellular matrix organization, extracellular matrix
disassembly, collagen catabolic process, and skeletal system development. The components of
extracellular matrix are structural substances and functional macromolecules. The synthesis and
decomposition of extracellular matrix can affect the maintenance of cellular and tissue functions[8l,
Collagen catabolic process will affect the structure and integrity of extracellular matrix scaffolds,
which is very important for the development of some diseases!'®). The development of the skeletal
system affects the contractility of cells and the activation of signals in the middle and lower states of
the pathway!®!. The pathways of DEGs were mainly enriched in PI3K-Akt signaling pathway,
ECM-receptor interaction, focal adhesion, and so on. These interactions can directly or indirectly
regulate cell activity, such as adhesion, migration, differentiation, proliferation and apoptosist?!l,
Using the STRING database and Cytoscape software, the PPI network was constructed and the hub
genes were obtained, thus, MMP9, MMP3, TIMP1, COL1A2, COL3A1, MMP13 and SPP1. Among
the hub genes, MMP9, MMP3 and MMP13 are all matrix metalloproteinases and important
proteolytic enzymes, which can degrade extracellular matrix, basement membrane and stromal
matrix, and play a key role in tumor invasion and metastasisi??. TIMP1, a tissue inhibitor of
metalloproteinase, can form a complex with MMP9, and inhibit the activity of MMP9 and play a
negative role in tumor invasion and migration?®!. Both COL3A1 and COL1A2 are human type IIl
collagen coding genes encoding fibrous collagen. Mutations in COL3AL and COL1AZ2 are associated
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with a variety of tumorsf?* 21, SPP1 secrete phosphoprotein, namely osteopontin, which is classified
as extracellular matrix, which promotes the adhesion and migration of cell?],

This study has some limitations. First, the number of the expression profiles was small, which may
weaken the reliability of the results. Besides, the results were not validated by gPCR or Western Blot.

5. Conclusion

Using mutiple ESCC expression profile datasets and integrated bioinformatic analysis, 186 DEGs
were identified. The GO and KEGG analysis showed the significant enrichments and pathways of
these DEGs. The hub genes were finally obtained as the key genes. The study improves the
understanding of the mechanisms and underlying molecular events in ESCC, and the pathways and
hub genes could be used as the therapeutic targets.
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