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Abstract
Purpose

In order to understand the mechanism of colorectal cancer occurrence and development, we screened
related core genes and provided new targets for clinical diagnosis and treatment of colorectal cancer.

Methods

We downloaded CRC-associated gene expression pro�le of GSE110233 from Gene Expression Omnibus
(GEO) dataset. There were 26 samples in this dataset, all the differentially expressed genes (DEGs) with
p<0.05 and fold change ≥1 or ≤-1 were identi�ed. Gene ontology (GO) and "Kyoto Encyclopedia of Genes
and Genomes" (KEGG) were used to search for these DEG enrichment methods. In addition, the protein-
protein interaction (PPI) network was also used to construct visual interactions between proteins. At last,
we used GEPIA to conduct the survival analysis 4 down-regulation and 8 up-regulation genes for clarify
the potential effects on CRC.

Results

A total of 866 differentially expressed genes were obtained, including 360 up-regulated genes and 506
down-regulated genes. These genes were involve in Cell proliferation; Extracellular exosome; Protein
binding; Chemokine activity. Genes were mainly involved in the KEGG pathway termed Cell cycle; PI3K-Akt
signaling pathway; Mineral absorption; MicroRNAs in cancer; Cytokine-cytokine receptor interaction. We
�nally found 12 hubgenes by PPI connective degree whom named PRKACB, FGFR2, FGFR3, CKB, TIMP1,
CCNA2, CCNB1, CDC20, CDC6, CCND1, CDK4 and CDK1.

Conclusion

Bioinformatics is helpful for comprehensive and in-depth study of the occurrence and development
mechanism of diseases, to screen possible core targets, and to provide a reliable basis for clinical
diagnosis and treatment of colorectal cancer.

1. Introduction
Colorectal cancer (CRC) is one of the most common malignant tumors in the world. According to the
statistics of the World Health Organization, it ranks third in the global morbidity and mortality of tumors.
Nearly 1.4 million new cases of CRC and there are 700,000 CRC-related deaths reported annually
worldwide[1-2]. It was reported that the 5-year survival rate only remains at approximately 60%. However,
the CRC mortality still remains high[3]. Although surgical treatment of colorectal cancer has been widely
used in clinic, there is still a lack of effective treatment for advanced colorectal cancer with distant
metastasis[4-5]. In recent years, there are a large number of research data on colorectal cancer formation
and metastasis, and more and more high-throughput gene chips have been widely used to screen
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differentially expressed genes (DEG) between normal samples and human tumor samples , which also
allows us to further explore the molecular mechanism of tumors[6].

This article intends to comprehensively analyze the disease state of colorectal cancer based on GEO gene
expression data, thereby constructing a genetic network and screening out potential key molecular targets
for disease. These molecular targets may provide us with new insights into the pathogenesis of
colorectal cancer, and pave the way to diagnose colorectal cancer and provide new ideas for clinical
treatment.

2. Materials And Methods
2.1 Microarray Data:

The GEO database belongs to the National Center for Biotechnology Information (NCBI) of the National
Institutes of Health[7]. It is currently the world's largest and most complete public gene expression data
resource. The gene expression pro�le GSE110223 was downloaded from the GEO database. The chip
platform GPL96 and the species is human. The chip data includes gene expression array data of 13
colorectal cancer patients and 13 healthy people.

2.2 Screening of differentially expressed genes:

GEO 2R was used to identify DEGs between the CRC samples and matched with normal samples. The
data which P < 0.05 and the absolute log2 fold change (log2FC) ≥1 or ≤-1 was considered statistically
signi�cant.

2.3 Gene ontology and KEGG pathway analysis

Gene ontology (GO) and KEGG pathway analysis for DEGs contribute to a better understanding of the
mechanisms of disease. The Database for Annotation,

Visualization and Integrated Discovery (DAVID, https://david.ncifcrf.gov/), an online web based on the
bioinformatics, is routinely applied for annotating genes and protein function [8]. Finally we put the gene
symbol into DAVID to acquire the GO and KEGG analysis, P < 0.05 as choice criterion.

2.4 Protein-protein interaction (PPI) network analysis:

The protein-protein interaction (PPI) network is based on two proteins reported in the literature. Batch
analysis of the direct relationship between them, the more the connection, the closer to the central area,
the more helpful for screening out possible key genes. The common differential genes were analyzed by
STRING [9] (https://string-db.org/) to select genes mainly related to immunity, proliferation and apoptosis.

2.5 Comparison of the up-regulated and down-regulated Genes:
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GEPIA is a newly developed interactive web server aiming at analyzing the RNA sequencing expression
data of 9736 tumors and 8587 normal samples from the

GTEx and TCGA projects in a standard processing pipeline [10]. In this study, we employed the boxplot to
visualize the mRNA expression of up-regulated and down-regulated Genes in CRC and normal tissues.

2.6 Survival analysis:

Similarly, we used the GEPIA database to get the overall survival information of these DEGs. The logrank
P value and hazard ratio (HR) with 95% con�dence intervals were showed on the plot. P < 0.05 was
statistically signi�cant.

2.7 Analysis of regulatory relationships between genes:

In order to further understand the mutual regulation relationship between differential genes, common
differential genes have formed a mutual regulatory network between genes through GCBI
(https://www.gcbi.com.cn/) analysis. To further screen out potential key genes related to colorectal
cancer.

3. Results
3.1 Differential gene analysis:

GSE110223 was selected and underwent diferentially expressed genes (DEGs) analysis using GEO2R.
The grouping data of specimens in this study was favorable, and the two groups were
comparable(Figure1). By analyzing the differential genes of the two gene chip datasets, a total of 866
differential genes were selected in the GSE110223 dataset, 360 genes were up-regulated and 506 genes
were down-regulated in the tumor group(Figure 2).

3.2 GO Term Enrichment Analysis and KEGG Pathway Analysis of DEGs:

All the signifcantly changed genes were submitted to the DAVID website, we have selected the top ten
meaningful ones to do the following analysis. For the the biological process(BP) are Cell proliferation;
Male gonad development; One-carbon metabolic process; Positive regulation of cell proliferation; DNA
unwinding involved in DNA replication. The cellular component (CC) are Extracellular exosome;
Extracellular space; Cytosol; Membrane; Cell surface. For the molecular function(MF) are Protein binding;
ATP binding; Chemokine activity; NAD binding; CXCR chemokine receptor binding and the KEGG analysis
was performed and showed that genes are mainly involved in Cell cycle; PI3K-Akt signaling pathway;
Mineral absorption; MicroRNAs in cancer; Cytokine-cytokine receptor interaction; DNA replication;
Pancreatic secretion and Pathways in cancer, as shown in (Figure 3).

3.3  Protein-Protein Interaction Network
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All Genes were submitted to STRING according to the MF, BP, CC and KEGG pathway we �nally found out
15 hubgenes by PPI connective degree(Figure 4). And then we used PCA to �lter the samples of the 15
key genes through linear transformation to exclude the difference samples (Figure 5). Finally, we
screened out 12 key genes PRKACB, FGFR2, FGFR3, CKB, TIMP1, CCNA2, CCNB1, CDC20 CDC6, CCND1,
CDK4 and CDK1, and used heat map to verify the expression in normal tissues and cancer tissues(Figure
6).

3.4 Regulatory network:

After 12 genes were analyzed by GCBI with multi-gene radar, we found that the regulatory relationship
between these core genes is complex, and these genes play an important mutual regulation role in the
survival network. They expected to be a new targets for research Figure 7 .

3.5 Validation of DEGs:

To ensure the credibility of the microarray of GSE110223 and proceed further credible analysis, we
validated up-regulated genes and down-regulated genes by GEPIA. The results showed that the mRNA
expression of FGFR2, FGFR3 and CKB were signi�cantly lower in Cancer groups compared to Normal
groups, while the mRNA expression of TIMP1, CCNA2, CCNB1, CDC20, CDC6, CCND1, CDK4 and CDK1 in
Cancer groups were signi�cantly increased than Normal groups (P 0.05).(Figure 8)

3.6  Survival curve analysis

Additionally, we analyzed the potential association between the expression levels of 8 up-regulated genes
as well as 4 down-regulated genes and the OS of patients with CRC(Figure 9). It showed that CCNA2
(Logrank p=0.0095,HR=0.53), CCNB1 (Logrank p=0.041,HR=0.6), TIMP1 (Logrank p=0.034, HR=1.7)
displayed signi�cantly correlation with the OS of patients with CRC. The high level of CCNA2, CCNB1 and
TIMP1 may contribute to a poorer prognosis of CRC.

4. Discussion
Colorectal cancer (CRC) is a malignant tumor with high morbidity and mortality. Most CRC patients are
already in the advanced stage when they are diagnosed, because there are no symptoms in the early
stage[11-12]. Over the past few years, an increasing number of researches have focused on the molecular
pathogenesis of CRC, in order to better de�ne the biological path of CRC development and heterogeneity,
and provide more reliable methods for early clinical diagnosis and treatment[13]. However, there is
currently no particularly effective and speci�c CRC diagnosis method and treatment plan, which is mainly
due to complex pathogenesis and symptoms that are di�cult to diagnose in the early stage[14].

In our study, an integrated bioinformatics analysis was performed to identify the DEGs in CRC. Based on
the gene expression pro�les of GSE110223 a total of 866 signi�cantly DEGs were identi�ed, including
306 up-regulated and 506 down-regulated genes. The results of GO and the KEGG pathway enrichment
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analysis suggested that these genes were signi�cantly enriched in different cancer related functions and
pathways.

According to the PPI network by the STRING database and PCA samples analysis, �nally we screened out
12 key genes PRKACB, FGFR2, FGFR3, CKB, TIMP1, CCNA2, CCNB1, CDC20 CDC6, CCND1, CDK4 and
CDK1, and made use of heat map to verify the expression in normal tissues and cancer tissues. The
robust DEGs associated with the carcinogenesis of CRC were screened through the GEO database, and
the integrated bioinformatics analysis was conducted in our study. We validated up-regulated genes and
down-regulated genes by GEPIA. The results showed that the mRNA expression of FGFR2, FGFR3 and
CKB were signi�cantly lower in Cancer groups compared to Normal groups while the mRNA expression of
TIMP1, CCNA2, CCNB1, CDC20, CDC6, CCND1, CDK4 and CDK1 in Cancer groups were statistically higher
than the Normal groups.

To further research, we have reviewed the relevant literature and have veri�ed the key genes we screened.
FGFR signaling drives many downstream pathways, including the mitogen-activated protein kinase
(MAPK) and AKT pathways[15], which are crucial for cell proliferation, survival and migration. Therefore,
FGFR2 is regarded as a therapeutic target across tumor types[16]. Moreover, FGFR3 silencing inhibited
proliferation, migration and invasion of breast cancer cells[17]. In addition, TIMPs are dimers consisting of
a smaller C-terminal domain and an N-terminal domain binding to the MMPs substrate and thereby
essential for MMPs degradation[18]. TIMP1 is consistently upregulated in the pathological process of CRC
and can be a potential biomarker for the worse prognosis of CRC[19]. However, TIMP1 can not only inhibit
cancer by repressing MMP expression and activation, but also promotes cancer via angiogenesis, cell
growth promotion and tumour in�ammation[20]. These studies all suggest the complicated role TIMP1
plays in cancer development. We also found out that the other up-regulated genes including CCNA2,
CCNB1, CDC20, CDC6, CCND1, CDK4 and CDK1 are implicated with chemokine signaling pathway and
also capable to regulate tumour angiogenesis [21], and survival [22-23].

5. Conclusion
In conclusion, through bioinformatics analysis, we have identi�ed key genes and their important signaling
pathways involved in the occurrence and development of CRC. These �ndings can give us a better
understanding of the molecular mechanism of CRC progress. According to our results, we found CCNA2,
CCNB1 and TIMP1 were signi�cantly correlated with the overall survival of CRC patients. And they play a
vital role in the development of colorectal cancer, which may provide new ideas for future diagnosis and
treatment.

6. Abbreviations
GEO:Gene Expression Omnibus GEO; KEGG: Kyoto Encyclopedia of Genes and Genomes; PPI:Protein-
protein interaction; GO: Gene Ontology; BP: Biological process; MF: Molecular function; CC: Cellular
component;
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Figure 1

The grouping data of specimens shows the two groups are comparable.
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Figure 1

The grouping data of specimens shows the two groups are comparable.
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Figure 2

Volcano plot of genes detected in CRC. Green means down-regulated DEGs; Red means up-regulated
DEGs; Black means no difference.
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Figure 2

Volcano plot of genes detected in CRC. Green means down-regulated DEGs; Red means up-regulated
DEGs; Black means no difference.
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Figure 3

Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis of CRC.
(A) The enriched GO terms in the biological process (BP); (B) The enriched GO terms in the cellular
component (CC); (C) The enriched GO terms in the molecular function (MF); (D) The enriched KEGG
pathway in CRC.
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Figure 3

Gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis of CRC.
(A) The enriched GO terms in the biological process (BP); (B) The enriched GO terms in the cellular
component (CC); (C) The enriched GO terms in the molecular function (MF); (D) The enriched KEGG
pathway in CRC.
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Figure 4

Construction of protein-protein interaction (PPI) network. PPI enrichment p-value:< 1.0e-16
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Figure 4

Construction of protein-protein interaction (PPI) network. PPI enrichment p-value:< 1.0e-16
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Figure 5

Samples GSM2982923 and GSM2982922 have an abnormal distribution
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Figure 5

Samples GSM2982923 and GSM2982922 have an abnormal distribution
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Figure 6

Heatmap of the 12 key genes. Red ones represented up-regulation and Green ones represented down-
regulation.
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Figure 6

Heatmap of the 12 key genes. Red ones represented up-regulation and Green ones represented down-
regulation.
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Figure 7

Key genes polygene regulatory network
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Figure 7

Key genes polygene regulatory network
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Figure 8

The mRNA expression of 8 up-regulated and 4 down-regulated genes based on TCGA database.* P < 0 05
was regarded statistically different.
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Figure 8

The mRNA expression of 8 up-regulated and 4 down-regulated genes based on TCGA database.* P < 0 05
was regarded statistically different.
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Figure 9

Prognostic value of 8 up-regulated and 4 down-regulated genes. P < 0.05 was regarded statistically
different.
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Figure 9

Prognostic value of 8 up-regulated and 4 down-regulated genes. P < 0.05 was regarded statistically
different.


