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Abstract. Colorectal cancer (CRC) is a prevalent malignant 
tumour type arising from the colon and rectum. The present 
study aimed to explore the molecular mechanisms of the 
development and progression of CRC. Initially, differentially 
expressed genes (DEGs) between CRC tissues and corre-
sponding non‑cancerous tissues were obtained by analysing the 
GSE15781 microarray dataset. The Database for Annotation, 
Visualization and Integrated Discovery was then utilized for 
functional and pathway enrichment analysis of the DEGs. 
Subsequently, a protein‑protein interaction (PPI) network was 
created using the Search Tool for the Retrieval of Interacting 
Genes and Proteins database and visualized by Cytoscape 
software. Furthermore, CytoNCA, a Cytoscape plugin, was 
used for centrality analysis of the PPI network to identify 
crucial genes. Finally, UALCAN was employed to validate 
the expression of the crucial genes and to estimate their effect 
on the survival of patients with colon cancer by Kaplan‑Meier 
curves and log‑rank tests. A total of 1,085 DEGs, including 
496 upregulated and 589 downregulated genes, were screened 
out. The DEGs identified were enriched in various pathways, 
including ‘metabolic pathway’, ‘cell cycle’, ‘DNA replication’, 
‘nitrogen metabolism’, ‘p53 signalling’ and ‘fatty acid degra-
dation’. PPI network analysis suggested that interleukin‑6, 
MYC, NOTCH1, inhibin subunit βA (INHBA), CDK1, cyclin 
(CCN)B1 and CCNA2 were crucial genes, and their expression 
levels were markedly upregulated. Survival analysis suggested 
that upregulated INHBA significantly decreased the survival 
probability of patients with CRC. Conversely, upregulation 
of CCNB1 and CCNA2 expression levels were associated 
with increased survival probabalities. The identified DEGs, 

particularly the crucial genes, may enhance the current under-
standing of the genesis and progression of CRC, and certain 
genes, including INHBA, CCNB1 and CCNA2, may be candi-
date diagnostic and prognostic markers, as well as targets for 
the treatment of CRC.

Introduction

Colorectal cancer (CRC) is a serious threat to human health; it 
is one of the most common malignancies and the fourth leading 
cause of cancer‑associated mortality worldwide (1). According 
to the GLOBOCAN 2018 database, ~1.8 million newly‑diag-
nosed cases of CRC and 861,600 cases of CRC‑associated 
mortality were recorded worldwide, in the same year  (2). 
Despite advances in the available therapeutic strategies, the 
clinical outcomes for CRC remain far from satisfactory due 
to cancer recurrence, metastasis, and resistance to radio‑ and 
chemotherapy (3,4). Therefore, further investigations into the 
precise molecular mechanisms that account for colorectal 
carcinogenesis and CRC progression are of great significance 
and are urgently required; this may provide vital clues for the 
identification of novel diagnostic and therapeutic targets and 
monitoring disease progression.

CRC is considered to be a highly heterogeneous disease 
mainly caused by interactions between genetic alterations and 
environmental factors (5). Several genes and cellular signalling 
pathways, such as receptor for activated C kinase 1 (RACK1) and 
long non‑coding RNA breast cancer anti‑estrogen resistance 4 
(lncRNA BCAR4), have been reported to serve important roles 
in the occurrence and development of CRC (6‑8). For instance, 
the expression of RACK1 has been reported to be significantly 
upregulated in CRC tissues compared with in adjacent normal 
tissues  (6). In  vitro, overexpression of RACK1 markedly 
promotes cellular proliferation, migration and invasion (7). In 
addition, it has been reported that lncRNA BCAR4 is closely 
associated with CRC initiation and dissemination through 
targeting microRNA (miR)‑665/STAT3 signalling (8). Despite 
these thorough and detailed studies (6‑8) to identify novel 
targets for CRC management, to the best of our knowledge, 
a comprehensive presentation of the crucial key genes and 
signalling pathways implicated in CRC is lacking.

Gene microarray profile analysis, a high‑throughput 
method for detection of mRNA expression in tissues, has 
increasingly become a promising tool in medical oncology. 
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By analysing differential gene expression between tumour 
tissues and normal control tissues, an improved under-
standing of the molecular pathogenesis of various cancer 
types may be attained, facilitating the identification of 
potential target genes and signalling pathways for precision 
therapy (9). In previous decades, numerous studies on gene 
expression profiles in cancer have used microarray tech-
nology (10,11), but only one study has focused on CRC (12). 
In addition, comparative analysis of differentially expressed 
genes (DEGs) remains relatively limited (13). Furthermore, 
reliable biomarker profiles for discriminating CRC from 
normal tissues require further identification. In addition, 
the interactions among the DEGs identified, particularly 
the interaction networks and important signalling pathways, 
should be elucidated.

In the present study, data were extracted from the Gene 
Expression Omnibus (GEO) database. Next, the DEGs 
between CRC tissues and the corresponding non‑cancerous 
tissues were screened. The possible functions of, and potential 
pathways enriched by, the DEGs were then predicted by 
enrichment analysis. Furthermore, protein‑protein interaction 
(PPI) networks were generated, and centrality analysis was 
performed to identify the crucial genes that were potentially 
involved in the development of CRC. In addition, the expres-
sion levels of the crucial genes and their effect on the survival 
of patients with CRC were further evaluated using UALCAN. 
Based on integrated bioinformatics analysis of gene expres-
sion, the present study aimed to further elucidate the molecular 
pathogenesis of CRC and identify reliable diagnostic and 
prognostic biomarkers as well as therapeutic targets.

Materials and methods

Microarray data. The raw microarray data of the GSE15781 
dataset, contributed by Snipstad et al (14), were downloaded 
from the GEO database (http://www.ncbi.nlm.nih.gov/geo/), a 
public functional genomics data repository containing array‑ 
and sequence‑based data. The dataset included 10 locally 
advanced CRC tissues and the corresponding non‑cancerous 
tissues. The data were pre‑processed with Agilent 
GeneSpringGX software (version 11.5; Agilent Technologies, 
Inc.) using the Robust Multichip Averaging algorithm (15). 
The probe set IDs were converted into the corresponding 
gene symbols according to the annotation information derived 
from the GPL2986 platform (ABI Human Genome Survey 
Microarray version 2.0) in the GEO database. In the event of 
various probe sets corresponding to the same gene, the mean 
expression values of those probe sets were obtained.

Identification of DEGs. Agilent GeneSpringGX software 
was further utilized to screen DEGs. Significance analysis 
of the expression of genes between each pair of cancerous 
and normal tissues was jointly implemented by a paired 
t‑test and fold change (FC) calculation. The Benjamini 
and Hochberg method  (16) was then used to calculate the 
adjusted P‑value. A |log2 (FC)| value of ≥1 and an adjusted 
P‑value of <0.05 were considered to be the cut‑off criteria for 
the identification of DEGs. In addition, to categorize the data 
into two groups of different expression patterns, hierarchical 
clustering analysis was applied in R language (version 3.5.3; 

https://www.r‑project.org/) using the gplots package 
(version 3.0.1; https://cran.r‑project.org/web/packages/gplots/).

Gene Ontology (GO) and pathway enrichment analysis 
of DEGs. The Database for Annotation, Visualization and 
Integrated Discovery (DAVID; version  6.8; https://david.
ncifcrf.gov) is an essential online tool used for systematically 
automating the processes of biological term classification 
and enrichment analysis of gene clusters (17). In the present 
study, to categorize the DEGs and the enriched pathways, the 
DAVID database was employed to identify and visualize the 
GO (www.geneontology.org) terms and Kyoto Encyclopedia 
of Genes and Genomes (KEGG; www.genome.jp) pathways 
enriched by the DEGs. Enrichment by ≥10 genes and P<0.05 
were set as the cut‑off criteria for significant enrichment. The 
P‑value for each enriched pathway was calculated via ‑log10 
transformation. P<0.05 [‑log10 (P‑value)>1.30] was considered 
to indicate statistical significance.

Analysis of the PPI network of the DEGs. The Search Tool 
for the Retrieval of Interacting Genes and proteins (STRING) 
database (version 10.0; string‑db.org) encompasses >9,000,000 
proteins and integrates >932,000,000 known and predicted 
interactions between proteins from a large number of organ-
isms, including Homo sapiens (18). In the present study, the 
STRING database was used to construct the predicted PPI 
network of DEGs with a minimum required interaction score 
of 0.4. The PPI network was then visualized using Cytoscape 
software (version 3.6.0)  (19). Subsequently, CytoNCA 
(version 2.1.6), a Cytoscape plugin for centrality analysis of 
protein interaction networks, was utilized to identify crucial 
nodes (genes) in the network (20). In the present study, the 
crucial genes were screened based on four different centrality 
measures: i)  Eigenvector centrality; ii)  degree centrality; 
iii)  betweenness centrality; and iv)  closeness centrality. 
According to the centrality values of the genes in the PPI network, 
the top 3 ranked genes were identified as the crucial genes.

Association between the expression levels of the crucial 
genes and the survival of patients with CRC. UALCAN is a 
user‑friendly, interactive web resource allowing researchers to 
analyse cancer transcriptome data from The Cancer Genome 
Atlas (TCGA) database (https://portal.gdc.cancer.gov/) rapidly 
and easily (21). UALCAN is a vital portal for facilitating tumour 
gene expression and survival analyses using TCGA level 3 
RNA‑sequencing and clinical data from 31 types of cancer (22). 
UALCAN is designed to provide: i) Easy access to cancer 
transcriptome data available to the public; ii) high‑quality 
graphs depicting gene expression and patient survival 
information based on gene expression; and iii)  additional 
information regarding the selected genes/targets using links to 
databases, including GeneCards (https://www.genecards.org/), 
PubMed (https://www.ncbi.nlm.nih.gov/pubmed), TargetScan 
(https://www.targetscan.org/) and DrugBank (https://www.
drugbank.ca/). In the present study, UALCAN was utilized 
to further validate and estimate the effect of the expression 
levels of the crucial genes on the survival of patients with 
colon cancer by drawing Kaplan‑Meier curves and performing 
log‑rank tests. Furthermore, the protein expression of the 
crucial genes was also determined by immunohistochemical 
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staining analysis, which was obtained from the Human Protein 
Atlas (HPA) database (www.proteinatlas.org).

Results

Identification of DEGs. Initially, data from a total of 42 chips 
were acquired from GEO dataset GSE15781. Following quality 
control, 20 chips that included data from 10 CRC tissues and 
the corresponding matched normal tissues were selected. As 
shown in Fig. 1A and B, the Pearson's correlation (signal) map 
and relative signal boxplot map of the pre‑treated data present 
the performance of normalisation. The data series from each 
chip were analysed separately and information on the expres
sion levels of 16,227 genes was obtained using the GPL2986 
platform. A total of 1,085 DEGs (tumour vs. normal tissues), 
including 496 upregulated and 589 downregulated genes, were 
selected based on the criteria of an adjusted P‑value <0.05 
and |log2 (FC)|≥1 (Fig. 1C). As presented in Table I, the top 10 
upregulated DEGs were matrix metalloproteinase (MMP)7, 
defensin α (DEFA)6, fatty acid binding protein 6, keratin 23, 
C‑X‑C motif chemokine ligand (CXCL)8, inhibin subunit β 
A (INHBA), DEFA5, transcobalamin 1, regenerating family 
member 3α and MMP3, and the top 10 downregulated DEGs 
were aquaporin 8, carbonic anhydrase 1 (CA1)2, insulin‑like 5, 
guanylate cyclase activator 2A, caspase recruitment domain 
family member 14, solute carrier family 26 member  3, 
membrane spanning 4‑domains A12, peptide YY, chloride 
channel accessory 4 and CA4.

Hierarchical clustering analysis of DEGs. Following the 
extraction of the expression values for the DEGs, hierarchical 
clustering analysis was performed. As presented in Fig. 2, the 
20 specimens were divided into the CRC and normal groups. 
The heatmap indicated that, in comparison with normal tissues, 
CRC tissues exhibited more downregulated than upregulated 
genes. These results indicated that the DEGs exhibited distinct 
expression patterns in tumour and normal tissues.

GO term enrichment analysis of DEGs. To investigate the 
function of the DEGs, GO term enrichment analysis was 
performed using the online tool DAVID. The analysis indi-
cated that the DEGs were significantly enriched in 93 GO 
terms, including 54 terms in the category biological process 
(BP), 12 terms in the category molecular function (MF) and 
27 terms in the category cellular component (CC) (Table SI). 
The top 5 BP terms were ‘mitotic nuclear division’, ‘posi-
tive regulation of cell proliferation’, ‘one‑carbon metabolic 
process’, ‘cell division’ and ‘immune response’. The top 5 
MF terms were ‘hormone activity’, ‘sodium channel regulator 
activity’, ‘NAD binding’, ‘protein homodimerization activity’ 
and ‘protein binding’. The top 5 CC terms were ‘extracellular 
space’, ‘extracellular exosome’, ‘extracellular region’, ‘apical 
plasma membrane’ and ‘cytosol’ (Table II). In particular, the 
upregulated DEGs were mainly enriched in the terms ‘nucleo-
plasm’ (P=6.32x10‑17), ‘mitotic nuclear division’ (P=4.25x10‑14) 
and ‘cell division’ (P=1.62x10‑12) (Table SII). The downregu-
lated DEGs were mainly enriched in the terms ‘extracellular 

Figure 1. Identification of DEGs. (A) Pearson's correlation (signal) map. The correlation coefficient was close to 1.0, indicating high repeatability or similar 
distribution. The key on the right indicates the correlation coefficient. (B) Relative signal boxplot map. The red line is the baseline; a more similar distribution 
implies higher repeatability of the data. (C) Volcano plot comparing all DEGs. The red squares represent DEGs that were significant at |log2 (FC)|≥1. The red 
squares on the upper left and upper right represent down‑ and upregulated genes in colorectal cancer, respectively. T, tumour tissues; N, normal tissues; DEG, 
differentially expressed gene; FC, fold change; RMA, Robust Multichip Averaging.
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exosome’ (P=7.97x10‑20), ‘extracellular space’ (P=2.62x10‑13) 
and ‘plasma membrane’ (P=3.11x10‑9) (Table SIII).

KEGG pathway enrichment analysis of DEGs. Furthermore, 
KEGG pathway analysis was performed to identify pathways 
in which the DEGs were involved. The results indicated that 
the DEGs were significantly enriched in 43 pathways, including 
22 and 18 significantly enriched pathways for the upregulated 
and downregulated genes, respectively. The top 10 enriched 
pathways were the ‘pentose and glucuronate interconversion’, 
‘metabolic pathways’, ‘cell cycle’, ‘cytokine‑cytokine receptor 
interaction’, ‘sulfur metabolism’, ‘DNA replication’, ‘nitrogen 
metabolism’, ‘p53 signalling pathway’, ‘fatty acid degrada-
tion’ and ‘pyrimidine metabolism’ (Fig. 3). In particular, the 
most significant KEGG pathways enriched by the upregulated 
DEGs were ‘cell cycle’ (P=2.41x10‑8), ‘p53 signaling pathway’ 
(P=2.71x10‑5) and ‘tumour necrosis factor signaling pathway’ 
(P=3.46x10‑4) (Table  SIV). The most significant KEGG 
pathways enriched by the downregulated DEGs were ‘retinol 

metabolism’ (P=5.15x10‑4), ‘drug metabolism‑cytochrome 
P450’ (P=8.10x10‑4) and ‘metabolic pathways’ (P=2.39x10‑3) 
(Table SV).

Construction of the PPI network of the DEGs. Based on 
information from the STRING database, a PPI network was 
constructed to identify the most momentous proteins that 
may serve crucial roles in colorectal carcinogenesis and 
CRC development. A total of 1,012 nodes and 8,332 edges 
were contained in the PPI network (Fig. S1). Each gene was 
assigned a degree representing the number of neighbouring 
nodes in the network and changes in the expression of the 
proteins/genes. The top 10 nodes with the highest degrees in 
CRC were interleukin (IL)6, MYC, CDK1, cyclin (CCN)B1, 
CCNA2, DNA topoisomerase IIα, aurora kinase A, CXCL8, 
BUB1 mitotic checkpoint serine/threonine kinase and mitotic 
arrest deficient 2 like 1 (Table III). The high degrees of these 
genes indicated that their proteins may serve crucial roles 
in maintaining the whole protein interaction network. In 
addition, to explore the significance of these DEGs, centrality 
analysis of nodes in the PPI network was performed. The 
results demonstrated that IL6, MYC, NOTCH1, INHBA, 
CDK1, CCNB1 and CCNA2 were crucial genes (Table IV). 
As indicated in Fig. 1C, the expression levels of all of these 
crucial genes were markedly upregulated in CRC.

Validation of the expression levels of the crucial genes. To 
validate the expression levels of the crucial genes identified, 
UALCAN was employed based on TCGA data. The results 
suggested that these crucial genes were also significantly 
upregulated in CRC tissues, which was consistent with the 
microarray results (Fig. 4A). As presented in Fig. 4B, the 
protein expression levels of the crucial genes were markedly 
elevated in CRC tissues based on the HPA database, with the 
exception that INHBA protein expression data has not yet been 
made public.

Association between the expression levels of the crucial 
genes and survival. To determine the potential effect of the 
crucial genes on survival, UALCAN was further used to 
perform survival analyses based on TCGA data. The results 
indicated that elevated expression levels of INHBA signifi-
cantly decreased survival probability of patients with CRC; 
however, upregulation of CCNB1 and CCNA2 expression 
were associated with increased survival rates (Fig. 5).

Discussion

With an increasing incidence rate and poor prognosis, CRC 
is commonly considered a devastating disease (2). By 2030, 
2.2 million new cases and 1.1 million cases of mortality are 
predicted to occur, a situation that is responsible for the rising 
global burden of CRC (23). Although numerous studies have 
reported that unhealthy dietary habits, environmental changes 
and genetic aberrancies may be the primary causes of CRC, 
the precise molecular events orchestrating CRC initiation 
and progression remain elusive (24,25). In the present study, 
bioinformatics methods were used to identify the crucial genes 
and pathways associated with CRC. A total of 1,085 DEGs, 
comprising 496 upregulated and 589 downregulated genes, 

Table I. Top 10 upregulated and downregulated genes in 
colorectal cancer tumor vs. normal tissues.

	 Log2	 Adjusted	
Gene symbol	 FC	 P‑value	 Expression

MMP7	 5.39	 7.39x10‑4	 up
DEFA6	 5.33	 1.90x10‑3	 up
FABP6	 5.25	 1.10x10‑3	 up
KRT23	 5.24	 9.90x10‑3	 up
CXCL8	 5.06	 7.60x10‑3	 up
INHBA	 5.05	 3.20x10‑3	 up
DEFA5	 4.97	 2.40x10‑2	 up
TCN1	 4.96	 8.60x10‑3	 up
REG3A	 4.92	 3.50x10‑2	 up
MMP3	 4.04	 3.50x10‑2	 up
AQP8	‑ 6.90	 1.80x10‑3	 down
CA1	‑ 5.92	 1.20x10‑3	 down
INSL5	‑ 5.90	 1.80x10‑3	 down
GUCA2A	‑ 5.61	 2.40x10‑3	 down
CARD14	‑ 5.59	 1.40x10‑3	 down
SLC26A3	‑ 5.54	 3.50x10‑3	 down
MS4A12	‑ 5.50	 8.10x10‑3	 down
PYY	‑ 5.40	 2.30x10‑3	 down
CLCA4	‑ 5.39	 1.40x10‑2	 down
CA4	‑ 5.33	 9.30x10‑3	 down

FC, fold change; MMP7, matrix metalloproteinase‑7; DEFA6, 
defensin alpha 6; FABP6, fatty acid binding protein 6; KRT23, 
keratin  23; CXCL8, C‑X‑C motif chemokine ligand 8; INHBA, 
inhibin βA; DEFA5, defensing alpha 5; TCN1, transcobalamin  1; 
REG3A, regenerating islet‑derived 3 alpha; MMP3, matrix metal-
loproteinase‑3; AQP8, aquaporin 8; CA1, carbonic anhydrase  1; 
INSL5, insulin‑like 5; GUCA2A, guanylate cyclase activator  2a; 
CARD14, caspase recruitment domain family member 14; SLC26A3, 
solute carrier family  26 member  3; MS4A12, membrane‑spanning 
4‑domains subfamily A member 12; PYY, peptide YY; CLCA4, chlo-
ride channel accessory 4; CA4, carbonic anhydrase 4.
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were identified in CRC tissues by comparison of gene expres-
sion profiles between 10 cancer tissues and corresponding 
non‑cancerous tissues. Subsequently, hierarchical clustering 
analysis revealed that the DEGs exhibited distinct expression 
patterns between cancer and normal tissues.

To further comprehend the biological effects of the DEGs 
identified and the pathways associated with CRC that they 
accumulate in, GO term and KEGG pathway enrichment 
analyses were performed. The results of the GO term func-
tional analysis indicated that the DEGs identified were mainly 
involved in the following terms: ‘Mitotic nuclear division’, 
‘positive regulation of cell proliferation’, ‘one‑carbon meta-
bolic process’, ‘cell division’, ‘immune response’, ‘hormone 

Figure 2. Hierarchical clustering analysis of the 1,085 differentially expressed genes. Red and green indicate upregulated and downregulated gene expression, 
respectively. T, tumor tissues; N, normal tissues.

Figure 3. Top 10 most significantly enriched pathways for differentially 
expressed genes associated with colorectal cancer as determined by Kyoto 
Encyclopedia of Genes and Genomes pathway analysis.

Table II. GO enrichment analysis of the differentially expressed genes.

Category	 Term/gene function	 Gene counts	 Percentage	 P‑value

GOTERM_BP_DIRECT	 GO:0007067~mitotic nuclear division	 37	 2.2	 5.10x10‑7

	 GO:0008284~positive regulation of cell proliferation	 53	 3.2	 7.25x10‑6

	 GO:0006730~one‑carbon metabolic process	 10	 0.6	 3.88x10‑5

	 GO:0051301~cell division	 41	 2.5	 4.75x10‑5

	 GO:0006955~immune response	 46	 2.8	 6.21x10‑5

GOTERM_MF_DIRECT	 GO:0005179~hormone activity	 18	 1.1	 2.70x10‑5

	 GO:0017080~sodium channel regulator activity	 10	 0.6	 6.21x10‑5

	 GO:0051287~NAD binding	 10	 0.6	 2.63x10‑4

	 GO:0042803~protein homodimerization activity	 66	 4.1	 4.18x10‑4

	 GO:0005515~protein binding	 563	 34.8	 5.65x10‑4

GOTERM_CC_DIRECT	 GO:0005615~extracellular space	 153	 9.5	 1.90x10‑16

	 GO:0070062~extracellular exosome	 248	 15.3	 3.86x10‑13

	 GO:0005576~extracellular region	 135	 8.3	 4.92x10‑6

	 GO:0016324~apical plasma membrane	 37	 2.3	 1.08x10‑5

	 GO:0005829~cytosol	 241	 14.9	 2.92x10‑5

The top 5 GO terms in every category are presented. CC, cellular component; BP, biological processes; MF, molecular function; NAD, 
nicotinamide adenine dinucleotide; GO, Gene Ontology.
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activity’, ‘sodium channel regulator activity’, ‘NAD binding’, 
‘protein homodimerization activity’ and ‘protein binding’. 
The results of the KEGG pathway analysis indicated that 
the DEGs were mainly enriched in metabolism, proliferation 
and and inflammatory response‑related pathways, including 
‘Metabolic pathways’, ‘cell cycle’, ‘cytokine‑cytokine 
receptor interaction’, ‘p53 signaling pathway’ and ‘pyrimidine 
metabolism’. Previous studies have demonstrated that the 
dysregulation of various BP terms, including ‘cell division’ 
and ‘immune response’, and the activation of multiple signal-
ling pathway terms, including ‘metabolic pathways’, ‘cell 
cycle’ and ‘p53 signalling’, affect tumour development and 
patient survival (26‑28). However, the underlying mechanisms 
through which the corresponding proteins in these signalling 
cascades promote tumorigenesis remain elusive. Therefore, 
further investigation of these identified BP and signalling 
pathway terms may aid in elucidating the underlying mecha-
nisms of the carcinogenesis of CRC.

According to the node centrality of the PPI network, 
the seven crucial DEGs were identified as CDK1, CCNB1, 
CCNA2, IL6, MYC, INHBA and NOTCH1. Subsequently, 
the expression levels of these crucial genes were further inves-
tigated based on TCGA data. The results suggested that all 
crucial genes identified were significantly upregulated in colon 
carcinoma, which was consistent with the microarray results. 

Among these crucial genes, CDK1, CCNB1, CCNA2, IL6 
and NOTCH1 have been reported to be associated with CRC 
proliferation and progression (29‑33). In particular, CDK1 is 
a key regulator of the G2/M checkpoint and is considered to 
be a possible target for cancer treatment (30). For instance, 
Thorenoor et al (29) indicated that CDK1 serves an important 
role in the regulation of the cell cycle and apoptosis of CRC 
cells through the p53 pathway. Fang et al (30) demonstrated that 
CCNB1 is positively associated with the expression of check-
point kinase 1, and is able to be activated by CDK1 to exert 
its oncogenic role in CRC cells. CCNA2, a novel oncogene, 
has been reported to serve a critical role in regulating cellular 
growth and apoptosis and may serve as a novel biomarker for 
diagnosis and therapy in CRC (31). IL6, a proinflammatory 
cytokine secreted by immune cells, may mediate immune 
and CRC cell cross‑talk via miR‑21 and miR‑29b to produce 
an inflammatory microenvironment sufficient for promoting 
metastatic growth (32). In addition, Miteva et al  (33) have 
reported that overexpression of IL6 promotes the migration 
and invasion of CRC cells, and upregulation of IL6 may be 
a transcriptional profile hallmark of colorectal metastases. 
Lv et al (34) have revealed that MYC regulates CRC progres-
sion, and that its overexpression enhances tumour metastasis 
and chemotherapy resistance in CRC. INHBA is a member of 
the transforming growth factor β superfamily. Okano et al (35) 

Table III. Top 10 nodes with highest degrees of interaction in colorectal cancer.

Gene	 Node degree	 Betweenness centrality	 Closeness centrality	 Stress centrality	 Clustering coefficient

IL6	 135	 0.085	 0.437	 976,462	 0.111
MYC	 127	 0.084	 0.445	 1,307,298	 0.127
CDK1	 118	 0.021	 0.397	 354,950	 0.387
CCNB1	 111	 0.015	 0.397	 301,564	 0.427
CCNA2	 102	 0.009	 0.387	 200,222	 0.475
TOP2A	 102	 0.012	 0.397	 236,116	 0.496
AURKA	 101	 0.016	 0.393	 246,324	 0.476
CXCL8	 97	 0.029	 0.416	 408,590	 0.202
BUB1	 94	 0.005	 0.369	 106,422	 0.567
MAD2L1	 94	 0.009	 0.366	 135,590	 0.530

IL6, interleukin 6; CCNB1, cyclin B1; CCNA2, cyclin A2; TOP2A, DNA topoisomerase IIα; AURKA, aurora kinase A; CXCL8, C‑X‑C motif 
chemokine ligand 8; BUB1, BUB1 mitotic checkpoint serine/threonine kinase; MAD2L1, mitotic arrest deficient 2 like 1.

Table IV. Top 3 genes ranked by the node centrality of the protein‑protein interaction network.

	 Degree centrality	 Betweenness centrality	 Closeness centrality	 Eigenvector centrality
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑   
	 Gene	 Expression	 Gene	 Expression	 Gene	 Expression	 Gene	 Expression
Rank	 symbol	 in CRC	 symbol	 in CRC	 symbol	 in CRC	 symbol	 in CRC

1	 IL6	 upregulated	 MYC	 upregulated	 IL6	 upregulated	 CDK1	 upregulated
2	 MYC	 upregulated	 IL6	 upregulated	 MYC	 upregulated	 CCNB1	 upregulated
3	 NOTCH1	 upregulated	 INHBA	 upregulated	 CDK1	 upregulated	 CCNA2	 upregulated

CRC, colorectal cancer; IL6, interleukin 6; INHBA, inhibin βA; CCNB1, cyclin B1; CCNA2, cyclin A2.
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have suggested that overexpression of INHBA promotes cell 
growth and that its levels may be a useful prognostic marker 
for patients with CRC. Zhang et al (36) indicated that over-
expression of NOTCH1 promotes the migration, invasion and 
proliferation of CRC cells. Furthermore, the NOTCH1 signal-
ling pathway has been reported to mediate the radio‑ and 
chemoresistance of multiple tumour types (37,38). For instance, 
inhibition of the NOTCH1 signalling pathway improves 
the radiosensitivity of CRC cells (36), providing a potential 

therapeutic target to improve the effect of radiotherapy in 
patients with CRC. To explore prognostic biomarkers for CRC, 
UALCAN was utilized to analyse the effect of the expression 
levels of certain crucial genes identified on the survival of 
patients with CRC. High expression levels of CCNB1, CCNA2 
and INHBA were indicated to be associated with poor survival 
in patients with CRC.

In conclusion, the present bioinformatics study identified 
crucial genes and pathways associated with CRC, which will not 

Figure 4. Crucial genes identified are upregulated in human CRC specimens. (A) Boxplots indicating the expression levels of the crucial genes in CRC tissues 
and normal tissues. (B) Immunohistochemical staining results (magnification, x4) for the protein expression levels of the crucial genes in normal tissues and 
CRC tissues. IL6, interleukin 6; INHBA, inhibin βA; CCNB1, cyclin B1; CCNA2, cyclin A2.

Figure 5. Kaplan‑Meier plots for the association between the expression levels of the crucial genes and the overall survival of patients with CRC. IL6, inter-
leukin 6; INHBA, inhibin βA; CCNB1, cyclin B1; CCNA2, cyclin A2.
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only contribute to the elucidation of the pathogenesis of CRC, but 
also provide potential prognostic markers and therapeutic targets 
for CRC management. However, the present study is limited partly 
due to the small quantity of samples and lack of experimental 
confirmation. Therefore, further verification of the expression 
profiles in CRC via in vivo and in vitro experiments is required.
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