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Abstract:Background: Colorectal cancer is the life-threatening tumor with the fourth
highest incidence and fifth highest mortality worldwide, despite the unknown
mechanism behind it. Methods: In this paper, the potential prognostic candidate
biomarkers for colorectal cancer were tested by Bioinformatical analysis combined
with the CRC clinical samples. It was from the gene expression omnibus (GEO) that
three datasets (GSE32323, GSE44076 and GSE43078) were collected. With the
limma and clusterProfifiler packages applied, the differentially expressed genes
(DEGs) were identified and functional enrichment analysis was conducted. The
Search Tool intended for the Retrieval of Interacting Genes (STRING) database was
employed to construct a protein–protein interaction (PPI) network, while the module
analysis was carried out using Cytoscape. Subsequently, the online tool The Gene
Expression Profiling Interactive Analysis
(GEPIA; http://gepia.cancer-pku.cn/index.html) was applied to conduct overall
survival analysis, while prognostic candidate biomarkers were subject to a further
analysis through the Oncomine database. Ultimately, 4 critical hub genes were chosen
and validated for their expression among 9 patients with CRC diagnosis by means of
reverse transcription- quantitative PCR (RT- qPCR). To evaluate the accuracy of
prediction, time-dependent receiver operating characteristic (ROC) was applied.

http://gepia.cancer-pku.cn/index.html


Outcomes: In total, 547 DEGs were identified, inclusive of 475 downregulated and 72
upregulated genes which underwent significant enrichment over the course of cellular
response to hypoxia, Positive regulation of ERK1 and ERK2 cascade and Positive
regulation of apoptotic process. The major pathways with enrichment were Pathways
in cancer,PI3K-Akt signaling pathway,cGMP-PKG signaling pathway. After the
extraction of critical modules from the PPI network, 10 hub genes were removed.
These 10 hub genes are all up-regulated genes and are highly expressed in colorectal
cancer. Survival analysis shows that only CCNB1 and CCNA2 are associated with the
survival prognosis of colorectal cancer. Moreover, the expression levels of the 4 hub
genes were consistent with the TCGA data sets. Briefly, the new hub genes identified
in the present research will contribute to improving our understanding as to the
molecular mechanisms of CRC carcinogenesis and progression, thus improving the
chance to identify the suitable targets for detecting and treating CRC promptly.
Keywords:Colorectal cancer; Differentially expressed genes;Microarray; Biomarker;
Bioinformatical analysis

Colorectal cancer is still among the major healthy problems around the world,
and the number of new cases reached 1.8million in 2018[1] . By 2030, the global
CRC burden is projected to surge by as much as 60%, including over 2.2 million new
cases and 1.1 million death toll. It ranks third and second regarding cancer-induced
morbidity among males and females in China, respectively, with a fifth-ranking
mortality [2].The K-ras gene is present in approximately 45% of colorectal cancers[3]
and is responsive to EGFR-targeted inhibitors. Related studies abroad have shown
that for patients with early diagnosis of colorectal cancer, comprehensive treatment
can make their 5-year survival rate reach to 82.9% [4], and once the tumor has
metastasized, the 5-year survival rate of the patient is <20%[5]. As for the high
mortality caused by this disease, it is speculated to result from the lack of sensitive
and specific early biomarkers, drug resistance and metastasis. Thus, in order to make
accurate diagnosis and develop effective treatment strategies, it is essential to find the
biomarkers with greater sensitivity and specificity or drug targets of CRC.

Providing an integrated system biology solution, microarray technology is
capable of scanning the hybridization signals released by as many as tens of
thousands of gene probes in the chip at the same time and conducting quantitative
analysis on the transcriptome profifile of samples. Recently, a significant progress has
been made on the algorithms applied to perform probe signal detection and analysis,
for example, artificial intelligence, thus improving the accuracy and reliability of
microarray results [6-8]. In addition, the microarray technique is effective in
identifying the pattern of gene regulation and the molecular mechanisms associated
with the oncogenesis and progression of CRC. In recent years, such biomarkers as
coding genes, miRNAs, long non-coding RNAs and circRNAs have been found in
colorectal cancer. The dysfunction in regulating these molecules is linked to the
progression of tumor or the prognosis of patients[9-12]. As the molecular regulatory
network of CRC is complex, the research on tumor biomarkers remains limited up to
now, which makes it necessary to find new prognostic biomarkers. This is conducive
to the development of diagnostic and therapeutic strategies with greater sensitivity



and effectiveness. Nevertheless, it is difficult to produce reliable results due to a small
sample size and the clear difference between various projects. Herein, three
microarray datasets containing mRNA expression data between CRC and
non-cancerous tissues were downloaded from Gene Expression Omnibus (GEO) and
the differentially expressed genes (DEGs) were removed. For exploring the critical
modules and hub genes associated with CRC progression, Gene Ontology (GO),
Kyoto Encyclopedia of Genes and Genomes (KEGG) and protein–protein interaction
(PPI) network analyses were conducted. Totally, 547 DEGs and 10 hub genes were
removed, which can be the potential biomarkers for CRC.
MATERIALS AND METHODS
Data download and pre-processing.
In accordance with the process shown in Fig. 1, the bioinformatics analysis was

carried out. Containing the gene expression data of CRC and normal tissues, three
data sets (GSE32323, GSE44076 and GSE23878) were collected from GEO
(https://www.ncbi.nlm.nih.gov/geo/) through getGEO function in package GEOquery
[13]. Table 1 details the information about GEO data sets. By applying the
previously-described method, the raw expression files of three microarray data sets
were subject to pre-processing [14]. The selected chips were downloaded from the
online tool GEO2R (https:// www.) Ncbi. Nlm. Nih.gov/geo/geo2r/), based on which
the differentially expressed genes were screened in line with the criterion of adj. P. Val
< 0.01, |log2 Fold Change| ≥ 1, while the probe name was changed into the standard
gene name. Then, the annotation information was used to transform the array probes
into matched gene symbols. The value of gene expression was treated as the mean of
the probes if a single gene is what a number of probes correspond to.If a single probe
corresponds to a number of genes, the probe would be removed. It is possible that the
regulatory mechanism behind the occurrence and progression of disease can be
revealed by the identification of DEGs in various disease states and investigation into
their functions and interactions. Differentially up-regulated and differentially
down-regulated genes were screened for the three data sets. Utimately, the differential
intersection genes of the three microarrays were screened using the online Veeny tool
(Https://bioinfogp.cnb.csic.es/tools/venny/index.html).



Figure 1. Flow diagram of bioinformatics analysis
Table 1 The detail information of three GEO Datasets

ID Tissue Platform Normal Tumor
GSE32323 CRC GPL570 17 27
GSE44076 CRC GPL13667 148 98
GSE23878 CRC GPL570 24 35

GO and KEGG enrichment analysis
GO functional analysis is effective in the annotation of genes and identification of
distinctive biological characteristics for high-throughput genome or transcriptome
data [15]. KEGG involves various databases, for example, genomes, biological
pathways, diseases, medications and chemical substances [16]. Gene Ontology and
KEGG analyses were carried out using enriched GO and enriched KEGG functions of
Database for Annotation, Visualization and Integrated Discovery
(DAVID; http://david.ncifcrf.gov/), an online bioinformatics database aimed at
providing tools for the functional interpretation of genes or proteins [17], respectively.
P.adjust (FDR) < 0.05 was treated as being of statistical signifificance.

https://david.ncifcrf.gov/


Construction of PPI network and module analysis
The PPI network was developed using Search Tool for retrieving Interacting Genes
(STRING) (https://string-db.org/) and the threshold was set to an interaction score of
0.9 [18]. In this case, Cytoscape software[19] was applied for the development of a
PPI network and the analysis of how the DEGs interact with each other. For the
identification of hub genes, the cytoHubba plug-in was applied. The Molecular
Complex Detection (MCODE) plug-in was adopted to screen modules of the PPI
network in Cytoscape with a degree cut-off =2, node score cut-off =0.2, k-core =2 and
max depth =100. DAVID was applied to conduct the KEGG pathway enrichment
analysis of genes in the top module.
Hub gene analysis
As an online tool, the Gene Expression Profiling Interactive Analysis
(GEPIA; http://gepia.cancer-pku.cn/index.html) is capable of swift and custom-made
analysis of RNA sequencing expression data using The Cancer Genome Atlas and
GTEx databases, with the data on 9,736 tumors and 8,587 normal samples used[20].
GEPIA performs crucial interactive and customizable functions, inclusive of the
differential expression analysis between cancer and normal tissues. The seed genes in
modules are hub genes. The overall survival analyses were carried out with the
assistance of online tool GEPIA (http://gepia.cancer-pku.cn/) . The logrank P < 0.05
was treated as being of statistical signifificance. The Oncomine Database was used to
analyze the correlation between the expression level of hub genes and clinical
characteristics[21].
Tissue specimens, RNA extraction and qRT-PCR analysis.
For the expression levels of co-expressed DEGs to be verified, 9 tumor tissues and
tumor-adjacent tissues from CRC donors were used to conduct our study. Expressed
consent was obtained from the patients involved and ethical approval was granted
from the ethics committee of the Jiangsu Provincial Hospital of Traditional Chinese
Medicine. All methods were practiced according to the applicable ethics guidelines
and regulations. There were 4 co-expressed DEGs selected for verification, inclusive
of CCNB1,CCNA2,AURKA and BUB1B. All tissues were examined from a
histological perspective. Total RNA extracted from the tissue specimens was isolated
using TRIzol reagent (Invitrogen, Carlsbad, California, USA), and qRT-PCR was
conducted with SYBR® Green dye (TaKaRa, Shiga, Japan), in line with the
requirements set out by the manufacturer. The primer sequences are detailed in
Supplementary Table S1. β-actin was taken as a reference gene.

Ethics statement.The research protocol was subject to review and approval from the
Research Ethics Committee of the First Affiliated Hospital, Yihua Wu. All
experiments were performed according to the guidelines specified by the First
Affiliated Hospital, Jiangsu Provincial Hospital of Traditional Chinese Medicine. The
samples were collected from participants at Jiangsu Provincial Hospital of Traditional
Chinese Medicine and that the researchers were at this institution at the time of tissue

http://gepia.cancer-pku.cn/index.html


collection. As for the basic information on clinical patients, please refer to supplement
Table S2.
Ethical approval.All procedures implemented in the research conformed to the
ethical standards set out by the ethical committee of the First Affiliated Hospital,
Naning University of Chinese Medicine were obtained and with the 2019NL-KS1129
Declaration and its later amendments or comparable. NO tissues were obtained from
prisoners.
Ethical standards. Explicit consent was received from the participants in this
research.
With Graphpad Prime 8.3 used, the ROC curves were visualized to evaluate how
accurate the prediction would be of independent prognostic hub genes such as
CCNB1、CCNA2、AURKA and BUB1B. For comparing the discriminatory ability of
above-mentioned prognostic genes, the area under the ROC curve (AUC) was
calculated.
Statistical analysis. Graphpad Prime 8.3 software was applied to conduct statistical
analysis. The data is denoted as mean±S.D. Student’s t test was carried out to measure
the statistical significance of difference between two groups. P-value less than 0.05
was treated as significant.

RESULTS
Identification of DEGs between CRC and tumor-adjacent tissues

The three data sets were subject to standardization, with the results presented in
Figure 2. Subsequently, the duplicate genes and values with no specific genetic
symbols were removed. Totally, 3387 DEGs were obtained in GSE23878. Among
them, 784 genes experienced up-regulation and 2603 genes underwent
down-regulation. Besides, 4883 DEGs were obtained from GSE32323. There were
919 genes experiencing up-regulation and 3964 genes undergoing down-regulation. In
GSE44076, 2485 DEGs were collected. Of them, 1254 were subject to up-regulation
and 1231 were subject to down-regulation. Figure 3 presents the DEGs obtained from
each data set. Clustering was performed using Euclidean distance. Figure 4 shows the
top 100 DEGs conducted by heatmap.



Figure 2. Standardization of gene expression
(A) Standardization of GSE23878, (B) standardization of GSE32323, (C)
standardization of GSE44076. The blue bar represents the data before normalization,
and the red bar represents the data after normalization.

Figure 3. Heatmap of the top 100DEGs
Heatmap of DEGs identified in (A) GSE23878, (B) GSE32323 and (C) GSE44076.
Genes up-regulated are in red. Genes down-regulated are in blue. The differences are
set as |FC| > 2 and corrected P-value <0.05.



Figure 4. Volcano plots of DEGs between CRC and tumor-adjacent tissues
(A) GSE23878, (B) GSE32323 and (C) GSE44076. Data points in red represent
up-regulated and green represent down-regulated genes. Genes without any
significant difference are in grey The differences are set as |FC| > 2 and corrected
P-value <0.05.
Data preprocessing and DEG screening

Three GEO data sets were collected, pre-processed and combined into a global
data set containing 160 CRC and 189 normal samples. In total, there were 547 DEGs
found using online tool GEO2R, inclusive of 72 up-regulated genes and 475
down-regulated genes(Figure 5). Table 2 shows the up-regulated and down-regulated
genes of most statistical signifificance.

Figure 5. Identification of consistent DEGs between primary CRC tumor tissues
and normal tissues. (A) Venn plot for consistent up-regulated DEGs. (B) Venn plot
for consistent down-regulated DEGs

Table 2 Top ten up- and down-regulated DEGs.

Up-regulated DEGs Down-regulated DEGs



Gene
symbol

logFC Adjust P Gene
symbol

logFC Adjust P

FABP6 2.5236035 0.00000002 SST -5.0158362 6.83E-12
SLCO1B3 3.1640579 0.000142 CHRDL1 -4.7149542 9.14E-12
SLC7A5 2.4605643 2.09E-10 CA4 -4.7812383 0.000000286
CLDN1 3.8365233 0.000347 LGALS2 -4.8012694 0.000000015
ASCL2 2.7737687 0.000138 MMP28 -4.5484346 7.19E-13
CRNDE 4.2755368 1.59E-12 AKR1B10 -5.1512725 0.00000145
TRIB3 2.866854 1.32E-09 MT1F -5.2634923 1.22E-08
ADH1B 2.4665976 0.000947 PADI2 -6.2011828 2.27E-08
ABCA8 2.722522 0.00324 LAMA1 -5.3343777 0.000000294
GCNT2 2.3043753 0.00435 SLC25A34 -4.7128069 2.61E-08

GO and KEGG analysis
DAVID 3.8.0 database was used to analyze the biological functions and

pathways. The GO categories of biological process (BP), cellular component (CC)
and molecular function (MF) were enriched respectively (Figs. 6A–6C). Tables S1
and S2 detail the top 15 GO terms of the up-regulated and down-regulated DEGs,
respectively. The up-regulated DEGs were correlated primarily with the cellular
response to hypoxia (BP, GO:0071456), extracellular exiosome (CC, GO:0070062)
and heparin binding (MF, GO:0008201). While the down-regulated DEGs were most
closely correlated with the positive regulation on protein phosphorylation (BP,
GO:0001934), Z disc (CC, GO:0030018) and magnesium ion binding(MF,
GO:0000287).The enrichment of DEGs was concentrated in the pathways of Mineral
absorption( hsa04978),cGMP-PKG signaling pathway (hsa04022), Proximal tubule
bicarbonate reclamation(hsa04964), Aldosterone-regulated sodium
reabsorption(hsa04960), Insulin secretion(hsa04911),Bile secretion (hsa04976),
Pathways in cancer (hsa05200), Thyroid hormone signaling pathway (hsa04919) and
Cell cycle(hsa04110)(Table 3; Fig. 6D).



Figure.6 GO and KEGG analysis of DEGs. (A–C) The top 15 terms of GO
categories of biological process (BP), cellular component (CC) and molecular
function MF, respectively. (D) KEGG pathway analysis of DEGs, p.adjust (FDR) <
0.05 was considered signifificantly. GO, Gene Ontology; KEGG, Kyoto Encyclopedia
of Genes and Genomes; FDR, false discovery rate.
Table 3 KEGG enriched pathways of DEGs

ID Description Count p adjust (FDR)
hsa04978 Mineral absorption 9 6.96E-05
hsa04022 cGMP-PKG signaling pathway 13 0.005089719
hsa04964 Proximal tubule bicarbonate reclamation 5 0.005859887
hsa04960 Aldosterone-regulated sodium

reabsorption
6 0.008022768

hsa04911 Insulin secretion 8 0.019882876
hsa04976 Bile secretion 7 0.023805229
hsa05200 Pathways in cancer 21 0.029453784
hsa04151 PI3K-Akt signaling pathway 19 0.03041787
hsa04919 Thyroid hormone signaling pathway 9 0.032753173
hsa04110 Cell cycle 9 0.047771444

Construction of PPI network and module analysis
The spatiotemporal correlation of macromolecules within the cell can be

reflected by protein–protein interaction network that is capable of providing the
relevant information to the molecular mechanisms behind various physiological and
pathological processes. For understanding the mechanisms of CRC progression on a
molecular level, the PPI network was constructed using online STRING database. The
nodes showing no connections were omitted from the network and the threshold was
set to the interaction score of 0.4 (highest confidence). Finally, the PPI network
consisting of 542 nodes with 1338 edges was obtained, and the local clustering
coefficient reached 0.367 on average (PPI enrichment P-value < 1.0E-16) (Fig. 7A).
Subsequently, the hub genes were found by CytoHubba plugin. With regard to the top
10 hub genes, they include minichromosome maintenance3(MCM3),
minichromosome maintenance7(MCM7), budding uninhibited by benzimidazoles 1
homolog beta(BUB1B), Cyclin A2(CCNA2), Cyclin B1(CCNB1), aurora kinase
A(AUPKA), targeting protein for Xklp2(TPX2), threonine and tyrosine kinase(TTK),
Flap endonuclease I(FEN1), kinesin family member 7A(KIF4A). Identified using the
cytoHubba plug- in, they exhibited a greater level of connectivity, as shown in Fig.7B.
Finally, the critical modules were determined through MCODE plugin. Totally, 22
functional clusters of modules and relevant hub genes were obtained. The top three
signifificant modules are shown in Fig. 7C-7E. According to the KEGG analysis of
module genes, the top-ranking three modules were related primarily to the cell
cycle(hsa04110), Neuroactive ligand-receptor interaction(hsa04080), DNA
replication(hsa03030), chemokine signaling pathway (hsa04062) and
Progesterone-mediated oocyte maturation(hsa04914), as shown in Fig. 7F.



Figure.7 Protein–protein interaction network of DEGs and modules analysis.(A)
PPI network of DEGs; (B) Top 10 hub genes with a higher degree of
connectivity.(C–E) the top 3 modules of PPI network.(F) The KEGG enrichment
analysis of the genes in the top three modules. PPI, protein–protein interaction; DEG,
differentially expressed gene; KEGG, Kyoto Encyclopedia of Genes and Genomes.

Hub genes analysis
Totally, there were 10 genes determined as hub genes. We chose 4 of the hub

genes with the most close relation to the occurrence and development, including CRC,
CCNB1, CCNA2, AURKA and BUB1B, to conduct analysis of their expression in
colorectal cancer(Fig.8A-D). In some cases, the online tool
GEPIA(http://gepia.cancer-pku.cn/) was applied to conduct the overall survival



analysis of the hub genes. With CCNB1 and CCNA2 as exception, the CRC patients
with upregulation of MM3,MCM7,BUB1B,AUPKA,TPX2,TTK,FEN1,KIF4A
exhibited no statistical significance in overall survival (Figs. 9A–H). Notably,
CCNB1 and CCNA2 experience upregulation in CRC patients, with the high level of
expression related to a greater chance of overall survival (Fig. 9I-J). Then, the
expression of hub genes with Logrank P＜0.05 was confirmed by the use of
Oncomine database. According to the result CCNB1and CCNA2 were significantly
overexpressed in CRC in the different data sets (Fig. 10A-B). As for the Oncomine
data set, the change in CCNB1 and CCNA2 was linked to tumor grade (Fig. 11A-B),
suggesting the significance of these genes to the carcinogenesis or progression of
CRC.

Figure 8 The expression level of the selected 4 hub genes in the CRC tissues and
tumor-adjacent tissues from TCGA. (A)CCNB1; (B)CCNA2; (3)AURKA;
(4)BUB1B .
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B

Figure 9 The overall survival analysis of the 10 hub genes(A-J).

Figure 10 Oncomine analysis of cancer vs. normal tissue of CCNB1 and CCNA2.
Heat maps of CCNB1 (A), CCNA2 (B) gene expression in colorectal cancer samples
vs. normal tissues. 1. Rectal Adenocarcinoma vs. Normal Gaedcke Colorectal, Genes
Chromosomes Cancer, 2010;2. Colorectal Adenoma Epithelia vs. Normal Gaspar
Colon, Am J Pathol, 2008;3. Colon Adenoma vs. Normal Sabates-Bellver Colon, Mol
Cancer Res, 2007;4. Rectal Adenoma vs. Normal Sabates-Bellver Colon, Mol Cancer
Res, 2007;5. Cecum Adenocarcinoma vs. Normal TCGA Colorectal, No Associated
Paper, 2011;6. Colon Mucinous Adenocarcinoma vs. Normal TCGA Colorectal, No
Associated Paper, 2011;7. Rectal Mucinous Adenocarcinoma vs. Normal TCGA
Colorectal, No Associated Paper, 2011;8. Rectosigmoid Adenocarcinoma vs.
Normal TCGA Colorectal, No Associated Paper, 2011.

A B



Figure 11 The association between the expression of selected hub genes and
tumor stage. (A-B) The expressions of CCNB1，CCNA2 were correlated with tumor
stage in the Oncomine dataset. 0: No value; 1: Stage I; 2: Stage II;3:Stage
IIA ;4:Stage IIB :5:Stage III ;6:Stage IIIA;7:Stage IIIB ;8:Stage IIIC;9:Stage
IV ;10:Stage IVA .

The validation of core genes expression in clinical samples.
For ascertaining which gene is crucial to the develpment of CRC, real-time

qPCR was applied to examine the expression of 4 DEGs through sampling, inclusive
of CCNB1、CCNA2、AURKA and BUB1B . Notably, relative to tumor-adjacent
tissues, CCNB1、CCNA2、AURKA and BUB1B were normally subject to
upregulation in colorectal cancer tissues, which conforms to the aforementioned
results of bioinformatics analysis (Fig. 12A–D). As revealed by the ROC curve, all
CCNB1(AUC = 0.790, 95% CI: 0.570 to 1.01, P = 0.038) 、CCNA2(AUC = 0.864,
95% CI: 0.697 to 1.03, P = 0.009) 、AURKA(AUC = 0.840, 95% CI: 0.653 to 1.03, P
= 0.0152) and BUB1B(AUC = 0.901, 95% CI: 0.754 to 1.05, P = 0.0041) are
potentially suitable for prediction (Fig. 12A–D).

Figure 12 The expression level of the selected 4 hub genes in the CRC tissues and
tumor-adjacent tissues from clinical samples and ROC curve analysis of the 4
hub genes.(A)CCNB1;(B)CCNA2;(C)AURKA;(D)BUB1B .Data are presented as
mean ±SD. P＜0.05 was considered as significant.

Discussion
In a few pre-clinical and clinical studies, the root cause of CRC has been

uncovered. Nevertheless, the incidence and mortality of CRC are still high, which is
largely attributed to most studies focusing attention on a single genetic event, or to the
outcomes being obtained from a single cohort study[22].In the present experiments,
bioinformatics analysis was performed to identify the potential key genes correlated
with CRC. Herein, an analysis was conducted of three GEO data sets, based on which



547 DEGs were identifified, including 72 up-regulated and 475 down-regulated genes,
respectively. GO terms were applied for the 547 DEGs to be classed into three groups
(BP, CC and MF groups), while the DAVID database was used to carry out the KEGG
pathway enrichment analysis of the DEGs. Ultimately, the DEGs PPI network was
developed, while the top 10 hub genes and the most critical module were removed
from the PPI network.

The KEGG analysis revealed some DEGs underwent significant enrichment in
Pathways in cancer,PI3K-Akt signaling pathway, cGMP-PKG signaling pathway,
which sheds some light on the progression of CRC. Besides, the most critical module
was removed from the PPI network, among which a large proportion of the matching
genes were related to cell cycle, Neuroactive ligand-receptor interaction and DNA
replication,which cell cycle was the most significantly enriched pathway.

Cell-cycle deregulation is the major reason for the unlimited proliferation of
cancer cells. Cyclins belong to a family of closely related proteins that drive the cell
division cycle entry and progression, repair DNA damage, and control cell death by
activating cyclin-dependent kinases. Studies have shown [22-25] that there are
countless signaling pathways crucial to the cell cycle of cancer and the process of cell
proliferation, and can be treated as a hallmark of cancer[26]. Thus, through an
investigation into the cell cycle pathway, the carcinogenic mechanisms can be better
understood and an insight can be gained into CRC treatment options.

According to GO term enrichment analysis, the up-regulated DGEs were clearly
enriched in cellular response to hypoxia, extracellular exiosome, heparin binding,
which implyed that some of these DEGs are present in the nucleus and linked to cell
cycle processes for cell proliferation through the enhanced DNA helicase activity in
colorectal cancer. Increasing experimental evidence indicates that hypoxia is prevalent
in the development of solid tumors.In order to ensure their survival, tumor cells under
hypoxia can undergo a series of changes in biological behavior to adapt to hypoxia,
specifically: (choose genotypes (such as TP53 mutation) that are conducive to
survival of hypoxia repair [27] ,changes in expression of pro-survival genes [28] and
inhibition of apoptosis [29], cell support for enhanced autophagy [30] and anabolic
conversion [31], etc. Hypoxia can also enhance tumor angiogenesis [32], epithelial
cells Interstitialization [33], immunosuppression [34], invasion and metastasis [35-36].
Through these changes, tumor cells can fight the body's autoimmunity and existing
medical treatments, affecting their prognosis.It can be seen that the up-regulated
DGEs are critical to the progression of colorectal cancer.

Based on the degree of connectivity in PPIN, a total of 10 hub genes were
identified, which are MCM3,MCM7,BUB1B,AUPKA,TPX2,TTK,FEN1,cyclin
B1(CCNB1),cyclin A2(CCNA2) and KIF4Awith a close connection.These identified
hub genes were functioned as a group, and may play a crucial role in CRC. Of them,
MCM3 and MCM7 are classed into the MCMs family, and their biological functions
are related mainly to the DNA replication[37]. Besides, multiple previous studies have
demonstrated that minichromosome maintenance(MCM) protein is responsible for the
progression of varies malignancies[38-40]. MCM is involved in DNA synthesis [41] and



is applicable as a biomarker of oral squamous cell carcinoma [42], melanoma [43],
glioma [44] and colon cancer [45].

As one of the highly conserved cyclin family members, CCNA2[46-47]and
CCNB1[48-49]are responsible for the regulation of cell cycle at the G2/M transition
through the formation of maturation-promoting factor (MPF) with p34, indicating that
the over-expression of it contributes to the progression of cancers [50-51].ResearchS
shows that CCNB1 mRNA and protein level were upregulated in a subset of human
colorectal tumors, and positively correlated with Chk1 expression[52] .Increasing
evidence demonstrates that CCNB1 is involved in checkpoint control, whose
dysfunction is an early event in tumorigenesis, and that its deregulated expression is
observed in a number of different human cancers including breast cancer, cervical
cancer, lung cancer, esophageal squamous cell carcinoma, and melanoma. CCNA2,
which is normally silenced in the postnatal mammalian myocardium, can induce
cardiac repair in small animal models of myocardial infarction.56 It is a functional
target of retinoblastoma-mediated cell cycle arrest.After a thorough search in PubMed,
there was no clear evidence indicating the relationship between CCNA2 and CRC.In
Yanqi Gan et al.'s study, they revealed that expression of CCNA2 in CRC tissues is
higher than that in normal tissues and that CCNA2 knockdown could significantly
suppress CRC cell growth by impairing cell cycle progression and inducing cell
apoptosis [53].

AURKA is a mitotic serine/threonine kinase that is associated with the
regulation of mitosis, cell division and cell cycle progression.AURKAwas
upregulated in most tested cancer types compared with their normal tissues. OS
analysis showed that higher AURKAwas correlated with a worse outcome of most of
the cancer types, whereas it only indicated a favorable outcome in colon
cancer.Researchs shows that AURKAmay have a positive effect on survival and
emphasized the necessity to study the effect of AURKA on response to treatment.

BUB1B is not only a crucial constituent protein of the mitotic checkpoint, but
also a multidomain protein kinase capable of responding to centromere tension
[54-56]. In some research, it has been suggested that the overexpression of BUB1B
can occur in a variety of tumor, for example, colorectal cancer, renal and breast
carcinoma [57-58]. Thus, a further exploration into BUB1B may improve our
understanding of its significance to the CRC process, and fresh ideas for examining its
molecular mechanisms and developing more targeted treatments[59].

Located at 20q11.2, the TPX2 gene is capable of encoding a
microtubule-associated protein related to spindle assembly at the time of cell mitosis.
TPX2 overexpression is commonly seen in various tumors. In hepatocellular
carcinoma, it is related to enhanced proliferation, apoptosis suppression, and
induction of EMT [60]. In breast cancer, TPX2 silencing reduced PI3K/AKT and
activated p53 signaling, thus inhibiting proliferation and promoting apoptosis [61].

As a sort of DNA repair protein, Flap endonuclease 1 (FEN1) is critical to the
prevention of carcinogenesis. In the FEN1 gene, there are two functional germ line
variants (-69G > A and 4150G > T) related to DNA damage levels in coke oven
workers and lung cancer risk in general populations. In some research, it has been
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demonstrated that the reduction to FEN1 expression has a potential to increase the
risk of malignant transformation of gastrointestinal cells[62-63].

As a variety of bispecific kinases first found in Saccharomyces cerevisiae, TTK
is capable to phosphorylate serine, threonine, and tyrosine residues. It is a building
block of the spindle assembly checkpoint (SAC), and is significant to the replication
of mitotic centrosomes and the normal separation of chromosomes[64]. Proposed as a
therapeutic target for CRC and other cancers, TTK can be overly expressed and is
closely associated with poor clinical prognosis[65-68].

Some reports are contradictory to our findings, and this is potentially attributed
to the heterogeneity of the tumor. Thus, it is necessary to further conduct sample
functional verification. For the further verification of the expression of the 4 hub gene,
RT-qPCR was carried out in 9 clinical samples. As illustrated in Figure 12, we noted
up-regulation on the expression of the 4 hub genes in colorectal cancer tissues
comparing to tumor-adjacent tissues,which conforms to our analytical outcomes,
indicating that they would be one of the effective biomarkers for cancer treatment.

Conclusion
Herein, a set of candidate biomarkers possibly significant to the development of

CRC were identified. They can be taken as research subjects to investigate their roles
in the develoment of diseases, which can improve our understanding as to the
mechanism of CRC on a molecular level. Besides, to figure out their prognostic
effects, clinical validation study can be conducted with them as possible prognostic
biomarkers. Nevertheless, the study remains subject to some limitations. Firstly, it is
premised on the analysis of publicly available data. Seconfly, it is uncertain whether
the differentially expressed hub genes is related to the development of illness. Finally,
despite the combination of four GEO data sets, the sample size remains small, which
can render the results unreliable. Thus, it is essential to condut further bioinformatics
analysis and experimental verification with a larger sample size.
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