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Abstract
Obijective: To identify genes associated with the clinicopathological features of colorectal cancer
(CRQ).

Methods: Gene expression profiles were downloaded and preprocessed by GEOquery and affy
R packages, respectively. The limma package was applied to identify the differentially expressed
genes (DEGs) in CRC. Gene Ontology and Kyoto Gene and Genome Encyclopedia (KEGG)
pathway enrichment analyses for the DEGs were carried out using the clusterProfiler package.
Protein—protein interaction (PPl) and weighted gene co-expression (WGC) networks were
constructed using the STRING database and WGCNA package, respectively.

Results: A total of 523 DEGs (283 downregulated and 240 upregulated genes) in CRC tissues
were identified. These DEGs were mainly enriched in |11 biological processes, 16 cellular
components and 40 molecular functions, such as proteinaceous extracellular matrix, extracellular
structure organization and chemokine-mediated signalling pathway. PPl and WGC networks
showed that four upregulated genes (KIF2C, CDC45, CEP55 and DTL) were key genes.
Subgroup analysis based on individual cancer stages and histological subtypes indicated that the
expression of these key genes was upregulated in CRC stages |-V, adenocarcinoma and mucin-
ous adenocarcinoma.

Conclusions: The study provides new insights into understanding the pathogenesis of CRC.
These identified genes may act as potential targets for CRC diagnosis and treatment.

3Department of General Surgery, Xuhui District Central
Hospital of Shanghai, Shanghai, China

*These authors contributed equally to this work.

'Physical Examination Centre, Xuhui District Central Corresponding author:

Hospital of Shanghai, Shanghai, China Shulong Zhang, Department of General Surgery, Xuhui
2Department of Oncology, Eastern Hepatobiliary Surgery District Central Hospital of Shanghai, 966 Huaihai Middle
Hospital, Second Military Medical University, Shanghai, Road, Shanghai 20003 I, China.

China Email: 230139279@seu.edu.cn

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits
non-commercial use, reproduction and distribution of the work without further permission provided the original work is attributed
as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0003-1100-2995
mailto:230139279@seu.edu.cn
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060520912139
journals.sagepub.com/home/imr

Journal of International Medical Research

Keywords

Colorectal cancer, key gene, signalling pathway, data mining

Date received: 10 October 2019; accepted: 18 February 2020

Introduction

Colorectal cancer (CRC) is not only one of
the most common malignancies, but also
one of the leading causes of cancer-related
death.! In recent decades, studies that have
focused on the diagnosis, prognosis and
treatment of CRC have made great prog-
ress, but the global burden of CRC is still
increasing and more than two million new
cases and one million deaths are expected
by 2030.7 Therefore, there is an urgent need
to find effective ways to obtain new prom-
ising biomarkers and therapeutic targets
for CRC.

With the emergence and wide applica-
tion of microarray and RNA-sequencing
technology, more and more gene expression
data have been recently generated and
deposited in publicly available databases
such as Gene Expression Omnibus (GEO)
and The Cancer Genome Atlas (TCGA).
Reanalysis of these data will contribute to
a better understanding of the mechanism of
the occurrence and development of dis-
eases; and should lead to the identification
of new disease-related molecules. For exam-
ple, a previous study found several hub
genes and pathways related to anaplastic
thyroid carcinoma by mining public data-
bases, including the RACGAPI, FENI,
PRCI, TOP2A and TYMS genes, and the
phagosome and NF-kappa B signalling
pathway.” Another study demonstrated
that the expression of BTG/ might act as
a potential prognostic biomarker for diffuse
large B-cell lymphoma via exploring gene
expression profiles in the GEO database.”
Crucial genes such as SLC22A410, CD5L
and UROC] were identified in the develop-
ment of hepatocellular carcinoma (HCC),

especially alcohol-related HCC based on
the TCGA and GEO databases.’

This current study identified the differen-
tially expressed genes (DEGs) between
CRC tissues and adjacent normal tissues
via analysing microarray data in the GEO
database. Integrated analysis of the DEGs
based on bioinformatic methods was then
undertaken, which aimed to identify the
molecular mechanisms involved in CRC
occurrence and development and to provide
biomarker targets for future research.

Materials and methods

Microarray data

The gene expression profiles of 17 paired
CRC and adjacent normal tissues
(GSE110224) were obtained from the
GEO database (https://www.ncbi.nlm.nih.
gov/geo/) using the GEOquery package in
R (www.r-project.org). All data were gener-
ated based on Affymetrix Human Genome
U133 Plus 2.0 Array (GPL570).° Raw data
were preprocessed by the affy R package
with Robust Multichip Averaging (RMA)
algorithm. The probeset IDs were con-
verted into gene symbols using the annota-
tion package hgul33plus2.db. If multiple
probesets corresponded to the same gene,
the mean value of those probesets expres-
sion was used.

Identification of the DEGs in CRC

The limma package of R (www.r-project.
org) was used to identify the DEGs in
CRC.” The rtest and Benjamini-
Hochberg method were used to calculate
the P-value and false discovery rate,
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respectively. The DEGs were defined
according to an adjusted P-value (adj.P.
Val) < 0.05 and [logFC| > 1.

GO and KEGG pathway enrichment
analyses

To further evaluate the functions of the
DEGs and understand the biological pro-
cesses (BPs), cellular components (CCs),
molecular functions (MFs) and pathways
closely related to CRC, the clusterProfiler
package in R (www.r-project.org) was
used to identify and visualize gene ontology
(GO) terms and Kyoto Gene and Genome
Encyclopedia (KEGG) pathways enriched
by the DEGs.® The adj.P.Val <0.05 was
set as the significant enrichment.

Construction of biological networks
of the DEGs

In order to identify key genes involved in
CRC, the protein—protein interaction (PPI)
and weighted gene co-expression (WGC)
networks of the DEGs were constructed
by STRING database (www.string-db.org)
and weighted gene co-expression network
analysis (WGCNA) R package.’ respective-
ly. The minimum required interaction score
in the PPI network was set as 0.7. In the
WGC network, the soft-threshold power
and the minimum threshold of interaction
weight were set as 12 and 0.6, respectively.
Subsequently, biological networks were
visualized using Cytoscape software
(https://cytoscape.org/). In the WGC net-
work, the modules associated with colorec-
tal cancer were identified by the MCODE
plugin.'® The key nodes (proteins/genes) in
each biological network were selected based
on degree centrality. The nodes with degree
>23 and >6 were defined as key nodes in
the PPI network and WGC network,
respectively. Key nodes that overlapped in
the two networks were screened out as key
genes using a Venn diagram.

Validation of the expression levels
of key genes

To validate the expression levels of key
genes, a gene expression profiling interac-
tive analysis (GEPIA) tool (http://gepia.
cancer-pku.cn/) was used to explore the
related data in TCGA and Genotype-
Tissue Expression databases, and to analyse
the expression levels of key genes in CRC
tissues compared with normal tissues.'!
Furthermore, the UALCAN tool (http://
ualcan.path.uab.edu/) was used to assess
the expression of key genes in CRC based
on individual cancer stages and histological
subtypes.'?> A P-value <0.05 was consid-
ered as statistically significant.

Results

There were 523 DEGs in CRC tissues,
including 240 upregulated and 283 downre-
gulated genes (Figure 1). The MMP3,
REGIA, FOXQI, CXCLIl and MMP7
genes were the top five upregulated genes;
and the GCG, CA4, AQPS, MS4A12 and
CLCA4 genes were the top five downregu-
lated genes (Table 1).

The GO analysis showed that these
DEGs were significantly enriched in 111
BPs, 16 CCs and 40 MFs. The top five
enriched CCs were proteinaceous extracel-
lular matrix, extracellular matrix, microvil-
lus membrane, apical part of the cell and
endoplasmic reticulum lumen (Figure 2a).
The top five enriched BPs were extracellular
matrix organization, chemokine-mediated
signalling pathway, positive regulation of
response to external stimulus, extracellular
structure organization and leukocyte che-
motaxis (Figure 2b). The top five enriched
MFs were cytokine activity, receptor ligand
activity, CXCR chemokine receptor binding,
chemokine activity and chemokine receptor
binding (Figure 2c). Furthermore, KEGG
pathway enrichment analysis indicated that
these DEGs were mainly involved in
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Figure |. Volcano plots showing the upregulated and downregulated genes in colorectal cancer tissues.
Blue dots represent significant mRNAs with an adjusted P-value < 0.05 and |logFC| > |. Red dots represent
nonsignificant genes. The colour version of this figure is available at: http://imr.sagepub.com.

Table I. The top five upregulated and downregulated genes in colorectal cancer tissues compared with

adjacent normal tissues.

Gene Mean Adjusted

symbol logFC expression P-value Significant
MMP3 4.12 9.00 P=0.0012 Up
REGIA 3.85 8.84 P =0.0052 Up
FOXQI 3.57 8.96 P=0.0016 Up
CXCLI1 342 7.07 P=0.0017 Up
MMP7 3.37 8.61 P=0.0014 Up

GCG -3.61 8.76 P =0.0089 Down
CA4 -3.65 10.03 P =0.0020 Down
AQP8 —4.32 9.88 P=0.0017 Down
MS4A12 —4.45 9.97 P=0.0037 Down
CLCA4 —4.46 10.86 P=0.0041 Down
cytokine—cytokine  receptor interaction, CDC45, UHRFI, MAMDC2, PLPI,

interleukin (IL)-17 signalling pathway, bile
secretion, nitrogen metabolism and chemo-
kine signalling pathway (Figure 2d).

The WGC network showed 95 nodes and
161 edges (Figure 3a). Eight modules asso-
ciated with colorectal cancer were identified
in the WGC network (Table 2). SCN7A4,
C2orf40, KIF2C, MCMI10, KIFI8A,

CEP55, FHLI, NEGRI, CDCA5, DTL
and C7 were hub genes in the WGC net-
work. Meanwhile, a PPI network of the
DEGs was also constructed based on the
STRING database. As shown in Figure 3b,
a total of 247 nodes and 898 edges were
mapped in the PPI network. The hub
genes selected from the PPI network
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Figure 2. The top five gene ontology terms and Kyoto Gene and Genome Encyclopedia (KEGG) pathways
enriched by the differentially expressed genes: (a) cellular components; (b) biological processes;
(c) molecular functions; (d) KEGG pathways. IL-17, interleukin-17. The colour version of this figure

is available at: http://imr.sagepub.com.

included CXCLS8, FPR2, CCNBI, KIF2C,
TPX2, CXCLI, KIF204, DLGAPS,
NCAPG, RRM2, UBE2C, EXOI, CDC45,
CXCLI0, DTL, PF4, SST and CEPS5S.
Subsequently, the Venn diagram showed
that KIF2C, CDC45, CEP55 and DTL
were the key genes that overlapped in the
two networks (Figure 3c).

The GEPIA tool was applied to confirm
the expression levels of key genes (KIF2C,
CDC45, CEP55 and DTL) in CRC. The
results showed that KIF2C, CDC45,
CEP55 and DTL genes were significantly
upregulated in CRC tissues compared with
normal tissues, which was consistent with
the microarray results (Figure 4). Further
subgroup analysis based on individual
cancer stages showed that the expression
of these key genes was upregulated in
CRC stages -1V compared with normal
tissues (Figure 5). Subgroup analysis

based on histological subtypes indicated
that the expression of these key genes was
upregulated in adenocarcinoma and mucin-
ous adenocarcinoma compared with
normal tissues (Figure 6). Subgroup analy-
sis based on sex showed that the expression
of these key genes was upregulated in
tumour tissues of male and female patients
with CRC compared with normal tissues
(Figure 7). Subgroup analysis based on
age showed that the expression of the
CDC45 and CEP55 genes was not signifi-
cantly upregulated in tumour tissues of
patients with rectum adenocarcinoma in
the 2140 years age group compared with
normal tissues (Figure 8).

Discussion

The present study investigated the DEGs in
CRC based on 17 paired CRC and adjacent
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Table 2. Identification of modules associated with
colorectal cancer in the weighted gene co-expres-
sion network.

Cluster Score Nodes Edges Node IDs

| 5 5 10 FHLI, ATPI1A2, GPRASPI,
TMEM35A, NEGR|

2 4 4 6 MAMDC2, C7, PLPI, OGN

3 35 5 7 ANLN, NCAPG, KIF14,
KIF18A, NUF2

4 3 3 3 PRIMAI, MYOT, SCN7A

5 3 3 3 ADAMI2, COLIIAI,
COLI0AI

6 3 3 3 GUCA2B, CAl, AQP8

7 3 3 3 MS4A12, CA4, CLCA4

8 3 3 3 SULFI, COL5A2, FAP

normal tissues from the GSE110224 dataset
and found 523 DEGs, including 240 upre-
gulated and 283 downregulated genes in
CRC. Enrichment analyses indicated that
these DEGs were significantly enriched in
111 BPs, 16 CCs and 40 MFs, such as pro-
teinaceous extracellular matrix, leukocyte
chemotaxis, cytokine activity and the che-
mokine signalling and IL-17 signalling
pathways. Biological networks of the
DEGs showed that the KIF2C, CDC45,
CEP55 and DTL genes were located in the
hub of the PPI and WGC networks, sug-
gesting that these nodes might play a crucial
role in the occurrence and development
of CRC.

The KIF2C gene is located on chromo-
some 1p34.1 and encodes a kinesin-like pro-
tein that serves as a microtubule-dependent
molecular motor."*!'* The encoded protein
depolymerizes microtubules at the plus end
and promotes mitotic chromosome segrega-
tion.'>!® The expression levels of KIF2C
was associated with progression and prog-
nosis of cancer patients. For example, a
study found that KIF2C overexpression
was significantly related to poor prognosis
of patients with HCC."” Another study
demonstrated that the expression level of
KIF2C in glioma samples was significantly
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Figure 4. The expression of key genes in colorectal cancer and normal tissues. COAD, colon adenocarcinoma; READ, rectum adenocarcinoma. The pink
and grey colours indicate tumour and normal tissues, respectively. *P < 0.01; t-test. The central black horizontal line is the median; the extremities of the

box are the 25th and 75th percentiles; and the error bars represent the minimum and maximum outliers. The colour version of this figure is available at:
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higher than that in normal brain tissues.'®
In addition, KIF2C expression was related
to histopathological grade of the glioma
and could serve as a potential independent
prognostic factor.'® These current findings
showed that KIF2C was significantly upre-
gulated in CRC tissues, including cancer
stages I-1V. The protein encoded by the
CDC45 gene was identified based on its
similarity with Saccharomyces cerevisiae
Cdc45, which is an essential protein
required for the initiation of DNA replica-
tion.'” The CDC45 gene had been shown to
promote papillary thyroid cancer (PTC)
progression via regulating cell cycle.?® The
current results suggested that CDC45
expression was upregulated in CRC tissues,
suggesting that this gene might act as a
novel biomarker and therapeutic target for
both PTC and CRC.?° CEPS55 is an impor-
tant centrosomal protein involved in mid-
body formation during cytokinesis.>' The
knockdown of CEP55 markedly inhibited
proliferation and induced apoptosis of
lung cancer (LC) cells.”? Furthermore,
high expression of CEP55 was associated
with advanced T and N staging of LC.*
Another study found that CEP55 could
enhance the proliferation and invasive abil-
ity of tumour cells via the AKT signalling
pathway in osteosarcoma.”* The knock-
down of the CEP55 gene suppressed the
proliferation of glioma cells, whereas
CEP55 overexpression induced prolifera-
tion of the cells.>> Furthermore, this current
study demonstrated that CEP55 expression
was higher in CRC tissues when compared
with adjacent normal tissues. DTL is an
oncogenic gene identified in amplified
region (chromosome 1q32) of several can-
cers.’*?” DTL knockdown inhibited the
biological behaviour of gastric cancer cells
in a TP53 mutation-independent manner.?’
The overexpression of DTL significantly
promoted lymphatic invasion, cancer
depth and recurrence rate in gastric
cancer.”’ Patients with DTL-overexpressing

gastric cancer had a poorer survival than
those with non-expressing cancers.”’” DTL
expression was frequently upregulated in
aggressive HCC and correlated positively
with tumour grade and poor survival of
patients.”® A previous study demonstrated
that targeting DTL induced cell cycle arrest
and inhibited cell growth and colony for-
mation through 7PX2 suppression in
HCC.” To the best of our knowledge, the
role of DTL in CRC remains unknown. The
current study showed that DTL expression
was upregulated in CRC tissues, including
adenocarcinoma and mucinous adenocarci-
noma compared with normal tissues.

In conclusion, the present study identi-
fied a series of CRC-related genes and path-
ways using bioinformatics analysis. Among
them, the expression of the KIF2C, CDC45,
CEPS55 and DTL genes was upregulated in
CRC stages I-IV, adenocarcinoma and
mucinous adenocarcinoma. These CRC-
related genes might act as novel diagnostic
biomarkers for CRC. However, more
experimental studies are needed to explore
the function of these genes in CRC.

Declaration of conflicting interest

The authors declare that there are no conflicts of
interest.

Funding

This research received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors.

ORCID iD

Shulong Zhang (® https://orcid.org/0000-0003-
1100-2995

References

1. Bray F, Ferlay J, Soerjomataram I, et al.
Global cancer statistics 2018: GLOBOCAN
estimates of incidence and mortality world-
wide for 36 cancers in 185 countries. CA
Cancer J Clin 2018; 68: 394-424.


https://orcid.org/0000-0003-1100-2995
https://orcid.org/0000-0003-1100-2995
https://orcid.org/0000-0003-1100-2995

Wang et al. 13
2. Arnold M, Sierra MS, Laversanne M, et al. 14. Faulkner NE, Vig B, Echeverri CJ, et al.
Global patterns and trends in colorectal Localization of motor-related proteins and
cancer incidence and mortality. Gut 2017; associated complexes to active, but not inac-
66: 683-691. tive, centromeres. Hum Mol Genet 1998; 7:

3. Gao X, Wang J and Zhang S. Integrated 671-677.
bioinformatics analysis of hub genes and 15. Diez S. Multi-talented MCAK: Microtubule
pathways in anaplastic thyroid carcinomas. depolymerizer with a strong grip. Nat Cell
Int J Endocrinol 2019; 2019: 9651380. Biol 2011; 13: 738-740.

4. Yan W, Li SX, Gao H, et al. Identification 16. Oguchi Y, Uchimura S, Ohki T, et al. The
of B-cell translocation gene I1-controlled bidirectional depolymerizer MCAK gener-
gene networks in diffuse large B-cell lym- ates force by disassembling both microtu-
phoma: a study based on bioinformatics bule ends. Nat Cell Biol 2011; 13: 846-852.
analysis. Oncol Lett 2019; 17: 2825-2835. 17. Chen J, Li S, Zhou S, et al. Kinesin super-

5. Zhang X, Kang C, Li N, et al. Identification family protein expression and its association
of special key genes for alcohol-related hepa- with progression and prognosis in hepatocel-
tocellular carcinoma through bioinformatic lular carcinoma. J Cancer Res Ther 2017; 13:
analysis. PeerJ 2019; 7: ¢6375. 651-659.

6. Vlachavas EI, Pilalis E, Papadodima O, 18. Bie L, Zhao G, Wang YP, et al. Kinesin
et al. Radiogenomic analysis of F-18-fluoro- family member 2C (KIF2C/MCAK) is a
deoxyglucose positron emission tomography novel marker for prognosis in human glio-
and gene expression data elucidates the epi- mas. Clin Neurol Neurosurg 2012; 114:
demiological complexity of colorectal cancer 356-360.
landscape. Comput Struct Biotechnol J 2019; 19. Krastanova I, Sannino V, Amenitsch H,
17: 177-185. et al. Structural and functional insights

7. Ritchie ME, Phipson B, Wu D, et al. limma into the DNA replication factor Cdc45
powers differential expression analyses for reveal an evolutionary relationship to the
RNA-sequencing and microarray studies. DHH family of phosphoesterases. J Biol
Nucleic Acids Res 2015: 43: e47. Chem 2012; 287: 4121-4128.

8. Yu G, Wang LG, Han Y, et al 20. Sun J, Shi R, Zhao S, et al. Cell division
clusterProfiler: an R package for comparing cycle 45 promotes papillary thyroid cancer
biological themes among gene clusters. progression via regulating cell cycle.
OMICS 2012: 16: 284-287. Tumour Biol 2017; 39: 1010428317705342.

9. Langfelder P and Horvath S. WGCNA: an 21. Jeffery J, Sinha D, Srihari S, et al. Beyond
R package for weighted correlation network cytokinesis: the emerging roles of CEPS55 in
analysis. BMC Bioinformatics 2008; 9: 559. tumorigenesis. Oncogene 2016; 35: 683-690.

10. Bader GD and Hogue CW. An automated 22. Liu L, Mei Q, Zhao J, et al. Suppression of
method for finding molecular complexes in CEPS55 reduces cell viability and induces
large protein interaction networks. BMC apoptosis in human lung cancer. Oncol Rep
Bioinformatics 2003; 4: 2. 2016; 36: 1939-1945.

11. Tang Z, Li C, Kang B, et al. GEPIA: a web 23. Ma XP, Zhang W, Wu BQ, et al
server for cancer and normal gene expres- Correlations between mRNA levels of cen-
sion profiling and interactive analyses. trosomal protein 55 (CEPSS) and clinical
Nucleic Acids Res 2017; 45: W98-W102. features of patients with lung cancer. Med

12. Chandrashekar DS, Bashel B, Sci Monit 2018; 24: 3093-3097.
Balasubramanya SAH, et al. UALCAN: a 24. Xu L, Xia C, Sheng F, et al. CEPSS5 pro-
portal for facilitating tumor subgroup gene motes the proliferation and invasion of
expression and survival analyses. Neoplasia tumour cells via the AKT signalling pathway
2017; 19: 649-658. in osteosarcoma. Carcinogenesis 2018; 39:

13. Banks JD and Heald R. Chromosome move- 623-631.
ment: dynein-out at the kinetochore. Curr 25. Li F, Jin D, Tang C, et al. CEP55 promotes

Biol 2001; 11: R128-R131.

cell proliferation and inhibits apoptosis via



Journal of International Medical Research

26.

27.

the PI3K/Akt/p21 signaling pathway in
human glioma U251 cells. Oncol Lett 2018;
15: 4789-4796.

Rooney PH, Murray GI, Stevenson DA,
et al. Comparative genomic hybridization
and chromosomal instability in solid
tumours Br J Cancer 1999; 80: 862-873.
Kobayashi H, Komatsu S, Ichikawa D, et al.
Overexpression of denticleless E3 ubiquitin
protein ligase homolog (DTL) is related to
poor outcome in gastric carcinoma.
Oncotarget 2015; 6: 36615-36624.

28.

29.

Pan HW, Chou HY, Liu SH, et al. Role of
L2DTL, cell cycle-regulated nuclear and
centrosome protein, in aggressive hepatocel-
lular carcinoma. Cell Cycle 2006; 5:
2676-2687.

Chen YC, Chen IS, Huang GJ, et al
Targeting DTL induces cell cycle arrest
and senescence and suppresses cell growth
and colony formation through TPX2 inhibi-
tion in human hepatocellular carcinoma
cells. Onco Targets Ther 2018; 11:
1601-1616.



