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Abstract

Colorectal cancer (CRC) is one of the most common digestive tract cancers in the world. The incidence
rate of cancer is increasing year by year around the world. At present, the exact mechanism of colorectal
cancer has not been fully elucidated leading to poor diagnosis and treatment methodologies, therefore, it is
necessary to understand the molecular mechanism of colorectal cancer. Applying bioinformatics to analyze
the differentially expressed genes derived from CRC tissues or tissues adjacent to carcinoma has been a
popular research methodology for investigating the underlining pathology of cancers. In this study, we
downloaded the CRC related microarray data set (GSE32323) from the Gene Expression Omnibus (GEO).
33 samples were analyzed by microarray and 410 genes were up-regulated and 499 genes were
down-regulated inCRC. Using gene chip prediction analysis (PAM) method and gsea-msigdb resource, the
expressions of 1135 genes were compared and analyzed. Among them, prkcb, pik3cg, camk2d, CCNDI,
Cdk6, CDK4, CDKNI1A were found to be potential biomarkers for CRC diagnosis. In addition, the PAM
method revealed a better resolution of calculation, which provides confirmative data mining results for CRC
related diagnostic marker prediction. these results will provide the basis for new research projects in clinical
practice, and provide the basis for rapid risk assessment of colorectal cancer by microarray gene expression
analysis.

Key words: bioinformatics analysis, colorectal cancer, risk related genes, GEO database.
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Introduction
Colorectal cancer (CRC) refers to the
malignant tumor occurring in the rectum or colon
lumen, mainly originated from the inner wall of the
than 95% of which

adenocarcinoma (1,2). With the formation of blood

colorectal, more are
vessels and the growth of lymphatic vessels in the
tumor, the lesions continue to invade the whole
intestinal wall, and even spread to the abdominal
cavity or cause distant organ metastasis through
blood The

manifestations mainly

circulation (3-5). early clinical
the of

defecation habits and bloody stool. Colonoscopy is

were change
helpful for the early diagnosis of the disease. At
present, the most effective treatment is surgery, but
the prognosis of advanced patients is still poor.

The incidence rate of CRC in many countries
including China is increasing year by year (1,2).
although the level of diagnosis and treatment of
CRC has improved, the is still very poor. Therefore,
further of the
mechanism of CRC development and progression

elucidation exact molecular
attracts a lot attention. The 5-year survival rate for
patients without CRC metastasis was 90.3%; For
patients with the CRC metastasis, the rate has
dropped to 70.4% when the metastasis spread to
14%. The exact

mechanism of the occurrence and development of

distant organs, the rate dropped to

CRChas not been fully elucidated. A large number
of studies have shown that it may be related to the
imbalance of oncogenes, tumor suppressor genes,
changes in cell

signaling pathways, gene

polymorphism  and  microarray  instability.
Inflammatory bowel disease (IBD) is an important
risk factor in the development of CRC. Patients
with IBD more than 10 years tend to have higher
tendency of developing CRC. This suggests that
there may be some evolutionary relationship or
some common pathogenic factors between IBDand
CRC. In recent years, studies on the role of enteric
nervous system (ENS) in the pathogenesis of CRC
have gradually clarified the role of ENS in the

pathogenesis of CRC (6-9).
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ENS is mainly composed of two parts:

intestinal neurons (ENCS) and intestinal glial cells
(EGCS), which are distributed in the whole
intestine in the form of submucosal plexus and
intermuscular plexus, and are considered to be the
largest and most complex part of the peripheral
nervous system. As an important part of ENS,
EGCS are small cells with star-like appearance
wrapped in the cell bodies and nerve bundles of
intestinal neurons. This cell not only has nutritional
and protective effects on intestinal neurons, but also
participates in the integration and regulation of
neural activities, as well as the regulation of
intestinal motility and intestinal epithelial barrier
(10-16). In 1998, the EGCS deficient mice induced
by Bush TG et al. (17) showed the loss of mucosal
barrier integrity, increased permeability, intestinal
which
confirmed that EGCS played a regulatory role in
intestinal epithelial homeostasis. Since then,
savidge TC et al. (18) confirmed that EGCS can
intestinal mucosal barrier and reduce

inflammation, bleeding and necrosis,

protect
inflammation by releasing S-nitrosoglutathione
(snog).In addition, , it has been found that EGCS
can not only secrete mediators that protect the
intestinal mucosal barrier, such as snog, GDNF,
nerve growth factor (NGF), TGF - B 1, but alsocan
secrete iNOS / no, 15dpgj2 and other factors to
inhibit the proliferation of intestinal epithelial cells
and increase the permeability of intestinal mucosa.
However, the effect of these two kinds of mediators
from EGCS on the integrity of intestinal epithelial
barrier, intestinal inflammation and tumor remains
to be further elucidated (18).

Bioinformatics analysis has enabled genomic
and transgenomic screening of CRC samples and
helped to identify differentially expressed genes
involved in its development and progression.
Research shows that the application of microarray
analysis in clinical practice is still facing challenges.
Firstly, due to the technology related changes in the
process of sample collection and different types of
platforms and methods, there is a general lack of
consistency between individual research results.
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Second, lack of large-scale research can lead to the
decline of statistical availablity. Third, identifying
the most informative and useful data for the
development of reliable clinical applications has
always been a challenge. Microarray analysis can
be used to obtain information of thousands of genes
at the same time, and provide clear insight into the
genomic  changes related to  colorectal
carcinogenesis, tumor growth and metastasis. The
results of microarray analysis can identify gene
features for diagnosis, molecular characterization,
prognosis analysis and treatment prediction. To
overcome these challenges, one approach is to use
the online gene expression integrated database
(GEO), which can help to increase the sample size,
sample heterogeneity, and statistical power. Several
methods can be used to analyze the changes of gene
expression between colorectal cancer and normal
mucosa to screen important cancer-related genes. In
this study, we applied the method of microarray
predictive analysis (PAM) to screen the potential
CRC related genes for early cancer detection. In
addition, Gene Ontology (go) approach and gene
set enrichment analysis (GSEA) were used to
validate the function of candidate genes and their
association with factors of CRC(19-21).

The purpose of this study is to collect and
analyze the gene expression microarray of CRC
related tissues by bioinformatics method, to find out
the gene difference between CRC tissue and normal
tissue, so as to explore the molecular mechanism of
intestinal glial cells on the occurrence and
development of CRC, and to find out biomarkers
for early diagnosis and prognosis of CRC.

Materials and methods

2.1 Selection of gene expression microarray
in CRC

In this study, The data of gse32323 (t=17,n=
16) (4) were
(https://www.ncbi.nlm.nih.gov/geo/).

selected From geo database
Gene
(GEO,
http://www.ncbi.nlm.nih.gov/geo) The NCBI was

expression database
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retrieved to identify the relevant microarray data

sets. The selection of microarray data set follows
the following rules: samples were strictly to human
derived CRC the
maintained above 5; the CRC patients selected must

tissuesS; sample size was

not receive any special treatments, including
radiotherapy and chemotherapy; the research type
of data set is expression profile research. We
excluded non-human studies, CRC cell related
studies and comprehensive analysis of expression
profiles. Data mining was performed under strictly
concervation. informations relating to Geographic
accession number, sample type, platform, number
and controls, references,

of cases and gene

expression data were collected.

2.2 Differential expression analysis of CRC
microarray data extraction

The series matrix files are obtained from geo
database. The microarray data were grouped
according to tumor tissue and normal tissue. The
limma function in R language (x643.5.1 version)
was used for differential expression analysis. The
parameters were |log2 FC|> 1, FDR < 0.05. The
differentially expressed genes between tumor tissue
and normal tissue were obtained. Using image
GP(http://www.ehbio.com/ImageGP/index.php/Ho
me/Index/index.html )The clustering heat map is
generated. The results of differential expression
analysis of the above three microarray data were

analyzed with Venne diagram
(http://bioinfogp.cnb.csic.es
/tools/venny/index.html). After integration, the

same genes in the differential expression data of the
three chips were obtained.

2.3 Analysis of KEGG signaling pathway

The same gene was screened by David 6.7
(https://david.ncifcrf.gov/) KEGG signal pathway
analysis was performed to obtain the signal
pathway of CRC compared with normal tissue.

In R Affy software package, robust multi array
analysis algorithm is used to normalize the original
data in cel file. The data were divided into two

http://naturescholars.com
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groups: CRC group and control group. T-test was

performed with limma software package of R
statistical software to estimate DEGs of cancer
tissue and normal tissue. Genes showing at least
2-fold changes, corresponding to a false detection
rate of less than 0.05, were selected as significant
differences.

2.4 Functional enrichment and pathway
analysis of DEGs

In order to screen out the biological processes
involved in the pathogenesis of CRC, the online
software database of annotation, visualization and
comprehensive discovery was used to annotate the
gene ontology (go) of CRC and analyze the
pathway appying Kyoto gene genome Encyclopedia
(KEGG). These analyses were performed by
hypergeometric distribution test with P < 0.05 as
the cut-off value. We also built the pathway
relationship network of DEGs, and identify the
relationship between these pathways.

2.5
network analysis

Protein-protein interaction (PPI)

In order to determine the function of the
proteins they encode, we import DEGs into a PPI
network based

biogrid( http://thebiogrid.org/ )and the network is

constructed on

visualized using Cytoscape

The PPI
network of DEGs was screened in the whole

software(http://www.cytoscape.org/ ).

genome, and there were DEGs at both ends.
Network construction method was based on the
genome context and structure information.

2.6 Analysis of gene co-expression network

In order to further identify the genes that might
play key roles in CRC, we used gcbi online
program to select DEGs with significant expression
i GO KEGG
pathway( https://www.gcbi.com.cn/gclib/html/inde

in annotation and

X ). Using the intersection of GO annotation and
KEGG pathway

co-expression network, we mapped DEGs into a

analysis to construct gene
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large known network database, and screened

significant gene-gene interactions using gcbi online
program. The correlation between genes in the
network is determined by weighting the GO terms
(biological processes). In order to construct the

co-expression network, the Spearman rank
correlation of all expression vector pairs was
calculated, and the correlation matrix was

established by modularization analysis with

Louvain method. P < 0.05 was significant.

Result

3.1 Differential gene expression results of
both CRC and normal tissues

Microarray analysis of 33 samples from
gse32323 data set showed that in gse32323 chip,
410 genes were up-regulated and 499 genes were
down regulated in CRC tissues (Fig. la); in
gse44861 chip, 480 genes were up regulated and
655 genes were down regulated in colorectal cancer
tissues (Fig. 1b). Using Venne map to integrate the
above results, the results showed that there were
148 identical genes in the differentially expressed
genes of the two chips, suggesting that these genes
are closely related to the
development of CRC (Fig. 2).

occurrence and

3.2 KEGG signaling pathway analysis of
differentially expressed genes

The KEGG signaling pathway of the selected
genes was analyzed by using DAVID6.7 Compared
with normal tissues, CRC tissues had significant
changes in nitrogen metabolism , aldosterone
regulated sodium reabsorption, mineral absorption
and other signaling pathways (Fig. 3, table 1).

3.3 Identification of DEGs microarray data
sets

The original data of microarray data set was
converted and standardized by log2 to make the
mean value and unit variance zero. According to the
robust rank aggregate (RRA) algorithm, we
identified 1135 DEG based on the p value and FC

http://naturescholars.com
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level of microarray data set. There were 480

up-regulated DEG and 655 down-regulated DEG
(Fig. 1).

3.4 Functional annotation of DEGs and KEGG
pathway

In order to further understand the biological
role of DEGs, we carried out GO taxonomic
enrichment analysis. The GO function and KEGG
pathway enrichment of total DEGs are listed in
Table 2. We found that the most abundant GO
terms in biological processes are: p53 signaling
pathway (P = 2.71e-05), cell cycle (P = 5.26¢-05)
and chemokine signaling pathway (P = 1.07e-04);
Whnt signaling pathway (P = 2.43e-04), gap junction
(P = 8.34e-4) and PPAR signaling pathway (P =
4.93e-4); glioma (P = 3.45e-4), GnRH signaling
pathway (P = 1.11e-3). In the KEGG pathway
enrichment analysis of DEGs, we found that glioma
(P = 3.45e-4) was the most important pathway in
KEGG analysis. In addition, p53 signaling pathway
(P = 2.71e-05) and cell cycle (P = 5.26e-05) were
also highly abundant.

In order to further evaluate the relationship
between these pathways, we constructed the
pathway relationship network of DEGs. We found
that p53 signaling pathway (degree = 12), cell cycle
(degree = 17) and cancer signaling pathway (degree
= 27) were in the top three. We also found that gene
expression was up-regulated only in apoptosis, cell

Minus Log10 p value
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cycle and JAK STAT signaling pathways, while the

remaining pathways included up-regulated and
down regulated genes (Fig. 1).

3.5 PPI network analysis of DEGs

The PPI network of DEGs was constructed,
and the most significant module was obtained by
The module
significant enrichment of RNA polymerase II

Cytoscape-GO analysis. showed
promoter transcription in p53 signaling pathway (P
=2.71e-05), cell cycle (P = 5.26e-05) and intestinal
glial

cell stimulation response and negative

regulation. Using online database string and
Cytoscape software to complete PPI network
diagram between differentially expressed genes
(Fig. 4), set confidence > 0.4, degree > 5 as cut-off
criteria, take the top 6 differentially expressed
genes of clustering coefficient expression as target
DEGs
phorbol-12-myristate-13-acetate-induced protein 1
(PMAIP1), cyclin D1 (CCNDI1), and, Checkpoint
kinase 1 (chekl), recombinant cyclin dependent
kinase 6 (Cdk6), cyclin dependent kinase 1 (CDK1),
CDK4; DEGs

phosphatidylinositol-4,5-bisphosphonate  3-kinase,

genes, up-regulated are:

down regulated were:
catalytic subunit gamma (pik3cg), protein kinase C,

beta (prkcb), tumor protein p53, inducible protein 3

(tp53i3),  stratifin =~ (SFN),  thrombospondin
1(THBS1), Fas cell surface death receptor(FAS),
cyclin  G2(CCNG2), cyclin-dependent kinase

inhibitor 1A (CDKN1A),

cancer vs normal

Log2 Fold Change

Figurel. Heatmap of gene expression differences by gene coexpression network analysis.

©Scholars Publishing, LLC
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(A). Hierarchical cluster tree maps of gene expression. Red is up, green is down. The darker red indicates
that the expression is higher, while the darker green indicates that the expression is lower. It can be
concluded that the samples can be divided into general clusters: false injury control group and injury
experimental group. (B). Gene coexpression network analysis of differential heat maps of gene expression.
Blue dots represent genes that have statistically significant differences in expression. The blue dot represents
an increase in gene expression, while the blue dot on the left represents a decrease in gene expression. Black
indicates that there is no statistically significant difference in gene expression. The larger the longitudinal
coordinate value, the corresponding point is, the greater the difference in gene expression corresponding to
this point. Similarly, the greater the absolute value of the transverse coordinate corresponding to the point,
the greater the difference in gene expression corresponding to the point.
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Figure3. Protein protein interaction of up-regulated genes in colorectal cancer.
Network statistics: the number of nodes is 26, and the number of sides is 173. This network includes seven
cell cyclin genes, including CDK2, CDK1, CDK4, Cdk6, ccng2, CDKN1A, CDKNI1B and Stat3. PPI

enrichment p-value: <
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Table 1. GO and KEGG pathway enrichment analysis of hub genes.

Symboal Description Category GIFtS GCid Score
BRCA2 BRCA2 DNA Repair Associated Protein Coding 49 GC13P032315 224.51
TP53 Tumor Protein P53 Protein Coding 54 GC17M007661 185.15
PTEN Phosphatase And Tensin Homolog  Protein Coding 52 GC10P087863 125.97
EGFR Epidermal Growth Factor Receptor ~ Protein Coding 54 GCO07P055019 114.34
cpkN2a  CyelinD epende;;\Kmase Inhibitor 5t cin Coding 51 GCO9M021967 100.96
CCND1 Cyclin D1 Protein Coding 52 GC11P069641 77.64
CDK4 Cyclin Dependent Kinase 4 Protein Coding 54 GC12M057743 70.91
cpkNia  OyelinD epende?;Kmase Inhibitor b tein Coding 50 GCO6P047460 672
coknig  OyelinD epe“delll;Kmase Inhibitor b icin Coding 48 GCI12P012716 59.32
coknog  Cvelin Depende;;Kmase Inhibitor b iein Coding 47 GC09M022002 52.27

The color depth of nodes refers to the P-value. The size of nodes refers to the numbers of genes. (a) GO BP
terms. (b) GO CC terms. (¢) GO MF terms. (d) KEGG Pathway of hub genes.

Table 2. GO function and KEGG pathway enrichment of the total DEGs.

GO ID GO name Diff gene counts Geng amount  Enrichment p FDR
in GO in GO score
G0:0044421 extracellular region part 198 462 1.32 1.11E-11 7.63E-09
G0:0005829 cytosol 59 136 2.05 3.50E-09 1.20E-06
G0:0043230 extracellular organelle 140 462 1.35 1.90E-08 4.35E-06
G0:1903561 extracellular vesicle 140 462 1.35 1.90E-08 3.26E-06
G0:0070062 extracellular exosome 140 462 1.35 1.90E-08 2.61E-06
G0:0031982 vesicle 159 464 131 5.48E-08 6.28E-06
G0O:0005576 extracellular region 78 461 1.48 1.59E-07 1.56E-05
G0:0005615 extracellular space 89 461 1.43 3.48E-07 2.99E-05
G0O:0044444 cytoplasmic part 156 251 1.29 3.96E-06 3.02E-04
G0:0009986 cell surface 33 348 1.77 1.17E-04 8.08E-03
60:0043227 membrane-bounded 112 155 1.28 1.97E-04 1.23E-02
organelle
G0:0042641 actomyosin 5 138 5.96 4.16E-04 2.38E-02
Discussion recent years, the role of ENS in the pathogenesis of

The occurrence and development of CRC is a
multi-stage and multi-step process, involving a
series of molecular events, manifested as the
complex network integration between genes or gene
signal transduction pathways. IBD is an important
risk factor in the development of CRC. The
incidence rate of CRC is significantly higher in the
than of
inflammatory bowel disease. This suggests that

population with more 10 years
there may be some evolutionary relationship or
some common pathogenic factors between

inflammatory bowel disease and CRC (22-26). In

©Scholars Publishing, LLC

CRC has been gradually clarified. Among them,
intestinal glial cells (EGCS), distributed in the form
of submucosal plexus and intermuscular plexus, are
considered to be the largest and most complex part
of the peripheral nervous system. However, the role
of EGCS derived mediators in intestinal epithelial
barrier integrity, intestinal inflammation and tumor
remains to be further elucidated.

Intestinal glial cell related pathway is one of
the most concerned signaling pathways in CRC
research in recent years, and constitutes a complex
network regulatory system in tumor cells with
important signaling pathways such as p53 and cell

http://naturescholars.com
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cycle (27). In this paper, the expression of PMAIP1,

CCNDI, chekl, Cdk6, CDK1 and CDK4 in CRC
tissues and tumor adjacent tissues was analyzed by
bioinformatics method, and the expression level
was correlated with prognosis. As for signal
pathways, we found that p53 signaling pathway and
cell cycle pathway are highly enriched, indicating
that DEGs of microarray data are mainly involved
in these signal pathways. In addition, we found that
CCND1, Cdk6, CDK1, CDK4 genes are most
closely related to glial signaling pathway. In
addition, as shown in Figure 1, we also found that
in the

development of CRC has been clearly defined.

the role of glial signaling pathway

Apoptosis and cell cycle are important processes of
These
pathway interactions in colorectal carcinogenesis

normal cell carcinogenesis. signalling
provide more important evidence. We predict that
these genes play an important role in the occurrence
and development of CRC, and have the potential to
be used as markers for the diagnosis, prognosis and
therapeutic targets of CRC.

In conclusion, this comprehensive analysis provides
a comprehensive perspective for understanding the
molecular mechanism of CRC, and identifies some
genes and pathways of intestinal glial cells. The
genes and pathways of intestinal glial cells may be
potential targets for the treatment of CRC. However,
further research is still necessary to unravel the

pathogenesis of CRC.
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