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Abstract: Colorectal cancer (CRC) is the third leading cancer-related death cause worldwide and liver is one of 
its common metastasis sites. The purpose of this study was to explore the mechanisms of its development and 
identify some potential therapeutic targets. Gene expression dataset GSE41258 was downloaded from the Gene 
Expression Omnibus database. Differentially expressed genes (DEGs) in primary CRC samples compared with nor-
mal mucosae and DEGs in liver metastatic CRC samples compared with the primary CRC samples were obtained 
through limma package implemented in R. GO and pathway analysis of DEGs were conducted in the Database for 
Annotation, Visualization and Integrated Discovery. Protein-protein interaction (PPI) and miRNA-Gene regulation 
network were constructed based on the Search Tool for the Retrieval of Interacting Genes/Proteins (STRING) and 
the TargetScan database respectively and visualized via the Cytoscape software. A total of 1048 DEGs, which con-
tained 365 up- and 683 down-regulated ones, and 364 DEGs, which contained 150 up- and 214 down-regulated 
ones, were obtained in primary and liver metastatic CRC samples respectively. GO and pathway analysis indicated 
that processes that related to cell activity were enriched in DEGs of primary CRC samples, while for DEGs of liver 
metastatic CRC samples, substance activity or binding were found to significantly enriched. Besides, the overlaps 
between those two lists of DEGs were mainly involved in the GO or pathways related to cell activity, substance bind-
ing and immune system. What’s more, some proved and novel biomarkers, such as MEIS1, TCF21, hsa-miR-142-5p, 
were screened out in our study, which could improve our understanding about the progression of CRC. Through bio-
informatics, we could obtain some potential biomarkers and processes involved in the incidence and development 
of CRC, which would be helpful in its studies and treatment.
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Introduction

Colorectal cancer (CRC) is one of the most  
common cancers with high morbidity and mor-
tality. In western countries, a large part of pop-
ulations suffer from it and 10 percent of those 
individuals will develop into malignant tumor 
[1]. Like other solid tumors, distant metastatic 
is one of its main features contribute its poor 
prognosis and conjunction with lungs, liver are 
the most commonly involved sites [2]. Some 
therapeutics has been proposed for liver-
metastasis CRC, such as surgical resection, 
chemotherapy, radiotherapy and etc, but it  
is still defined as an incurable disease in the 
present moment [3]. So it becomes particularly 
important for its early diagnostic and the devel-
opment of new therapeutics.

In the past few decades, lots of molecular stud-
ies were carried out and some factors have 
been shown to contribute to the presence  
of liver metastasis of CRC and its poor progno-
sis. In the study of Nakayama et al, real time 
PCR was conducted and copy number variant  
of PRL-3 was identified as a representation of 
poor prognosis of CRC and might be associated 
with its liver metastasis [4]. Through microRNA 
(miRNA) microarray, Perilli et al screened out 
some differentially expressed miRNAs in liver 
metastatic CRC samples compared with the 
normal ones, which could be helpful for its diag-
nosis and treatment [5]. 

For different CRC patients with liver metastasis, 
the same therapeutics might result in distinct 
outcome. So it is important for the selection of 
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different therapeutics or drugs for different 
patients, i.e. personalized medical. The first we 
should do is to identify the molecular targets 
which could significantly affect the prognosis  
of the therapeutics. Until now, some factors 
have been obtained that could play important 
roles in the treatment of CRC. In the study of  
JA et al, the expression of AURKA, PTGS2 and 
MMP9 were identified as prognostic marker in 
liver metastatic CRC samples and could be 
helpful in the selection of patients who would 
be benefit from adjuvant systemic therapy [6]. 
Through the analysis of aCGH microarray, Bruin 
et al inferred that the copy number variation of 
ERC1 and ERC2 could be used as indication of 
prognosis of hepatic resection in liver meta-
static CRC patients. 

The rapid growth of high-throughput technolo-
gies, such as gene microarray and next gene- 
ration sequencing (NGS), make it possible to 
profile the expression of thousands of genes 
simultaneously and many studies screened  
out some potential therapeutic targets for  
lots of diseases (particular tumors) based on 
them. In this study, gene expression analysis 
about CRC with and without liver metastasis, 
which based on gene microarray was carried 
out. Some core genes that might play import- 
ant roles in the progression of CRC were identi-
fied and the involved biological process and 
pathways were obtained. Besides, the interac-
tions among the candidate CRC related genes, 
as well as the miRNA-Gene regulation pairs 
were identified, which would be helpful in the 
early diagnosis and treatment of CRC.

Material and methods

Gene expression dataset

The microarray dataset GSE41258 was down-
loaded from the Gene Expression Omnibus 
(GEO) database (http://www.ncbi.nlm.nih.gov/
geo/), which deposited by Sheffer et al, [7] con-
tained gene expression data from colon cancer 
patients with or without liver or lung metasta- 
sis and their corresponding normal mucosae  
at Memorial Sloan-Kettering Cancer Center. 
The Affymetrix Human Genome U133A Array 
platform was used for the detection of gene 
expression profile.

Microarray data preprocessing

The raw CEL microarray data were imported 
into R and affy [8] package was used for the 

background correction and robust multi array 
normalization. Affymetrix probe IDs were con-
verted to official gene symbol and the expres-
sion value was summarized for genes corre-
sponding to multi probes.

Identification of differentially expressed genes

Here, limma [9] package was used for the  
identification of differentially expressed genes 
(DEGs). Student’s t-test was conducted on the 
expression value between control and case 
samples. Besides, Bonferroni & Hochberg (BH) 
method was used for the correction of P value. 
Genes which satisfied the criteria of adjusted  
P value less than 0.05 and fold change bigger 
than 2 or less than 0.5, i.e. |log2 (fold change) 
|>1, were screened out.

Functional and pathway enrichment analysis

To identify the involved functions and path- 
ways of DEGs, we uploaded them to the Data- 
base for Annotation, Visualization and Integ- 
rated Discovery (DAVID, http://david.abcc.ncif-
crf.gov/) [10] and all of the human genes were 
used as the background gene list. Here, Gene 
Ontology (GO) terms and Kyoto Encyclopedia  
of Genes and Genomes (KEGG) pathways with 
P value less than 0.05 were screened out as 
the involved functions and pathways of DEGs.

Construction of protein-protein interaction net-
work

In most of the human phenotypes, genes tend 
to function together, rather than individual. So 
it is important to explore the interactions 
among genes in diseases. In this study, the 
Search Tool for the Retrieval of Interacting 
Genes/Proteins (STRING) [11] database, which 
manipulates the interactions among genes or 
proteins from multiple sources, such as high-
throughput experiments, bioinformatics predi- 
ction and etc, was used for the identification  
of interactions among DEGs. Combined score 
(a representation of reliability of interactions) 
bigger than 0.4 was used as the threshold for 
the selection of interactions and protein-pro-
tein interaction (PPI) network was constructed 
via Cytoscape [12] software.

Construction of miRNA-Gene regulation net-
work 

As a kind of small non-coding RNA, miRNA  
plays important roles in the regulation of gene 
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to identify the potential miRNAs that might reg-
ulate DEGs and miRNA-Gene regulation net-
work was built based on Cytoscape software.

expression through repressing translation or 
degrading protein at post-translation stage. In 
this study, Target Scan [13] database was used 

Figure 1. DEGs in primary and liver metastatic CRC samples. A: DEGs in primary CRC samples compared with the 
corresponding normal mucosae. B: DEGs in liver metastatic CRC samples compared with primary CRC ones.

Figure 2. Top 10 most significantly enriched GO terms. A: Top 10 most significantly enriched GO terms of DEGs in 
primary CRC samples. B: Top 10 most significantly enriched GO terms of DEGs in liver metastatic CRC samples. C: 
Top 10 most significantly enriched GO terms of the overlaps between the two lists of DEGs.
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Results

Differentially expressed genes 

In this study, 1048 DEGs (365 up- and 683 
down-regulated) in primary CRC samples com-
pared with normal mucosae and 364 DEGs 
(150 up- and 214 down-regulated) in CRC sam-
ples with liver metastasis compared with pri-
mary CRC samples were obtained. The num-
bers of up- and down-regulated genes in the 
two lists of DEGs were shown in Figure 1A and 
1B.

Enriched GO terms and KEGG pathways

Here, a total of 126 and 85 enriched GO  
terms were identified for DEGs in primary and 
metastatic CRC samples. Besides, we obtai- 
ned 56 enriched GO terms for the overlaps 
between the two lists of DEGs. The top 10  
most significantly enriched GO terms accord- 
ing to P value were shown in Figure 2. Besi- 
des, Table 1 demonstrated the 15 enriched 
KEGG pathways of the 104 overlapped DEGs.

Protein-protein network 

Based on the STRING database, a total of 764 
interactions were obtained among the 104 
overlapped DEGs and the PPI network was 
shown in Figure 3. In the PPI network, some 
core genes (genes with more direct interac- 

Discussion

CRC is a common malignant tumor with high 
mortality and morbidity and liver is one of  
the most frequent metastatic sites. In this 
study, through the analysis of gene expres- 
sion datasets in primary, metastatic CRC  
samples and their corresponding mucosa, we 
identified the candidate genes which might 
contribute to the progression of CRC. Func- 
tion and pathway enrichment analysis indic- 
ated processes related to cell activity, im- 
mune system and etc were enriched in those 
candidate genes. What’s more, the analysis of 
PPI and miRNA-Gene regulation networks got 
some potential molecular targets which might 
play important roles in the pathogenesis and 
metastasis of CRC.

Since its appearance, gene microarray has 
been applied in many studies to explore the 
mechanisms and potential biomarkers of  
many diseases, including CRC. Through the 
combined analysis of published microarray 
studies, Zhang et al screened out 8 candi- 
date genes which including RPN2, HMGB1, 
AARS, IGFBP3, STAT1, HYOU1, NQO1 and 
PEA15 were significantly associated with the 
pathogenesis and development of CRC [14]. In 
the study of Akram et al, via the microarray 
study followed by RT-PCR, CCR1 and CCRL2 
were identified play important roles in CRC  

Table 1. Enriched KEGG pathways of the overlapped genes

Pathway Name Gene 
Number P value

PPAR signaling pathway 5 2.77×10-5

Pancreatic secretion 5 1.35×10-4

Fat digestion and absorption 3 1.24×10-3

Rheumatoid arthritis 4 1.36×10-3

Proximal tubule bicarbonate reclamation 6 6.27×10-3

Amoebiasis 3 1.90×10-2

TNF signaling pathway 3 1.95×10-2

Vascular smooth muscle contraction 3 2.50×10-2

Hedgehog signaling pathway 5 2.88×10-2

Basal cell carcinoma 4 3.31×10-2

Wnt signaling pathway 3 3.56×10-2

Creatine pathway 5 3.59×10-2

Synthesis and degradation of ketone bodies 3 4.59×10-2

Glycolysis/Gluconeogenesis 4 4.62×10-2

Complement and coagulation cascades 4 5.00×10-2

KEGG, Kyoto Encyclopedia of Genes and Genomes.

tions in the network) were identified, 
such as CAV1, SPP1 and etc, which 
might be potential therapeutic tar- 
gets in the progression of CRC.

miRNA-Gene regulation network 

A total of 258 miRNAs which possible 
regulate the 104 overlapped DEGs 
were got and 496 miRNA-Gene regu-
lation pairs were identified among 
those miRNAs and genes (Figure 4). 
What’s more, some genes were fo- 
und to have more direct neighbors  
in both PPI and miRNA-Gene regu- 
lation networks. Table 2 showed the 
genes which have at least 5 direct 
neighbors in both PPI and miRNA-
Gene networks. As an example, the 
expression values of MEIS1 in pri- 
mary, metastatic CRC samples and 
their corresponding mucosa were 
shown in Figure 5.
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liver metastasis [15]. In this study, reanalysis  
of published microarray about the incidence 
and metastasis of CRC, several potential the- 
rapeutic targets were identified. MEIS1 is one 
of the biomarkers we obtained and encodes  
a homebox protein which has been proved  
to be involved in neoplasia. Here, it directly 
interacts with 32 other genes in PPI network 
and targeted by 64 miRNAs in miRNA-Gene 
regulation network. Besides, Figure 5 showed 
that the expression values of MEIS1 were  
significantly decreased with the progression  
of CRC. So it might be an important cancer  
suppressor gene in CRC and play important 
roles in the CRC liver metastasis. Consistent 
with our study, Crist et al also verified its 
decreased expression values in CRC sam- 
ples compared with the corresponding nor- 
mal ones [16]. Besides, through methylation-

specific PCR, Dihal et al also identified the 
methylation sites of MEIS1 in BRAF mutated 
colon tumors which could result in its down 
regulation [17]. Together with those two stud-
ies, our study further validated the roles of 
MEIS1 in the progression of CRC.

Enrichment analysis obtained some enriched 
functions of DEGs in primary and liver meta-
static CRC samples, as well as the overlaps. 
Some differences were identified, e.g. DEGs  
in primary CRC samples were mainly enriched 
for biological processes that related to cell 
activity, while DEGs in liver metastatic ones 
mainly involved in the substance activity or  
factor binding, such as sulfur compound bind-
ing, receptor binding, enzyme inhibitor binding 
and etc. This might explain the differences 
between the incidence and metastasis of  

Figure 3. PPI networks of the 
overlaps DEGs in primary and 
liver metastatic CRC samples.
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CRC to some extent. For the overlapped  
genes, we identified GO terms and pathways 
not only associated with cell and substance 
activity, but also immune and blood system, 
e.g. blood microparticle, humoral immune res- 
ponse, etc. This further illustrated the impor-
tance of immune and vascular in the progres-
sion of cancer including CRC, which have been 
fully proved in the previous study [18-20].

MiRNA is a kind of small non-coding RNA  
which could regulate gene expression in post-

transcription through base-pairing with com- 
plementary sequences within mRNA. Here, we 
identified the miRNAs might regulate over-
lapped genes through TargetScan database, 
which manipulates the validated and predi- 
cted miRNA-Gene regulation pairs. Among 
which, hsa-miR-142-5p were found to regu- 
late 6 overlapped genes. Some studies have 
focused on its roles in the development of  
multi cancers, including CRC. In the study of 
Chanda et al, hsa-miR-142-5p was conside- 
red to influence the development of CRC by  

Figure 4. MiRNA-Gene regulation 
networks of the overlaps DEGs in 
primary and liver metastatic CRC 
samples. Triangles represent miR-
NAs and circles represent genes.
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targeting TGFβ signaling [21]. Besides, in our 
study it was identified to regulate MEIS1,  
which was proved to inhibit CRC progression  
in previous and our studies. In addition, TCF21 
is one of the targets of hsa-miR-142-5p, which 
has more direct neighbors in both PPI and  
miRNA-Gene regulation networks and it has 
also been identified as an important tumor  
suppressor gene through inhibiting cell prolif-
eration, migration and invasion in CRC [22]. So 
hsa-miR-142-5p might act as a carcinogen in 
CRC and more studies would be preferred to 
illustrate its roles until the clinical application.

In conclusion, this study identified some pot- 
ential biomarkers in the progression of CRC 
through the analysis of gene expression pro-
files. Besides, through GO and pathway enri- 
chment analysis, we obtained some diffe- 
rences of processes take place in the incid- 
ence and liver metastasis of CRC, which could 
improve our understanding and facilitate its 
early diagnosis and treatment.
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