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Abstract Colorectal cancer (CRC) is among the most lethal
human cancers, but the mechanism of the cancer is still
unclear enough. We aimed to explore the key genes in CRC
progression. The gene expression profile (GSE4183) of CRC
was obtained from Gene Expression Omnibus database which
included 8 normal samples, 15 adenoma samples, 15 CRC
samples and 15 inflammatory bowel disease (IBD) samples.
Thereinto, 8 normal, 15 adenoma, and 15 CRC samples were
chosen for our research. The differentially expressed genes
(DEGs) in normal vs. adenoma, normal vs. CRC, and adeno-
ma vs. CRC, were identified using the Wilcoxon test method
in R respectively. The interactive network of DEGs was
constructed to select the significant modules using the
Pearson’s correlation. Meanwhile, transcriptional network of
DEGs was also constructed using the g: Profiler. Totally, 2,
741 DEGs in normal vs. adenoma, 1,484 DEGs in normal vs.
CRC, and 396 DEGs in adenoma vs. CRC were identified.
Moreover, function analysis of DEGs in each group showed
FcR-mediated phagocytosis pathway in module 1, cardiac
muscle contraction pathway in module 6, and Jak-STAT sig-
naling pathway in module 19 were also enriched. Further-
more, MZF1 and AP2 were the transcription factor in module

6, with the target SP1, while SP1 was also a transcription in
module 20. DEGs like NCF1, AKT, SP1, AP2, MZF1, and
TPM might be used as specific biomarkers in CRC develop-
ment. Therapy targeting on the functions of these key genes
might provide novel perspective for CRC treatment.
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Introduction

Colorectal cancer (CRC) is a common rectal malignant tumor
with the second mortality rate in the world [1]. Statistics
indicate that CRC is the fourth most common malignancy in
China while it is the third place in Europe [2]. The 5-year
survival rate for early-stage CRC today stands at 90%, and the
overall death rate for CRC in the USA has fallen by 40 %
since the 1970s [3]. Hence, in review of these, the early
diagnosis and the enhancement of therapies became necessary
in the discrimination between genetically and expressionally
different tumors [4]. Although great progresses have been
made in the prevention, detection and treatment for CRC.
These mechanisms, as well as new approaches to prevention
and therapy, are necessary for future clinical application.

Most of the CRC happens from normal to adenoma, and
then to carcinoma [5]. Genes mutation accumulated in each
progress during of cancelations. Gene expression analysis of
colorectal biopsies using high density oligonucleotide micro-
arrays may help to detect such gene expression patterns that
would establish the basis for new molecule biological diag-
nostic methods [6]. In contrast to the gene-level analyses,
module-based approaches use gene modules as the basic
building blocks for analysis. Modules can be defined in a
knowledge driven fashion based on existing knowledge on
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pathways, biological process, and protein complexes [7].
Some studies have demonstrated that several genes could act
as the biomarker for CRC treatment. For instance, NLK
(nemo-like kinase) is a tumor suppressor in CRC development
[8], and overexpression of SATB1 (SATB homeobox 1) pro-
motes the CRC cell growth and metastasis [9]. Also, mutation
of KRAS (Kirsten rat sarcoma viral oncogene homolog) is
involved in CRC metastasis [10] and anti-EGFR1 (epidermal
growth factor receptor) is allowed to use if the tumor carries
wild RAS in CRC [11]. However, mechanism of CRC re-
mains largely known.

Using the gene expression profile of GSE4183 [12], Nam
et al. proved the significant pathways in early-onset CRC in
terms of differentiation and dedifferentiation [13]. Heijink
et al. identified several novel therapeutic targets for CRC
chemoprevention [14]. In this paper, we used the microarray
bioinformatics to screen the differentially expressed genes
(DEGs) in adenoma and CRC samples compared to the nor-
mal samples using the same gene expression profile. Compre-
hensive bioinformatics was used to build the interactive net-
work and to analyze the significant modules information to
provide deeper insight into the biological mechanisms of
CRC. This approach was benefit for predicting the key genes
that are most likely associated with CRC and identify the
molecular mechanisms of CRC.

Materials and Methods

Microarray Data Resource

The microarray and other forms of high flux data produced by
the scientific community were archived and freely released
from the Gene Expression Omnibus (GEO) database of Na-
tional Center for Biotechnology Information (NCBI) [15],
which is the biggest completely public storage. The gene
expression profile (GSE4183) [12] was downloaded from
Gene Expression Omnibus (GEO) database (http://www.
ncbi.nlm.nih.gov/geo) based on the platform of GLP570
Affymetrix Human Genome U133 plus 2.0 Array (HG-
U133_Plus_2). Total 53 chips were available for further
analysis, including 8 healthy normal samples, 15 patients
with adenoma, 15 with CRC and 15 with inflammatory
bowel disease (IBD). Thereinto, we chose the first three
kinds samples, including 8 normal samples, 15 adenoma
samples, and 15 CRC samples for our research. The total 38
samples were separated into three groups, normal vs.
adenoma, normal vs. CRC, and CRC vs. adenoma.

Data Preprocessing and DEGs Screening

The original data were performed normalization by the robust
multiarray average (RMA) algorithm [16] in R. Wilcoxon test

method [17] in R language was used to select the differentially
expressed genes (DEGs) of the three groups respectively. The
normalized p value and FDR (false discovery rate)<0.01 were
chosen as the cut-off criterion.

Interactive Network Construction of DEGs

The Pearson correlation coefficient [18] was used to calculate
the correlation coefficients of all the selected DEGs, the
formula was given as follows:

r ¼ cov x; yð Þ
ffiffiffiffiffiffiffiffiffiffiffiffi

D xð Þ*p ffiffiffiffiffiffiffiffiffiffi

D yð Þp

Whereas, x, y stand for the expression value vector, each
value in the expression value vector stands for the gene
expression value of one DEG. The node in the interactive
network stands for the DEG, edge represents the communica-
tion degree. DEGs with the correlation coefficient r≥0.75
were used to construct the interactive network.

Module Selection and Function Annotation

Based on the interactive network, Markov’s algorithms [19]
was used to select the significant modules via an online
software (http://biit.cs.ut.ee/graphweb/). All parameters used
were the default parameters. g: Profiler (http://biit.cs.ut.ee/
gprofiler/gorth.cgi), a web-based toolset for functional profil-
ing of gene lists from large-scale experiments [20], is a func-
tional annotation software that similar to the Database for
Annotation, Visualization and Integrated Discovery
(DAVID) [21], including the gene ontology (GO) [22] func-
tion, kyoto encyclopedia of genes and genomes (KEGG)
pathway [23], and enrichment analysis of TRANSFAC tran-
scription [24] combine region. The integrated resources of g:
Profiler was more than that in DAVID, thus, more significant
enrichment categories would be collected by g: Profiler. The
selected DEGs in each group were put into the online biolog-
ical tool of g: Profile to detect the biological pathways and
TRANSFAC combine region to predict TFs binding site.

Results

DEG Screening

Totally, 2,741 DEGs in normal vs. adenoma, 1,484 DEGs in
normal vs. CRC, and 396 DEGs in CRC vs. adenoma were
screened (Fig. 1).
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Interactive Network of DEGs

The Pearson correlation coefficient was used to calculate all
the 3,445 DEGs. Consequently, 3,183 DEGs were selected to
construct the interactive network with the r≥0.75. Gene prod-
ucts in same module often have some or similar function, they
work together to carry out one bio-function. Therefore, we
used software Cytoscape to visualized network and its plugin
of Cytoscape-Mcode to make module division, another plugin
of Cytoscape-Bingo to annotate module function based on
Markov algorithm, and got the significant function of each
module. Total 20 modules were identified, and the genes of
each module were in the file module_members.xls.

Significant Modules and Functional Enrichment Analysis

We selected 20 significant modules using the Wilcoxon test
method in R. After being annotated in the online g: Profiler, 3
significant pathways associated with 3 modules were
enriched. For instance, FcR-mediated phagocytosis related to
module 1 (Fig. 2), cardiac muscle contraction related to mod-
ule 6, and Jak-STAT signaling pathway related to module 19
(Fig. 3).

We could see from the Fig. 2 that LAT (linker for activation
of T cells) was the common DEG in three groups, WASP
(Wiskott-Aldrich syndrome protein) was the common DEG
between normal vs. adenoma group and normal vs. CRC
group, while CD45 and DOCK180 (dedicator of cytokinesis
180) were the common genes bwteen normal vs. adenoma and
CRC vs. adenoma group. DEGs like PKC (protein kinase C),
PAP, PLCγ (phospholipase C), and NCF1 (neutrophil cyto-
solic factor 1) were the genes in normal vs. adenoma group.

Besides, NCX, TPM (tropomyosin) and Cyto were the
common DEGs in normal vs. adenoma and adenoma vs.

CRC, suggested that this pathway might play an important
role in the CRC biogenesis).

In addition, Fig. 3 showed that IL2/3 and STAT were the
common DEGs in the normal vs. adenoma and normal vs.
CRC, while AKT was the common gene in normal vs. ade-
noma and adenoma vs. CRC group. However, IL6 was the
common gene in the three groups.

Transcriptional Regulatory Analysis of DEGs

In order to investigate the relationships between the DEGs and
their transcription factor and targets, the dendrogram was
constructed to show the relationships between transcription
factor and targets (Fig. 4). For example, most of the DEGs in
module 6 were regulated by the transcription factor AP-2
(adaptor-related protein complex 2). Thereinto, SP1 (specific-
ity protein 1) was the target gene of AP-2 while it was also a
transcription factor, regulating the most DEGs in module 20.
Besides, MZF1 (myeloid zinc finger 1) was also a transcrip-
tion factor in module 6, with the target AP-2. These regulatory
relationships were mostly associated with bioprocess, such as
the regulation of cell growth, tumorigenesis, cell proliferation,
cell differentiation and cell cycle regulation.

Discussion

CRC is one of the second malignant tumors in the world,
and it brings about huge economic burden on both society
and the patients’ family [1]. However, the mechanism of
CRC has not been fully discussed. In our work, 2,741
DEGs in normal vs. adenoma, 1,484 DEGs in normal vs.
CRC, and 396 DEGs in adenoma vs. CRC were identified.

Fig. 1 DEGs in normal vs.
adenoma, normal vs. CRC, and
CRC vs. adenoma
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Besides, FcR-mediated phagocytosis pathway in module 1,
cardiac muscle contraction pathway in module 6, and Jak-
STAT signaling pathway in module 19 were also enriched.
Also, MZF1 and AP2 were the transcription factor in
module 6, with the target SP1, while SP1 was also a
transcription factor in module 20.

Our findings showed that NCF1 that involved in FcR-
mediated phagocytosis pathway, was the DEG in normal vs.
adenoma group instead of in normal vs. CRC group. CD11b is
important to affect the FcR-mediated immunity to melanoma
[25]. NCF1 is a cytosolic subunit of neutrophil NADPH
oxidase that has the ability to produce superoxide anion

Fig. 2 FcR-mediated phagocytosis pathway in module 1. Red color stands for the selected DEGs

Fig. 3 JAK-STAT signaling pathway in module 19. Red color stands for the selected DEGs
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[26]. Role of NCF1 in CRC has not been fully discussed.
However, Suraweera et al. proved that there was no relation-
ship between NCF1 and inflammatory bowel disease [27]. On
the basis of our finding, we speculated thatNCF1 genemay be
crucial via the FcR-mediated phagocytosis pathway in colon
adenoma.

TPM (encoded by TPM gene) is a member of the tropo-
myosin family of highly conserved, widely distributed actin-
binding proteins involved in the contractile system of striated
and smooth muscles [28]. Downregulation of TPMβ was
associated with the early CRC development and might act as
a potential biomarker for CRC detection [29]. Also, TPM1
might be an alternative path of CRC development [30]. Our
work showed that TPM appeared in the cardiac muscle con-
traction pathway in module 6, indicating that TPM might be
crucial for the CRC development via the cardiac muscle
contraction pathway.

AKT is catalytically inactive in serum-starved primary and
immortalized fibroblasts [31]. P-AKT is the biomarker for
CRC possible therapeutic target identification [32]. Also,
AKT promotes the CRC tumor cell survival and metastasis,
then enhances the CRC progression [33]. Meanwhile, Jak-
STAT signaling pathway is associated with the transmitting
information from extracellular polypeptide signals to target
gene promoters in the nucleus [34]. Inhibition of Jak-STAT
signaling pathway may prevent the cell proliferation and
induce the cell apoptosis in hodgkin lymphoma [35]. Based
on our work, we speculated that AKT may be a promoter in
CRC progression via involving in Jak-STAT signaling
pathway.

MZF1 (encoded by MZF1 gene) is a cancer related tran-
scription factor that belongs to SCAN domain family tran-
scription factors family [36, 37]. MZF1 could induce the cell
migration, invasion and metastasis in CRC [38]. Deng et al.
reported that MZF1 could promote the CRC cell proliferation
via activating the transcription factor p55PIK [39]. Our data
showed that MZF1 in module 6 could regulate AP2 in CRC,
suggesting that it might important in CRC progression.

Meanwhile, our work showed that the transcription factor
SP1 in module 20 was the target for transcription factor AP2
in module 6, suggesting that these two factors might be
important in CRC. AP2 (encoded by AP2 gene) is a
heterotetramer consisting of two large adaptins (α and β),
facilitates clathrin-mediated endocytosis [40], while SP1
(encoded by SP1 gene) is a zinc finger transcription factor
that involves in many cellular processes, including cell differ-
entiation, cell growth, apoptosis, and response to DNA dam-
age [41]. It has been proved that p53 mutation is one of the
microsatellite instability status of CRC [42]. Stabach et al.
proved that overexpression of AP2α could alter the transcrip-
tional activity and stability of p53 in tumor tissue [43]. Be-
sides, the nuclear localization of SP1 and its DNA binding
activity could be suppressed by the inhibition of O-GlcNAc
transferase, and then functioned in the cell death of pancreatic
cancer [44]. Also, SP1 was a key modulator of p53-mediated
apoptosis in cell apoptosis [45]. Thus, SP1may be a key factor
for CRC progression. Besides, Zhao et al. proved that SP1
suppressed the colon cancer stem cell growth and induced the
cell apoptosis in the nude mouse, and SP1 might serve as a
novel therapeutic strategy for colon cancer treatment [46].

Fig. 4 Transcriptional network of modules. Yellow represents the transcription factor, while green represents the target genes
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Based on our data, we speculated that SP1 might play a key
role via regulated by AP2 in CRC treatment.

In conclusion, our study explored the potential roles of
several pathways (FcR-mediated phagocytosis pathway, car-
diac muscle contraction pathway, and Jak-STAT signaling
pathway) and key genes in CRC development. DEGs like
NCF1, AKT, TPM, AP2, SP1, and MZF1, were important in
PC development, but their roles are different. Thus, the key
genes may serve as potential biomarkers for CRC detection
and might provide novel perspective for CRC treatment.
Further research is still needed to verify the results in clinical
trial.
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