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ABSTRACT: The inflammation and tumorigenesis have been connected evidently from many
studies in the past. Inflammation is understood to be an important driver of tumorigenesis in
colorectal cancer (CRC). Our study is directed towards finding the driver genes which are
differentially expressed in inflammation but can act as a driver for the transformation of colonic
inflammation to CRC. We have identified a hub gene from the network of driver genes which links
inflammatory and colorectal cancer pathway. NFATc1is identified as an important gene which may
interact with other gene leading to CRC. Survival analysis and copy number variation (CNV)
analysis of identified hub gene has been done.
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1.INTRODUCTION
The connection between inflammation and tumorigenesis in the last decade has received a great deal
of supporting evidence from genetic, pharmacological, and epidemiological data. Inflammation as a
hallmark of cancer may arise from a variety of factors, including infection, environmental
carcinogens (tobacco, alcohol, radiation), cellular senescence, and obesity [1,2]. Molecular
pathobiology of colorectal cancer (CRC) implicates pro-inflammatory conditions to promote the
tumor progression, invasion, and metastasis. It is well known that patients with inflammatory
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bowel disease are at higher risk of CRC. Many studies exist reiterating the link between
inflammation and CRC. Inflammation involves interaction between various immune cells,
inflammatory cells, chemokines, cytokines, and pro-inflammatory mediators [3,4]. Mounting
evidence suggests that treatment with anti-inflammatory medications may prevent or delay the
development of CRC in hereditary and sporadic cases [5], underscoring a potentially ubiquitous role
of inflammation in the development and progression of all types of CRC.The present study is
expected to support the idea of inflammation as a promoter for CRC progression. Colonic
inflammation genes have been identified which may act as driver genes for CRC progression with
NFATc1 as hub gene. In this study, we selected the microarray datasets GSE11223 [6] from the GEO
database to identify differentially expressed genes (DEGs). Kyoto encyclopedia of genes and
genomes (KEGG) analysis was used to investigate DEGs. Common genes from DEGs and driver
genes retrieved from the DriverDb3 database [7] were selected. A hub gene was identified by
constructing a protein-protein interaction (PPI) network. Furthermore, the survival analysis was
used on the gene expression profiling interactive analysis (GEPIA) [8]. Copy number variation
analysis was done using the DriverDb3 database.
2. MATERIALS AND METHODS
Data acquisition and pre-processing
The differential gene expression between colonic inflammation and normal samples, GDS3268
microarray dataset was downloaded from the GEO website (http://www. ncbi.nlm.nih.gov/geo/).
These RNA profiles were provided on platform GPL1708 (Agilent-012391 Whole Human Genome
Oligo Microarray G4112A). Data normalization and variance filtration were done using the Multi
Experiment Viewer, MeV 4.9 [9]. The variance filter which allows removal of genes with low
variation of expression over the loaded samples was used. This filter is used to remove ‘flat genes’
which don’t vary much in expression over the conditions of the experiment. Expression values were
log2 transformed. Flowchart of methodology used in the study is given in Figure 1.
Identification of DEGs
To identify the differentially expressed genes between colonic inflammation and normal tissue
samples, the normalized and log2 transformed values of genes were given to k-means clustering
using the Pearson correlation coefficient method, followed by statistical t-test analysis between
inflammation and normal tissue samples. Settings p<0.1 and fold change>2 were used to identify
the differentially expressed genes (DEGs) for colonic inflammation.
Identification of DEGs as driver genes for CRC progression
DriverDb3, a database that incorporates 6079 cases of exome-seq data, annotation databases and
published bioinformatics algorithms dedicated to driver gene/mutation identification, was
introduced to recruit driver genes for colon adenocarcinoma. These genes and the genes which are
differentially expressed in colonic inflammation were compared. Those common in both the lists
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Figure 1. Flowchart of methodology
were identified as potential driver genes from colonic inflammation to CRC progression.
Function and pathway enrichment analyses of DEGs
Identified driver genes were uploaded to Search Tool for the Retrieval of Interacting Genes
(STRING) database to construct protein-protein interaction (PPI) [10]. Pathway enrichment
analysis using Kyoto Encyclopedia of Genes and Genomes (KEGG) was done. KEGG is a database
resource for understanding high‐ level functions and biological systems from large‐ scale
molecular datasets generated by high‐ throughput experimental technologies. p value<0.05 is
considered to be statistically significant. All the modules were analyzed in Cytoscape; an
open-source bioinformatics software platform for visualizing molecular interaction networks [11].
The interactions with a combined score >0.4 were considered significant and extracted for
constructing PPI networks.
Analysis and validation of hub genes
A network of genes from STRING pathway analysis was used to find out the hub genes. Cytoscape
was used to find out the hub genes by merging all modules. To confirm the reliability of hub genes
from our detection, we analyzed their prognostic and expression in CRC using Gene Expression
Profiling Interactive Analysis (GEPIA), an interactive web application tool for gene expression
analysis, containing 8,587 normal samples and 9,736 tumors samples from the Genotype‐ Tissue
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Expression databases and TCGA databases [12].The box plot was performed to visualize the
relationships.
Copy number variation analysis
Copy number variation (CNV) analysis of the selected hub gene was done to see the loss or gain in
CRC using DriverDb3. It uses two CNV tools: iGC and DIGGIT [13] to analyze the gene. Color
codes are used to identify the CNV in the specific cancer types and whether it is significant.
3. RESULTS AND DISCUSSION
Identification of DEGs
Analysis with the MeV 4.9 showed that a total of 5,059 DEGs were expressed in colonic
inflammation samples. Adjusted pvalue <0.01 and |logFC| >2 were set as the cut-off criteria to
select the significant DEGs. The volcano plot of DEGs of CRC in each dataset was presented in
Figure 2.

Figure 2. Volcano plot of gene expression profile data of inflammed and normal tissues in dataset.
Red dots toward right: significantly upregulated genes in inflammation; red dots towards left:
significantly downregulated genes in inflammation; Black dots: no differentially expressed genes.
Adj. p < 0.01 and |log2FC| >2 were considered as significant.
Identification of DEGs as driver genes for CRC progression
204 driver genes for colon adenocarcinoma were retrieved from the DriverDb3 database and
compared with 5059 DEGs in colonic inflammation. 54 inflammation genes were identified which
may act as driver genes for CRC progression (Figure 3).
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Figure 3. Venn diagram of overlapping 54 inflammation DEGs and driver genes.
Enrichment analysis
To explore the biological functions of identified 54 DEGs, we performed functional and pathway
enrichment analyses using STRING. The results of KEGG pathway analysis revealed that these
DEGs were mainly enriched in Erb signaling, Wnt signaling, apoptosis, platelet activation, mapk
signaling, p13k-Akt signaling and p53 pathways (Figure 4).

Figure 4. Thirteen most significant modules extracted from PPI network and KEGG pathway
analysis of module genes
Role of these pathways in colonic inflammation and colorectal is corroborated by many studies. The
study on platelet activation indicates that many features of the altered platelet function detected in
human IBD can be reproduced in animal models of colonic inflammation [14]. P13k-Akt signaling
and Wnt signaling have role in colonic inflammation. Studies have shown that KYNA reduces
PI3K/Akt and p38, ERK1/2 cellular kinases in the HT-29 cell line, and inhibits the Wnt pathway
[15]. It has been observed that chronic inflammation precedes colitis-associated tumor development
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which is a subtype of colorectal cancer. Chronic inflammation causes oxidative damage to DNA,
leading to the p53 mutations observed in tumor cells and the inflamed, but non dysplastic
epithelium[16,17] stating the role of the P53 signaling pathway in inflammation.
Identification of hub genes
Thirteen gene modules having a role in important pathways were selected based upon the literature
and merged using Cytoscape to find out the hub genes in the network. Nuclear Factor of Activated
TCells 1 (NFATc1) gene was identified as a hub gene (Figure 5).

Figure 5. Interactions of hub gene;NFATc1 in inflammation and cancer.
Nuclear Factor of Activated T Cells 1 (NFATc1) gene was identified as a hub gene as it was
connecting inflammatory bowel disease network module with Wnt signaling, cellular senescence
module. It was also connecting to CRC through NRAS, and to the platelet activation pathway
through Wnt pathway. There are studies having pieces of evidence that mesalamine, a known drug
approved by the FDA used to treat inflammatory bowel disease directly acts on the Wnt pathway
[18,19 ]. As a hub gene if the NFATc1 gene is removed from the network it could collapse the whole
network. NFATc1 has been identified as a promoter for invasion of cancer [20].
NFATc1 has shown a role in CRC. There have been studies showing evidence that NFATc1 regulates
colon
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cell

behavior

and

its

transcriptional

targets

constitute

a

novel,

biologically-anchored gene expression signature for the identification of colon cancers with a high
risk of metastatic recurrence [21]. Singh et al [22[ demonstrated in their study on pancreatic an
colon cancer cell lines that NFAT transcription factors are important mediators of TGF β switch
from suppressor to promoter of cancer. These studies support our inference that NFATc1 is an
important gene for the transition of inflammation to CRC.
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Analysis and validation of hub gene
The mining of the GEPIA database demonstrated that the identified hub gene exhibited significant
differences in expression between inflammation and normal tissues. This result further confirmed
that the expression level of this hub gene is closely correlated with the onset of CRC. It was found
that the hub gene NFATc1 was down regulated (Figure 6).

Figure 6. The expression level and prognostic value of hub genes according to the GEPIA
database. Expression of NFATc1 is decreased significantly in colorectal adenocarcinoma (COAD)
(red) as compared to normal (black).
Copy number variation analysis of NFATc1
CNV analysis of NFATc1 was done to see its role in the development and progression of CRC
through the alterations of their gene expression levels on colorectal adenocarcinoma (Figure 7). It
showed the loss of CNV.

Figure 7. This graph shows the copy number variation (CNV) of a user-selected gene in colorectal
adenocarcinoma (COAD). Gene is analyzed by two CNV tools: iGC and DIGGIT. On top of the bar
chart, CNV Driver (A) presents the number of tools that identified the CNV in the specific cancer
types and whether it is significant. CNV driver in dark grey implied that it is identified by both
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tools. (B) The green color represents loss of copy number; red is gain copy number; blue represents
no copy number change.
These results further confirmed that the expression level of the hub genes was closely correlated
with the onset of CRC. Cancer is a heterogeneous disease with many genetic variations. Lines of
evidence have shown CNVs of certain genes are involved in the development and progression of
many cancers through the alterations of their gene expression levels on the individual or several
cancer types [23]. Our study indicated that NFATc1was down-regulated in CRC due to loss of CNV.
From our study, the role of NFATc1 in the progression and development of CRC looks quite evident.
4. CONCLUSION
Our study found key genes involved in inflammation and potential genes to drive cancer from
inflammation to CRC stages, which may provide novel insights and potential biomarkers for
prognosis, as well as providing new CRC treatments. Further studies targeting this hub gene to see
its role in the transformation of inflammation into CRC are needed.
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