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Abstract
Inflammatory bowel diseases (IBDs), which primarily include Crohn’s disease (CD)

and ulcerative colitis (UC), are chronic recurrent diseases of the gastrointestinal tract with
increasing prevalence and incidence worldwide. In this study, we aimed to identify key
factor genes that control the progression of inflammatory bowel disease, identify common
and unique nodal genes, examine gene-protein interactions, assess current advances in the
published literature on inflammatory bowel disease, and examine the impact of various
biological pathways. Gene expression profiles were obtained from the Gene Expression
Omnibus (GEO) database. We performed gene expression analysis to identify deferentially
expressed genes. Subsequently, GO and KEGG pathway enrichment analyzes and protein-
protein interaction network analyzes (PPI) of DEGs were performed. Text mining was
used to examine the frequency of genes in the published IBD literature. Four GEO
databases (GSE156044, GSE159751, GSE159008, and GSE102746) were downloaded
from GEO databases. A total of 368 DEGs were identified. The results of GO term analysis
showed that DEGs were mainly involved in the activity of cytokine receptors, integral
components of the plasma membrane, and cytokine-mediated signaling. KEGG pathway
analysis showed that DEGs were mainly enriched in bile secretion, mineral absorption, and
cytokine-cytokine receptor interaction. The results of PPI analysis showed that about 10
genes were the key genes for the occurrence of CED. Text mining revealed the existence of
399 genes associated with CED. Our results suggest a possible link between CED and other
diseases such as triple negative breast cancer (TNBC) and lung adenocarcinoma (LUAD),
and provide new insights into the mechanisms of inflammatory bowel disease and new
treatment targets.
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Introduction
Inflammatory bowel disease (IBD), which includes Crohn’s disease (CD) and ulcerative colitis

(UC), is a chronic inflammatory disease of the gastrointestinal tract that is becoming increasingly

common worldwide [1]. Inflammatory bowel diseases (IBDs) are the most common gastrointestinal

(GI) diseases, affecting 0.3% to 0.5% of the world population [2]. Ulcerative colitis (CD) is confined

to the mucosa of the colon, always involving the rectum, and may continuously extend to more

proximal parts of the intestine [3]. Crohn’s disease (CD), on the other hand, is a transmural,

progressive inflammatory disease that can affect any part of the gastro-intestinal tract (GI). As a result,

complications such as strictures, fistulas, and abscesses are more common in CD [4]. Patients with

these conditions have symptoms such as bloating, abdominal pain, and altered bowel habits (diarrhea

and/or constipation), and approximately 40% of IBD patients have an irritable bowel

Irritable Bowel Syndrome (IBS)-like symptoms [5]. IBD affects both children and adults, with

15-20% of patients diagnosed in childhood [6]. Inflammatory bowel disease is caused by a variety of

agents, including genetic, immune system, microbial, and environmental factors [7].
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Malnutrition is a common problem inIBD patients [8]. Malnu-
trition inIBD patients is multi-factorial and has been associated
with malabsorption, caloric restriction, pharmacological treat-
ment, loss of nutrients in the gastrointestinal tract, and increased
energy consumption [9]. Inflammatory bowel disease (IBD) is a
lifelong condition that has no cure. Patients suffering from IBD
may present with symptoms of common mental disorders such as
anxiety and depression [10]. The prevalence of CD and UC can
be attributed to a variety of factors, including geographic loca-
tion, poor nutrition, genetics, and an ineffective immune response
[11]. Studies of familial clustering and twin pairs have provided
evidence that genetic factors contribute to the development of
IBD. Studies of discordant twin pairs with IBD have pointed to
some genetically independent factors underlying pathogenesis
[12]. Genetic research on inflammatory bowel disease (IBD)
has identified genes and pathways in inflammatory pathology.
[13]. Most available IBD therapies suppress the immune system,
which increases the risk of infections and some cancers and does
not benefit all patients [14]. To reduce the prevalence of IBD, the
IBD community should focus on prevention of the disease [15].
Differential gene expression (DGE) analysis is one of the most
common applications of RNA sequencing (RNA-seq) data. This
method can be used to elucidate differentially expressed genes
under two or more conditions, and it is used in many applications
for the analysis of RNA-seq data. [16]. Using differential gene
expression, nodal genes have been identified in Alzheimer’s dis-
ease (AD) [17], gastric cancer (GC) [18], breast cancer (BC) [19],
tuberculosis (TB) [20], lung adenocarcinoma [21], colon cancer
(CRC) [22]. In this study, we used bioinformatics approaches to
identify differentially expressed genes (DEGs) between normal
and inflamed tissues. These DEGs were also analyzed, including
GO and KEGG enrichment analysis of DEGs, construction of
protein-protein interaction networks (PPI), identification of key
genes associated with CED, and identification of genes common
to Crohn’s disease (CD) and ulcerative colitis (UC). The biolog-
ical functions and key signaling pathways of these DEGs are
discussed. The major genes discovered in previous work were
reviewed.

Materials and Methods
Gene expression data

We downloaded the original gene expression profiles GSE156-
044, GSE159751, GSE159008 and GSE102746 from the Na-
tional Center for Biotechnology Information (NCBI) Gene Ex-
pression Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/)
[23]. A total of 40 normal tissues (control) and 31 inflamed
tissues (patients) were downloaded. We excluded 27 inflamed
tissues in GSE159008. We selected samples of normal tissues
and inflamed tissues of different types of inflammatory bowel
disease only.

Identification of DEGs
Raw data were subjected to differentially gene expression

analysis using the R package limma. Gene expression was an-

alyzed with the package limma in R and displayed as a heat
map. Genes with P.Val 0.05 were considered as deferentially
expressed.

Gene enrichment analysis
Gene set enrichment (GSE) is the most effective method

for determining the underlying biological functions of various
genes or proteins [24]. To determine the functions of overlapping
DEGs, GO functional and KEGG pathway enrichment of proteins
encoded by candidate genes were analyzed and these genes were
annotated using the Enrichr online analysis database (available
online: https://maayanlab.cloud/Enrichr/). Enrichr is a gene set
search engine that can be used to query hundreds of thousands of
annotated gene sets. This platform provides several methods for
calculating gene set enrichment, and the results are visualized in
several interactive ways. [25].

PPI network construction and analysis
Protein-protein interactions was assessed using the database

STRING (Search Tool for the Retrieval of Interacting Genes;
http://string-db.org/cgi/input.pl). Using the STRING database
and the Cytoscape programme, a PPI network of DEGs was pro-
duced (version 3.9.0). Additionally, the Cytoscape program is
built on a network. Each node represents a gene, protein, or other
biological molecule, and the connections between nodes repre-
sent how these biological molecules interact. This model can be
used to determine how proteins encoded by DEGs interact with
one another and with other proteins in pathways in inflammatory
bowel diseases (IBDs).

Text-mining
The importance of text mining in service management is

growing with the expansion of access to Big Data via digital
platforms that enable such services [26]. Text mining tools
are commonly used to extract information about disease-related
genes, proteins, molecular interactions, and signaling pathways
[27]. Previous research has documented the use of these tools
in studying regulatory mechanisms for various types of diseases,
including inflammatory bowel disease [28]. In the current study,
we obtained IBD-related abstracts from the PubMed database
by searching for ’inflammatory bowel disease’ using the esearch
tool and downloading these data using the efetch tool, which is
responsible for retrieving records in the desired format [29]. This
tool is provided by Entrez Direct (EDirect) software [30]. We
counted genes associated with IBDs from the published literature
using Python, and these genes were illustrated using the R pack-
age. These genes had been studied extensively in the context of
IBD.

Results
Identification of DEGs

A total of 93, 361, 907, and 1123 DEGs were identified
from GSE156044, GSE159008, GSE102746, and GSE159751,
respectively, according to differential gene expression analysis.
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The heat map of DEGs expression is shown in Figure 1. Among
the 2484 genes with adj.P.Val ≤ 0.04, 368 DEGs were identified,
including 180 upregulated genes and 188 downregulated genes.

Biological annotation of DEGs in inflammatory bowel dis-
ease was performed using the Enrichr online database. Bars
of the graph sorted by p-value ranking. Figure 3 shows the
ten most enriched pathways from GO and KEGG analyzes for
enrichment of DEGs. GO Analysis of DEGs was divided into
three functional groups, including molecular function (MF), cel-
lular component (CC), and biological process (BP). At MF, these
DEGs were significantly enriched in cytokine receptor activity,
metal ion binding, CXCR chemokine receptor binding, icosate-
traenoic acid binding, and arachidonic acid binding (Figure 3c).
At CC, DEGs were enriched in the integral component of the
plasma membrane, the lumen of secretory granules, the lumen of
intercellular organelles, the RNA polymerase III complex, and
the alpha-beta T-cell receptor (Figure 3b). At BP, DEGs were
enriched in cytokine-mediated signaling, positive regulation of
telomerase RNA localization in the Cajal body, neutrophil degran-
ulation, neutrophil activation in immune response, and regulation
of telomerase RNA localization in the Cajal body (Figure 3a).
In KEGG signaling pathways, DEGs were enriched mainly in
bile secretion, mineral absorption, cytokine-cytokine receptor
interaction, alanine, aspartate, and glutamate metabolism, and
JAK-STAT signaling (Figure 3d). These significantly enriched
GO terms and KEGG signaling pathways will help us better
understand the key molecules involved in the progression of IBD.

PPI network construction and analysis
Genes associated with inflammatory bowel disease were sub-

jected to PPI analysis. The PPI network grouped genes based
on their interaction activity to discover genes associated with the
studied diseases, as shown in Figure 4. As a result, we obtained
42 genes with significant interactions, 10 of which were asso-
ciated with IBD. These genes were POLR2H, LCN2, TIMP1,
CXCL1, MUC1, CSF3R, S100A9, SPI1, CFTR, and FCGR3B.

Text mining
We examined 42192 abstracts and obtained the 399 most

frequent genes in the published literature associated with CED
(Figure 5). Using the online analysis tool ShinyGO. Gene Ontol-
ogy Enrichment analysis was performed according to biological
processes (BP), cellular components (CC), and molecular func-
tions (MF). In addition, the cutoff value for screening pathways
and significant functionality was set at P 0.05. Table 1 shows
the ten most enriched pathways of the Go enrichment analysis.
KEGG pathway enrichment analysis was also performed using
g:Profiler. A Venn diagram was used to classify the similarities
and differences between the DEGs of the four datasets and the
IBD-related genes identified by text mining (two genes).

Figure 1. Heat maps of gene expression data. The gene expression profiles of
the studied IBDs, (a) GSE99816(Crohn’s disease), (b) GSE156044(Crohn’s
disease), (c) GSE159008(ulcerative colitis), (d) GSE102746 (ulcerative colitis)
you can add references of every experiment.

Figure 2. Venn digram, Similarities and differences between four datasets and
399 most frequent genes in previous publications related to IBD, identified by
text mining.
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Figure 3. GO molecular function and KEGG pathways analysis of DEGs.
Red bars represent the number of DEGs. Here only show the top 10 pathways:
(a) Biological processes (BP); (b) Cellular components (CC); (c) Molecular
function (MF); (d) KEGG pathway.

Discussion
Inflammatory bowel disease (IBD) is a chronic inflammatory

disease of the gastrointestinal tract [31]. Ulcerative colitis and
Crohn’s disease are the main forms of inflammatory bowel dis-
ease [32]. Inflammatory bowel disease is a long-term chronic
condition, with approximately 20% of IBD patients progress-
ing to colorectal cancer [33]. Intestinal fibrosis is a common
complication of inflammatory bowel disease, which is usually
the result of chronic inflammation [34]. Genetic studies have
identified more than 200 loci that regulate IBD risk [35]. In
patients with IBD, alterations in various immune cells and neu-
roimmune signaling pathways have been identified in the lamina
propria [36]. Therefore, it is important to investigate the molecu-
lar mechanisms of inflammation and inflammatory bowel disease
development. Bioinformatics tools provide extensive technical
support for the processing and analysis of gene expression pro-
files. As a result, bioinformatics analysis has been widely used in
recent years to identify novel therapeutic targets and diagnostic
markers [37]. In this study, four GEO datasets related to IBDs,
GSE156044, GSE159008, GSE102746 and GSE159751, were
examined using the Limma package in R statistical software and
368 DEGs were identified. The results of GO analysis, which
included MF, CC, and BP, showed that these DEGs were mainly
enriched in cytokine receptor activity, extracellular response, and
cellular response to chemical stimuli. KEGG pathway enrich-
ment analysis also showed that these DEGs were significantly
enriched in bile secretion, cytokine-cytokine receptor interac-
tion, mineral absorption, retinol metabolism, and JAK-STAT

pathways. This gene set enrichment analysis provides insights
into the molecular mechanism of IBD progression. We used Cy-
toscape to create a PPI network according to DEGs and identified
42 genes with significant interaction, 10 of which are associated
with IBD. They are POLR2H, LCN2, TIMP1, CXCL1, MUC1,
CSF3R, S100A9, SPI1, CFTR, and FCGR3B. POLR2H is over-
expressed in organoids of rectal tumors. POLR2H is the gene
encoding the common H subunit of RNA polymerases I, II and
III [38]. LCN2 is secreted into the intestinal lumen at high levels
and has a significant impact on controlling both the composition
of the gut microbiome and host inflammation [39]. Short-term
consumption of a high-fat diet (HFD) significantly increases in-
testinal Lcn2 expression and secretion into the intestinal lumen.
Lcn2 deficiency accelerates the development of HFD-induced
intestinal inflammation [40]. TIMP1 plays an important role in
promoting tumorigenesis [41] and acts as a prognostic biomarker
for ulcerative colitis-related colorectal cancer [42]. CXCL1 en-
hances myeloid cell-mediated immunosuppression during acute
colitis and has been linked to tumorigenesis in various tumor
types [43]. MUC1 is a heterodimeric protein that enhances the re-
sponse to inflammation. Expression of MUC1 is associated with
activation of inflammatory pathways and development of colitis
[44]. CSF3R is an important regulator of proliferation and dif-
ferentiation of myeloid cells. Mutations in the CSF3R gene have
been found in patients with chronic neutrophilic leukemia (CNL)
and acute myeloid leukemia (AML) [45]. Recent research has
shown that mutations in the CSF3R gene play an oncogenic role
in the development of hematologic malignancies [46]. S100A9
is a myeloid-related protein involved in inflammatory processes
and various carcinogens [47]. SPI1 is a gene cluster containing
39 genes encoding T3SS-1. SPI1 genes are responsible for host
cell invasion and host inflammatory response. T3SS-1 encoded
by SPI1 provides effector proteins required for intestinal invasion
and the development of enteritis [48]. CFTR is a protein located
at the apical membrane of epithelial cells and has been associ-
ated with cystic fibrosis disease. Cystic fibrosis is a potentially
fatal disease that causes severe damage to the lungs and digestive
system [49]. FcY receptors (FcYRs), are expressed by six genes,
one of which is FCGR3B [50]. FCGR3B increases the risk of in-
flammatory diseases such as systemic lupus erythematosus (SLE)
and rheumatoid arthritis (RA) [51].

Text mining is concerned with obtaining information about
biological entities such as genes, proteins, and phenotypes, or
more broadly, biological pathways [52]. Text mining was used to
extract genes associated with CED from the PubMed database.
We obtained the 399 most frequent genes in the published litera-
ture associated with CED. Comparison between the DEGs of the
four datasets and the text mining results revealed 21 overlapping
genes that had been intensively studied. By examining the PPI
network of these 21 genes, we discovered four genes that interact
highly with each other (PTPRC, LCN2, CXCL1, and S100A9 ).
These genes suggest that there may be a potential link between
them and other diseases. In our study, the results of text mining
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Figure 4. PPI network of significant genes associated with IBD diseases. (a) Protein-protein interaction network of DEGs. (b) Clustering of genes according to
their interaction activity.

Figure 5. Text Mining of genes associated with IBDs in published literature. 399 most frequent genes in previous publications related to IBD, identified by text
mining.
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partially agreed with the results of DEG analysis, but they also
provided some unique conclusions. PTPRC was associated with
triple negative breast cancer (TNBC) [53]. PTPRC may be a
potential prognostic marker in lung adenocarcinoma (LUAD),
which could affect the immune function of T cells and other
immune cells by participating in the regulation of tumor microen-
vironment (TME) immune activity [54]. LCN2 is an acute-phase
response protein that is upregulated in CNS disease or injury and
serves as a regulatory enhancer in neuroinflammation [55]. Dur-
ing lymphangiogenesis, CXCL1 enables tumor cells to migrate
into lymphatic vessels, leading to lymph node metastasis [56].
A growing body of research suggests that S100A9, also known
as myeloid-related proteins 8 and 14, plays an important role
in inflammation and inflammation-related tissue damage [57].
S100A9 has been reported to be regulated by pathogen infection
and to play a role in the progression of various cancers, includ-
ing hepatitis B virus (HBV)-related hepatocellular carcinoma
(HCC) [58]. In summary, the aim of this study was to describe
IBD-related gene expression and systematically investigate the
pathways and networks of IBD-related genes using bioinformat-
ics to reveal beneficial targets and pathways in the pathogenesis
of IBD.
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