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 Background: This bioinformatics study aimed to identify differentially expressed genes (DEGs) and protein–protein inter-
action (PPI) networks associated with functional pathways in ulcerative colitis based on 3 Gene Expression 
Omnibus (GEO) datasets.

 Material/Methods: The GSE87466, GSE75214, and GSE48958 MINiML formatted family files were downloaded from the GEO da-
tabase. DEGs were identified from the 3 datasets, and volcano maps and heat maps were drawn after R lan-
guage standardization and analysis, respectively. Venn diagram software was used to identify common DEGs. 
PPI analysis of common DEGs was performed using the Search Tool for the Retrieval of Interacting Genes. Gene 
modules and hub genes were visualized in the PPI network using Cytoscape. Enrichment analysis was per-
formed for all common DEGs, module genes, and hub genes.

 Results: A total of 90 DEGs were selected, which included 3 functional modules and 1 hub gene module. CXCL8 module 
genes were mainly enriched in cytokine-mediated signaling pathways and interleukin (IL)-10 signaling. CCL20 
module genes were mainly enriched in the IL-17 signaling pathway and cellular response to IL-1. Hub gene 
modules mainly involved IL-10, IL-4, and IL-13 signaling pathways. CXCL8, CXCL1, and IL-1b were the top 3 hub 
genes and were mainly involved in IL-10 signaling.

 Conclusions: Bioinformatics analysis using 3 GEO datasets identified CXCL8, CXCL1, and IL-1b, which are involved in IL-10 
signaling, as the top 3 hub genes in ulcerative colitis. The findings from this study remain to be validated, but 
they may contribute to the further understanding of the pathogenesis of ulcerative colitis.
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Background

Inflammatory bowel disease (IBD) includes Crohn’s disease 
and ulcerative colitis (UC), which have overlapping clinical 
and molecular features. The incidence rate of IBD is increas-
ing in worldwide. China has the highest incidence of IBD in 
Asia, and the ratio of UC to Crohn’s disease was reported to 
be 2.0 [1]. UC is a diffuse, chronic, nonspecific inflammatory 
disease that occurs in the colorectal mucosa and/or submu-
cosa. The clinical symptoms of UC are characterized by relaps-
ing mucosal inflammation that manifests as persistent or re-
peated mucopurulent bloody stool, abdominal pain, and other 
systemic symptoms [2]. UC prevalence is highest in Europe, 
followed by Canada and then the United States [3]. The age 
of onset is getting younger [4]. UC is recurrent and difficult to 
heal, and it is referred to as “deathless cancer” due to its se-
rious impact on patients’ quality of life. UC is closely related 
to the development of colon cancer [5], which is difficult to 
cure. The pathogenesis of UC has not been clarified, and the 
possible underlying mechanisms include bacterial infection, 
intestinal mucosal barrier dysfunction, and genetic, dietary, 
environmental, immunological, and psychological factors [6]. 
The interaction of a variety of factors results in high intesti-
nal mucosa sensitivity, ultimately leading to intestinal inflam-
mation and tissue damage. Conservative medical treatment 
of UC in clinical practice is somewhat limited and includes di-
etary regulation and drug treatment with aminosalicylic acid, 
antibiotics, probiotics, and glucocorticoids. The criterion stan-
dard surgical treatment of UC is ileal pouch anal anastomo-
sis [7]. This surgery can remove UC target organs, but the inci-
dence of postoperative complication of pouchitis is high [8,9]. 
Therefore, further understanding of the pathogenesis and reg-
ulation of UC at the molecular level may provide new direc-
tions for UC prevention and treatment.

The rapid development and extensive application of gene ex-
pression profile data has led to bioinformatics analysis be-
coming a popular method to explore disease pathogenesis. 
Bioinformatics analysis provides significant insight into the 
pathophysiological mechanisms of diseases at the genetic lev-
el. For example, Cheng et al. [10] screened GNG11, GNB4, and 
AGT as potential molecular targets and diagnostic biomarkers 
for UC and Crohn’s disease by bioinformatics. Feng et al. [11] 
found that TATAbinding protein 1, nuclear factor-kB, and mi-
croRNAs were closely related to 233 differentially expressed 
genes (DEGs) of UC and may be potential molecular targets 
for its treatment [11]. Here, using 3 datasets from the Gene 
Expression Omnibus (GEO) database, we applied bioinformat-
ics tools to perform a series of UC expression profile analyses 
to identify potential core genes that can serve as molecular 
targets for the prevention and treatment of UC. Through these 
analyses, we identified DEGs and protein–protein interaction 
(PPI) networks associated with functional pathways in UC.

Material and Methods

Dataset information

The search terms used in the GEO database, which is affiliated 
with the National Center for Biotechnology Information (https://
www.ncbi.nlm.nih.gov) were “ulcerative colitis” (MeSH Terms) 
AND “human” [Organism] [12]. We select datasets with nor-
mal tissue samples and UC colon tissue samples: GSE87466, 
GSE75214, and GSE48958. The GSE87466 dataset was gen-
erated on the GPL13158 platform (HT_HG-U133_Plus_PM 
Affymetrix HT HG-U133+ PM Array Plate), and the GSE75214 
and GSE48958 datasets were generated on the GPL6244 plat-
form (HuGene-1_0-st Affymetrix Human Gene 1.0 ST Array tran-
script [gene] version). The GSE87466, GSE75214, and GSE48958 
datasets contained 21, 11, and 8 normal tissue samples and 
87, 97, and 13 UC colon tissue samples, respectively.

Data processing and screening of DEGs

The MINiML formatted family files for each of the GEO data-
sets were downloaded. R language was used to extract the 
matrix file, and standardization was performed using quan-
tiles. We used |logFC| >1.5 and P<0.05 as standards to iden-
tify DEGs through the “limma” R software package. A volca-
no map was used to show all DEGs. We then used Euclidean 
distances to perform clustering. The “pheatmap” package of 
R software was used to draw the 100 DEGs from the 3 datas-
ets. Lastly, Venn diagram software was used to identify DEGs 
common to all datasets.

Common DEGs enrichment analysis

DEGs were subjected to Gene Ontology (GO) and Kyoto 
Encyclopedia of Gene and Genome (KEGG) enrichment anal-
yses using the Database for Annotation, Visualization and 
Integrated Discovery (DAVID) 6.8 (https://david.ncifcrf.gov/). 
The parameters were set to P<0.05. GO enrichment analysis is 
a common method for identifying molecular function, cellular 
component, and biological process characteristics of genom-
ic or transcriptome data. KEGG mainly includes system infor-
mation, genomic information, and chemical information, and 
it can be used to annotate the genome and integrate the re-
lated effects of known protein products.

PPI network analysis

PPI network analysis was performed using the Search Tool for 
the Retrieval of Interacting Genes (STRING) (https://string-db.
org/) online tool to assess the correlation between 2 or more 
protein products. Additionally, the Molecular Complex Detection 
(MCODE) and cytoHubba plugins were used in Cytoscape 
(https://cytoscape.org/) to detect important module and hub 
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genes in the PPI network, respectively. The MCODE parameters 
were set as degree cutoff=2, maximum depth=100, k-core=2, 
and node score cutoff=0.2. The cytoHubba plugin screens hub 
genes using the degree algorithm.

Enrichment analysis of module genes and hub genes

The Metascape Database (https://metascape.org/) [13] was 
used to perform enrichment analysis for genes in the 2 top-
scoring modules. Metascape Database integrates multiple 

authoritative data resources including GO, KEGG, UniProt, and 
DrugBank, which can better complete pathway enrichment 
and annotation of biological processes. Reactome (https://
reactome.org/) provides genetic pathway visualization, inter-
pretation, and analysis. We used this pathway database for 
hub gene enrichment analysis. GeneCards (https://www.gen-
ecards.org/), which provides comprehensive biological infor-
mation on annotated and predicted human genes, was used 
to search for single hub genes of CXCL8 and CXCL1.
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Figure 1.  Standardization of gene expression. Standardization of gene expression in (A) GSE87466, (B) GSE75214, and (C) GSE48958 
datasets. The blue bar represents the data before normalization, and the red bar represents the data after normalization.

e927917-3
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Cao F. et al.: 
Exploring potential molecular mechanisms of ulcerative colitis
© Med Sci Monit, 2021; 27: e927917

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



Results

Identifying DEGs in UC tissue and normal tissue

We uniformly standardized the 3 datasets (Figure 1). We ob-
tained 527, 293, and 125 DEGs from GSE87466, GSE75214, 
and GSE48958, respectively (Figure 2A). The GSE87466 data-
set contained 347 upregulated DEGs and 180 downregulat-
ed DEGs. The GSE75214 and GSE48958 datasets contained 
187 upregulated and 106 downregulated DEGs and 69 up-
regulated and 56 downregulated DEGs, respectively. The top 
100 DEGs are displayed in heat maps (Figure 2B). All up- and 
downregulated DEGs were screened using Venn diagram soft-
ware to identify common DEGs. A total of 52 upregulated and 
38 downregulated common DEGs were obtained (Figure 2C).

GO biological functions and KEGG pathway enrichment 
analysis of common DEGs

The results of the GO enrichment analysis are shown in Figure 3. 
In the biological process analysis, DEGs were mainly involved 
in the inflammatory response, defense response, immune re-
sponse, response to bacteria, and response to cytokine stimu-
lus. In the cellular component analysis, DEGs were mainly en-
riched in extracellular regions and in the cell, membrane, and 
insoluble fractions. In the molecular function analysis, DEGs 
were mainly enriched in tetrapyrrole binding, cytokine activi-
ty, chemokine activity, heme binding, and calcium ion binding.

The main KEGG analysis results showed that DEGs were main-
ly concentrated in starch and sucrose metabolism and ATP-
binding cassette (ABC) transporter pathways (Figure 3).

PPI network and visualization of genes

We obtained a PPI network composed of 69 nodes and 180 
edges (Figure 4A). Further analysis using the MCODE plugin 

identified 3 functional modules. The 2 top-scoring modules 
were CCL20 and CXCL8. The CCL20 module included CCL20, 
MMP1, CXCL13, C3, CXCL11, IDO1, NOS2, SOCS3, IL1RN, MMP3, 
MMP7, and TIMP1. They were closely connected with each oth-
er in the CCL20 module. CXCL8, CXCL1, IL-1b, PTGS2, LCN2, 
and CHI3L1 were more highly associated with another module 
(Figure 4B–4D). The hub genes identified using the cytoHub-
ba plugin included CXCL8, CXCL1, IL-1b, PTGS2, TIMP1, CCL20, 
C3, MMP1, LCN2, and MMP3. Among them, CXCL8, CXCL1, and 
IL-1b were the top 3 hub genes (Figure 4E).

Further enrichment analysis of the module genes and hub 
genes

CXCL8 and CCL20 module genes were further enriched us-
ing the Metascape database, which integrates GO function 
and KEGG pathway analyses (Figure 5A, 5B). CXCL8 module 
genes were mainly enriched in the cytokine-mediated signal-
ing pathway, response to bacteria, regulation of inflamma-
tory response, pregnancy (females), and positive regulation 
of response to external stimulus. CCL20 module genes were 
predominantly enriched in the cellular response to IL-1, posi-
tive regulation of angiogenesis, and antimicrobial humoral re-
sponse. The KEGG pathway enrichment analysis showed that 
CXCL8 module genes were significantly enriched in IL-10 sig-
naling, TNF signaling, and regulation of insulin-like growth fac-
tor. CCL20 module genes were mainly enriched in the IL-17, IL-
4, and IL-13 signaling pathways.

The top 3 hub genes, CXCL8, CXCL1, and IL-1b, were subject-
ed to further GO analysis (Table 1). In the biological process 
analysis, CXCL8 was mainly enriched in angiogenesis and an-
timicrobial humoral immune response mediated by antimi-
crobial peptides. CXCL1 was predominantly enriched in actin 
cytoskeleton organization and in the cellular response to li-
popolysaccharide. IL-1b was significantly enriched in activa-
tion of MAPK activity and apoptotic processes. In the cellular 
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Figure 2.  Screening results for the differentially expressed genes. (A) Volcano maps of gene expression in GSE87466, GSE75214, 
and GSE48958 datasets. Data points in red, green, and black represent genes with upregulated, downregulated, and not 
significantly different expression, respectively. (B) Heat maps of gene expression GSE87466, GSE75214, and GSE48958 
datasets. (C) Venn diagram of common differentially expressed genes in GSE87466, GSE75214, and GSE48958 datasets.
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Figure 3.  Gene ontology (GO) and Kyoto Encyclopedia of Gene and Genome (KEGG) pathway enrichment analysis for common 
differentially expressed genes.
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component analysis, CXCL8, CXCL1, and IL-1b were mainly en-
riched in the extracellular region and in extracellular space. 
CXCL1 was also enriched in the specific granule lumen and 
tertiary granule lumen. IL-1b was also enriched in the cyto-
sol, lysosome, and secretory granule. In the molecular func-
tion analysis, CXCL8 and CXCL1 were mainly enriched in che-
mokine activity, CXCR chemokine receptor binding, and IL-8 
receptor binding. IL-1b was predominantly enriched in chemo-
kine activity and integrin binding.

The main pathway enrichment results for hub genes are shown 
in Table 2. The top 3 hub genes were mainly enriched in IL-
10, IL-4, and IL-13 signaling; signaling by interleukins; cytokine 
signaling in the immune system; and in the immune system. 
Among them, the P value of the IL-10 signaling pathway was 
the lowest (Figure 5C). This pathway is composed of 2 chemi-
cal components, 45 proteins, and 39 DNA and RNA molecules. 
The expression levels of 45 IL-10 signaling pathway genes in 

various tissues in the human body are shown in Figure 5D. 
CXCL8, CXCL1, and IL-1b are expressed in many organs includ-
ing the colon, duodenum, appendix, and liver.

Discussion

This study screened gene UC and normal tissue expression da-
tasets and identified 90 DEGs, including 3 functional modules 
and 1 hub gene module. Enrichment analysis found that the 
hub gene module was enriched in IL-10, IL-4, and IL-13 sig-
naling pathways. In addition, CXCL8, CXCL1, and IL-1b, which 
are mainly involved in IL-10 signal transduction, were the top 
3 hub genes in this module. Cheng et al. [10] previously sug-
gested that GNG11, GNB4 and AGT could be potential thera-
peutic molecular targets and diagnostic biomarkers for UC and 
Crohn’s disease. Feng et al. [11] found that TATA-binding pro-
tein 1, nuclear factor-kB, and microRNAs may also be potential 
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Figure 4.  Protein–protein interaction (PPI) analysis. (A) PPI networks of the common differentially expressed genes. (B–D) The 3 top-
scoring modules are shown from the top to bottom. (E) The PPI hub gene module.
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molecular targets for treatment of UC. The main reason for the 
different identifications is that different datasets were used. 
The DEGs identified in these studies, as well as those in the 
current study, may play important roles in the pathogenesis of 
UC and could represent potential therapeutic targets.

UC is a global, progressive, and complex disease with a long 
course and recurrent episodes. The incidence rates of UC are 
increasing worldwide, but the pathogenesis remains unclear 
and current treatments are not satisfactory. The relatively re-
cent development of bioinformatics has led to the emergence 
of targeted molecular therapies for many diseases. Zhong et al. 
[14] used a bioinformatics analysis to show that the ATP-citrate 
lyase (ACLY) hub gene may be a molecular target in type 2 di-
abetes. Feng et al. [15] identified 4 significantly upregulated 

DEGs related to poor prognosis in ovarian cancer that could be 
potential therapeutic targets for patients with ovarian cancer. 
Similarly, exploring the molecular regulatory mechanism of UC 
occurrence and development by screening and analyzing key 
genes at the genetic level is expected to provide new directions 
for the precise prevention and treatment of UC in the clinic.

IL-10 is an anti-inflammatory cytokine that inhibits a broad 
spectrum of activated macrophage/monocyte functions. IL-
10 plays an important role in UC. Previous studies [12,16] re-
vealed that intestinal inflammation may be aggravated in indi-
viduals with IL-10 deficiency through inhibition of regulatory T 
cells/cytotoxic T-lymphocyte-associated protein 4 and through 
promotion of the IL-1b/T helper 2 cell pathway. Studies have 
shown that IL-10 can negatively regulate CXCL8, CXCL1, IL-1b, 
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Figure 5.  Metascape enrichment analysis of the top 2 modules and reactome pathway enrichment analysis for hub gene modules. 
(A) Metascape analysis of the CCL20 modules. (B) Metascape analysis of the CXCL8 modules. (C) Interleukin (IL)-10 signaling 
pathway. (D) Heat map of the expression of all proteins involved in the IL-10 signaling pathway in the human body.
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CCL20, and PTGS2 [17–19]. These data are consistent with our 
results showing that these genes are involved in the IL-10 sig-
naling pathway.

Chemokine (C-X-C motif) ligand 8 (CXCL8), also known as IL-8 
and neutrophil factor, can be secreted by lymphocytes, mono-
cytes, and epithelial cells, and it plays an important role in the 
occurrence and development of tumors by promoting angio-
genesis and immune cell infiltration [20]. Additionally, CXCL8 
can recruit and activate neutrophils and granulocytes to mi-
grate to the site of inflammation [21,22]. Heidarian et al. [23] 
found that changing the intestinal flora of patients with IBD 
can promote increased IL-8 expression and thereby increase 

the severity of the disease. Another study showed that IL-8 
expression is increased in patients with IBD, especially in con-
junction with UC [24]. These results are consistent with those 
presented here, which indicate that CXCL8 is highly expressed 
in patients with UC patients. In our study, CXCL8 was the DEG 
with the highest degree value in the hub gene module. This 
finding suggests that it may play an important regulatory role 
in the pathogenesis of UC and could be expected to serve as 
a new therapeutic target for the treatment of UC.

CXCL1 is also known as NAP-3, CINC-1, and GRO-a. This protein 
was originally identified in melanoma, and it was later confirmed 
to be expressed in neutrophils, macrophages, and epithelial cells 

Genes Biological process Cellular component Molecular function

CXCL8 GO: 0001525 angiogenesis;
GO:  0002237 response to molecule of 

bacterial origin;
GO: 0006935 chemotaxis;
GO: 0006952 defense response;
GO: 0006954 inflammatory response;
GO: 0006955 immune response;
GO: 0007050 cell cycle arrest;
GO: 0007165 signal transduction;
GO:  0007186 G protein-coupled receptor 

signaling pathway;
GO:  0008285 negative regulation of cell 

proliferation

GO:  i0005576 extracellular 
region;

GO:  0005615 extracellular 
space

GO: 0005125 cytokine activity;
GO:  0005153 interleukin-8 

receptor binding;
GO: 0005515 protein binding;
GO:  0008009 chemokine 

activity

CXCL1 GO: 0006935 chemotaxis;
GO: 0006952 defense response;
GO: 0006954 inflammatory response;
GO: 0006955 immune response;
GO: 0007165 signal transduction;
GO:  0007186 G protein-coupled receptor 

signaling pathway;
GO: 0007399 nervous system development;
GO:  0008285 negative regulation of cell 

proliferation;
GO:  0019221 cytokine-mediated signaling 

pathway;
GO: 0030036 actin cytoskeleton organization; 

GO:  0005576 extracellular 
region;

GO:  0005615 extracellular 
space;

GO:  0035580 specific granule 
lumen;

GO:  1904724 tertiary granule 
lumen

GO:  0005102 signaling receptor 
binding;

GO: 0005125 cytokine activity;
GO:  0008009 chemokine 

activity;
GO:  0008047 enzyme activator 

activity;
GO:  0008083 growth factor 

activity

IL1B GO: 0000165 MAPK cascade;
GO: 0000187 activation of MAPK activity;
GO: 0001660 fever generation;
GO:  0001934 positive regulation of protein 

phosphorylation;
GO:  0002711 positive regulation of T cell 

mediated immunity;
GO: 0006915 apoptotic process;
GO: 0006954 inflammatory response;
GO: 0006955 immune response;
GO: 0007165 signal transduction;
GO: 0007267 cell-cell signaling

GO:  0005576 extracellular 
region;

GO:  0005615 extracellular 
space;

GO: 0005737 cytoplasm;
GO: 0005764 lysosome;
GO: 0005776 autophagosome; 
GO: 0005829 cytosol;
GO: 0030141 secretory granule;
GO:  0031410 cytoplasmic 

vesicle;
GO: 0031982 vesicle

GO: 0005125 cytokine activity;
GO:  0005149 interleukin-1 

receptor binding;
GO: 0005178 integrin binding;
GO: 0005515 protein binding;
GO:  0019904 protein domain 

specific binding

Table 1. The Gene Ontology enrichment analysis of the top 3 hub genes.
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and to be involved in inflammation, angiogenesis, and wound-
healing biological processes [25]. Alzoghaibi et al. [26] found 
that GRO-a levels were significantly higher in patients with 
IBD than in healthy controls, and that elevated GRO-a levels 
exacerbated IBD-related inflammation. This finding is consis-
tent with the results presented by Mitsuyama et al. [27] show-
ing that serum GRO-a is positively correlated with IBD activity 
and may be a marker for detecting IBD activity. In the present 
study, CXCL1 was another hub gene involved in UC pathogen-
esis. However, the specific mechanism through which CXCL1 
contributes to UC requires further study.

IL-1b is mainly produced by monocytes and macrophages. It is 
a pro-inflammatory factor that participates in the occurrence 
and development of various diseases. Tian et al. [28] showed 
that IL-1b can promote tumor growth and metastasis. In addi-
tion, IL-1b can increase the host immune response through nu-
clear factor-kB, which then increases susceptibility to IBD [29]. 
De Santis et al. [30] found that IL-1b exacerbates colitis and may 
be a potential target for the clinical treatment of UC. This finding 
is consistent with our results. IL-1b was identified as 1 of the top 
3 hub genes, with the same degree value as CXCL1. We specu-
late that IL-1b also plays an important role in the pathogenesis 
of UC, but this requires confirmation through additional research.

Prostaglandin-endoperoxide synthase (PTGS), or cyclooxygen-
ase, is a key enzyme in prostaglandin biosynthesis. It is in-
volved in various biological processes including inflammation, 
reproduction, and tumor migration. Song et al. [31] showed 
that reducing PTGS2 expression can help to reduce the occur-
rence of colorectal cancer. This possibility is consistent with 
the results presented by Venè et al. [32], which showed that 

PTGS2 inhibitors have a positive effect on the prognostic sur-
vival of patients with colorectal cancer. Other researchers have 
shown that PTGS2 expression in colon tissue increases pros-
taglandin synthesis, which can cause visceral hypersensitivity 
in patients with irritable bowel syndrome [33]. However, there 
are relatively few studies on the specific molecular mechanism 
through which PTGS2 functions in the pathogenesis of IBD. Our 
results show that PTGS2 may be a therapeutic target for UC.

Chemokine (CC motif) ligand 20 (CCL20) is also known as hu-
man macrophage inflammatory protein 3a. The combina-
tion of CCL20 and CCR6 may be responsible for the immuno-
suppressive effect of marrow-derived suppressor cells [34]. 
Similarly, Woznicki et al. [35] found that the CCL20 and CCL5 
chemokines are involved in the immune response in the hu-
man intestine. CCL20 may be an important regulatory mol-
ecule in the pathogenesis of IBD. Skovdahl et al. [36] found 
increased expression of CCL20 and CCR6 in colonic mucosal 
epithelial cells and peripheral blood mononuclear cells in pa-
tients with IBD. While our results indicate that CCL20 has less 
effect on UC occurrence and development than do the other 
2 hub genes, it does not indicate that CCL20 is of less impor-
tance in UC. Confirmation of these results using a large num-
ber of samples and experiments is required.

There is overlap between UC and Crohn’s disease, which is 
why previous bioinformatics studies have focused on IBD. The 
current study used 3 GEO datasets that relied on the accu-
rate identification of UC, which was not validated in this study. 
Larger datasets should be analyzed in future. This study was a 
bioinformatics study, and it did not validate the potential mo-
lecular biomarkers identified.

Pathway identifier Pathway name P value FDR Genes

R-HSA-6783783 Interleukin-10 signaling 1.11E-16 3.11E-15 CXCL8; CCL20; IL1B; CXCL1; TIMP1; PTGS2

R-HSA-6785807
Interleukin-4 and Interleukin-13 
signaling

1.11E-16 3.11E-15
SOCS3; CXCL8; NOS2; MMP1; IL1B; 
MMP3; LCN2; TIMP1; PTGS2

R-HSA-449147 Signaling by Interleukins 1.11E-16 3.11E-15
SOCS3; CXCL8; NOS2; MMP1; CCL20; 
IL1B; MMP3; LCN2; CXCL1; TIMP1; PTGS2

R-HSA-1280215
Cytokine signaling in immune
system

1.11E-16 3.11E-15
SOCS3; CXCL8; NOS2; MMP1; CCL20; 
IL1B; MMP3; LCN2; CXCL1; TIMP1; PTGS2

R-HSA-168256 Immune system 9.20E-13 2.02E-11
CXCL8; NOS2; MMP1; CCL20; MMP3; 
CXCL1; PTGS2; C3; SOCS3; IL1B; LCN2; 
CHI3L1; TIMP1

R-HSA-380108
Chemokine receptors bind 
chemokines

6.46E-09 1.03E-07 CXCL11; CXCL8; CCL20; CXCL1; CXCL13

R-HSA-375276 Peptide ligand-binding receptors 7.91E-07 9.72E-06
C3; CXCL11; CXCL8; CCL20; CXCL1; 
CXCL13

R-HSA-5660668 CLEC7A/inflammasome pathway 1.18E-06 1.30E-05 IL1B

Table 2. The main signaling pathway enrichment analysis of the top 3 hub genes.
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Conclusions

Bioinformatics analysis using 3 GEO datasets identified CXCL8, 
CXCL1, and IL-1b as the top 3 hub genes involved in IL-10 sig-
naling in UC. The findings from this study remain to be vali-
dated, but they may contribute to further understanding of 
the pathogenesis of UC.
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