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Abstract
Background: Ulcerative colitis (UC) is a chronic nonspeci�c intestinal in�ammatory disorder associated
with continuous, diffuse in�ammatory alterations in the colonic mucosa of unknown etiology, Increasing
evidence has showed aberrant expression of gene plays a vital function in the pathophysiological
mechanisms of ulcerative colitis, Herein, we employed bioinformatics to investigate the core of the
pathogenesis and provide potential markers for UC.

Results: We downloaded the GSE36807, GSE65114, GSE59071 datasets from the Gene Expression
Omnibus(GEO), then the differentially expressed genes (DEGs) were determined using adjusted P 0. 05
and |log2FC>2 | between normal samples and UC samples. Intersection analysis among three datasets
showed 12 DEGs were found to be signi�cantly dysregulated in UC. Results indicated that the DEGs were
primarily associated with functions like the humoral immune response, antimicrobial humoral response,
and CXCR chemokine receptor binding, and they were primarily enriched in KEGG pathways, including the
IL−17 signaling pathway, and Toll−like receptor signaling pathway . Cytoscape software calculated that
CXCL8, DMBT1, REG3A, S100A8, DUOX2, and MMP1 were hub genes of UC. In addition, We
collected samples of 8 UC tissues and 8 normal Colonic tissues to validate the selected genes by mRNA
microarray.

Conclusions: These results may provide potential biomarkers for UC, and our data and methodology
provides new ideas that may be helpful in the understanding of the vital mechanisms underlying UC
development.

Background
Ulcerative colitis (UC) is a chronic in�ammatory-related condition with unknown etiology. The mechanism
of UC is considered to be complicated. Studies have indicated that environment, genes, autoimmune
factors, and intestinal microorganisms are valuable reference to the etiology of UC[1]. The morbidity of
Ulcerative colitis is increasing in Western countries ,and expanding at an increasing rate in developing
countries[2]. Moreover, due to repeated outbreak and protracted course of the disease, people with these
disorders are often subjected to poor quality of life and additional �nancial burdens[3].Hence the need for
expanding the pathogenetic recognition of UC.

Herein, we obtained three UC gene expression data from the GEO, a group of potentially hub gene was
identi�ed between normal samples and UC samples after conducting bioinformatics analysis. Also, the
genes that were substantially upregulated were conducted for preliminary validation by mRNA microarray
in our center. the present study provided molecular targets for UC and predicted the molecular mechanism
underlying UC.

Results
1. DEGs in UC samples versus Normal Samples
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We identified 76 DEGs from the GSE36807 dataset, and 95 DEGs in GSE59071, 28 DEGs were screened in
GSE65114, a total of 12 DEGs were expressed in all the three datasets. (Fig 1) Compared with the normal
tissues, there are 10 overexpressed and 2 under-expressed genes in UC tissues.

2. GO and pathway enrichment analysis of DEGs

To annotate mechanisms and function of screened overlapping genes, GO and KEGG pathway analyses
were conducted on the 12 DEGs. Fig 2 shows the top ten terms enriched in biological process (BP),
cellular component (CC). and molecular function (MF). For BP analysis, the enriched terms were those
associated with humoral immune response, antimicrobial humoral response, and antimicrobial humoral
immune response induced by antimicrobial peptide; CC analysis was mainly contained zymogen granule,
apical part of cell, and cell leading edge; MF analysis mainly involved in CXCR chemokine receptor
binding, glycosaminoglycan binding, and carbohydrate binding. According to the KEGG pathways, the
genes were primarily enriched in the IL-17 signaling pathway. Moreover, to offer a comprehensible graphic
depiction of the intricate association between genes and the relative KEGG pathway, the “pathway-gene”
network was shown in Fig 2.

3. PPI network and module analysis

PPI network was established using Cytoscape software to investigate further the functions of DEGs in
UC. The network included 12 nodes and 28 edges according to the data from the STRING database (Fig
3A). The top 6 hub nodes with a high degree of interaction in the PPI network included CXCL8, DMBT1,
REG3A, S100A8, DUOX2, and MMP1(Fig 3B).

4. Veri�cation of hub genes

We selected 6 hub genes to validate in colon tissues using microarray. Results of microarrays indicated
that the hub genes were remarkably upregulated (P<0.05. Fig 4) in UC tissues, relative to the controls, and
this was agreed with the previous bioinformatics analysis.

Discussion
Ulcerative colitis is a kind of common chronic in�ammatory disease of colon, its cause is complicated,
various kinds of internal and external factors participate in its pathogenesis[6]. There are currently no
reliable markers for diagnosis, therefore, there is an urgent need for effective detection biomarkers.
Herein, 12 DEGs were selected from three GEO datasets, consisting of 10 upregulated genes and 2
downregulated genes. Abnormal expression of 12 genes was mainly enriched during in�ammation
processes, including humoral immune response, response to chemokine, CXCR chemokine receptor
binding. Based on the KEGG analysis, the main signaling pathway might focus on IL − 17 signaling
pathway. subsequently, we identi�ed 6 hub genes with high degrees in the PPI network. Following
combined with our microarray data, CXCL8, DMBT1, REG3A, S100A8, DUOX2, and MMP1 could be useful
diagnostic markers of UC.
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According to the results of GO analyses, biological functions associated with UC pathogenesis included
in�ammatory response, zymogen granule, and chemotaxis, suggesting that the pathogenesis of UC could
be facilitated by several factors, such as genetics, environment, as well as dysregulated immune
responses. Based on the KEGG pathway analysis, one of the signaling pathway was enriched in the IL − 
17 pathway. Several clinical trials suggest that the IL-23/IL-17 pathway might play a vital function in
chronic in�ammation, like ulcerative colitis and Crohn's disease.[7–9] Studies that involved mouse colitis
models demonstrated that IL-17A might play a crucial function in protecting the integrity of the barrier of
the intestinal epithelium, in spite of its potent proin�ammatory properties[10, 11]. As such, we speculate
that the IL-17 pathway could play a vital function in UC pathogenesis.

Out of the identi�ed hub genes, CXCL8 was underscored as the gene with the highest degree of
connectivity. CXCL8 ranked the �rst in the core gene. Based on the above analysis results, we
hypothesized that CXCL8 might play an essential function in UC progression and its malignant
complications. CXCL8, also known as neutrophil factor, is a member of the CXC chemokine family, which
is an important mediator of in�ammatory response, Increased expression of CXCL8 has been
characterized in endothelial cells, cancer cells, and tumor-associated macrophages, indicating that
CXCL8 may function as a signi�cant regulatory factor within the tumor microenvironment[12]. IL‐8 is vital
in the induction of colonic in�ammation and has been implicated in the IBD disease activity[13]. The
previous studies showed that in UC patients, CXCL8 was particularly upregulated in the in�amed mucosa,
relative to the non-in�amed mucosa [14–16].The gene Deleted in Malignant Brain Tumors 1 (DMBT1),
which is found in chromosome 10q25.3-q26.1, is regarded as a tumor suppressor because of its
homologous deletions and downregulation in lung cancer, medulloblastoma, gastrointestinal cancers,
and glioblastoma multiforme[17, 18] The existing researches have con�rmed the relationship between
DMBT1 and UC. Treatment with IL-22 promoted DMBT1 expression by inducing the phosphorylation of
STAT3 tyrosine, as well as activation of NF-κB, suggesting the IL-22/DMBT1 axis might play a vital
function in UC pathophysiology[19]. The NOX/DUOX superfamily comprises dual oxidase 1 and 2
(DUOX1 and DUOX2), NOX1, 2, 3, 4 and 5, [20]. One of the major functions of DUOX is to maintain
mucosal homeostasis[21]. Several NOX family members, such as DUOX2 and NOX1 are expressed in
intestinal epithelial cells and are believed to be essential factors in the host mucosal surface
defence[22].Evidence indicates that DUOX2 is upregulated in in�amed tissue, and play a vital role in
facilitating the progression of IBDs.[23] The REG gene family comprises four important members: REG1A,
REG1B, REG3A, and REG4, all of which are expressed in the small intestine and pancreas, but only REG4
is expressed constitutively in colon epithelia [24]. Previous studies have reported that REG3A is
upregulated during IBD-related colon in�ammation [25, 26]. Matrix Metalloproteinase-1 (MMP-1) is vital in
the degradation and remodeling of extracellular matrix, MMP-1 is associated with acute injury of colonic
mucosal tissue, formation of vessels, mucosal destruction, and initial steps of ulcer formation in UC
patients[27, 28]. Enhanced generation of matrix metalloproteinases (MMPs) promotes tissue damage in
IBD.[29] As an important pro-in�ammatory cytokine in the S100 protein family, S100A8 is a key factor in
in�ammation and immunity, and it’s up regulation has been observed in IBD patients. A previous study
reported a consistent and signi�cant overexpression of S100A8 mRNA in ulcerative colitis, relative to the
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control [30]. Moreover, S100A8 were up-regulated in the peripheral blood leucocytes of IBD patients.[31]
Therefore, We supposed that these hub genes aberrantly expressed could facilitate the occurrence of
UC.and their connection and signi�cance in UC should be explored further. Finally, we validated this hub
genes in our patients cohort by microarray technique, the expression of these hub genes were remarkably
enhanced in the UC patients. which further suggested its convincing value.

Collectively, we performed all-inclusive bioinformatics analysis and selected 6 hub genes highly
associated with UC and veri�ed the robustness of their diagnostic signi�cance. Meanwhile, all of them
were preliminarily con�rmed on our patients cohort and may act as possible biomarkers of UC. Besides,
we exposed many vital gene functions and pathways that could boost our knowledge of the
pathogenesis of UC. However, there is a need to conduct further studies to elucidate the precise
mechanisms of UC.

Conclusion
In conclusion, we comprehensively analyzed associations between mRNA expressions and the
development of UC. Among the DEGs, the abnormal expressions of CXCL8, DMBT1, REG3A, S100A8,
DUOX2, and MMP1 were found to be signi�cantly related to the UC, and were identi�ed as key regulators.
This study provide important guidance for selecting therapeutic strategies.

Methods
1. Microarray data

Three gene expression datasets (GSE36807, GSE65114, GSE59071) were obtained from the GEO
database[4] (http://www.ncbi.nlm.nih.gov/geo/). In total, 158 mucosal biopsy samples are included,
which consisted of 30 control subjects and 128 UC patients. The platform for GSE36807 was based on
the GPL570 ([HG-U133_Plus_2] Affymetrix Human Genome U133 Plus 2.0 Array), comprising 15 UC and 7
controls samples. GSE65114 dataset was obtained using the platform GPL16686 ([HuGene-2_0-st]
Affymetrix Human Gene 2.0 ST Array [transcript (gene) version]), and comprised 12 control and16 UC
samples. The GSE59071 platform involved the GPL6244 ([HuGene-1_0-st] Affymetrix Human Gene 1.0 ST
Array [transcript (gene) version]), which comprised 97 UC and 11 controls samples. All UC samples were
taken from pathological tissues of the colon biopsy.

2. Identi�cation of DEGs and Data Preprocessing

Differential gene expression was analyzed using the ‘limma’ R package [5] between UC and control
samples. The adjusted p<0.05 and log2(FC) >2 were regarded as the cutoff values. Statistical analysis
was carried out for each dataset. The Venn diagram was used to identify the intersecting part and
visualizes the DEGs. The screened DEGs were preserved and for the next bioinformatics analysis.

3. Functional enrichment analysis of DEGs.
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We then investigated the functions of identi�ed DEGs via by GO and KEGG pathway analyses, All KEGG
pathway and GO analyses were carried out with the org.Hs.eg.db (version 3.7.0) and clusterPro�ler
(version 3.10.1) packages. Both q-value and p-value were <0.05.

4. Protein-protein interaction (PPI) network analysis and module selection

The STRING database (http://string-db.org) was utilized for analyzing the protein-protein interaction (PPI)
among the DEGs. Cytoscape 3.7.0 software was performed to construct and visualize the network. Nodes
with a higher degree of connectivity were regarded as more important in the entire network. And then
calculate the degree of each protein node.

5. Validation of the selected gene using microarrays

The Ethics Committee of People’s Hospital of Xin jiang Uygur Autonomous Region approved this study. A
total of 8 UC tissues and 8 normal Colonic tissues were obtained from patients at the institution. All
patients provided informed consent. Colonic mucosal RNA was extracted by QIAGEN RNeasy Kit.
Qualitative and quantitative analyses of RNA were performed using NanoDrop ND-1000. cDNA
ampli�cation was conducted with MessageAmp™ Premier RNA Ampli�cation Kit. Affymetrix Human
Primeview microarrays were used to analyze microarray gene expression. GeneChip Fluidics Station 450
plus GeneChip Scanner 3000 were employed to scan the arrays as per the manufacturer's protocol after
they were processed, hybridized, and then washed.

6. Statistics analysis

Data analysis was completed using GraphPad Prism 6.0. or R statistical package (R version 4.0.0).
Differences between various groups were determined using the t-test. Probability value p < 0.05 de�ned
statistical signi�cance.

Abbreviations
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Figures

Figure 1

Identi�cation of common DEGs from the three datasets GSE36807, GSE65114, GSE59071
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Figure 2

Functional enrichment analyses of gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG). (A) The bubble plot of enriched GO terms. (B) The circos plot of enriched GO terms. (C) The
bubble plot of enriched KEGG pathways. (D) The circos plot of enriched KEGG pathways.
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Figure 3

Protein-protein interactions network and hub genes. (A) PPI network visualized with Cytoscape. (B) Hub
genes with degree beyond 5.

Figure 4
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Validation of the 6 hub genes' expression levels between UC samples and normal samples by microarray.
(A) CXCL8, (B) DMBT1, (C) DUOX2, (D) MMP1, (E) REG3A, (F)S100A8


