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Identifying Key Genes to the Early Diagnosis of 
Inflammatory Bowel Disease by Integrating  

Analysis at the Blood and Tissue Levels
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Abstract

Background: Inflammatory bowel disease (IBD) encompasses Crohn’s 
disease (CD) and ulcerative colitis (UC), is challenging to diagnose, 
and frequently relapses, significantly affecting patients’ quality of life. 
Despite extensive efforts, the pathogenesis of IBD remains unclear.

Methods: In this study, we integrated bioinformatics analysis and 
animal disease model to investigate IBD from two dimensions to 
identify potential diagnostic biomarkers and explore the pathogenesis 
of distinct conditions at tissue-specific levels.

Results: Firstly, we identified dysferlin (DYSF) and C-X-C motif 
chemokine ligand 2 (CXCL2) as crucial biomarkers for IBD, with 11 
and 13 putative biomarkers for CD and UC, respectively, identified 
by peripheral blood testing only. CXCL8 and S100 calcium-binding 
protein A8 (S100A8) were determined to be critical hub genes and 
validated by real-time polymerase chain reaction (RT-PCR). Sec-
ondly, in CD, the differentially expressed genes (DEGs) were mainly 
associated with immunity based on Gene Ontology (GO) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) pathways, while the 
metabolism of multiple substances and substance transport activity 
were dominant in UC. Thirdly, essential genes in the pathological 
progression of CD and UC were identified through protein-protein 
interaction networks and molecular complex detection (MCODE) 
analysis. Finally, pathological examination and quantitative analysis 
of IBD models confirmed the above results.

Conclusions: Our findings could contribute to understanding the mo-
lecular mechanism of IBD, hold clinical significance for early diag-
nosis and prevention, and provide effective targets for treating IBD.

Keywords: Inflammatory bowel disease; Crohn’s disease; Ulcerative 
colitis; Differentially expressed genes; Integrated analysis; IBD models

Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are two promi-
nent manifestations of inflammatory bowel disease (IBD), 
which are chronic, recurrent inflammatory disorders caused by 
complex factors such as genetic influences, the immune system, 
and environmental factors [1, 2]. The incidence and prevalence 
of IBD in high-incidence areas such as northern Europe and 
North America are beginning to stabilize, while low-incidence 
areas such as southern Europe, Asia, and much of the developing 
world continue to see a rise in IBD cases [3, 4]. Recent evidence 
indicates a close relationship between IBD and most human 
cancers’ development and malignant progression. For example, 
IBD predisposes patients to colorectal cancer (CRC), one of the 
most frequent and fatal cancers worldwide [5]. Although IBD 
shares some clinical and demographic characteristics, such as 
abdominal pain, rectal bleeding, diarrhea, severe internal muscle 
spasms, vomiting, and weight loss, critical differences in tissue 
damage and prognosis suggest distinctive pathogenic processes 
[6]. UC is a chronic immune-mediated inflammatory disease 
whose pathogenesis is unclear. The pathological changes mainly 
occur in the mucosa and submucosa of the rectum and colon, 
often associated with rectum inflammation but usually extend-
ing proximally to other areas of the colon [7]. In contrast, CD 
is a chronic complex inflammatory disease that involves the di-
gestive tract from the mouth to the anus and has a segmental or 
leaping distribution. The inflammation in CD, characterized by 
segmental asymmetry, penetrates from the mucosal layer of the 
intestine to the serous layer [2, 8]. The most striking difference 
between UC and CD is that UC is characterized by relapsing 
and remitting mucosal inflammation extending from the rectum 
to proximal colon segments. By contrast, CD may impact the 
entire digestive tract and cause transmural inflammation [9, 10].

Currently, the diagnosis of UC and CD mainly depends on 
endoscopy and pathology. However, distinguishing between 
CD and UC poses a challenge due to their atypical clinical 
manifestations, ambiguous endoscopy results, and limited bi-
opsy depth under enteroscopy [11]. Therefore, more efficient 
and accurate diagnosis technology is urgently needed. Molecular 
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markers that are accurate and specific have the potential to be 
used as differentiators for diagnosing and monitoring IBD activ-
ity and could be more convenient and less invasive than colon-
oscopy. Furthermore, minimally invasive interventions to screen 
and monitor disease activity and therapeutic efficacy using pe-
ripheral blood could benefit patients [12]. With the continuous 
development of bioinformatics and molecular biology, gene 
chips have played an increasingly important role in life science. 
Microarray technology, in particular, has been widely explored in 
various diseases’ molecular mechanisms [13, 14]. The regulation 
of homeostasis between the intestinal epithelial cells, mucosal 
surface, and the immune system that contributes to exacerbat-
ed inflamed response is less well characterized. The posterior 
knowledge of the global “omics” approach would benefit from 
exploring emerging causal and reactive genes and proteins.

Genetic studies have found some potential genetic suscep-
tibility sites for IBD. Some mutations are common risk factors 
for IBD, while others are specific risk factors for CD or UC. 
For example, nucleotide-binding oligomerization domain-con-
taining protein 2 (NOD2)/caspase activation and recruitment 
domain 15 (CARD15) and leucine-rich repeat (LRR) genes are 
only related to CD but not UC, while DRB1 has been identi-
fied as a candidate gene for UC [15]. The risk of CD in in-
dividuals with only one copy defect of the NOD2 gene was 
2 - 4 times higher than that in normal individuals, while that in 
homozygous individuals was 30 times higher [16]. Although 
significant efforts have been made to discover the treatment 
and pathogenesis of IBD, the present knowledge seems insuf-
ficient. Previous studies mainly focused on comparing CD and 
UC in the same tissue. There are few integrated analyses for 
horizontal comparisons between tissues.

This study aimed to identify efficient biomarkers that a 
blood test could detect CD and UC and explore communal and 
separate mechanisms of the two conditions. We investigated the 
characteristics and interactions of the differentially expressed 
genes (DEGs) in tissue-specific and disease-specific contexts by 
combining the experiments with comprehensive bioinformatics 
analysis. Additionally, drug-induced IBD mice models were used 
to verify our findings. The present research will provide further 
insight into the pathogenesis of CD and UC at the molecular lev-
el, which may provide potential molecular targets for IBD and 
provide the molecular basis for diagnosis and gene therapy.

Materials and Methods

Acquisition of gene expression profiling data

The Gene Expression Omnibus (GEO) database stores abun-

dant original records and curated datasets. We used the key-
words “IBD blood/PBMC” and “IBD mucosa” to search on 
the GEO datasets in the NCBI database for attaining datasets 
of blood and mucosal samples, respectively. Finally, gene 
expression profiling data with the series numbers GSE3365, 
GSE75214, and GSE1141 were obtained and screened from 
the GEO database. The GSE3365 dataset (called blood) was 
from 137 blood samples in platform GPL96 (hgu133a) and 
contained 59 CD, 26 UC, and 42 normal individuals [17]. The 
GSE75214 dataset (called mucosa-1) was from 197 mucosa 
samples in platform GPL6244 (hugene10sttranscriptcluster) 
and consisted of 97 UC, 75 CD, and 22 normal samples [18]. 
The GSE1141 dataset (called mucosa-2) was also from mu-
cosa samples in platform GPL96 (hgu133a) and contained 
two CD, two UC, and two normal individuals [19]. We down-
loaded the mucosa sample data from two datasets, GPL96 and 
GPL6244, to eliminate the impact of the sampling locations 
and sequencing platform. The dataset information is shown in 
Table 1 [17-19]. The R software package was used to process 
the downloaded files and to convert and reject the unqualified 
data [20].

Identification of DEGs

We downloaded the matrix files, platform, and annotation 
information from GEO datasets. At first, the data were cali-
brated, standardized, and log2 transformed. After removing the 
gene segment without a corresponding probe set and the du-
plicate probes, we used the bioinformatic dataset and R pack-
ages to annotate the expression matrix. Then, delete the probe 
corresponding to more than one gene and keep the probe with 
the highest expression if it corresponds to more than one gene. 
The DEGs were identified using the “limma” package in R 
language, which is based on a Bioconductor specially used for 
processing chip data of expression spectrum [21]. The cut-off 
criteria of |fold change| > 1.5 and adj.P < 0.05 were considered 
statistically significant. DEGs were screened in the blood and 
mucosal tissues of CD and UC, respectively.

Principal component analysis (PCA) and heatmap of 
DEGs

We performed PCA based on the identified DEGs. A volcano 
plot was drawn using the “EnhancedVolcano” package in R 
software, and the top DEGs were highlighted [22]. Heat maps 
of DEGs in different diseases were drawn using the “pheat-
map” package in R software [20].

Table 1.  Details for GEO Data

Reference Sample GEO Platform Normal UC CD
Burczynski et al [17] Blood GSE3365 GPL96 42 26 59
Vancamelbeke et al [18] Mucosa GSE75214 GPL6244 22 97 75
Langmann et al [19] Mucosa GSE1141 GPL96 2 2 2

GEO: Gene Expression Omnibus; UC: ulcerative colitis; CD: Crohn’s disease.
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Gene Ontology (GO) and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) enrichment analysis of DEGs

GO analysis provides biological processes (BPs), cellular com-
ponents (CCs), and molecular functions (MFs) of the target 
genes [23]. KEGG is one of the most commonly used biologi-
cal information databases in the world, which helps to study 
genes and expression information as a whole network. To ana-
lyze the screened DEGs at the functional and pathway levels, 
we performed GO and KEGG pathway analyses to highlight 
the most relevant GO terms and signaling pathways associated 
with DEGs using the “clusterProfiler” package in R language 
[24]. A corrected P-value < 0.05 was considered to indicate a 
statistically significant difference.

Network construction and molecular complex detection 
(MCODE) analysis

A protein-protein interaction (PPI) network analysis was used 
to further evaluate the functional interactions among DEGs. 
The STRING database [25] is a software system that identi-
fies known and predicted proteins’ interactions. The present 
study’s PPI analysis of DEGs was based on the STRING da-
tabase and was presented using Cytoscape v.3.6.1 [26]. An in-
teraction with a combined score of > 0.4 was considered sta-
tistically significant. The MCODE (version 1.4.2) Cytoscape 
plugin allows the clustering of a given network based on the 
topology to identify densely connected regions. The top mod-
ules of the PPI networks for CD and UC were selected using 
the selection criteria: “degree cut-off = 2, node score cut-off 
= 0.2, max depth = 100, and k-score = 2”. For two mucosa 
sample datasets, we used separate datasets and the intersection 
of the DEGs to construct the PPI networks for CD and UC, 
respectively.

Mice and diet in experimental design

Thirty 8-week-old male C57BL/6 mice weighing 20 ± 2 g 
were included in this study (Animal Center of Southwest Med-
ical University). The animals were maintained under standard 
conditions (with a temperature of 26 °C, 12 h/12 h light/dark 
cycle, and adequate diet and water). Throughout the experi-
ment, the mice were randomly divided into three groups: the 
control group, the trinitrobenzene sulfonic acid (TNBS) group, 
and the dextran sulfate sodium salt (DSS) group; each group 
had at least 10 mice. The 3% DSS drinking water was prepared 
with sterile water and filtered with a 0.22 µm filter membrane. 
The mice were fed with DSS for 7 days until significant weight 
loss. The TNBS group fasted for 12 h before the operation and 
drank freely. When the mice were anesthetized with isoflurane, 
a silica gel tube with a diameter of 1 mm and a length of about 
5 cm was gently inserted from the anus, and 50% ethanol solu-
tion containing 150 mg/kg TNBS was slowly pushed into the 
colon to induce CD. The mouse’s tail was lifted after injection 
and kept inverted for 30 s to ensure that the injected TNBS so-
lution could diffusely distribute in the large intestine, repeated 

for 14 days. The control group was given water for 14 days. 
Each mouse’s weight, diarrhea, and bleeding were recorded 
simultaneously daily. The experiment finished, mice were all 
sacrificed by cervical dislocation, and colonic biopsies were 
taken for macroscopic scoring, histopathological examination, 
and biochemical studies.

Histological analysis

The colon was washed with phosphate-buffered saline and 
fixed in 4% formaldehyde. Then, the fixed colons were em-
bedded in paraffin and cut into 5 µm sections. Histopathologi-
cal examination was performed using the sections stained with 
hematoxylin and eosin (H&E). The assessment criteria of the 
histological score were according to a previous protocol in 
Supplementary Material 1 (www.gastrores.org) [27].

Quantitative real-time polymerase chain reaction (qRT-
PCR)

Total RNA was extracted from a fresh colon sample with Trizol 
reagent (Invitrogen Life Technologies Co., Ltd, USA) follow-
ing the manufacturer’s protocol. cDNA was generated using a 
Takara RT-PCR kit, and qRT-PCR was performed following 
standard procedures. Relative mRNA expression of genes was 
estimated using the 2-ΔΔCt method and normalized using the 
housekeeper gene glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) as an internal control. The specific primers used 
for C-X-C motif chemokine ligand 8 (CXCL8) were: forward 
primer 5'-cagccttcctgatttctgc-3' and reverse primer 5'-acttctc-
cacaaccctctgc-3'. The primers for S100 calcium-binding pro-
tein A8 (S100A8) were: forward primer 5'-caaggaaatcaccat-
gccctc-3' and reverse primer 5'-tttgtgagatgccacacccact-3'. The 
primers for GAPDH were: forward 5'-aggtcggtgtgaacgatttg-3' 
and reverse primer 5'-ggggtcgttgatggcaaca-3'.

Data analysis of H&E and qRT-PCR

Experimental data were analyzed using GraphPad Prism 7 and 
presented as mean ± standard deviation (SD) (La Jolla, CA, 
USA). Differences between the three groups were analyzed by 
one-way analysis of variance (ANOVA) followed by a post 
hoc test (Bonferroni) for body weight and H&E scoring. Un-
paired Student’s t-test was employed to compare relative quan-
tifying gene expression for CXCL8 and S100A8, respectively. 
P-values < 0.05 were considered significant.

Ethics

All animal welfare and experimental procedures were under 
the approval of the ethical regulations of Southwest Medical 
University (Permission number: 2020324). Animals cared for 
in the National Research Council’s Guide for the Care and Use 
of Laboratory Animals.
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Results

Microarray data information and identification of DEGs 
in CD and UC

The different disease-specific samples of blood and mucosa 
expression microarray datasets, GSE3365, GSE75214, and 
GSE1141, were standardized, and the results are shown in 
Supplementary Material 2 (www.gastrores.org). The “limma” 
package was used to screen DEGs in three datasets. As present-
ed in Figure 1a, b, 955 DEGs, including 502 up-regulated and 
453 down-regulated DEGs, were identified in the CD group 
using the threshold of |fold change| > 1.5 and P-value < 0.05. 
Similarly, 572 DEGs (328 up- and 244 down-regulated) were 
identified in the UC group using the same criteria. The two 
diseases shared 350 DEGs in blood samples (Fig. 1c). For the 
mucosa samples, 963 DEGs (642 up- and 321 down-regulated) 
were screened in the CD group. At the same time, 2,192 DEGs 
(1,214 up- and 978 down-regulated) were identified in the UC 
group in the GSE75214 dataset (Fig. 1d, e). Analogously, 1,361 

DEGs (699 up- and 662 down-regulated) were screened in the 
CD group. Moreover, 811 DEGs (344 up- and 467 down-regu-
lated) were filtered in the UC group from the GSE1141 dataset 
(Fig. 1g, h). In addition, the gene expression in the three mi-
croarray datasets is shown in Supplementary Material 2 (www.
gastrores.org). The CD group shared 708 and 365 DEGs with 
the UC group in the two mucosa datasets (Fig. 1f, i).

The heatmap and PCA of DEGs

The cluster heatmaps of the top DEGs are shown in Supple-
mentary Material 3, 4 (www.gastrores.org). PCA analysis of 
all sampled individuals from three datasets showed that IBD 
and normal tissues could be roughly divided into two groups 
in both diseases. In comparison, the mucosal samples were 
more distinct than the blood samples in CD and UC, shown 
in Supplementary Material 5 (www.gastrores.org), which pro-
vided additional corroborative evidence for the shared DEGs 
in blood and two mucosa tissues (Supplementary Material 3, 
4, www.gastrores.org).

Figure 1. Differential expression genes in CD and UC from three datasets. (a) GSE3365 data in the blood CD samples, (b) UC 
samples, (d, e) GSE75214 data in the mucosa, and (g, h) GSE1141 data in the mucosa. The red points represent DEGs screened 
based on |log2 fold change| ≥ 1 and a corrected P-value of < 0.05. The green points represent DEGs screened based on |log2 FC| 
> cut-off, and the blue points represent DEGs screened based on a corrected P-value < 0.05. The black points represent genes 
with no significant difference. (c, f, i) Shared and specific DEGs of CD and UC in the blood (c), in mucosa-1 (f), and in mucosa-2 
(i). CD: Crohn’s disease; DEGs: differentially expressed genes; UC: ulcerative colitis.
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GO and KEGG pathway enrichment analysis of DEGs

To further obtain a systematic characterization and explore 
DEGs’ functions and related pathways at the disease-specific 
and tissue-specific levels, GO enrichment and KEGG pathway 
analysis were performed using the “clusterProfiler” package 
in R [24]. To perform the enrichment analysis, we screened 

the DEGs with |log2 fold change| ≥ 1 and P-value < 0.05. The 
detailed results are shown in Figures 2 and 3. In the blood 
samples, the GO terms of DEGs in CD resembled the UC 
group, mainly enriched to activate leukocyte and neutrophil 
response to inflammation (Figs. 2a and 3a). Except for four 
shared KEGG pathways in two diseases, more specific KEGG 
pathways were identified in the CD group, including neutro-

Figure 2. GO functional enrichment and KEGG pathway analysis of the significant DEGs in the CD group. (a) The top 10 GO 
terms in BP and CC, and (b) the top 10 KEGG pathways in the blood (dataset GSE3365). (c) The top 10 GO terms in BP, CC, and 
MF, respectively, and (d) the top 10 KEGG pathways in the mucosa-1 (dataset GSE75214). (e) The most significant GO terms 
and (f) the top 10 KEGG pathways in the mucosa-2 (dataset GSE1141). The vertical axis represents the GO or KEGG pathway 
terms significantly enriched by the DEGs; the horizontal axis indicates the negative Log10 (P-value). GO: Gene Ontology; KEGG: 
Kyoto Encyclopedia of Genes and Genomes; DEGs: differentially expressed genes; BP: biological progress; CC: cellular compo-
nent; MF: molecular function; CD: Crohn’s disease.



Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org 323

Wang et al  Gastroenterol Res. 2023;16(6):318-333

phil extracellular trap formation, nuclear factor kappaB (NF-
κB), and tumor necrosis factor (TNF) signaling pathways. The 
enriched top GO terms and KEGG pathways did not exhibit 
significant differences between CD and UC in blood samples 
(Figs. 2b and 3b).

Our work studied two mucosa datasets (mucosa-1 was 
based on GSE75214; mucosa-2 was based on GSE1141). In 

the mucosa-1 dataset, the CD and UC groups shared three 
GO terms in biological processes, including leukocyte migra-
tion, extracellular structure organization, and response to the 
bacterium. While acute inflammatory response, regulation of 
inflammatory response, and humoral immune response were 
enriched in CD, monocarboxylic acid metabolic process and 
wound healing were particular to the UC group. In terms of 

Figure 3. GO functional enrichment and KEGG pathway analysis of the significant DEGs in the UC group. (a) The top 10 GO 
terms in BP and CC and (b) the top 10 KEGG pathways in the blood (dataset GSE3365). (c) The top 10 GO terms in BP, CC, 
and MF, and (d) the top 10 KEGG pathways in the mucosa-1 (dataset GSE75214). (e) The most significant GO terms and (f) the 
significant KEGG pathways in the mucosa-2 (dataset GSE1141). The vertical axis represents the GO or KEGG pathway terms 
significantly enriched by the DEGs; the horizontal axis indicates the negative Log10 (P-value). GO: Gene Ontology; KEGG: Kyoto 
Encyclopedia of Genes and Genomes; DEGs: differentially expressed genes; BP: biological progress; CC: cellular component; 
MF: molecular function; UC: ulcerative colitis.
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cellular components and molecular functions, there were 
shared and individually specific GO terms in the CD and UC 
group (Figs. 2c and 3c). In the mucosa-2 dataset, the GO terms 
demonstrated the possible relevance and importance of fat cell 
differentiation in CD and G protein-coupled receptor activity 
in UC (Figs. 2e and 3e).

For the KEGG analysis, three datasets shared two main in-
flammatory pathways, cytokine-cytokine receptor interaction 
and interleukin-17 (IL-17) signaling pathway in the CD group. 
In addition, different immune-related diseases and pathways 
were identified. By contrast, the results showed that the KEGG 
pathways in UC were mainly concentrated in protein digestion 
and absorption, various digestive juice production, and sub-
stance metabolism pathways (Figs. 2d, f and 3d, f).

Therefore, the communal GO terms and KEGG pathways 
were identified in CD and UC, indicating that they have simi-
lar pathological characteristics; however, more specific results 
suggest different pathogenic mechanisms between CD and UC.

Construction of PPI network and module analysis

The DEGs in CD and UC from different tissues were screened 
out using the STRING database to construct PPI networks; 
with the application of the MCODE plugin of Cytoscape, the 
top modules of the PPI networks for CD and UC at tissue-
specific level samples were selected. The 955 DEGs of CD 
in blood were mapped to the PPI network and visualized by 
Cytoscape software. Only the remaining connected nodes, a 
complex network with 131 nodes and 591 edges, were con-
structed (Fig. 4a). With the application of the MCODE plugin 
of Cytoscape, we identified five significant modules in CD, 
as shown in Figure 4b. Several important inflammatory fac-
tors and related receptors were identified in module 1, with 
18 nodes and 134 edges. The detailed results of the other four 
modules are seen in Figure 4b. However, 572 DEGs were used 
to construct the network in the UC group. The network con-
tained 43 nodes and 108 edges, and the most significant mod-
ule was obtained using MCODE (Fig. 4c). It included three 
modules, with eight nodes and 26 edges in module 1, six nodes 
and 14 edges in module 2, and four nodes and six edges in 
module 3 (Fig. 4d).

Twenty-four overlapped DEGs in the CD group for mu-
cosa samples in the GSE75214 and GSE1141 datasets. A PPI 
network contained 24 nodes and 58 edges; a significant mod-
ule with 10 nodes and 32 edges was identified (Fig. 5a, b). The 
10 most significant genes showing significant interaction were 
signal transducers and activators of transcription 1 (STAT1), 
CXCL10, C-C motif chemokine ligand 20 (CCL20), prosta-
glandin-endoperoxide synthase 2 (PTGS2), IL-7R, CXCL8, 
CXCL2, C-type lectin domain-containing 7A (CLEC7A), 
CCL11, and early growth response 1 (EGR1). Similarly, after 
removing the isolated and partially connected nodes, a com-
plex network of 56 DEGs with 56 nodes and 92 edges was 
constructed in UC, as shown in Figure 5c. Three significant 
modules were identified. The most significant genes showing 
significant interaction were SELL, CXCL2, CCL20, CXCL8, 
CXCL3 and IL-18 in module 1; carbohydrate sulfotransferase 

(CHST)15, CHST11, serglycin (SRGN) and chondroitin sul-
fate N-acetylgalactosaminyltransferase (CSGALNACT)1 in 
module 2, and S100A8, aquaporin 9 (AQP9) and colony-stim-
ulating factor 3 receptor (CSF3R) in module 3 (Fig. 5d).

Exploring the respective pathogenesis of CD and UC

To study the unique characteristics and mechanisms of CD 
and UC at different tissue levels, we further screened out the 
DEGs identified only in CD but not in UC to perform the 
functions and pathways enrichment analysis and vice versa 
(Fig. 6a, b, c). In the CD group, the significant GO terms are 
mainly associated with immune response, such as response to 
interferon-gamma (IFN-γ), cytokine secretion, adaptive im-
mune response, antigen processing, and presentation of exog-
enous peptide antigen via major histocompatibility complex 
(MHC) class I and lymphocyte-mediated immunity. However, 
membrane protein proteolysis and various substances’ trans-
port-related GO terms were enriched in the UC group (Fig. 6d, 
e). The CD group enriched the analogous, NOD-like recep-
tor signaling pathway, antigen processing and presentation, 
and complement and coagulation cascades related to immune 
response. At the same time, multiple substances biosynthe-
sis and catalysis, antifolate resistance, and ABC transporters 
were enriched in the UC group (Fig. 6f, g). The PPI network 
was also constructed in the CD and UC groups. The results 
showed that STAT1, interferon-induced transmembrane pro-
tein (IFITM)3, IFITM1, human leukocyte antigen F (HLA-F), 
proteasome 20S subunit beta (PSMB)9, PSMB8, proteasome 
activator subunit (PSME)2, and glucuronosyltransferase fam-
ily (UDP) in the CD group and Erb-B2 receptor tyrosine ki-
nase 2 (ERBB2), matrix metallopeptidase (MMP)2, MMP3, 
tissue inhibitors of metalloproteinases (TIMP)1, and TIMP2 
in the UC group play a crucial role in the pathological process 
(Fig. 6h, i).

DSS-induced colonic and TNBS-induced enteric inflam-
mation

To determine the causative role of the factors in IBD, we 
construct a series of animal models, the TNBS-induced CD 
model, the DSS-induced UC model, and the control mice. The 
body weight and colonic histomorphology were analyzed. 
Compared with the control mice, the body weight of the ex-
perimental groups began to drop since the fourth day gradu-
ally came with an increase in diarrhea and rectal bleeding. The 
body weight of the CD group dropped slowly until the eighth 
day, when it began to plunge. However, the UC group lost their 
weight apace on the fifth day after adding 3% DSS in drinking 
water (Fig. 7c). The histopathological changes of CD and UC 
were observed on the day of dissection. Histological signs of 
colonic inflammation were multifocal mucosal infiltrations of 
predominantly neutrophils and lymphohistocytes. As described 
in previous studies, focal or discontinuous chronic inflamma-
tion without crypt atrophy, increased lymphocytes and plasma 
cells of the lamina propria, poorly delimited granulomas, a few 
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cryptitis, crypt abscesses, proximal colon location of ulcera-
tion, and a few crypt architectural distortions were observed 
in CD group [28, 29]. By contrast, diffuse or continuous in-
flammation with basal plasmacytosis, crypt abscesses, mucin 
depletion, chronic inflammatory cell infiltration in the lamina 
propria, and vast quantities of crypt architectural irregularities, 
pronounced loss of goblet cells was often seen in the UC group 
(Fig. 7a) [28-31]. Consequently, the histopathological scores 

were between 6 and 12 in the CD group and between 4 and 16 
in the UC group. The details are shown in Figure 7b.

Quantitative analysis confirmed the two marker genes

We further detected the expression levels of the two marker 
genes using the colon tissues of our model mice tested patho-

Figure 4. The PPI network of DEGs from the blood in CD and UC. (a) The PPI network of DEGs of blood in CD was constructed 
using Cytoscape software. (b) The most significant five modules were obtained from the PPI network of CD. (c) The PPI network 
of DEGs of blood in UC was constructed using Cytoscape software. (d) The most significant three modules were obtained from 
the PPI network of UC. The upregulated DEGs are marked in red, and the downregulated genes are marked in green. CD: 
Crohn’s disease; DEGs: differentially expressed genes; PPI: protein-protein interaction; UC: ulcerative colitis.
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Figure 5. The PPI network of DEGs of two datasets from the mucosa in CD and UC. (a) The PPI network of DEGs of two data-
sets from the mucosa in CD. (b) The most significant module was obtained from the PPI network in CD. (c) The PPI network of 
DEGs of two datasets from the mucosa in UC. (d) The most significant three modules were obtained from the PPI network in 
UC. The upregulated DEGs are marked in red, and the downregulated genes are marked in green. CD: Crohn’s disease; DEGs: 
differentially expressed genes; PPI: protein-protein interaction; UC: ulcerative colitis.
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Figure 6. The distinct pathological mechanism of CD and UC at the tissue-specific level. (a) Schematic representation of DEGs 
used for analysis. (b) Venn diagram of DEGs in CD from three datasets. (c) Venn diagram of DEGs in UC from three datasets. (d, 
e) The most significant GO terms of CD-specific DEGs (d) and UC-specific DEGs (e). (f, g) The most significant KEGG pathways 
of CD-specific DEGs (f) and UC-specific DEGs (g). (h, i) The PPI network contrasted based on only identified in CD (h) and only 
in UC (i). GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; DEGs: differentially expressed genes; CD: 
Crohn’s disease; UC: ulcerative colitis.
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Figure 7. Pathophysiological analysis and marker gene validation using the IBD model mice. (a) Representative microscopy im-
ages of H&E-stained colonic sections. (b) Histological scoring of the colon section. Data were expressed as means ± SD (***P < 
0.001). (c) Changes in body weight with a time of administration. (d, e) RT-PCR analysis. ****P < 0.0001 (Student’s t-test). Error 
bars represent SD. IBD: inflammatory bowel disease; RT-PCR: real-time polymerase chain reaction; SD: standard deviation; 
H&E: hematoxylin and eosin.
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logically by RT-qPCR. CXCL8 and S100A8 were increased in 
the UC group but decreased in the CD group (Fig. 7d, e). Our 
results revealed the two maker genes implicated in the progres-
sion of activities, providing a compelling clue for the diagnosis 
and the therapeutic mechanism of IBD.

Discussion

IBD poses a significant challenge to clinicians and patients, 
with limited treatment options and an increased risk of CRC. 
Despite extensive research efforts, the pathogenic processes 
of IBD remain elusive, and current diagnostic and therapeutic 
strategies remain suboptimal. To address this issue, the pre-
sent study aimed to identify discriminative alterations in gene 
expression patterns (GEPs) of disease-specific and tissue-spe-
cific samples from IBD patients and healthy individuals that 
could serve as potential diagnostic and screening biomarkers 
for IBD. Previous studies have screened biomarkers associated 
with the different pathological subtypes of CD and UC only in 
one tissue. However, the current study combined the differ-

ent tissue-specific datasets and IBD mice models to identify 
biomarkers only by blood testing and explore CD and UC’s 
communal and unique mechanisms.

Some biomarkers to identify IBD only through blood test-
ing

At the disease-specific level, we obtained 11 and 13 unique 
DEGs that can be used as biomarkers only detected by blood 
in CD and UC, respectively. For three datasets, 134 CD-spe-
cific and 31 UC-specific DEGs were considered maker genes 
in blood, with stricter screening criteria: |log2 fold change| ≥ 
1 and P-value < 0.05. Meanwhile, 28 CD-specific, 134 UC-
specific in mucosa-1, and 143 CD-specific, 117 UC-specific in 
mucosa-2 were considered using |log2 fold change| ≥ 2 and P-
value < 0.05. Two DEGs, DYSF and CXCL2 are shared in CD 
and UC in all datasets, suggesting a vital role in IBD. DYSF 
may be involved in membrane regeneration and repair, smooth 
muscle contraction, and calcium-mediated membrane fusion 
events, which indicates that it may be involved in the intestinal 

Figure 8. Schematic diagram of analysis and main results in this study. The blood samples are on the left and the mucosal sam-
ples on the right, with CD in the upper blue box and UC in the lower yellow box. The overlap represents the shared results. CD: 
Crohn’s disease; UC: ulcerative colitis.
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intima damage repair process and intestinal peristalsis function 
of IBD. IBD is chronic intestinal inflammation and a constant 
influx of leukocytes mediated by proinflammatory cytokines 
and chemokines. Chemokines are small proteins (7 - 15 kDa) 
that play a fundamental role in the immune system’s develop-
ment, homeostasis, and the host’s defense [32]. CXCL2, an 
important chemokine in immunoregulatory and inflammatory 
processes, is produced by activated monocytes and neutrophils 
and expressed at sites of inflammation. CXCL8 is a chemokine 
family member that controls cell recruitment and activation un-
der homeostatic and inflammatory conditions that act on C-X-
C motif chemokine receptor (CXCR)1 and CXCR2 receptors. 
Unless explicitly stimulated, CXCL8 is virtually undetectable 
in general unstimulated cells [33]. Previous studies showed 
that the down-regulation of CXCL8 produced by monocytes 
in the peripheral blood of IBD patients in CD was not found in 
UC and normal people [34]. The results are consistent with the 
results of our quantitative experiments. In this study, expres-
sion of CXCL8 was down-regulated in CD but up-regulated 
in UC of colon samples from IBD model mice. We found that 
CXCL8 was a common DEG in both blood and mucosa in CD 
from all datasets and as a hub node in PPI and modules, which 
suggested that CXCL8 could be used as a biomarker to iden-
tify IBD only through examining peripheral blood, a quick and 
easy way to diagnose IBD with less trauma.

Analogously, S100A8 was identified in blood and mucosa 
to diagnose UC precisely. S100A8 regulates inflammatory 
processes and immune response and can induce neutrophil 
chemotaxis and adhesion [35]. Its proinflammatory activity 
includes the recruitment of leukocytes, promoting cytokine 
and chemokine production, and regulating leukocyte adhesion 
and migration [36]. CXCL8 acts as an alarmin or a danger-
associated molecular pattern member and can bind to Toll-like 
receptor 4 (TLR4) and AGEs to activate the mitogen-activated 
protein kinases (MAPKs) and NF-κB signaling pathways, am-
plifying the proinflammatory cascade [37].

IL-17 signaling pathway and cytokine-cytokine receptor 
interaction are two common signaling pathways in the CD 
group in blood and mucosa, indicating that they play essential 
roles in the occurrence and development of CD. IL-17 is an 
essential driver of human chronic inflammation and, as a sig-
nature cytokine, plays a pathological role in inflammatory and 
autoimmune diseases. IL-17 induces chemokines, including 
CXCL1, CXCL2, and CXCL8, to attract myeloid cells, such 
as neutrophils, to infected or injured tissues [38]. Moreover, 
the IL-17 family activates downstream pathways that include 
NF-κB, CCAAT enhancer-binding proteins (C/EBPs), and 
MAPKs to induce cytokine production and acting, which in-
dicates that there might be an interaction between the IL-17 
signaling pathway and cytokine-cytokine receptor interaction 
signaling pathway jointly promotes the inflammatory response 
to CD [39].

Comparative analysis of GEPs in CD and UC

In this study, CD-specific and UC-specific DEGs were 63 and 
31 in blood and mucosa, which might be biomarkers to dis-

tinguish CD and UC. GO enrichment and KEGG pathways 
analysis revealed that the most significant DEGs were mainly 
enriched in multiple factor-mediated immune responses and re-
sponses to inflammation in CD. However, GO terms of the 31 
UC-specific DEGs included integrin-mediated signaling path-
ways, metabolism, transmembrane transport of various sub-
stances, and membrane protein proteolysis. The critical node 
genes, including STAT1, IFITM3, IFITM1, PSMB9, PSMB8, 
and PSME2, are involved in antigen presentation, a central 
part of the acquired immune system. Meanwhile, IFITM1 and 
IFITM2 are IFN-induced antiviral proteins closely related to 
anti-cell adhesion transduction, antiviral, immune surveil-
lance, and inflammatory mediating [40]. As is well-known, 
HLA-F acts in an immunoregulatory capacity centered on the 
inflammatory response in the CD group. By contrast, the criti-
cal nodes, including MMP2, MMP3, TIMP1, and TIMP2, and 
the dynamic balance between them in UC, play a crucial role 
in the pathological process.

Moreover, EGR1, a member of the immediate early gene 
(IEG), which was an essential nuclear transcription factor and 
played a regulatory role in various reactions, was identified 
in CD specifically. This gene is widely distributed, has a self-
regulatory mechanism, and regulates inflammation, stress, and 
tumor [41, 42]. It is rapidly and transiently induced by various 
extracellular signals such as cytokines, T-cell receptor activa-
tion, growth factors, and toxic substances [43]. The expression 
of EGR1 increased rapidly in chronic inflammation, which 
was consistent with high expression in our results. Blood is 
the first line of defense for immunity, so it responds quickly to 
IBD and inflammation. Some studies show that the EGR fam-
ily (EGR2/EGR3) affects T-/B-cell proliferation and differ-
entiation, intersects multiple signaling pathways NF-κB, and 
is closely related to the development of various autoimmune 
diseases [44]. This may be evidence that CD is an autoimmune 
disease. Additionally, chemokines and their receptors were the 
most concentrated genes in the interaction network in both CD 
and UC. They are best known for stimulating the migration 
of cells, most notably leukocytes. Consequently, chemokines 
play a central role in immune system homeostasis and are in-
volved in all protective or destructive immune and inflamma-
tory responses [45, 46]. This knowledge was further confirmed 
in our analysis.

Comparative analysis of GEPs of tissue-specific at the 
same condition

For the CD group, 13 common DEGs were in blood and two 
mucosa datasets, while 735 DEGs were identified only in 
blood, 776 in mucosa-1, and 1,163 in mucosa-2, respectively 
(Supplementary Material 6, www.gastrores.org). PCA analysis 
and clustering results can preliminarily show that the mucosal 
tissue has a more apparent disease characterization (Supple-
mentary Material 3-5, www.gastrores.org). The most signifi-
cant GO terms in blood were leukocyte chemotaxis, immune 
response, negative regulation of coagulation, and platelet alpha 
granule. Meanwhile, two KEGG pathways, cytokine-cytokine 
receptor interaction and IL-17 signaling pathway, viral protein 
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interaction with cytokine and cytokine receptor, and TNF sign-
aling pathway, were identical in blood and mucosa datasets. 
The respective GO terms and pathways were related to various 
immune and inflammation responses in the blood. By contrast, 
the extracellular matrix, humoral immune response, and re-
sponse to lipopolysaccharide were in the mucosa.

For the UC group, 15 common DEGs were in blood and 
two mucosa datasets, while 392 were in blood, 1,947, and 657 
in mucosa-1 and mucosa-2 (Supplementary Material 6, www.
gastrores.org). The difference was even more pronounced in 
UC between blood and mucosa, and only one GO term, leuko-
cyte migration, was communal in blood and mucosa. Except 
for the three familiar with CD, cytokine-cytokine receptor in-
teraction, IL-17 signaling pathway, chemokine signaling path-
way, myeloid cell/neutrophil activation, and acute inflammato-
ry response were in the blood. However, extracellular matrix, 
monocarboxylic acid metabolic process, wound healing, and 
response to the bacterium were in the mucosa. In summary, 
when inflammation occurs at the disease-specific level (only 
in CD or UC), the immune response is first activated in the 
blood, followed by large-scale inflammation and immune re-
sponse in diseased tissues.

Experimental verification for bioinformatics analysis

We further constructed an IBD mice model containing TNBS-
induced CD mice and DSS-induced UC mice. The H&E re-
sults of CD and UC showed their pathological features and 
confirmed that the model was established successfully. Sub-
sequently, the two most representative marker genes, CXCL8 
and S100A8, with the significant fold change in two mucosae 
and as vital nodes of modules, were used to perform RT-qPCR. 
CXCL8 and S100A8 increased significantly in UC, which is 
consistent with our bioinformatics analysis, while the expres-
sion of the two decreased in the quantitative analysis of CD 
mice. This inconsistency may be due to the temporal effect 
of the gene’s response, with dynamic changes in expression 
when the inflammation activates the immune response. It is 
consistent with the decrease of CXCL8 in blood in literature 
studies [34].

Conclusion

In this investigation, we conducted various bioinformatics 
analyses and experimental assays from two distinct view-
points. We compared the variations and similarities of expres-
sion profiles at a disease-specific and tissue-specific level, 
respectively (Fig. 8). At the tissue-specific level, CD and UC 
shared multiple DEGs, functions, and pathways related to cy-
tokines/interleukin-mediated inflammatory/immune response 
in the blood. By contrast, CD shares extracellular matrix 
(ECM) and regulation of inflammatory response with UC in 
the mucosa. More interesting, at a disease-specific level, more 
immune response terms were focused on CD, substance meta-
bolic/transport process in UC.

Moreover, we identified various cytokine processes and 

their receptor interactions, including chemokines, interleukin 
family, matrix metalloproteinase, NF-κB, IL-17, and other 
critical IBD-related factors that may interact with each other. 
These factors and signaling pathways mediated the chronic in-
flammation and immune cell infiltration in IBD patients’ intes-
tinal walls, resulting in alterations in the intestinal wall struc-
ture and function, ultimately leading to IBD’s occurrence and 
development. Our research has important clinical implications 
for the early diagnosis, treatment, and prevention of IBD, pro-
viding effective targets for treating this disease. Nevertheless, 
further molecular biological studies are necessary to confirm 
the molecular mechanism associated with IBD.

Supplementary Material

Suppl 1. Histopathological scores.
Suppl 2. Standardization of gene expression before normaliza-
tion (left) and normalization (right).
Suppl 3. Hierarchical clustering heatmaps of DEGs screened 
in blood based on |log2 fold change| > 1 and a corrected P-
value < 0.05 were shown, respectively.
Suppl 4. Hierarchical clustering heatmaps of DEGs screened 
in two mucosa datasets based on |log2 fold change| > 1 and a 
corrected P-value < 0.05 were shown, respectively.
Suppl 5. Principle component analysis of three datasets: CD 
(up) and UC (down).
Suppl 6. Venn diagram of disease-specific and tissue-specific 
DEGs in three datasets. DEGs with |fold change| ≥ 1.5, P-value 
< 0.05.
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