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Background: The incidence of inflammatory bowel disease (IBD) is increasing every year and is
characterized by a prolonged course, frequent relapses, difficulty in curing, and a lack of more efficacious
therapeutic biomarkers. The aim of this study was to find key core genes as therapeutic biomarkers for IBD.
Methods: GSE75214 in Gene Expression Omnibus (GEO) was used as the experimental set. The genes
in the top 25% of standard deviation of all samples in the experimental set were subjected to systematic
weighted gene co-expression network analysis (WGCNA) to find candidate genes. Then, least absolute
shrinkage and selection operator (LASSO) logistic regression was used to further screen the central genes.
Finally, the validity of hub genes was verified on GEO dataset GSE179285 using “BiocManager” R package.
Results: Twelve well-preserved modules were identified in the experimental set using the WGCNA
method. Among them, five modules significantly associated with IBD were screened as clinically significant
modules, and four candidate genes were screened from these five modules. Then TIMPI1, GUCA2B, and
HIF1A were screened as hub genes. These hub genes successfully distinguished tumor samples from healthy
tissues by artificial neural network algorithm in an independent test set with an area under the working
characteristic curve of 0.946 for the subjects.

Conclusions: IBD differentially expressed gene (DEGs) are involved in immunoregulatory processes.
TIMPI1, GUCA2B, and HIF1A, as core genes of IBD, have the potential to be therapeutic targets for patients
with IBD, and our findings may provide a new outlook on the future treatment of IBD.
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Introduction worldwide (2). The most prevalent forms are Crohn’s disease
(CD) and ulcerative colitis (UC), which are characterized

Inflammatory bowel disease (IBD) is a chronic autoimmune by recurrent, chronic inflammation of the gastrointestinal

disease affecting the gut in which the body develops an
immune response to the intestinal microbiota or antigens
in the intestinal tract, leading to inflammation and disease
in genetically susceptible individuals (1). IBD affects more
than 3.5 million people and its incidence is on the rise
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tract or colon that persists over time (3). The etiology
and pathogenesis of the disease are still not fully defined,
but may be related to genetic susceptibility, imbalance
of intestinal microbial homeostasis, impaired intestinal
mucosal barrier function, intestinal immunomodulatory
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disorders, and stimulation of external environmental
factors (4). Identified risk genes in IBD have been shown
to be involved in the maintenance of a correct immune
response (5), and when these risk genes are mutated,
the mechanisms of the body’s immune response may be
compromised and leads to weakened intestinal mucosal
barrier function, diminished intestinal autoantimicrobial
activity, and impaired autophagy and antigen recognition (6).
It has been shown that the colon of patients with UC is
often associated with significant colonic epithelial cell death
and destruction, as well as increased intestinal permeability,
leading to damage to the intestinal mechanical barrier (7).
CD, on the other hand, exhibits predominantly damage
to the immune barrier, the severity of which correlates
closely with the downregulation of immunoglobulin A (IgA)
expression (8). With the development and application of
immune-targeted drugs and the updating of therapeutic
targets, the clinical treatment of IBD has improved
significantly (9), but the clinical remission rate is still very
low, so the development of new targets for the treatment
of IBD has become an urgent need nowadays. And clinical
data show that the use of traditional drug treatment has not
reached the standard of clinical cure. About 47% of patients
still have long-term chronic inflammatory reactions after
treatment, and 40% of patients still need surgery eventually.
"This seriously affects the quality of life of patients, causing
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Key findings

¢ Inflammatory bowel disease (IBD) differentially expressed genes
(DEGs) are involved in immunoregulatory processes. TIMPI,
GUCA2B, and HIFI1A, as core genes of IBD, have the potential to
be therapeutic targets for patients with IBD, and our findings may
provide a new outlook on the future treatment of IBD.

What is known and what is new?

e IBD is a chronic autoimmune disease affecting the gut in which the
body develops an immune response to the intestinal microbiota or
antigens in the intestinal tract.

e TIMPI, GUCA2B, and HIFIA, as core genes of IBD, have the
potential to be therapeutic targets for patients with IBD.

What is the implication, and what should change now?

®  Our results may provide a new prospect for the future treatment
of IBD, and the development of new drugs and therapeutic
technologies in the future. We can do clinical trials to further
validate the findings.

© Translational Cancer Research. All rights reserved.

3961

heavy social impact and medical burden (10). Therefore, the
weighted gene co-expression network analysis (WGCNA)
method and least absolute shrinkage and selection operator
(LASSO) regression were used to construct a co-expression
network to identify central genes in IBD, which can
effectively distinguish IBD samples from normal tissues.
Unlike polynomial regression, LASSO regression controls
the complexity of the model through the L1 regularization
term, which enables variable selection. Unlike ridge
regression, LASSO regression allows for the selection of
the most important variables and compresses the others
to 0. Thus, LASSO regression combines the advantages
of polynomial and ridge regression to some extent. These
findings may provide potential diagnostic and therapeutic
targets for future IBD research and clinical intervention.
We present this article in accordance with the TRIPOD
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-24-274/rc).

Methods
Data collection

Gene Expression Omnibus (GEO), a gene expression
database created and maintained by the National Center
for Biotechnology Information (NCBI). The GEO
database was used to store gene expression datasets and
platform records. IBD-related dataset GSE75214 (https://
ftp.ncbi.nlm.nih.gov/geo/series/GSE75nnn/GSE75214/
matrix/) was downloaded from the GEO database for
analysis. GSE75214 (11) based on the GPL6244 platform
[((HuGene-1_0-st) Affymetrix Human Gene 1.0 ST Array]
included gene expression profiles of 172 cases of diseased
colon tissues and 22 cases of normal colon tissues. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Screening for differential genes

After filtering and normalization of the two groups of
samples, the R software Limma package was used to screen
the two groups of samples for differentially expressed genes
(DEGs). Adjusted P value <0.05 and llog,fold change
(log,FC)I >1 were used as the screening conditions, where
log,FC >1 represented up-regulation of gene expression,
and log,FC <-1 represented down-regulation of gene
expression, and volcano and heat maps were plotted by R.
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Functional envichment and pathway analysis of differential
genes

In order to find out the main functions of the differential
genes and their pathways, the “clusterprofile” package
was used to perform the Gene Ontology (GO) function
enrichment analysis and the Kyoto Encyclopedia of Genes
and Genomes (KEGQG) function enrichment analysis,
and the “clusterprofile” package was used to perform the
GO function enrichment analysis. The differences were
statistically significant at P<0.05. The “Limma” package
was used to analyze the functional enrichment of GO and
KEGG pathways. The results of typing and immunocyte
infiltration were integrated using the “Limma” R language
package. Pathway difference analysis of DEGs was
performed using “clusterProfiler”, “enrichplot”, “org.Hs.eg.
db”, and “DOSE?, and the top 5 pathways were selected to
draw line graphs (12).

Typing-WGCNA

WGCNA can be used to study correlations in biochip
samples and to find appropriate biomarkers or therapeutic
targets in different biological contexts (13). The core
modules and core genes of IBD genes were screened using
the “WGCNA” R language package. The top 25% of the
most fluctuating genes were selected for WGCNA, and
a neighbor-joining matrix was constructed to describe
the strength of correlation between nodes. A topological
overlap matrix is created from the neighbor matrix in order
to quantify the similarity between nodes. The process
of hierarchical clustering was used to find modules that
contained at least 50 genes. From the WGCNA plates,
the plates with the lowest adjust P value were chosen for
analysis. Each plate’s core genes were filtered using the
criteria “geneSig Filter =0.5, moduleSig Filter =0.8”.
Gene significance (GS) and module significance (MS)
were computed by combining modules with phenotypic
data. This allowed for the analysis of the association
between models and modules as well as the measurement
of the importance of genes and clinics in the development
process. For each gene, module membership (MM) was also
computed in order to assess GS inside the module.

Wayne diagram and LASSO regression

As potential center genes, the genes with the strongest
inter-module communication were chosen. Genes that are
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important to biology typically have high absolute GS values.
The criteria for screening candidate genes were (absolute
GS value >0.50; absolute MM value >0.80). The candidate
center genes were then intersected with DEGs using the R
package “Venn”.

Next, we utilize LASSO for analysis. LASSO, which
obtains a more refined model by constructing a penalty
function that makes it compress some coefficients while
setting some coefficients to zero. Thus, it retains the
advantages of subset shrinkage and is a biased estimation
for dealing with data with complex covariance. The LASSO
algorithm was performed based on the candidate genes using
the “glmnet” R software package, and the central genes were
obtained from the intersections of the genes obtained by this
gene learning technique using a Wayne diagram.

Immune cell infiltration

We investigated the differences in infiltration between
high and low expression of core genes in 28 immune cells
using single sample gene set enrichment analysis (ssGSEA),
which applies the gene set variation analysis (“GSVA”)
and “GSEABase” R software packages to predict the
proportions of multiple cell types in the gene expression
profiles were visualized using the vioplot package; heatmaps
and box plots were drawn using the “pheatmap” and
“ggpubr” R packages to illustrate the results. Finally, R
packages “tidyverse”, “ggplot2”, and “ggExtra” were used
to derive the relationship between the expression levels of
core genes and immune cells. The relationship between the
expression level of the core genes and the immune cells was
determined. The percentage of immune cells in the IBD
immune microenvironment was determined by filtering at
“P<0.05” and visualized using the vioplot package.

Database cross-validation

IBD-related dataset GSE179285 (14) was downloaded
from the GEO database for validation, GSE179285
(https://ftp.ncbi.nlm.nih.gov/geo/series/GSE179nnn/
GSE179285/matrix/) was based on the GPL6480 platform
Agilent-014850 human whole genome microarray 4x44K
G4112F expression array, which included 361 cases of
diseased colon tissues and 58 cases of normal colon tissues.

Key gene validation
For the validation set GSE179285, the expression of key
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Figure 1 Differential gene expression analysis of IBD patients. (A) Heat map showing up-regulated genes in red and down-regulated genes

in blue. (B) Volcano map showing 292 highly expressed genes and 198 lowly expressed genes. Red bars indicate up-regulated genes and

green bars indicate down-regulated genes. FC, fold change; adj., adjusted; IBD, inflammatory bowel disease.

genes in positive and normal samples were obtained by
probe technology and database; the results were visualized
by “BiocManager” R package, and the results were
visualized in the form of box plots. Finally, the key genes
with statistically significant differences in the two validation
sets were used as screening results, and it was concluded
that these key genes could be potential markers of IBD.

Statistical analysis

All the bioinformatics analyses and statistical tests were
performed with R software 4.2.1. Wilcoxon or Student’s
t-test was utilized for analysis of the difference between
groups. The correlation between variables was determined
using Pearson correlation test. All statistical P values
were two-sided, and P<0.05 was regarded as statistically
significant.

Results
Microarray data

The experimental set of IBD microarray GSE75214
contained 172 IBD tissues and 22 normal colon tissues. The

© Translational Cancer Research. All rights reserved.

validation set IBD microarray GSE179285 contained 223
IBD intestinal epithelial tissues and 31 normal intestinal
epithelial tissues.

Screening of DEGs
There were 490 IBD DEGs obtained from the GSE75214

chip by comparative analysis with normal samples.
Subsequently, volcano and heat maps were used to show
the 490 differential genes that reached the threshold,
including 292 significantly highly expressed genes and 198
significantly low expressed genes (Figure I).

GO and KEGG enrichment analysis

To predict the biological functions of DEGs, we performed
functional enrichment analysis. GO and KEGG enrichment
analyses identified a number of statistically significant
and relevant biological activities (Figure 2). In total, 926
significant GO terms and 30 significant pathways were
enriched (P<0.05). Changes in terms of biological process
(BP) were clearly associated with 762 functional categories
including leukocyte migration, response to molecules of
bacterial origin, response to lipopolysaccharides (LPSs),
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Figure 2 Functional enrichment analysis of IBD differential genes. (A) Nine hundred and twenty-six significant GO terms and 30 significant

pathways were enriched. (B) KEGG pathway enrichment showed that DEGs were mainly enriched in 49 signaling pathways. GO, Gene

Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; IBD, inflammatory bowel disease; DEG, differentially expressed gene.

humoral immune response, and inflammatory response
(cytotropism). In addition, there were 46 terms in cellular
component (CC) analysis, mainly apical portion of the cell,
collagen-containing extracellular matrix, apical plasma
membrane, and outer membrane of the plasma membrane.
There were also 118 terms in molecular function (MF),
such as structural components of extracellular matrix, anion
transmembrane transporter activity, and transmembrane
transporter activities of carboxylic acids and organic acids.
KEGG pathway enrichment showed that the identified
targets were enriched mainly in 49 pathways, the including
the PI3K-Akt signaling pathway, cytokine-cytokine receptor
interactions, coronavirus disease 2019 (COVID-19), and
lipids and atherosclerosis.

Results of GSEA enrichment analysis

GSEA enrichment analysis was used in the normal and
disease groups, respectively. As shown in Figure 3, both
groups were enriched for multiple immune function gene
sets. The genes in the normal group were mainly enriched
for normal immune response-related activities, such as
macrophages, induced T-cell differentiation, CD4, CDS,
and peripheral blood mononuclear cells (Figure 34). As for
the disease group, these genes were enriched in immune
responses that may be mediated with inflammation,
including CD7, natural killer (NK) cells, and triggering

© Translational Cancer Research. All rights reserved.

receptor expressed on myeloid cell-1 (TREM-1) (Figure 3B).
These data suggest that immune response-related pathways
play a key role in IBD.

WGCNA identification of immune-velated candidate
biomarker genes in IBD

We took the disease group dataset using hierarchical
clustering and clustered it according to its relative Euclidean
distance for gene analysis (Figure 4). Performing WGCNA
and choosing a scale-free fit index of 0.85, we obtained
the optimal soft threshold, i.e., 20, resulting in an average
connectivity of around 10 (Figure 4A4). Four modules
were obtained using the dynamic shear tree algorithm
(Figure 4B). Module-trait relationship analysis showed
that the turquoise module was strongly associated with
disease genes, and 753 genes in the turquoise module were
considered to be IBD-associated genes (Figure 4B). Genes
in the turquoise module showed high correlation between
MM and GS (Figure 4C).

Identification of potential biomarkers by Venn diagram
with LASSO regression

The results of differential genes and WGCNA were cross-
analyzed to construct a Venn diagram, and four cross-over
genes were obtained (Figure 5A). TIMPI, GUCA2B, and

Transl Cancer Res 2024;13(8):3960-3973 | https://dx.doi.org/10.21037/tcr-24-274
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Figure 3 GSEA of IBD normal and disease group genes. (A) Enriched gene set of normal group genes in the GSEA collection. Each
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Disease group gene enrichment pathways. GSEA, gene set enrichment analysis; IBD, inflammatory bowel disease.

HIF1A were shown to be three possible biomarkers after
these four crossover genes were further evaluated using the
LASSO regression model (Figure 5B,5C).

Expression of IBD core genes TIMP1, GUCA2B, and
HIF1A4

Boxplots were used to confirm the three main genes’
expression levels. As illustrated in Figure 64-6C, the
expression levels of GUCA2B were significantly lower in
IBD tissues compared to healthy controls, whereas the
expression levels of TIMPI and HIF1A4 were significantly
greater in IBD tissues than in healthy controls. The
sensitivity and specificity of the three core genes for the
diagnosis of IBD were evaluated by comparing their area
under the curve (AUC) values using receiver operating
characteristic (ROC) curve analysis. All three of the core
genes’ AUC values were higher than 0.7, demonstrating
the strong diagnostic utility of these genes for IBD
(Figure 6D-6F). The GSE179285 dataset was used to
further validate the diagnostic value of the three core
genes mentioned above in order to confirm their clinical
relevance. While the AUC values of the TIMPI and HIF1A
genes were no less than 0.7, the AUC value of GUCA2B
was greater than 0.8 (Figure 6G-6I).

© Translational Cancer Research. All rights reserved.

Immune cell infiltration and its correlation with bub genes

The ssGSEA method was utilized to evaluate the association
between immune cell infiltration differences between
healthy controls and IBD patients in order to look into these
disparities further. The location of 28 immune cells in the
GSE75214 sample is depicted in Figure 7A. The immune
cell infiltration analysis results indicated that the following
cells were present: neutrophils, plasmacytoid dendritic
cells, regulatory T cells, T follicular helper cells type 1, T
helper cells, type 2 T helper cells, eosinophils, y8 T cells,
immature dendritic cells, myeloid-derived suppressor
cells, macrophages, mast cells, NK T cells, NK cells, and
compared to healthy tissues, there was a large increase in
CD4 T cells, indicating a crucial role for these cells in the
development of IBD (Figure 7B). Correlation analyses of
28 immune cells with pivotal genes showed that activated
CD4. T cells, activated dendritic cells, eosinophils, y&
T cells, immature dendritic cells, bone marrow-derived
suppressor cells, macrophages, mast cells, NK T cells, NK
cells, neutrophils, plasmacytoid dendritic cells, regulatory
T cells, T follicular helper cells type 1, T helper cells, T
helper cells type 2, and central memory CD4 T cells were
positively correlated with TIMPI and HIFI1A (both P<0.05)
and negatively correlated with GUCA2B (both P<0.05)

Transl Cancer Res 2024;13(8):3960-3973 | https://dx.doi.org/10.21037/tcr-24-274
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(Figure 7C). These results further demonstrated the critical
role played by these immune cells in the progression of IBD.

Discussion

Two modules were found to be clinically significant and
preserved in this investigation using WGCNA. The genes
in these two modules were considerably enriched in BPs

© Translational Cancer Research. All rights reserved.

including macrophages, CD4, and CD8 T cells, according
to the results of GO and KEGG analyses. There was a direct
connection between IBD and all of these BPs. Following the
identification of three important genes—7TIMPI1, GUCA2B,
and HIF1A—by an artificial neural network method
employing LASSO regression, the outcomes demonstrated
that these three gene models could successfully distinguish
between IBD tissues and normal tissues.
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Figure 7 Immune infiltration analysis. (A) Differences in enrichment abundance between normal and IBD tissues in 28 immune cells in the

GSE75214 dataset. (B) Difference in enrichment abundance of 28 immune cells in the GSE75214 dataset. Blue represents normal tissue, red

represents IBD tissue; X-axis represents 28 immune cells; and Y-axis represents immune cell infiltration abundance. (C) Expression levels
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GUCA2B gene
GUCA2B, also known as urinary guanosine (UGN), belongs

to the guanosine lipopeptide family. Gastrointestinal
epithelial cells are the main source of UGN, which has
been demonstrated to be highly expressed in the normal
gastrointestinal tract (15) and has been associated with the
maintenance of gastrointestinal intestinal fluid homeostasis
and intestinal function (16), which regulates salt and water
homeostasis in the intestines and the kidneys (17). Brenna
et al. observed that the dysregulatory mechanisms involved
in the development of IBD include a GUCA2B transcription
reduction, which lead to a significant downregulation of
GUCA2B in the inflamed colonic mucosa of IBD (18). It
has also been noted that it exhibits down-regulated gene
expression levels in different subtypes of IBD (19). In
addition, uroguanosine also plays an important role in the
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regulation of intestinal secretions and is an endogenous
ligand for the guanylate cyclase-C [GC-C (GUCY20)]
receptor, which is considered to be an “intestinal natriuretic
factor”, and its progenitor hormone UGN (proUGN),
which is secreted from the duodenal epithelium into the
lumen, enters the circulation and activates the luminal
membrane receptor of enterocytes, GC-C (GUCY2C).
The enterocyte luminal membrane receptor GC-C has
been shown to be involved in the maintenance of intestinal
barrier function, regulation of satiety, irritable bowel
syndrome (IBS), and tumor growth (20,21).
Uridoguanosine also plays an obvious role in inhibiting
the development and progression of intestinal polyps
by participating in the cyclic guanosine monophosphate
(cGMP)-mediated signaling mechanism in intestinal
cells and inducing normal cell death, which leads to the
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regulation of renewal of intestinal mucosal cells and
maintenance of the stability of the mucosal barrier. Various
evidences have shown that uroguanosine can stimulate CI°
secretion and K* efflux from epithelial cells by activating
the receptor for guanylate cyclase (22), and K efflux plays
a significant role in inducing apoptosis (23,24). In other
words, uroguanosine stimulates intestinal fluid secretion by
activating the intracellular cGMP signaling pathway, which
promotes K' cycling on the basolateral plasma membrane of
enterocytes, and also activates anion channels on the surface
of uroguanosine-targeted cells, and uroguanosine, which
is produced and released locally in the intestinal mucosa,
induces apoptosis of gastrointestinal tract mucosal lining
epithelial cells through activation of GC-C. The treatment
of UC with GC-C agonists has been described in earlier
years, which serves to restore the intestinal homeostatic
signaling pathway and promotes the integrity of the colonic
mucosa (25). The mouse experiments of Han ez al. (26)
have also demonstrated that the UGN, and its signaling
through the GC-C, is crucial for the maintenance of the
small intestinal barrier function. It can be argued that lack
of uroguanosine disrupts intestinal homeostasis, which may
in turn lead to the development of IBD.

HIF1A gene

The hypoxia-inducible factor (HIF) family includes
HIF1A. Almost all cells have HIF-1a, and in hypoxic
cells—particularly those exposed to less than 6%
O, concentration—the expression of HIF-1a rises
exponentially (27). Numerous HIF-1-regulated target
genes, such as glycolysis, erythropoiesis, angiogenesis, and
vascular remodeling, have been found to be crucial for the
cellular and systemic physiological responses to hypoxia (28).

Inflammation and hypoxia are hallmarks of IBD.
Massive inflammatory cell infiltration and excessive
immune response are hallmarks of IBD intestinal mucosal
immunopathology (29,30). An imbalance of regulatory T
(Treg) cells and effector T (Teff) cells, including type 1
T helper (Thl) cells, Th17, and Th2 cells, respectively,
has been reported to exacerbate inflammatory injury in
the intestinal mucosa of IBD. In addition, changes in
the intestinal microenvironment can lead to intestinal
inflammation. These changes induce hypoxia in the
intestinal mucosa, i.e., oxygen delivery is lower than tissue
demand. A study has shown that hypoxia is present in the
environment of mucosal inflammatory diseases such as
IBD (31). Under these circumstances, hypoxia controls a
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group of genes that initiate metabolic or oxygen supply
pathways, allowing organs to adjust to the hypoxic
environment. The HIF, which is made up of the b-subunit
and the a-subunit (which includes the three isoforms HIF-
la, HIF-2a, and HIF-3a), mediates this modulation of
hypoxia (32,33). hypoxia response elements (HREs) are
bound by this inducible factor, which triggers a cascade of
hypoxia reactions that regulate the survival and function
of immune cells (34). According to earlier research,
HIF-1 largely functions as a pro-inflammatory agent in
macrophages during IBD and an anti-inflammatory agent
in T cells, DCs, and epithelial cells (35-38). Increased
expression of HIF-1a in the inflamed mucosa of IBD is
regulated by a variety of inflammatory stimuli, such as pro-
inflammatory cytokines and LPS (39,40). Tumor necrosis
factor (TINF), one of the key pro-inflammatory cytokines
in IBD, induces HIF-1a expression under normoxic
conditions, and thus there may also be a correlation
between the upregulation of HIF-1a and the development
of colon cancer (41).

Moreover, angiogenesis is a defining characteristic
of persistent inflammation (42), and unchecked vascular
endothelial growth factor (VEGF) production causes
excessive intestinal blood vessel growth and an imbalance
in the capillary network’s distribution, which lowers tissue
perfusion. Elevated thrombopoietin levels, activated
platelet predominance, and high platelet counts have all
been shown to enhance the risk of intestinal ischemia in
IBD patients (43,44). This can result in focal hypoxia and
HIF1A overexpression. Additionally, cytokines stimulate
HIF-1a protein, which is then produced by inflammatory
cell components (45). The expression of angiogenic factor
thymidine phosphorylase (TP) in stromal fibroblasts may
also be upregulated due to cytokine stimulation (46).
Additionally, the stress oxidative response triggered by
2-deoxyribose may either directly increase the expression
of HIF-1a molecules or possibly facilitate the release of
cytokines from fibroblasts, which in turn triggers the
expression of HIF-1a molecules. Surgical specimens from
IBD patents have also shown that activation of HIF-1 and
HIF-2 correlates with increased vascular density in the
lesion area (47). However, we do not know exactly what
is the causal relationship between angiogenesis or local
hypoxia and elevated HIF1A4 levels.

TIMP1I gene
TIMPI, which belongs to the TIMP gene family, plays an
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important role in regulating cell proliferation and anti-
apoptotic functions (48). In vitro studies have shown that
overexpression of TIMPI can lead to a substantial increase in
genes involved in proliferation, apoptosis, and signaling (49).
Wang et al. demonstrated that TIMPI was positively
expressed in 80-89% of UC patients with inflammatory
ulcerative lesions and intact colonic mucosa cases (50).
Rath et al. reported that inflammatory mucosa in adult
IBD patients. Rath et al. reported that TIMPI levels were
significantly higher in inflamed mucosa of adult IBD
patients (51). In addition to this, TIMPI is also a therapeutic
target of mesalazine, and the expression of 7IMPI in UC was
significantly reduced after mesalazine drug treatment (52).

The TIMP gene family is also a natural inhibitor of
matrix metalloproteinases (MMPs), a group of peptidases
involved in extracellular matrix degradation. It has been
shown that MMP-2 and MMP-9 can be detected in
the epithelium of the inferior crypt and in ulcerative-
altered mucosa (53-55), and that MMP-9 activity can
be detected in the luminal fluid of patients with IBD,
and that interleukin 6 upregulates MMP-9 activity and
protein expression during inflammation (56). It has been
noted that MMP-9 is significantly upregulated in dextran
sulfate sodium (DSS)-induced UC, and targeting MMP-
9 alleviates experimental symptoms of UC (57). Whereas
TIMPI inhibits the angiogenic activity of macrophages by
forming a certain specific form with MMP-9, a study by de
Bruyn et 4l. claimed that the upregulated MMP and TIMP
genes were significantly decreased more than two-fold in
active IBD tissues after infliximab treatment compared to
pre-treatment (58). We conjectured, in light of these data,
that 7IMP1 and MMP-9 interaction may be crucial for the
development and course of IBD.

Furthermore, TIMPI has been shown to have anti-
apoptotic properties and to activate downstream pathways,
which decreases the sensitivity of tumor cells to a range
of anticancer medications. Study has shown that TIMPI
can bind to the CD63/integrin Bl complex and inhibit
apoptosis (59). Through the development of transcription
factors (e.g., SLUG, etc.) of the epithelial-mesenchymal
transition (EMT) process, it has been discovered that
TIMPI may promote colon cancer invasion and metastasis.
This process results in the down-regulation of the
epithelial marker E-cadherin and the up-regulation of the
mesenchymal marker fiber connectin (60). It is reasonable
to speculate that the overexpression of TIMPI may inhibit
the normal apoptosis of intestinal mucosal cells, thereby
affecting the self-regulatory renewal of the mucosa,
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disrupting the intestinal mucosal barrier, contributing to
the development of IBD, and increasing the prevalence of
colon cancer. Notably, TIMPI is also a secreted protein
that can be detected in blood and body fluids by enzyme-
linked immunosorbent assay (ELISA), which may make it
a potential serum marker for IBD, but the exact expression
level of TIMPI in the blood of IBD patients remains to be
explored.

Conclusions

In summary, the results of this study show that the three
core genes, TIMPI, GUCA2B, and HIFIA, can be used
as biomarkers of IBD, as well as potential therapeutic
targets. The limitation is the lack of experiments to validate
the current theoretical results, but this lays a scientific
theoretical basis for our future research, and our results may
provide a new prospect for the future treatment of IBD, and
the development of new drugs and therapeutic technologies
in the future. This study also has some limitations: the
findings are derived from data analysis only and have not
been experimentally validated. However, it can provide a
strong scientific theory and basis for further experimental
studies in the future.
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