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Background: UC patients suffer more from colorectal cancer (CRC) than the
general population, which increases with disease duration. Early colonoscopy is
difficult because ulcerative colitis-associated colorectal cancer (UCAC) lesions
are flat and multifocal. Our study aimed to identify promising UCAC biomarkers
that are complementary endoscopy strategies in the early stages.

Methods: The datasets may be accessed from the Gene Expression Omnibus and
The Cancer Genome Atlas databases. The co-expressed modules of UC and CRC
were determined via weighted co-expression network analysis (WGCNA). The
biological mechanisms of the shared genes were exported for analysis using the
Gene Ontology and Kyoto Encyclopedia of Genes and Genomes. To identify
protein interactions and hub genes, a protein-protein interaction network and
CytoHubba analysis were conducted. To evaluate gene expression, external
datasets and experimental validation of human colon tissues were utilized. The
diagnostic value of core genes was examined through receiver operating
characteristic (ROC) curves. Immune infiltration analysis was employed to
investigate the associations between immune cell populations and hub genes.

Results: Three crucial modules were identified from the WGCNA of UC and CRC
tissues, and 33 coexpressed genes that were predominantly enriched in the NF-
kB pathway were identified. Two biomarkers (CXCL1 and BCL6) were identified
via Cytoscape and validated in external datasets and human colon tissues. CRC
patients expressed CXCL1 at the highest level, whereas UC and CRC patients
showed higher levels than the controls. The UC cohort expressed BCL6 at the
highest level, whereas the UC and CRC cohorts expressed it more highly than the
controls. The hub genes exhibited significant diagnostic potential (ROC curve >
0.7). The immune infiltration results revealed a correlation among the hub genes
and macrophages, neutrophils and B cells.
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Conclusions: The findings of our research suggest that BCL6 and CXCL1 could
serve as effective biomarkers for UCAC surveillance. Additionally, they
demonstrated a robust correlation with immune cell populations within the
CRC tumour microenvironment (TME). Our findings provide a valuable insight
about diagnosis and therapy of UCAC.

ulcerative colitis, ulcerative colitis-associated carcinogenesis, bioinformatics analysis,
immune infiltration, diagnosis biomarker

Introduction

Ulcerative colitis (UC), known as inflammatory bowel disorder,
is characterized by mucopurulent and bloody stools and relapsing-
remitting diarrhea (1-3). Studies have consistently shown a
correlation between UC and the risk of colorectal cancer (CRC)
(4). Chronic inflammation in the intestinal tract generates
proinflammatory mediators and causes cell proliferation, which
influences the immune system and increases cancer risk in UC
patients, according to growing evidence (5). In the case of intestinal
barrier impairment, exposure to luminal antigens can lead to
excessive infiltration of immune-related cells and heightened
production of chemokines in the intestinal lamina propria (5-7).
The infiltration cell population comprises dendritic cells,
neutrophils, and macrophages. Activated immune cells interact
with each other through direct or indirect contact by releasing
various cytokines (6). The complex intestinal microenvironment
complicates the exploration of pathogenesis behind UCAC (8, 9).
Meanwhile, the specific genes responsible for regulating UC
progression and the extent of their expression alterations during
colitis-associated malignant transformation remain unclear.
Although colonoscopic detection has served as the standard
strategy for screening for malignancies in UC patients for a long
time, early diagnosis remains tricky due to the flat appearance and
presence of multifocal lesions (10, 11). It is therefore necessary to
ascertain the potential mechanisms that may led to the development
of UC-CRC and to investigate promising biomarkers as a means of
facilitating early diagnosis.

Studies on the progression from UC to CRC over the past few
decades have examined a variety of factors, including the length of

Abbreviations: CRC, colorectal cancer; TNF, tumour necrosis factor; IL,
interleukin; UC, ulcerative colitis. UC-CRC, Ulcerative colitis-associated
carcinogenesis; GEO DataSets, Gene Expression Omnibus database; TCGA,
The Cancer Genome Atlas; RNA, Ribonucleic Acid; CRC, Colorectal Cancer;
WGCNA, weighted coexpression network analysis; GO enrichment analysis, gene
ontology enrichment analysis; KEGG enrichment analysis, Kyoto Encyclopedia
of Genes and Genomes enrichment analysis; PPI network, protein-protein
interaction network; ROC curve, receiver operating characteristic curve; IBD,

inflammatory bowel disease.
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the disease, its stages, the extent of the lesion, the age at onset,
genders, and whether or not primary sclerosing cholangitis (PSC) is
present (12, 13). However, a variety of factors affected
tumorigenesis; these studies only focused on the disease itself or
the comparison between the tumor cohort and the controls. The
application of bioinformatics methods has provided unparalleled
insight into disease mechanisms and biomarker identification in
recent years (14). A variety of studies have been carried out in the
detection of UC-CRC fields, such as biomarkers from blood, fecal,
and miRNA, as well as the alteration of intestinal flora et al. (15-19).
However, there are also some deficiencies, including poor
specificity, detection complexity, lower acceptance of patients, and
high cost.

In our research, using database mining, we analyzed multiple
microarray datasets correlated with UC and CRC. We identified
gene modules related to the UC-CRC via weighted gene
coexpression network analysis (WGCNA) and Venn diagram
analysis. Next, we applied enrichment analyses to the module
genes, revealing important associated biological processes.
Cytoscape identified two key genes, CXCL1 and BCL6. The
immune correlation analysis of key genes reveals a strong
relationship between these genes and immune cells (macrophages,
neutrophils, and B cells) involved in colitis-associated cancer.
Furthermore, we verified the presence of CXCL1 and BCL6 in
external datasets and human colon tissues. Instead of concentrating
solely on exploring the relationship between healthy and diseased
groups or a single immune cell, our research utilized bioinformatics
techniques to extract and analyze transcriptome data. This
approach yielded disease-related biomarkers that exhibit a strong
relation with immune cell populations in the TME.

Materials and methods
Data sources

Figure 1 exhibitied the workflow of our study. Microarray datasets
of UC came from the GEO database (http://www.ncbi.nlm.nih.gov/

geo), and GEO include numerous high-throughput datasets
and expression microarray datasets. We searched related gene
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FIGURE 1

Research design flowchart. The RNA sequences of colon tissues from UC, CRC cohorts and the controls were obtained from the GEO and TCGA
databases. The datasets were pretreated via R software. WGCNA was used to identify the significant coexpression modules between UC and CRC.
Then, the coexpressed genes were visualized with a Venn diagram. GO and KEGG analyses were applied to coexpressed genes. The top 5 hub genes
related to UC-CRC were screened via cytoHubba. The expression of the five hub genes was verified via validation cohorts, and the hub genes was
estimated via ROC curve and immune infiltration analyses. Finally, experimental verification (HE, WB, IHC and IF analysis) of human colon tissues was
applied to affirm the differential expression of hub genes among UC patients, CRC patients and controls.

expression profiles and UC patients information with the key words
“colon mucosal” and “ulcerative colitis” in the GEO database. We
got the transcriptome data, patients information and healthy
control data from the TCGA database. First, gene expression
profiling should include case and control groups. Second, to
maintain the accuracy of WGCNA, more than 10 samples were
included in each dataset. Third, all the samples were colon tissues.
Fourth, these gene matrices must provide raw data for further
analysis. Finally, TCGA-COAD in the TCGA dataset and
GSE87473, GSE87466, GSE39582, GSE92415 and GSE20916 in
the GEO dataset were chosen for subsequent research. The probe
expression matrix was converted into a gene expression matrix
based on platform annotation files.

Co-expression module identification

WGCNA explored gene module associations with disease traits
by analyzing coexpressed gene modules with high biological
significance (20). Hence, modules associated with UC and CRC
were detected in the GSE87473 and TCGA-COAD datasets by using
“WGCNA package”. In our study, we selected the first 10,000 genes
with large variation based on their variance for further analysis. To

Frontiers in Oncology

omit unqualified genes and samples, Hclust (hierarchical clustering)
analysis was performed in R prior to analysis. First, based on the
criterion of R* > 0.85, a candidate soft-thresholding power B
(ranging from 1-20) was computed for the scale-free topology
using the pickSoftThreshold function. The subsequent step
involved the construction of an adjacency matrix utilizing the soft
power value and gene correlation matrix derived from Pearson
analysis. This adjacency matrix was then transformed into a
topological overlap and corresponding dissimilarity matrix.
Subsequently, coexpressed gene modules were determined via
hierarchical clustering, and subsequently, we acquired a dynamic
tree. The minimum number of modules was 30. Finally, to
determine each module’s expression profile, we calculated the
module eigengene and its association with clinical features. Other
parameters were as follows: mergeCutHeight = 0.2, deepSplit = 2
and networkType = “unsigned”.

Functional enrichment analysis
For acquiring the potential inner mechanisms and functions of

coexpressed genes, Gene Ontology (GO) annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis were
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performed with the “ClusterProfiler package”. GO included
biological process (BP), cellular component (CC) and molecular
function (MF) (21). KEGG is a comprehensive database containing
valuable information on gene pathways (22). Furthermore, barplots
and circos plots were employed to display the outcome of
enrichment analysis.

Construction of the PPl network

The online search tool STRING (http://string-db.org) (version
12.0) was applied to search for interrelationship among protein-
coding genes of interest (minimum required interaction score:
0.15). PPI network could be visualized via the utilization of
Cytoscape (version 3.9.1) (23). As a plugin, MCODE was applied
to filter critical functional interaction genes, with K-core=2, degree
cut-off=2, max depth=100 and node score cut-off=0.2 (24).
CytoHubba was utilized to figure out the hub genes. For the
purpose of evaluating and selecting hub genes, five common
algorithms (MNC, DMNC, degree, MCC and EPC) were applied.
The subsequent step involved the utilization of GeneMANIA
(http://www.genemania.org/), which is used for internal
association detection within gene sets and for establishing
coexpression networks for central genes (25).

Expression verification of hub genes

Expression validation of these genes in GSE87466 and
GSE39582 datasets, respectively. The GSE87466 dataset consisted
of 21 normal people and 87 ulcerative colitis patients. GSE39582 is
composed of 19 normal people and 566 CRC patients. The
GSE87466 and GSE39582 datasets were obtained from human
intestinal tract tissue. We used the t test to compare the
two datasets.

Receiver operating characteristic curves

With the “pROC” package, Receiver Operating Characteristic
(ROC) curves were established in order to estimate the diagnosis
capacity of key genes (26). The AUC values and corresponding 95%
CIs were calculated, with an AUC > 0.7 indicating high
diagnostic value.

Analysis of immune infiltration

To evaluate disease immune microenvironment and immune
cell infiltration, the “cibersort” package was utilized (27). The
distribution of immune cells across different samples was visually
represented using a bar plot. Additionally, a correlation heatmap
depicting the interrelationships among 22 immune cell types was
generated utilizing the “corrplot” package. Vioplotting was
conducted to compare the proportions of diverse immune cells in
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the UC and healthy cohorts. Finally, Spearman’s correlation was
performed to reveal the relationships between hub biomarker
expression and infiltrating immune cells.

Verification of the human colonic mucosa

Collection of clinical samples

In this study, clinical partial intestinal biopsy tissue samples,
including adjacent cancerous tissue from colorectal cancer patients,
colon tissue from UC patients, and cancer tissue from colorectal
cancer patients, were available from The Second Affiliated Hospital
of Harbin Medical University. All patients suffered from UC and
CRC after endoscopic examination and pathological diagnosis. The
remaining colon tissue from UC and CRC patients was collected as
our validation cohort. The protocols were approved via the Ethics
Committee of the Second Affiliated Hospital, Harbin Medical
University (KY2023-051).

Hematoxylin-eosin staining analysis

The fresh colon tissues were fixed in 4% paraformaldehyde
solution overnight, dehydrated and embedded in paraffin.
Subsequently, paraffin section were cut into 5-um sections and
immersed in a hematoxylin-eosin blend for uniform staining. Using
an microscope (Olympus, Japan), we observed and photographed
colon tissue slices.

Immunohistochemical analysis

After fixation in 4% paraformaldehyde for 12 hours, Paraffin
sections of the colon tissues were prepared. A thermostat set at 80°C
was applied to heat the sections overnight. Afterwards, the sections
were dewaxed in xylene and dehydrated in graded ethanol, followed
by subsequent inactivation of endogenous peroxidase activity
using a 3% H202 solution and then antigen retrieval with
ethylenediaminetetraacetic acid. Subsequently, they were blocked with
5% goat serum (ABS933, Absin, Shanghai, China) for 30 minutes and
incubated overnight at 4°C with Primary antibodies (anti-CXCL1[1:100,
12335-1-AP, Proteintech] and anti-BCL6 [1:1000, 66340-1-Ig,
Proteintech]). The following day, the sections were incubated at 37°C
without light for 1 hour with secondary antibodies (goat anti-rabbit
[RGARO11, Proteintech] and anti-mouse [RGAMO11, Proteintech]).
After washing again with PBS, the chromogenic substrate
diaminobenzidine (ZLI-9017, ZSGB-BIO, China) was applied to the
sections. Staining was finished when positive cells exhibited deep
staining while maintaining an unstained or lightly stained background
under a microscope (Olympus, Japan). The paraffin sections were
subsequently counterstained with hematoxylin followed by thorough
rinsing in water. Dehydration was achieved using gradient alcohol and
xylene before the samples were sealed appropriately in resin. Finally, the
dried sections were photographed for analysis by Image] software and
GraphPad Prism 8 software.
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Western blot analysis

In liquid nitrogen, samples of colon tissues were thoroughly
ground and in lysis buffer, contain protease inhibitors, samples of
colon tissues were homogenized. The tissues were placed in a
centrifuge tube and centrifuged at 12,000 rpm for 20 min at 4°C.
The BCA approach was applied to measure the total protein
concentration in the supernatant. We heated and denatured the
protein solution at 100°C for 5 minutes. After removing solution,
placed them on ice and stored at a temperature of 20°C. We further
transferred the protein samples to a polyvinylidene fluoride (PVDEF)
membranes. The PVDF membrane was blocked with 5% skim milk.
The membrane was washed twice with TBST for 5 minutes each and
subsequently incubated overnight at 4°C with primary antibodies
against CXCL1 (1:500, 12335-1-AP, Proteintech), BCL6 (1:1000,
66340-1-Ig, Proteintech), and B-actin (1:1000, 7A-09, ab8226,
ZSGB-BIO). On the following day, the PVDF membrane was
exposed to the secondary antibodies (goat anti-rabbit [RGAR001,
Proteintech] and anti-mouse [RGAMO001, Proteintech]) for 1 hour
at 37°C. Subsequently, the protein bands were immersed in
enhanced chemiluminescence solution, and images were captured
using a gel imaging system.

Immunofluorescence staining

After the colon tissues were rinsed with saline solution, they
were gently dried using filter paper to eliminate any residual
moisture. The tissue blocks were then carefully sectioned into 1
cm3 pieces and embedded in optimal cutting temperature
compound (OCT). Frozen colon tissues were sliced into 5-um
sections, followed by treatment with 0.1% Triton X-100 to
enhance cell permeability. After blocking with 5% goat serum
(ABS933, Absin, China) for 30 minutes at a temperature of 37°C,
primary antibodies, including anti-CXCL1 (1:100, 12335-1-AP,
Proteintech) and anti-BCL6 (1:1000, 66340-1-Ig, Proteintech),
were added and incubated overnight at 4°C. On the following
day, goat anti-rabbit secondary antibody (RGARO002; Proteintech,
China) and anti-mouse secondary antibody (RGAMO002;
Proteintech, China) were applied to the colon sections, which
were then incubated for one hour at a temperature of 37°C in the
dark. Nuclei staining was performed using DAPI (Beyotime, China)
for 5 min before images were captured under a laser confocal

TABLE 1 Dataset information used in this study.

10.3389/fonc.2024.1475189

microscope (Zeiss, Germany). The results were semiquantitatively
analyzed with GraphPad Prism 8.2.1 and Image ] software.

Statistical analysis

The statistical analysis and image preparation were completed
via R studio (version 4.1.3) and GraphPad Prism 8.2.1, respectively.
Continuous variables with a normal distribution are described as
the mean + standard deviation (SD). One-way analysis of variance
was employed for data analysis involving more than two groups.
Figures were edited using Adobe Ilustrator (AI), PhotoShop (PS),
and Image J. Statistical significance was defined when P < 0.05.

Results
Dataset information

Five GEO datasets and one TCGA dataset, namely, GSE87473,
TCGA-COAD, GSE87466, GSE92415, GSE39582 and GSE20916,
were selected. Information on each dataset is shown in Table 1. We
further coupled the GSE87473 and TCGA-COAD cohorts as
training sets for WGCNA and the other cohorts as verification
sets to validate the expression of hub genes.

WGCNA and key module
gene identification

We identified 11 functional modules in GSE87473 by WGCNA
between the UC and control groups. We chose an optimal 3 value =
20 (scale-free R? = 0.85) as the soft threshold according to the scale-
free topology criterion and average connectivity (Figure 2A). The
Spearman correlation coefficient was used to create a heatmap that
illustrates the relationships between modules and traits. This
allowed for an evaluation of the associations between the modules
and the disease (Figures 2C, E). Three modules, namely, ‘skyblue’,
‘pluml’, and ‘gray60’, showed significantly positive correlations
with UC and were considered UC-associated modules. (sky blue
module: r= 0.52, p = 3e-10, genes= 116; pluml: r=0.52, p= 5e-10,
genes= 90; grey60: r= 0.59, p = 5e—13, genes=169). By setting the
soft threshold to 7 (Figure 2B), 32 modules were identified

ID Dataset number Platform Sample Diseases Group
1 GSE87473 GPL13158 106 patients and 21 controls ucC Discovery cohort
2 TCGA-COAD TCGA 456 patients and 41 controls CRC Discovery cohort
3 GSE87466 GPL13158 87 patients and 21 controls ucC Validation cohort
4 GSE39582 GPL570 566 patients and 19 controls CRC Validation cohort
5 GSE92415 GPL13158 87 patients and 21 controls uC Validation cohort
6 GSE20916 GPL570 66 patients and 34 controls CRC Validation cohort
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in TCGA-COAD, with the modules “blue” (r = 0.81, p = 2e-119,
genes = 480), “pink” (r = 0.45, p = le-26, genes = 834) and
“darkturquoise” (r=0.45, p = 2e-26, genes = 206) being significantly
correlated with CRC (Figures 2D, F). A Venn diagram was
constructed, and 33 intersecting genes were obtained (Figure 3A).

FIGURE 2
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Functional analysis of co-expressed genes

GO and KEGG analysis were applied to explore the underlying

information and pathways associated with coexpressed genes.

The genes were predominantly enriched in humoral immune
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x-axis. (D) The 15 most significantly enriched KEGG pathways. (E, F) Sixteen interacting genes and important modules visualized via MCODE. (G)
Identification of the top five key genes by multiple MCC, DMNC, MNC, Degree and EPC methods. (H) GeneMANIA was applied to explore internal

association of overlapping genes and their coexpressed genes.

response, molecular mediators of immune response production
and biological processes related to immunoglobulin production.
In CC, the genes were predominantly enriched in immunoglobulin
complexes, immunoglobulin complexes and blood microparticles.
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Molecular function analysis demonstrated significant enrichment in
antigen binding and immunoglobulin receptor binding (Figures 3B,
C). Furthermore, the coexpressed genes were mainly involved in the
NF-kappa B pathway, chemokine signaling pathway, TNF
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signaling pathway, and cytokine-cytokine receptor interaction
(Figure 3D). Supplementary Tables S1, S2 show the GO and
KEGG analyses. These findings strongly suggest the relationship
of proinflammatory factors and disease development.

PPI network construction

We constructed a network of interactions among 33
overlapping gene proteins, with combined scores exceeding 0.15
(Supplementary Figure S1). Eighteen nodes and twenty-six edges in
the interaction network were visualized with Cytoscape (Figure 3E).
The MCODE was applied to find subnetworks and gene cluster
modules (scores: 4.0, 5 nodes and 10 edges) (Figure 3F).

Selection and analysis of hub genes

We identified the top five crucial genes (CXCL1, BCL6, CXCL2,
LCN2, and IRF4) from the PPI network (Figure 3G). Topological
analysis algorithms (MCC, DMNC, EPC, MNC and Degree) were
applied to comprehensively estimate and identify crucial genes in PPI
networks. Detailed information on these genes is provided in
Supplementary Table S3 (Supplementary Table S3). Using the
GeneMANIA database, we analyzed the coexpression networks and
functions of these genes. Our findings revealed a complex protein-
protein interaction (PPI) network comprising physical interactions
(77.64%), coexpression patterns (8.01%), predicted associations
(5.37%), colocalization relationships (3.63%), genetic interactions
(2.87%), and pathway connections (1.88%), as depicted in
Supplementary Figure S2. The predicted genes could be found in the
outer ring, whereas core genes were located in the inner ring. In
Figure 3H, these genes were enriched in neutrophil migration, humoral
immune response, cellular response to chemokines, regulation of T-cell
differentiation, response to chemokines and cytokine activity.

Expression verification of hub genes

Differential expression verification was performed in the
validation cohort GSE87466 for UC and GSE39582 for CRC. We
found that all hub genes (CXCLI, BCL6, CXCL2, and LCN2)
showed predominant up-regulation in the UC and CAC patient
cohorts in contrast with the controls (Figures 4A-H).

Diagnostic value evaluation of hub genes

ROC curve analysis of the GSE92415 dataset revealed BCL6
(AUC: 0.883, CI: 0.817-0.939), CXCL1 (AUC: 0.955, CI: 0.918
-0.984), CXCL2 (AUC: 0.935, CI: 0.878-0.977) and LCN2 (AUC:
0.965, CI: 0.925-0.995) (Figures 41-L). Furthermore, GSE20916 was
used to confirm the diagnostic ability of the hub genes BCL6 (AUC:
0.772, CI: 0.661-0.872), CXCL1 (AUC: 0.948, CI: 0.905-0.981),
CXCL2 (AUC: 0.947, CI: 0.902—0.983) and LCN2 (AUC: 0.884, CI:
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0.809-0.947) (Figures 4M-P). The AUC values of four of the five
hub genes exceeded 0.85, which indicates that these genes have high
diagnostic value.

Correlations of hub genes and immune
cell infiltration

In UC samples of GSE87473, macrophage infiltration was
strongly correlated with CXCL1, BCL6 and CXCL2. In addition,
CXCLI1, BCL6 and CXCL2 were associated with the expression of
activated dendritic cells and T regulatory cells (Figure 5A).
Specifically, these genes were strongly related to MO macrophages
(BCL6, R=0.598450467, p=1.36E-13; CXCL1, R=0.487848406,
p=6.87E-09; and CXCL2, R=0.402050537, p=3.06E-06)
(Figure 5B). Moreover, all genes were positively linked to activated
dendritic cells (BCL6, R=0.365708474, p=2.54E-05; CXCLI1,
R=0.426961846, p=6.17E-07; and CXCL2, R=0.349592704,
p=6.01E-05) (Figure 5B). As shown in Figure 5D, the bar plot
shows 22 different immune cell type proportions of each sample
from the UC and control groups (Figure 5D). Violin plots revealed
that the UC group had greater numbers of neutrophils, M0
macrophages, M1 macrophages, activated memory CD4" T cells
and activated mast cells and lower numbers of M2 macrophages,
resting mast cells, CD8" T cells and resting dendritic cells (Figure 5C).
In addition, resting mast cells were positively related to M2
macrophages (r=0.54), and Monocytes were positively related
to resting dendritic cells (r=0.53) and Regulatory T Cells
(r=0.62) (Figure 5E). Moreover, MO macrophages were negatively
correlated with M2 macrophages (=-0.58), and activated mast cells
were negatively linked to resting mast cells (r=-0.55) (Figure 5E).

Verification of the expression of hub genes
in human colonic mucosa

Endoscopic diagnosis and histological evaluation

Intestinal manifestation of healthy person, ulcerative colitis
patients and colon cancer patients under endoscopy (Figures 6A-
D). Histologic evaluation revealed crypt abscess, mucosal damage
and neutrophil infiltration in the intestinal tract of UC patients and
mucosal structure disorder and nuclear swelling in CRC patients
(Figures 6E-]).

Western blot analysis

Compared to the controls, the UC group expressed more
CXCLI (P < 0.001), while the CRC group expressed more CXCL1
(P<0.0001), and the CRC group expressed more CXCL1 than UC
cohort did (P<0.01) (Figure 6Q). Moreover, the level of BCL6 in
colon tissues demonstrated that the BCL6 in UC patients was
markedly greater than CRC patients (P <0.001), CRC patients
was greater than the control group (P <0.001) and in UC patients
was greater than the controls (P<0.0001) (Figure 6R).
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FIGURE 4

Verification and ROC curves of the hub genes. (A—D) The expression verification in the GSE87466 dataset. (E—H) Hub gene expression in the

GSE39582 dataset. (I-L) ROC curves of BCL6, CXCL1, LCN2 and CXCL2 in
CXCL2 in the GSE20916 dataset. *p<0.05, ***p<0.001

IHC analysis

We applied immunohistochemical staining to determine the
mRNA expressions of CXCL1 and BCL6 in nontumor adjacent,
UC and cancer tissues (Figures 6K-P). CXCLI in CRC group
expressed greater than the UC group (P<0.05), CRC group was
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the GSE92415 dataset. (M—P) ROC curves of BCL6, CXCL1, LCN2 and

markedly greater than controls (P<0.001), and in UC was
greater than the controls (P<0.05) (Figures 6K-M, S). The levels
of BCL6 in UC patients were markedly greater than the CRC
patients (P < 0.05) and the controls (P < 0.001). Moreover, the
level of BCL6 in CRC patients was higher than controls (P < 0.01)
(Figures 6N-P, T).
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Immune cell infiltration analysis. (A) According to the Spearman correlation analysis, the hub genes were strongly correlated with immune cells. (B)
Correlation results of hub genes and immune cells. (C) Violin plot of the proportion of immune cells infiltrating the UC cohort compared to that in
the control cohort. (D) Proportions of 22 immune cells visualized from the bar plot. (E) Heatmap of correlations of different immune cells in UC

samples. Red: positive correlation; blue: negative correlation.

Protein expression verification of core

genes in the intestinal mucosa

Immunofluorescence assays demonstrated that, compared with
that in the UC cohort (P<0.001) and control group (P<0.0001),
CXCL1 expression in cancer patients was greater and markedly
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upregulated. The level of CXCLI in the UC patients was markedly
greater than the controls (P < 0.0001) (Figures 7A-]). The level of
BCL6 in the UC patients was greater than the cancer patients (P <

(Figures 7K-T).

10

0.0001). In contrast with the controls, the level of BCL6 in the UC
and cancer patients dramatically increased (P < 0.0001)
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Verification of gene expression in colon tissues (A) Images of a normal intestinal tract obtained via white light endoscopy. (B) Intestinal tract images
of UC patients via white light endoscopy. (C) Intestinal tract images of CRC patients via white light endoscopy. (D) NBI images of the intestinal tract
of CRC patients. (E, H) H&E staining of human normal colon sections. (F, 1) H&E staining of intestinal tissues from UC patients. (G, J) H&E staining of
intestinal sections from CRC patients. (K=P) Expression of CXCL1 (K—=M) and BCL6 (N=P) in the control cohort, UC patient cohort and cancer
patient cohort determined by IHC analysis. (S, T) Statistical comparison of the IHC analysis of the mean densities of CXCL1 (S) and BCL6 (T) in the
control cohort, UC patient cohort and cancer patient cohort. CXCL1 was expressed at the highest level in the cancer patient cohort. BCL6 was
expressed at the highest level in the UC patient cohort. (Q, R) Western blot analysis of CXCL1 and BCL6 expression in human intestinal tissues. In the
cancer patients group, the CXCL1 expressed the highest than others. In the UC patient group, the BCL6 expression was greater than that in the
other groups. *p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001.

leads to increased mortality in UCAC patients (28-30). Thus, we
identified two biomarkers (CXCL1 and BCL6) for the diagnosis of

UCAC often occurs at a more advanced stage in clinical case  colitis-related cancer. The chemokine CXCLI, known as growth-
reports than in other patients with CRC (10). Endoscopies are  regulated oncogene 0., belongs to the CXC chemokine family (31).
difficult in the early stages due to the flat UCAC lesion, which ~ Chemokines play a vital part in each process of immune system, for

Discussion
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Immunofluorescence images of CXCL1 and BCL6. (A—I) Immunofluorescence images of CXCL1 in colon tissues from the control, UC and cancer
cohorts. (J) Quantitative analysis of CXCL1 immunofluorescence. (K=S) Immunofluorescence images of BCL6 in colon tissues from the control, UC
and cancer groups. (T) Quantitative analysis of BCL6 immunofluorescence. ***p<0.001 and ****p<0.0001.

instance immune system development and homeostasis (32, 33).
Numerous studies have found that tumor cells and tumor
microenvironment cells produce chemokines (32). Chemokines can
influence the growth of tumor cells, cell survival, angiogenesis, and
metastasis (34). Recent extensive research has showed the
participation of CXCL1 in various tumorigenesis processes,

including lung cancer, melanoma, reproductive cancers, and
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gastrointestinal cancers (31, 34). Moreover, in many cancers, the
expression of CXCL1 may correlate with tumor dimensions, tumor
grade, and tumor-node-metastasis (TNM) stage (34). L. Han et al.
found a link between CXCL1 and TNM stage in laryngeal squamous
cell carcinoma (35). Shi Liu et al. also found a relation between
CXCLI1 expression and lymph node metastasis in patients with
laryngeal squamous cell carcinoma (36). Comprehensive studies on
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Effects of hub genes on the transformation from ulcerative colitis to colorectal cancer.

CXCLI’s involvement in colitis-related cancer are relatively rare. This
research attempted to address the aforementioned gap by
investigating the role of CXCLI in colitis-related cancer. Studies
have demonstrated a connection between the pathogenesis of UC and
follicular helper T (Tth) cells (37). Bcl-6 plays a crucial role in Tth cell
development, as it is essential for its generation (37). According to
research by Youguang Yang et al., Bcl-6 changes Tth/Tfr, promoting
the occurrence of IBD (38). However, studies comparing BCL6 and
colitis-related cancer are rare. Youguang Yang et al. collected blood
samples of IBD patients and detected the level of BCL6 in the normal,
UG, and CD groups via PCR. They observed significant increases in
BCL6 expression in the ulcerative colitis group (38). In their study,
Jiwei Wang et al. found that decreasing BCL6 makes TNF-ca-induced
apoptosis worse in colonic epithelial cells, which makes UC
symptoms worse. Additionally, Wang Team demonstrated that
IRF4 exerts a negative regulatory effect on BCL6, facilitating Treg
cell differentiation into macrophage-like cells and consequently
impeding colon cancer cell proliferation (39). The Jiwei Wang
team’s results partially mirrored our own. Our research indicated
that BCL6 acts as a protective factor against the progression of CRC,
which is consistent with Jiwei Wang’s results. However, our study
found that BCL6 expression in the UC cohort was higher than in the
controls, which differs from the findings of Jiwei Wang’s team. On the
one hand, Jiwei Wang’s team used an acute ulcerative colitis UC
mouse model, which contrasts with our long-term tissues from UC
patients. On the other hand, there are differences in gene expression
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between mice and humans. Furthermore, because UC and UCAC
have low incidence rates, we included a small sample size.

The NF-kB family is made up of five transcription factors that
play a part in immunity, inflammation, cell growth, and the
development of cancer (40, 41). NF-kB activation is pivotal in
UCAC pathogenesis because it orchestrates the transcriptional
upregulation of proinflammatory cytokines, facilitates tumor
growth by promoting angiogenesis-related genes, and enhances
cell survival via the induction of antiapoptotic genes (41). In
mouse models of UCAC, tumor incidence was reduced by
ablation of IxkB kinase that resulted in NF-xB pathway
inactivation (42). In a different study, a UCAC mouse model that
had NLRP12 cut out was more likely to get severe colitis and even
tumors linked to colitis than wild-type mice. NLRP12 belongs to the
Nod-like receptor family and negatively regulates NF-kB signaling
(43, 44). These studies further demonstrated that NF-xB plays a
significant role in promoting inflammation-driven colon
tumorigenesis. In our research, we conducted an enrichment
analysis of core genes and found that they were enriched in the
NF-kB pathways, which indicates that our core genes likely led to
the tumorigenesis of UCAC via the NF-kB pathway.

The core genes (CXCLI and BCL6) showed a strong link with
macrophages, neutrophils, and B cells in our research. These
immune cells were a significant component of the UCAC’s TME
(Figure 8) (45). The Gao team discovered that TME’s CXC
chemokines drive neutrophil production, recruitment, and
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presence, while also promoting tumor cell survival and
extravasation (46). They were consistent with our finding that
CXCLI is positively associated with CRC risk and strongly
correlated with neutrophils. Inducing neutrophil polarization
toward anti-tumor is then an effective means of improving the
CRC prognosis. The Gao team’s results provided direction and a
solid foundation for our immunotherapy in the future. In the pan-
cancer B-cell Atlas, the Gao team described and investigated the
role of BCL6 in the TME of CRC (47). They demonstrated that Tth
played an auxiliary role in B cell proliferation and differentiation
and that Bcl-6 was essential for Tth cell development (47). Given B
cells’ role in cancer immunity, we believe that BCL6 could be used
for cancer surveillance and treatment in next time.

Using scMetabolism (45), the Gao team demonstrated that
macrophages were heavily enriched in CRC and had extremely
high metabolic activity. In our research, there was a strong relation
between our markers and macrophages in TME. It seems that the
core genes suppress the immune system by activating macrophages,
which can facilitate CRC development, progression, and even
metastasis. Next, we will explore the metabolic landscape of the
CRC immune microenvironment using scMetabolism. Meanwhile,
the Gao team studied the systemic metabolism and local TME (48).
A metabolic competition existed between immune cells and tumors
in the TME (48). Metabolism plays an instrumental part in cancer
development, and local metabolism intervention represents a
promising treatment for CRC.

Although bioinformatic methods predicted the core genes
involved in the conversion from UC to CRC, the morbidity of
UC and UCAC patients was low, and the sample sizes were small.
Therefore, more detailed studies and larger sample sizes are
necessary. Multiple factors affected the disease. Thus, advanced
comprehensive multiomics studies, such as single-cell sequencing,
spatial genomics, and scMetabolism et al., should be performed in
our next studies.

Conclusion

In conclusion, core genes (CXCL1 and BCL6) are effectiveness
biomarkers for evaluating the progression from ulcerative colitis to
cancer. The level of CXCLI1 exhibited a positive relation with UCAC,
whereas the level of BCL6 showed a negative relation with UCAC.
BCL6 and CXCL1 showed a strong link with macrophages,
neutrophils and B cells, which is an important component in TME
of UCAC. Our findings provide basic research that targets immune
checkpoints to block tumorigenesis and intervene in the
heterogeneity of immune cells to play a role in anti-tumor.

Data availability statement

Publicly available datasets were analyzed in this study. The
data supporting our study are available in the GEO database,

Frontiers in Oncology

14

10.3389/fonc.2024.1475189

https://www.ncbinlm.nih.gov/geo/ and TCGA database https://
portal.gdc.cancer.gov/.

Ethics statement

The protocols used for human sample collection were reviewed
and approved by the Ethics Committee of the Second Affiliated
Hospital of Harbin Medical University (ethics review batch
number: KY2023-051). The studies were conducted in accordance
with the local legislation and institutional requirements. The human
samples used in this study were acquired from the Second Affiliated
Hospital of Harbin Medical University. Written informed consent
for participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

XC: Conceptualization, Data curation, Methodology, Supervision,
Validation, Visualization, Writing — original draft, Writing — review &
editing. NL: Methodology, Supervision, Validation, Writing — original
draft, Writing — review & editing. JHQ: Data curation, Supervision,
Validation, Visualization, Writing — review & editing. HC: Data
curation, Supervision, Validation, Visualization, Writing — review &
editing. HX: Supervision, Validation, Writing - review & editing.
JWQ: Supervision, Validation, Writing - review & editing. YT:
Supervision, Validation, Writing - review & editing. SH: Data
curation, Supervision, Validation, Writing - review & editing. PD:
Data curation, Supervision, Validation, Writing - review & editing.
FG: Data curation, Supervision, Validation, Writing - review & editing.
RC: Data curation, Supervision, Validation, Writing — original draft,
Writing - review & editing. UU: Data curation, Supervision,
Validation, Writing — review & editing. CW: Supervision, Validation,
Writing - review & editing. LL: Supervision, Validation, Writing —
review & editing. SJ: Conceptualization, Data curation, Investigation,
Methodology, Supervision, Validation, Visualization, Writing -
original draft, Writing — review & editing.

Funding
The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.

Acknowledgments

We thank all of authors contributing to our article. We sincerely
appreciate the GEO and TCGA databases for providing meaningful
datasets and clinical information.

frontiersin.org


https://www.ncbi.nlm.nih.gov/geo/
https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
https://doi.org/10.3389/fonc.2024.1475189
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cang et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Kobayashi T, Siegmund B, Le Berre C, Wei SC, Ferrante M, Shen B, et al.
Ulcerative colitis. Nat Rev Dis Primers. (2020) 6:74. doi: 10.1038/s41572-020-0205-x

2. Chen H, Lin X, Pan X, Xu H, Zhang X, Liang G, et al. Development and validation
of a blood routine-based extent and severity clinical decision support tool for ulcerative
colitis. Sci Rep. (2023) 13:21368. doi: 10.1038/s41598-023-48569-5

3. Le Berre C, Honap S, Peyrin-Biroulet L. Ulcerative colitis. Lancet. (2023) 402:571-
84. doi: 10.1016/S0140-6736(23)00966-2

4. Jess T, Rungoe C, Peyrin-Biroulet L. Risk of colorectal cancer in patients with
ulcerative colitis: a meta-analysis of population-based cohort studies. Clin Gastroenterol
Hepatol. (2012) 10:639-45. doi: 10.1016/j.cgh.2012.01.010

5. Amoroso C, Perillo F, Strati F, Fantini MC, Caprioli F, Facciotti F. The role of gut
microbiota biomodulators on mucosal immunity and intestinal inflammation. Cells.
(2020) 9:1234. doi: 10.3390/cells9051234

6. Frigerio S, Lartey DA, D'Haens GR, Grootjans J. The role of the immune system in
IBD-associated colorectal cancer: from pro to anti-tumorigenic mechanisms. Int ] Mol
Sci. (2021) 22:12739. doi: 10.3390/ijms222312739

7. LiN, Zhao L, Geng X, Liu ], Zhang X, Hu Y, et al. Stimulation by exosomes from
hypoxia-preconditioned hair follicle mesenchymal stem cells facilitates mitophagy by
inhibiting the PI3K/AKT/mTOR signaling pathway to alleviate ulcerative colitis.
Theranostics. (2024) 14:4278-96. doi: 10.7150/thno.96038

8. Luo C, Zhang H. The role of proinflammatory pathways in the pathogenesis of
colitis-associated colorectal cancer. Mediators Inflamm. (2017) 2017:5126048.
doi: 10.1155/2017/5126048

9. Hirano T, Hirayama D, Wagatsuma K, Yamakawa T, Yokoyama Y, Nakase H.
Immunological mechanisms in inflammation-associated colon carcinogenesis. Int |
Mol Sci. (2020) 21:3062. doi: 10.3390/ijms21093062

10. Laine L, Kaltenbach T, Barkun A, McQuaid KR, Subramanian V, Soetikno R.
SCENIC international consensus statement on surveillance and management of
dysplasia in inflammatory bowel disease. Gastroenterology. (2015) 148:639-51.e28.
doi: 10.1053/j.gastro.2015.01.031

11. Rubin DT, Ananthakrishnan AN, Siegel CA, Sauer BG, Long MD. ACG clinical
guideline: ulcerative colitis in adults. Am ] Gastroenterol. (2019) 114:384-413.
doi: 10.14309/ajg.0000000000000152

12. Lutgens MW, van Oijen MG, van der Heijden GJ, Vleggaar FP, Siersema PD,
Oldenburg B. Declining risk of colorectal cancer in inflammatory bowel disease: an
updated meta-analysis of population-based cohort studies. Inflammation Bowel Dis.
(2013) 19:789-99. doi: 10.1097/MIB.0b013e31828029c0

13. Roda G, Narula N, Pinotti R, Skamnelos A, Katsanos KH, Ungaro R, et al.
Systematic review with meta-analysis: proximal disease extension in limited ulcerative
colitis. Aliment Pharmacol Ther. (2017) 45:1481-92. doi: 10.1111/apt.14063

14. Sudhakar P, Alsoud D, Wellens J, Verstockt S, Arnauts K, Verstockt B, et al.
Tailoring multi-omics to inflammatory bowel diseases: all for one and one for all. J
Crohns Colitis. (2022) 16:1306-20. doi: 10.1093/ecco-jcc/jjac027

15. Arthur JC, Perez-Chanona E, Miihlbauer M, Tomkovich S, Uronis JM, Fan TJ,
et al. Intestinal inflammation targets cancer-inducing activity of the microbiota.
Science. (2012) 338:120-3. doi: 10.1126/science.1224820

16. Ananthakrishnan AN, Cheng SC, Cai T, Cagan A, Gainer VS, Szolovits P, et al.
Serum inflammatory markers and risk of colorectal cancer in patients with
inflammatory bowel diseases. Clin Gastroenterol Hepatol. (2014) 12:1342-8.el.
doi: 10.1016/j.cgh.2013.12.030

17. Benderska N, Dittrich AL, Knaup S, Rau TT, Neufert C, Wach S, et al. miRNA-
26b overexpression in ulcerative colitis-associated carcinogenesis. Inflammation Bowel
Dis. (2015) 21:2039-51. doi: 10.1097/MIB.0000000000000453

18. Ricciuto A, Griffiths AM. Clinical value of fecal calprotectin. Crit Rev Clin Lab
Sci. (2019) 56:307-20. doi: 10.1080/10408363.2019.1619159

Frontiers in Oncology

15

10.3389/fonc.2024.1475189

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2024.1475189/
full#supplementary-material

19. Takahashi K, Shigeyasu K, Kondo Y, Gotoh K, Yano S, Umeda Y, et al. RNA
editing is a valuable biomarker for predicting carcinogenesis in ulcerative colitis.
J Crohns Colitis. (2023) 17:754-66. doi: 10.1093/ecco-jcc/jjac186

20. Langfelder P, Horvath S. WGCNA: an R package for weighted correlation
network analysis. BMC Bioinf. (2008) 9:559. doi: 10.1186/1471-2105-9-559

21. Carbon S, Thomas PD, Albou LP, Hill DP, Gaudet P, Van Auken, et al. The
Gene Ontology Resource: 20 years and still GOing strong. Nucleic Acids Res. (2019) 47:
D330-330D338. doi: 10.1093/nar/gky1055

22. Kanehisa M, Goto S. KEGG: kyoto encyclopedia of genes and genomes. Nucleic
Acids Res. (2000) 28:27-30. doi: 10.1093/nar/28.1.27

23. Szklarczyk D, Gable AL, Nastou KC, Lyon D, Kirsch R, Pyysalo S, et al. The
STRING database in 2021: customizable protein-protein networks, and functional
characterization of user-uploaded gene/measurement sets. Nucleic Acids Res. (2021) 49:
D605-605D612. doi: 10.1093/nar/gkaal074

24. Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, et al. Cytoscape:
a software environment for integrated models of biomolecular interaction networks.
Genome Res. (2003) 13:2498-504. doi: 10.1101/gr.1239303

25. Warde-Farley D, Donaldson SL, Comes O, Zuberi K, Badrawi R, Chao P, et al.
The GeneMANIA prediction server: biological network integration for gene
prioritization and predicting gene function. Nucleic Acids Res. (2010) 38:W214-20.
doi: 10.1093/nar/gkq537

26. Robin X, Turck N, Hainard A, Tiberti N, Lisacek F, Sanchez JC, et al. pROC: an
open-source package for R and S+ to analyze and compare ROC curves. BMC Bioinf.
(2011) 12:77. doi: 10.1186/1471-2105-12-77

27. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust
enumeration of cell subsets from tissue expression profiles. Nat Methods. (2015)
12:453-7. doi: 10.1038/nmeth.3337

28. Matkowskyj KA, Chen ZE, Rao MS, Yang GY. Dysplastic lesions in
inflammatory bowel disease: molecular pathogenesis to morphology. Arch Pathol
Lab Med. (2013) 137:338-50. doi: 10.5858/arpa.2012-0086-RA

29. Romano M, Francesco F DE, Zarantonello L, Ruffolo C, Ferraro GA, Zanus G,
et al. From inflammation to cancer in inflammatory bowel disease: molecular
perspectives. Anticancer Res. (2016) 36:1447-60.

30. Faye AS, Holmer AK, Axelrad JE. Cancer in inflammatory bowel disease.
Gastroenterol Clin North Am. (2022) 51:649-66. doi: 10.1016/j.gtc.2022.05.003

31. Korbecki J, Bosiacki M, Barczak K, Lagocka R, Brodowska A, Chlubek D, et al.
Involvement in tumorigenesis and clinical significance of CXCL1 in reproductive
cancers: breast cancer, cervical cancer, endometrial cancer, ovarian cancer and prostate
cancer. Int ] Mol Sci. (2023) 24:7262. doi: 10.3390/ijms24087262

32. Lazennec G, Richmond A. Chemokines and chemokine receptors: new insights

into cancer-related inflammation. Trends Mol Med. (2010) 16:133-44. doi: 10.1016/
j.molmed.2010.01.003

33. Hughes CE, Nibbs R. A guide to chemokines and their receptors. FEBS J. (2018)
285:2944-71. doi: 10.1111/febs.14466

34. Korbecki J, Bosiacki M, Barczak K, Lagocka R, Chlubek D, Baranowska-Bosiacka
L. The clinical significance and role of CXCL1 chemokine in gastrointestinal cancers.
Cells. (2023) 12:1406. doi: 10.3390/cells12101406

35. Gros B, Kaplan GG. Ulcerative colitis in adults: A review. JAMA. (2023)
330:951-65. doi: 10.1001/jama.2023.15389

36. Liu S, Wang X, Xu X. Expression of GRO-1 and its relationship with VEGF in
squamous cell carcinoma of larynx. Lin Chuang Er Bi Yan Hou Ke Za Zhi. (2006) 20:541-4.

37. Nurieva RI, Chung Y, Martinez GJ, Yang XO, Tanaka S, Matskevitch TD, et al.
Bcl6 mediates the development of T follicular helper cells. Science. (2009) 325:1001-5.
doi: 10.1126/science.1176676

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1475189/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2024.1475189/full#supplementary-material
https://doi.org/10.1038/s41572-020-0205-x
https://doi.org/10.1038/s41598-023-48569-5
https://doi.org/10.1016/S0140-6736(23)00966-2
https://doi.org/10.1016/j.cgh.2012.01.010
https://doi.org/10.3390/cells9051234
https://doi.org/10.3390/ijms222312739
https://doi.org/10.7150/thno.96038
https://doi.org/10.1155/2017/5126048
https://doi.org/10.3390/ijms21093062
https://doi.org/10.1053/j.gastro.2015.01.031
https://doi.org/10.14309/ajg.0000000000000152
https://doi.org/10.1097/MIB.0b013e31828029c0
https://doi.org/10.1111/apt.14063
https://doi.org/10.1093/ecco-jcc/jjac027
https://doi.org/10.1126/science.1224820
https://doi.org/10.1016/j.cgh.2013.12.030
https://doi.org/10.1097/MIB.0000000000000453
https://doi.org/10.1080/10408363.2019.1619159
https://doi.org/10.1093/ecco-jcc/jjac186
https://doi.org/10.1186/1471-2105-9-559
https://doi.org/10.1093/nar/gky1055
https://doi.org/10.1093/nar/28.1.27
https://doi.org/10.1093/nar/gkaa1074
https://doi.org/10.1101/gr.1239303
https://doi.org/10.1093/nar/gkq537
https://doi.org/10.1186/1471-2105-12-77
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.5858/arpa.2012-0086-RA
https://doi.org/10.1016/j.gtc.2022.05.003
https://doi.org/10.3390/ijms24087262
https://doi.org/10.1016/j.molmed.2010.01.003
https://doi.org/10.1016/j.molmed.2010.01.003
https://doi.org/10.1111/febs.14466
https://doi.org/10.3390/cells12101406
https://doi.org/10.1001/jama.2023.15389
https://doi.org/10.1126/science.1176676
https://doi.org/10.3389/fonc.2024.1475189
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cang et al.

38. Yang Y, Lv X, Zhan L, Chen L, Jin H, Tang X, et al. Case report: IL-21 and bcl-6
regulate the proliferation and secretion of tfh and tfr cells in the intestinal germinal
center of patients with inflammatory bowel disease. Front Pharmacol. (2020)
11:587445. doi: 10.3389/fphar.2020.587445

39. WangJ, Wu Z, Huang Y, Jin L, Xu ], Yao Z, et al. IRF4 induces M1 macrophage
polarization and aggravates ulcerative colitis progression by the Bcl6-dependent STAT3
pathway. Environ Toxicol. (2024) 39:2390-404. doi: 10.1002/tox.24106

40. Perkins ND. Integrating cell-signalling pathways with NF-kappaB and IKK
function. Nat Rev Mol Cell Biol. (2007) 8:49-62. doi: 10.1038/nrm2083

41. Viennois E, Chen F, Merlin D. NF-xB pathway in colitis-associated
cancers. Transl Gastrointest Cancer. (2013) 2:21-9. doi: 10.3978/j.issn.2224-
4778.2012.11.01

42. Greten FR, Eckmann L, Greten TF, Park JM, Li ZW, Egan L], et al. IKKbeta links
inflammation and tumorigenesis in a mouse model of colitis-associated cancer. Cell.
(2004) 118:285-96. doi: 10.1016/j.cell.2004.07.013

43. Allen IC, TeKippe EM, Woodford RM, Uronis JM, Holl EK, Rogers AB,
et al. The NLRP3 inflammasome functions as a negative regulator of tumorigenesis

Frontiers in Oncology

16

10.3389/fonc.2024.1475189

during colitis-associated cancer. ] Exp Med. (2010) 207:1045-56. doi: 10.1084/
jem.20100050

44. Allen IC, Wilson JE, Schneider M, Lich JD, Roberts RA, Arthur JC, et al. NLRP12
suppresses colon inflammation and tumorigenesis through the negative regulation of
noncanonical NF-xB signaling. Immunity. (2012) 36:742-54. doi: 10.1016/
j-immuni.2012.03.012

45. Wu Y, Yang S, Ma J, Chen Z, Song G, Rao D, et al. Spatiotemporal immune
landscape of colorectal cancer liver metastasis at single-cell level. Cancer Discovery.
(2022) 12:134-53. doi: 10.1158/2159-8290.CD-21-0316

46. Wu 'Y, Ma ], Yang X, Nan F, Zhang T, Ji §, et al. Neutrophil profiling illuminates
anti-tumor antigen-presenting potency. Cell. (2024) 187:1422-39.e24. doi: 10.1016/
j.cell.2024.02.005

47. MaJ, WuY, Ma L, Yang X, Zhang T, Song G, et al. A blueprint for tumor-infiltrating
B cells across human cancers. Science. (2024) 384:eadj4857. doi: 10.1126/science.adj4857

48. Wu Y, Zou Q, Jiang P, Gao Q. Tumor-host cometabolism collaborates to
shape cancer immunity. Cancer Discovery. (2024) 14:653-7. doi: 10.1158/2159-
8290.CD-23-1509

frontiersin.org


https://doi.org/10.3389/fphar.2020.587445
https://doi.org/10.1002/tox.24106
https://doi.org/10.1038/nrm2083
https://doi.org/10.3978/j.issn.2224-4778.2012.11.01
https://doi.org/10.3978/j.issn.2224-4778.2012.11.01
https://doi.org/10.1016/j.cell.2004.07.013
https://doi.org/10.1084/jem.20100050
https://doi.org/10.1084/jem.20100050
https://doi.org/10.1016/j.immuni.2012.03.012
https://doi.org/10.1016/j.immuni.2012.03.012
https://doi.org/10.1158/2159-8290.CD-21-0316
https://doi.org/10.1016/j.cell.2024.02.005
https://doi.org/10.1016/j.cell.2024.02.005
https://doi.org/10.1126/science.adj4857
https://doi.org/10.1158/2159-8290.CD-23-1509
https://doi.org/10.1158/2159-8290.CD-23-1509
https://doi.org/10.3389/fonc.2024.1475189
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Identification of immune-associated genes for the diagnosis of ulcerative colitis-associated carcinogenesis via integrated bioinformatics analysis
	Introduction
	Materials and methods
	Data sources
	Co-expression module identification
	Functional enrichment analysis
	Construction of the PPI network
	Expression verification of hub genes
	Receiver operating characteristic curves
	Analysis of immune infiltration
	Verification of the human colonic mucosa
	Collection of clinical samples

	Hematoxylin-eosin staining analysis
	Immunohistochemical analysis
	Western blot analysis
	Immunofluorescence staining
	Statistical analysis

	Results
	Dataset information
	WGCNA and key module gene identification
	Functional analysis of co-expressed genes
	PPI network construction
	Selection and analysis of hub genes
	Expression verification of hub genes
	Diagnostic value evaluation of hub genes
	Correlations of hub genes and immune cell infiltration
	Verification of the expression of hub genes in human colonic mucosa
	Endoscopic diagnosis and histological evaluation

	Western blot analysis
	IHC analysis
	Protein expression verification of core genes in the intestinal mucosa

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


