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Abstract: Ulcerative colitis-associated colorectal cancer
(UCCRC) represents a significant complication of ulcerative
colitis. CEBPB has been shown to promote the invasion of
colon cancer cells. In this study, we aimed to investigate
the role of CEBPB in the progression of cancers associated
with colitis. The wild-type (WT) mice, transfected with a
vector expressing CEBPB and siRNA targeting CEBPB, along
with their littermate controls, were subjected to a chal-
lenge using azoxymethane and dextran sodium sulfate to
establish a model of UCCRC. Colon tissues and blood sam-
ples were collected for analysis through hematoxylin and
eosin staining and enzyme linked immunosorbent assay.
Immunohistochemical staining was employed to assess
protein expression. In the UCCRC model, mice transfected
with vectors expressing CEBPB exhibited a reduction in
weight loss and colorectal stenosis, as well as disordered
colonic gland structure. Additionally, these mice demon-
strated an increased number and size of tumors compared
to WT controls. Furthermore, transfection with CEBPB
resulted in a decrease in both the quantity and dimensions

# Shan Gao and Wei Wang are co-first authors.

* Corresponding author: Jin-Min Chen, Department of
Gastroenterology, Xiangyang Central Hospital, Affiliated Hospital of
Hubei University of Arts and Science, No. 136, Jingzhoue Street,
Xiangyang, 441021, Hubei, China, e-mail: jinmchen1988@163.com

* Corresponding author: Wei Yang, Department of Gastroenterology,
Xiangyang Central Hospital, Affiliated Hospital of Hubei University of Arts
and Science, No. 136, Jingzhoue Street, Xiangyang, 441021, Hubei, China,
e-mail: yangweii1986@163.com

Shan Gao, Wei Wang, Xu-Dong Tong, Dao-Rong Wang, Ai-Xia Tian:
Department of Gastroenterology, Xiangyang Central Hospital, Affiliated
Hospital of Hubei University of Arts and Science, No. 136, Jingzhoue
Street, Xiangyang, 441021, Hubei, China

of tumors. NF-kB was found to enhance the phosphorylation
level of STAT3 based on Western blot assay. The activation of
NF-xB and STAT3 subsequently promoted the proliferation,
invasion, and migration of colon cancer cells by clone for-
mation assays, transwell assays, and scratch-wound assays.
Moreover, rescue experiments indicated that CEBPB induced
UCCRC through the NF-kB/STATS3 signaling pathway. CEBPB
mediated colonic injury in UCCRC mice by activating the
NF-kB/STAT3 pathway. This finding reveals a previously
unrecognized link between CEBPB and colitis-related tumor-
igenesis and provides new insight into UCCRC pathogenesis.

Keywords: colorectal cancer, CEBPB, ulcerative colitis,
NF-xB/STAT3

1 Introduction

Ulcerative colitis (UC) is a chronic inflammatory condition
that primarily impacts the mucosal and submucosal layers
of the large intestine. It is characterized by symptoms such
as abdominal pain, hematochezia, and diarrhea [1]. The
severity of UC can vary and may recur over time. Unfortu-
nately, there is currently no universally accepted standard
for the diagnosis of UC. Diagnosis typically involves a com-
prehensive approach that includes clinical presentation,
biochemical analysis, fecal examination, endoscopy, ima-
ging studies, and pathological findings [2]. Patients with UC
face an increased risk of developing colon cancer, which
represents a significant complication and a leading cause
of mortality in cases of ulcerative colitis [3]. Furthermore,
the severity of colon inflammation serves as an indepen-
dent risk factor for the emergence of colon neoplasms in
individuals with chronic UC.

Currently, various signaling pathways and pivotal mole-
cular nodes are associated with colitis and colon cancer.
Research has demonstrated that oxidative stress induced by
nitrogen and oxygen compounds within the inflammatory
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microenvironment, coupled with the activation of NF-kB and
STATS3 signaling pathways by inflammatory mediators, plays
a crucial role in the progression from colitis to colon cancer
[4,5]. Persistent activation of the NF-kB signaling pathway can
result in DNA damage to intestinal epithelial cells and expedite
the development of intestinal adenomas [6,7]. Mutant p53 has
the capacity to prolong this activation, leading to chronic
inflammation and contributing to the emergence of inflamma-
tion-related colorectal cancer [8,9]. Additionally, the activation
of the interleukin (IL)-6-STAT3 signaling pathway can facilitate
the progression of colonic inflammation to cancer [10].

CEBPB is a member of the CCAAT family of element-
binding proteins, consisting of six basic leucine zipper DNA-
binding proteins. It functions as a homodimer to specifically
bind to regulatory regions within DNA [10,11]. CEBPB plays a
crucial role in regulating inflammatory genes and facilitating
mitosis across various cell types. It was found that CEBPB is
upregulated in samples of ulcerative colitis-associated color-
ectal cancer (UCCRC) and constitutes part of an NF-kB-related
gene signature [12]. Additionally, CEBPB regulates gene tran-
scription in response to the expression of IL-1 and IL-6 by
activating the NF-kB and STAT pathways [13]. This modula-
tion can exacerbate the inflammatory microenvironment,
which is critical to the cancer microenvironment. Chronic
inflammation has been associated with malignant cell trans-
formation and the onset of cancer. Therefore, this study aims
to investigate how the expression of CEBPB may regulate the
occurrence and progression of UCCRC.

2 Methods

2.1 Mice and UCCRC model

About 90 male wild-type C57BL/6 mice was obtained from
Heyuan Biotechnology Co., LTD (SYXK(HU)2017-0003), which
were 8-10 weeks old and weighed 20 + 1.2 g. To ensure their
health and safety, they were kept in a specific pathogen-free
(SPF) environment. All in vivo procedures were conducted
in compliance with the Animal Experiment Administration
Committee of the university. To induce UCCRC, which was
previously described in a study, mice were injected with
azoxymethane (AOM) (12mg/kg) intraperitoneally. After 7
days, they were administered 2% dextran sodium sulfate
(DSS) dissolved in drinking water for 7 consecutive days,
followed by 14 days of regular drinking water for recovery.
This cycle was repeated twice, followed by regular drinking
water until day 84 when the mice were euthanized. Littermate
controls were injected with normal saline (NS, 12 mg/kg) intra-
peritoneally, and the procedure was the same as mentioned
earlier. Recombinant adeno-associated virus serotype 9
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(rAAV9) expressing a siRNA targeting CEBPB (siCEBPB), full-
length CEBPB cDNA (CEBPB), and scramble control (NC) were
generated by Biowit Technologies Co., Ltd. (Shenzhen, China),
according to the manufacturer’s protocol. In the CEBPB-
treated groups, CEBPB or siCEBPB was tail vein-injected at a
dose of 1 x 10" vg on days 1, 3, and 5 during DSS treatment. In
IkappaB kinase-2 (IKK2) inhibitor 2-[(aminocarbonyl)amino]-
5(4-fluorophenyl)-3-thiophenecarboxamide (TPCA-1)}-treated groups,
TPCA-1 (10 mg/mL; Tocris Bioscience, Ellisville, Missouri) was
intraperitoneally injected from days 1 to 56 during DSS treat-
ment. The colons were collected and cut open longitudinally
to measure the tumor numbers and sizes. Simultaneously, the
body weight and disease activity index (DAI) of the mice were
recorded. Eventually, the mice were euthanized, placed in a
plexiglass chamber with 5% isoflurane for 5 min, and decapi-
tated when sufficiently sedated. Colorectal length and asso-
ciated indicators were measured, and the colon tissues were
either frozen in liquid nitrogen or fixed with formaldehyde
(4%) and embedded in paraffin for downstream assays.

Ethical approval: The research related to animal use has
been complied with all the relevant national regulations
and institutional policies for the care and use of animals,
and has been approved by the Ethics Committee of Animal
Experiments of Hubei University of Arts and Science.

2.2 Hematoxylin and eosin (H&E) staining for
mice’s colon tissues

After the paraffin-embedded colon tissues of mice were cut
into sections, they underwent a series of treatments to
prepare them for observation under a light microscope.
Xylene and ethanol were used to remove any remaining
wax from the tissue samples, ensuring that they were clean
and ready for staining. The Hematoxylin and Eosin Staining
Kit (Beyotime Biotechnology Co., LTD, Shanghai, China) was
then applied according to the manufacturer’s instructions,
which allowed for clear visualization of the colon tissues.
This process is essential in order to accurately analyze any
changes or abnormalities present in the tissue samples. By
observing these tissues under a microscope, researchers can
gain valuable insights into various diseases and conditions
affecting the colon.

2.3 Determination of the concentrations of
tumor necrosis factor alpha (TNF-a), IL-6,
and IL-1B

After the harvest of mice’s blood, the sera were carefully
separated to ensure accurate results. The enzyme linked
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immunosorbent assay (ELISA) kits from Beyotime were
used to determine the serum concentrations of TNF-a, IL-
6, and IL-1B. This method is widely recognized as a reliable
way to measure cytokine levels in biological samples.

The absorbance at a wavelength of 450 nm was mea-
sured according to the manufacturer’s protocol (Beyotime).
This allowed for precise quantification of each cytokine
present in the serum samples. These measurements are
important because they provide insight into how different
immune cells respond during an inflammatory response.

2.4 Immunohistochemical (IHC) analysis

After the initial preparation steps of deparaffinization and
rehydration, the sections underwent antigen retrieval with
1% sodium citrate to enhance the detection of specific pro-
teins. To prevent interference from endogenous catalase, a
3% H,0, solution was applied for 30 min to block its
activity. The next step involved treating the sections with
a 3% bovine serum albumin solution (Beyotime) to mini-
mize non-specific binding of antibodies. Primary antibo-
dies against E-catenin and Ki67 were then added and
allowed to incubate overnight at 4°C. This process is crucial
in identifying cellular markers that can provide insight
into various biological processes such as cell proliferation
and adhesion. By carefully following these procedures,
researchers can obtain reliable results that contribute to
our understanding of complex biological systems. After
being washed with phosphate buffer saline (PBS) thrice
to remove any residual debris or contaminants, the sec-
tions were carefully incubated with HRP (horseradish per-
oxidase; Beyotime)-conjugated secondary antibody for 1h
at room temperature (RT). This step is crucial in order to
ensure that the primary antibody has bound specifically to
its target antigen. The use of a conjugated secondary anti-
body allows for easy detection and visualization of the
primary antibody-antigen complex.

Once the sections have been incubated with the sec-
ondary antibody, they are developed using 3,3-diamino-
benzidine (DAB; Beyotime) chromogenic solution. DAB
reacts with HRP to produce a brown precipitate at sites where
the primary antibody has bound to its target antigen. This
reaction can be monitored under a light microscope and
provides valuable information about protein expression pat-
terns within tissues. To counterstain the nuclei and provide
contrast against the brown precipitate, hematoxylin is
applied after development. Hematoxylin stains DNA-rich
regions blue-purple, allowing for clear visualization of
cell nuclei within tissue sections.

CEBPB promotes UCCRC = 3

Finally, coverslips are added using mounting medium
in order to protect and preserve the stained tissue sections.
The slides can then be visualized under a light microscope at
various magnifications depending on experimental needs.
Overall, this protocol provides an effective method for detecting
specific proteins within tissue samples through immunohis-
tochemistry techniques. The immunoreactive score (IRS) is a
widely used method for evaluating the expression of proteins
in tissue samples. It takes into account both the percentage of
cells that are positive for a particular protein and the intensity
of staining. This allows researchers to obtain a more compre-
hensive understanding of how much of a given protein is pre-
sent in different tissues or under different conditions.

The IRS system uses a scale from 0 to 4 to rate the
percentage of positive cells, with higher scores indicating
greater levels of expression. Similarly, staining intensity is
rated on a scale from 0 to 3, with higher scores indicating
stronger staining.

By combining these two scores, researchers can gen-
erate an overall score that reflects both the amount and
strength of protein expression in each sample. This informa-
tion can be used to compare different tissues or experimental
conditions and identify patterns or trends that may be rele-
vant to disease processes or other biological phenomena.

2.5 Cell culture and treatment

The human CC line SW480 was procured from Icell
Bioscience Biotechnology Co., Ltd. (Shanghai, China). All
cell lines were maintained in Dulbecco's modified eagle
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS), 100 U/mL penicillin, and 100 mg/mL strepto-
mycin at 37°C with 5% CO,. To treat SW480 cells, 20 nM
phorbol 12-myristate 13-acetate (PMA, Sigma, St Louis,
USA) or Colivelin TFA (Proteintech, Wuhan, China) in
DMEM medium for 12h was used.

2.6 Clone formation assay

For the clone formation assay, 4 x 10> SW480 cells were
cultured in 2 mL of complete medium in 6-well plates for 7
days, with regular observations. The culture was termi-
nated upon visible clone appearance. Cells were fixed
with 2mL of 4% paraformaldehyde for 10 min and stained
with 2 mL of 5% crystal violet for 8 min. Petri dishes were
inverted, and a transparent grid film was used to count
clones visually, which were then recorded. The clone for-
mation rate was calculated as follows: number of clones/
number of inoculated cells x 100.
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2.7 Transwell assays

Migration and invasion were assessed using a Boyden
chamber assay (8-um pore). CRC cells (1 x 10°) were resus-
pended in 200 pL FBS-free medium and placed in the top
chamber (BD, USA), while the lower chamber contained
medium with 10% FBS. After 24 h, the cells were fixed,
stained, and counted in six randomly selected fields under
a microscope. The invasion assay was performed similarly
using a modified Boyden chamber coated with Matrigel
(BD Bioscience, USA).

2.8 Wound healing assay

Cells (1 x 10° were cultured in 6-well plates. After 16 h, the
complete medium was replaced with low serum fresh
medium (2%). Wounds were created using a 10 pL pipette
tip once cells reached 90% confluence. The cells were
washed twice with PBS to remove loose ones, and serum-
free medium was added. To ensure comparability of
wound areas, positioning marks were made at the center
of each denuded surface. Scratch zones were photo-
graphed by inverted microscopy at 0 and 24 h. Image ]
software measured the migrating ability of cancer cells.
Data presented were from three independent experiments.

2.9 RNA extraction and reverse transcription
quantitative polymerase chain reaction
(RT-qPCR) analysis

After killing the mice, their brains were quickly removed
and dissected to isolate the cortex tissues. The tissues were
then homogenized using a tissue grinder to break down
cell membranes and release RNA. The Invitrogen TRIzol
reagent (ThermoFisher) was used for RNA isolation, which
involves adding chloroform to separate the aqueous phase
containing RNA from other cellular components. After cen-
trifugation, the RNA was collected from the upper layer
and purified further.

To prepare cDNA for gene expression analysis, reverse
transcription was performed using BeyoRT™ III cDNA tran-
scriptase kit (Beyotime) according to the manufacturer’s
instructions. This involved annealing primers specific to
target genes with extracted RNA templates in a thermal cycler
machine at appropriate temperatures and durations.

The sequences of these primers were carefully designed
based on known gene sequences or predicted mRNA tran-
scripts using bioinformatics tools such as BLAST or Primer3
software. They are critical for amplifying specific regions of
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interest during PCR (polymerase chain reaction) reactions
that follow reverse transcription step. The sequences of these
primers were as follows: TNF-a, 5-~-AGGAGGGAGAACAGCAACTC-
3 (forward) and 5-TGTATGAGAGGGACGGAACC-3' (reverse);
IL-1B, 5-TCTCCAGTCAGGCTTCCTTG-3' (forward) and 5-ATCTGG
ACAGCCCAAGTCAA-3(reverse); IL-6, 5-CCACTGCCTTCCCTACT
TCA-3' (forward) and 5-ACAGTGCATCATCGCTGTTC-3' (reverse);
Ki67, 5-CAAAGCAGGAAGCAACAGGT-3 (forward) and 5-TGCTAA
TGTGCTCCTCCACA-3 (reverse); E-cadherin, 5-ATCGCCTACACCA
TCCTCAG-3' (forward) and 5-CAGCCTGAACCACCAGAGTA-3
(reverse); N-cadherin, 5-GGCAATCAAGTGGAGAACCC-3' (for-
ward) and 5-CCCTCTGGAACAGACCCATT-3' (reverse); vimentin,
5-GAAAGTGTGGCTGCCAAGAA-3 (forward) and 5-GTTTGACTC
CTGCTTTGCCT-3 (reverse); GAPDH, 5-GCCCTGACTGGAGATGA
AGT-3 (forward) and 5-AAGCGACCCTTGGTGTCATA-3 (reverse).
Subsequently, RT-qPCR analyses were performed using the SYBR
premix EX Taq™ (Takara, Kusatsu, Shiga, Japan) according to the
manufacturer’s protocol in a Light Cycler 480 System (Roche
Diagnostics, Grenzacherstrasse, Basel, Switzerland). The DNA
amplification process is a crucial step in genetic research and
analysis. In this study, the amplification was carried out using
a specific protocol that involved maintaining the first cycle at
95°C for 30 s, followed by 40 cycles consisting of denaturation,
annealing, and extension. The denaturation step involves
separating the double-stranded DNA into single strands by
heating it to high temperatures (95°C), while annealing allows
primers to bind to complementary sequences on each strand
of DNA. Extension then occurs when Taq polymerase adds
nucleotides to the growing chain.

After amplification, gene expression levels were ana-
lyzed using the 27**“* method. This method involves com-
paring the expression level of an unknown sample against
a calibrated sample with known gene expression levels. By
calculating differences in threshold cycle values (Ct) between
target genes and reference genes, researchers can determine
relative changes in gene expression.

2.10 Western blot analysis

Protein extraction is a crucial step in many biological experi-
ments, and the radioimmunoprecipitation assay lysis buffer
(Beyotime, Shanghai, China) used in this study is a commonly
used reagent for this purpose. The addition of 1 mM phenyl-
methylsulfonyl fluoride and protease/phosphatase inhibitors
helps to prevent protein degradation during the extraction
process. After solubilization, the proteins (30 ug) were sepa-
rated by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis, which uses an electric field to separate proteins
based on their size and charge. The separating gel has a higher
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concentration of acrylamide than the stacking gel, allowing for
better resolution of smaller proteins. Finally, transferring gel to
a PVDF membrane (Roche) allows for the detection of specific
target proteins using antibodies. The following primary anti-
bodies were used: anti-ki67, anti-E-cadherin, anti-N-cadherin,
anti-vimentin, anti-p65, and anti-phospho-STAT3 (dilution of
1:800; Beyotime).

After washing, the membranes were carefully incu-
bated with horseradish peroxidase-conjugated secondary
antibodies (Pierce) to ensure optimal binding and detection
of the target proteins. The use of a high-quality secondary
antibody is crucial for obtaining accurate and reliable
results in Western blot experiments. Following incubation,
protein bands were visualized using an enhanced chemi-
luminescence Plus Western blot detection kit (Amersham
Biosciences), which provides sensitive and consistent detec-
tion of even low-abundance proteins. The manufacturer’s
instructions were followed precisely to ensure reproducibility
across multiple experiments.

2.11 Data analysis

The one-way analysis of variance (ANOVA) is a statistical
method used to compare the means of three or more
groups. In this study, SPSS19.0 software was used to per-
form ANOVA on our data and calculate the mean * S.D.
(standard deviation). The results showed that there was a
statistically significant difference between the groups with
a two-sided value of P < 0.05, indicating that our hypothesis
was supported by the data.

It is important to note that P < 0.01 was considered
extremely statistically significant in this study, which sug-
gests an even stronger level of evidence supporting our
findings. This highlights the importance of using appro-
priate statistical methods and setting clear significance
levels when analyzing research data.

3 Results

3.1 CEBPB affects the progression of
UCCRC mice

To investigate the role of CEBPB in UCCRC, a mouse model
was established using azoxymethane/dextran sodium sul-
fate (AOM/DSS) induction. The mice were meticulously
selected and injected with AOM, followed by three cycles
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of DSS treatment as detailed in the Methods section and
illustrated in Figure 1a. Subsequently, it was observed that
the injection of CEBPB exacerbated the shortening of the
colorectum and loss of colon weight induced by AOM/DSS
(Figure 1b-d). Furthermore, there was a significant
decrease in survival rates among UCCRC mice treated
with CEBPB (Figure 1e). Concurrently, symptoms associated
with UCCRC in these mice — including reduced activity, low
energy levels, diminished responsiveness, and lacklusterness
— were aggravated by CEBPB administration, as evidenced by
decreased body weight (Figure 1d). Histological examination
via HE staining revealed that CEBPB treatment led to more
severe pathological alterations in UCCRC-affected mice
(Figure 2a). Conversely, treatment with siCEBPB mitigated
AOM/DSS-induced pathological changes in these animals. To
further elucidate the influence of CEBPB on inflammatory
responses within UCCRC mice, serum levels of pro-inflamma-
tory factors such as TNF-q, IL-6, and IL-1p along with their
expression within colon tissues were measured (Figure 2b-d).
The results indicated that CEBPB significantly affected the
levels of inflammatory cytokines associated with UCCRC pro-
gression. Specifically, it was found that CEBPB upregulated
both serum concentrations and tissue expression levels of
TNF-q, IL-6, and IL-1B, all critical mediators involved in
inflammatory responses (Figure 2e-g).

These findings suggest that CEBPB may play a pivotal
role in promoting inflammation within UCCRC, which could
contribute to disease progression. Further studies are war-
ranted to comprehensively understand the underlying mechan-
isms driving these effects.

CEBPB alters the expression of the related proteins and
the activation of NF-xB/STAT3 signaling pathway.

Given that CEBPB accelerated the carcinogenesis of AOM/
DSS-induced UCCRC in mice, we speculated whether CEBPB
contributes to proliferation and metastasis in UCCRC.
Intriguingly, IHC analysis revealed that AOM/DSS treatment
increased Ki67 protein expression while decreasing E-cad-
herin protein levels in the colon tissues of mice (Figure 3a
and b), which was consistent with the results obtained from
Western blotting. Specifically, CEBPB led to a reduction in
E-cadherin protein levels alongside an elevation of N-cad-
herin and vimentin protein levels in AOM/DSS-treated mice
(Figure 3c-g). Furthermore, these findings were corrobo-
rated by RT-qPCR analysis (Figure 3h—k). Given that Ki67 is
a pro-proliferation gene and E-cadherin, N-cadherin, and
vimentin are associated with epithelial-mesenchymal tran-
sition (EMT), it can be inferred that CEBPB potentially
induces proliferation and metastasis in UCCRC, thereby
facilitating its progression.

Subsequently, significant activation of STAT3 phos-
phorylation and NF-«kB-p65 expression in AOM/DSS-treated
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mice were observed. Notably, overexpression of CEBPB
further activated the NF-xB/STAT3 signaling pathway within
this context. Conversely, silencing CEBPB inhibited the activa-
tion of the NF-kB/STAT3 signaling pathway in AOM/DSS-
treated mice (Figure 31).

NF-kB enhances the phosphorylation of STAT3,
thereby activating the NF-xB/STAT3 signaling pathway
in colon cancer.

After treatment with NF-xB’s activator (PMA) on colon
cell lines (SW480), there is a significant upregulation in
the phosphorylation of STAT3 (Figure 3m). Furthermore,
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both PMA and colivelin TFA, an activator of STAT3, enhance
proliferation, invasion, and migration in SW480 cells
(Figure 3n-p).

CEBPB activates the NF-kB/STAT3 signaling pathway in
UCCRC mice.

The NF-xB/STAT3 signaling pathway has been exten-
sively investigated in relation to colon cancer, and it is widely
acknowledged that this pathway plays a pivotal role in the
pathogenesis of the disease. However, the precise mechanisms
through which these transcription factors facilitate tumor pro-
gression remain inadequately understood. To illuminate this
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issue, researchers have focused their attention on CEBPB, a
transcription factor that has been demonstrated to promote
the advancement of colorectal cancer.

To investigate the influence of CEBPB on the activity of
the NF-kB/STAT3 signaling pathway, researchers assessed
its effects on two critical markers: NF-kB-p65 and STAT3.
P65 serves as a crucial transcription factor within the NF-
kB signaling cascade, while STAT3 is an essential compo-
nent of the STAT3 signaling pathway. By analyzing altera-
tions in the levels of these proteins following modifications
to CEBPB expression or activity, researchers aim to eluci-
date how CEBPB facilitates tumor growth and metastasis.

It was revealed that the expression of the protein p65
and the phosphorylation level of STAT3 in colon tissues of
UCCRC mice were significantly upregulated by CEBPB, as
evidenced by Western blot analysis (Figure 4a). Further-
more, TPCA-1, a dual inhibitor of STAT3 and NF-kB sig-
naling, was employed to inhibit the activation of NF-kB/
STAT3 signaling in AOM/DSS-induced UCCRC mice. Our
results indicated that CEBPB counteracted the effects of
TPCA-1 on colon length; specifically, the colon length in
the AOM/DSS group was markedly reduced compared to
that observed in the normal control group. Following treat-
ment with TPCA-1, there was a partial restoration of colon
length; however, it remained lower than that seen in the
normal control group. Notably, CEBPB transfection effec-
tively negated the beneficial effects of TPCA-1 on improving
colon length (Figure 4b—d). Additionally, TPCA-1 treatment
enhanced survival rates among UCCRC mice, while CEBPB
abolished this effect (Figure 4e).

Subsequently, TPCA-1 ameliorated pathological changes
in colon tissue induced by AOM/DSS; however, CEBPB inhib-
ited these effects on colonic tissue within UCCRC mice

Relative mRNA expression
of TNF-a

Relative mRNA expression

Relative mRNA expression

AOM/DSS+NC
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(Figure 4f). It was found that CEBPB significantly elevated
serum concentrations and expressions of TNF-a, IL-6, and
IL-1p when compared to those in the AOM/DSS + TPCA-1
group (Figure 4g and h). Moreover, THC and Western
blot analyses demonstrated that TPCA-1 impeded protein
expression levels associated with proliferation and EMT,
including Ki67, N-cadherin, and vimentin (Figure 5a and b),
while increasing E-cadherin expression levels. Importantly,
CEBPB nullified these effects exerted by TPCA-1 in UCCRC
mice.

Additionally, RT-qPCR analysis supported these findings
regarding CEBPB’s influence on protein levels mentioned
earlier (Figure 5c), demonstrating that CEPBP activated
NF-KB/STATS3 signaling pathways within UCCRC mice.

4 Discussion

Intracellular inflammation is closely linked to colon cancer;
however, the mechanisms underlying the transition from
inflammation to malignancy remain to be fully elucidated
[14]. Research has demonstrated that a critical state exists
within the tumor microenvironment, specifically referred to
as the tumor inflammatory microenvironment [15]. Previous
research has indicated that inflammation-related factors may
significantly contribute to the development of cancer metas-
tases. As a crucial regulator of the inflammatory response, the
nuclear transcription factors NF-kB and STAT3 play signifi-
cant roles in modulating this process [16]. A detrimental cycle
of “inflammation-tumor” is present within the tumor micro-
environment. Once a tumor is established in the human body,
the inflammatory environment created by tumor cells can

AOM/DSS+sINC AOM/DSS+siCEBPB

Figure 2: CEBPB affects the pathogenic alterations and inflammatory response in UCCRC mice, and representative images of H&E-stained colorectal
tissues of mice. The scale bar is 200 pm (a); the concentrations of TNF-a (b), IL-6 (c), and IL-1B (d) in mice’s sera were determined with ELISA kits; the
expression of TNF-a (e), IL-6 (f), and IL-1B (g) in colon tissues was determined with RT-qPCR assay, as per the manufacturer’s protocol. *P < 0.05. The

red arrows represent the pathological changes.
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activate the NF-xkB and STAT3 signaling pathways
[17]. This activation leads to an increased expression of
various inflammatory cytokines within the tumor microen-
vironment, including TNF-q, IL-6, IL-1B, and other cytokines.
The activation of the NF-kB signaling pathway enhances the
secretion of the cytokine IL-6 [18]. Furthermore, in vivo
expression of tumor suppressor genes P53 and P65 is influ-
enced by IL-6 secretion, which subsequently induces cellular
carcinogenesis and facilitates the differentiation of tumor
cells [19]. Additionally, TNF-a secretion can also promote
the occurrence of inflammatory responses in vivo. The secre-
tion of the cytokine IL-6 can also activate the STAT3 signaling
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pathway, thereby influencing the entire process of tumor
initiation and progression [20].

It has been reported that the activation of the NF-kB
signaling pathway can stimulate the release of inflammatory
factors, thereby triggering an inflammatory response that
enhances the immune response [21]. NF-xB plays a crucial
role in conveying information by modulating tissue repair
processes and engaging in tumor-associated inflammation.
This involvement ultimately contributes to the maintenance
of tumor growth and invasion. It has been demonstrated that
the STAT3 signaling pathway significantly influences tumor
cell growth, reproduction, metastasis, and apoptosis [22,23].
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Figure 4: CEBPB activates the NF-kB/STAT3 signaling pathway in UCCRC mice: (a) Western blot analysis of the protein expression of NF-kB-p65 and
p-STAT3 in the UCCRC tissues of mice. (b) Representative photographs of the different groups in mice and (c) the colon weight of mice, (d) colorectal
length of mice, and (e) the survival rate of mice. (f) Representative images of H&E-stained colorectal tissues of mice. The scale bar is 200 pm. (g) The
concentrations of TNF-a, IL-6, and IL-1B in mice’s sera were determined with ELISA kits. (h) The expression of TNF-a, IL-6, and IL-1B in colon tissues was
determined with RT-qPCR assay, as per the manufacturer’s protocol. *P < 0.05. The red arrows represent the pathological changes.
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Furthermore, it plays a crucial role in tumor formation and
development. It have demonstrated that CEBPB functions as a
transcription factor, potentially playing a significant role in
the inflammatory state [24]. Blocking CEBPB using siRNA sig-
nificantly diminishes the production of IL-6 and IL-8
induced by tunicamycin. Endoplasmic reticulum stress
can modulate the inflammatory response and extracel-
lular matrix degradation through the activation of CEBPB
expression. STAT3, CEBPB, and NF-kB are recognized as
significant biomarkers in the pathogenesis of psoriasis
and may serve as potential drug targets for its treatment
[25]. Further research has established a connection between
CEBPB and the enhanced nuclear expression of phosphory-
lated STAT3 [26]. Consequently, CEBPB may play a pivotal role
in the “inflammation-cancer” nexus by modulating the NF-kB/
STAT3 signaling pathway. In this study, CEBPB was utilized as
a focal point to explore the mechanisms underlying UCCRC
development.
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In the present study, CEBPB was found to enhance the
secretion and expression of inflammatory cytokines (TNF-a,
IL-6, and IL-1B), exacerbate AOM/DSS-induced pathological
loss of colon tissue, and upregulate the expression of onco-
genes. The inhibition of CEBPB mitigated the inflammation-
driven carcinogenic effects associated with AOM/DSS, indi-
cating that CEBPB facilitates the progression from colitis
to colon cancer. Subsequently, we observed that CEBPB
increased the expression levels of markers related to the
NF-«kB/STATS3 signaling pathway (p65 and STAT3) induced
by AOM/DSS. Treatment with a CEBPB blocker in AOM/
DSS mice significantly reduced p65 and STAT3 expression.
These findings suggest that CEBPB may promote the acti-
vation of NF-kB/STATS3 signaling.

To further validate this observation, an NF-kB/STAT3
signaling inhibitor (TPCA-1) was administered to AOM/DSS
mice in order to assess both inflammatory responses and
pathological damage within the colon tissue. Our results
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Figure 5: CEBPB reqgulates the expression of proteins via activating NF-kB/STAT3 signaling pathway, IHC analysis of the protein expression of
E-cadherin and Ki67 in the UCCRC tissues of mice. The scale bar is 50 um. (b) Western blot analysis of the protein expression of Ki67, E-cadherin,
N-cadherin, and vimentin in the UCCRC tissues of mice. (c) Real-time RT-qPCR analysis of the mRNA expression of Ki67, E-cadherin, N-cadherin, and
vimentin in colon tissues of mice. N = 3, *P < 0.05. The red arrows represent the pathological changes.
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indicated that CEBPB obstructed TPCA-1’s therapeutic effi-
cacy on UCCRC. Notably, our data demonstrated the activa-
tion of the NF-kB/STAT3 pathway in UCCRC mice alongside
evidence that activated NF-xB stimulated STAT3 signaling.
The activated NF-kB/STAT3 pathway was shown to facili-
tate the proliferation, invasion, and migration of colon
cells. This underscores the significant role played by the
NF-kB/STAT3 pathway in UCCRC development while high-
lighting how NF-xB can regulate STAT3 activation.

This study has validated the role of CEBPB in UCCRC
mice at the animal level, however, the transition from
colitis to colorectal cancer is a protracted process that
involves epithelial phenotype switching. Future investiga-
tions will concentrate on the transformation of colon
epithelial cells and tumor cells to gain a deeper under-
standing of how CEBPB functions in UCCRC.

Collectively, our findings indicate that CEBPB exacer-
bates pathological tissue damage in the colon and activates
inflammatory responses. NF-kB enhances the phosphoryla-
tion levels of STAT3. The NF-kB/STAT3 pathway is activated
in the colon tissues of UCCRC mice. This activation promotes
the proliferation, invasion, and migration of colon cancer
cells. In summary, our results suggest that CEBPB facilitates
the progression of UCCRC by activating the NF-xkB/STAT3
signaling cascade, thereby contributing to a better under-
standing of the mechanisms underlying the progression
from colitis to colon cancer.
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