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Background  The rising incidence of ulcerative colitis (UC) in China poses a noticeable health 
challenge. This study aimed to assess the pivotal role of USP1-associated factor 1 (UAF1) in colitis. 
UC was induced in male C57BL/6 mice using 2.0% dextran sulfate sodium (DSS). In an in vitro model, 
RAW264.7 cells were exposed to 200 ng/ml of LPS + ATP. UAF1 expression level was evaluated 
in colonic tissues, macrophages, and serum samples using quantitative reverse transcription 
polymerase chain reaction (RT-qPCR). The study assessed weight, disease activity index (DAI) score, 
myeloperoxidase (MPO) activity, crypt length, inflammatory factors, and epithelial cell function in a 
mouse model of colitis treated with a UAF1 inhibitor. Microarray analysis identified potential UAF1 
targets. Gene interference investigated NLR family pyrin domain containing 3 (NLRP3) involvement 
in UAF1-induced colitis inflammation. Immunoprecipitation, ubiquitination, and luciferase assays 
examined the effects of methyltransferase-like 3 (METTL3) methylation on the expression levels of 
NLRP3 and UAF1.  UAF1 expression level was upregulated in colon tissues, RAW264.7 macrophages, 
and serum samples of colitis mice (P < 0.01). The UAF1 inhibitor (ML-323) enhanced weight and reduced 
DAI score in colitis mice (P < 0.01). It also decreased MPO activity and ulcer area, and restored crypt 
length (P < 0.01). UAF1 inhibitor improved epithelial cell function by suppressing NLRP3 activity 
(P < 0.01). UAF1 promoted inflammation in RAW264.7 macrophages via NLRP3 inflammasome 
induction (P < 0.01). UAF1 modulated NLRP3 protein expression, leading to reduced NLRP3 
ubiquitination induced by LPS + ATP. The m6A-forming enzyme METTL3 enhanced UAF1 stability 
(P < 0.01) to facilitate UAF1 expression. The findings suggested that METTL3, as an m6A-forming 
enzyme, could regulate UAF1 mRNA, promoting inflammation in colitis through NLRP3 induction. 
Inhibiting UAF1 emerges as a potential therapeutic strategy for colitis.
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Inflammatory bowel disease (IBD) is characterized by the development of intestinal mucosal ulcers and the 
progressive deterioration of intestinal function1. The impact of IBD extends beyond health, imposing a 
substantial financial and resource burden on the healthcare system2–4. Emerging evidence underscores the role 
of intestinal flora imbalance in disrupting intestinal bile acid metabolism as a contributing factor to IBD5.

Chronic colitis lacks a standardized nomenclature and primarily presents with symptoms, such as diarrhea, 
abdominal pain, and occasionally the presence of mucous pus and blood in stools6. Despite colonoscopic 
observations revealing chronic inflammatory changes, the absence of distinctive features precludes a narrow 
diagnosis of ulcerative colitis (UC)6. The lesions tend to stabilize at a certain stage without significant progression, 
with several cases exhibiting recurring patterns that may persist for a lifetime without substantial recovery7. 
Current Western medicine offers limited pharmaceutical options for chronic colitis7. Mild cases mainly involve 
seeking the cause and symptomatic treatment8. The conservative measures are the primary approach for chronic 
cases. In cases of explosive or inadequately managed internal medicine, surgical interventions are employed, 
while their clinical efficacy is often unsatisfactory9. Moreover, there is a lack of prognostic insight into the 
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progression of this disease9. If left unaddressed, recurrent episodes pose risks of exacerbation, potential cancer 
transformation, development of UC, formation of benign protrusions (e.g., inflammatory polyps), or a gradual 
transformation into colon cancer10.

UC predominantly influences the rectum and colon, presenting with recurrent symptoms characterized by 
intermittent diarrhea, mucopurulent bloody stools, abdominal pain, and urgency11. The specific cause of UC 
remains uncertain11, and its etiology that could be influenced by various factors, including environmental factors, 
genetics, intestinal microbiota, and immunity12. The condition has a protracted course, marked by recurring 
gastrointestinal disturbances, significantly impacting daily life. Patients mainly experience physiological and 
psychological challenges13,14, emphasizing the positive role of psychological health in ameliorating UC15.

Global statistics indicated that the prevalence of UC in developed countries exceeds 0.3%, with a rapidly 
rising incidence rate in China and other recently industrialized nations16. Predictions suggest that by 2025, UC 
will influence up to 30  million people worldwide. Clinical manifestations include abdominal pain, diarrhea, 
acute diarrhea, mucous pus, bloody stools, and, in some cases, systemic symptoms17.

In colitis, the NLR family pyrin domain containing 3 (NLRP3) inflammasome is activated and assembled, 
contributing to maturation processes18–20. Pyroptosis, a key element in the classical pyroptosis pathway mediated 
by Caspase-1, involves cell activation by external stimuli, triggering the intracellular sensor NLRP321,22. The 
inflammasome binds to Caspase-1 precursor, leading to its cleavage and activation. Activated Caspase-1 exhibits 
pore-forming activity, specifically facilitating the release of intracellular inflammatory factors, thereby resulting 
in a robust inflammatory response18.

Maintaining the normal physiological activities of cells, including the regulation of cell cycle arrest, DNA 
repair, aging, and apoptosis, relies on the intricate process of DNA damage repair23. Abnormalities in this 
crucial mechanism may lead to various pathological outcomes23. Research indicated that modulating the level 
of N6-methyladenosine (m6A) in cells can induce differential expression of genes associated with DNA damage 
repair24. M6A, the most frequent and abundant RNA modification in eukaryotic mRNA, exerts its influence on 
cellular behavior through diverse biological mechanisms25. When its level is aberrant, it can contribute to tumor 
proliferation, metastasis, differentiation, and immune escape. Methyltransferase-like 3 (METTL3), a key enzyme 
involved in m6A modification, plays a pivotal role in various diseases26.

USP1-associated factor 1 (UAF1) regulates the enzymatic activity of the USP subfamily complex, leading 
to the deubiquitination of a series of substrate proteins and influencing tumor development and antiviral 
immune responses27–29. In murine embryonic fibroblasts, UAF1 and NLRP3 could be colocalized after LPS 
stimulation30,31. However, the pathogenesis of UAF1 remains incompletely understood, and current treatment 
strategies are mainly ineffective. The methylation status of certain genes is correlated with atypical hyperplasia 
of UC and even UC-related colon cancer. Some genes exhibit significant differences in methylation levels 
between UC and other diseases, with abnormal methylation occurring exclusively in UC. Therefore, UAF1 
may regulate inflammation in UC through its interaction with NLRP3. The present study aimed to assess the 
critical role of UAF1 in colitis, its potential upstream key regulator METTL3, and the underlying mechanisms 
driving inflammation. In the landscape of IBD research, there exists a pivotal insufficiently examined domain 
concerning the molecular complexities that regulate chronic colitis. Despite considerable advancements in 
understanding IBD, a gap is noteworthy in the comprehension of the specific molecular mechanisms underlying 
the persistent nature of chronic colitis. This study addressed this gap by focusing on the role of UAF1 and its 
potential interaction with NLRP3 in the context of colitis. The lack of clarity on how UAF1, along with its 
upstream regulator METTL3, contributes to the inflammatory processes in chronic colitis underscores the need 
for a comprehensive investigation. Bridging this gap is imperative for advancing our understanding of colitis 
progression and, consequently, for the development of targeted therapeutic interventions.

Materials and methods
Mouse model
Male C57BL/6 mice (4–5 weeks, 17–19 g) were purchased from Animal Experimental Center of Guangdong 
Medical University (Guangzhou, China). Colitis was induced by administering 2.0% dextran sulfate sodium 
(DSS, D8906; Sigma-Aldrich, St. Louise, MO, USA) in the drinking water for 7 days. Mice were provided with 
a standard diet and water ad libitum. The present study was approved by the Animal Care and Use Committee 
of Guangdong Second Provincial General hospital (Approval No. 2021-KZ-235-04). UAF1 inhibitor (10 mg/kg/
day for 7 days of ML-323, HY-17543; MedChemExpress) was injected. Anesthesia was induced with 50 mg/kg 
pentobarbital sodium, and mice were euthanized by cervical dislocation. Colon tissues, RAW264.7 macrophages, 
and serum samples were extracted as described previously32,33.

Histological analysis
Colon tissue samples were fixed with 4% paraformaldehyde and sectioned into 5  μm slices for histological 
analysis, immunohistochemistry (IHC), and immunofluorescence (IF), as described in previous studies3,33. 
Hematoxylin and eosin (HE) staining or Alcian blue staining were performed on colon tissues. For HE 
staining, tissue sections were immersed in a buffered solution with a defined pH before staining and stained 
with hematoxylin, followed by controlled staining time under a microscope, ensuring clearly stained nuclei 
and essentially colorless cytoplasm. The tissues were stained with alcohol eosin staining solution for 2–3 min. 
Alternatively, tissue sections were stained and soaked in Alcian acidifying solution and Alcian staining solution 
sequentially, rinsed with running water, and subsequently counterstained with nuclear fast red staining solution, 
followed by rinsing with running water. Tissue sections were gradually dehydrated through a series of alcohol 
concentrations and cleared with xylene. The transparent sections were mounted onto neutral resin and sealed 
with a cover slip.
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IHC and IF
The sulfomucin ratio and the count of sulfomucin-positive goblet cells were determined according to the 
previously described method34. Tissue sections were subjected to 5-min incubation in 100% methanol (previously 
frozen at – 20 °C) at room temperature. Thereafter, the samples were treated with PBS, containing 0.1 to 0.25% 
Triton X-100 for 10 min. Subsequently, cells underwent thrice washing with PBS each lasted for 5-min. To block 
nonspecific antibody binding, cells were treated with a solution of 1% BSA and 22.52 mg/mL glycine in PBST 
(PBS + 0.1% Tween 20) for 30 min. Colon tissues were subsequently incubated with UAF1 antibody (ab230645, 
1:100; Abcam, Cambridge, UK) or Muc-2 antibody (ab272692, 1:100; Abcam) at 4 °C overnight. After washing 
with PBS, cells were incubated with fluorescent conjugated secondary antibody, dissolved in 1% BSA, in the 
dark for 1 h at room temperature. Following this, samples were incubated with DAPI (DNA staining) for 1 min. 
Observation of colon tissues was carried out using a fluorescence microscope (IX71; Olympus, Tokyo, Japan) 
after washing with PBS. For each sample, five different random views were selected for photography, and ImageJ 
software was utilized to calculate the fluorescence intensity of various colors.

Immunohistochemistry (IHC)
Tissue sections were immersed in 100% methanol (previously frozen at – 20 °C) for 5 min at room temperature. 
Subsequently, the samples underwent 10-min incubation with PBS, containing 0.25% Triton X-100. Colon 
tissues were then stained with UAF1 (ab230645, 1:100, Abcam) at 4 °C overnight. Following washing with PBS, 
the tissue sections were incubated with a horseradish peroxidase (HRP)-conjugated secondary antibody labeled 
with enzyme substrates to generate staining signals. Finally, colon tissues were observed under a normal light 
microscope (IX71, Olympus) after being washed with PBS.

Immunofluorescence staining (IF)
Tissue sections were immersed in 100% methanol (previously frozen at – 20 °C) for 5 min at room temperature. 
Following this, the samples underwent 10-min incubation with PBS, containing 0.25% Triton X-100. Colon 
tissues were then incubated with Muc-2 antibody (ab272692, 1:100, Abcam) at 4 °C overnight. After washing 
with PBS, the tissues were incubated with Alexa Fluor 488-labeled Goat anti-rabbit IgG (H + L) antibody. 
Subsequently, samples were incubated with DAPI (DNA staining) for 1 min. Colon tissues were observed under 
a fluorescence microscope (IX71, Olympus) after being washed with PBS.

Cells were incubated with 4% paraformaldehyde for 20 min, followed by incubation with PBS, containing 
0.25% Triton X-100 for 10 min. Colon tissues were incubated with UAF1 and Muc-2 antibodies (ab272692, 1:100, 
Abcam) at 4 °C overnight. After washing with PBS, cells were incubated with fluorescent or HRP-conjugated 
secondary antibody labeled with enzyme substrates to generate staining signals. Colon tissues were observed 
under a fluorescence microscope (IX71, Olympus) after being washed with PBS.

Microarray analysis
Double-stranded cDNA synthesis was carried out utilizing a NimbleGen one-color DNA labeling kit, followed 
by array hybridization using the NimbleGen hybridization system and subsequent washing with the NimbleGen 
buffer. The scanning process was performed with the Axon GenePix 4000B microarray scanner (Molecular 
Devices, New York, NY, USA). Data collection was conducted using Feature Extraction 10.7 software (Agilent 
Technologies). Heatmap/volcano plotting and gene set enrichment analysis (GSEA) were undertaken employing 
Gene Spring 11.0 software (Agilent Technologies). Raw data underwent normalization through the Quantile 
algorithm in the limma R package. Microarray analysis and drawing volcano maps and heatmaps were performed 
by Shanghai Biotechnology Corp. (Shanghai, China). Genes with incomplete annotation information, very 
low expression levels, and duplications were systematically filtered out. Differentially expressed mRNAs were 
selected based on screening conditions of false discover rate (FDR) < 0.05 and |log fold-change| > 2.5. Target 
gene prediction utilized the miWalk web tool, and the signaling pathways associated with the identified genes 
underwent enrichment analysis. GSEA and Gene Ontology (GO) enrichment analysis were employed to analyze 
upregulated and downregulated genes, respectively, using the clusterProfiler R package.

In vitro model
RAW264.7 cells (SCSP-5036; Cell Bank of the Chinese Academy of Sciences), which confirmed to be 
negative for mycoplasma, were maintained at 37 °C under 5% CO2 in a Dulbecco’s modified Eagle’s medium 
(DMEM) supplemented with 10% fetal calf serum (FCS, 26170035; Invitrogen, Carlsbad, CA, USA). Lentiviral 
constructs for UAF1 and METTL3 knockdown or overexpression were obtained from OBIO (Obio Technology 
Corp., Shanghai, China). Lentiviral vectors carrying siRNA for UAF1 and METTL3 knockdown, as well as 
overexpression, along with a negative control, were synthesized and cloned into the pLKO.1 vector. Cells were 
transfected with these plasmids using Lipofectamine 3000 reagent (L3000008, Invitrogen). The sequences of 
siRNAs used in the study were summarized as follows:

-si-UAF1: Forward, ​C​T​A​G​T​C​T​A​G​A​A​T​G​G​C​G​G​C​C​C​A​T​C​A​C; Reverse, ​C​C​G​C​T​C​G​A​G​C​G​T​G​G​A​C​T​T​C​T​G​A​
C​G​G​T​A​A.
-si-METTL3: Forward, 5′-​A​A​G​C​T​G​C​A​C​T​T​C​A​G​A​C​G​A​A​T-3′; Reverse, 5′-​G​G​A​A​T​C​A​C​C​T​C​C​G​A​C​A​C​T​C-
3′.
-si-nc (negative control): Forward, 5′-​G​G​U​C​G​A​G​A​C​U​C​C​A​U​C​A​U​A​A-3′; Reverse, 5′-​C​C​C​C​C​C​C​C​C​C​C​C​
C​C-3′.

After 48 h, RAW264.7 cells were treated with 200 ng/ml LPS (L5293, Sigma-Aldrich) for 4 h plus 1 mM ATP 
(FLAAS, Sigma-Aldrich) for 30 min.
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Luciferase assay
The luciferase activity was measured using the Dual-Glo Luciferase reporter assay kit (E2920; Promega, Madison, 
WI, USA) according to the manufacturer’s protocol. Briefly, the Dual-Glo® Luciferase assay reagents were added 
to the plate, and incubated at 20–25 °C for 1 h. The firefly luminescence was measured. Subsequently, the Dual-
Glo® Stop & Glo reagent was added to the plate, and the Renilla luminescence was measured. In the luciferase 
activity assessment of wild-type and mutant UAF1, the first step involved cloning the UAF1 promoter region into 
a luciferase reporter plasmid and generating wild-type and mutant UAF1 expression plasmids. Following this, 
cells were cultured and transfected with the luciferase reporter plasmid along with wild-type and mutant UAF1 
plasmids. After 48-h incubation, cells are lysed, and luciferase activity was measured. The obtained data were 
analyzed to determine significant differences in luciferase activity between wild-type UAF1 and mutant UAF1.

Quantitative reverse transcription polymerase chain reaction (RT-qPCR)
RT-qPCR was conducted using the ABI Prism 7500 sequence detection system following the Prime-ScriptTM 
RT detection kit’s protocol (RR037; Takara, Shiga, Japan). The relative levels of mRNA expression in the samples 
were calculated using 2−ΔΔCT method. β-actin gene was utilized as an internal reference. The following primers 
were used (5′ to 3′):

UAF1: forward, cgttcaacttgcctgtgctaatcaac;
reverse, cgcaaattttacgatt ttggagtcaaa;
Cxcl1: forward, ​C​A​C​C​C​A​A​G​T​C​A​T​A​G​C​A​A​A​C​C​G;
reverse, ​G​A​A​G​C​G​C​G​T​T​C​A​C​C​A​G​A​C​A;
Cxcl2: forward, ​G​A​C​A​G​A​A​G​T​C​A​G​C​C​A​C​T​C​T​C​A​T;
reverse, ​G​C​C​T​T​G​C​C​T​T​C​A​G​T​A​T​C​T​T​G​T;
TFF3: forward, ​T​T​G​C​T​G​G​A​T​A​G​G​G​G​T​C​C​T​C​T​G;
reverse, ​T​A​C​A​C​G​A​T​G​T​G​A​C​A​G​T​G​C​T​C​C;
RELMβ: forward, ​C​C​C​T​T​T​C​A​A​C​C​T​C​C​A​G​C​T​G​A;
reverse, ​C​C​A​C​G​A​T​A​G​A​A​C​C​A​C​A​G​C​C;
Saa1: forward, ​A​C​A​C​T​A​A​C​C​T​G​A​C​A​T​G​A​A​G​G​A​A​G;
reverse, ​C​A​T​T​C​C​T​G​A​C​T​C​T​G​C​C​G​A​A​G​A;
Saa3: forward, ​A​G​G​T​T​C​C​A​A​A​G​A​T​G​G​G​T​C​C​A;
reverse, ​T​C​A​T​A​G​A​G​T​G​C​C​A​C​A​G​G​C​T​C;
Reg3b: forward, ​A​A​T​A​T​G​G​G​A​A​T​G​G​G​A​G​G​T​G​G;
reverse, ​C​C​A​C​G​T​C​T​A​A​A​G​A​A​A​G​C​A​C​G;
Reg3g: forward, ​C​T​T​C​A​T​G​A​T​C​A​A​A​C​T​G​T​C​C​T​C​C;
reverse, ​C​C​A​C​C​T​G​T​T​C​A​T​A​G​C​T​G​T​T​G​G;
Defb1: forward, ​T​C​A​T​C​T​G​T​C​A​G​C​C​C​A​A​C​T​A​C​C;
reverse, ​C​G​G​A​G​A​C​A​G​A​A​T​C​C​G​T​T​C​C​A​T;
Defa2: forward, ​G​G​C​A​A​T​T​C​T​T​C​C​T​G​C​T​C​A​C​C;
reverse, ​G​A​T​C​A​C​C​T​G​G​A​A​G​G​C​C​T​G​G​A;
Defa3: forward, ​T​C​G​G​A​G​A​C​C​A​C​C​T​G​A​A​C​A​T​G;
reverse, ​C​G​A​C​A​G​G​C​A​C​C​G​G​T​A​G​T​C​A​T;
Defa21: forward, ​C​G​A​G​A​T​G​A​C​A​C​T​G​A​G​A​G​T​G​C;
reverse, ​G​A​A​G​G​C​C​C​C​A​A​G​T​G​T​T​C​A​T​C;
Defa24: forward, ​A​C​A​C​A​C​T​C​A​C​C​T​G​A​G​C​T​G​C​T;
reverse, ​A​G​A​C​A​C​C​T​C​T​T​C​A​G​C​C​T​G​G​T.
GAPDH: forward, TCAAGG ​C​T​G​A​G​A​A​C​G​G​G​A​A​G;
reverse, ​T​C​G​C​C​C​C​A​C​T​T​G​A​T​T​T​T​G​G​A.

Enzyme-linked immunosorbent assay (ELISA)
IFN-γ (H025-1-2), TNF-α (H052-1-2), MPO (A044-1-1), IL-17 (H014-1), IL-6 (H007-1-1), and IL-1β (H002-
1-2) kits obtained from Nanjing Jiancheng Bioengineering Research Institute (Nanjing, China) were utilized to 
quantify the levels of cytokines in accordance with the manufacturer’s instructions.

Western blotting
Western blotting was performed as previously described21. Membranes were incubated with UAF1 (ab230645, 
1:1000; Abcam), NLRP3 (sc-134306, 1:1000; Santa Cruz Biotechnology, Santa Cruz, CA, USA), and β-Actin 
(BS6007MH, 1:5000; Bioworld Technology, Inc., St Louis Park, MN, USA) at 4 °C overnight. The membranes were 
incubated with HRP-conjugated secondary antibodies (sc-2004 or sc-2005, 1:5000; Santa Cruz Biotechnology) 
for 1 h at 37 °C after washing with TBST for 15 min. Protein was measured using a ChemiDoc Touch system (Bio-
Rad Laboratories, Inc., Hercules, CA, USA) and analyzed using Image Lab 3.0 software (Bio-Rad Laboratories, 
Inc.).

Immunoprecipitation assay (IP)
The IP experiment was conducted as previously described35. Cells were lysed with RIPA lysis buffer (HY-
K1001, MedChemExpress), and the supernatant was incubated with antibody- or rabbit IgG-conjugated protein 
A/G magnetic beads (HY-K0202, MedChemExpress) in IP buffer supplemented with RNase inhibitors (HY-
K1033, MedChemExpress) overnight at 4 °C. Protein A was added to capture the antibody-target protein-DNA 
complex. The precipitated complexes were washed to eliminate nonspecific binding. The enriched target protein-
DNA complexes were obtained through elution. Following decrosslinking, the enriched DNA fragments were 
purified, and the isolated DNA fragments were subjected to qPCR analysis.
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mRNA stability assay
After transfected for 24 h, RAW264.7 cells were treated with 2 µg/mL actinomycin D (Sigma–Aldrich, Louis, 
MO) to inhibit global mRNA transcription. After incubation at the hour 0, 3, 6 and 9, cells were collected, and 
RNA was isolated for qPCR detection as described above to assess degradation.

Statistical analysis
Student’s t-test or one-way analysis of variance (ANOVA) was used for statistical analysis of the data expressed 
as mean ± standard error of the mean (SEM). P < 0.05 was considered statistically significant.

Results
UAF1 expression was up regulated in epithelial cells of colitis mice
The present study assessed the UAF1 expression level in mice with colitis through RT-qPCR. UAF1 mRNA 
expression level in colon tissues, RAW264.7 macrophages, and serum samples of mice with colitis was 
significantly upregulated (P < 0.01, Fig. 1A–C). Additionally, UAF1 protein expression level in colon tissue was 
significantly elevated in the mouse model of colitis (P < 0.01, Fig. 1D). IHC further revealed an upregulation of 
UAF1 expression level in colon tissue in the mouse model of colitis (Fig. 1E).

UAF1 inhibitor reduced the levels of inflammatory markers in the mouse model of colitis
It was attempted to examine whether UAF1 could regulate the levels of inflammatory markers in the mouse 
model of colitis. Treatment with the UAF1 inhibitor (ML-323, 10 mg/kg) significantly increased body weight 
and reduced DAI score in the mouse model of colitis (P < 0.01, Fig. 2A, B). The UAF1 inhibitor significantly 
inhibited MPO activity in colon tissue and ulcer area, while significantly recovered crypt length in the mouse 
model of colitis (P < 0.01, Fig. 2C–E). Additionally, the UAF1 inhibitor demonstrated a significant suppression 

Fig. 1.  UAF1 expression in mice with UC. UAF1 mRNA expression in colon tissues, serum samples, and 
RAW264.7 macrophages (A, B, C) of mice with colitis; UAF1 protein expression (D) in colon tissues of mice 
with colitis; UAF1 protein expression (IHC, E, scale bar = 500 μm) in colon tissues of mice with colitis. Sham, 
sham control group; DSS, DSS-induced colitis group. **P < 0.01 compared with Sham or Control group (n = 6).
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of the levels of inflammatory markers (TNF-α, IL-6, IL-17, and IL-1β) in the colon tissue of colitis mice (P < 0.05 
and P < 0.01, Fig. 2F–I).

The inhibition of UAF1 recovered epithelial cell function in the mouse model of colitis
Subsequently, the study concentrated on determining whether the UAF1 inhibitor could effectively restore 
epithelial cell function in the mouse model of colitis. The UAF1 inhibitor demonstrated a significant reduction 
in CXCL1 and CXCL2 mRNA expression levels, as well as a remarkable increase in Saa1, Saa3, Reg3b, Reg3g, 
Defb1, and Defb2 mRNA expression levels, which are crucial homeostatic molecules in the colon epithelium. 
Furthermore, it notably enhanced RELMβ and TFF3 mRNA expression levels, which are key factors associated 
with goblet cell secretion, in the colon tissue of colitis mice (P < 0.01, Fig. 3A–C). The UAF1 inhibitor effectively 
restored alcian blue staining and goblet cells, while elevated Muc-2 level in the colon tissue of colitis mice 
(P < 0.05 and P < 0.01, Fig.  3D–G). Additionally, the UAF1 inhibitor significantly increased the number of 
sulfomucin-positive goblet cells in the colon tissue of colitis mice (P < 0.05, Fig. 3H). Notably, determining the 
ratio of sulfomucin to sialomucin involved initially collecting mucin samples, followed by the isolation of 
mucins through techniques, such as centrifugation or chromatography. Quantification of sulfomucins and 
sialomucins was achieved, and the ratio was subsequently calculated by dividing the amount of sulfomucins 
by the amount of sialomucins. Hence, the inhibition of UAF1 emerged as a robust strategy for the substantial 
restoration of epithelial cell function in the mouse model of colitis through effectively inflammation suppression.

Fig. 2.  The inhibition of UAF1 reduced inflammation in the mouse model of colitis. Weight (A), DAI score 
(B), MPO activity level (C), ulcer area (HE staining, D, the points of MPO inhibition in the ulcer area were 
marked with arrows), crypt length (E), and TNF-α, IL-6, IL-17, and IL-1β levels (F, G, H, and I) in mice with 
colitis. Control group: normal; colitis group: induced colitis; UAF1i group: colitis treated with UAF1 inhibitor; 
*P < 0.05 compared with Control group; **P < 0.01 compared with Control group (n = 6).
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The inhibition of UAF1 suppressed NLRP3-induced IL-1β release in the mouse model of 
colitis
It was further attempted to examine the mechanism of UAF1 on inflammation in the mouse model of colitis 
using microarray analysis. The heat map (Fig. 4A), volcano map (Fig. 4B), and GSEA enrichment graph (Fig. 4C) 
suggested that NLRP3, as a differentially expressed gene, could play a crucial role in UFA1-promoted inflammation 
progression in the mouse model of colitis. NLRP3 and IL-1β genes were mapped in this intersection. Thus, 
NLRP3 protein expression level was determined and it was found that UAF1 inhibitor markedly restrained 
NLRP3 protein expression level in colon tissue of colitis mice (P < 0.05, Fig. 4C and D).

UAF1 promoted inflammation in RAW264.7 macrophages through induction of NLRP3 
inflammasome
Subsequently, RAW264.7 macrophages were subjected to LPS + ATP treatment. Overexpression of UAF1 
significantly elevated NLRP3 protein expression level, whereas the knockdown of UAF1 using siRNA markedly 
reduced NLRP3 protein expression level (P < 0.01, Fig. 5A). UAF1 played a pivotal role in elevating the levels of 
inflammatory markers in RAW264.7 macrophages stimulated by LPS + ATP (P < 0.01, Fig. 5B and E).

It was revealed that NLRP3 inhibitor (2 µM of CY-09) markedly suppressed NLRP3 protein expression level, 
and significantly reduced the levels of inflammatory markers in LPS + ATP-induced RAW264.7 macrophages 
by UAF1 overexpression (P < 0.01, Fig. 6A). NLRP3 agonist (5 µM of Nigericin) significantly induced NLRP3 
protein expression level, and significantly increased the levels of inflammatory markers in LPS + ATP-induced 
RAW264.7 macrophages by UAF1 downregulation (P < 0.01, Fig. 6A). Collectively, the findings demonstrated 
that UAF1 promoted inflammation in RAW264.7 macrophages by LPS + ATP through the induction of NLRP3 
inflammasome (P < 0.01, Fig. 6B-E).

UAF1 interlinking NLRP3 protein expression to reduce NLRP3 ubiquitination by LPS + ATP
The function of UAF1 in the mouse model of colitis was further examined by NLRP3. The results of 
immunofluorescence revealed that UAF1 overexpression significantly increased NLRP3 expression level in 
RAW264.7 macrophages by LPS + ATP (P < 0.05, Fig. 7A). The results of ChIP-qPCR indicated that UAF1 was 
interlinked to NLRP3 protein expression level (P < 0.05, Fig. 7B).

Fig. 3.  The inhibition of UAF1 recovered epithelial cell function in the mouse model of colitis. CXCL1/CXCL2 
mRNA expression level (A), Saa1, Saa3, Reg3b, Reg3g, Defb1, and Defb2 mRNA expression levels (B), RELMβ 
and TFF3 mRNA expression levels (C), MUC-2 level (D, scale bar = 200 μm), ratio of goblet cells to crypt (E), 
Alcian blue staining (F), Alcian blue/HE staining (G), ratio of sulfomucin/sialomucin (H, Alcian blue staining), 
and sulfomucin positive goblet cells/Crypt (I). Control, DSS-induced colitis group; UAF1i, DSS-induced colitis 
by UAF1 inhibitor group; *P < 0.05 compared with Control group; **P < 0.01 compared with Control group 
(n = 6).
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M6A promoted UAF1 stability by METTL3
In the study of the methylation mechanism promoting UAF1 stability in colitis, the UAF1 gene was found to 
possess several potential methylation modification sites. A computational prediction model was applied to 
generate a distribution of scores along the entire length of the query sequence. The model systematically assessed 
and scored each position along the sequence, providing a comprehensive depiction of the prediction scores 
along the queried region (Fig. 8A). RNA immunoprecipitation was employed to selectively isolate UAF1 RNA. 
The study compared the relative enrichment of UAF1 between IgG and m6A conditions under both negative 
control and SI-METTL3 experimental setups. RT-qPCR was utilized to precisely quantify the enrichment levels. 
The relative enrichment of UAF1 compared between IgG and m6A under negative and SI-METTL3 conditions 
is illustrated in Fig. 8B (P < 0.01). A time-course experiment was conducted to monitor the dynamic changes 
in UAF1 mRNA expression levels. Immunoprecipitation was combined with RT-qPCR to assess UAF1 mRNA 
expression under SI-METTL3 conditions. Figure 8C depicts UAF1 mRNA expression over time (0, 3, 6 h) for IgG 
and m6A in SI-METTL3 group (P < 0.01). Identification and validation of six mutation sites within the coding 
sequence (CDS) region of the target gene were achieved, as displayed in Fig. 8D. This involved the use of Sanger 
sequencing to confirm the presence of mutations at these specific sites. The study concentrated on quantifying 
mRNA level of the UAF1 gene at six distinct sites. RT-qPCR was applied to assess the mRNA expression at these 
specified sites under both negative control and SI-METTL3 experimental conditions. The mRNA levels of UAF1 
at six different sites under negative and SI-METTL3 conditions are presented in Fig. 8E (P < 0.05, P < 0.01). Si-
METTL3 significantly reduced luciferase activity level of UAF1 in wild-type (WT) (P < 0.05, Fig. 8F), while the 
UAF1 mutant (Mut) did not exhibit any potential methylation modification (P < 0.01). The relative enrichment 
of UAF1 compared between IgG and m6A at the six sites is illustrated in Fig. 8G (P < 0.05, P < 0.01).

Discussion
Previous research indicated that the incidence rate of UC in China is 6–11/100,000 person-times per year. The 
pathogenesis of UC is intricate, with the inflammatory response resulting from an excessive immune response 
being a noticeable factor in the onset and recurrence of UC.

UC typically presents a recurrent pattern in clinical practice, characterized by prolonged treatment cycles 
and challenging-to-heal ulcers. This pattern poses a significant risk for the development of colorectal cancer36. 
The conventional treatment strategy for UC is symptom-centered, encompassing clinical drugs, such as 

Fig. 4.  NLRP3 and IL-1β are potential targets of UAF1 in the mouse model of colitis. The results of microarray 
analysis are visualized through a heat map depicting differentially expressed genes and enriched pathways 
(A), a volcano map highlighting gene expression changes (B), GSEA enrichment graph illustrating the NLRP3 
inflammasome signaling pathway (C), and NLRP3 protein expression in the colon tissue of mice with colitis 
(D). The experimental groups include the Control (DSS-induced colitis group) and UAF1i (DSS-induced colitis 
treated with UAF1 inhibitor group); **P < 0.01 compared with Control group (n = 3).
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Fig. 6.  The regulation of NLRP3 could control the effects of UAF1 on inflammation in RAW264.7 
macrophages by LPS + ATP. UAF1 and NLRP3 protein expression levels (A); IL-1β, IL-6, TNF-α, and IFN-γ 
levels (B, C, D and E). N3, NLRP3 agonist; N3 i, NLRP3 inhibitor; **P < 0.01 compared with negative or Si-nc 
group; ##P < 0.01 compared with UAF1 or Si-UAF1 group (n = 6).

 

Fig. 5.  UAF1 promoted inflammation in RAW264.7 macrophages by LPS + ATP through induction of NLRP3 
inflammasome. UAF1 and NLRP3 protein expression levels (A); IL-1β, IL-6, TNF-α, and IFN-γ levels (B, C, D, 
and E). **P < 0.01 compared with negative or Si-nc group (n = 6).
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biological agents, immunosuppressants, and corticosteroids. However, these treatment methods exhibit limited 
efficacy and may even lead to side effects40. In the present study, an upregulation of UAF1 expression in a mouse 
model of colitis was found. Nevertheless, the limitation of utilizing only one cell line (RAW264.7 macrophages) 
is acknowledged. The importance of incorporating additional cell lines to further validate the conclusions is 
recognized.

UC is characterized by dysregulation of intestinal inflammation41. At present, understanding factors, such 
as the destruction of the intestinal epithelial barrier, the intestinal microenvironment, immune dysfunction, 
genetics, environmental factors, and oxidative stress is crucial to the onset of UC42. As the pace of life quickens 
and dietary habits become more complex, the incidence of IBD is on the rise. The widespread utilization of 
colonoscopy technology has significantly improved clinical detection rate. Mesalazine, a 5-aminosalicylic acid 
drug, is the primary clinical treatment in Western medicine33,43. However, challenges persist in clinical practice, 
including adverse drug reactions, the need for long-term medication, and the risk of relapse after dosage 
reduction. Additionally, the high cost of biological agents restricts their widespread clinical application43. In 
the classical cell death pathway, cells can undergo pyroptosis mediated by DAMPs, leading to the formation of 
NLRP3 inflammasome, cleavage of GSDMD protein, and the promotion of cell rupture and death. While activated 
pyroptosis serves as a self-protective response, excessive pyroptosis can trigger a cascade of inflammatory immune 
responses, resulting in various diseases. Pyroptosis is associated with colonic inflammation and exacerbation of 
UC by inducing an excessive inflammatory response. The present study demonstrated that the inhibition of 
UAF1 suppresses NLRP3-induced IL-1β in the mouse model. UAF1 exhibited to interlink with NLRP3 protein 
expression level, reducing NLRP3 ubiquitination induced by LPS + ATP.

UC is a disease characterized by chronic inflammation, and abnormal DNA methylation serves as both a 
consequence and a promoter of this inflammation, particularly in association with severe UC. As the duration 
of UC extends and abnormal methylation genes increase, there is an evolution towards UC-related colorectal 
cancer. Detecting and preventing abnormal DNA methylation is crucial for managing UC and preventing cancer 
development44. M6A, a frequent chemical modification in eukaryotic cells, involves the methylation of the sixth N 
position of adenine in RNA molecules. M6A modification can influence mRNA splicing, nucleation, degradation, 
stability, and translation processes, thereby regulating gene expression and various biological processes45,46. The 
catalytic residue initiating methylation is the conserved sequence DPPW motif in the METTL3 catalytic site. 
The large cavity near the intermolecular binding interface of METTL3 may identify RNA substrates, with the 
SAM binding site situated on one side of its internal cavity45,46. This cavity, constituting a highly conserved 
amino acid sequence in evolution, plays a role in influencing RNA stability, splicing, translation, and nucleation. 

Fig. 7.  UAF1 interlinking NLRP3 protein expression to reduce NLRP3 ubiquitination by LPS + ATP. UAF1 
and NLRP3 expression (immunofluorescence, A), UAF1 interlinking NLRP3 protein (IP, B). Scale bar = 50 μm. 
**P < 0.05 compared with Control group.
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METTL3 impacts the metabolic activity of various RNA substrates, influencing tumorigenesis, inflammatory 
reactions, circadian rhythm, angiogenesis, embryonic development, and other processes45,46. M6A modification 
occurs at the post-transcriptional level of RNA and is regulated by methyltransferase, demethylase, and methyl 
recognition proteins47,48. Notably, the present study revealed that the m6A-forming enzyme METTL3 promotes 
UAF1 stability. It is noteworthy that the present study did not validate these results using clinical samples, and 
additional models will be employed for validation in the future research.

While the experimental design utilizing a mouse model and RAW264.7 cells provided valuable insights into 
the role of UAF1 in colitis, it is essential to acknowledge certain limitations that might impact the extrapolation 
of findings. The study primarily employed a mouse model, and it is crucial to recognize that biological variations 
between mice and humans may influence the translation of results. Human colitis is a complex condition 
with distinct features, and caution should be exercised when generalizing the findings of this study to human 
physiology. RAW264.7 cells were used to assess the molecular mechanisms underlying UAF1’s effects. However, 
the inherent differences between cell lines and primary cells might limit the direct applicability of our results 
to human macrophages and other relevant cell types involved in colitis. Colitis encompasses a multifaceted 
interplay of various cell types, signaling pathways, and the gut microbiome. While the present study concentrated 
on specific aspects, the holistic nature of colitis at the organism level introduces complexity that may not be fully 
captured in a model system. Translating findings from preclinical models to clinical applications necessitates 
careful consideration. Factors, such as dosage, administration routes, and potential side effects of UAF1 inhibitors 
in human subjects should be thoroughly investigated before expression of clinical relevance. Acknowledging 
these limitations ensures a more balanced interpretation of the results of this study and underscores the need 
for further research, potentially involving human samples or clinical trials, to validate the applicability of the 
findings in a human context.

Fig. 8.  M6A promoted UAF1 stability by METTL3. A prediction score distribution along the query sequence 
(A), relative enrichment of UAF1 compared between IgG and m6A under negative and SI-METTL3 conditions 
(B), UAF1 mRNA expression over time for IgG and m6A in SI-METTL3 group (C), six mutation sites in the 
CDS region (D), mRNA levels of UAF1 at six different sites under negative and SI-METTL3 conditions (E), 
luciferase activity on wild-type and mutant UAF1 (F), and relative enrichment of UAF1 compared between IgG 
and m6A at the six sites (G). *P < 0.05 compared with IgG/Negative/METTL3 group; **P < 0.01 compared with 
IgG/Negative/METTL3 group.
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However, there are some limitations to this study, especially the lack of clinical sample data to support it. The 
collection of clinical samples is essential to validate the results of laboratory studies. First, clinical samples can 
directly reflect the real situation in the disease state, helping to confirm whether the phenomenon observed in 
the laboratory is also present in human patients. While mouse models and in vitro experiments have provided 
us with initial mechanistic insights, these results need to be validated in human samples to ensure their clinical 
relevance and reliability. Future work will focus on collecting tissue samples from patients with colitis to detect 
UAF1 and METTL3 expression levels and their association with inflammatory markers. This will not only help 
to more fully assess the role of UAF1 and METTL3 in the pathogenesis of colitis, but could also provide key 
clinical evidence for the development of new treatment strategies. In addition, to better evaluate the clinical 
significance of UAF1 as a therapeutic target, we plan to compare UAF1 inhibitors with established colitis 
treatments. Specifically, we will compare the effects of UAF1 inhibitors with known drugs such as mesalazine, 
tofacitinib, and sulfasalazine in animal models, including improvements in inflammatory markers, pathological 
changes, and clinical symptoms. This will help to determine the advantages and limitations of UAF1 inhibitors in 
the treatment of colitis, and provide more theoretical basis and support for future clinical applications.

Given the important role of the gut microbiota in the pathogenesis of colitis, the potential effects of UAF1 
inhibition or METTL3 activity on microbial composition and function are also of concern. Imbalances in the gut 
microbiota, such as dysbiosis, have been shown to be closely associated with the occurrence and development 
of multiple inflammatory bowel diseases. Therefore, future studies should explore the effects of UAF1 inhibition 
or METTL3 activity on the gut microbiota, including changes in microbial diversity, increases and decreases 
in specific flora, and alterations in metabolites. This will contribute to a more complete understanding of the 
mechanisms of action of UAF1 and METTL3 in colitis.

In conclusion, the present study indicated that the m6A-forming enzyme METTL3 controls UAF1 
stabilization, promoting inflammation in the mouse model of colitis by enhancing NLRP3. Furthermore, 
inhibiting UAF1 emerges as a potential therapeutic strategy for colitis. Further investigations into the specific 
downstream effectors of the METTL3-UAF1 axis will reveal additional key players in colitis pathogenesis. 
Exploring the translational potential of UAF1 inhibition in human colitis cases will provide a reliable reference 
for clinical interventions that harness the therapeutic benefits observed in this mouse model. Beyond colitis, the 
broader landscape of RNA modifications beckons exploration. Understanding how METTL3-mediated m6A 
modifications influence other signaling pathways associated with inflammatory diseases will be advantageous 
for identification of novel therapeutic targets.
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