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Fig. 1 DEGs screening of the GSE157020 dataset

A: Gene expression bar plot before normalization; B: Gene expression bar plot after normalization; C: Volcano plot of DEGs; D: Heatmap of DEGs.
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Fig. 2 KEGG pathway and GO enrichment results for DEGs
A KEGG pathway enrichment results; B: GO enrichment results.
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Fig. 3 WGCNA and AF-related gene screening
A; Optimal soft-threshold selection in WGCNA ; B: Dendrogram of gene module selection in WGCNA; C: Heatmap of module-trait association analy-

sis; D: Venn diagram of AF-related gene screening.
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Fig. 4 Machine learning identification of AF biomarkers

A: LASSO regression identification of AF biomarkers; B: SVM-RFE identification of AF biomarkers; C: RF identification of AF biomarkers; D

Lollipop plot of the importance of AF biomarkers identified by RF; E: Venn diagram of AF biomarkers identified by machine learning.
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Fig. 5 Immune infiltration analysis
A Heatmap comparing 22 immune cell subtypes between AF and PF samples; B: Heatmap of correlations among 22 different immune cells in AF
and PF samples, with red indicating positive correlations, blue indicating negative correlations, and deeper colors representing stronger correlations; C:

Bar plot of the proportion differences of 22 immune cell types between AF and PF samples.
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Fig. 6 Correlation analysis of MMP13 with immune cells
A; Correlation analysis of MMP13 with MO macrophages; B: Correlation analysis of MMP13 with naive B cells; C: Correlation analysis of MMP13

with activated mast cells; D: Correlation analysis of MMP13 with resting mast cells; E: Lollipop plot of the correlation between MMP13 and various im-
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Fig. 7 Replication of AF rat model and histopathological sections
A AF rat model showing secretion at the AF external opening; B:
HE staining of control group rat sample x100; C: HE staining of model

group rat sample x 100.
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Fig. 8 MMP13 protein expression in rat
samples from both groups
A: Immunohistochemistry of control group rat sample x 400
(SABC); B: Immunohistochemistry of model group rat sample x 400
(SABC) ; C: Bar plot of OD values; * * P <0. 01 vs control group.
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A: Western blot bands; B: Bar plot of grayscale values; * ™ * P <

0. 001 wvs control group.
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Screening and experimental study of potential biomarkers
for anal fistula based on weighted gene co-expression

network analysis and machine learning
Pang Xue

(Dept of Proctology, The First Affiliated Hospital of Shandong First Medical University, Jinan

250012)

To screen for potential biomarkers of anal fistula ( AF) by using weighted gene co-expres-

sion network analysis (WGCNA) , machine learning, immune infiltration analysis, and animal experiments. Meth-

ods

Download transcriptome data from the gene expression omnibus containing AF and peri-fistula tissue (PF) for

differential analysis. Gene ontology (GO) and Kyoto encyclopedia of genes and genomes ( KEGG) pathway enrich-

ment analyses on differentially expressed genes ( DEGs) were performed. WGCNA results were integrated with
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DEGs to screen for genes related to AF. Machine learning methods such as the least absolute shrinkage and selec-
tion operator ( LASSO) , support vector machine recursive feature elimination ( SVM-RFE ), and random forest
(RF) were utilized to screen potential biomarkers for AF. Immune infiltration analysis was conducted and the AF
rat model was replicated for validation. Results A total of 377 DEGs were obtained, mainly enriched in pathways
such as B cell receptor signaling and chemokine signaling. Machine learning algorithms identified matrix metallo-
proteinase 13 (MMP13) as a potential biomarker for AF. In AF samples, memory B cells, plasma cells, MO mac-
rophages, and M1 macrophages were higher than in PF samples, while resting CD4 memory T cells and resting den-
dritic cells were lower than in PF samples. MMP13 showed a positive correlation with MO macrophages, activated
mast cells, and immature B cells, and a negative correlation with resting mast cells. Experimental results showed
that MMP13 expression levels were higher in rat AF samples compared to the control group. Conclusion The on-
set of AF involves various immune cells and signaling pathways. MMP13 is significantly upregulated in AF tissue
and correlates with multiple immune cells, making it a potential novel biomarker of AF.

Key words anal fistula; weighted gene co-expression network analysis; machine learning; biomarker; immune
infiltration
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different tumors and its effect on tumor staging, prognosis and immunotherapy. Methods The expression charac-
teristics of CDKN3 in different cancers using data from TCGA, CCLE, ICGC, and GTEx databases were evaluated.
The GEPIA2 platform and Kaplan-Meier analysis were utilized to assess the effect of CDKN3 on tumor pathological
staging and survival prognosis. The TIMER platform was employed to explore the influence of CDKN3 on the tumor
immune microenvironment and immunotherapy. Its effect on immune checkpoint and key immunotherapeutic predic-
tors using bioinformatics methods was explored. The GeneMANIA tool was used to construct the protein-protein in-
teraction ( PPI) network of CDKN3. Kyoto Encyclopedia of Genes and Genomes ( KEGG) and Gene Onotology
(GO) enrichment analyses were conducted to explore the biological processes and signaling pathways associated
with CDKN3. The effect of CDKN3 on HepG2 cell proliferation, invasion, migration, and apoptosis was validated
through transfection with CDKN3 siRNA. Results CDKN3 was found to be widely overexpressed in tumors. High
expression of CDKN3 was often associated with advanced pathological staging and poor survival prognosis. CDKN3
expression was negatively correlated with most immune checkpoints and positively correlated with tumor mutation
burden (TMB) , microsatellite instability (MSI) , and mismatch repair (MMR) genes. CDKN3 was associated with
cell cycle, cellular senescence, and the p53 signaling pathway. Furthermore, EdU staining, JC-1 staining, Tran-
swell, and Wound Healing assays confirmed that CDKN3 promoted HCC cell proliferation, invasion, and migration
while inhibiting apoptosis. Conclusion Abnormal expression of CDKN3 is closely related to tumor staging, prog-
nosis, and immune microenvironment characteristics, making it a potential prognostic marker and immunotherapy
adjuvant target in cancer.

Key words CDKN3; tumor; pan-cancer analysis; prognostic assessment; immunotherapy; biomarkers; hepato-
cellular carcinoma
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