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Abstract

Objective: Bladder cancer is a malignant tumor originating from the urothelium. And Bladder cancer is
also characterized by a complicated tumor microenvironment and a prominent tumor mutational burden
exists.,whch changed in the tumor microenvironment and the gradual accumulation of tumor mutational
burden, are widely regarded as extremely important factors influencing the unfolding and progression of
bladder cancer. During tumor evolution, cancer-associated epithelial cells display notable heterogeneity.
Epithelial cells in different functional states, which may participate in microenvironmental interactions in
distinct ways and also contribute differently to disease progression. A closer examination of epithelial cell
diversity and their functional characteristics, that along with the identification of key hub genes within
these cells, help clarify the molecular mechanisms underlying bladder cancer. It also provide useful clues
for subsequent studies.

Methods: This study, integrated several types of omics data, explore epithelial cell heterogeneity in bladder
cancer including 13 single-cell RNA sequencing samples, 514 transcriptome sequencing samples, and 30
whole-exome sequencing samples. Single-cell data were processed using Uniform Manifold Approximation
and Projection for nonlinear dimensionality reduction, and then followed by clustering to recognition the
major epithelial cell populations. To obtain a detailed classification, Which means epithelial cells were
extracted for secondary classification to further divide the epithelial subgroups. Tumor mutational burden
values were calculated from the whole-exome sequencing data generated in this study. These values were
combined with single-cell transcriptomic profiles using the single-cell activity-based scoring method and
the ratio of observed to expected algorithm to estimate the association between individual cells and TMB
status. Through this process, the epithelial cluster Epil4 was identified as a subgroup closely related to
TMB. Genes specifically expressed in Epil4 were then screened and subjected to functional analysis.
Cell—cell communication patterns were explored to examine potential signaling interactions among
different cell populations. The differentiation potential of epithelial cells and their developmental
trajectories were evaluated using CytoTRACE together with single-cell trajectory analysis. Candidate hub
genes were further selected by integrating differential gene expression results with random survival forest
modeling. Immune cell infiltration patterns, drug sensitivity prediction, and pathway enrichment analyses
were also carried out. Spatial transcriptomic data were analyzed using deconvolution methods, CellChat,
and the pathway activity inference approach PROGENy to examine the spatial distribution of cell
populations and their signaling activity. Finally, quantitative real-time polymerase chain reaction and
Western blot experiments were performed to examine the expression levels of the selected hub genes in

tumor tissues and matched adjacent normal tissues.



Results: This study included a total of 77,263 cells and identified 3,000 highly variable genes. After
dimensionality reduction and clustering analysis, 32 well-annotated cell clusters were recognized.
Secondary clustering of EpiCs revealed 14 subpopulations, and by integrating scAB, Ro/e algorithms, and
TMB analysis, Epil4 was determined as the key subpopulation. Through differential gene expression (DEG)
analysis, RSF modeling, multi-cohort data validation, Western blotting (WB), and PCR experiments,
ABRACL and ARPC3 were ultimately identified as potential core hub genes.

Conclusion: By integrating multi-omics and spatial transcriptomic data, this study preliminarily elucidates
the heterogeneity of epithelial cells in bladder cancer and identifies ABRACL and ARPC3 as key tumor
mutational burden-associated hub genes. These findings provide an important theoretical foundation and
potential therapeutic targets for future mechanistic studies and clinical translation.

Key words: Bladder cancer; Cancer-associated epithelial cells; Single-cell sequencing; Tumor mutational

burden; Tumor microenvironment.
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