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Background: Bladder carcinoma (BLCA) is characterized by high morbidity, mortality, and treatment costs. Breast cancer gene 1
(BRCAL), a tumor suppressor gene, inhibits the development of malignant tumors. However, research on the significance of BRCA1 in
BLCA is limited. This study aims to explore the importance of BRCAl in BLCA using bioinformatic methods and
immunohistochemistry.

Methods: Gene expression, clinical, and survival data were collected from the TCGA databases through the UCSC Xena platform
(http://xena.ucsc.edu/). The TPM data from the TCGA and GETEx databases were integrated using the GEPIA database
(http://GEPIA.cancer-pku.cn). The study then explored the differential expression, survival prognosis, functional enrichment, and
immune cell infiltration analyses of BRCA1 in BLCA. A PPI network of BRCA1 was constructed using the STRING database, and
a BRCAl-associated gene-gene interaction network was generated using the GeneMANIA database. Immunohistochemistry (IHC)

assays were performed to verify the expression levels of BRCALI in bladder tumour tissues and adjacent normal tissues.

Results: BRCA1 is associated with BLCA. Differential analysis indicated that BRCA1 acts as a risk factor for BLCA but does not
show significant expression differences across genders, stages, tumor stages, lymph node stages, or metastasis stages. Additionally,
staging was based on the eighth edition of the American Joint Committee on Cancer (AJCC) for BLCA. Co-expression network and
Gene Set Enrichment Analysis (GESA) confirmed that BRCA1 is involved in various BLCA pathways. Furthermore, BRCA1
expression was also linked to immune cell infiltration. However, survival prognosis analysis revealed no significant correlation
between the prognosis of BLCA and BRCAL.

Conclusion: We demonstrated that BRCAL is a prospective predicted and immunological biomarker in BLCA, offering new avenues
for potential therapies.
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Introduction

Bladder carcinoma (BLCA) is a common urological malignancy worldwide' and represents the second most prevalent
neoplasm of the male urinary tract, being a significant cause of death with approximately 550,00 new cases annually in
2020.? Recent studies have shown an increase in the incidence of BLCA.? About, 70% of patients with superficial BLCA
tumors are treated with transurethral resection of the bladder (TURB), although these tumors are typically not life-threatening,
they have high risks of relapse and disease progression.* In contrast, patients with muscle-invasive BLCA tumors have poor
prognoses and higher rates of distant metastasis.” The emergence of drug resistance continues to severely impact human life,°
highlighting the need for new gene targets to improve BLCA treatment and patient management.

Constitutional BRCA 1 methylation is recognized as a cancer risk factor for beast and ovarian cancers.” BRCA1 is linked to
an increased risk of breast cancer, its expression levels are correlated with tumor size, axillary nodal status, histological grade,
Ki-67 expression, and molecular subtypes.® BRCAI, a tumor suppressor gene, operates through a complex mechanism.’
Previous research has shown that BRCA1’s key cancer-suppressive activity lies in its capacity for homologous recombination
repair of DNA double-strand breaks.'®'? The intricate role of BRCAL1 in cellular functions has been elucidated through its
extensive research history.'* Recent studies have highlighted BRCA1’s significant role in various malignant tumors. For
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example, BRCA1 expression has shown no correlation with survival rates in breast cancer.'* Conversely, positive BRCA1
expression correlates with advanced tumor stages and poorer prognostic outcomes in ovarian serous cancer,"® while its
presence in BLCA is rarely reported. Investigating the pathogenesis and potential drug targets for BLCA could lead to novel
therapeutic and diagnostic developments. Hence, the exploration of BRCA1’s role is critical, potentially enhancing survival
rates and diagnostic accuracy in BLCA.

In our study, we assessed BRCA1’s function in BLCA by analyzing expression levels and differences. Additionally,
survival analyses were conducted to determine its prognostic significance. We explored its biological functions through
gene-gene interaction and GSEA enrichment analyses. Furthermore, we examined the relationships between BRCA1 and
immunological characteristics. Overall, our findings suggest that BRCA1 may be a potential target in BLCA.

Materials and Methods

Data Collection and Clinical Cases

TCGA-BLCA gene expression and clinical information were obtained from the UCSC Xena platform (http://xena.ucsc.edu/).'®
TPM data from the TCGA and GTEx databases were integrated using the GEPIA platform. In accordance with the eighth edition
of the American Joint Committee on Cancer (AJCC), BLCA classification was standardized. Additional survival data were
downloaded from the UCSC Xena platform (http://xena.ucsc.edu/). The STRING database was accessed to analyze the
biological functions of BRCA1, and the GeneMANIA database was used to examine gene-gene interaction networks.'’

Difference Analysis

The “DESeq2” package (v1.40.2) was employed to identify differentially expressed genes (DEGs) with a log fold change cutoff
of 1 and an adjusted p-value below 0.05 among BRCA 1 upregulated, downregulated, and non-regulated groups. Visualization of
the results was performed using the “ggpubr” (v0.6.0) and “ggthemes” (v4.2.4) packages.'® The “pheatmap” package (v1.0.12)
depicted the expression levels of various genes in BLCA, including BRCALI, in a heatmap. The “Rcircos” package (v4.30)
categorized BLCA patients and normal individuals into 01 A and 11A groups, respectively. “DESeq2” (v1.40.2) was again
utilized to screen results (fold change >1, p < 0.05). Clinical data and data from the 01 A group were merged. Lastly, XianTao
Academic (https://www.xiantaozi.com/literatures) provided an analysis of BRCA1 expression across different groups. It was

noted that the database did not account for patients who had received any standard intravesical treatment.

Functional Enrichment Analysis

The dataset of differentially expressed genes was imported into the “Rcircos” package (v4.30) with reference to the
Molecular Signature Database gene set (msigdb.v7.0.symbols.gmt). The “ClusterProfiler” package (v4.8.3) was
employed to investigate the regulatory functions of BRCAI, such as Gene Set Enrichment Analysis (GSEA).'*?° The
“enrichplot” package (v1.20.1) depicted the results of the GSEA, which included four main data points: enrichment score
(ES), normalized ES, error detection rate, and p-value.

Survival Prognosis Analysis of BRCAI

Survival data from UCSC was analyzed using the “survival” (v3.5-5) package (v3.5-5). The “DESeq2” package
(v1.40.2) calculated differentially expressed genes (DEGs) with a fold change of 1 and p < 0.05 between the BRCA1-
high and BRCA1-low groups. Univariate Cox regression analysis identified DEGs with prognostic significance. A risk
score model was developed based on these prognostic DEGs. Cox regression analysis was performed using the “survival”
package (v3.5-5). Patients were stratified into low or high-risk groups based on the median risk score. Model accuracy
was assessed using receiver operating characteristic curves and time-dependent ROC curves with corresponding AUC
values, conducted by the “ROCR” (v1.0-11) and “timeROC” (v0.4) packages. The hazard ratio (HR) with a 95%
confidence interval (CI) was calculated using Cox proportional hazards regression. The prognostic role of BRCA1 was
further evaluated by a forest plot, generated by the “forestplot” package (v3.1.1), to calculate p-values, HR, and 95% CI.
Differences in overall survival (OS) between low and high BRCA1 expression groups were determined using the Kaplan-
Meier survival analysis method.*!
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Immune Cell Infiltration Analysis

CIBERSORT analysis was first utilized to assess the proportions of tumor-infiltrating immune cells (TICs) in BLCA cases,
considering p-values <0.05 as statistically significant.”> Subsequently, correlations between BLCA and immune cell
infiltration were explored using the UCSC database. The composition of immune infiltrating cells included B cells,
CD8+ T cells, CD4+ T cells, NK cells, macrophages, neutrophils, plasma cells, and dendritic cells. Additionally, correla-
tions between immune infiltrating cells and several genes, including BRCA1, were estimated. Ultimately, the relevance of
BRCAL1 expression to immune infiltrating cells in BLCA patients was visualized using “ggsci” packages (v 3.0.0).
(*p<0.05; **p<0.01; ***p<0.001; ****p<0.0001; ns=no significance).

Construction of PPl, Gene-Gene Interaction Network
The STRING database (https://string-db.org/) was accessed to analyze the biological function of BRCAI, from which
a visualization result was obtained. The GeneMANIA database (http://genemania.org/) was used to construct a gene-gene

interaction network. This network helped determine the correlation between BRCA1 and other genes for co-expression
network construction.

Immunohistochemistry

Human bladder cancer tissues were collected from 13 patients at Harbin Medical University Cancer Hospital. The
inclusion criteria were as follows: diagnosis of BLCA at Harbin Medical University Affiliated Cancer Hospital; no other
primary malignant tumors; survival time exceeding 30 days; non-metastatic; absence of other cancer cell variants; no
prior intravesical treatment; and no perineural invasion.

Immunohistochemistry (IHC) analysis was conducted on both the bladder tumor tissues and adjacent normal
tissues.”® Tissue sections, 3um thick, were prepared and incubated with BRCA1 rabbit polyclonal antibody (1:100,
Affinity Biosciences, Polyclonal Rabbit Antibody, AF-6289) overnight at 4°C, followed by a secondary antibody for
30 minutes at 37°C. Visualization was achieved using DAB reagent for 10 minutes, and nuclei were counterstained with
DAPI (blue).

Statistical Analysis
The Wilcoxon test was used to compare two groups, while the Kruskal-Wallis test analyzed differences among three
groups. The chi-square test assessed the objective response rate. Survival differences were evaluated through Kaplan—
Meier analysis, and Pearson’s correlation analysis examined the relationship between two variables.

All statistical analyses were performed using R (v4.3.0), with p<0.05 considered statistically significant.

Results
Expression Levels of BRCAI in BLCA and Normal Tissues

The GEPIA database was used to analyze the expression of BRCA1 across various cancer types, revealing elevated expression in
BLCA (Figure 1A). Further analysis confirmed high BRCA1 expression in most BLCA patients (Figure 1B and C). Comparative
analysis between bladder carcinoma tissues and normal tissues showed significant differences in BRCA1 expression (Figure 1D).
Subsequent verification of BRCA1’s differential expression in BLCA was conducted using the GEPIA database (Figure 1E).
Expression differences of BRCA1 were also analyzed across different genders, stages, tumor stages, lymph node stages, and
metastasis stages (Figure 1F). According to the eighth edition of the AJCC, the staging was standardized. A negligible number of
patients at TO stage precluded meaningful expression analysis, and no significant differential expression was observed
(Figure 1G). Similarly, the small sample sizes in TO and T1 stages limited the display of expression data.

Survival Prognosis Analysis of BRCAI

Survival data from the UCSC database were utilized to explore the relationship between BRCA1 expression and BLCA
survival, employing a Receiver Operating Characteristic Curve. BRCA1 showed modest predictive value for overall
survival in BLCA (AUC=0.52) (Figure 2A). Further analysis indicated that BRCA1 predicted first-year survival
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Figure 2 (A) Receiver Operating Characteristic Curve assessing BRCAI and survival. (B) Time-dependent Receiver Operating Characteristic Curve for survival and
BRCAI. (C) Cox regression analysis of BRCAI| expression and other genes. (D) Results comparing “BRCAI-high” and “BRCAI-low” patient groups.
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moderately (AUC=0.56); however, predictions for third and fifth-year survival were less accurate than random chance
(AUC=0.48, AUC=0.46) (Figure 2B). Cox regression analysis was performed on several randomly selected genes,
including BRCA1, which was not considered an independent prognostic factor for survival (Cox HR=1.034, P=0.771)
(Figure 2C). To assess the significance of BRCA1 expression in BLCA prognosis, TCGA cohort patients were divided
into “BRCA1-high” and “BRCA1-low” groups based on median expression levels; no significant difference in overall
survival (OS) time was found between these groups (P=0.666) (Figure 2D).

BRCAI Associated Gene-Gene Interaction and Co-Expression Network

To explore the biological function of BRCAI1, a PPI network was established in the STRING database (Figure 3A).
A gene-gene interaction network relevant to BRCA1 was also constructed using the GeneMANIA database (Figure 3B).
It was noted that genes such as BARD1 and PARP1 were involved in both the PPI and gene-gene interaction networks.
The Gene Set Enrichment Analysis (GSEA) of the BRCA1 co-expression network identified the top seven enriched GO
terms, including epidermis development, epidermal cell differentiation, epithelium development, skin development,
epithelial cell differentiation, muscle system process, and muscle contraction (all p<0.001), which are associated with
BLCA.

Immunological Analysis of BRCAI in BLCA

The impact of immune cell infiltration on BRCA1 expression in UCSC subsets was investigated (Figure 4A). The
relevance of immune cell infiltration in BLCA was further identified (Figure 4B). Analysis revealed that resting NK cells,
activated CD4 memory T cells, and follicular helper T cells exhibited high relevance, while activated NK cells, resting
CD4 memory T cells, resting mast cells, and Tregs showed a negative correlation (Figure 4C). Additionally, the influence
of BRCALI expression on immune cell infiltration in BLCA patients was examined; it was found that activated CD4
memory T cells, resting NK cells, and M1 macrophages were positively correlated, whereas plasma cells, resting mast
cells, resting CD4 memory T cells, and Tregs showed negative relevance in the BRCA1-high group (Figure 4D).

Validation of BRCAI Expression in BLCA

Bladder carcinoma tissues and adjacent normal tissues were collected from 13 patients who had never received
intravesical treatment. Clinical information was compiled in Table 1. Immunohistochemistry (IHC) revealed strong
and diffuse cytoplasmic staining in tumor tissues, whereas weaker staining was observed in adjacent normal tissues
(Figure 5). IHC confirmed that BRCA1 expression was higher in bladder tumor tissues compared to adjacent normal
tissues.

Discussion

BLCA is classified as a high-risk malignant tumor.>* Early-stage diagnosis and prognostic prediction are crucial. Most
current prediction models rely on mRNAs, miRNAs, or clinical characteristics.>> >’ Moreover, infiltrating immunocytes
significantly influence BLCA pathogenesis.”® BLCA responds to immunotherapy, such as Bacillus Calmette-Guérin
therapy, and is characterized by a relatively high tumor mutational burden.*® For BLCA patients, a high density of tumor-
infiltrating CD8+ T cells has been identified as a beneficial prognostic factor, whereas programmed death-ligand 1
expression and tumor-associated macrophages are linked to poorer outcomes.**>? Therefore, studying the interaction
between BLCA and tumor-infiltrating immunocytes could be beneficial for treatment.

In our analysis, bioinformatics tools such as UCSC, GEPIA, STRING, and GeneMANIA were utilized to investigate
BLCA. We noted elevated expression levels of BRCA1 in BLCA tissues. Additionally, our findings indicate that BRCA1
expression does not significantly differ across genders or stages, including various tumor stages and metastatic statuses.
Patients undergoing intravesical treatment were excluded from the standard analysis. Cox regression analysis identified
the prognostic data, suggesting that BRCA1 has a moderate predictive value for BLCA survival. The hazard ratio (HR)
with a 95% confidence interval (CI) was calculated, and patients were categorized into low or high-expression groups
based on the median score to compare survival times between the two groups. Ultimately, BRCA1 was not considered an
independent risk factor for BLCA survival, indicating the need for more effective models.
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epidermis development, epidermal cell differentiation, epithelium development, skin development, epithelial cell differentiation, muscle system process, and muscle
contraction, based on GSEA.
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significance).
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Table | Patient Information Participating in Immunohistochemistry Experiments

Number Gender Age Pathological Diagnosis Type Cancer Pericancerous
Normal Tissue

Patient | Male 65 Invasive urothe lial carcinoma of the bladder | 7

Patient 2 Male 68 Invasive urothe lial carcinoma of the bladder 2 7

Patient 3 Male 59 Malignant tumor of bladder 3 7

Patient 4 Male 55 Invasive urothe lial carcinoma of the bladder 4 7

Patient 5 Male 71 Invasive urothe lial carcinoma of the bladder 5 7

Patient 6 Female 68 Invasive urothe lial carcinoma of the bladder 6 7

Patient 7 Male 67 Invasive urothe lial carcinoma of the bladder 7 7

Patient 8 Male 68 Invasive urothe lial carcinoma of the bladder 8 7

Patient 9 Male 69 Invasive urothe lial carcinoma of the bladder 9 7

Patient 10 Male 49 Non invasive papillary low-grade urothe lial carcinoma of the 10 6

Patient |1 Male 66 Non invasive papillary low-grade urothe lial carcinoma of the 11 6

Patient 12 Male 46 Invasive urothe lial carcinoma of the bladder 12 7

Patient |3 Female 77 Invasive urothe lial carcinoma of the bladder 13 7

GSEA results showed that BRCAL is involved in pathways such as epidermis development, epidermal cell differ-
entiation, epithelium development, skin development, epithelial cell differentiation, muscle system process, and muscle
contraction,>® which are implicated in BLCA. Previous research has highlighted the significant role of these pathways in
BLCA, indicating BRCA1’s involvement in BLCA development through these mechanisms.

It has been reported that tumors can evade immune surveillance if the tumor microenvironment loses immune function.**
Xiao et al found that immune-related genes involved in T-cell activation, NK cell activity, and other biological processes were
strongly correlated with overall survival (0S).*° In this study, positive correlations were observed between BLCA and
activated CD4 memory T cells, resting NK cells, and M1 macrophages, while negative correlations were noted with resting
plasma cells, mast cells, resting CD4 memory T cells, and Tregs. Recent research has indicated that understanding the impact
of immune-related genes can improve early-stage prognostic assessments of BLCA.*® Thus, our study may provide new
insights for evaluating and treating early-stage BLCA. Immunohistochemistry (IHC) analysis showed that BRCA1 expression
was more pronounced in bladder tumor tissues than in adjacent normal tissues. Exclusion of patients receiving intravesical
treatment was maintained as a standard.

Normal

Tumor

Figure 5 Typical IHC images illustrating BRCAI staining in bladder carcinoma and adjacent normal tissues.
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Several biological processes, including DNA damage repair, transcription, ubiquitylation, cell-cycle checkpoints, and
centrosome duplication, are associated with the tumor suppressor gene BRCA1’s protein product.®”#° Large rearrange-
ments or whole gene deletions of BRCA1 are linked to an increased risk of hereditary breast and/or ovarian cancer.*' **
However, the relationship between BRCA1 and BLCA has been minimally explored. Our research initially assessed the
diagnostic values of BRCA1 in BLCA, revealing significant differences between patients and normals; such difference
analysis could enhance BLCA diagnosis in clinical practice. Our survival prognosis analysis indicated no significant
difference in OS time between high and low BRCA1-expressing patients, although BRCA1 showed some predictive
value for first-year survival in BLCA. Exploring the reasons for these results may provide insights for future clinical
therapies. Additionally, we investigated the biological function of BRCA1 and its correlation with the immunological
characteristics of BLCA, finding a strong positive correlation with immune cell infiltration and immune checkpoints.
These findings could enable more precise therapies for patients in the future, assisting physicians in making effective
treatment decisions based on pathways influenced by high BRCA1 expression.

Overall, our research comprehensively highlighted the diagnostic and prognostic significance of BRCA1 in BLCA, as
well as its relationship with immunological characteristics, potentially enhancing therapeutic approaches. However, our
study has limitations. Using public databases for prognostic and therapeutic analysis may introduce biases. Further
exploration of BRCA1’s role in BLCA is needed through cellular function experiments. Lastly, validating our findings
with a small, unbalanced cohort (10 of 13 cases being invasive disease) is insufficient. More clinical data and

experimental research are required to confirm our conclusions.

Conclusions

Bioinformatic methods and clinical validation were employed to conduct a systematic and comprehensive analysis of
BRCA1 in BLCA. Our study suggests that BRCA1 acts as a predictive factor for BLCA, potentially aiding in its
diagnosis. Furthermore, due to its high accuracy in immunological analysis, BRCA1 may guide personalized therapies in
BLCA. Additionally, our findings indicate that GSEA of BRCAT1 could elucidate its role in BLCA, potentially improving
treatment accuracy. This research is expected to further our understanding of BRCA1’s function and contribute to more
precise therapies for BLCA.
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