Unravelling the mechanisms underlying BCG induced lower urinary tract side effects
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Introduction. Approximately 75% of bladder cancers are diagnosed as non-muscle invasive bladder cancer (NMIBC). The current gold-standard treatment for NMIBC is intravesical Bacillus Calmette-Guerin (BCG) immunotherapy. Whilst effective in treating NMIBC, 60-80% of patients develop lower urinary tract symptoms (LUTS), including urinary frequency, pelvic pain, and dysuria that can significantly impact quality of life during treatment. Up to 20% of patients will discontinue BCG treatment due to these LUTS, significantly increasing their risk of cancer progression. 
Aims. To investigate the underlying mechanisms and develop a therapeutic strategy to prevent BCG-induced LUTS. 
Methods. Mice (n=3/group) were treated with BCG (4.2x106 CFU/bladder) or PBS (SHAM) once weekly for six weeks. Mouse bladders were used for flow cytometry and bulk RNA-seq to characterise immune responses or underwent ex-vivo bladder contraction experiments to assess changes in bladder muscle function. Urothelial bladder cancer cell lines (UM-UC3, T24, and MB49) were used to assess potential impacts of Mirabegron (1(M-30(M), a β3 adrenoceptor agonist clinically approved for the treatment of LUTS in other urology disorders, on BCG efficacy in-vitro via cell senescence and cytotoxicity assays. 
Results. BCG treatment induced significant immune cell infiltration in the bladder (p<0.01), including CD45+ cells, CD4+ T cells, neutrophils and NK cells, along with upregulation of multiple inflammatory HALLMARK pathways. A significant downregulation of the gene encoding the β3 adrenoreceptor (Adbr3) was observed in BCG treated bladders (n=6, p=0.002, fold change=-1.26) which correlated with a significant increase in bladder spontaneous contractions ex-vivo (n=6, p<0.01). Mirabegron (1(M-30(M) had no effect on BCG induced cell senescence or cytotoxicity in vitro (p>0.05).
Discussion. This data shows that BCG induced inflammation can alter normal bladder muscle function including downregulation of the Adbr3 gene. Targeting the β3 adrenoceptor with Mirabegron in vitro had no negative impacts on the hallmarks of BCG efficacy and thus may represent a novel and safe adjunct treatment for BCG-induced LUTS in NMIBC patients.
