Bombesin 3 receptor - a biologically selective target for lung adenocarcinoma?
Mariah R Stavrou1, Olivia A. Clink1, Sara Ballouz2, Nan Li1, Paige G. Pfeiffer1, Joshua A Nillama3, Luke Hunter3, Kaavya Krishna Kumar4, Madison Coward-Smith5, Richard Y. Kim5, David A. Jacques1, Chantal Donovan5, Nicola J Smith1. 
1School of Biomedical Science, UNSW Sydney, Kensington, NSW, Australia; 2School of Computer Science and Engineering, UNSW Sydney; 3School of Chemistry, UNSW Sydney; 4Weill Cornell Medical College, NY, USA; 5School of Life Sciences, University of Technology Sydney, Ultimo, NSW, Australia. 
Introduction. Lung cancer is the most common cause of cancer deaths in Australia and has only 3% survival for those diagnosed at stage IV, largely due to treatment resistance. We have identified that mRNA expression of the orphan G protein-coupled receptor, bombesin 3 (BB3), is switched on in lung adenocarcinoma (LUAC), a subtype of non-small cell lung cancer, but appears to be absent in healthy adult tissue. This represents a remarkable treatment opportunity.  
Aim. To extensively characterise the pharmacology of BB3 to determine future drug development strategies for LUAC. 
Methods. BB3 expression in LUAC was determined via bioinformatics and qPCR. Cell survival in the presence of current standards of care +/- BB3 ligands was assessed in LUAC cells expressing exogenous or endogenous BB3 +/- BB1 and BB2. BB3’s signalling repertoire was tested using bioassays for canonical GPCR pathways in HEK293 cells overexpressing BB3. BB3 protein was then purified from Expi293 cells in the presence of antagonist for downstream applications.
Results. BB3 expression in LUAC was more prevalent (83%) than any other LUAC marker (<44%), but did not correlate with survival or any LUAC drivers. Neither BB3 agonism nor antagonism affected LUAC cell survival or efficacy of current treatment options. We find BB3 to be constitutively active and capable of signalling via various GPCR pathways (Gαq, Gαs, Gα12/13, β-arrestin, ERK1/2), with the likely presence of an allosteric binding site. Negative stain EM confirmed successful purification of monodisperse BB3. 
Discussion. BB3 has exquisite tissue selectivity and is present in most LUAC cases. Our finding that BB3 neither drives nor modifies LUAC progression confirms our drug development strategy of using BB3 as a conduit for cytotoxic delivery or antibody-mediated cell death. Using our highly purified BB3 protein and information from our thorough pharmacological characterisation of BB3 agonists and antagonists, we are now able to proceed with developing targeted therapy via this receptor. Future studies will focus on understanding BB3 internalisation; characterisation of the orthosteric and allosteric binding sites via molecular pharmacology and structural biology; and computational design of ligand-cytotoxic or ligand-radiochemical conjugates.
