The influence of ligand-binding kinetics on the signalling bias of xanomeline
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Introduction. G protein-coupled receptors (GPCRs) are highly dynamic proteins, adopting distinct conformations dependent upon bound ligands. The ability of different agonists to stabilise specific GPCR conformations can result in preferential activation of specific signalling pathways, termed biased agonism. Interestingly, the interpretation of bias can be influenced by ligand-binding kinetics and temporal regulation of signalling. Whilst the therapeutic potential of biased agonism is increasingly recognised, the biased profiles of clinical candidates are rarely assessed. An example of this is CobenfyTM, a first-in-class coformulation that was recently approved for the treatment of schizophrenia. Xanomeline, the active agent of CobenfyTM, is an M1/M4 muscarinic receptor (mAChR) agonist that is metabolised into potentially active derivative compounds such as xanomeline N-oxide and N-desmethyl xanomeline. Given the approval of CobenfyTM, it remains integral to characterise the activity of xanomeline and its metabolites at the mAChRs.
Aims. To characterise the potential biased profile of xanomeline and its metabolites (xanomeline N-oxide and N-desmethyl xanomeline) at the M1/M4 mAChRs.
Methods. Ligand-mediated M1/M4 mAChR activation was quantified in G protein activation, (-arrestin recruitment and downstream responses, such as calcium mobilisation and cyclic-AMP production. Subsequent biased factors were quantified compared to acetylcholine (endogenous ligand) and G(i1 protein pathway.
Results. Relative to acetylcholine, xanomeline and its metabolites demonstrated distinct signalling patters at the M1 and M4 mAChRs, suggesting the novel antipsychotic CobenfyTM and its metabolites may act as biased agonists.
Discussion. The time-dependent alterations in the biased profile of xanomeline and its metabolites emphasises the necessity of acknowledging kinetics when designing and interpreting biased agonism. Collectively, this broadened understanding of how M1/M4 agonists interact with the mAChRs contributes to the growing understanding of the therapeutic activity of first-in-class antipsychotic xanomeline. 
