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Introduction. The pituitary adenylate cyclase activating polypeptide (PACAP) family receptors (PAC1R) are a subfamily of GPCRs that are crucial in regulating many biological processes, including neuronal development, stress response, metabolic homeostasis. PAC1R undergoes alternative splicing at both the extracellular domain (ECD) and intracellular loop 3 (ICL3) by insertion of one of three cassettes (-hip, -hop, or -hiphop). PAC1R isoforms has been suggested to have distinct expression, and physiological roles. However, a mechanistic understanding of how different combinations of splicing by the ECD and ICL3 alter signalling and regulation by different endogenous agonists is still lacking.
Aims. To define how ICL3 splice variants, in combination with different ECD splicing shape PAC1R signalling.
Methods. PAC1R splice isoforms were transiently expressed in COS-7 cells. G protein activation, β-arrestin recruitment, and receptor trafficking were measured using BRET assays. Ligand-mediated cAMP production, iCa2+ mobilisation, and ERK1/2 phosphorylation (pERK) were monitored in real-time using biosensors. Biased agonism was quantified using the operational model of agonism with Gs and PACAP38 as the reference transducer and ligand.
Results. ICL3 splicing led to distinct G protein dissociation profiles, which were reflected in downstream cAMP production, iCa2+ mobilisation, and pERL. The hip cassette in ICL3 generally reduced receptor signalling compared to no ICL3 cassettes (null) across all ligands. In contrast, the hop isoforms exhibited pathway- and ligand-selective signalling responses compared to null isoforms which is also ECD splicing dependent. Interestingly, the combined hip-hop isoform (PAC1R-hiphop) displayed either hip-like or null-like pharmacological profiles depending on the ligand- and pathway, suggesting a coordinated influence of ligand and receptor isoform on signalling and regulatory outcomes.
Discussion. Pharmacological analysis revealed isoform-specific cellular signalling profiles, indicating that ICL3 is a crucial element in PAC1R function. Although lacking structural information, the distinct amino acid compositions of the hip and hop cassettes may underlie the observed differences in signalling profiles, supporting a model where PAC1R splicing fine-tunes ligand-receptor-transducer coupling and downstream signalling and regulation.
