Gs-biased cAMP signalling regulates β2-adrenoceptor-mediated genomic responses in human airway epithelial cells
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Introduction. β2-adrenoceptor (β2AR) agonists are cornerstone bronchodilators in chronic obstructive lung diseases, but chronic use as a monotherapy can produce tolerance and adverse outcomes (Salpeter et al, 2010). β-arrestin signalling has been proposed as a contributing mechanism (Nguyen et al, 2017), although most evidence is derived from studies in which the β2AR has been over-expressed leaving its role under physiological conditions uncertain.
Aims. This study aimed to determine whether a panel of long-acting β2AR agonists (LABAs) activate signalling pathways beyond the canonical Gs–cAMP–PKA axis using BEAS-2B human airway epithelial cells as a model.
Methods. Wild-type and PKA-deficient cells (generated by CRISPR/Cas9 editing) were treated with formoterol, indacaterol, salmeterol or vilanterol. Genomic responses were evaluated using CRE-luciferase reporter assays, qPCR and mRNA sequencing. ERK1/2 phosphorylation, a surrogate of β-arrestin signalling, was assessed by immunoblotting.
Results. mRNA-seq revealed that all LABAs regulated several hundred genes that were highly correlated (mcor = 0.80) and enriched in gene ontology terms that relate, primarily, to transcription and cell growth. Deletion of PKA abolished LABA-induced CRE activity and global transcriptional responses, under conditions where β2AR expression and LABA-induced cAMP generation were preserved. None of the LABAs stimulated ERK1/2 phosphorylation at concentrations necessary for complete β2AR occupancy; indeed, β2AR agonism promoted ERK1/2 dephosphorylation was absent in PKA-deficient cells.
Discussions. In BEAS-2B cells, LABAs regulated gene expression changes by stimulating, exclusively, the Gs–cAMP–PKA pathway. These data challenge the proposed role of β-arrestin in β2AR-mediated adverse outcomes in obstructive lung diseases and suggest that the need to design new “Gs-biased” β2AR agonists may be misplaced. Clinically, the adverse genomic effects of β2AR agonists depend on canonical PKA-dependent mechanisms rather than β-arrestin-dependent ERK1/2 signalling.
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