Muscarinic M3 receptors mediate synergy between carbachol and indacaterol in BEAS-2B cells
Varuna Jayasinghe1, Tamkeen Paracha1, Robert Newton1 & Mark Giembycz1. Dept of Physio & Pharmacol, Univ of Calgary1, Calgary, AB, Canada.
Introduction. Muscarinic receptor antagonists reduce exacerbations in subjects with chronic obstructive pulmonary disease (COPD), suggesting endogenous Ach up-regulates pro-inflammatory genes in airways. Gram-negative bacterial infections also cause exacerbations by releasing catecholamines from infiltrating phagocytes, which, like Ach, exert genomic effects. Although long-acting β2-adrenoceptor agonists (LABAs) are recommended treatments for COPD, they could, paradoxically, mimic catecholamines and impair lung health. Moreover, Ach and LABAs activate cAMP response element (CRE)-binding protein, which may represent a node of signal integration that fine-tunes genomic responses. 
Aim. To characterise the receptor and define the immediate down-steam signalling by which carbachol (CCh), a stable Ach analogue, augmented gene induction produced by the LABA, indacaterol (Ind).   
Methods. Genomic responses in BEAS-2B cells treated with CCh (10µM) and/or Ind (10nM) were evaluated using CRE reporter gene assays, RT-PCR and mRNA sequencing. Receptor characterisation and down-stream signalling were interrogated by Gaddum-Schild analysis, gene silencing and employing selective inhibitors. 
Results. CCh and Ind produced concentration-dependent increases in CRE activity ([A]50=263nM; Emax=2.0-fold and [A]50=0.41nM; Emax: 8.2-fold, respectively) and interacted supra-additively in combination (Emax=15.8-fold). CHRM3 was the most highly expressed transcript of those that encode muscarinic receptors. CHRM3-targetting siRNAs suppressed the augmentation of Ind-induced CRE reporter activation. Likewise, the muscarinic receptor antagonists, atropine, glycopyrronium and J-104129 blocked the effects of CCh with pKB values consistent with activation of the muscarinic M3-subtype. The Gq inhibitor, YM-254890 (1uM), abolished the enhancement of Ind-induced response by CCh. Agonists of other Gq-coupled receptors (histamine, 10uM; oxytocin, 2uM) also augmented LABA-induced reporter activation in a YM-254890-sensitive manner.

Discussion. These findings identified a muscarinic M3-receptor-Gq-regulated pathway that enhanced Ind-induced CRE reporter activation and gene expression in BEAS-2B cells. These data provide a mechanistic basis for the efficacy of muscarinic receptor antagonists in COPD, which may block genomic synergy between ACh and catecholamines and/or LABAs.
