Carbachol augments indacaterol-induced gene expression through Ca2+-calcineurin signalling in BEAS-2B cells
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Introduction. Muscarinic receptor antagonists reduce exacerbation frequency in subjects with chronic obstructive pulmonary disease, suggesting that endogenous Ach up-regulates pro-inflammatory genes in the airways. Long-acting β2-adrenoceptor agonists (LABAs), like indacaterol (Ind), are a recommended treatment option but can also promote gene expression changes that are detrimental to lung health. We previously showed that the stable Ach analogue carbachol (CCh) enhanced Ind-induced gene expression in airway epithelial cells (Jayasinghe et al, 2025), which may involve the Ca2+-dependent modulation of CRE-binding protein (CREB).  
Aim. To elucidate the Ca2+-dependent signalling pathway by which CCh enhanced Ind-induced gene expression in BEAS-2B cells.
Methods. Genomic responses were evaluated in BEAS-2B CRE reporter cells treated with CCh (10µM) and/or Ind (10nM) by luciferase assay, RT-PCR and immunoblotting. Downstream signalling was interrogated by Ca2+ imaging, gene silencing and employing selective inhibitors. 
Results. CCh produced a biphasic Ca2+ response: a transient (peak <30 sec) followed by a sustained phase, which returned to baseline within 15 min. Intracellular (BAPTA-AM, 5µM) and extracellular (EGTA, 1.5mM) Ca2+ chelators blocked the initial and sustained phases, respectively, and abolished enhancement of Ind-induced CRE activation by CCh. Paradoxically, Ca2+-mobilizing agents, A-23187 and thapsigargin, suppressed Ind-induced reporter drive, which was reversed by inhibitor of endoplasmic reticulum stress, GSK2656157. Inhibitors (cyclosporin A, 1µM; tacrolimus, 100nM) of protein-phosphatase calcineurin and siRNA-mediated knockdown of PPP3R1 (regulatory subunit of calcineurin) likewise abolished CCh activity on CRE reporter cells and augmentation of 3 CREB-target genes (NR4A1-3). 

Discussion. These findings identified a Ca2+-regulated pathway that enhanced CRE reporter activation and gene induction by activating calcineurin. We propose that activation of calcineurin may lead to the dephosphorylation and nuclear translocation of CREB-regulated transcriptional coactivators, which mediates cholinergic–LABA crosstalk and enhanced gene expression.
Jayasinghe et al (2025) J Pharmacol Exp Ther 392:103579
