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Rationale: The combination of vilanterol (VI), a long-acting β2 adrenoreceptor (β2R) agonist and umeclidinium (UMEC), a long-acting muscarinic receptor (MR) antagonist, is approved for the once-daily maintenance treatment of airflow obstruction in patients with chronic obstructive pulmonary disease. Bronchodilation is improved when mediated via simultaneous stimulation of β2R and antagonism of MR in airway smooth muscle cells (ASMC). Cyclic adenosine monophosphate (cAMP), a key intracellular mediator in ASMC, is induced by β2R-agonists and inhibited by MR agonists. Stimulation of β2R also increases the synthesis of Regulator G-protein Signalling 2 (RGS2), which inhibits MRs. This study investigates the intracellular mechanisms of interaction between UMEC and VI in human ASMC.
Methods: ASMC were cultured from tracheas of healthy lung transplant donors. After serum starvation, cells at passage five were treated with VI, UMEC, UMEC/VI, or control compounds (salmeterol or methacholine). cAMP release was measured by ELISA and RGS2 mRNA by RT-qPCR. ASMC were preloaded with Fluo4 dye for 45 min and [Ca2+]I was measured using excitation/emission: 494/516 nm. Data are presented as mean ± standard error.	Comment by Shaikh, Nooreen: Appropriate n numbers will be added to each data set.
Results: VI has a faster onset of action with respect to induced cAMP production from ASMC compared to salmeterol. Pre-treatment of ASMC with methacholine (5µM) for 30 minutes attenuated VI-induced cAMP release (maximal attenuation observed at 10-10M VI, 11.9 ± 2.5 vs 6.2±1.2 pmol/ml (48% drop); p<0.05). However, pre-treatment with UMEC (10-8M) for 1 hr restored the magnitude of the VI induced cAMP production. UMEC alone did not induce cAMP release. UMEC enhanced VI-stimulated (10-8M) induction of RGS2 mRNA, reaching significance at 4 hrs (8.5±1.3 vs 3.2±0.7 fold–increase compared to baseline; p<0.01). UMEC alone had no effect on RGS2 production. Stimulation of ASMC with methacholine (10-11-5x10-6 M) resulted in a concentration-dependent increase in [Ca2+]i (p<0.001, Kruskal-Wallis). UMEC (10-12–10-6M) in combination with VI (10-10-10-6M) reduced the calcium flux elicited by methacholine to a greater extent than UMEC alone; attenuation of [Ca2+]i was observed over a range of methacholine concentrations. VI alone had no detrimental effect on methacholine-induced Ca2+]i.	Comment by Fishawack Indicia: DH asked - Should you state the cAMP level for VI + MCh + UMEC as well?	Comment by Shaikh, Nooreen: Word limitation reached, data will be included in  results section
Conclusions: VI is a faster and more efficacious inducer of cAMP production than salmeterol in human ASMC. Cholinergic activation attenuates VI-induced cAMP production, whereas pre-treatment with UMEC restores the magnitude of VI-induced cAMP production.   UMEC enhances VI-induced RGS2 mRNA expression. UMEC-mediated attenuation of cholinergic agonist-induced [Ca2+]i release is augmented  potentiated by VI. 	Comment by Bhavsar, Pankaj K: Perhaps simpler to change  to  augmented? ie,  VI improves the suppressive effect of UMEC wrt Ca release.  
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