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Introduction. The salt-inducible kinases (SIKs) are thought to control CREB-regulated transcription coactivator (CRTC)-dependent transcription by promoting CRTC phosphorylation and sequestration in the cytoplasm. While this limits cAMP-dependent transcription, β2-adrenoceptor (β2AR) agonists activate protein kinase A to phosphorylate and inactivate SIKs. This allows CRTC entry into the nucleus where they promote cAMP-dependent transcription. However, with three SIK and three CRTC genes their respective roles in these events are unclear.

Aims. To define SIK roles in regulating CRTC activity in the context of β2-AR-mediated signalling and transcription.
Methods. Human BEAS-2B airway epithelial cells were treated with the long-acting β2-AR agonists, formoterol (10 μM) or indacaterol (100 nM), for 1–24 h. SIK expression and phosphorylation were analyzed by RNA-seq, western blotting, and phos-tag gels. The role of SIKs in CRE-dependent transcription was assessed using a 6×CRE-luciferase reporter and small molecule pan-SIK inhibitors. Effects on CRTC and CREB phosphorylation were evaluated by western blotting. 
Results. Indacaterol induced SIK1 mRNA expression by ~22 fold, peaking at 1–2 h, with no effect on SIK2 or SIK3 mRNA. Formoterol robustly increased SIK1 protein with a maximal effect apparent at 2h. Formoterol also induced phosphorylation of SIK2 and SIK3, but not SIK1, as revealed by immunoblotting of phos-tag gels. Four of five pan-SIK inhibitors increased basal 6xCRE reporter activity and modestly enhanced formoterol-stimulated CRE activation. These inhibitors also reduced basal CREB ser133 phosphorylation and promoted varying degrees of CRTC dephosphorylation. In contrast, the inhibitor with no effect on the 6xCRE reporter did not alter CREB or CRTC phosphorylation.

Discussion. SIK inhibition enhanced basal CRE-dependent transcription and promoted dephosphorylation of all three CRTCs. Unexpectedly, this was accompanied by reduced CREB phosphorylation at Ser133, challenging the canonical model in which Ser133 phosphorylation is considered essential for CREB-mediated transcription. These results suggest that activation of CRTCs following SIK inhibition may drive CRE-dependent transcription independently of Ser133 phosphorylation of CREB. This disconnect highlights a dominant role for CRTCs and underscores the need to reassess the relative contributions of CREB phosphorylation versus CRTC activation in cAMP-driven gene expression. Finally, the data raise the possibility that that different SIKs may exert distinct transcriptional effects.
