TAK1 activation of NF-κB: Use of synthetic mRNA to interrogate molecular function
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Introduction. The transcription factor, nuclear factor κB (NF-κB) is a primary regulator of inflammatory gene expression. Extracellular mediators, such as interleukin (IL)-1β, engage membrane receptors to activate the canonic NF-κB pathway and lead to phosphorylation of the endogenous inhibitor, inhibitor of NF-κB (IκB) α. This marks IκBα for rapid degradation and allows NF-κB to enter the nucleus and drive gene transcription. Transforming growth factor β–activated kinase 1 (TAK1) is one kinase thought to phosphorylate the IκB kinase (IKK) complex, which in turn phosphorylates IκBα. Despite its central role in inflammation, the NF-κB pathway remains incompletely characterized and the contribution of TAK1 in activating NF-κB is unclear. 
Aims. To (1) define the role of TAK1 in activating NF-κB and (2) explore synthetic mRNA (smRNA) as a molecular tool.
Methods. TAK1 knockouts (KOs) were generated using CRISPR-Cas9 in human pulmonary epithelial A549 cells. Cells were stimulated with IL-1β (1 ng/mL) prior to western blotting for IKK or IκBα phosphorylation. NF-κB activity was assessed using an adenoviral-delivered luciferase reporter. Luciferase, GFP, wild-type TAK1 or catalytically inactive (D175A) TAK1 smRNAs were generated and transfected into wild type or TAK1 KO A549 cells.
Results. TAK1 KO markedly reduced IL-1β-induced IKK/IκBα phosphorylation, impaired NF-κB-driven luciferase activity and reduced the expression of inflammatory genes. To explore the ability to use smRNA to rescue TAK1 activity, A549 cells were first transfected with smRNAs for luciferase and GFP. This revealed concentration-dependent increases in luciferase activity spanning >5 orders of magnitude and a GFP transduction efficiency that approached 100%. Similarly, transfection of TAK1 smRNA into TAK1 KO cells increased in TAK1 protein expression in a concentration-dependent manner. This intervention also rescued, in a concentration-dependent manner, IL-1β-induced NF-κB activity in TAK1 KO cells. The smRNA for D175A TAK1 mutant failed to rescue IL-1β-induced NF-κB activity. 
Discussion. These results clearly demonstrate that TAK1 is necessary for IL-1β-mediated activation of NF-κB and NF-κB-dependent gene expression in A549 cells. The data show synthetic mRNAs to offer a precise means to modulate signaling and this highlights their value as tools for dissecting the molecular architecture of signaling pathways. Finally, by establishing the requirement for TAK1 in activating NF-κB, this study advances the understanding of inflammatory signaling and positions TAK1 as a potential therapeutic target in inflammatory disease such as asthma.
