Raising intracellular cGMP to inhibit monocyte immune responses
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Introduction. Innate immune responses can overreach as seen in chronic inflammatory conditions. However, several homeostatic intracellular systems are present that limit secretion of inflammatory mediators such as cytokines. Interleukin 1 associated receptor kinase 3 (IRAK3) is upregulated following exposure to endotoxins and acts to restrict cytokine secretion. IRAK3 is inexorably linked to intracellular cGMP levels as it both synthesizes cGMP and in the presence of cGMP inhibits cytokine production – a response ablated in IRAK3 knockout cells (Nguyen et al 2022).
Aims. To examine if pharmacological agents that raise cGMP can reduce monocyte cytokine production.
Methods. THP-1 monocyte cells and A549 lung epithelial cells were exposed to lipopolysaccharide (LPS) for 24 h to mimic infectious challenges in the presence or absence of pharmacological ligands and resultant cytokine (IL6, TNFα, etc) and cGMP production was monitored using ELISA assays. IRAK3 levels were monitored by immunoblots. 
Results. Wildtype THP-1 and A549 cells increase IL6 and TNF production following LPS stimulation and this is associated with time dependent increases in IRAK3 levels. Including a nitric oxide stimulator to raise intracellular cGMP, reduces cytokine production. Phosphodiesterase 5 (PDE5) is present in THP-1 and A549 cells and the PDE5 inhibitors, sildenafil and zaprinast, raise intracellular cGMP. However, these inhibitors (at 100fM to 100nM) do not suppress of cytokine levels over a 24 h period. Dexamethasone (100nM) on the other hand does in THP-1 and A549 cells but not PBMCs (peripheral blood mononuclear cells).
Discussion. Increases in intracellular cGMP due to activation of soluble guanylate cyclases decrease LPS-induced cytokine production. However, more subtle increases in cGMP due to PDE5 inhibitor action has no effect in the short term. Chronic administration of PDE5 inhibitors may be needed as a systematic review revealed that cGMP increases and IL6 decreases in patients receiving long-term administration of PDE5 inhibitors (Cianciarulo et al 2025).
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