Targeting MLCK1 uncouples immune checkpoint inhibitor-induced colitis from anti-tumour immunity
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Introduction. Immune checkpoint inhibitors (ICIs) have revolutionized oncology, yet their utility is limited by immune-related adverse events, particularly colitis. Identifying targets that mitigate intestinal toxicity without dampening anti-tumor efficacy is a clinical priority.
Aims. To define the role of myosin light chain kinase 1 (MLCK1) in ICI-mediated colitis and evaluate its potential as a pharmacological target.
Methods. We employed a translational framework integrating clinical scRNA-seq and spatial transcriptomics with a wild mouse microbiota (WildR) model. Mechanisms were explored using organoid-immune cell co-cultures and tumor-bearing (Melanoma/MC38) models. Molecular interactions were validated via SPR and MST. 
Results. ICI treatment triggers the MLCK1-mediated "leak pathway," compromising tight junction integrity in both patients and WildR mice. This barrier dysfunction is driven by TNF secreted from activated CD4+ and CD8+ T cells. Genetic ablation of MLCK1 preserved barrier structure and ameliorated colitis. Importantly, a pharmacological screen identified Epicatechin as a novel inhibitor that disrupts the MLCK1-FKBP8 interaction, preventing MLCK1 recruitment to the perijunctional actomyosin ring. In vivo, Epicatechin mitigated ICI-induced colitis while fully maintaining the anti-tumor potency of immunotherapy.
Discussion. MLCK1-dependent barrier regulation is fundamental to ICI-colitis pathogenesis. By pharmacologically uncoupling intestinal toxicity from systemic anti-tumor immunity, this study identifies MLCK1 as a high-value therapeutic target. This "barrier-restoration" strategy offers a paradigm shift beyond broad immunosuppression to enhance the safety of cancer immunotherapy.
