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Introduction
Upstream open reading frames (uORFs) within the 5'-untranslated region (5'-UTR) of mRNA transcripts can regulate protein translation. Despite widespread prevalence within the human genome, they remain unidentified for many clinically relevant genes, including the neuronal voltage-gated potassium channel subunit KCNQ2. Heterozygous loss-of-function KCNQ2 variants are known to cause a range of neurodevelopmental disorders and epileptic encephalopathies, but there remains an unmet clinical need for patients harboring these variants.
Methods
We analyzed ribosome profiling datasets to assess the KCNQ2 5'-UTR for actively translated uORF motifs. Putative motifs were disabled using site-directed mutagenesis in plasmid constructs and overexpressed in mammalian cells. Translation efficiency of KCNQ2 was determined using reporter gene assays, western blotting, quantitative PCR, and whole-cell patch clamp electrophysiology. Finally, adenine base editing was used to endogenously disable the uORF motif in a neuron-like cell line natively expressing KCNQ2, validated with ribosome profiling.
Results
We identified a single uORF in KCNQ2 that is highly repressive of protein translation and demonstrated that mutations disabling the uORF start codon enhance translation of encoded potassium channels. Additionally, we show that adenine base editing of the uORF start codon can weaken ribosome engagement at the uORF and enhance translation of the protein endogenously. 
Conclusions
This study establishes a previously underexplored regulatory feature for KCNQ2 and highlights the importance of understanding uORFs for clinically relevant genes, both for assessing disease risk and therapeutic potential.
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