[image: A person in a blue shirt

AI-generated content may be incorrect.]

ASO–MEDIATED RESCUE OF ELECTROPHYSIOLOGICAL NETWORK DYSFUNCTION IN IPSC-DERIVED KCNQ2 GAIN-OF-FUNCTION NEURONS
Marcus Kaji1,2,3,4, Lidia Carotenuto1,2,3,4, Nina Dirkx1,5, Noor Zonnekein1,5, Els De Vriendt1, Giusy Carleo6, Francesco Miceli6, Maurizio Taglialatela6, Sarah Weckhuysen1,2,3,4
1VIB Center for Molecular Neurology, VIB, Antwerp, Belgium.
2μNeuro Research Centre of Excellence, University of Antwerp, Antwerp, Belgium.
3Division of Neurology, University Hospital Antwerp, Antwerp, Belgium.
4Translational Neurosciences, Faculty of Medicine and Health Science, University of Antwerp, Antwerp, Belgium.
5Department of Biomedical Sciences, University of Antwerp, Antwerp, Belgium. 
6Division of Pharmacology, Department of Neuroscience, University of Naples Federico II, Naples, Italy.

Introduction
Pathogenic gain-of-function (GOF) KCNQ2 variants cause severe developmental disorders characterized by cognitive deficits, behavioral issues, language difficulties, motor impairments and, in some cases, epileptic seizures. KCNQ2-GOFs remain poorly studied in a neurodevelopmental context, and no targeted therapies are currently available.
Antisense oligonucleotides (ASOs) are an emerging therapeutic modality, particularly for rare genetic neurological disorders. Pan-allelic knockdown ASOs represent a promising strategy for KCNQ2-GOF, where haploinsufficiency is generally well tolerated.
In this study, we characterized the electrophysiological phenotype of iPSC-derived excitatory neurons (iNeurons) generated from two patient-derived GOF lines using longitudinal high-density microelectrode array (HD-MEA) recordings. We then evaluated a small library of LNA gapmer ASOs for their ability to reduce KCNQ2 expression in iNeurons over time and to restore neuronal network electrophysiological activity.
Methods
Doxycycline-inducible NGN expression was used to generate iNeurons from two patient-derived iPSC lines carrying the gain-of-function KCNQ2 variants KCNQ2R201C/+ and KCNQ2R201H/+, alongside a CRISPR-corrected isogenic control line and one commercial healthy line. Longitudinal electrophysiological network development was assessed using HD-MEAs.
To explore therapeutic strategies, a library of ASOs targeting KCNQ2 was designed for pan-allelic knockdown. KCNQ2-targeting ASOs were applied to neuronal cultures 1 day after plating, then potency, efficacy, on-target selectivity of KCNQ2 expression reduction, and preliminary neuronal safety were evaluated following a single exposure in iNeurons. Effects on neuronal network activity were monitored over time across multiple concentrations.
Results
Both KCNQ2R201C/+ and KCNQ2R201H/+ iNeurons exhibited delayed network maturation and an overall hypoexcitable phenotype compared to controls. This was characterized by reduced spike frequency and impaired synchronized network bursting, including decreased burst frequency, duration, and intra-burst activity.
In our library, three lead KCNQ2-targeting ASOs demonstrated strong potency (IC50<100 nM), high knockdown efficiency (>85%), and on-target selectivity. Among these, ASO3 showed the best efficacy and safety profile, with no apparent safety concerns following a single exposure in iNeurons.
ASO3 treatment normalized KCNQ2R201C/+ and KCNQ2R201H/+ network development toward wild-type activity across major electrophysiological metrics, with a clear concentration-dependent effect (1 µM vs 50 nM).
Conclusions
In conclusion, in this study we identified a distinct KCNQ2 GOF neuronal network phenotype and demonstrated that HD-MEA recordings in iNeurons provide a suitable platform for the in vitro evaluation of therapeutic strategies. Our findings further support the potential of LNA gapmer ASOs as a means to modulate KCNQ2 expression and ameliorate disease-associated network dysfunction.
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