Patients carrying epilepsy-causing variants in GABAA receptors require treatments based on a precision medicine approach.
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Introduction: γ-amino butyric acid type A (GABAA) receptors are ligand-gated ion channels that mediate fast synaptic inhibition in the brain. Among the nineteen identified subunits (α1-6, β1-3, γ1-3, δ, ε, θ, π, and ρ1-3), 11 subunits significantly contribute to severe developmental and epileptic encephalopathies (DEEs), intellectual disability (ID) with or without seizures, and, in some cases, no symptoms at all.

Aims: In this presentation, I will focus on the α3 subunit, encoded by GABRA3, as it stands out for several reasons. Firstly, GABRA3 is the only epilepsy-associated GABAA receptor gene that is located on the X chromosome. Secondly, compared to more common receptor types, α3-containing receptors exhibit restricted spatial expression in the brain, with high levels in regions important for epilepsy, such as the cerebral cortex, amygdala, hippocampus, and thalamus (Hörtnagl et al, 2013). Thirdly, α3 subunit-containing receptors mediate synaptic neurotransmission with prolonged synaptic currents (Syed et al, 2020). Together, these unique features separate α3-containing receptors from e.g., the more ubiquitous α1-containing receptors. 

Methods: We assessed a cohort of 43 individuals with presumed pathogenic GABRA3 variants and conducted detailed genotype-phenotype analyses. A novel mouse model carrying a recurrent variant was developed and assessed.
Results: Our findings revealed that pathogenic GABRA3 variants can cause either dominant or recessive X-linked disorders, each associated with distinct functional impact: GOF variants caused severe phenotypes and followed X-linked dominant inheritance, while LOF variants resulted in milder phenotypes and followed an X-linked recessive pattern. Key aspects of the human condition, including epilepsy and increased severity in males, were recapitulated in a novel mouse model carrying a recurrent GOF variant. 

Conclusions: Treatment options must consider the functional phenotype of patients to avoid severe adverse effects.
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