Investigating benzodiazepine and vinpocetine sensitivity of GABAA variants in patients with epilepsy
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Introduction: GABAA receptors (GABAARs), the primary inhibitory ion-channels of the mammalian brain, play a crucial role in maintaining normal brain function. Genetic missense variants of this receptor are known to cause epilepsy. Since drugs that enhance GABA transmission are commonly used as anti-seizure medications, it is important to assess the sensitivity of benzodiazepines, such as diazepam, in patients with mutations in the primary and secondary benzodiazepine binding sites (α+/γ2– in the extracellular domain and β+/α− transmembrane domain respectively). This holds significance in the field of precision medicine as it may prevent clinicians from administering benzodiazepines to non-responders. Recently, vinpocetine has emerged as a GABAAR enhancer and has shown superior effect in treating patients with pharmacoresistant GABAAR-associated epilepsy. However, the pharmacological profile of vinpocetine and its binding site on the GABAAR remain elusive. 
Aims: This project therefore has two aims: 1. To investigate whether GABAAR benzodiazepine-binding site variants (GABRA1: Y187N, A188D, M263I, I255F, GABRB3: L310I, GABRG2: T94S, R183Q) have reduced sensitivity to diazepam. 2. To determine whether vinpocetine can effectively modulate the variant receptors that have reduced diazepam sensitivity. 
Methods: Site-directed mutagenesis followed by receptor concatenation was performed to introduce, insert, and assemble the mutation and subunits respectively. This was followed by RNA transcription and two electrode voltage clamp physiology on Xenopus laevis oocytes subjected to varying concentrations of GABA, diazepam and vinpocetine. 

Results: We demonstrated that some variants have reduced sensitivity to diazepam, while vinpocetine effectively modulates these receptors, indicating an alternative primary binding site to benzodiazepine. Furthermore, variants in the secondary benzodiazepine binding site showed reduced vinpocetine sensitivity, suggesting that vinpocetine may exert its primary effect via the transmembrane GABAAR binding site.  

Discussion: These results have direct clinical translation, specifically on precision medicine, where clinicians will be able to mitigate trial and error approach of prescribing anti-seizure medication. In addition, patients who have variants in the primary benzodiazepine binding site will have the option of being treated with vinpocetine. 
