Functional assay controlling nAChR assembly provides new insights into ADSHE receptor function
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Introduction. Genetic variants in the α4 and β2 subunits of neuronal nicotinic acetylcholine receptors (nAChRs) are associated with Autosomal Dominant Sleep-Related Hypermotor Epilepsy (ADHSE). However, the exact effect of how these variants interfere with the function of the resulting receptors is yet to be completely understood. This is because expressing heteromeric receptors (two or more different subunits) in vitro systems, such as Xenopus oocytes, creates the possibility of forming multiple receptor subtypes within the same cell, which may lead to incorrect conclusions. Our study addresses this by utilising receptor concatenation technology which involves linking the subunits in a predetermined stoichiometry to ensure only the receptor of interest is expressed (See figure).
Aims. To develop a new functional assay that can distinguish between pathogenic and benign nAChR α4 and β2 variants from a cohort of 26 patients and healthy individuals (gnomAD database) with a pool of 8 different variants.
Methods. Site-directed mutagenesis and receptor concatenation were performed using basic molecular biology techniques. The desired concatenated receptors were then expressed in Xenopus oocytes. Two-electrode voltage clamp electrophysiology was conducted with increasing concentrations of acetylcholine (ACh) applied to oocytes to generate dose-response curves (analysed using GraphPad Prism).
Results. We created functional assays to test novel mutations; H331Y (α4) and P96T (β2), published mutations; S284L (α4), S280F (α4), V287M (β2), I312M (β2) and benign variants (gnomAD database); V287I (α4) and A275V (β2). The results showed certain variants cause hypersensitive (gain-of-function) receptor compared to wild type (WT) in terms of their response to ACh. Other variants presented a decrease in sensitivity (loss-of-function) to ACh compared to WT, whereas the benign control respond similarly to ACh as WT, indicating our assay can distinguish pathogenicity.

Discussion. Our novel functional assay provides absolute control over receptor assembly, allowing for a precise understanding of how variants affect receptor function. This validated assay can be clinically used to determine variant pathogenicity. Additionally, it can also be used to screens drugs for precision medicine, personalising treatments for gain- and loss-of-function variants. 
