Structure-based discovery of solute carrier 6 transporter inhibitors for downstream clinical applications
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Introduction. Transporters of the solute carrier 6 (SLC6) family are heavily implicated in an array of disorders including neuropathic pain. Neuropathic pain affects close to 10% of the population and is characterised by a lack of glycinergic signalling in the central nervous system. Signalling can be normalised by inhibiting SLC6 glycine transporters type-1 (GlyT1) or type-2 (GlyT2), to enhance glycinergic signalling and restore the normal function of the ascending pain pathway.
Aims. This study investigates the use of a combined in silico and in vitro approach to identify an inhibitor scaffold that can target GlyT1 and GlyT2, binding to a common allosteric site across some members of the SLC6 family.
Methods. In silico screens of 20 million compounds using the deep convolutional neural network ‘Atomnet’ generated novel compounds proposed to bind in the lipid allosteric site of GlyT2. The top 80 candidates for each screen were tested for inhibition of GlyT2 expressed in Xenopus laevis oocytes, with hit compounds undergoing an analogue screen. Two electrode voltage clamp recordings were used to measure changes in currents to determine the inhibitory action of compounds on SLC6 transporters and characterise their reversibility and mechanism of inhibition.
Results. 4/94 compounds from the analogue screen are moderately potent allosteric GlyT2 with promising reversibility properties. These compounds also inhibit GlyT1, and one compound (H03) inhibits SLC6 proline transporter ProT, but no inhibition is observed at SLC6 members outside the neurotransmitter amino acid subfamily. Docking simulations and in vitro mutation analyses confirmed that all 4 hit compounds are likely to bind in an allosteric site that is shared between GlyT1 and GlyT2. 
Discussion. Future medicinal chemistry efforts can use this inhibitor scaffold as a basis for drug design and selectivity across the SLC6 transporter family. Furthermore, future in vivo experiments can explore the downstream clinical relevance of dual action SLC6 inhibitors, with potential treatments for SLC6 related disorders such as neuropathic pain or developmental disorders.
