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Introduction. The serotonin 5-HT2R family of three GPCRs (5-HT2AR, 5-HT2BR, 5-HT2CR) exhibit ~80% homology in orthosteric 5-HT binding pockets with each receptor governing myriad biological functions. Achieving subtype selectivity for ligands that bind 5-HT2Rs is a long-held focus of pharmacological sciences in the quest to discover new therapies. In particular, the 5-HT2AR and 5-HT2CR are modulators of cortical circuitry that regulates vulnerability to SUDs, and vital targets for neurotherapeutic discovery. 
Aims. We have crystalized strategies to explore 5-HT2AR and 5-HT2CR function with small molecule allosteric modulators. We are addressing a critical gap in knowledge for these 5-HT receptor systems.
Methods. A fragment-based, rational drug design approach was employed optimize novel molecule series which were evaluated in 5-HT-induced signaling assays in h5-HT2CR, h5-HT2AR and h5-HT2BR cells in vitro. We evaluated metabolic properties, blood-brain barrier access and profiles in a broad-panel receptor screen. In silico molecular docking with receptor X-ray crystal structures explored positive allosteric modulator (PAM) binding sites and select compounds were evaluated in proof-of-concept studies in rodents.
Results. Molecules with selectivity as 5-HT2AR or 5-HT2CR or dual 5-HT2AR/5-HT2CR positive allosteric modulators (PAMs) have been identified with on-target properties, acceptable pharmacokinetic and brain penetration parameters as well as negligible displacement of orthosteric sites of ~50 GPCRs and transporters. In silico analyses suggest binding to less conserved, extracellular sites vs. the orthosteric 5-HT site. Efficacy profiles of PAMs were explored in unconditioned and conditioned behavior assays, and the findings are consistent with more constricted 5-HT2R agonist-like actions vs. a full 5-HT2R-specific agonist.
Discussion. Optimization of 5-HT2CR, 5-HT2AR and dual 5-HT2CR/5-HT2AR PAMs provide key pharmacological tools to promote greater understanding of the function and roles of these receptors in brain diseases and provide new prospects to develop selective, novel candidate medications with distinct profiles at these closely related receptors.
