Live-cell imaging of serotonin receptors reveals molecular mechanisms of psychedelic signalling
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Introduction. Psychedelic drugs hold therapeutic potential for treating affective disorders such as depression and anxiety. They primarily signal through the serotonin 2A receptor (5-HT2A), but the molecular basis for their unique properties compared to the endogenous ligand serotonin remains unresolved.
Aims. We aimed to define the cellular mechanisms underlying psychedelic signalling at 5-HT2A using live cell imaging, focusing on receptor trafficking, effector engagement, and multiphoton imaging of serotonin receptor ligands.

Methods. 5-HT2A was tagged with an ALFA epitope, and fluorescently labelled ALFA nanobody was used to visualise internalised receptors following ligand stimulation. Subcellular trafficking and signalling were quantified using fluorescent biosensors and endosomal markers. Multiphoton imaging was used to directly visualise psychedelics.

Results. We observed 5-HT2A endocytosis occurred constitutively and delivered 5-HT2A to late endosomes irrespective of ligand treatment. Compared to serotonin stimulation, the psychedelics LSD and psilocin led to reduced recruitment of Gαq at the plasma membrane and reduced activation of canonical effectors PKC and Ca2+, consistent with their recent characterisation as partial 5-HT2A agonists. Next, using multiphoton imaging, we visualised the localisation of LSD and the fluorescent serotonin analogue FFN246 to determine where psychedelics may activate 5-HT2A. Both FFN246 and LSD rapidly entered the cell following addition, with LSD colocalising with intracellular pools of 5-HT2A within 5 minutes, while FFN246 colocalised with 5-HT2A within 30 minutes. We then investigated if Gαq was recruited to intracellular 5-HT2A and interestingly observed that while serotonin induced robust recruitment of Gαq to 5-HT2A endosomes, LSD did not, indicating that its rapid intracellular access does not trigger Gαq signalling.

Discussion. These data indicate that the subcellular localisation of 5-HT2A does not differentiate psychedelic from serotonergic signalling. While serotonin appears capable of stimulating Gαq from 5-HT2A-positive endosomes, LSD rapidly accesses these compartments without detectable Gαq recruitment. Thus, by integrating direct imaging of ligands with visualisation of receptor localisation and effector recruitment, our work provides new insights into the mechanisms of psychedelic action and suggests that their distinctive signalling outcomes may arise from activation of non-Gαq pathways at intracellular compartments.
