Modulation of NK1R dependent tachykinin signalling with lipid conjugated small molecule antagonist
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Introduction. GPCRs continue to signal after internalisation into endosomes, creating a sustained and spatially distinct signalling. Neurokinin 1 Receptor (NK1R) is a class A GPCR that mediates nociception and neuropathic pain as well as contributes to pathological processes such as inflammation and cancer. It is stimulated by the tachykinin called Substance P (SP). NK1R endosomal signalling is associated with sustained pain. We have shown that peptide-lipid conjugates improve endosomal targeting and inhibition of signalling, but small molecules haven’t been thoroughly explored and may achieve superior efficacy.
Aims. To explore how lipid-conjugated small molecule antagonists fine-tune NK1R-dependent tachykinin signalling by altering receptor compartmentalisation and sustained endosomal signalling.
Methods. Using the FDA-approved small molecule aprepitant (AP), we synthesised a series of aprepitant lipid-conjugates, whereby AP was conjugated to cholestanol as a sterol-based membrane anchor via a flexible polyethylene glycol (PEG) linker. Four AP-Chol conjugates were synthesised with increasing PEG linker length. Initial functional studies using cell-based assays included intracellular Ca2+ mobilisation assays and BRET-based G-protein coupling. The analgesic properties of AP and AP-Chol were tested in in vivo pain models; capsaicin injection (acute pain). 
Results. Increasing the PEG linker length significantly increased the analgesic effect. Intracellular Ca2+ assay showed that increasing the length of the PEG linker from 12 to 36 significantly increased the potency. However, there was no additional benefit using PEG48. In a preclinical model of pain, AP-Chol caused prolonged antinociception (6 h).
Discussion. These findings demonstrate that lipid conjugation markedly improves the pharmacological profile of less potent NK1R antagonist and results in potent and selective inhibition of signalling events associated with central pain transmission. These AP-Chol lipid conjugates lead to >2-fold improvement in analgesia in an acute pain, but further studies are required to determine if this due to altered PK or spatially confined targeting of NK1R.
