Targeting metabotropic glutamate receptor 5 (mGlu5) signalling from endosomes to modulate pain transmission
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Introduction. The metabotropic glutamate receptor 5 (mGlu5) promotes central sensitisation in chronic pain. mGlu5 inhibitors have shown preclinical promise yet failed to translate to the clinic. While >90% of neuronal mGlu5 is localised on membranes within the cell interior, the functional importance of intracellular mGlu5 remains unclear. 

Aims. We hypothesised that mGlu5 can relocate from the cell surface to endosomes and aimed to reveal the importance of intracellular pools of mGlu5 in neuronal excitability and pain.
Methods. The mGlu5 signalling-trafficking relationship was investigated in vitro (HEK293 cells) by iSIM microscopy and using bioluminescent resonance energy transfer (BRET) biosensors to measure location-specific mGlu5 activity. To investigate location-specific pharmacology, pH-responsive nanoparticles were loaded with the mGlu5 negative allosteric modulator (NAM) VU0366058. Neuronal excitability was measured in rat lumbar spinal cord by whole cell patch-clamp recordings. Preclinical mouse pain models included i. Acute (capsaicin); ii. Inflammatory (48 h CFA); and iii. Neuropathic (10-day Spared-Nerve Injury)(( 6 /group, all animal ethics approved and met NHMRC guidelines). 
Results. Microscopy and BRET analyses confirmed that glutamate promotes dynamin-dependent internalisation of mGlu5 and Gq (but not Gs) into early endosomes, leading to sustained Gq-mediated Ca2+ and ERK activity. Cy5-labelled “DIPMA” nanoparticles passively accumulated in mGlu5+ endosomes (HEK293 and mouse spinal cord neurons). NAM-loaded pH-responsive particles were more effective than standard formulations in inhibiting endosome-specific signalling, neuronal excitability, and were more effective in all 3 preclinical pain models.
Discussion. Understanding location-dependent signalling of GPCRs such as mGlu5 may resolve longstanding puzzles about the mechanisms of action or lack of translation for analgesics. These data reveal a previously unknown role for endosomal mGlu5 in neuronal excitability and nociception. The findings provide valuable proof-of-concept to demonstrate the utility of nanomedicines for selective targeting of pro-nociceptive GPCRs. 
