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Abstract 

Adhesion G protein-coupled receptors (aGPCRs) represent an evolutionarily 

conserved, structurally distinct subfamily of GPCRs characterized by large 

extracellular adhesion domains and unique self-activation properties, which mediate 

diverse physiological and pathological processes. Despite their functional importance, 

the precise molecular mechanism governing aGPCR activation has long remained 

elusive, severely hindering the mechanistic understanding and therapeutic targeting of 

this receptor family. Here, we combine structural biology and pharmacological 

approaches to dissect the molecular basis of aGPCR function. We structurally unravel 

the tethered agonist-dependent activation mechanism underlying aGPCR 

autoactivation and define the previously uncharacterized recognition mechanism for 

steroidal hormones, greatly expanding the ligand repertoire and mechanistic 

framework of aGPCRs. Guided by these mechanistic insights, we further develop a 

panel of aGPCR-targeted agents, including peptide ligands, small-molecule ligands 

and nanobodies, which exhibit promising druggable potential. Collectively, our study 

resolves key mechanistic puzzles of aGPCR activation and ligand recognition, fills 

critical gaps in aGPCR structural pharmacology, and provides actionable targets and 

druggable candidates for future basic research and translational therapeutics. 
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