Development of nanobodies targeting the relaxin receptor, RXFP1
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Introduction. Relaxin family peptide 1 (RXFP1), a class A GPCR, is the receptor for the peptide hormone relaxin-2. Numerous RXFP1-targeting drugs are in clinical development to treat cardiovascular disease, yet the mechanisms by which peptide and small molecule drugs bind and activate RXFP1 are not fully understood. In particular, the structure of relaxin-2 bound to the large extracellular domain and its key role in receptor activation remain poorly defined.
Aims. Nanobodies (single-domain heavy-chain only antibody fragments) targeting the extracellular domain of GPCRs have proven effective in both assisting structural imaging and enabling functional modulation. The aim of this work is to isolate nanobodies that target the extracellular domain of RXFP1 with high affinity.
Methods. Nanobody sequences generated from two alpaca immunizations with RXFP1 protein were cloned into a phage display library for iterative rounds of magnetic-based selection against a truncated RXFP1 ectodomain protein containing the N-terminal low-density lipoprotein A module and linker. Panned RXFP1 binding candidates were tested in HEK cell-based RXFP1 binding and signalling assays, flow cytometry binding studies and direct protein-protein interaction analysis with recombinant RXFP1 ectodomain protein using Octet®️ Biolayer Interferometry (BLi).
Results. The lead nanobody, nb247, displayed low nanomolar binding affinity to the RXFP1 ectodomain using BLi. In HEK-RXFP1 cells it fully competed with Europium-labelled relaxin-2 binding with high affinity (pKi = 8.75 ± 0.04). In CRE-reporter gene assays nb247 demonstrated no agonist activity but fully antagonised relaxin-2-mediated cAMP activity, with Schild curve shift analysis demonstrating a pA2 value (8.76 ± 0.25), closely mirroring the affinity value. Importantly, nb247 did not antagonise Forskolin-mediated cAMP activity highlighting the specificity of its action. Epitope mapping indicated mb1 binds to the linker domain between the LRRs and LDLa module and not to the primary relaxin-2 binding site. These findings suggest that nb247 functions as a negative allosteric modulator of relaxin-2 binding and RXFP1 activation.
Discussion.  Nb247 is the first ever high-affinity full antagonist/negative allosteric modulator of RXFP1. Its novel mode of binding will be invaluable in determining the ligand activation mechanisms of this challenging therapeutic target. 
