CardioLigand Atlas: Mapping the functional and transcriptional landscape of heart signalling
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Introduction. Cardiac ligands mediate cell-cell communication and control cardiac function. Multiple ligand-receptor systems (e.g. catecholamine-adrenoceptor interactions) have been extensively studied and are cardiac therapeutic targets. However, the full repertoire of ligands that regulate heart function and their mechanisms remain unknown. 
Aims. To generate a CardioLigand atlas, by cataloguing the functional and transcriptional signatures for ligands that signal via receptors expressed in the heart and human cardiac organoids (hCOs).
Methods. A diverse library of 80 endogenous cardiac ligands and 10 synthetic agonists was curated to target receptors expressed in the human heart and multicellular hCOs (Pocock M et al, 2025). hCO contractile function, including active force, rate, activation (Ta50) and relaxation (Tr50) kinetics, was assessed 4 and 24 hours after ligand stimulation (n=5 hCO per ligand). Semi-automated single hCO RNA-seq was used to assess the transcriptional responses to all ligands. Barcoding of hCOs enabled direct correlation of individual hCO contractile function with transcriptional response.
Results. Cardiac ligands elicited varied functional responses in hCOs, including modulation of force (ranging from -14% to +87%) and relaxation time (-9 to +21%) relative to control hCOs at 24 h. hCO RNA-seq data revealed distinct ligand clusters, including inotropes, endothelin peptides, fibrotic factors, and inflammatory families. We identified cluster-specific contractile differences by overlaying hCO functional data, e.g. opposite contraction kinetics for inotrope (~10% decrease in Ta50) and endothelin clusters (30% increase in Ta50/18% increase in Tr50), despite shared increases in force and rate. Capitalising on the diverse dataset, we were able to “fingerprint” unique ligand-induced gene signatures in our transcriptome data. Using RNA-sequencing data from human heart failure with preserved ejection fraction biopsies, we identified a key inflammatory signature that segregates disease from normal function.
Discussion. This study represents the largest functional and transcriptional cardiac ligand-receptor perturbation dataset completed in a multicellular heart model. This enabled us to build a systems biology understanding of cardiac ligand signalling and apply this to fingerprint unique ligand signatures within complex in vivo samples in disease. 
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