Characterising context- and stimulus-dependent extracellular matrix remodelling in human cardiac organoids
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Introduction. Cardiac fibrosis, characterised by dysregulated extracellular matrix (ECM) remodelling, underpins myocardial stiffness and diastolic dysfunction in >90% of heart failure patients. Therapeutics specifically targeting fibrosis are limited, partly due to complex fibrotic responses and an incomplete understanding of ECM remodelling. 
Aims. To define how distinct pro-fibrotic stimuli drive ECM remodelling and functional outcomes in human cardiac organoids (hCO), with a focus on context-dependent mechanisms.

Methods. hCOs were stimulated with endothelin-1 (0.1 μM), angiotensin II (1 μM), TGFβ1 (10 ng/ml), PAR1 agonist (1 μM), or a combined “fibrotic cocktail”. Contractile force, rate, and relaxation kinetics were quantified from 10 s videos (n = 8). Mass spectrometry-based proteomics characterised ECM composition and remodelling enzymes, with custom workflows to detect post-translational modifications induced by crosslinking enzymes (n = 4 hCO per condition).

Results. Proteomic profiling identified 299 ECM proteins, exceeding the ECM depth typically reported in published human cardiac proteomic cohorts. Endothelin-1 induced a 37% prolongation of relaxation time (p.adj<0.0001), consistent with diastolic dysfunction, while other stimuli produced distinct functional phenotypes. Pro-fibrotic stimuli altered ECM protein abundance (e.g. increased fibronectin, tenascin C), but ECM protein abundance varied by stimulus. For example, collagen 3A1 was significantly reduced by angiotensin II (-15.9%), endothelin-1 (-16.8%), and TGFβ1 (-28.3%), but increased by 49.5% with the fibrotic cocktail (all p<0.05). However, these changes did not consistently correlate with functional impairment. Instead, integrated analyses revealed profound regulation of ECM-modifying enzymes, with enhanced crosslinking signatures that were not predicted by bulk ECM protein changes.
Discussion. These data demonstrate that stimulus-dependent ECM remodelling is governed by qualitative alterations in matrix composition and modification rather than simply total ECM accumulation. This challenges the prevailing paradigm linking fibrosis severity to ECM quantity and supports a shift toward precision targeting of specific remodelling pathways (e.g. selective inhibition of crosslinking enzymes). By resolving the functional consequences of ECM “quality”, this work provides a mechanistic framework to guide next-generation anti-fibrotic therapies.
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