Pericyte modulation attenuates cardiac dysfunction and fibrosis in human cardiac organoids
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Introduction. Heart failure (HF) is a major cause of death and illness worldwide. Current models don’t fully replicate human heart function, leading to high failure rates in drug trials. Human cardiac organoids (hCOs) can better mimic heart tissue, but it still faces challenges. Many culture methods rely on extracellular matrices, limiting reproducibility and clinical use. Therefore, developing platforms that more closely match human physiology is urgently needed.
Aims. This study aims to develop a scaffold-free hCOs from human-induced pluripotent stem cells (hiPSCs). NE will simulate HF, and drug testing will be performed. The model will be evaluated for drug screening and HF research, providing a physiologically relevant, simple, and clinically translatable platform.
Methods. HCOs were generated from hiPSCs using two small-molecule induction factors in a scaffold-free culture system. Model characterization was performed using immunofluorescence staining, tissue clearing, microelectrode array recording, and single-cell RNA sequencing. NE was applied to induce HF-like phenotypes, and DSS and metoprolol were tested for drug responses. The molecular mechanisms underlying HF and drug effects were analyzed through sc-RNA sequencing.
Results. Scaffold-free hCOs were successfully generated using CHIR99021 and IWP-2. The organoids expressed key markers of cardiomyocytes, endothelial cells, and fibroblasts. NE treatment induced HF-like features, including reduced contractility and electrophysiological abnormalities. DSS and metoprolol partially restored cardiac function. Sc-RNA sequencing revealed NE-induced injury and identified a critical role for pericytes in microvascular regulation.
Discussion. This scaffold-free hCOs model efficiently mimic HF and supports drug evaluation with reduced cost and culture time. The findings highlight pericytes as key regulators of cardiac remodeling. Although the model lacks immune and neural components and shows limited maturation, further optimization may enhance its translational potential.
