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Ischemic heart disease continues to have tremendous impact on public health, shortening lifespan and impairing quality of life. The inability of the adult human myocardium to undergo regeneration after myocardial infarction has inspired research using cell therapy for myocardial repair. However, clinical trials to date have shown modest or no benefit, suggesting the need to consider other cell sources and approaches. In large animal models, derivatives of human pluripotent stem cells have provided promising results, but the grafts have generally been small, transient, and of limited functional benefit. Additionally, important questions remain regarding cardiac cells derived from iPSCs, including optimal delivery strategy, immunogenicity, maturity, and ability to couple effectively to native myocardium without causing arrhythmias. Human induced pluripotent stem cells (hiPSCs) must be fully differentiated into specific cell types before administration, but conventional protocols for differentiating hiPSCs into cardiomyocytes (hiPSC-CMs), endothelial cells (hiPSC-ECs), and smooth muscle cells (SMCs) are often limited by low yield, purity, and/or poor phenotypic stability. We are now investigating a novel study of generation of hiPSC-CMs, -ECs, and -SMCs that are substantially more efficient than conventional methods, as well as a method for combining cell injection with a cytokine-containing patch created over the site of administration. Conventional 3D-printing techniques cannot produce structures the size at which individual cells interact. In these studies, we used multiphoton-excited, 3-dimensional printing (MPE-3DP) to generate native-like, extracellular matrix (ECM) scaffold with submicron resolution; then seeded the scaffold with cardiomyocytes (CMs), smooth-muscle cells (SMCs), and endothelial cells (ECs) that had been differentiated from human induced-pluripotent stem cells to generate a human, iPSC-derived cardiac muscle patch (hCMP), and subsequently evaluated in a murine model of myocardial infarction. The novel MPE-3DP technique produces ECM-based scaffolds with exceptional resolution and fidelity, and hCMPs fabricated with these scaffolds may significantly improve recovery from ischemic myocardial injury.

