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            Abstract
The inability of multipotent cardiovascular progenitor cells (CPCs) to undergo multiple divisions in culture has precluded stable expansion of precursors of cardiomyocytes and vascular cells. This contrasts with neural progenitors, which can be expanded robustly and are a renewable source of their derivatives. Here we use human pluripotent stem cells bearing a cardiac lineage reporter to show that regulated MYC expression enables robust expansion of CPCs with insulin-like growth factor-1 (IGF-1) and a hedgehog pathway agonist. The CPCs can be patterned with morphogens, recreating features of heart field assignment, and controllably differentiated to relatively pure populations of pacemaker-like or ventricular-like cardiomyocytes. The cells are clonogenic and can be expanded for >40 population doublings while retaining the ability to differentiate into cardiomyocytes and vascular cells. Access to CPCs will allow precise recreation of elements of heart development in vitro and facilitate investigation of the molecular basis of cardiac fate determination. This technology is applicable for cardiac disease modeling, toxicology studies and tissue engineering.
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                    Figure 1: The expansion of early hPSC-derived cardiac cells.[image: ]


Figure 2: NKX2-5â€“eGFP expression is activated in spheres by concerted FGF and BMP signaling.[image: ]


Figure 3: Characterization of sphere heterogeneity and differentiation potential.[image: ]


Figure 4: Recapitulation of ventricular-like and pacemaker-like cardiomyocyte functions.[image: ]


Figure 5: Long-term expansion and differentiation analysis of CPCs.[image: ]


Figure 6: Working model of hPSC-derived cardiovascular progenitor self-renewal and differentiation in the context of heart development.[image: ]
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