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Heart Failure: The Evolving Epidemic
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Strategies to increase cardiomyocyte number following injury
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The Embryonic Paradigm for Cardiac Repair




A Blueprint for Cardiac Regeneration
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Direct Reprogramming of Fibroblasts
into Functional Cardiomyocytes
by Defined Factors
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Cardiac development in the mouse embryo

Anterior
Anterior Posterior FHF\
SHF
=i ps
ML
CM
Posterior
Blastocyst E6.5 E7.0 E8.0 E9.0 E14.5 Adult heart
Human Day 15 Day 21 Day 28 Day 50

Daniela Spater et al. Development 2014;141:4418-4431

Development dev.biologists.org




E7.0-7.5 Mouse Embryo: Cardiac Primordium




S.E.M. Developing Mouse Heart E8.0-9.5




Origin and lineage relationship of cardiac cell types
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Genetic Fate Mapping
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Transcription Factors in Heart Development
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Specification and progression of the cardiac cell lineages during development
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Strategies to generate cardiomyocytes in vitro.
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Specification and progression of the cardiac cell lineages during development
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Applying this Knowledge...

Brief UltraRapid Communication

Small-Molecule Inhibitors of the Wnt Pathway Potently
Promote Cardiomyocytes From Human Embryonic Stem
Cell-Derived Mesoderm

Erik Willems, Sean Spiering, Herman Davidovics, Marion Lanier, Zebin Xia, Marcia Dawson,
John Cashman, Mark Mercola

Endoplasmic PORCN @§
Reticulum
WNT
WNT Producing Cell

A 4 B EC50 (nM)

O
[ ]
N_Q_( 200~ 53AH | IWR | IWP | XAV WNT WNT  WNT
HN8 4826 | 2241 | 1214 | 3641
M .

WNT o
H b .E
e FD
. : G ! .
F ) il
\0 [+ 5 wr @ U0 WNT Recelving Cell
gl =YY & 3
LIF T+ = / ©
IWE-3 0 1 2 3 4 5 o e AV

Log Concentration (nM)

B-Catenin

Tef
Willems et al., Circ Res. 2011;109:360-364. tinfu~



Specification and progression of the cardiac cell lineages during development
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Epicardium from human iPSCs 4 L

Addition of exogenous
BMP4 or BMP antagonist

@ 100 K cells @
Generation of the epicardial lineage from human o v i
pluripotent stem cells i v e T
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The epicardium supports cardiomyocyte proliferation early in development and provides fibroblasts and vascular smooth muscle
cells to the developing heart. The epicardium has been shown te play an important role during tissue remodeling after cardiac
injury, making access to this cell lineage necessary for the study of regenerative medicine. Here we describe the generation of
epicardial lineage cells from human pluripotent stem cells by stage-specific activation of the BMP and WNT signaling pathways.
These cells display morphological characteristics and express markers of the epicardial lineage, including the transcription
factors WT1 and TBX18 and the retinoic acid—producing enzyme ALDH1A2. When induced to undergo epithelial-to-mesenchymal
transition, the cells give rise to populations that display characteristics of the fibroblast and vascular smooth muscle lineages.
These findings identify BMP and WNT as key regulators of the epicardial lineage in vitro and provide a model for investigating
epicardial function in human development and disease.
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In vivo Cardiac Reprogramming:
Improved Cardiomyocyte Maturation and Improved Cardiac Function

B In-situ repregramming/transdifferentiation
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Cell cycle re-entry in adult cardiomyocytes
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Epicardium-Derived Cells (EPDCs)
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Epicardial Contribution to the Developing Heart
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The proepicardium: cell transfer and epicardium formation
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Development of the Coronary Vasculature
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Unresolved: Developmental Origin of Coronary Arteries
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OPEH Cell Research (2013) :1-16. @
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Subepicardial endothelial cells invade the embryonic
ventricle wall to form coronary arteries
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Epicardial-myocardial signaling pathways in
coronary vascular development
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Thymosin 34 (T34)
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Cardiac-specific knockdown of T34

Smart et al. (2007) Nature 445, 177-182.



Coronary vascular precursors fail to migrate into

the myocardium in T34 knockdown hearts
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The role of T34 in coronary vessel development
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The Stimulation of Resident Cardiac Progenitor Cells
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T34 promotes migration of EPDCs from adult heart
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Smart et al. (2007) Nature 445, 177-182.
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TPB4 and the Epicardium: Neovascularisation
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T4 promotes formation of durable, perfused vessels
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T4 promotes vasculogenesis and arteriogenesis in the ischaemic heart




Neovascularisation of the heart post-Ml
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Endothelial Plasticity Drives Arterial Remodeling
Within the Endocardium After Myocardial Infarction

| Short Communication |

Lucile Miquerol, Jérome Thireau, Patrice Bideaux, Rachel Sturny, Sylvain Richard. Robert G. Kelly
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Reactivation of embryonic Wt1 gene expression in the adult epicardium
by T34 priming and injury
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Expansion of GFP+ and YFP+ cells within the epicardium
and sub-epicardial regions following T34 priming/injury
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Activated adult Wtl1+ EPDCs differentiate into cardiomyocytes
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Activated adult EPDCs contribute de novo
cardiomyocytes to the ischaemic heart
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Wtl+ EPDC-derived cardiomyocytes are functional
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Recapitulating Heart Development in the Adult
with Thymosin 34

a Early development b Adulthood
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