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Why study heart development?

• Origin of congenital heart defects

• Production of cardiac progenitor cells
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Loss of cardiomyocytes 

(1 billion; 25%)

Myocardial Infarction

Heart Failure: The Evolving Epidemic

Deaths from Coronary 

Heart Disease

Source: BHF

Living with Heart Failure



Strategies to increase cardiomyocyte number following injury

Mercola M et al. Genes Dev. 2011;25:299-309



The Embryonic Paradigm for Cardiac Repair

how to make a heart ?

how to repair a heart ?



Martin-Puig et al. (2008) Cell Stem Cell 2, 320-331

A Blueprint for Cardiac Regeneration





Cardiac development in the mouse embryo 

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

Chong et al. (2014) Stem Cell Res 13, 592-614



Chong et al. (2014) Stem Cell Res 13, 592-614

Genetic Fate Mapping



Transcription Factors in Heart Development



Specification and progression of the cardiac cell lineages during development

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



Strategies to generate cardiomyocytes in vitro. 

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



Specification and progression of the cardiac cell lineages during development

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



Applying this Knowledge…

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



Specification and progression of the cardiac cell lineages during development

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



Epicardium from human iPSCs



In vivo Cardiac Reprogramming: 

Improved Cardiomyocyte Maturation and Improved Cardiac Function

L Qian et al. Nature 000, 1-6 (2012) doi:10.1038/nature11044



Cell cycle re-entry in adult cardiomyocytes

Mahmoud et al (2013) Nature 497:249-53
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Epicardial Contribution to the Developing Heart



The proepicardium: cell transfer and epicardium formation
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Development of the Coronary Vasculature
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Luttun, A & Carmeliet, P. (2003) Cardiovasc. Res. 58: 378-389
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Del Monte and Harvey (2012) Cell 151; 932-4

Unresolved: Developmental Origin of Coronary Arteries 

Sinus venosus 

(and atrial) 

endocardium

Proepicardial organ Ventricular endocardium

Wu et al (2012)

Cell 151: 1083-1096
Katz et al  (2012) 

Dev. Cell 22(3):639-50. 

K Red-Horse et al. (2010)

Nature 464, 549-553

Tian et al (2013) 

Cell Res.:1-16



Tian et al (2013) Cell Res.:1-16



Olivey & Svensson (2010) Circ. Res. 106, 818-832

Epicardial–myocardial signaling pathways in

coronary vascular development



Thymosin ββββ4 (Tββββ4)
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Cardiac-specific knockdown of Tββββ4
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Smart et al. (2007) Nature 445, 177-182. 



Coronary vascular precursors fail to migrate into 

the myocardium in Tββββ4 knockdown hearts 
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Smart et al. (2007) Nature 445, 177-182 



The role of Tββββ4 in coronary vessel development

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



Chen et al (2002) Dev Biol. 250: 198-207.

E10.5 P4
Outgrowth of EPDCs

The Stimulation of Resident Cardiac Progenitor Cells



Tββββ4 promotes migration of EPDCs from adult heart

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



Neovascularisation

Myocardial Regeneration

Inflammation

REPAIR

Tββββ4



Tββββ4 and the Epicardium: Neovascularisation
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Tββββ4 promotes formation of durable, perfused vessels

Cx40-EGFP: Miquerol et al., (2004) Cardiovascular Research 63, 77-86

Smart et al. (2010) Annals New York Acad Sci, 

1194:97-104



Tββββ4 promotes vasculogenesis and arteriogenesis in the ischaemic heart
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Neovascularisation of the heart post-MI



Circ  Res.  2015;116:1765-1771
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Reactivation of embryonic Wt1 gene expression in the adult epicardium

by Tββββ4 priming and injury

Smart et al (2011). Nature 474, 640-644



Expansion of GFP+ and YFP+ cells within the epicardium

and sub-epicardial regions following Tββββ4 priming/injury



Activated Wt1+ EPDCs give rise to cardiac progenitors

in the injured adult heart



Activated adult Wt1+ EPDCs differentiate into cardiomyocytes

day 14 post-MI



Activated adult EPDCs contribute de novo 

cardiomyocytes to the ischaemic heart

Day 14 post-MI Smart et al (2011) Nature 474(7353):640-4



Wt1+ EPDC-derived cardiomyocytes are functional



EPDC-derived cardiomyocytes and neovascularisation contribute to 

Improved cardiac function and reduced scarring

Smart et al (2011) Nature 474(7353):640-4



Recapitulating Heart Development in the Adult

with Thymosin ββββ4

Christoffels (2011) Nature 474: 585-586

how to make a heart ?

how to repair a heart ?
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