
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Regulation of the diversification of the nodal and chamber myocardium

Horsthuis, T.

Publication date
2009
Document Version
Final published version

Link to publication

Citation for published version (APA):
Horsthuis, T. (2009). Regulation of the diversification of the nodal and chamber myocardium.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/regulation-of-the-diversification-of-the-nodal-and-chamber-myocardium(72934c5d-96c5-4954-bf0b-a4915ecb64dd).html


Introduction to the chapters 
___________________________________________________________________________________ 

 

 9 

Scope 
 

 

The heart is the first organ that is formed during development. In human it beats after 3 weeks 

of development, comparable with embryonic day E8.5 in mouse. At this early stage the heart 

is a contracting linear tube, of which the myocardial cells share important features, among 

which high automaticity, low conduction velocity and low contractility. By an interplay of 

proliferation, differentiation, cell growth and addition of extracardiac cells, the primitive tube 

eventually gives rise to the adult 4-chambered heart, containing many phenotypically different 

cells. When the atrial and ventricular chambers differentiate from the embryonic myocardium, 

they obtain the so-called ‘working’ myocardial phenotype, characterized by high contractility 

and conduction velocity, but low automaticity. The nodal components of the conduction 

system of the adult heart, the sinus node and the atrioventricular node, which arise from the 

embryonic myocardium of the primitive tube as well, maintain, in contrast to the chambers, 

the above-mentioned embryonic characteristics. Knowledge of the transcriptional gene 

programs regulating the diversification of the nodal and working myocardial phenotype 

during development is still incomplete. Research aiming to solve this puzzle not only is driven 

by pure scientific curiosity regarding the molecular processes underlying the development of 

the 4-chambered heart of higher vertebrates. Equally important is the insight this fundamental 

knowledge will give us in the underlying causes of congenital heart defects, which eventually 

will provide cues for new diagnostic and therapeutic interventions. The most challenging 

prospect would be to use this knowledge to experimentally differentiate (stem) cells into a 

specific - nodal or working myocardial - direction in vitro or in vivo. This would give us the 

tools to generate or renew any cardiac tissue. The work presented in this thesis focuses on the 

deciphering of the transcriptional pathways regulating the chamber- versus the 

atrioventricular node- specific gene program. 

 Chapter 1 starts with a brief introduction for those not familiar with the idiom of the 

molecular biologist. We discuss several transgenic mouse models, and explain how 

transcription factors regulate the activity of target genes. Then we review novel insights into 

the morphogenetic processes and transcriptional gene networks underlying cardiac 

development, and elaborate on the implications of this new knowledge for our understanding 

of congenital heart defects. In Chapter 2 we describe a study on the regulatory DNA 

sequences driving expression of Nppa, the gene encoding atrial natriuretic factor (ANF), 

during development and disease. Before birth Nppa is expressed specifically in the evolving 

atrial and ventricular chambers, marking their development. After birth the gene is silenced in 

the ventricles, where it is reactivated in case of cardiac hypertrophy and heart failure, a feature 

which makes it an important cardiac biomarker. As a consequence, insight into the regulatory 

DNA sequences driving Nppa expression, and the transcriptional pathways converging on 

them, will reveal both the molecular pathways driving chamber development, and those 
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driving gene expression in the ventricles during cardiac stress. In Chapter 3 we report on our 

findings on the interplay of three members of the T-box family of transcription factors, Tbx2, 

Tbx3 and Tbx20, and Bmp/Smad-signaling. In recent years these factors have been shown to 

play pivotal roles in correct development of the chambers and the atrioventricular canal (the 

embryonic connection between the atria and the ventricles from which both the 

atrioventricular node and the mesenchymal cushions, primordia of valves and septa, develop). 

However, the position in the transcriptional hierarchy of the separate regulators, and the way 

they interact, were still largely unknown. Combining diverse transgenic approaches, we reveal 

a novel protein-protein interaction playing a key role in this complex transcriptional gene 

network. Finally, in Chapter 4, we use regulatory DNA sequences of transcription factor 

Tbx3 to explore the transcriptional pathways underlying the development of the 

atrioventricular node, and to get insight into which genes are involved in its formation and 

function.


