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Scope
It is fascinating that the embryonic heart is the first organ to function during embryonic 
development. In human, the embryonic heart starts to beat 20 days after conception, 
when the embryo is only 2 mm long. At this stage, the heart is a small tube, with slow 
peristaltic contractions. These contractions start at the inflow of the heart, thereby 
directing blood towards the outflow tract and into the body. During further development, 
the embryonic heart tube transforms into the mature four chambered heart characteristic 

Abbreviations: avc indicates atrioventricular (AV) canal; A-VJ’CT, AV junction (=AV canal); ift, inflow 
tract; L/R .ATR, left/right atrium, l/r a, left/right atrium; l/r v, left/right ventricle; oft, outflow tract; 
T.A., truncus arteriosus (=oft). 
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for mammals. This process is complex, as the heart has to maintain its pump function 
during the structural transformation. The complexity is underscored by a high incidence 
of congenital heart defects both at birth and as a cause of intrauterine death. 

The processes of elongation, looping, ballooning and septation, that are at the basis of 
the transformation of the embryonic heart tube into a complex four chambered heart are 
discussed in detail in chapter 1 and 2. The figure above shows 4 pictures that beautifully 
depict an embryonic heart that is halfway its transformation from a tube into a four 
chambered heart. The primary heart tube is depicted in grey in the upper left panel. In 
the upper right panel, the shape of the tube is still clearly distinguishable. Just before this 
stage of development, the heart tube starts to grow rapidly at specific locations, thereby 
ballooning out (blue myocardium in upper left panel). These ‘ballooning’ regions have 
initiated a chamber myocardium gene program and grow rapidly. They will become the 
atrial and ventricular chambers. The regions in between these ballooning regions remain 
primitive and proliferate slowly (grey myocardium). The photos in the lower panels are 
taken from human embryonic hearts at 40 days after conception. 

Key components of the cardiac conduction system (sinus node, atrioventricular (AV) 
node and His bundle) are formed within the grey regions of primitive myocardium. 
The cardiac conduction system is used to refer to the structures in the heart that are 
responsible for the initiation and proper conduction of the cardiac impulse to orchestrate 
simultaneous contractions of the atria, and after a short pause, the ventricles. Although 
the term ‘conduction system’ is insufficient to represent all the above mentioned 
components, this term will be used throughout the thesis. The term does not encompass 
pacemaker function, and conduction is also an important characteristic of the atrial and 
ventricular myocardium. This issue will be discussed in the summary in more detail. 

This thesis will explore the developmental and molecular mechanisms that underlie 
conduction system development, with particular interest in transcriptional repressor 
Tbx3. By studying Tbx3, we have gained insight into conduction system development 
and maintenance. Detailed knowledge of the conduction system in the developing, the 
mature and the diseased heart is required to understand function and dysfunction of 
conduction system components. Detailed understanding might subsequently result 
in new insights for risk stratification of arrhythmias and new therapies to repair or 
regenerate the conduction system. 

In chapter 3, the role of Tbx3 in the formation of the atrioventricular conduction 
system is explored, hypothesizing that Tbx3 acts as a molecular switch that determines 
whether embryonic cardiomyocytes differentiate into pacemaker cells or working 
cardiomyocytes. This hypothesis is based upon the observation that such is the case in 
the sinus node. 

In chapter 4, the hypothesis that Tbx3 is able to reprogram adult cardiomyocytes into 
pacemaker cells is tested. In late fetal stages of development, Tbx3 is able to reprogram 
chamber myocardium into pacemaker myocardium and induce ectopic pacemaker foci 
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in the atrial wall of transgenic mice. In this study, adult transgenic mice were analyzed 
that initiate expression of TBX3 in cardiomyocytes upon tamoxifen administration. 

Chapter 5 reports the generation and validation of a new transgenic mouse line that 
expresses yellow fluorescent protein Venus under control of the Tbx3 locus (Tbx3Venus). 
Venus nicely recapitulates the expression pattern of Tbx3 in the conduction system and 
other tissues. This line was subsequently used to isolate and study single fluorescent 
pacemaker cells, we studied development of the sinus node and we used this mouse to 
generate a 3D-reconstruction of the Venus-positive tissues in the atrium including the 
sinus node. 

Chapter 6 discusses the previously published transgenic Tbx3-based mouse line 
BacTbx3EGFP that is a novel and specific marker for AV nodal cells. Interestingly, this 
transgenic mouse lacks regulatory sequences to drive expression of EGFP in the sinus 
node. This mouse model, however, proofs to be highly suitable to study the developmental 
origin, molecular composition and phenotype op the AV node. 

In chapter 7 (Summary), some general issues will be discussed and a brief summary 
per chapter will be provided. Likewise in Dutch in chapter 8.
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