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Chapterr I 

SCOPEE OF THE THESIS 

Thee mammalian four-chamber heart is a highly complex organ. This 

complexityy is reflected in the large number of congenital cardiac malformations 

thatt are present in newborns and stillbirths. The basis of these malformations 

iss largely unknown, but likely involves defects in the local regulation of gene 

expressionn during development. The mature heart develops from a single 

tubularr structure that is connected to the body wall at the arterial and venous 

poles.. This tubular heart functions as a persistaltic pump and shows dominant 

pacemakerr activity at the venous pole of the heart. The tubular heart loops and 

atriall  and ventricular myocardium differentiates at specific sites of the heart 

tube.. Further morphogenetic processes eventually result in the definitive four-

chamberedd heart. The local onset of chamber formation as well as the confined 

pacemakerr activity implies that the linear heart tube is patterned. Although the 

developmentt of the heart has been described in great morphological detail, the 

positionall  cues and molecular pathways that underlie the formation of the 

distinctt compartments still are largely undefined. 

Thee overall aim of this thesis is to identify and study transcriptional pathways 

involvedd in the regulation of compartment-specific gene expression in the 

heart.. Studying the pathways that regulate compartment-specific gene 

expressionn is at the basis of the formation of the compartments in the heart. 

Keyy questions regarding the mechanisms of cardiac gene regulation include: 

(1)) What are the positional cues that determine the switch from the embryonic 

transcriptionn program present in cardiomyocytes of the tubular heart to the 

transcriptionn program present in cardiomyocytes of the atria, ventricles and 

conductionn system? 

(2)) How is cardiac compartment-specific gene expression being achieved? 

Geness are thought to be regulated by transcription factor complexes that 

interactt with regulatory DNA sequences of target genes. These regulatory 

DNAA sequences are clustered in modules and each so-called transcriptional 

modulee can execute part of the gene's entire transcriptional repertoire. 

11 1 



Inn chapter 2 we give an overview of the activity of transcriptional modules in 

cardiacc genes that have been identified so far. To identify these transcriptional 

modules,, the expression patterns in transgenic mice that harbour a regulatory 

fragmentt of a cardiac gene coupled to a reporter gene, have been of great help. 

Inn chapter 3 we investigated the principles of chamber formation and the 

requirementss of underlying signals. Based upon the expression patterns of 

severall  cardiac genes and transcription factors, we provided a molecular basis 

forr the development of chambers in the 'ballooning' model of heart 

development.. We show that the atrial natriuretic factor (ANF) gene is an early 

markerr for chamber formation in the developing heart. It is exclusively 

expressedd in the developing myocardium of the atria and ventricles and absent 

fromm the myocardium that initially does not differentiate into chamber 

myocardiumm i.e., the inflow tract, atrioventricular canal and outflow tract. 

Inn chapter 4 we show that in vivo this aspect of ANF expression is regulated at 

thee transcriptrional level by a 0.7 kb ANF regulatory region. We used this 0.7 

kbb ANF regulatory region as a tool to further define the molecular mechanism 

underlyingg chamber formation. The results of this study put emphasis on the 

T-boxx transcription factor family member Tbx2 that, in combination with 

Nkx2.5,, represses the expression of components of the atrium- and ventricle-

specificc program of gene expression. A model is presented in which repression 

byy Tbx2 and Nkx2.5 is a mechanism by which regions of the primary heart 

tubee are temporally inhibited to differentiate towards chamber myocardium. 

Ann efficient way to study the transcriptional pathways within the heart is to 

generatee transgenic mice in which regulatory regions of heart-specific genes are 

coupledd to a reporter gene. The conventional approach for the introduction of 

foreignn DNA into the mouse genome is by microinjection into fertilised 

oocytes.. Major problems experienced with this technique however, are 

transgenee inactivation, mosaic expression, and the huge variability in level and 

patternn of expression between distinct transgenic lines generated with the same 

construct.. The severity of these problems increases almost exponentially when 

decreasingg the size of the regulatory DNA fragment that is introduced. These 

phenomenaa find their origin in the random integration of the construct in the 
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Chapterr I 

hostt genome and by that, the effect of the flanking chromatin surrounding the 

transgene.. In chapter 5 we describe a strategy to overcome the transgene 

inactivationn of activity and cryptic regulatory activities, without the 

reintroductionn of larger regulatory regions of the cardiac-specific gene of 

interest.. We describe the generation of a targeted transgene containing the 0.7 

kbb ANF regulatory region, in which the vector construct is introduced as a 

singlee copy in the HPRT locus of ES cells by homologous recombination. This 

locuss is in an accessible transcriptional state throughout development 

Finally,, conventional transgenesis is also used as a common approach for 

determiningg the molecular mechanisms of cardiomyopathy. However, the 

questionn arises whether the transgene product (encoded protein) is involved in 

aa physiological pathway that results in cardiomyopathy or whether the product 

causess non-specific toxicity. In chapter 6 we report that the 'harmless' yeast 

Gal44 reporter gene driven by the alpha myosin heavy chain promoter causes a 

non-specificc cardiac hypertrophy. This effect is demonstrated to depend on the 

numberr of copies of the transgene integrated into the genome. When the 

transgenee construct was introduced as a single copy into the HPRT locus 

cardiacc hypertrophy was not observed. Therefore, targeting at the HPRT locus 

providess a tool for controlled expression and sophisticated analysis of 

transgeness in the heart while diminishing the risk of undesired non-specific 

effects. . 
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