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6 SCOPE OF THE THESIS

Scope of the thesis

Of every 1000 live births, 6 children are born with mild to severe cardiac defects  [1 
Hoffman, JI (2002)]. Despite this relative high number of congenital cardiac defects, in 
many cases a genetic cause underlying the observed defects has not been found. It is our 
belief that a better understanding of the molecular mechanisms underlying normal heart 
development will help to identify new genes involved in congenital heart diseases and 
enable preventive screening.
The analysis of knockout mice, i.e. mice in which a gene has been incapacitated, have 
been proven to be extremely valuable to unravel the molecular mechanisms of a variety 
of biological processes including the development of the heart  [2 Doetschman, T (2012)]. 
In this thesis we describe the generation and characterization of a knockout mouse in 
which the Follistatin-like 1 (Fstl1) gene is functionally disrupted. Previous research in our 
laboratory has shown that Fstl1 is specifically transcribed in the connective tissue of the 
heart  [3 Lombardi, MP (2003)], [4 van den Berg, G (2007)]. Analysis of the role of Fstl1 in 
heart development is therefore of interest given the important functions of the connective 
tissue component of the heart encompassing the atrioventricular (AV) insulation and the 
development of the valves. Since Fstl1 also is expressed in the connective tissue component 
of many other tissues we have extended our analysis of the Fstl1 knockout mouse model to 
other tissues as well as specified below.
Chapter 1 provides an overview of normal heart development; we discuss the major steps 
involved in the development of the human heart. Chapter 2 reviews the literature on 
the role of Fstl1 on vertebrate development. As mentioned above, Fstl1 is expressed in 
the heart and in many other tissues, including the developing skeleton. Interestingly, the 
developmental mechanisms identified in cardiac connective tissue share many similarities 
to those of the skeleton  [5 Lincoln, J (2006)], perhaps best demonstrated by animals like the 
otter, which actually have bones in their hearts  [6 Egerbacher, M (2000)]. In Chapter 3 the 
generation and initial characterisation of the Fstl1 knockout mice is described. These mice 
die at birth due to respiratory impairment. Moreover, we found severe skeletal defects in 
the Fstl1 knockout mice. Given the similarities in the development of the connective tissue 
component of the heart and the skeleton, we decided to study skeletal development in 
more detail as described in the chapters 3 to 5. In Chapter 4 we describe the role of Fstl1 
in the development of the tendons of the forearm. We identified Fstl1 as a novel TGFβ-
induced factor involved in tendon development that functions independently from the 
known tendon regulating TGFβ-Scleraxis pathway. In Chapter 5 we investigated whether 
patients with skeletal defects, similar to the defects found in Fstl1 KO mice, have a causal 
mutation in the FSTL1 gene. In 15 patients suffering from various diseases, no mutations or 
copy number variations for FSTL1 were identified. However, we discuss that other diseases 
remain candidates for FSTL1 screening.
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In Chapter 6 a novel role for the cardiac connective tissue in regulating the electrical 
impulse conduction from the atria to the ventricles was identified. Fstl1 expressed by 
endocardium-derived cells of the cardiac connective tissue component regulated the 
atrioventricular (AV) conduction velocity. The effect of Fstl1 on AV conduction velocity was 
independent of the morphology of the AV connection and the insulation of the conduction 
system. In vitro and in vivo experiments further showed that Fstl1 is downstream of TGFβ 
signaling. Moreover, we identified a DNA regulatory element in the Fstl1 locus that drives 
gene expression in the endocardium-derived connective tissue of the embryonic heart.
In Chapter 7 we demonstrated how persistence of an embryonic expression pattern of 
ion channels renders the right ventricular outflow tract vulnerable to the occurrence of 
arrhythmias, partly explaining the preferential occurrence of arrhythmias in this area as 
seen in Brugada syndrome patients. 


