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Introduction 
 

Heart failure (HF) is the end stage of many heart diseases. The most common 

causes include hypertension, ischemic heart disease, obesity and congenital 

cardiomyopathies. About 23 million people worldwide live with HF and the prevalence is 

growing. Although health care has advanced, morbidity and mortality remains high after 

a diagnosis of HF. Currently, several biomarkers including natriuretic peptides are used 

in clinical practice to predict the risk for development of HF as well as to monitor its 

progression. In patients with developing HF, elevation of plasma levels of BNP, its N-

terminal fragment NT-proBNP and mid-regional MR-proANP is evaluated. These 

peptides are released into the circulation by the strained myocardium to act as 

hormones and counteract the stress by inducing diuresis, natriuresis and vasodilation. 

However, increased plasma concentrations of these (pro)hormones are not able to 

differentiate the clinical diagnosis. Usually, a set of multiple biomarkers, genetic and 

morphological parameters are evaluated to make a more accurate prediction, diagnosis 

and prognosis of HF development. Therefore, earlier in disease progression and more 

specific biomarkers will improve HF outcome and will have a great impact on population 

survival. In turn, the development of new biomarkers requires insights in the mechanism 

of HF development and progression. 

In this thesis, we focused on the regulation of expression of Nppa and Nppb, 

genes encoding atrial and brain natriuretic peptides, respectively. By understanding the 

mechanism of their up-regulation in the stressed and failing heart, one can identify new 

molecular players, potential biomarkers, in a complex network of intracellular cascades 

involved in stress response. Reactivation of Nppa and Nppb expression is considered to 

be a part of the induction of a “fetal gene program”. Triggered by hypoxic conditions and 

mechanical stretch during hypertrophy, ischemia and atrophy, the heart experiences 

extensive remodeling to ensure cell survival. Energy supply switches from fatty acids to 

carbohydrates, expression of early response genes such as c-myc and c-fos as well as 

Nppa and Nppb is increased, and the sarcomeric protein myosin switches its isoform 

expression. All these hallmarks of the prenatal heart contribute to the commonly used 

term the “fetal gene program”. 

Nppa and Nppb are conserved genes originating from a common ancestral gene 

during evolution. They are located in a cluster in the mouse, rat and human genomes. 

Both Nppa and Nppb are expressed in the embryonic heart, and Nppa expression is 

greatly reduced in the murine ventricular myocardium after birth. But upon stress, 

expression of Nppa is reactivated and expression of Nppb is increased in the ventricles. 

It has been shown that the regulatory sequences responsible for embryonic and for the 

stress-induced expression of Nppa are different. While the Nppa promoter drives atrial 

expression in the developing and adult heart, it lacks the regulatory elements necessary 

for the correct embryonic ventricular transmural pattern, ventricular down-regulation 
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after birth and for the stress response. Distal enhancers and regulatory mechanism 

involved in these processes remain unknown and became the object of our research in 

this thesis. We also explored the potential co-regulation of Nppa and Nppb, based on 

their common origin, clustered gene location, similar expression pattern, stress 

reactivation and protein function. 

To simultaneously study the mechanisms of Nppa and Nppb regulation during 

development and disease, we analyzed the potential enhancer activity of the sequences 

surrounding the Nppa-Nppb locus in double reporter transgenic mice. In addition, we 

studied the overall chromosome conformation and epigenetic features of the locus 

known to be involved in gene regulation. The combination of these different approaches 

allowed us to obtain a global comprehensive view on the complexity of the organization 

of the Nppa-Nppb locus and its regulation during development and stress. 

Chapter 1 describes the expression pattern of Nppa and Nppb, and their time-

dependent up-regulation in animal models of HF-related diseases in comparison with 

the release of the secreted peptides in the blood circulation. The cellular mechanisms 

as well as transcriptional regulation of Nppa and Nppb up-regulation are discussed 

showing its complexity and lack of full understanding of the mechanisms of stress-

response reactivation. To study these mechanisms, we generated a double reporter 

transgenic mouse model for in vivo monitoring of disease progression, described in 

Chapter 2. We used this model to find the enhancers of Nppa and Nppb, regulating 

their expression during development and stress. First, the role of chromosome 

conformation and epigenetic modifications of the Nppa-Nppb locus in the regulation of 

their expression was analyzed in Chapter 3. Then, several double-reporter BAC 

transgenic lines have been generated and the activity of the reporter genes was 

analyzed to find the regulatory regions responsible for the expression of Nppa and Nppb 

in the fetal, adult and stressed ventricular myocardium. Together, these data allowed us 

to propose a model of Nppa and Nppb regulation, described in Chapter 4. In Chapter 

5, the thesis is summarizes in English and Dutch. 

 

 




