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GENERAL INTRODUCTION

CARDIOVASCULAR DISEASE

Cardiovascular diseases are leading causes of morbidity and mortality in industrialized countries. They 
are based on genetic and environmental factors and are associated with substantial abnormalities in 
metabolic and inflammatory pathways.1 Different etiological triggers, like arterial hypertension, myo-
cardial infarction, or valvular disease, ultimately all culminate in a phenotypcically identical form of 
end-stage disease, which is referred to as heart failure (figure 1). The prevalence of heart failure is 
estimated at 1-2% in the Western world, with an incidence that approaches 10 per 1000 persons per 
year.2 Although survival of patients with cardiovascular diseases has started to improve,3,4 mortality 
rates after onset of heart failure remain high. 

LIVER X RECEPTORS

Liver X receptors (LXRs) are nuclear hormone receptors that act as ligand-activated transcription fac-
tors.5 They are critically involved in cholesterol metabolism6 and their natural ligands are oxysterols; 
oxidized cholesterol derivatives.7 There are two known isoforms of LXRs; LXR-α (mainly expressed 
in liver, spleen, intestine, macrophages, heart and kidney) and LXR-β (expressed ubiquitously).8 LXRs 
form a heterodimer with the retinoid X receptor (RXR). This complex binds to specific parts of the ge-
nome called LXR response elements (LXREs). In the non-active state, the LXR/RXR complex is occupied 
by corepressor complexes (figure 2A). However upon ligand binding, the corepressor complexes are 
exchanged by coactivator complexes, which results in the transcription of specific target genes of LXR 
(figure 2B).

Over the last decade, research on LXRs was mainly focused on their role in cholesterol metabolism. 
It was discovered that LXRs play a crucial role in the process of ‘reverse cholesterol metabolism’; 
the efflux of cholesterol from peripheral tissues towards the liver for excretion.6 More recent studies 
show that LXRs also exert pleiotropic properties. They have been shown to attenuate proliferative 
pathways,9 blunt inflammatory responses,10 and influence the renin-angiotensin-aldosterone system 
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(RAAS).11 An extensive overview of LXRs and their potential role in cardiovascular disease is described 
in chapter 1.

SCOPE OF THIS THESIS

Metabolic and inflammatory pathways highly influence the onset and development of cardiovascular 
disease. Both pathways are controlled by complex mechanisms, in which LXRs play a critical role.12 

However, knowledge of the direct effects of LXRs on the cardiovascular system remains scarce. 

In this thesis, several models of cardiac remodeling and cardiac failure have been used to investigate 
the role of LXRs in the pathophysiology of these conditions. Chapter 1 provides an in-depth review on 
the role of LXRs in the cardiovascular system. In this review, we describe the potential role of LXRs in 
atherosclerosis, blood pressure homeostasis, and cardiac remodeling by summarizing recent literature 
on this topic combined with our findings described in the following chapters. Chapter 2 describes how 
we identified LXRs as negative regulators of the RAAS, the main system regulating blood pressure 
homeostasis. With this study we confirmed earlier studies describing LXR-α as a regulator of renin 
transcription.11 Chapter 2 describes the first long-term in vivo study focussing on LXR signalling in the 
RAAS. We further studied the role of LXRs in the cardiovascular system by activating LXRs in a model 
of cardiac remodeling (chapter 3). In vitro studies show that activation of LXRs attenuates hypertrophy 
in cultured cardiomyocytes. To corroborate these findings in vivo, abdominal aortic constriction (AC) 
was used as a pressure overload model to induce cardiac hypertrophy in wild-type and LXR-α-deficient 
(LXR-α-/-) mice. We show that also in vivo, LXR activation attenuates the development of LVH. Using 
the same model as in chapter 3, we studied the interaction of LXRs and statins in chapter 4. Statins 
are known to attenuate the development of LVH,13 but the molecular mechanism through which this 
effect is exerted is still not fully elucidated. In chapter 4 we show that LXRs play an essential role in 
this mechanism and that without LXR-α (LXR-α-/- mice) statins no longer exert their cardioprotective 
effects. In chapter 5 we explore the effects of LXR activation in a model of myocardial infarction. Here 
we show that also in this model of cardiac remodeling activation of LXRs improves cardiac function 
and attenuates LVH. Chapter 6 discusses the role of nuclear hormone receptors, including LXRs, in the 
RAAS. Several components of the RAAS (renin, angiotensinogen, angiotensin receptors) are discussed 



15

GENERAL INTRODUCTION

with respect to their transcriptional regulation and the way nuclear hormone receptors affect these 
processes. The findings reported in this thesis are summarized in the final chapter ‘Summary and 
Future Perspectives’.
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