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GENERAL INTRODUCTION

”To say that atherosclerosis is an inflammatory disease is almost tautologic. Of course it is.”

Steinberg 2005

The clinical and societal need for atherosclerosis research

Atherosclerosis is a lipid-driven inflammatory disease affecting the arterial wall, and underlies 
the majority of cardiovascular diseases such as myocardial infarction and stroke. Worldwide, 
cardiovascular diseases are the leading cause of death and loss of productive life years1. Taking it 
closer to home, in the Netherlands, one hundred individuals die of cardiovascular disease, every 
day. Whereas its mortality rate has been steadily declining the past three decades, the prevalence 
of atherosclerotic disease in the Netherlands keeps rising. We are expecting 840.000 patients in 
2030, predominantly driven by the concomitant rise in population growth and life expectancies. 
As such, atherosclerosis also carries a large public health and economic burden; in fact, it is one of 
the most expensive medical conditions in the Netherlands, comprising 8.3 billion euro in 20112.

Current prevention strategies almost exclusively rely on the recognition and management of 
traditional risk factors, such as smoking, blood pressure and lipids. Yet, this risk-based paradigm 
fails to accurately identify high-risk patients. More than 75% of the atherosclerotic ischemic events 
occur in individuals classified as having low or intermediate risk3. Next to primary prevention, 
traditional risk factor profiling is also suboptimal in the setting of secondary prevention. Current 
management still allows 66% of the recurrent cardiovascular events to occur4. 

In aggregate, there is a strong impetus to better understand who is at risk, what is driving it and 
how to attenuate this risk in patients with atherosclerosis. 

The evolving concepts of atherosclerosis

Beginning with the pioneer Anitschkow in 1913, who describes that a cholesterol-fed rabbit 
develops atherosclerosis5, the 20th century is the era in which the atherogenic role of lipids 
becomes firmly established6. Epidemiological studies reveal higher atherosclerotic disease rates 
in subjects with increased low-density-lipoprotein cholesterol (LDL-c)7. In addition, the advent of 
hydroxymethyl glutaryl coenzyme A reductase inhibitors (collectively known as statins) enables 
a series of randomized clinical trials consistently showing the beneficial impact of LDL-c lowering 
on cardiovascular outcome8. At that time, atherosclerosis is predominantly conceived as a lipid 
storage disease. 

As with many modern concepts in medicine, the roots of inflammation’s key role in atherogenesis 
stretch far back in time. The Roman Celsus is the first to describe and define cardinal signs of 
inflammation9. It is Virchow in the 19th century to recognize the inflammatory nature of 
atherosclerosis; describing plaques as an active product of inflammation10. However, it will 
take more than a century for elements of Virchow’s concept of atherogenesis to be embraced. 
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OUTLINE OF THIS THESIS

Past years, imaging techniques have facilitated the clinical validation of inflammatory 
mechanisms involved atherogenesis. In analogy, Part I of this thesis innovates our 
understanding on the inflammatory strain in multiple compartments of patients with 
atherosclerosis, by means of functional imaging. Chapter 2 describes the inflammatory 
activity of the arterial wall in several patient populations, using 18fluorodeoxyglucose positron 
emission tomographic (18F-FDG PET) imaging. In addition, chapter 3 details a single-photon 
emission computed tomographic (SPECT) imaging approach to traffic circulating immune 
cells to atherosclerotic plaques in patients. In view of the key contribution of immune cells in 
atherosclerosis, chapter 4 comprises a translational approach to describe the activity of their 
production sites in patients with atherosclerotic disease, as assessed with 18F-FDG PET and 
hematopoietic cell assays.

Fueled by the observed correlations between inflammatory measures and (oxidized) lipids 
in the first part of this thesis, Part II integrates functional imaging with immunological 
assays to deal with the impact of atherogenic lipoproteins on inflammation. Chapter 5 is an 
intervention study in patients suffering from familial hypercholesterolemia (FH) to evaluate 
the effect of LDL-c lowering by means of lipoprotein apheresis on arterial wall inflammation, 
as assessed with 18F-FDG PET. Going from plaque to plasma, chapter 6 studies the function 
and phenotype of circulating monocytes in FH patients, also addressing the effect of lipid 
lowering through either statins or proprotein convertase subtilisin/kexin type 9 (PCSK9) 
antibodies. Using multimodal imaging, chapter 7 draws renewed interest in lipoprotein (a) 
[Lp(a)], a causal risk factor for atherosclerosis, by describing the inflammatory activity in the 
arterial wall, as well as the effect of Lp(a) on circulating monocytes.

Recognizing the increased inflammatory activity in atherosclerosis, as repeatedly illustrated 
in the previous parts of this thesis, Part III discusses its potential as a therapeutic target to 
further reduce atherosclerotic disease risk in patients. Chapter 8 reviews both traditional 
as novel drugs with anti-inflammatory properties in atherosclerosis, with a cautionary note 
on its feared complication, immunosuppression, in case of systemic and long-term use. In 
an attempt to overcome such drawbacks, chapter 9 details a series of clinical studies on 
the first anti-inflammatory nanomedicine in atherosclerosis; assessing the local delivery and 
efficacy of liposomal prednisolone in patients with atherosclerosis. In follow-up, chapter 10 
describes the experimental work aiming to dissect the mechanisms by which prednisolone 
adversely affects atherosclerosis. To provide an improved estimate of the expected drug 
effect on plaque macrophages, chapter 11 provides an in vitro approach to assess the overall 
performance of several high potential anti-atherosclerotic drug candidates on macrophage 
function and phenotype. 

Finally, chapter 12 summarizes the most important findings of this thesis and elaborates on 
its future directions. A Dutch summary is provided in chapter 13.
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