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1
GEnERAL InTRoDuCTIon
Background
Cardiovascular diseases are the most prevalent cause of death world-wide, killing 
more than 17.5 million people in 2012. With ‘developing’ countries adopting the 
western lifestyle, these figures are expected to rise [1].

Cardiovascular diseases (CVD) typically commence with endothelial dysfunction 
caused by traditional CVD risk-factors such as smoking, hypertension, dyslipidemia 
and systemic inflammation. The leaky endothelium allows cholesterol carrying 
lipoproteins to enter the sub-endothelial space, causing an inflammatory cascade 
which attracts monocytes into the vessel wall. These monocytes transform into 
macrophages and become foam cells after phagocytosis of the lipid depositions. The 
degree of inflammation in the vessel wall is directly related to plasma lipoprotein 
levels, especially the plasma level of low density lipoprotein (LDL) [2]. Plasma LDL 
cholesterol therefore is regarded as a principal determinant of CVD risk, which can be 
eliminated by decreasing LDL cholesterol levels using HMG-CoA reductase inhibitors 
(statins) [3,4]. Next to plasma LDL cholesterol levels, an individual’s CVD risk is routinely 
estimated by evaluating traditional risk factors for CVD, such as age, gender, blood 
pressure, smoking and diabetes; all these parameters are fed into one of the existing 
risk engines such as the Framingham risk algorithm [5]. Since the contribution of each 
risk factor may vary, important risk factors are not included in these engines (e.g. body 
mass index) and even more risk factors have not been identified yet, alternative 
strategies have been developed to improve CVD risk detection. 

MRI imaging
Because imaging strategies allow detection of phenotypical presence of CVD, they 
have emerged as the most promising surrogate markers that allows both display 
presence of latent CV-disease as well as providing a tool to estimate future CVD risk. 
After intima media thickness (IMT) measured using B-mode ultrasonography, magnetic 
resonance imaging (MRI) has proven to have a superior reproducibility in measuring 
vessel wall dimension [6]. Among advantages of MRI are the higher imaging resolution, 
measurement of the entire vessel wall, endothelial sheer stress measurements and 
even identification of atherosclerotic plaque measurement, especially since the 3 Tesla 
scanner has become more widely available [7]. Besides its use as a readout of treatment 
efficacy in lipid lowering drugs, MRI is increasingly being used to demonstrate effects 
of chronic inflammatory diseases and diabetes mellitus on CVD risk. 

Arterial wall atherosclerosis as a product of inflammation becomes clinically relevant 
after intimal hyperplasia causes stenosis and thereby prevents blood flow through 
the arterial lumen or if the atherosclerotic plaque ruptures and causes a downstream 
arterial thrombotic event. MRI allows detection of patients at risk for a cardiovascular 
event via identification of stenosis, and detection of vulnerable plaque prone to rupture 
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by identification of plaque components, especially necrosis, which is associated with 
plaque vulnerability [8]. Both stenosis and plaque rupture are mediated and caused 
by inflammatory activity in the arterial vessel wall [2,9]. Unfortunately, MRI is less well 
equipped to simultaneously address functional plaque properties, comprising the 
inflammatory activity in the plaque.

FDG-PET imaging
18F-fluordeoxyglucose positron emission tomography with computed tomography 
(FDG-PET/CT) imaging allows measurement of arterial wall metabolic activity, which 
at the level of the atherosclerotic vessel wall has been shown to closely correlate 
with inflammation since tracer uptake is predominantly found in macrophage 
rich areas [10] and has been associated with both macrophage content [11] and 
inflammatory gene expression [12]. In this respect, it has been proposed to use PET/
CT, apart from its predominantly oncological applications, to assess inflammatory 
activity in atherosclerotic plaques. Especially in chronic inflammatory diseases like 
rheumatoid arthritis (RA), effects of anti-inflammatory regimens on the arterial wall 
inflammation may provide insight in the pathophysiology of the increased CVD risk 
in chronic inflammatory diseases. In addition, it allows to detect the effect of these 
anti-inflammatory regimens on the inflammatory activity within the atherosclerotic 
vessel wall, which is likely to translate into alterations of the CVD risk. By directly 
measuring effects on arterial wall inflammation, the complex interactions of the chronic 
inflammatory disease, traditional risk factors and even undesired effects of novel anti-
inflammatory drugs, mostly biologicals, will be bypassed. In this scenario, FDG-PET/
CT may provide an answer to the question if the pro-atherogenic changes in the lipid 
profile as observed in anti-TNF therapy [13], and even stronger in anti-IL-6 antibody 
therapy [14], result in increased or decreased risk of CVD if anti-inflammatory effects 
are weight against undesired effects on the lipid profile.

HDL cholesterol
In an attempt to decrease the arterial wall inflammatory activity in presence or absence 
of chronic inflammatory diseases, among more subtle methods than biologicals, high 
density lipoprotein (HDL)-targeted therapies appear to be promising. In contrast to 
the pro-atherogenic lipoprotein LDL, the cholesterol contained within HDL is inversely 
associated with risk of coronary heart disease and is a key component of predicting CVD 
risk [15,16]. Next to its principal role in reverse cholesterol transport, the transport of 
cholesterol from peripheral cells to the liver, HDL’s main component apolipoprotein-A1 
(ApoA-I) improves endothelial function [17] and it modulates platelet function and 
coagulation [18]. Many HDL-targeted therapies aim to systemically increase plasma 
HDL levels. Nicotinic acid, fibrates, cholesteryl ester transfer protein (CETP)-inhibitors 
and infusion of HDL-derived proteins, ApoA-I mimetic peptides and direct HDL-
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infusions have proven to increase these plasma HDL levels [19], but until recently, 
only fibrates are associated with cardiovascular benefit in clinical endpoint studies 
[20]. First clinical endpoint trial results of CETP-inhibitors are still awaited [21,22]. 
Nevertheless, the convincing evidence of anti-atherosclerotic effects of HDL derived 
from in vitro and animal data are firm and deserve a more sophisticated application, 
aimed to increase HDL or ApoA-I near or in the arterial wall to decrease or fade out 
arterial wall inflammation, thereby tame and as a consequence decrease the CVD risk.

ouTLInE oF THE THEsIs
This thesis consists of three parts. The first part focusses on reproducibility and 
applicability of MRI in imaging of the carotid artery as a surrogate marker for CVD 
risk. In chapter 2 we investigated if increased in-plane imaging resolution improves 
reproducibility of 3T MRI carotid artery wall dimension measurements in 31 patient 
with advanced atherosclerotic disease. In addition, we investigated reproducibility of 
carotid artery atherosclerotic plaque component identification in the same group of 
patients, as disclosed in chapter 3. In chapter 4, carotid artery wall dimensions using 
MRI are compared in 59 subjects with a history of CVD accompanied with or without 
type 2 diabetes mellitus at baseline and after 2 years of follow-up while using stringent 
guideline CVD preventing medication. Using multivariate linear regression, we set out 
to identify subjects that respond best and worst to guideline treatment. 

In the second part, FDG-PET/CT is subjected to measure arterial vessel wall 
inflammation. Before use in clinical research, in chapter 5 we attempt to provide 
guidance for interpretation of arterial wall FDG-PET/CT by defining reference 
ranges for the degree of arterial wall inflammation, as well as interscan variability, 
interobserver and intraobserver agreement. Twenty-five healthy subjects, 23 subjects 
with an intermediate risk for coronary heart disease (CHD) and 35 subjects with overt 
CVD were scanned. These data allowed application of FDG-PET/CT to detect the 
effect of biological and non-biological treatment on in patients with RA in remission 
for at least 6 months, as described in chapter 6. Using FDG-PET/CT, next to MRI 
measured carotid artery wall dimensions which enables plaque detection, we are able 
to illustrate if arterial wall inflammation in RA in remission is extinguished as well and 
if degree if inflammation approximates levels in healthy subjects or CVD subjects 
instead. Chapter 7 illustrates the complexity of RA treatment, especially if standard 
treatment fails. In this chapter we identified the pathway via which tocilizumab, an 
interleukin-6 receptor blocker, generates undesired pro-atherogenic lipid changes, 
while it strongly decreases systemic inflammation.

In the third part, HDL-targeted therapies are explored in animal models, after 
reviewing clinical effects of genetic defects and gain-of-function mutations resulting 
in changed function of proteins involved in HDL’s metabolism and thereby revealing 
its role and importance in CVD risk reduction (chapter 8). In an attempt to profit from 
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HDL’s properties, two strategies were engineered to increase HDL concentrations near 
the inflamed arterial wall. In chapter 9, pro-endothelial and antithrombotic effects of 
a newly developed ApoA-I antibody coating on a metal surface were tested in vitro. 
This coating was additionally applied to coronary artery stents, implanted in the iliac 
arteries of 13 rabbits, in a side-to-side comparison with bare metal stents (BMS) in 
vivo. In chapter 10 we tested the benefits of hydrophilic polymer coated compared 
to hydrophobic polymer coated prosthetic arterial grafts in 8 goats. We tested if 
HDL, specifically attracted to the hydrophilic coating, is involved in guarding patency 
after 28 days and if adhesion of endothelial cells leucocytes and thrombocytes differ 
between the two coatings because HDL is bound.

REFEREnCEs

1. World Health Organization (2014) The top 10 causes of death. (http://www.who.int/
mediacentre/factsheets/fs210/en/index1.html)

2. Libby P, Ridker PM, Hansson GK (2011) Progress and challenges in translating the biology of 
atherosclerosis. Nature 473: 317-325.

3. Baigent C, Keech A, Kearney PM, Blackwell L, Buck G et al. (2005) Efficacy and safety of 
cholesterol-lowering treatment: prospective meta-analysis of data from 90,056 participants in 
14 randomised trials of statins. Lancet 366: 1267-1278.

4. Mihaylova B, Emberson J, Blackwell L, Keech A, Simes J et al. (2012) The effects of lowering 
LDL cholesterol with statin therapy in people at low risk of vascular disease: meta-analysis of 
individual data from 27 randomised trials. Lancet 380: 581-590.

5. Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB (1998) Prediction 
of coronary heart disease using risk factor categories. Circulation 97: 1837-1847.

6. Duivenvoorden R, de GE, Elsen BM, Lameris JS, van der Geest RJ, Stroes ES, Kastelein JJ, 
Nederveen AJ (2009) In vivo quantification of carotid artery wall dimensions: 3.0-Tesla MRI 
versus B-mode ultrasound imaging. Circ Cardiovasc Imaging 2: 235-242.

7. Duivenvoorden R, Vanbavel E, de GE, Stroes ES, Disselhorst JA et al. (2010) Endothelial shear 
stress: a critical determinant of arterial remodeling and arterial stiffness in humans--a carotid 
3.0-T MRI study. Circ Cardiovasc Imaging 3: 578-585.

8. Kolodgie FD, Gold HK, Burke AP, Fowler DR, Kruth HS et al. (2003) Intraplaque hemorrhage 
and progression of coronary atheroma. N Engl J Med 349: 2316-2325.

9. Libby P (2009) Molecular and cellular mechanisms of the thrombotic complications of 
atherosclerosis. J Lipid Res 50 Suppl: S352-S357.

10. Rudd JH, Warburton EA, Fryer TD, Jones HA, Clark JC et al. (2002) Imaging atherosclerotic 
plaque inflammation with [18F]-fluorodeoxyglucose positron emission tomography. Circulation 
105: 2708-2711.

11. Tawakol A, Migrino RQ, Bashian GG, Bedri S, Vermylen D et al. (2006) In vivo 
18F-fluorodeoxyglucose positron emission tomography imaging provides a noninvasive 
measure of carotid plaque inflammation in patients. J Am Coll Cardiol 48: 1818-1824.

12. Pedersen SF, Graebe M, Fisker Hag AM, Hojgaard L, Sillesen H, Kjaer A (2010) Gene expression 
and 18FDG uptake in atherosclerotic carotid plaques. Nucl Med Commun 31: 423-429.

13. Pollono EN, Lopez-Olivo MA, Lopez JA, Suarez-Almazor ME (2010) A systematic review of 
the effect of TNF-alpha antagonists on lipid profiles in patients with rheumatoid arthritis. Clin 
Rheumatol 29: 947-955.

14. Kawashiri SY, Kawakami A, Yamasaki S, Imazato T, Iwamoto N et al. (2011) Effects of the anti-
interleukin-6 receptor antibody, tocilizumab, on serum lipid levels in patients with rheumatoid 
arthritis. Rheumatol Int 31: 451-456.

12



1
15. Rader DJ, Hovingh GK (2014) HDL and cardiovascular disease. Lancet 384: 618-625.
16. Rosenson RS, Brewer HB, Jr., Ansell B, Barter P, Chapman MJ et al. (2013) Translation of high-

density lipoprotein function into clinical practice: current prospects and future challenges. 
Circulation 128: 1256-1267.

17. Campbell S, Genest J (2013) HDL-C: clinical equipoise and vascular endothelial function. 
Expert Rev Cardiovasc Ther 11: 343-353.

18. van der Stoep M, Korporaal SJ, Van EM (2014) High-density lipoprotein as a modulator of 
platelet and coagulation responses. Cardiovasc Res 103: 362-371.

19. Kingwell BA, Chapman MJ, Kontush A, Miller NE (2014) HDL-targeted therapies: progress, 
failures and future. Nat Rev Drug Discov 13: 445-464.

20. Jun M, Foote C, Lv J, Neal B, Patel A et al. (2010) Effects of fibrates on cardiovascular outcomes: 
a systematic review and meta-analysis. Lancet 375: 1875-1884.

21. Cannon CP, Shah S, Dansky HM, Davidson M, Brinton EA et al. (2010) Safety of anacetrapib in 
patients with or at high risk for coronary heart disease. N Engl J Med 363: 2406-2415.

22. Nicholls SJ, Brewer HB, Kastelein JJ, Krueger KA, Wang MD et al. (2011) Effects of the CETP 
inhibitor evacetrapib administered as monotherapy or in combination with statins on HDL and 
LDL cholesterol: a randomized controlled trial. JAMA 306: 2099-2109.

13


