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This thesis starts with a general introduction of arterial wall inflammation in chapter 1. 
The use of Magnetic Resonance Imaging (MRI) to quantify arterial wall characteristics 
is described in part 1, chapter 2, 3 and 4. The additional value of FDG-PET/CT in 
arterial wall inflammation imaging is discussed in chapter 4, 5 and 6 (part 2). In the 
final part of the thesis (chapter 7, 8 and 9), high-density lipoprotein (HDL) is tested 
as therapeutic target after reviewing effects of genetic changes in HDL or proximate 
working proteins.

PART 1:  MRI  To quAnTIFy ARTERIAL wALL 
CHARACTERIsTICs
The use of MRI in carotid artery wall imaging has become an established surrogate 
marker to determine cardiovascular disease (CVD) risk. It allows non-invasive, non-
ionizing and safe imaging in all stages of atherosclerosis. The increase in field strength 
from 1.5 Tesla to 3 Tesla scanning showed an increase in signal to noise ratio (SNR) 
[1,2] and increased or comparable contrast to noise ratio (CNR) [3]. However, this did 
not result in increased reproducibility of carotid artery wall dimension measurements. 
In chapter 2 we found prove that increase spatial resolution in 3 Tesla scanning 
improves reproducibility of carotid artery wall dimension measurements in patients 
with advanced atherosclerotic carotid disease. These results encourage the use of 
3T MRI with high resolution for fast and robust imaging of the carotid artery wall as 
surrogate marker for approach CVD-risk. Noteworthy, the increase in field strength 
from 3 Tesla to 7 Tesla has shown not to further increase the dimension measurement 
reproducibility [4]. 

Carotid artery wall scanning using MRI also allows plaque component identification 
which correlates well with gold-standard histology [5]. These MRI identified plaque 
components allow identification and classification of atherosclerotic lesions [6]. 
Increasing field strength allows identification of stable or instable atherosclerotic 
plaques by characterizing the plaque content [7–9]. In chapter 3 we show that 
the increase in spatial does not increase reproducibility of carotid artery plaque 
component identification and measurement in patients with advanced atherosclerotic 
carotid disease. Although reproducibility in our low resolution group was already very 
good, increasing the field strength may yield even higher reproducibility and allow 
automated identification of plaque components [4], although first in vivo application 
of 7 Tesla imaging showed disappointing correlation between histological findings 
and carotid artery wall contrast [10]. 

In chapter 4, 1.5 Tesla MRI scanning of the carotid artery wall in patients with 
or without type 2 diabetes mellitus (DM2) was performed to measure efficacy of 
guideline-based therapy on carotid artery wall dimensions in a 2 year follow-up study. 
Especially DM2-patients with high body mass index (BMI) contributed to the reduction 
in carotid artery wall dimensions in DM2 patients, whereas non-DM2 patients showed 
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stable wall dimensions after 2 year follow-up compared to baseline. Indeed, high BMI 
has been widely associated with increased cardiovascular mortality and morbidity in 
both DM2- and non-DM patients [11]; high BMI is associated with stronger progression 
in intima media thickness (IMT) [12]. In line with our results, high BMI is also associated 
with superior treatment response [13] and a decrease in BMI results in a decrease 
in coronary atherosclerosis, especially in metabolic syndrome [14]. We therefore 
hypothesize that increased inflammatory activity in the carotid artery wall in DM2 
patients allows attenuation with especially statins and anti-hypertensive medication 
next to lifestyle changes. 

PART 2:  FDG-PET/CT To quAnTIFy ARTERIAL 
wALL InFLAMMATIon 
Whereas MRI imaging allows fast, high-resolution and highly reproducible quantification 
of arterial wall dimensions and components (chapter 3 and 4), 18F-fluordeoxyglucose 
positron emission tomography with computed tomography (FDG-PET/CT) is 
increasingly applied to quantify arterial wall inflammation as a surrogate marker 
for CVD [15,16]. To promote and increase the optimal use of FDG-PET/CT in CVD 
research, we confirmed measurement reliability and reproducibility in chapter 5. In 
order to increase comparability between studies, we propose standardized analysis 
of specific arterial segments. The reference ranges we defined in these conditions 
allows comparison of mean arterial FDG uptake in a study group with mean arterial 
wall FDG uptake in control subjects, subjects with a history of CVD or a group with 
intermediate risk for CVD according to the Framingham CHD risk-algorithm. Since 
95% confidence intervals of these groups overlap, classification of individual subjects 
and thus application of FDG-PET/CT is unsuitable for use in daily clinic. 

In chapter 6 we used MRI to measure carotid artery wall dimensions and FDG-PET/
CT to discriminate the arterial wall inflammatory activity between patients with 
rheumatoid arthritis (RA) in remission with or without dependency of the use of a 
biological, anti-TNF α therapy. No structural differences were detected between 
patients with or without biological dependency to remain in remission. Surprisingly, 
higher inflammatory activity was present in biological-dependent remissive RA 
patients. Their higher disease intensity and duration may have caused joint 
destruction beyond a certain point, causing irreversible epigenetic changes switching 
on inflammatory pathways [17]. Despite effective ‘RA activity decrease’ in subjects 
using anti-TNF therapy, active inflammation appears to persist at least in the arterial 
wall, implying a remaining CVD risk increase. These observations urge the need for 
potent CVD prevention in RA, particularly in those patients with a persistent need for 
biologicals to maintain a remissive state. In chapter 7 we illustrate the complexity of 
the search for new anti-RA drugs. Tocilizumab, an interleukin-6 (IL-6) receptor blocking 
antibody, appears to have stronger anti-inflammatory properties that may cure the 
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persistent inflammatory activity in biological dependent remissive RA-patients, but the 
compound has undesirable side-effects affecting the lipid metabolism. Fasting plasma 
levels of LDL-cholesterol, HDL-cholesterol and triglycerides increased within one week 
after tocilizumab treatment initiation. Post-prandial triglyceride levels increased also, 
accompanied with a strong increase in apolipoprotein B48 levels. The combination of 
these findings, after ruling out cholesterol synthesis defects, pointed toward a hepatic 
chylomicron (remnant) removal. A decrease in hepatic LDL-receptor expression, 
a principal clearance pathway, is held responsible for the tremendous effects of 
tocilizumab on the lipoprotein metabolism. Because anti-TNF therapy only mildly 
increased lipid levels [18,19] and genetic IL-6 signaling defects were not associated 
with such pro-atherogenic lipid changes [20], increase in chylomicron (remnant) 
levels, presumably caused by decreased LDL-receptor expression, presumably is a 
tocilizumab-specific effect rather than a consequence of blocking the IL-6 receptor 
signaling pathway.

PART 3:  LoCALLy InCREAsED HDL As THERAPy 
FoR ARTERIAL wALL InFLAMMATIon 
High-density lipoprotein cholesterol (HDL-c) which mainly consists of Apolipoprotein 
A1 (ApoA-I), phospholipids, cholesterol and triglycerides, is inversely correlated 
with CVD risk [21–23]. In chapter 8, Mendelian disorders affecting ApoA-I or 
HDL-c metabolism are discussed. The genes encoding ApoA-I, lecithin cholesterol 
acyltransferase (LCAT) and ATP binding cassette protein AI (ABCAI) are key players 
in HDL-synthesis, illustrated by the fact that complete deficiency of these proteins 
leads to extremely low plasma HDLc levels. In contrast, lack of endothelial lipase 
(LIPG) and cholesteryl ester transfer protein (CETP) is associated with accumulation of 
mature HDL in the circulation [24]. Despite low prevalence of these disorders requiring 
imaging as surrogate endpoint marker for CVD risk, extremely low levels of HDL-c 
were associated with increased CVD risk. 

CVD risk association of genetic analysis of single nucleotide polymorphisms 
(SNP) and common variants was awaited when chapter 8 was written, but to date, no 
associations between common variants and coronary heart disease (CHD) were found 
[25,26]. Even the association between plasma level HDL-c increase and a decrease in 
CVD events has not been proven robustly because HDL-c increasing therapies also 
cause low-density lipoprotein reduction [27]. Especially CETP inhibitors, the most 
potent HDL-c increasing agent available, cause significant LDL-reduction, thereby 
confounding a potential effect of HDL on CVD event reduction. Besides, because HDL 
particle size, density and composition varies, not HDL-c plasma levels itself, but HDL 
function appears to be key in CVD risk reduction [28] supported by the observation 
that HDL mediated cholesterol efflux is inversely associated with both carotid intima-
media thickness and the likelihood of angiographic coronary artery disease [29] and 
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the incidence of cardiovascular events [30], independent from HDL-c plasma levels. 
As a consequence, studies that aim on systemically increasing ApoA-I concentrations 
by infusions of lipid-poor ApoA-I with stabilizing phospholipids, regarded as nascent 
HDL-particle, are expected to increase plasma accepted capacity as well as improve 
HDL function [31,32] and therefore are essential in confirming the role of HDL in CVD 
risk prevention. However, to date also the data on ApoA-I mimetic infusion has revealed 
equivocal results (CHI SQUARE trial [33], ERASE trial [34], SAMBA trial (Kootte et al; 
EAS 2014 session), MODE (Smits et al; EAS 2014 session; NCT01412034).

An alternative to systemic infusion of ApoA-I mimetics is to profit from local 
presence of apoA-I near the site of the damaged artery wall, allowing for the beneficial 
effects of apoA-I on inflammation, coagulation and endothelial integrity. In order to 
achieve maximum benefit of ApoA-I at the injured site of the coronary artery, an anti-
ApoA-I antibody coating was developed and tested in vitro and in vivo in a rabbit 
model, applied on the surface of coronary artery stents, as described in chapter 9. 
We hypothesized that these stents would prevent in-stent restenosis better than bare 
metal stents (BMS), but without the long-term dual anti-platelet aggregation therapy 
to prevent acute or late-onset in-stent thrombosis which is obligatory after drug-eluting 
stent implantation. In our preclinical study, despite a density dependent decreased 
endothelial cell adhesion and growth and decreased thrombin generation on or at anti-
ApoA-I antibody coated discs compared with uncoated disks, restenosis in anti-ApoA-I 
antibody coated stents implanted in the pre-injured iliac artery of a rabbit was indifferent 
compared with BMS, 28 days after implantation. The fixed antibody in the coating is 
supposed to bind ApoA-I to the stent surface and thereby improve biocompatibility, 
may have failed due to the fenestrated surface of stents covering the injured artery. 
Intima hyperplasia at approximately 80% of the uncoated area between stent struts 
may rapidly have overgrown the struts, which loss contact with plasma which acts as 
the ApoA-I supplying reservoir. Moreover, the anti-ApoA-I antibody bound ApoA-I 
may become inactive after being active for a certain period, but thereafter it may idly 
occupy the antibody binding site without further protective function. 

An alternative approach for locally increasing HDL near the artery wall is 
derived from data from Knetsch et al, who showed that in contrast to hydrophobic 
coatings that are usually applied in arterial interposition prostheses, HDL adsorbs to 
a hydrophilic co-polymer coating in very high concentrations [35]. In vitro analysis 
revealed that presence of HDL contributes to higher endothelial cell coverage and 
decreased thrombus formation compared to hydrophobic ones [35,36]. In chapter 10, 
in vivo performance was tested by implanting prosthetic hydrophilic coated prosthetic 
grafts as arterial interposition in the common carotid artery of 8 goats in a side-to-
side comparison with hydrophobic coated grafts. We showed that hydrophilic coated 
grafts, 3 days after implantations, show higher ApoA-I adsorption combined with 
lower fibrinogen compared with hydrophobic coated grafts. After 28 days, none of 
the hydrophilic coated grafts were occluded, but 2 grafts were occluded with the 

188



11

hydrophobic coating. Higher thrombocyte and leukocyte count in the hydrophobic 
coated graft and higher endothelial cell count in the hydrophilic coated graft provides 
a mechanistically link between how HDL adsorbing hydrophilic coated vascular grafts 
have higher patency compared with hydrophobic ones. 

Our data contribute and agree with previous human data on HDL functions in 
maintaining arterial patency by preventing acute occlusion via improving nitrous oxide 
mediated endothelial function [37–39], promoting endothelial progenitor cells [40], 
and preventing platelet activation [41]. Vessel wall inflammation decreases in presence 
of high concentrations of HDL by increased cholesterol efflux [42,43], decreased 
leukocyte adhesion and decreased cytokine release [44]. Non-human data in addition 
confirmed a central role for HDL in improving plaque stability by decreasing oxidative 
stress and apoptosis within the vessel wall [45–47]. 

FuTuRE PERsPECTIvEs
Imaging modalities in CVD risk estimation and treatment allocation
Recent imaging studies have established the increasing value of arterial wall plaque 
composition [48,49] and functional properties [50,51] of the inflamed arterial wall on 
CV event risk. In the present thesis we show that accuracy and reproducibility of MRI 
(structural) and PET/CT imaging (functional) in atherosclerotic vascular disease has 
been confirmed. Instead of focusing on risk factors, systemic biomarkers (CRP, LDLc) 
and ultrasound techniques (Duplex ultrasound), these imaging strategies may allow 
estimation of a patients individual CV event risk in daily practice, especially in secondary 
prevention. Technical innovation may lead to a one-stop-shop technique, allowing 
for rapid, high-throughput evaluation of atherosclerotic disease. For the success and 
cost-effectiveness of tailored therapy enabled by individual risk estimation, I expect 
that the proof of the pudding will be in the eating. 

Anti-inflammatory therapies in CVD patients
Cardiovascular diseases are the result of exposure to a composition of environmental 
factors combined with genetic predisposition. Until to date, CVD prevention and 
treatment mainly consisted of eliminating environmental factors. Next to lifestyle 
changes including dietary changes and smoking cessation, hypertension treatment and 
lipid lowering was focus of research and treatment. Especially lipid lowering strategies 
are regarded effective but despite all effort, only 25% of CVD was prevented. This 
thesis supports the commence of a new era of focusing on arterial wall inflammation 
as the product of environmental and genetic factors. As demonstrated in part 2 of the 
thesis, arterial wall inflammation imaging enters the standard arsenal of a clinician in 
individual CVD research. This diagnostic leap forward demands the use of therapeutic 
agents which are already available, to interrupt the inflammatory cascade in CVD. 
In chronic inflammatory diseases like ankylosing spondylitis, psoriasis and mostly in 
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rheumatoid arthritis, biologicals are related to a decrease cardiovascular morbidity 
and mortality [52]. Clinical endpoint studies aiming on the cardio protective effects 
of biologicals without presence of chronic systemic inflammatory diseases have to be 
initiated. The pivotal pathway of interleukin-6 receptor blockade has been associated 
with coronary heart disease using genetic and biomarker data in a meta-analysis 
[53], but the only available compound interfering with this pathway disturbs hepatic 
chylomicron (remnant) clearance (chapter 7). Nanoparticle delivery of compounds to 
the specific therapeutic site of interest may overcome side effects (Van Wijk et al, 
manuscript in preparation; NTR2936). 

HDL increasing strategies
Although ApoA-I and HDL increasing strategies show disappointing results on 
cardiovascular endpoints, many studies report beneficial effects of apoA-I and HDL 
on reverse cholesterol transport and other mechanisms, including inflammation, 
endothelial function and coagulation. Especially increasing ApoA-I and HDL near the 
inflamed artery wall is potential. Instead of coating a stent surface with the ApoA-I 
antibody coating, appliance of the coating on a solid and continuous surface of 
intravascular catheters, pacemaker leads and grafts may demonstrate the superior in 
vivo compatibility compared with other synthetic surfaces.
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