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Summary and Future Perspectives

Infl ammation plays a major role during all phases of atherogenesis from plaque 

initiation up to plaque rupture (outlined in chapter 1). In this thesis the role of 

infl ammation in the pathophysiology of atherosclerosis is examined from diff erent 

angles. In part I the eff ect of various pro-infl ammatory mediators is examined in 

the context of atherogenesis. In part II the relation of atherosclerosis with chronic 

infl ammatory disorders is explored. Part III focuses on the anti-atherosclerotic eff ects 

of various immunomodulatory interventions.

Part I: Infl ammation and Atherosclerosis

Summary

In chapter 2 we evaluated whether mannose-binding lectin (MBL) plays a role in the 

development of atherosclerosis. MBL is a part of the complement cascade and plays 

an important role in the fi rst line of defense of the innate immune system against 

pathogenic micro-organisms. We addressed this hypothesis in a large prospective 

case-control study nested in the European Prospective Investigation into Cancer in 

Norfolk (EPIC-Norfolk) population study. We showed that serum concentrations of 

MBL are associated with an increased risk of future coronary artery disease (CAD) 

in apparently healthy men. Th is relationship was independent of other cardiovascular 

risk factors. In women no such relation was observed.

Th e same EPIC-Norfolk study was used in chapter 3 to explore the relation between 

chemokine (C-C motif) ligand 2 (CCL2) polymorphisms, monocyte chemoattractant 

protein-1 (MCP-1) serum levels and cardiovascular risk. Although MCP-1 has been 

implicated in promoting the atherosclerotic process in various animal studies, human 

genetic evidence is contradictory. We found that individuals possessing the MCP-1-

2136T alleles or the MCP-1+764G allele had higher MCP-1 levels. In addition, we 

showed that homozygotes of the MCP-1-3726C allele have an increased risk of CAD 

and that the presence of the MCP-1-2835A allele and that in males the MCP-1-2578G 
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allele is associated with an increased risk of CAD. Finally, we observed that CCL2 

genotype is associated with both MCP-1 serum concentrations and the risk of future 

CAD. We therefore provide fi rm evidence that MCP-1 is involved in the pathogenesis 

of atherosclerosis and/or the progression into CAD. 

In contrast to the prolonged exposure of the apparently healthy subjects of EPIC-

Norfolk to (elevated) levels of MBL and MCP-1 the remainder of part I focuses 

on the atherosclerotic eff ects of acute infl ammatory stimuli induced by either 

C-reactive protein (CRP) or endotoxin. CRP has recently been shown to exert various 

atherothrombotic eff ects and has emerged as a strong and independent predictor not 

only for cardiovascular risk but also the development of type 2 diabetes. In chapter 4 

we report the results of a proof-of-principle study designed to elucidate whether CRP 

aff ects glucose homeostasis. Seven healthy male volunteers were randomly assigned 

to receive a single bolus infusion of highly purifi ed recombinant human rhCRP or 

CRP-free diluent in a crossover design. We were able to show that CRP induces an 

infl ammatory response followed by increased norepinephrine and cortisol levels, 

which results in increased gluconeogenesis.

Th e abovementioned atherothrombotic actions mediated by CRP were recently 

shown to be counterregulated by high-density lipoprotein cholesterol (HDL) in an 

in vitro study. In chapter 5 we studied whether HDL has the ability to neutralize 

atherothrombotic eff ects of CRP in humans. Fift een healthy male volunteers received 

an infusion of recombinant human rhCRP. In 8 of these volunteers, an infusion of 

human apoAI reconstituted with phosphatidylcholine (apoAI-PC) preceded rhCRP 

infusion. Infusion of apoAI-PC prior to rhCRP apoAI-PC blunted the release of the 

pro-infl ammatory cytokines IL-6 and IL-8 and diminished thrombin generation 

and fi brinolysis activation as illustrated by decreased levels of F1+2 and D-dimer, 

respectively.

In order to gain more insight in the atheroprotective eff ects of HDL by evaluating 

its ability to neutralize pro-infl ammatory stimuli, we extended these fi ndings in 

another model in chapter 6. Th irteen healthy men with genetically defi   ned isolated 
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low HDL and 14 age-, and body weight-matched men with normal/high HDL levels 

were challenged by infusion of endotoxin. Both the infl ammatory response as well 

as thrombin generation was signifi cantly increased in the low HDL-group upon 

endotoxin challenge.

Future perspectives

Although it has now been fi rmly established that infl ammation plays a major role 

during all phases of atherothrombosis, there is a lot that remains to be elucidated with 

regard to the (variable) roles of the numerous implicated biomarkers, chemokines, 

cytokines and immune cells during the diff erent stages of the atherosclerotic process. 

In particular, clarifi cation of the underlying mechanisms responsible for continuous 

immune activation and attenuated plaque stability are a focus of attention. A wide 

variety of approaches and study models can be employed to achieve these goals. A 

promising technique in this regard is in vivo cellular and molecular imaging, which 

enables the visualization of cellular recruitment in atherogenesis and subsequent 

atheroma infl ammation. It remains to be established whether a single dominant 

mediator can be identifi ed of which inhibition leads to profound benefi cial eff ects in 

humans, as is the case with tumor necrosis factor-a in rheumatoid arthritis.

Part II: Th e Echo of Infl ammation

Summary

In chapter 7 we review a validated surrogate marker for atherosclerotic vascular 

disease, the ultrasonographic measurement of the intima-media thickness (IMT) of 

the carotid arterial walls. It enables reproducible and noninvasive assessment of the 

carotid artery wall and can be used to identify populations at risk as well as to assess 

drug effi  cacy.

To evaluate whether Crohn’s disease (CD), characterized by infl ammatory 

exacerbations, is associated with an increased progression of the atherosclerotic 

process we used IMT in an exploratory study (chapter 8). Carotid IMT in patients 
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with CD was signifi cantly increased compared to healthy volunteers. In addition, 

CD patients during an infl ammatory exacerbation were characterized by profoundly 

decreased levels of HDL combined with biochemical changes of the HDL particle such 

as an increased content of serum amyloid A (SAA) and a reduced ability to attenuate 

oxidation compared to controls.

We are also performing a study in which IMT measurements are performed in 

patients who have been diagnosed with rheumatoid arthritis (RA) within the last six 

months as well as subjects with elevated serum levels of RA specifi c autoantibodies. 

We now performed an interim analysis of this study (chapter 9), which revealed that 

individuals with RA specifi c autoantibodies are characterized by increased mean IMT 

indicative of accelerated atherosclerosis. Moreover, IMT was associated with age, ESR 

and ACPA levels in univariate analysis. More patients recently diagnosed with RA will 

need to be included.

Finally, we provide an overview of the association of several chronic infl ammatory 

disorders and acceleration of the atherosclerotic process (chapter 10). Direct and 

indirect consequences of a systemic infl ammatory state that mediate atherothrombotic 

disease are discussed as well as pathophysiological mechanisms specifi c to SLE 

(systemic lupus erythematosus) or RA that can also contribute to this. Especially 

considering the fact that pathophysiological processes involved in these disorders can 

occur at a subclinical level years before a diagnosis is made, it was concluded early 

cardiovascular prevention seems essential in these patients.

Future perspectives

Direct and indirect consequences of a systemic infl ammatory state mediate 

atherothrombotic disease. Indeed several chronic infl ammatory disorders, such SLE 

and RA are associated with an increased incidence of cardiovascular disease. As such, 

it is likely that in the future an association with atherosclerotic vascular disease will be 

confi rmed in other infl ammatory disorders as well. Although the association between 

RA as well as SLE with atherosclerotic vascular disease was identifi ed decades ago, 

surprisingly enough no progress whatsoever has been made with regard to (primary) 
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prevention. In comparison, a multicenter randomized placebo-controlled trial (RCT) 

evaluating statin therapy in patients with diabetes has been performed years ago 

demonstrating robust clinical benefi t. Clearly, similar studies are crucial in SLE and 

RA. Unfortunately, such a trial in SLE has already failed due to miscellaneous problems 

(Arthritis Rheum. 2005 Oct 15;53(5):718-23). Recently, the eff ect of fl uvastatin on 

cardiac events was evaluated in renal transplant recipients with SLE in the ALERT 

trial (Assessment of LEscol in Renal Transplantation). Compared with placebo-treated 

patients, patients randomized to receive fl uvastatin exhibited a 73.4% reduction in 

the risk of major cardiac events (Arthritis Rheum. 2009 Apr;60(4):1060-4). A RCT 

comparing statin therapy to placebo in SLE will nevertheless need to be performed 

and the same holds true for RA. Such a trial has already been performed in RA, 

unfortunately the authors neglected to include surrogate markers of atherosclerotic 

vascular disease (Lancet. 2004 Jun 19;363(9426):2015-21). Currently the TRACE RA 

study (Trial of Atorvastatin for the primary prevention of Cardiovascular Events and 

overall improvement of RA outcome) has included close to thousand patients. Th is 

is a prospective, 5-year, multi-centre, randomized, double blind, placebo-controlled 

trial that will assess the hypothesis that atorvastatin is more eff ective than placebo in 

the primary prevention of cardiovascular events in patients with RA. Hopefully, the 

results of the ALERT trial and TRACE RA study will fi nally usher in a new age for the 

prevention and treatment of CVD in patients with infl ammatory conditions such as 

SLE and RA.

Part III: Immunomodulation and atherogenesis

Summary

Th ere is an abundance of evidence supporting an atheroprotective role of HDL. 

Indeed, HDL appears to exert various anti-atherothrombotic mechanisms, one of 

which is its anti-infl ammatory potential as was also demonstrated in chapters 5 and 

6. As such, raising HDL levels is an attractive anti-atherosclerotic strategy. Over the 

past few years, attempts to raise HDL levels have been particularly successful with 
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small molecule inhibitors of cholesteryl ester transfer protein (CETP). Chapter 11 

describes the results of a RCT with the CETP inhibitor torcetrapib (RADIANCE 1 

Rating Atherosclerotic Disease change by Imaging with a new CETP Inhibitor). In 

patients with heterozygous familial hypercholesterolemia (FH), the use of torcetrapib 

with atorvastatin did not result in further reduction of progression of atherosclerosis as 

assessed by a combined measure of carotid arterial wall thickness and, when restricted 

to the common carotid segment, caused progression of disease. Th ese eff ects occurred 

despite an unparalleled increase of HDL and a substantial additional decrease of low-

density lipoprotein cholesterol (LDL) and triglyceride levels. 

In order to gain more insight into the mechanism(s) underlying the adverse outcome 

of these studies with torcetrapib, we merged the databases of the RADIANCE 1 and 2 

studies and performed exploratory analyses into the parameters that were associated 

with cIMT progression and on-trial blood pressure changes (chapter 12). In these 

analyses we focused primarily on parameters that are related to CETP inhibition as 

a mechanism (i.e. on-trial changes in lipoproteins) as well as on parameters that are 

presumably connected to off -target toxicity (i.e. on-trial blood pressure and electrolyte 

changes). Th ese analyses provide evidence in support of off -target toxicity, relating to 

mineralocorticoid excess, which might have contributed to the adverse outcome of 

torcetrapib use. 

Because chronic systemic infl ammation is a hallmark in both RA and atherosclerosis 

where macrophage migration inhibitory factor (MIF) and TNFa both play a crucial 

role we hypothesized that TNFa blockade may attenuate the increased cardiovascular 

risk associated with RA by decreasing not only local joint infl ammation but also 

systemic infl ammation (chapter 13). Sixteen weeks aft er initiation of TNFa blockade, 

MIF levels were signifi cantly decreased which was sustained up to week 52. HDL 

cholesterol levels increased at week 16, but returned to baseline at week 52. ApoAI 

levels increased at week 16 and remained elevated up to week 52 which resulted in 

an improved ApoB/ApoAI ratio. Th e DAS28 score as well as CRP levels and ESR all 

decreased signifi cantly aft er 16 and 52 weeks of adalimumab therapy.



Summary and Future Perspectives

321

In chapter 14 we provide an overview of the anti-atherosclerotic eff ects of the 

immunomodulatory drug mycophenolate mofetil (MMF) on major components of 

the atherosclerotic plaque such as T-lymphocytes, monocytes/macrophages and the 

endothelium. MMF can inhibit leukocyte recruitment to the subendothelium and the 

subsequent reduced activation of leukocytes is suggested to translate into attenuation 

of subendothelial cross-talk between T-cells and macrophages. It was hypothesized this 

cascade of events will interrupt the self-perpetuating pro-infl ammatory environment 

within the arterial wall, the hallmark of atherosclerotic vascular disease.

Finally, in chapter 15 we evaluated whether short-term treatment with MMF in 

symptomatic patients scheduled for carotid endarterectomy was associated with 

altered cellular infi ltration and/or changes in plaque infl ammatory activity, assessed 

with mRNA expression profi ling. Immunostaining analyses revealed a reduction of 

activated T-cells in MMF-treated patients compared to controls as well as an increase 

of regulatory T-cells. 

Micro-array analyses confi rmed benefi cial changes to plaque phenotype, showing 

a strongly reduced expression of pro-infl ammatory genes. Profound reduction in 

expression of metalloproteinases and osteopontin was present in three out of nine 

MMF-treated patients compared to nil in the placebo group.

Future perspectives

Immumodulatory interventions to attenuate the atherosclerotic process hold great 

promise for future human therapies. Encouraging results have been reported with 

immunosuppression, active immunization, induction of tolerance, intravenous 

immunoglobulin and manipulation of the cytokine network. Similarly, stimulation 

of endogenous anti-infl ammatory mechanisms such as enhancement of the function 

of regulatory T-cells or T-cell coinhibition was associated with considerably reduced 

atherosclerotic burden. Th ese strategies however, have almost exclusively been tested 

in animal models and the promising hypothesis of immunomodulation will now need 

to addressed in humans to evaluate its effi  cacy as well as the risks associated with such 

interventions.




