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ATHEROSCLEROSIS IN SYSTEMIC AUTOIMMUNE DISEASES 
EARLY MARKERS AND RISK FACTORS 



Stellingen behorende bij het proefschrift 

ATHEROSCLEROSIS IN SYSTEMIC AUTOIMMUNE DISEASES 

EARLY MARKERS AND RISK FACTORS 

1. Pulse wave analyse Iijkt een geschikte methode om vaatafwijkingen voorafgaand 
aan atherosclerose op te sporen bij patienten met systemische auto-immuunziekten 
(dit proefschrift). 

2. Plasmaspiegels van advanced glycation end products (AGEs) zijn geen goede 
afspiegeling van AGE accumulatie in de huid van patienten met systemische lupus 
erythematosus (dit proefschrift). 

3. Polymorfismen in het gen voor de receptor for advanced glycation end products 
predisponeren tot het krijgen van systemische lupus erythematosus en reumatorde 
artritis (dit proefschrift). 

4. Het Glycine82Serine polymorfisme in het gen voor de receptor for advanced 
glycation end products vormt een gemeenschappelijke genetische achtergrond voor 
het krijgen van zowel reumatorde artritis als hart- en vaatziekten (dit proefschrift). 

5. Genetisch verlaagde spiegels van de oplosbare receptor for advanced glycation end 
products (sRAGE) dragen bij aan het ontstaan van hart- en vaatziekten bij patienten 
met reumatorde artritis (dit proefschrift). 

6. Vee! ziekten ontstaan doordat de mensheid onvoldoende in staat is zich aan te 
passen aan de snelle technologische ontwikkelingen, met als gevolg dat gentherapie 
een belangrijke plaats zal gaan innemen binnen de geneeskunde. 

7. De beste tijd om een boom te planten is twintig jaar geleden. De een na beste tijd is 
nu (Oosters gezegde). 

8. Als een promovendus geen tijd tekort komt voor zijn of haar onderzoek, getuigt dat 
eerder van een gebrek aan inspiratie dan van goede organisatorische kwaliteiten. 

9. Being the fittest is in onze samenleving niet meer de enige voorwaarde voor 
survival. 

10. Everything is autoimmune until proven otherwise. (Y. Shoenfeld). 

11. Aan de taalbarriere tussen de oude en de jonge generatie liggen modeme 
communicatiemiddelen ten grondslag. AJBWIB 

12. De antiperinucleaire factor ( Nienhuis & Mandema, Ann. Rheum. Dis. 1964) is pas 
nadat deze gericht bleek tegen gecitrullineerde eiwitten (Schellekens, Van Venrooij 
& anderen, J. Clin. Invest. 1998) intemationaal onderkend als zeer specifieke 
reumafactor. 
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CHAPTERl 

GENERAL INTRODUCTION 

ATHEROSCLEROSIS IN SYSTEMIC AUTOIMMUNE DISEASES 
EARLY MARKERS AND RISK FACTORS 



Introduction 
Atherosclerosis was formerly considered a lipid storage disease but in the early nineties the 
endothelium, cytokines and immunocompetent cells were recognized as important players 
in atherogenesis. Since then, compelling evidence for the role of inflammation in 
atherosclerosis at both the basic and clinical level has evolved rapidly. The recognition of 
atherosclerosis as an inflammatory disease also contributed to our insight in the accelerated 
development of atherosclerosis in systemic autoimmune disease. 
The problem of accelerated development of atherosclerosis in a systemic autoimmune 
disease was described for the first time by Urowitz and colleagues 1• They observed a 
bimodal pattern of mortality in patients with systemic lupus erythematosus (SLE), with a 
first peak of mortality due to the acute phase of the disease and infections, and a second 
peak of mortality due to cardiovascular disease (CVD). Mortality in rheumatoid arthritis 
(RA) patients from CVD does not only occur in established disease2'3, but also early in the 
disease4'5 • In patients with granulomatosis with polyangiitis (GPA), formally known as 
Wegener's granulomatosis, like in SLE patients, a bimodal pattern of mortality was 
observed6

• 

Epidemiology of cardiovascular disease in systemic autoimmune diseases 
Systemic autoimmune diseases, among which SLE, RA, and GP A, are associated with an 
increased prevalence of cardiovascular disease. The risk of developing CVD, including 
myocardial infarction (MI), coronary artery disease and stroke, among SLE patients is 
variously reported to be 2- to 50 fold greater than in control populations7-10• Variation in 
risk between studies may be explained by the selection of patients and controls, age 
stratification and different analysis methods used. Risk of CVD is also increased in RA, 
although not as strikingly as in SLE11

-
14

, but to an extent at least comparable to that of type 
2 diabetes mellitus15

• In GPA a 2.2 and 3.6 fold increased risk for MI and ischemic heart 
disease, respectively, has been reported16

. In addition, we and others previously reported 
premature atherosclerosis, the main underlying cause for most CVD, in SLE17-23, RA22•24 

and GPA25• 

Early markers for atherosclerosis 
Endothelial cell activation 
Endothelial cell (EC) activation is one of the first steps in the process leading to 
atherosclerosis (Figure 1 ). Factors involved in EC activation will be discussed in the next 
sections. 
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EC activation is characterised by increased expression and shedding of adhesion 
molecules, change in phenotype from antithrombotic to thrombotic, production of 
cytokines, and several other changes allowing EC to participate in an inflammatory 
response26

'
27

• The enhanced expression of adhesion molecules and chemoattractants 
provides an environment for leukocyte adhesion and migration into the intima of the 
arterial wall intima. Once resident in the arterial wall, these blood-derived inflammatory 
cells participate in, and perpetuate, a local inflammatory response. Macrophages express 
scavenger receptors for modified lipoproteins, permitting them to ingest lipids and become 
foam cells. T cells release inflammatory cytokines that can stimulate endothelial cells, 
macrophages, and smooth muscle cells. As this inflammatory process continues, the 
activated inflammatory cells and their enzymes, cytokines, chemokines, and growth 
factors, drive smooth muscle cell proliferation and contribute to formation of a dense 
extracellular matrix and eventually formation of plaques26

•
27

. 

The presence of EC activation can be demonstrated indirectly by elevated plasma levels of 
soluble adhesion molecules, like soluble vascular cell adhesion molecule (sVCAM), 
soluble intracellular adhesion molecule (sICAM) and soluble E-selectin. Concordant 
endothelial cell injury is reflected by increased levels of soluble thrombomodulin (sTM) 
and von Willebrand factor (vWf)28

• Levels of these markers have shown to be predictive of 
future cardiovascular events29 and increased levels have been demonstrated in SLE, RA 
and GPA30

-
36

• 

Endothelial cell dysfunction 
ECs are essential for the maintenance of vascular homeostasis. Among several regulatory 
functions ECs are responsible for the continuous adjustment of the vascular tone. The 
vascular tone is controlled by synthesis and secretion of vasodilators: nitric oxide (NO), 
prostacyclin (PGI2), and endothelium-derived hyperpolarising factor37

, and 
vasoconstrictors such as endothelin-1, thromboxane A2 and endoperoxidase28

. A balance 
between these mediators provides a minute-by-minute control of vascular tone and blood 
pressure. EC activation and endothelial cell injury may disrupt this delicate balance 
through alteration of the synthesis and secretion of these vasodilator an vasoconstrictor 
substances. In addition, reactive oxygen species are formed during EC activation which 
inactivate NO and thus decrease bioavailability of NO. The resulting dysregulation of the 
vascular tone is referred to as EC dysfunction and can be detected using several techniques 
(Figure 1). 
Flow mediated vasodilation (FMD) is most commonly used for detecting EC 
dysfunction38

•
39

. This technique measures the endothelium-dependent vasodilator response 
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to reactive hyperaemia in the brachial artery using ultrasound. This response is corrected 
for the endothelium-independent vasodilator response to sublingually administrated 
nitroglycerine. The technique has been validated and FMD has been shown to relate to the 
extent and severity of coronary artery disease and to predict future cardiovascular 
disease 4042

. Impaired FMD of the brachial artery was reported in SLE, RA, and GP A 4346
. 

Laser Doppler fluxmetry (LDF) combined with iontophoresis of vasoactive agents is 
another non-invasive method to assess EC function. Using this method, local vasodilation 
via endothelium-dependent (using acetylcholine) and endothelium-independent (using 
sodium nitroprusside) pathways can be assessed in the microcirculation47

• Whether 
microvascular EC function reflects macrovascular function is debated. A recent study 
showed that microvascular EC function, as measured with LDF, is not related to FMD of 
the brachial artery in patients with RA 48

. Moreover, in another study microvascular EC 
function was disturbed whereas FMD was preserved in RA 49

. Although microvascular EC 
function doesn't seem to reflect macrovascular EC function, it is still associated with 
cardiovascular risk factors50-

52 and coronary heart disease risk53, and may provide 
additional information on vascular risk compared to FMD. Several studies have reported 
disturbed microvascular EC function in RA patients49•54

. However, in patients with early 
RA and SLE microvascular EC function was not impaired55

-
57

. 

Although FMD and LDF with iontophoresis of vasoactive agents are elegant research tools 
to noninvasively study EC function, their poor reproducibility and their demands on the 
examiner and subjects limit their use in clinical practice57

•
58

• 

Pulse wave analysis (PW A) is another method to study EC function. This technique is 
well-tolerated and requires less time and experience of the examiner compared to FMD 
and LDF. Large (LAE) and small artery elasticity (SAE) are estimated from analysis of the 
peripheral arterial waveform, which is recorded through tonometry of the radial artery. 
Although LAE is relatively static, SAE is much more dynamic and depends to a large 
extent on smooth muscle tone and thus on endothelial function47

• SAE is inversely related 
to atherosclerosis59

, decreased in high vascular risk conditions60-62, and is an independent 
predictor of cardiovascular events63

• Van Doorn um, et al showed that SAE is an even more 
sensitive measure of EC dysfunction than FMD in RA64

• 

Intima media thickness 
EC activation and dysfunction eventually result in the development of atherosclerosis. 
Intima media thickness (IMT), most commonly measured at the common, and/or internal 
carotid artery, and/or carotid bulb is considered the gold standard as marker for early 
atherosclerosis. In the general population, IMT has shown to be prognostic for the 
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development of future CVD65'66 and several studies have reported an increased IMT in 
SLE 17-23

, RA 22•24 and GP A patients25
• 

Early markers for atherosclerosis may be used in research to gain insight in the 
pathophysiology of atherosclerosis. In a clinical setting, early markers for atherosclerosis 
offer the possibility to detect individuals at risk for developing atherosclerosis and to 
intervene early in the process leading to atherosclerosis, thereby preventing progression to 
overt CVD. 

Risk factors for atherosclerosis in systemic autoimmune diseases 
Several traditional cardiovascular risk factors, including dyslipidemia, hypertension, 
diabetes mellitus, smoking, obesity, and sedentary life style are more prevalent in SLE67•68 

and RA patients15'69•70 and have been associated with atherosclerosis in these patients17
-

22'24'25'68'7 1'72
. However, traditional cardiovascular risk factors fail to fully account for 

premature atherosclerosis and increased risk for CVD in SLE17• 18•73
, RA74

-
76 and GPA25 

patients. Therefore disease related factors are probably involved as well. This is supported 
by several studies in SLE and RA patients showing that disease duration, independently of 
age and other traditional cardiovascular risk factors, is associated with atherosclerosis and 
CVD9

•
17•20•

21•68•72•77
. Several disease related factors have been proposed to contribute to 

atherosclerosis in patients with systemic autoimmune diseases (Figure 1 ). 

Potential disease related cardiovascular risk factors 
Inflammation, pro-inflammatory cytokines 
Inflammation appears to contribute to all stages of atherosclerosis ranging from the early 
stage, which is characterised by the infiltration of monocytes and lymphocytes into the 
vessel wall, to the late stages of plaque instability and rupture26 '27

• Several studies have 
demonstrated that inflammatory features of systemic autoimmune diseases as are 
associated with atherosclerosis. 
C-reactive protein (CRP) is an important predictor of future cardiovascular events, in the 
general population78

-
81 as well as in systemic autoimmune diseases82• It has even been 

suggested that CRP itself contributes to the development of atherosclerosis, as it exerts 
direct proinflammatory effects on endothelial cells83. However, a recent study showed that 
polymorphisms in the CRP gene, leading to increased CRP levels, are not associated with 
an increased risk of vascular disease84

. The role of CRP as a causal factor in the 
development of atherosclerosis remains controversial. 
Increased levels of pro-inflammatory cytokines such as interleukin-I beta (IL-1 B), 
interleukin-6 (IL-6) and tumor necrosis factor-alfa (TNF-u), may directly contribute to 
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atherosclerosis in RA76
, SLE77

'
85

, and GPA86'87
, as they induce endothelial and macrophage 

activation26•88
• These cytokines are indeed associated with atherosclerosis as blocking of 

their actions suppresses endothelial activation, improves endothelial function and 
suppresses progression of atherosclerosis88

-
91

• Other cytokines as type I interferons, 
interleukin-I 0, interleukin-I 8, and monocyte chemotactic protein-I are also involved in 
the pathogenesis of atherosclerosis and may contribute to atherosclerosis in autoimmune 
diseases as well92-99

. 

Tee/ls 
TNF-a. favours the expansion of a unique subset of T cells, CD4+ cells that lack expression 
of the surface CD28 molecule 100-102

. This CD4+CD28"u 11 cell population has high 
proinflammatory and tissue damaging potential103

•
104

• In particular, they produce large 
amounts of interferon-y (INF-y)105

-107
, a cytokine that is involved not only in RA synovitis 

but also in development of atherosclerosis 105• 108
• Approximately one-fourth of RA patients 

have persistent peripheral blood CD4+CD28 null cell expansion and have increased carotid 
IMT as compared to patients without CD4+CD28null cell expansion101

•
109

• Expansion of 
these T cells has also been described in GP A and several other diseases associated with 
increased morbidity and mortality from CVD 102

•
107

,
110

• Whether these T cells are also 
expanded in SLE patients has not been studied. 

Autoantibodies 
A hallmark of systemic autoimmune diseases is the presence of autoantibodies. In SLE 
patients, antibodies directed against phospholipids (APLA) and endothelial cells (AECA) 
bind to, and might activate endothelial cells 111-113

• Also in GP A patients the presence of 
AECA has been shown114

. Antibodies directed against oxidized LDL (oxLDL) cholesterol 
and heat shock proteins (HSP) have shown to be associated with atherosclerosis in 
populations with and without systemic autoimmune diseases 115-121

. Raised titers of these 
antibodies have been found in SLE and WG122

-
124

• Anti-oxLDL antibodies isolated from 
serum were found to be predominantly immunoglobulin G (IgG) antibodies . These 
antibodies in complex with oxLDL, through binding to Fe receptors on monocytes, 
promote monocyte survival, increased uptake of oxLDL, oxygen radical release and 
production of proinflammatory cytokines in vitro 125• In contrast to IgG antibodies, 
circulating anti-oxLDL immunoglobulin M (IgM) antibodies may play a protective role in 
atherogenesis 126

•
127

• In RA patients, anti-citrullinated protein antibodies (ACPA) have 
shown to be independently associated with subclinical atherosclerosis 128

. To our 
knowledge, the direct effects of ACP A on endothelium have not been studied. 
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Complement activation 
Antibodies can also contribute to atherosclerosis by the formation of immune complexes 
and subsequent activation of the complement system. Complement activation appears to 
play an important role in the development and progression of atherosclerosis by 
stimulating EC activation and enhancing recruitment of leukocytes to inflammatory 
sites129

• Increased C3 levels have been associated with atherosclerosis in SLE patients130• 

132 

Renal Junction 
There is growing evidence that relatively mmor renal abnormalities such as slightly 
reduced GFR or microalbuminuria, even within the normal range, may be associated with 
increased risk of CVD71

• Decreased GFR and proteinuria, not surprisingly, have a higher 
prevalence in SLE, GPA and RA patients than in age-matched controls. Several studies 
have indeed shown renal impairment and proteinuria to be associated with early 
atherosclerosis in these patients71'130

• One of the principal pathophysiological mechanisms 
that have been proposed to link renal insufficiency to atherosclerosis is endothelial 
activation and dysfunction caused by dyslipidemia, increased blood pressure, oxidative 
stress and low grade inflammation 133• 

Advanced glycation end products 
Oxidative stress and low grade inflammation, together with decreased clearance of 
advanced glycation end products (AGEs) precursors, may lead to increased formation and 
accumulation of AGEs. AGEs are a class of compounds resulting from non-enzymatic 
glycation of proteins, lipids or nucleic acids under influence of oxidative or glycaemic 
stress. AGEs accumulate continuously on long lived proteins with aging but formation and 
accumulation is increased during inflammation. Indeed, increased AGE deposition is 
present in inflamed tissue, such as synovial tissue from RA patients and atherosclerotic 
blood vessels 1 34

• AGE accumulation can be measured noninvasively as skin 
autofluorescence as several AGEs encompass a characteristic autofluorescence pattern. 
This method has been validated with AGEs measured in skin biopsies. Skin 
autofluorescence is strongly predictive for the development of future cardiovascular and 
microvascular events in diabetes, and for CVD and total mortality in renal failure135

'
136

• 

Accumulation of AGEs is increased in SLE, WG and RA patients and associated with 
atherosclerosis137

-
139

• AGEs are implicated in vascular pathology by three general 
mechanisms: ( 1 )  cross-linking of AGEs with proteins of the extra-cellular matrix decreases 
blood vessel elasticity; (2) intracellular AGE formation alters cellular functions; (3) AGEs 
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activate endothelial cells through their receptor (RAGE)140• The role of RAGE and its pro
inflammatory ligands in relation to atherosclerosis will be discussed in part 2 of this thesis. 

Genetics 
Atherosclerosis is an inflammatory disease and actually fulfils several criteria of Witebsky 
and Rose for being an autoimmune disease23

. In this perspective, systemic autoimmune 
diseases and atherosclerosis may have shared pathogenic mechanisms. Several studies 
indeed suggest a common genetic background for atherosclerosis and systemic 
autoimmune diseases, especially in RA. Genetic susceptibility for RA is associated with 
cardiovascular events in these patients as well. Carrying 2 DRB 1 shared epitope (SE) 
alleles, as compared to O or 1 SE allele, is associated with about a two-fold increase of 
mortality from CVD141

, particularly from ischemic heart disease (IHD)142
. Moreover, the 

HLA-DRBl *0404 allele was demonstrated to predict CV events in RA patients, and 
endothelial dysfunction was more commonly observed in patients carrying the HLA
DRBl *0404 allele143

•
144

• Several other gene polymorphisms, in addition to confering 
increased susceptibility to RA, are associated with endothelial dysfunction and increased 
risk of CVD145

• Evidence for a common genetic background of atherosclerosis and 
susceptibility for SLE or GPA is less abundant95•146

-
148

. 

Steroids 
Of all the different treatment modalities in systemic autoimmune diseases, steroids in 
relation to atherosclerosis have been debated most. Steroid therapy for more than 1 year 
was associated with atherosclerosis observed at post-mortem examination in SLE 
patients 149

• Steroids have many adverse metabolic effects, such as alteration of body fat 
distribution and disturbance of glucose metabolism, and lead to an increase of blood 
pressure. On the other hand, steroids may also be of benefit due to their anti-inflammatory 
effects. Several studies have found positive associations between exposure to steroids and 
premature atherosclerosis9

•
20•

68
•
121

• In contrast, others found that patients with carotid 
plaque tended to have been exposed to less steroid therapy, suggesting that the underlying 
inflammatory disease may be less adequately controlled21

• Also, in the context of 
autoimmune diseases, the use of corticosteroids might be regarded as a marker of disease 
severity. Therefore, it is difficult to interpret data on the use of immunosuppressive 
medication in relation to atherosclerosis. 
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Aim and outline of the thesis 
Aims of the studies presented in part I of this thesis were to study markers of EC 
dysfunction in relation to established markers for EC activation and atherosclerosis in 
patients with SLE, RA or GP A. Moreover, to study the contribution of traditional and 
disease related factors to EC activation, dysfunction and atherosclerosis in these patients. 
Aims of the studies presented in part II of this thesis were to study the contribution of 
AGEs and their receptor (RAGE) to cardiovascular disease in patients with SLE, RA or 
GPA. 

Part I 
First, we studied microvascular EC function in relation to EC activation and 
atherosclerosis in GP A patients. EC function was assessed using LDF with iontophoresis 
of acetylcholine and sodium nitroprusside ( chapter 2). 
Next, we used another, more clinically applicable method for assessing EC function in 
patients with SLE, namely PWA. Using this technique, EC function was determined and 
related to measures of EC activation and atherosclerosis. Moreover, we investigated the 
relation of skin autofluorescence as measure for AGE accumulation with EC activation, 
EC function, and atherosclerosis ( chapter 3). 
Finally, we used PWA to investigate EC function in relation to EC activation and 
atherosclerosis in RA patients (chapter 4). 

Part II 
Chapter 5 provides an overview of the potential role of AGEs and their receptor (RAGE) 
in the development of atherosclerosis in systemic autoimmune diseases. 
We studied AGE accumulation and plasma levels of AGEs and soluble RAGE in patients 
with SLE (chapter 6) and in GPA (chapter 7). 
Finally, to further elaborate on the role of RAGE in systemic autoimmune diseases, we 
studied functional polymorphisms in the gene for this receptor in relation to disease 
severity and cardiovascular disease in SLE ( chapter 8) and RA patients ( chapter 9). 
An integrated discussion of all studies is given in chapter 10. 
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Traditional 
CVD risk factors: 

Hypertension 

Dysllpldemla 

Diabetes 

Smoking 

Obesity 

Positive family history 
for CVD 

i 
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CVD risk factors: 

Chronic inflammation 

Inflammatory cytoklnes 

c04•co2anuu T cells 
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Complement activation 
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end products 

Genetic predisposition 

Steroids?? 

Endothelial cell  

activation 
.. Endothelial cell 

dysfunction 

Markers: 
sVCAM, slCAM, 

sE-selectin, sTM, vWf 

Flow-mediated dilation 

Laser doppler fluxmetry 

Pulse wave analysis 

Modified after M Bijl. Neth J Med 2003; 61:273-277. 

• I Atherosclerosis I• I CVD I 

! 
lntima media thickness 

Figure 1 .  Schematic view of the development, risk factors and early markers of atherosclerosis in systemic 

autoimmune diseases Both traditional and disease related factors contribute to endothelial cell (EC) 
activation, which is one of the first steps in the process leading to atherosclerosis. EC activation is reflected 
by elevated plasma levels of soluble vascular cell adhesion molecule (sVCAM), soluble intracellular 
adhesion molecule (sICAM), soluble E-selectin, soluble thrombomodulin (sTM) and von Willebrand factor. 
When EC are activated their function in regulating vascular tone becomes disturbed. This EC dysfunction is 
reflected by decreased flow-mediated dilatation, impaired microvascular responses as measured using laser 
Doppler fluxmetry and decreased vascular elasticity as assessed with pulse wave analysis. Eventually EC 
activation and dysfunction progress into atherosclerosis, which is reflected by an increased intima media 
thickness of the artery wall, and is the main cause for most cardiovascular diseases. 
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Abstract 
Objective: To assess endothelial cell (EC) function of the cutaneous microcirculation in 
patients with Wegener's granulomatosis (WG) and to relate EC function to EC activation 
and presence of atherosclerosis. 
Methods: We studied 28 WG patients with inactive disease and 28 age and sex matched 
controls. Common carotid intima-media thickness (IMT), as a measure of atherosclerosis, 
was determined by ultrasonography. EC function of microcirculation in the fingers was 
assessed using laser Doppler fluxmetry in combination with iontophoresis of acetylcholine 
(ACh) and sodium nitroprusside (SNP), which are endothelial-dependent and endothelial
independent vasodilators, respectively. In addition to vascular responses, traditional 
cardiovascular risk factors were recorded, and EC activation was assessed by serological 
measures. 
Results: WG patients had increased IMT compared to controls (0.71 mm versus 0.66 mm, 
p<0.05). In WG patients IMT correlated positively with age and body mass index (BMI), 
and negatively with duration of prednisolone use and cumulative prednisolone dose. Levels 
of von Willebrand factor (vWF) and of C-reactive protein (CRP) were increased in WG 
patients (p<0.05). ACh induced but not SNP induced vasodilatation was enhanced in WG 
patients compared to controls. When patients and controls with increased IMT were 
excluded, the difference in relative response to ACh became significant (median 567 vs. 
334 %, p=0.007). The response to ACh correlated negatively with age. 
Conclusion: We confirmed that WG patients have accelerated atherosclerosis as measured 
by IMT. EC activation and disturbed microvascular endothelium-dependent vasodilatation 
was present in the microcirculation of WG patients with inactive disease and without signs 
of atherosclerosis, indicating and contributing to a proatherogenic state. 
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Introduction 
Atherosclerosis is considered to reflect an inflammatory process 1 •2 , and various large scale 
prospective epidemiological studies have demonstrated that increased levels of 
inflammatory markers are predictive of future cardiovascular disease (CVD)3.4. 
Inflammation is also one of the hallmarks of systemic autoimmune diseases. Wegener' s 
granulomatosis (WG) is a chronic systemic autoimmune disease that usually begins as a 
localized granulomatous inflammation of upper and/or lower respiratory tract mucosa and 
may progress into generalized necrotizing vasculitis and glomerulonephritis. 
Antineutrophilic Cytoplasmic Antibodies (ANCA) are almost invariably present5• Levels 
of C reactive protein (CRP), reflecting the inflammatory expression of this disorder, are 
often increased and correlate with disease activity6. Systemic autoimmune diseases, 
including WG, are indeed associated with an increased prevalence of CVD7-1 3

• Accelerated 
atherosclerosis cannot be fully explained by the presence of traditional cardiovascular risk 
factors. Therefore, nontraditional risk factors, disease-related factors in particular, are 
probably involved and might include increased levels of autoantibodies, systemic 
inflammation, renal impairment and use of medication such as corticosteroids. The 
presence of early atherosclerosis can be assessed by measuring the intima-media thickness 
(IMT) by ultrasound 14• 

Atherogenesis is associated with endothelial cell (EC) activation and dysfunction indicated 
by increased expression of adhesion molecules, which leads to leukocyte adhesion and 
migration of these cells into the vessel wall. EC dysfunction leads to dysregulation of the 
vascular tone and can be detected by several techniques. Flow-mediated dilation (FMD), 
measuring the hyperemic response to ischemia, is most commonly used15

'
16

• Indeed, 
impaired FMD of the brachia! artery was shown in several systemic autoimmune diseases, 
such as rheumatoid arthritis, systemic lupus erythematosus and in patients with primary 
systemic vasculitis 1 7"

19
• Laser Doppler fluxmetry (LDF) combined with iontophoresis of 

vasoactive agents is another noninvasive method to assess endothelial function. Using this 
method, local vasodilation via endothelium-dependent and endothelium-independent 
pathways can be assessed in the microcirculation. 
EC activation and dysfunction are early and reversible events m the pathogenesis of 
atherosclerosis20

. Therefore, evaluation of endothelial function may be of clinical 
relevance, because it offers the possibility to intervene early in the process of 
atherosclerosis. We assess early atherosclerosis and EC function in patients with WG 
compared to controls, and investigated whether endothelial function is related to the 
presence of early atherosclerosis and to traditional and non-traditional risk factors for 
CVD. 
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Patients and Methods 
Subjects 
Thirty consecutive patients fulfilling the American College of Rheumatology (ACR) 
criteria for WG21 and attending our outpatient clinic at the University Medical Center 
Groningen were studied. Pregnancy and active disease were exclusion criteria. Disease 
activity was assessed by the Birmingham Vasculitis Activity Score (BV AS), and active 
disease was defined as BV AS of > 1 22

• Healthy age and sex matched volunteers served as 
controls. The local research ethics committee gave approval for the study, and informed 
consent was obtained from each participant. Information was obtained from all subjects 
with respect to traditional risk factors for CVD, including blood pressure, body mass index, 
lipid levels, smoking status, diabetes, family history of CVD ( considered positive if first 
degree relatives suffered from CVD before 60 years of age), and manifest CVD. 
Hypertension was defined as mean systolic blood pressure > 1 40 mmHg and/or mean 
diastolic blood pressure > 90 mmHg, or use of antihypertensive drugs, prescribed with the 
aim to reduce blood pressure. Disease related factors that might influence the development 
of atherosclerosis were also assessed. Cumulative BV AS, as a measure of overall disease 
burden, was calculated by adding the BV AS scores of each exacerbation. In addition, we 
recorded duration of prednisolone use, cumulative prednisolone dose and creatinine 
clearance. 

Blood analyses 
Plasma lipid concentrations ( cholesterol, high density lipoprotein, low density lipoprotein, 
and triglycerides) were measured by routine techniques. Additionally, serum and plasma 
samples were stored at -20°C for determination of levels of markers of EC activation and 
inflammation. Serum levels of vascular cell adhesion molecule 1 (R&D Systems, 
Abingdon, UK) and thrombomodulin (Diaclone, Besancon, France) were measured 
according to the manufacturer's instructions. Von Willebrand factor and CRP were 
determined using in-house enzyme linked immunosorbent assays (ELISAs) as described8

• 

Measurement of intima-media thickness 
The method used in this study have been described 14• In brief, IMT was determined of the 
far wall of the left common carotid artery approximately 1 cm proximal to the bulbus at 3 
different positions using Acuson 1 28XP ultrasound with 7 MHz linear array transducers 
(Acuson Corporation, Mountain View, California, USA). A B  mode image was obtained of 
the common carotid artery, after which the probe was positioned perpendicular to the far 
wall, showing an intima-media complex over about 1 cm. Mean IMT was calculated (m-
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IMT; the mean value over the last 1 cm segment before the bulb, averaged over three 
measurements). IMT was considered to be increased when m-IMT exceeded 0.8 mm 
before the age of 50 and 0.9 mm when age was over 5023

. 

Laser Doppler fluxmetry in combination with iontophoresis 
Skin perfusion was measured by Periflux 4000 laser Doppler system in combination with a 
Periflux tissue heater set to 31 °C (PF4005, Peritemp; all equipment from Perimed, 
Stockholm, Sweden). Vasoactive drugs were administered using iontophoresis. 
Iontophoresis allows charged substances to cross the skin by means of a small electrical 
current. Acetylcholine (A Ch, 1 %, Miochol, IOL AB, Bournonville Pharma, the Hague, the 
Netherlands) was used to induce an endothelium-dependent vasodilation. On the other 
hand, sodium nitroprusside (SNP, 0. 1 %, dissolved in NaCl 0.9%) was used to induce an 
endothelium-independent vasodilation, as SNP acts as a NO donor, bypassing the 
endothelium. The subjects were asked to refrain from caffeine, alcoholic drinks and 
smoking for 12 hours preceding the test. We followed the same protocol as described 
before24

'
25

• In 1 0  subjects studied twice, this protocol gave intra-individual coefficients of 
variation for maximal responses of 1 6  % for Ach, and 1 8  % for SNP. Two of the 30 
patients were excluded from further analysis because they did not show a response, caused 
by technical failures. One control was excluded for the same reason, another control 
proved to use a diuretic and was also excluded as he did not fulfil the requirements for a 
healthy control. 

Statistical methods 
Values are expressed as mean (SD) when variables were normally distributed. In case of a 
non-normal distribution, data are reported as median (25th to 75th centile). Comparisons 
between patients and controls were made by independent-samples t tests or Mann-Whitney 
U tests for continuous variables, and by Chi squared analysis for categorical variables. The 
univariate correlation between IMT or relative change to ACh or SNP and other 
categorical variables was assessed by Pearson correlation coefficient when variables were 
normally distributed. Otherwise, Spearman correlation coefficient was used. Stepwise 
linear regression analysis was used to assess the influence of demographic and clinical 
parameters on microvascular responses. A two sided p value :S 0.05 was considered 
significant. 
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Results 
Risk factors of patients and controls 
Diastolic blood pressure, lipid levels, smoking habit, family history for CVD, manifest 
CVD, and diabetes were comparable. Only BMI and systolic blood pressure were 
significantly increased in WG patients (26.8 ± 3.4 kg/m2

, 130 ± 15 mmHg, respectively) 
compared to controls (24.2 ± 2.2 kg/m2 and 118 ± 9 mmHg, respectively, p<0.05). Eleven 
patients (39%) used one or more antihypertensive drugs. Two patients used 3-hydroxy-3-
methylglutaryl coenzyme A inhibitors (Table 1 ). To study the relation between disease 
characteristics and EC function, several disease related factors were recorded as shown in 
Table 2. 

Table 1. Characteristics of patients and controls 
Controls (n=28) WG patients (n=28) 

Age, years 50 ± 9 49 ± 9  
Sex 1 1  female 1 1  female 
Manifest CVD, n (%) 0 (0) 1 (4) 
BMI, kg/m2 24.2 ± 2.2 26.8 ± 3.4* 
Blood pressure 

Diastolic, mmHg 77 ± 7  8 1  ± 1 0  
Systolic, mmHg 1 1 8 ± 9 1 30 ± 1 5 *  

Hypertension, n (%) 0 (0) 13 (46)* 
Antihypertensive drugs, n (%) 0 (0) 1 1  (39)* 
Increased blood pressure, n (%) 0 (0) 5 ( 1 8)* 

Lipid levels 
Cholesterol, mmol/1 5.5 1 ± 1 .04 5.8 1 ± 0.96 
HDL, mmol/1 1 .66 ± 0.52 1 .58 ± 0.37 
LDL, mmol/1 3.09 ± 0.95 3.41 ± 0.95 
Triglycerides, mmol/1 1 .60 ± 0.98 1 .85 ± 1 .06 

Smokers, n (%) 3 ( 1 1 )  5 ( 1 8) 
Family history for CVD, n (%) 8 (26) 1 2  (39) 
Diabetes, n (%) 0 (0) 2 (6) 
Antihypertensive agents 

Beta-blockers, n (%) 0 (0) 5 ( 1 8)* 
ACE inhibitors, n (%) 0 (0) 6 (2 1 )* 
Calcium antagonists, n (%) 0 (0) 1 (4) 
A Tl-antagonists, n (%) 0 (0) 3 ( 1 1 )  
Diuretics, n (%) 0 (0) 3 ( 1 1 )  

HMG-CoA inhibitors, n (%) 0 (0) 2 (7) 
m-IMT, mm 0.66 ± 0. 1 0  0.71 ± 0. 1 8* 

Unless otherwise indicated, data are expressed as mean ± standard deviation. Abbreviations: BMI: body mass 
index, HDL: high density lipoprotein, LDL: low density lipoprotein, CVD: cardiovascular disease, ACE 
inhibitors: angiotensin-converting enzyme inhibitors, A T l  -antagonists: angiotensin II type 1 recepetor, 
HMG-CoA: 3-hydroxy-3-methylglutaryl coenzyme A; IMT: intima-media thickness, m-IMT: mean IMT. * p 
< 0.05 compared to controls 
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Table 2. Disease-related factors 
Characteristics 
Disease duration, months 91 (60-124) 
Creatinine clearance, ml/min 78 ± 2 1  
Cumulative BV AS 32 ± 1 7  
Prednisolone use, months 24 (8-54) 
Cumulative prednisolone dose, g 14 (6-26) 
Number of exacerbations, n 3 ( 1 -5) 

Data are expressed as mean ± standard deviation when normally distributed and as median (25%-75%) when 
non-normally distributed. Abbreviation: BVAS: Birmingham vasculitis activity score 

Intima-media thickness 
Mean IMT (m-lMT), measured over an arterial segment of 1 cm in the common carotid 
artery, was increased in WG patients compared to controls (p<0.05) (Table 1). Univariate 
analyses performed using data of all subjects showed a positive correlation between m
IMT and age (r=0.275, p=0.049), BMI (r=0.431, p=0.036), total cholesterol (r=0.407, 
p=0.003), LDL-cholesterol (r=0.361, p=0.009) and smoking (r=0.365, p=0.008). Among 
WG patients m-IMT was correlated positively with age (r=0.450, p=0.028), BMI (r=0.431, 
p=0.036) and total cholesterol (r=0.412, p=0.046), and negatively with duration of 
prednisolone use (r=-0.449, p=0.024) and cumulative prednisolone dose (r=-0.399, 
p=0.048). 

Markers of EC activation 
Levels of von Willebrand factor were significantly elevated in WG patients. Levels of 
thrombomodulin were slightly increased, and levels of vascular cell adhesion molecule- I 
were slightly decreased in WG patients, although not significantly (Table 3, fig. 1). 

Table 3. Markers of EC activation 

TM, ng/ml 
VCAM-1, ng/ml 
vWF, % 
CRP, mg/I 

Controls (n=28) 
3.0 ( 1 .8-4.7) 

247 (224-272) 
42 (22-58) 

1 .3 (0.59-2.6) 

WG patients (n= 28) 
4.3 (2.7-6.8) 

22 1 ( 1 79-264) 
79 (37-235)* 

5.6 (3 .4- 17 .3)* 
Data are expressed as median (25%-75%). Abbreviations: CRP: C-reactive protein, TM: thrombomodulin, 
VCAM-1 :  vascular cell adhesion molecule- I ,  vWf: von Willebrand factor. * p<0.05 compared to controls 
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Figure 1 .  Markers of endothelial activation in WG patients and controls. Open circles represent controls, 
closed circles represent WG patients. Abbreviations: VCAM-1 :  vascular cell adhesion molecule 1 ,  vWF: von 
Willebrand factor, TM: thrombomodulin, CRP: C reactive protein. ** p < 0.01 

Microvascular Junction 
Data of microvascular measurements are presented in Table 4. No significant differences 
for baseline flux, plateau flux, and absolute change between WG patients and controls 
were found. The relative change in flow to ACh was slightly increased in WG patients 
(p=0.06) (fig. 2). In this study, one WG patient already had CVD, as she had had cerebral 
infarction. Assuming a negative impact of manifest CVD on ACh response, we excluded 
this patient. After exclusion the relative response to ACh was significantly increased in 
patients (p=0.045). Based on this finding it might be hypothesized that patients with 
manifest atherosclerosis exhibit decreased responses and that inclusion of these patients 
masks increased responses possibly present in patients without atherosclerosis. Therefore, 
we subdivided patients and controls into those with normal and those with increased IMT. 
When patients without an increased IMT were compared to controls the difference in the 
relative response to ACh was even more pronounced (median 567 vs. 334 %, p=0.007). No 
differences were found between patients with an increased IMT and controls (fig. 3). Next, 
we related ACh response to clinical and biochemical parameters. The response to ACh was 
found to be negatively correlated with age (r=-0.261, p=0.05). 
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Tabel 4. Results of microvascular measurements 

Acetylcholine 
Skin temperature, °C 
Baseline flux, PU 
Plateau flux, PU 
Absolute change, PU 
Relative change, % 

Sodium nitroprusside 
Skin temperature, °C 
Baseline flux, PU 
Plateau flux, PU 
Absolute change, PU 
Relative change, % 

Controls (n=28) 

3 1 .7 ± 0.68 
30 (22-41 )  

1 4 1  ( 1 09- 1 71  ) 
1 09 (83-1 34) 

345 (273-465) 

3 1 .8 ± 0.79 
30 (1 9-42) 

1 14 (83-145) 
91 (43-1 03) 

266 ( 1 54-560) 

WG patients (n=28) 

3 1 .7 ± 0.8 1  
2 3  ( 1 6-33) 

148 ( 1 1 0-205) 
1 1 6 (84- 1 7 1  ) 

440 (327-862) 

3 1 .6 ± 0.66 
22 ( 1 5-30) 
99 (69- 144) 
79 (5 1 - 1 04) 

355 ( 1 84-658) 
Data are expressed as mean ± standard deviation when normally distributed and as median (25%-75%) when 
non-normally distributed. Mann-Whitney tests were used to compare the different groups. PU: arbitrary 
perfusion units. 
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Figure 2. Vascular responses in controls and WG patients A. Median acetylcholine (ACh)-induced 
vasodilation (horizontal line) is slightly increased in patients compared to controls (p=0.06). B. Median 
sodium nitroprusside (SNP)-induced vasodilation (horizontal line) is not significantly different in patients 
compared to controls (p=0.34). 
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IMT (n-IMT) compared to controls with a normal IMT, and also compared to WG patients with increased 

IMT (i-IMT). 

Influence of demographic and clinical parameters on microvascular responses 
Differences in BMI and prevalence of hypertension, which includes increased blood 
pressure and the use of antihypertensive drugs, could influence our results. Furthermore, 
vascular responses are known to be related to age. Therefore, we explored the relations 
between microvascular responses and these parameters. Because BMI is related to the 
presence of hypertension we entered an interaction term in the regression model. Stepwise 
regression analysis revealed that Wegener' s granulamatosis and age are independent 
predictors of the microvascular response (Table 5). 

Table 5. Regression analysis of determinants of acetylcholine-mediated vasodilation in all subjects (n=56). 

Variable 
Age 
BMI 

Univariate analyses 

r 

-0.26 

0. 1 6  

p 
0.05 

0.24 

Hypertension* 0. 1 0  0.49 

BMI x Hypertension 0.41 <0.01 

Multivariate analyses 
(R2 = 0.40) 

Beta p 
-0.26 1 0.05 

Vasculitis** 0.30 0.03 0.30 0.02 

*Mean systolic blood pressure > 1 40 mmHg and/or mean diastolic blood pressure > 90 mmHg, or use of 

antihypertensive drugs, prescribed with the aim to reduce blood pressure.**WG patients are defined as 0, 

controls as 1 .  
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Discussion 
We evaluated EC function and the presence of EC activation in relation to early 
atherosclerosis in patients with WG. First, we confirmed our previous findings that 
accelerated atherosclerosis and EC activation are present in WG patients8

• Secondly, 
unexpectedly, we observed that the microvascular vasodilator response was increased in 
WG patients, especially after exclusion of those patients with manifest atherosclerosis or 
those with an increased IMT. This indicates abnormal EC function of the microcirculation 
in WG patients. 
Our results are unexpected, as data are discordant with some other studies in which 
decreased vasodilator responses were shown in primary vasculitis 1 7  •26-28. Discrepancies 
between the present study and other studies might relate to methodological differences. 
Most studies used FMD to assess EC function. FMD measures the response to reactive 
hyperemia in the brachial artery, whereas LDF measures the response to A Ch and SNP in 
the microcirculation. In addition, ACh-mediated vasodilatation involves NO, prostanoids 
and endothelium-derived hyperpolarizing factor29'30, whereas FMD results from shear 
stress-induced NO production alone. In contrast to our results, Filer, et al showed a 
decreased vasodilator response in patients with ANCA associated systemic vasculitis and 
polyarteritis nodosa using LDF of the microcirculation 1 7. Filer, et al included patients with 
inactive disease as well as active disease, whereas we excluded patients with active disease 
in order to focus on the underlying condition, excluding influences of temporary disease 
activity. Although Filer, et al found no correlation between vascular responses and BV AS 
it can not be ruled out that differences in disease activity explain the contrasting results, 
especially because groups were rather small. 
Use of medication might have influenced our results. Beta-blockers, angiotensin
converting enzyme inhibitors and angiotensin type-I receptor antagonists, for example, are 
known to influence EC function31-33 . Antihypertensive agents were used by our patients 
and not by controls. However, when we compared the responses to ACh of patients using 
antihypertensive agents with those of patients not using these drugs, we found no 
differences. Also, when we excluded patients with hypertension the differences between 
patients and controls remained significant. Comorbidity might be a confounder as well. 
Diabetes is known to impair vascular function, however, exclusion of two patients with 
diabetes did not influence our results (data not shown). 
The increased response to ACh in our patients is consistent with the results of a small 
study on 10 patients (7 with ANCA-associated systemic vasculitis) in which an enhanced 
vasodilator response to ACh in resistance vessels using forearm plethysmography was 
observed34• As well, in other conditions associated with an increased risk of 
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atherosclerosis, such as preeclampsia, we and others reported an increased microvascular 
vasodilatory response24•35

•
36

• Therefore, it might be hypothesized that EC dysfunction is 
expressed differently in resistance or microvascular vessels than in large vessels such as 
the brachial artery. Another possible explanation could be that periods of inactive disease 
and low grade inflammation are characterized by a relative overproduction of endothelial 
derived vasodilatory substances which results in an enhanced vasodilator response to ACh. 
Although our patients were inactive on clinical grounds, increased levels of CRP suggest 
low grade inflammation. CRP has been demonstrated to be not only a biomarker, but also 
an active mediator in the pathogenesis of atherosclerosis 1• Furthermore, increased levels of 
CRP were found to be associated with an increased risk of CVD4•37

. Levels of CRP found 
in these studies were several times lower than levels found in our patient group. 
Several studies using FMD have shown that atherosclerosis, considered the underlying 
cause of CVD, is associated with decreased vasodilator responses38•39

. The effect of 
established atherosclerosis on vasodilator responses of the microcirculation is not known. 
Therefore, we subdivided patients and controls into those with normal and those with 
increased IMT. Patients with a normal IMT showed an increased response compared to 
controls with a normal IMT, whereas patients with an increased IMT did not differ in 
response from controls. Based on these findings we propose that the increased vasodilator 
response in patients without established atherosclerosis could be masked by a decreased 
response in patients with increased IMT. 
The negative correlation between duration of prednisolone use, cumulative prednisolone 
dose and IMT might suggest that more vigorous therapy diminishes the development of 
atherosclerosis. This is in line with a large scale study showing that aggressive 
immunosuppressive therapy might decrease the likelihood and burden of atherosclerosis in 
patients with systemic lupus erythematosus 11• 

Our study confirms the presence of accelerated atherosclerosis and EC activation in WG 
patients. In addition, the endothelium-dependent vasodilator response is increased in WG 
patients compared to controls, in particular in patients without established atherosclerosis. 
This abnormal endothelium-dependent response is not fully explained by differences in 
traditional cardiovascular risk factors, therefore disease-related factors are probably 
involved. Whether EC dysfunction is expressed differently in resistance vessels versus 
large vessels remains speculative and needs further investigation. Further, our data suggest 
that presence of atherosclerosis should be taken into account when data on EC function in 
the microcirculation are interpreted. 
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Abstract 
Objectives: The objectives of this study were to determine small arterial elasticity (SAE) 
in systemic lupus erythematosus (SLE) and to investigate its relationship with intima 
media thickness (IMT), accumulation of advanced glycation end products (AGEs), 
endothelial activation and inflammation. 
Methods: Thirty SLE patients with inactive disease and 30 age- and sex-matched healthy 
controls were included. Twenty patients with essential hypertension (EH) served as 
positive control. SAE was assessed by pulse-wave analysis using tonometric recordings of 
the radial artery. IMT of the carotid arteries was measured by ultrasound. AGE 
accumulation was assessed with an AGE-reader. Endothelial activation markers and C
reactive protein (CRP) were determined by enzyme-linked immonosorbent assay (ELISA). 
Results: SAE was decreased in SLE (p=0.01 )  and further decreased in EH (p<0.01 )  
compared to healthy controls. IMT was increased in EH (p<0.05), but not in SLE. AGE 
accumulation was increased in SLE (p<0.05) and further increased in EH (p<0.01 )  
compared to healthy controls. Endothelial activation markers and CRP were increased in 
SLE but not in EH. SAE related to AGE accumulation (r=-0.370, p<0.05), CRP (r=-0.429, 
p<0.05) and creatinine clearance (r=0.440, p<0.05), but not to IMT and endothelial 
activation markers. In multivariate analysis SLE was an independent predictor of SAE. 
Conclusion: SAE is decreased in SLE patients without increased IMT, independently of 
traditional cardiovascular risk factors. SAE, endothelial activation and AGE accumulation 
are early markers for cardiovascular disease in SLE. 
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Introduction 
Systemic lupus erythematosus (SLE) is associated with an increased prevalence of 
cardiovascular disease (CVD), due to accelerated atherosclerosis1

'
2

• Traditional 
cardiovascular risk factors cannot fully explain the presence of accelerated atherosclerosis 
in these patients, suggesting that other factors are involved3-5. A potential non-traditional 
risk factor in these patients is formation and accumulation of advanced glycation end 
products (AGEs). We previously showed that accumulation of AGEs is increased in SLE 
patients and that AGE accumulation is related to intima media thickness (IMT), a surrogate 
marker for atherosclerosis6• 

Endothelial cell (EC) activation and dysfunction are among the first steps in 
atherogenesis 7• Detection of these early and reversible events may be of clinical relevance, 
because it offers the possibility to intervene early in the process leading to atherosclerosis. 
The presence of EC activation can be assessed by measuring circulating levels of soluble 
vascular cell adhesion molecule-I (VCAM-1), thrombomodulin (TM), and von Willebrand 
factor (vWf).- EC dysfunction can be detected by several techniques of which flow 
mediated vasodilatation (FMD) is most commonly used. Another technique is pulse wave 
analysis (PW A) which measures large and small artery elasticity (LAE and SAE, 
respectively). SAE is decreased in high vascular risk conditions such as hypertension, 
diabetes mellitus and chronic kidney disease8

- 1 0• SAE is inversely related to IMT and in a 
retrospective study SAE was shown to be an independent predictor of cardiovascular 
events11'12

• 

Based on these observations we hypothesized that SAE is decreased in SLE patients and 
that decreased SAE is related to non-traditional risk factors, including AGEs. For this 
reason, we determined artery elasticity in patients with SLE and related artery elasticity to 
EC activation, intima media thickness and traditional and non-traditional risk factors, 
including accumulation of AGEs. 

Methods 
Subjects 
Thirty consecutive patients (26 female, 4 male) fulfilling the American College of 
Rheumatology criteria for SLE13, who attended the out-patient clinic of the University 
Medical Center Groningen, were included (Table I). Aiming at markers for early detection 
of atherosclerosis, patients with a history of CVD, including ischemic heart disease (ICD-9 
classification 410-414), cerebrovascular accidents or peripheral vascular disease, were 
excluded. Other exclusion criteria were pregnancy, diabetes mellitus, renal insufficiency 
( creatinine > 140 µmol/1) and active disease, defined as SLE Disease Activity Index 
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(SLEDAI) > 414
• Thirty age- and sex-matched healthy subjects were recruited as negative 

controls and 20 patients with still untreated essential hypertension (EH) were included as 
positive controls (Table 2). Hypertension was defined as a systolic blood pressure 2:140 
mmHg and/or a diastolic blood pressure 2:90 mmHg, based on at least 3 measurements, 
and/or the use of antihypertensive drugs. Possible secondary causes of hypertension had to 
be excluded. The same exclusion criteria as for SLE patients applied to EH patients. All 
patients and controls were Caucasians, except for two SLE patients of Asian origin. The 
local research ethics committee gave approval for the study and written informed consent 
was obtained from each participant. 
All traditional cardiovascular risk factors were assessed. Body mass index, smoking status, 
and family history of CVD ( considered positive if first-degree relatives suffered from CVD 
before 60 years of age) were recorded. Dyslipideamia was defined as plasma cholesterol 
above 5.0 mmol/L and/or plasma low density lipoprotein (LDL) cholesterol above 3.0 
mmol/L and/or triglycerides above 1.7 mmol/1 and/or high density lipoprotein (HDL) 
cholesterol below 1.2 mmol/L in women and below 1.0 mmol/L in men and/or use of lipid 
lowering drugs15

• Creatinine clearance was estimated using the Cockcroft-Gault formula. 
Use of prednisolone, azathioprine, and hydroxychloroquine was categorized as current and 
none, and daily dose was recorded. All measurements and blood sampling were performed 
after an overnight fast to exclude postprandial effects. 

Pulse-wave analysis 
Arterial elasticity was assessed by pulse-wave analysis using the CR-2000 (Hypertension 
Diagnostics, Eagan, MN). The CR-2000 records and analyses the blood pressure waveform 
data from the Arterial Pulse Pressure Sensor. SAE was estimated from a computerized 
pulse contour analysis using a Windkessel model 16

• Measurements were performed after 10 
minutes of acclimatization in a temperature controlled room (22°C) with the subject in 
supine position. The arterial pulse pressure sensor was placed over the right and 
subsequently over the left radial artery. A blood pressure cuff was placed on the opposite 
arm to record blood pressure (BP). The average of three readings of BP and SAE of both 
the left and right arm were used for analysis. To assess reproducibility of this technique, 10 
subjects of each group were studied by a single investigator on 2 separate occasions, with 3 
weeks interspace. The intra-individual coefficient of variation was 11.2 % for SAE. 

Assessment of A GE accumulation 
Tissue AGE accumulation was assessed as skin autofluorescence (AF) on the ventral site 
of the lower arm with the AGE-Reader (DiagnOptics BV, Groningen, The Netherlands) 1 7

. 
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In short, the AGE-Reader consists of a Tabletop box containing a black light excitation 
light source (peak wavelength -365 nm). Light emitted from the skin is measured with an 
integrated spectrometer. Measurement is fully automated and takes approximately 30 
seconds to perform, giving an average value over 50 individual scans. The measurement 
was performed at non-lesional skin. Skin AF is calculated by dividing the mean value of 
the emitted light intensity per nm between 420-600 nm by the mean value of the excitation 
light intensity per nm between 300-420 nm, expressed as arbitrary units (AU). Repeated 
measurements on one day in controls and diabetic patients showed an overall Altman error 
percentage of five percent 1 7

• 

Measurement of intima media thickness 
Details of the method, as used in this study, have been described by de Groot et a/1 8

• IMT 
was determined at the common carotid artery (CCA), the bulb and the internal carotid 
artery (ICA) at left and right sites using an Acuson 1 28XP ultrasound system with 7 MHz 
linear array transducers (Acuson Corp., USA). A B-mode image was obtained after which 
a probe was positioned perpendicular to the far wall, showing an intima-media complex 
over approximately one centimeter. Mean IMT (the mean of the segment studied) and the 
maximum IMT (the highest IMT value found among the segment studied) were 
determined. As endpoint we used the mean of the mean (mean IMT) and the mean of the 
maximum (mean-max IMT) of the far wall IMT of the 6 imaged carotid segments. From 
studies on repeatability, the error of variation in measurement is calculated as 0.03 mm for 
the carotid far wall IMT. 

Blood analyses 
Fasting cholesterol, HDL, LDL, triglycerides, creatinine, glycated haemoglobin (HbAlc) 
and C-reactive protein (CRP) levels were measured by routine techniques. In patients, 
levels of complement C3 and C4 were measured by nephelometry, and levels of antibodies 
to double stranded DNA (dsDNA) by 1251 Farr assay. Additionally, serum and plasma 
samples were stored at -20°C for determination of levels of markers of EC activation. 
Serum levels of vascular cell adhesion molecule- I (VCAM-1 )  (R&D Systems, Abingdon, 
UK) and thrombomodulin (TM) (Diaclone, Besancon, France) were measured according 
to the manufacturer's instructions. Levels of von Willebrand factor (vWf) were determined 
using an in-house ELISA as described 1 9

• 
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Statistical methods 
Power analysis revealed that 30 subjects in each group had to be included to detect a 
difference in SAE of 2.0 ml/mmHg x 100 with a standard deviation of 2.8 at a significance 
level of 0.05 with a power of 80 %. 
Except when stated otherwise, values are expressed as mean ± standard deviation when 
normally distributed and as median (interquartile range) when non-normally distributed. 
Comparisons between groups were made by Mann-Whitney tests or two-sample t-test for 
continuous variables and by chi-square analysis for categorical variables. Univariate 
correlations were assessed by Pearson's correlation coefficient, when variables were 
normally distributed. Otherwise, Spearman' s correlation coefficient was used. 
To assess influence of traditional cardiovascular risk factors on SAE, univariate linear 
regression and multivariate linear regression with backward inclusion of variables was 
performed. Variables that had a p-value < 0.05 in univariate analysis together with 
variables that significantly differed between healthy controls and SLE patients were 
included in the model. The probability of F for removal was 0.10. 
All analyses were performed using SPSS 16.0 (SPSS Inc., Chicago, Illinois, USA). A two
sided P-value < 0.05 was considered to indicate statistical significance. 

Results 
Characteristics of patients and controls 
Characteristics of patients and age- and sex-matched controls are presented in Tables 1 and 
2. Concerning traditional cardiovascular risk factors, more SLE patients were smoking 
compared to healthy controls (30% vs 10%, respectively) and SLE patients more often 
used antihypertensive drugs compared to healthy controls (30% vs 0%, respectively). 
Patients with essential hypertension had increased diastolic and systolic blood pressure and 
more often used statins compared to healthy controls. 

Small Artery Elasticity 
SAE was decreased in SLE patients (p=0.01) and EH patients (p<0.01) compared to 
healthy controls (Table 2, Figure 1 ). Since the increased prevalence of hypertension and 
smoking among SLE patients could have influenced results, we reanalysed data after 
exclusion of subjects with hypertension and smokers. After exclusion of both subjects with 
hypertension and smokers, SAE remained significantly decreased in SLE patients ( n= 14) 
compared to controls (n=27, p=0.021). 
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Intima media thickness 
Mean-max IMT and mean IMT did not differ between SLE patients and healthy controls, 
whereas both the mean-max IMT and mean IMT were increased in EH patients compared 
to healthy controls (p<0.05 and p=0.01 ,  respectively) (Table 2). 

Accumulation of advanced glycation end products 
AGE accumulation was increased in SLE patients (p=0.02) and in EH patients (p<0.001 )  
compared to healthy controls (Table 2 ,  Figure 1 ). 

Table 1. Disease characteristics of SLE patients 

ACR criteria, n (%) 

Matar rash 

Discoid rash 

Photosensitivity 

Oral ulcers 

Arthritis 

Serositis 

Renal disorder 

Neurological disorder 

Hematological disorder 

Immunological disorder 

Antinuclear antibody 

Duration of disease, months 

SLEDAI 

Anti-dsDNA, Farr 

Complement C3, g/1 

Complement C4, g/1 

C-reactive protein, mg/I 

Creatinine Clearance, ml/min 

Prednisolone use, n (%) 

Dose, mg/day 

Hydroxychloroquine use, n (%) 

Dose, mg/dag 

Azathioprine use, n (%) 

Dose, mg/day 

SLE (n = 30) 

13 (43%) 
6 (20%) 
12 (40%) 
9 (30%) 

20 (66%) 
1 6  (53%) 
13 (43%) 
1 (3%) 

23 (77%) 
26 (87%) 
30 ( 1 00%) 

146 (49-209) 
4 (2-4) 

20 (6-140) 
0.89 (0.74- 1 .06) 
0. 1 2  (0.09-0. 1 7) 

1 .8 (0.5-4.5) 
1 06 (93- 1 3 1 )  

1 9  (63%) 
7 .5 (5-1 0) 
1 5  (50%) 

400 (400-400) 
1 1  (37%) 

I 00 (50- 1 50) 
Unless stated otherwise, data are expressed as median (25 to 75%). ACR: American College of 
Rheumatology; SLEDAI: SLE disease activity index; anti-dsDNA: anti-double stranded DNA. 

Markers of EC activation and inflammation 
Markers of EC activation are presented in Table 2. Levels of vWf and sVCAM-1 were 
elevated in SLE patients compared to healthy controls (p<0.001 and p<0.001 ,  respectively) 
but not in EH patients. Levels of TM did not differ between SLE patients and healthy 
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controls, whereas levels of TM were increased in EH patients compared to healthy controls 
(p=0.04). Levels of CRP were increased in SLE patients (p<0.05) but not in EH patients. 

Influence of traditional cardiovascular risk/actors on SAE 
Univariate and multivariate analysis was performed to assess whether the difference in 
SAE between SLE patients and healthy controls could be explained by traditional 
cardiovascular risk factors. Factors that related to SAE in univariate analysis and factors 
that significantly differed between SLE patients and healthy controls (Table 2) were 
included in multivariate analysis. This analysis revealed that age, gender, smoking, and 
SLE are independently associated with SAE (Table 3). In addition, we assessed whether 
SAE and other vascular parameters differed between SLE patients with and SLE patients 
without hypertension, no significant differences were found (Table 4). 

Relations between SAE, /MT, A GE accumulation and disease related factors 
Univariate analysis performed on data of SLE patients and healthy controls together 
revealed inverse correlations between SAE and AGE accumulation (r=-0.336, p=0.009), 
CRP (r=-0.307, p=0.022) and creatinine clearance (r=0.376, p=0.004). In SLE patients, 
SAE inversely correlated to AGE accumulation (r=-0.370, p=0.044). Concerning disease 
related factors, SAE was positively correlated to creatinine clearance (r=0.440, p=0.01 7) 
and inversely correlated to CRP (r=-0.429, p=0.025). No significant correlations were 
found between SAE and IMT. 

p < D 01 p < 0.001 

16 
p • 0.01 NS 

4.0 
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Figure 1 .  Small Artery Elasticity (A) and skin autofluorescence as reflection of AGE accumulation (B) in 
patients and controls 
Open circles represent healthy controls, closed triangles represent quiescent SLE patients (SLEq) and closed 
squares represent essential hypertension patients (EH). The mean is indicated by the horizontal line. 
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Table 2. Traditional cardiovascular risk factors and vascular parameters of patients and healthy controls 

Age, years 
Female, n (%) 
BMI, kg/m2 

Blood pressure, mmHg 
Systolic 
Diastolic 

Dyslipidaemia, n (%) 
Smokers, n (%) 
Family history CVD, n 
HbAlc (%) 
Statins, n (%) 
Antihypertensives, n (%) 

Beta-blockers 
ACE inhibitors 
Calcium antagonists 

SAE, mVmmHg x 100 
AF, AU 
IMT, mm 

Mean Maximum 
Mean 

CRP, mg/I 
VCAM-1,  ng/ml 
vWf, % 
TM, ng/ml 

CTL (n=30) SLE (n=30) EH (n=20) 
42 ± 1 1  41  ± I O  49 ± 1 5  

26  (87%) 26 (87%) 12 (60%) 
24 ± 2.6 25 ± 5.0 25 ± 3.7 

1 20 ± 9  1 25 ± 1 7  1 5 1  ± 1 5**## 

70 ± 6  72 ± 1 0  8 8  ± 9**## 

14 (47%) 1 5  (50%) 1 3  (65%) 
3 ( 1 0%) 9 (30%)* 3 ( 1 5%/ 
5 ( 1 7%) 5 ( 1 7%) 7 (35%) 
5.4 ± 0.3 5.7 ± 0.7 5.3 ± 0.4 

0 l (3%) 3 ( 1 5%)* 
0 9 (30%)** 0 
0 4 ( 1 3%)* 0 
0 5 ( 1 7%)* 0 
0 1 (3%) 0 

8 . 1  ± 2.6 6.4 ± 2.7** 5.2 ± 3.8** 
1 .9 ± 0.4 2. 1 ± 0.5* 2.3 ± 0.5** 

0.72 (0.69-0.87) 0.71 (0.68-0.77) 0.89 (0.76-0.99)*## 

0.64 (0.59-0.70) 0.61 (0.57-0.66) 0.75 (0.67-0.86)**## 

0.8 (0.4- 1 .5) 1 .8 (0.5-4.5)* 1 .7 (0.5-2.8) 
371 ± 1 0 1  548 ± 1 65** 393 ± 1 1 1 ## 

67 (46-88) 1 30 (89-223)** 78 (50-1 77l 
1 .6 ( 1 .2- 1 .7) 1 .7 ( 1 .2-2.3) 1 .8 ( 1 .5-2.6)* 

Unless stated otherwise, data are expressed as mean ± standard deviation when normally distributed and as 
median (interquartile range) when non-normally distributed. CTL: healthy controls; SLE: SLE patients; EH: 
essential hypertension patients; BMI: body mass index; CVD: cardiovascular disease; CrCl: creatinine 
clearance; HbA l c: hemoglobulin A l  c, ACE: angiotensin converting enzyme; SAE: small artery elasticity; 
AF: autofluorescence; AU: arbitrary units; IMT: intima media thickness; CRP: C-reactive protein; VCAM-1 :  
vascular cell adhesion molecule- ) ;  vWf: von Willebrand factor; TM: thrombomodulin. Patients versus 
controls: * p :S 0.05, ** p :S 0.o J .  EH patients versus SLE patients: # p :S 0.05, ## p :S 0.o J . 
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Table 3. Univariate and multivariate linear regression analysis for SAE in SLE patients and controls (CTL) 
Univariate analysis Multivariate analysis (R2=0.524) 

B (95% CI) p-value B (95% Cl) p-value 
Age (yr) -0. 1 1 9  (-0. 1 82 to -0.056) <0.001 -0. 1 26 (-0. 1 78 to -0.074) <0.001 
Gendera -2.357 (-4.392 to -0.323) 0.024 -2.067 (-3.656 to -0.477) 0.0 12  
BMI (kg/m2) 0.092 (-0.094 to 0.278) 0.324 ** 
Blood pressure (mmHg) 

Systolic 
Diastolic 

Antihypertensives useb 

Dyslipidaemiac 

Smokinl 
Family history CVDc 

HbAl c  
SLE or CTLr 

B refers to influence on SAE. 

-0.01 9  (-0.073 to 0.035) 
-0.065 (-0. 1 54 to 0.024) 
0.201 (-1 .636 to 2.037) 
-0.645 (-2. 1 06 to 0.8 1 6) 
-2.542 (-4.240 to -0.844) 
0.667 (-1 .285 to 2.6 1 9) 
-0.597 (-2.895 to 1 .  702) 
-0.9 1 6  (- 1 552 to -0.279) 

0.486 
0. 1 5 1  
0.828 
0.381  
0.004 
0.497 
0.596 
0.005 

** 
** 
* 
** 

-2. 1 86 (-3 .589 to -0.782) 
** 
** 

- 1 .425 (-2.549 to -0.301)  

0.003 

0.014  

* Variable was not selected during multivariate regression analysis. 
**Variable was not tested in multivariate regression analysis because of a p-value>0.05 in univariate 
regression analysis and/or no significant difference between between healthy controls and SLE patients. 
a_. male were defined as 0, female as I, h_. non-hypertensive subjects were defined as 0, hypertentive subjects 
as I, c_. no dyslipidaemia was defined as 0, dyslipidaemia as I, d_. non-smokers were defined as 0, smokers as 
/, e :  negative family history was defined as 0, positive family as I, 1: healthy controls were defined as 0, SLE 
patients were defined as I. 

Table 4. Differences in vascular parameters between SLE patients with and without hypertension 

SAE, mVmmHg x 100 
AF, AU 
IMT, mm 

Mean Maximum 
Mean 

VCAM-1, ng/ml 
vWf, % 
TM, ng/ml 

CTL (n=30) SLE - hypertension SLE + hypertension 

8. 1 ± 2.6 
1 .9 ± 0.4 

0.72 (0.69 to 0.87) 
0.64 (0.59 to 0.70) 

371 ± 1 0 1  
67  (46 to 88) 
1 .6 ( 1 .2 to 1 .7) 

(n=21) (n=9) 
6.4 ± 2. 1 * 6.4 ± 4.0 
2.1 ± 0.5* 2.2 ± 0.6 

0.70 (0.68 to 0.76) 0. 73 (0.60 to 0.98) 
0.6 1 (0.58 to 0.65) 0.62 (0.55 to 0.8 1 )  

534 ± 1 59** 578 ± 1 82** 
123 (89 to 1 89)** 1 56 (83 to 397)** 

1 .8 ( l .4 to 2.6) 1 .3 (0.6 to 1 .8) 
Unless stated otheiwise, data are expressed as mean ± standard deviation when normally distributed and as 
median (interquartile range) when non-normally distributed. AF: autofluorescence, AU: arbitrary units, CTL: 
healthy controls, IMT: intima media thickness, SAE: small artery elasticity, SLE: SLE patients, TM: 
thrombomodulin, VCAM-1 :  vascular cell adheiosn molecule-I ,  vWf: von Willebrand factor. Patients versus 
controls:  * P � 0.05, ** P � 0.0 1 .  There were no significant differences between SLE patients without 
hypertension and SLE patients with hypertension. 

Discussion 
In searching for early markers for atherosclerosis we evaluated SAE in relation to EC 
activation, inflammation, intima media thickness and accumulation of AGEs in patients 
with SLE without overt CVD and related our findings to patients at risk for premature 
atherosclerosis, which is those with untreated essential hypertension (EH). 
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First, we found that SAE is decreased in SLE patients as was the case in our positive 
control group consisting of EH patients. More importantly and in contrast to EH patients, 
this decrease was found in SLE patients with EC activation but without increased IMT and 
could not be explained by the presence of traditional cardiovascular risk factors. Second, 
we confirmed our previous finding that AGE accumulation is increased in SLE patients6 

and found that AGE accumulation is inversely related to SAE. 
In contrast to others20, we assessed SAE in patients without overt cardiovascular disease. 
In accordance with the latter, IMT was not increased in our SLE patients, supporting the 
assumption that SAE is an early marker of atherosclerosis. SAE might reflect EC function. 
Several studies have reported a correlation between SAE and flow-mediated vasodilatation 
(FMD), the traditional test of EC function10•

21
• Our results are in agreement with other 

studies showing EC dysfunction in patients with SLE using FMD22'23• Although FMD is a 
useful research tool to assess endothelial function, its poor reproducibility and its demands 
on the examiner and subjects limit the use of FMD in clinical practice24

• PWA is well
tolerated and requires less time and experience of the examiner. We showed that 
reproducibility of this technique is accepTable, especially when natural variation in blood 
pressure (CV: 4.8% for systolic BP and 5. 7% for diastolic BP), which is related to vascular 
function, is taken into account. In addition, van Doomum et al showed that SAE is a more 
sensitive measure of vascular dysfunction than FMD in rheumatoid arthritis (RA)21. 
However, whether SAE is solely a measure of EC function is questionable. Besides EC 
function, functional and structural changes are likely to be determinants of artery elasticity 
as well. Duprez et al showed that SAE is inversely related to IMT, suggesting that IMT is a 
determinant of SAE or visa-versa 11

• Although the physiological meaning of Windkessel
derived elasticity values remains unclear, they can still be used as biomarkers of arterial 
dysfunction25

• 

IMT was significantly increased in EH patients, but did not differ between SLE patients 
and healthy controls. As our SLE patients did have decreased SAE without having an 
increased IMT, we suggest that SAE is already decreased prior to intima media thickening. 
Previous studies showed an increased IMT in SLE patients3'4'26

. Discordance between this 
study and previous studies might be due to differences in age, disease duration and 
selection for patients without CVD. However, IMT values of our patients closely resemble 
those found by Roman et al in one of the largest studies to date on atherosclerosis in SLE5

• 

Their SLE patients even had a decreased IMT compared to matched controls while patients 
had significantly more carotid plaques. This indicates that IMT, although considered a 
reliable marker for diffuse atherosclerosis, might not be a sensitive marker for localised 
atherosclerotic lesions. To decrease the possibility of missing localised atherosclerotic 
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lesions we measured IMT at 6 different segments and in addition to mean IMT we also 
calculated the maximum IMT, however no differences were found between SLE patients 
and controls. 
Multivariate analysis revealed that SLE is an independent predictor of decreased SAE. 
Several disease related factors might be involved, including chronic inflammation. Levels 
of CRP were increased in our SLE patients, even though the disease was inactive. 
Moreover, CRP inversely correlated with SAE, suggesting that inflammation contributes to 
vascular dysfunction. This finding is in accordance with several other studies reporting 
relations between CRP and indices of vascular function27

-2
9. It has been suggested that 

CRP itself contributes to the development of atherosclerosis, as it exerts direct 
proinflammatory effects on endothelial cells30• However, a recent study shows that 
polymorphisms in the CRP gene, leading to increased CRP levels, are not associated with 
an increased risk of vascular disease31• Therefore, the role of CRP as causal factor in the 
development of atherosclerosis remains controversial. 
The positive correlation between creatinine clearance and SAE suggests that renal function 
is also involved in vascular dysfunction and atherogenesis. This is further supported by the 
inverse correlation we found between IMT and creatinine clearance in SLE patients ( data 
not shown). There is growing evidence that relatively minor renal abnormalities such as a 
slightly reduced GFR or microalbuminuria, even within the normal range, may be 
associated with increased risk of CVD. One of the principal pathophysiological 
mechanisms that have been proposed to link renal insufficiency to atherosclerosis is EC 
dysfunction caused by dyslipidemia, increased blood pressure, oxidative stress and low 
grade inflammation 32• 

Oxidative stress and low grade inflammation, together with decreased clearance of AGE 
precursors, might lead to increased formation and accumulation of AGEs. AGEs are a class 
of compounds resulting from non-enzymatic glycation of proteins, lipids or nucleic acids 
under influence of oxidative stress. AGEs accumulate continuously on long lived proteins 
with aging, and are present in inflamed tissue, such as rheumatoid synovia and 
atherosclerotic blood vessels.33 We confirmed our previous findings that AGE 
accumulation is increased in non-lesional skin of SLE patients6 and found that AGE 
accumulation is inversely related to SAE. Three general mechanisms may explain this 
relation. First, cross-linking of AGEs with proteins in the extracellular matrix results in a 
decrease of blood vessel elasticity. Second, intracellular AGE formation may alter cellular 
function. Third, AGEs may modulate the function of cells by interaction with and 
activation of the receptor for AGEs (RAGE) and other receptors 34. 
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In conclusion, vascular dysfunction, as shown by decreased SAE, is present in quiescent 
SLE patients without atherosclerosis. This decrease is independent of traditional 
cardiovascular risk factors, but is related to the presence of SLE. Disease related factors, 
such as inflammation, impaired renal function and accumulation of AGEs might be 
contributing to this vascular dysfunction. Measurement of SAE seems a clinically 
applicable method to detect early vascular changes in SLE. 

.r, 
.t 
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Abstract 
Objectives: To determine small artery elasticity (SAE) in patients with longstanding 
rheumatoid arthritis (RA) in comparison to healthy controls, and to investigate its relation 
to markers of endothelial cell activation, disease activity, joint damage, and the presence of 
atherosclerosis. 
Methods: Forty-nine patients with RA and 50 age- and sex- matched healthy controls were 
studied. Traditional cardiovascular risk factors and disease related factors were recorded. 
SAE was measured noninvasively by pulse-wave-analysis (PW A). Endothelial activation 
was assessed by measuring levels of soluble vascular cell adhesion molecule-I (sVCAM-
1), and von Willebrand factor (vWF). Carotid intima media thickness (IMT), as an 
indicator of subclinical atherosclerosis, was assessed using ultrasonography. 
Results: Patients with RA had higher body mass index, blood pressure, and triglyceride 
levels and were more often cigarette smokers compared to controls. SAE was decreased in 
RA patients compared to controls and was inversly related with age, smoking, blood 
pressure, vWF, sVCAM-1 ,  hsCRP and IMT. Presence of RA was independenty related to 
SAE in multivariate linear regression analysis. SAE was inversely related with the Health 
assessment Questionnaire score. No correlation was found between SAE and other disease 
activity markers and damage. IMT in patients and controls was not different. 
Conclusions: Small artery elasticity was decreased in patients with longstanding RA. The 
presence of RA was independently associated with SAE. Whereas IMT in patients with RA 
was not increased, we hypothesise that endothelial dysfunction, reflected by decreased 
SAE, is present prior to IMT thickening in these patients. 
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Introduction 
Rheumatoid arthritis (RA) is associated with increased mortality, mostly due to an excess 
of cardiovascular disease 1 -6• Even after adjustment for traditional cardiovascular risk 
factors such as hypertension, diabetes mellitus, smoking and hypercholesterolemia, a 
higher rate of atherosclerosis and cardiovascular events in patients with RA compared to 
healthy subjects has been reported7

'
8

. Therefore, it is suggested that additional mechanisms, 
including genetic factors, are responsible for the excess cardiovascular disease risk 
observed in RA8-1 3• 

Atherosclerosis is regarded as an inflammatory disease that develops over years3'14
•
15

• Early 
detection might open possibilities for intervention, aiming at the prevention of clinically 
manifest cardiovascular diseases14'15

• Activation and dysfunction of endothelial cells, are 
considered to be the first steps in this inflammatory process15• 1 6

• Endothelial activation can 
be demonstrated by detection of elevated plasma levels of von Willebrand factor (vWF), 
and soluble adhesion molecules 1 0

'
14'15'17

• Endothelial dysfunction, reflected by decreased 
small arterial 1 elasticity (SAE), can be measured non-invasively by pulse-wave-analysis 
(PWA), a local tonometric assessment of vascular elasticity. PWA is rapid, well tolerated, 
and reproducible 1 8

-
2 1 and correlates with results of mediated vasodilatation (FMD), another 

method to determine endothelial cell function 1 8•22•23• SAE inversely relates to intima media 
thickness (IMT) of the common carotid artery24 which is considered to be an indicator of 
generalized sub-clinical atherosclerosis25•26

. 

As atherosclerosis might be more pronounced in patients with longstanding RA 27
, we 

hypothesised that in these patients in particular, signs of endothelial cell dysfunction and 
loss of vascular elasticity would be present. The aim of our study was to evaluate SAE in 
patients with RA in comparison to healthy controls and to investigate its relation to 
endothelial cell activation, disease activity, joint damage, and IMT. 

Methods 
Patients and controls 
Fifty consecutive patients fulfilling the American College of Rheumatology (ACR) criteria 
for RA 28 and a disease duration of at least 1 0  years, who attended the outpatient clinic of 
the University Medical Center Groningen, were invited to participate in this study. 
Patients and healthy controls were recruited at the end of 2008 and beginning of 2009. 
Healthy controls were recruited in the city of Groningen. One patient dropped out before 
measurements took place. Exclusion criteria were pregnancy, diabetes mellitus (fasting 
blood glucose � 7.0 mmol/L or the use of antidiabetic medications), renal impairment 
(serum creatinine > 1 40 µmol/L), recent surgery and myocardial infarction or sepsis in the 
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past three months. Fifty age- and sex-matched healthy volunteers were recruited as 
controls. 
Information was obtained from all subjects regarding traditional cardiovascular risk 
factors. Blood pressure (BP) and lipid levels were measured. Information regarding body 
mass index (BMI), smoking, family history of cardiovascular disease, and manifest 
cardiovascular disease was based on information given by the subjects themselves. The 10-
year coronary heart risk was calculated using the Framingham risk score29

. 

Hypertension was defined as systolic blood pressure above 140 mmHg and/or a diastolic 
blood pressure above 90 mmHg and/or current use of antihypertensive drugs30•3 1 • 

Dyslipidaemia was defined as plasma cholesterol above 6.21 mmol/L (240mg/dl), plasma 
LDL cholesterol above 3.36 mmol/L (130mg/dl), plasma triglycerides above 2.26 mmol/L 
(300mg/dl), or current use of lipid lowering drugs30•32• Family history of cardiovascular 
disease was considered positive if first-degree relatives had cardiovascular disease before 
age 60 years3 1 • Information on current medication use of patients and controls was 
obtained by questionnaire. In addition, medical records of patients were reviewed, with 
special focus on, disease modifying antirheumatic- (DMARD's), non-steroidal anti
inflammatory- (NSAID's), lipid-lowering- and antihypertensive drugs. Subjects were 
studied in the morning after an overnight fast, abstinence from tobacco, caffeine and 
alcohol. 
The local research ethics committee gave approval for the study and informed consent was 
obtained from each participant. 

Blood sampling and analysis 
Complete blood sampling for routine analysis by standardised laboratory assessments was 
performed as appropriate in all individuals: creatinine, total cholesterol, triglycerides, high 
density lipoprotein (HDL), low density lipoprotein (LDL), high sensitivity CRP (hsCRP), 
erythrocyte sedimentation rate (ESR), and glucose. Blood samples were obtained from 
each participant on the day of vascular measurement. 
Serum and plasma samples were stored at -20°C for determination of endothelial cell 
activation markers. Serum levels of soluble VCAM-1 (sVCAM-1) were measured 
according to the manufacturer's instructions (R&D Systems, Abingdon, UK). Levels of 
vWF were determined using an in-house ELISA as described33 • 

Measurement of RA disease activitity 
Disease activity was assessed using the Disease Activity Score for 28 joints (DAS28 
score)34•35• Ranges of DAS28 scores have been proposed to correspond with disease 
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activity. DAS28 >5. 1 indicates high disease activity, DAS28 of >3.2 to 5. 1 indicates 
moderate disease activity, DAS28 of 2.6 to 3.2 low disease activity and DAS28 <2.6 
indicates remission36

• 

Measurement of functional disability 
The Health Assessment Questionnaire (HAQ) evaluates patients' ability to perform 
activities of daily living, as described37• The final HAQ index ranges from O to 3. Although 
the mean HAQ of the population rises with age, HAQ scores < 0.3 are considered 
normai37

. Increasing disability is indicated by higher HAQ-scores. The HAQ-score reflects 
both joint damage and disease activity38

•
39

. 

Measurement of joint damage 
To determine the amount of joint damage, we used the van der Heijde modification of the 
Sharp method40• The maximum erosion score in the hands is 1 60 and in the feet 120; the 
maximum score for joint space narrowing is 1 20 in the hands and 48 in the feet, resulting 
in a maximum total score of 44840 . Radiography of the hands and feet were performed 
when recent radiographs, taken within 1 year, were not available. 

Measurement of Small Artery Elasticity 
Arterial elasticity was assessed by pulse-wave analysis using the CR-2000 (Hypertension 
Diagnostics, Eagan, MN). The CR-2000 records and analyses the blood pressure waveform 
data from the Arterial Pulse Pressure Sensor. SAE was estimated from a computerized 
pulse contour analysis using a Windkessel model41

•
42

• Measurements were performed after 
1 0  minutes of acclimatization in a temperature controlled room (22°C) with the subject in 
supine position. The arterial pulse pressure sensor was placed over the right and 
subsequently over the left radial artery. A BP cuff was placed on the opposite arm to 
record BP. The average of 3 readings of heart rate, BP, and SAE of both the left and right 
arm were used for analysis. The intra-individual coefficient of variation for SAE in our 
laboratory was 1 1 .2%. 

Measurement of intima-media thickness 
Details of the method have been described by de Groot, et ar43

• In short, the IMT was 
determined in the far wall segments of the common carotid artery, carotid bulb and the 
internal carotid artery. A B-mode image of these segments was obtained from a lateral 
transducer position, during which the probe was positioned perpendicular to the far wall, 
showing an intima-media complex over approximately 1 cm. Subjects lay in the supine 
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position. Mean IMT (the mean of the measurements in a segment) and the maximum IMT 
(the highest IMT value found among the segment studied) per segment were calculated. 
Mean mean IMT (further referred to as mean IMT) and mean maximum IMT (further 
referred to as maximum IMT) were calculated as the average for the 6 carotid segments of 
mean value, and of the max value per segment, respectively43 • 

Statistical methods 
Power analysis revealed that 45 subjects in each group had to be included to detect a 
difference in SAE of 2 mmHg x 100 with a standard deviation (SD) of 2,8 , as we 
previously found (data not shown), at a significance level of 0.05 with a power of 90%. 
Anticipating on missing data we included 50 subjects in each group. Data are expressed as 
mean ± (SD) when normally distributed and as median with interquartile range (25-75%) 
when non-normally distributed. Two-sample t-tests or Mann-Whitney tests were used to 
make comparisons between patients and controls for continuous variables. For categorical 
variables the chi-square method and for very small expected frequencies the Fisher's exact 
test were used. Correlation analyses were performed by Pearson correlation when variables 
were normally distributed, otherwise the Spearman correlation was used. Independent 
associations of SAE with RA and other traditional cardiovascular risk factors were 
assessed using multivariate linear regression analysis. All analyses were performed using 
SPSS 16.0. Two-sided P-values <0.05 were considered significant. 

Results 
Clinical characteristics of patients and controls 
Characteristics of patients and controls are presented in Table 1. Concerning traditional 
cardiovascular risk factors, BMI, number of cigarette smokers, prevalence of hypertension 
and levels of triglycerides were higher in RA patients compared to controls. HDL levels 
were lower in RA patients than in controls. As expected median CRP levels were 
significantly higher in patients compared with controls (p <0.001). 

Disease related factors 
The mean disease duration was 12.5 (I 1.0-14.1) years. Although presence of rheumatoid 
factor and anti-CCP was not an issue in the selection process, it is notable that 48 (98%) of 
the patients were rheumatoid factor positive and 39 (80%) anti-CCP positive. The median 
HAQ-score was 0.18 (0.0-0.64), the mean DAS28-score 3.09 (± 1.26) and the median 
modified Sharp-van der Heijde score was 19 (9.0-39.0). 
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At the time of measurement 88 % of the patients were treated with 1 or more DMARD's 
and 59% used a NSAID. Methotrexate was used by 63% of the patients. Only 14% of the 
patients were treated with prednisolone (Table 2). 

Table 1. Clinical characteristics of patients and controls 

Age, years 
Men, n (%) 
Body mass index 
Smokers, n (%) 
Hypertension 

Antihypertensive drugs 
Systolic blood pressure, mmHg 

Patients (n = 49) 
56.3 ± 1 0.6 

19 (39%) 
27.3 ± 4.7 
1 3(27%) 

22 (45%) 
19 (39%) 

140.5 ± 20.0 

Controls (n = 50) 
56.4 ± 1 1 .9 
20 (40%) 
24.7 ± 3 . 1  
5 ( 1 0%) 
1 0  (20%) 
8 ( 1 6%) 

1 30.5 ± 1 3.7 

P-value 
NS 
NS 

0.001 
0.033 
0.008 
O.ot l 
0.005 

Diastolic blood pressure, mmHg 80.2 ± 12.7 75.7 ± 7.8 0.036 
Dyslipidaemia, n (%) 24 (49%) 25 (50%) NS 

Cholesterol, mmoVL 4.9 ± 0.9 5. I ± 1 .0 NS 
HDL, mmol/L 1 .4 ± (1 .2- 1 .9) 1 .7 ( 1 .5-1 .9) 0.004 
LDL, mmol/L 3.3± 0.9 3.3 ± 0.8 NS 

Triglycerides, mmoVL I . I  (0.9- 1 .5) 0.9 (0.6-1 .3) 0.034 
Lipid lowering drugs, n (%) 5 (1 0%) 4 (8%) NS 
Glucose 5.3 ± 0.4 5.3 ± 0.6 NS 
hsCRP, mg/L 4.5 (2.0-1 5 .6) 1 .2 (0.5-2.4) < 0.00 1 
10-year risk for coronary heart disease 6.0 (4.0- 1 0.0) 4.0 (2.0-8.5) NS 

Data are expressed as mean ± (SD) when normally distributed or as median (25-75%) when non-normally 
distributed. NS = not significant, HDL: high density lipoprotein, LDL: low density lipoprotein, hsCRP: high 
sensitive C-Reactive Protein. 

Table 2. Disease related factors in patients 
Disease duration, years 
Rheumatoid factor positive, n (%) 
ACPA positive, n (%) 
DAS28 score 
hsCRP, mg/L 
HAQ-score (range 0-3) 
Modified Sharp-van der Heijde score 
Currently using DMARD's, n (%) 
Currently using methotrexate, n (%) 
Currently using Biologicals, n (%) 
Currently using Prednisolon 
Currently using NSAID's, n (%) 

1 2.5 (1 1 .0- 14. l )  
48 (98%) 
39 (80%) 

3.09 ± 1 .26 
4.5 (2.0-1 5 .6) 

0. 1 8  (0.0-0.64) 
19 (9.0-39) 
43 (88%) 
31 (63%) 
12 (24%) 
7 ( 14%) 

29 (59%) 
Data are expressed as mean ± (SD) when normally distributed and as median (25-75%) when non-normally 
distributed. ACPA: anticitrullinated protein antibodies, DAS28: disease activity score for 28 joint indices, 
hsCRP: high sensitive C-Reactive Protein, HAQ: health assessment questionnaire, DMARD's: disease 
modifying drugs, NSAID's: non-steroidal anti-inflammatory drugs. 
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Markers of endothelial cell activation 

RA patients had higher levels of sVCAM-1 and vWF than healthy controls (both p <0.001; 
Table 3). 

Table 3. Surrogate markers for atherosclerosis and of endothelial cell activation. 

Endothelial cell activation markers 
vWF, % 
VCAM-1, ng/ml 

SAE, mL/mmHg x 100 
Maximum IMT, mm 
Mean IMT, mm 

Patients (n = 49) Controls (n = 50) 

1 54 ( 107-1 95) 
493 ± 1 1 8 
4.2 ± 1 .9 

0. 77 (0.67-1 .06) 
0.74 (0.62-0.99) 

96 (63-135) 
367 ± 89 
6.2 ± 2.9 

0.87 (0.71- 1 .00) 
0.68 (0.59-0.94) 

P-value 

< 0.001 
< 0.00 1 
< 0.001 

NS 
NS 

Data are expressed as mean ± SD when normally distributed and as median (25-75%) when non-normally 
distributed. NS = not significant, SAE: small artery elasticity, IMT: intima media thickness, vWF: von 
Willebrand Factor, sVCAM-1 :  soluble vascular cell adhesion molecule- I .  

Small Artery Elasticity 

SAE was decreased in RA patients compared to healthy controls (p < 0.001; Figure 1 and 
Table 3). When data of patients and controls were analysed together, SAE inversely 
correlated with age (r = -0.429, p < 0.001), mean IMT (p= -0.344, p = 0.001), max IMT 
(p= -0.276, p= 0.007), systolic blood pressure (r = -0.292, p= 0.004), diastolic blood 
pressure (r= -0.207, p = 0.041), hsCRP (p = -0.344, p = 0.001), sVCAM-1 (r = - 0.247, p= 

0.014) and vWF (p = -0.385, p < 0.001). 
When RA patients were analysed separately, the relation between SAE and mean IMT and 
max IMT remained (mean IMT: r= -0.309, p = 0.033; maximum IMT: r = -0.355, p = 
0.013; Figure 2). 
Furthermore, SAE was negatively correlated with the HAQ-score (p = -0.297, p = 0.040). 
In multivariate linear regression analysis the presence of RA, smoking and hypertension 
appeared to be independently associated with SAE (Table 4). After adding the term 
"history of cardiovascular disease" as an interactive term in our regression analysis, the 
presence of RA remained significant (p=0.004 before adding this term, p=0.008 after 
adding the term). 
Further, in a subanalysis excluding patients (n=7) and controls (n=5) with a history of 
cardiovascular events, the presence of RA still independently associated with SAE ( data 
not shown). Usage of NSAID was significantly associated with SAE in univariate analysis 
(r=-0.1338, p=0.023). However, in multivariate regression analysis, usage of NSAID was 
not significant (r=-0.451, p=0.496). 

64 



No correlation was found between SAE and other disease activity markers such as hsCRP 
and DAS 28 score and damage as represented by the modified Sharp-van der Heijde score 
(data not shown). 

Table 4. Regression analysis of associations with small artery elasticity (SAE), van Willebrand factor (vWF), 
or soluble vascular cell adhesion molecule-I (s VCAM-1) as dependent variable in all subjects (n = 99) using 
multivariate linear regression analysis. 

Variables 

RAa 
Body mass index 
Smokingb 

Hypertensionc 

Dislipidaemiad 

Family history of CVDc 

History of CVDr 

SAE 

B (95% CI) 
- 1 .47(-2.53 to -0.402)** 
0. 1 06 (-0.220 to 0.234) 
- 1 .36(-2.65 to -0.073)* 

- 1 .58 (-2.74 to -0.43 1 )** 
-0.365 (-1 .41 to 0.690) 
-0.639 (-1 .90 to 0.624) 
-0.339 (- 1 .89 to 1 .2 1 )  

Dependent Variable 
vWf 

B (95% CI) 
53.3 ( 16 .4 to 90.2)** 
2.57 (-1 .84 to 6.97) 
2. 1 8  (-42.3 to 46.6) 
-35.2 (-75.0 to 4.64) 
-3 . 1 0  (-39.7 to 33.5) 
- 14.7 (-59.8 to 30.2) 
36.4 (- 1 7.0 to 89.8) 

VCAM-1 
B (95% CI) 

1 27 (79. l to 1 75)** 
4. 1 2  (-1 .67 to 9.9 1 )  
-26.4 (-84.8 to 3 1 .9) 
- 1 9.8 (-72.0 to 32.4) 
2.34 (-45.2 to 49.8) 
-22.9 (-8 1 .7 to 35.9) 
32.8 (-37.3 to 1 03) 

B refers to the influence on de dependent variable (SAE, vWF, and sVCAM-1 respectively). RA: rheumatoid 
arthritis, CVD: cardiovascular disease. 0

: healthy controls were defined as 0, RA patients as 1 ,  b: Non-smokers 
were defined as 0, smokers as I ,  c: non-hypertensive subjects were defined as 0, hypertensive subjects as 1 ,  d : 
no dyslipidaemia was defined as 0, dyslipidaemia as 1 ,  c: negative family history was defined as 0, positive 
family as I ,  r: negative history ofCVD was defined as 0, positive history ofCVD as I . * p<0.05, ** p<0.01 

Intima Media Thickness 
Mean mean IMT and mean maximum IMT were not significantly different in comparisons 
between patients and controls (Figure 1 ,  Table 3). 
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Figure 1. Small artery elasticity (SAE) and mean intima media thickness (mean /MI') in RA patients (closed 
dots) and age and sex- matched healthy controls (open circles). SAE is significantly decreased in RA 
patients compared to controls. Mean IMT is not different between RA patients and healthy controls. NS: not 
significant. 
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Figure 2. Relationship of Small artery elasticity (SAE) to mean intima media thickness (mean /MI'). Closed 

dots represent patients and open circles represent controls. Solid line represents the correlation between SAE 
and IMT in patients (r = -0.309, p = 0.033). Broken line represents the correlation between SAE and IMT in 
the healthy controls (r = -0.360, p = 0.001 ). IMT correlates negatively with SAE in both groups. 

Discussion 
In patients with longstanding RA, SAE is decreased, reflecting endothelial dysfunction. 

This decrease is related to age, hypertension, smoking, and mean IMT, but also 

independently to the presence of RA. 

Consistent with results from other studies we found a higher prevalence of several 

traditional risk factors (hypertension and smoking) in patients with longstanding RA 

compared to healthy controls5
•
20

•
44

. In some studies SAE showed a negative correlation 

with high cholesterol levels45
•
46

• Other studies, however, including ours, could not confirm 

this association20
. In our study, lipid profiles were only slightly different between RA 

patients and controls, as triglyceride levels were higher in RA patients and HDL levels 
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were higher in controls. Furthermore no correlation between BMI and SAE was detected. 
Several other studies also found no association47

•
48, whereas others did find that obesity 

was associated with a decreased arterial compliance49
-

51
• A possible explanation for this 

might be that there are limitations of BMI as an estimate of body fat. Fjeldstad, et al 
suggest that the association of BMI and arterial compliance may be dependent on the 
extent to which BMI reflects fat vs lean body mass47

• 

Although the prevalence of traditional cardiovascular risk factors differed between our 2 
study groups, they cannot fully explain the decreased SAE in our patients, as the 
independent variable -- that is, having or not having RA -- showed a significant association 
with small artery elasticity in multivariate linear regression analysis. 
Disease related factors are probably involved in the pathophysiology of atherosclerosis in 
RA. Assuming that disease activity and in particular chronicity (reflected by increase in 
HAQ and increase in joint damage) might be related to development of endothelial 
dysfunction, we analyzed the relation between SAE and hsCRP, DAS 28-score, HAQ
score, and the modified Sharp-van der Heijde score. Surprisingly, correlations were found 
between SAE and markers of disease activity and damage were scarce. Only a weak 
negative correlation (r = -0.297, p = 0.040) with the HAQ-score was found. There were no 
other significant correlations between SAE and other markers of disease activity and joint 
damage. 
A possible explanation for these results could be that our patients had a low to moderate 
disease activity and functional disability at the time of measurement, as shown by the low 
DAS 28-score (mean 3.09), hsCRP (median 4.5) and a low HAQ-score (median 0.1 8) 
respectively. Further, the amount of damage, as measured by modified Sharp-van der 
Heijde score was relatively low (median 1 9), in comparison to reports from other 
cohorts18

•
52

• In patients with RA with higher damage scores, Van Doomum et al. found a 
significant inverse correlation between SAE and modified Sharp scores in RA patients. In 
addition to differences in the score itself, differences in methods used for measuring joint 
damage (modified Sharp method versus modified Sharp-van der Heijde method) might 
also explain discrepancies 18

. Moreover, atherosclerotic damage in RA is the result of the 
cumulative effect of the chronic inflammatory burden. In this regard, an association 
between the mean values of CRP over an extended followup, rather than a single 
determination of CRP at the time of the carotid ultrasonography evaluation, and the carotid 
IMT has been reported53. Indeed, hsCRP as a marker of inflammation and vWF and 
sVCAM as markers of endothelial activation were also (inversely) related to SAE, but not 
to IMT (data not shown), supporting the suggestion that SAE reflects actual disease 
activity and IMT reflects presence of chronic inflammation. 
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SAE was also inversely related to IMT (see Figure 2). Nevertheless we did not find a 
significant difference in IMT between patients and controls, despite longstanding disease 
and increased levels of endothelial cell activation markers, such as vWF and sVCAM-1, in 
the patients with RA. This seems to be in contrast to a majority of other studies that 
demonstrated an increased mean IMT in RA patients compared to healthy controls54

. 

Increased IMT was described in patients with a longer duration of RA 27
•
55

•
56 as well as in 

patients with a shorter disease duration 1 7
•
25

•
57

. Although IMT is accepted as an early 
surrogate marker for atherosclerosis, it might not always give a good reflection of actual 
atherosclerosis. Georgiadis, et a/58 described that patients with early active RA patients 
(DAS 28: 5.8, indicating high disease activity) had an increased IMT compared to controls, 
which improved after therapy. They stated that effective suppression of the disease activity 
at an early stage with methotrexate was associated with improvement of IMT, suggesting 
that IMT in this stage of the disease reflects intimal inflammation rather than 
atherosclerosis. 
The low to moderate disease activity and low functional disability in our patients probably 
explains why no difference in IMT between patients and controls could be found. Indeed, 
in comparison, disease activity as reflected by the hsCRP, ESR, HAQ-score and DAS28 
score was higher in other studies25•55

•
57-60

. Finally, it is acknowledged that our study was 
not specifically powered to detect differences in IMT. 
In our study, SAE was chosen to measure endothelial dysfunction, as SAE is less 
bothersome than FMD. Whether SAE is solely a measure of endothelial cell dysfunction 
has been debated6 1

•
62

. Indeed, there is no consensus for standard measurement for 
endothelial cell dysfunction: some authorities advocate propagate FMD23

•
6 1

•
62

, others 
choose SAE18

• Although the physiological meaning of SAE remains unclear, it is regarded 
as a biomarker of vascular dysfunction18

•
19

• 

A limitation of our study is the relatively low number of patients included. Also we did not 
exclude patients and controls who had a cardiovascular event more than 3 months before 
inclusion; be deliberately chose this approach because including all patients reflected daily 
practice in our outpatient clinic as closely as possible. Realizing this might influence our 
results, we performed a subanalysis that excluded all patients and controls with a history of 
cardiovascular events. This subanalysis showed that the presence of RA remained 
independently associated with SAE. Further, we included out-clinic patients only; this also 
reflects daily practice, as we only have hospitalized patients occasionally. Finally, the 
ultrasonographer was not blinded to the health status of the participants. 
In this cross-sectional study, SAE was decreased in patients with longstanding RA 
compared controls matched for age and sex. Presence of RA was independently associated 
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with SAE. Whereas IMT in RA patients was not increased, we hypothesise that endothelial 
dysfunction, reflected by decreased SAE, is present prior to thickening of the IMT in these 
patients. Prospective longitudinal studies are needed to test this theory and to evaluate the 
influence of disease activity and treatment on indicators of premature atherosclerosis. 
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Abstract 
Systemic autoimmune diseases are associated with inflammation, and oxidative stress 
favouring the formation of advanced glycation end products (AGEs), able to modulate 
cellular functions by activation of the receptor for advanced glycation end products 
(RAGE). As RAGE expression is increased in an inflammatory milieu, present in patients 
with systemic autoimmune diseases, these patients are especially prone for the deleterious 
effects of AGEs. Interaction of AGEs with RAGE leads to intracellular signalling, and 
subsequent expression of adhesion molecules, chemokines, pro-inflammatory cytokines 
and up-regulation of RAGE itself. AGE-RAGE interaction might act as a pro
inflammatory loop in these patients, contributing to chronic low grade inflammation 
rendering these individuals susceptible for development of accelerated atherosclerosis. 
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AGE 
Advanced glycation end products (AGEs) are a class of compounds resulting from non
enzymatic addition of saccharide derivatives to proteins, lipids or nucleic acids, partly 
under influence of oxidative stress. This leads to slow formation of intermediary Schiff 
bases and Amadori products and finally to irreversible AGEs, that can be formed more 
rapidly via intermediate formation of reactive carbonyl compounds such as methylglyoxal 
or glyoxal in circumstances characterized by oxidative, and carbonyl stress. Systemic 
autoimmune diseases, like systemic lupus erythematosus (SLE), and rheumatoid arthritis 
(RA) are associated with increased oxidative stress due to local, and systemic 
inflammation. Oxidative activity of myeloperoxidase produced by activated phagocytes for 
example can contribute to formation of AGEs (rev. in 1

). This way of AGE formation is 
independent of hyperglycemia, and may explain increased AGE formation in inflammatory 
conditions such as SLE, and RA2

• AGEs accumulate continuously on long lived proteins in 
the extracellular matrix (ECM), and are present in inflamed tissue, such as rheumatoid 
synovial, and atherosclerotic blood vessels1• AGEs are not simply innocent bystanders as 
they modulate the function of cells by activation of several receptors including RAGE. 
This may be an important mechanism contributing to the pathogenesis of vascular 
inflammation, and atherosclerosis. 

Receptors for AGE 
Several receptors which bind AGEs have been identified, these include RAGE, 
macrophage scavenger receptor (Mph SR) type A and B, and receptors of the AGE
receptor complex: AGE-receptor 1, 2 and 3 (OST-48 / 80K-H I galectin-3)1• Mph SR, and 
the AGE-receptor complex induce degradation of AGEs, whereas RAGE triggers 
inflammation. 
RAGE is a multiligand transmembrane receptor belonging to the immunoglobulin (lg) 
superfamily. It consists of one V-type (variable) and two C-type (constant) extracellular lg 
domains, a single pass transmembrane domain and a short negatively charged C-terminal 
intracellular signalling domain. Besides AGEs a wide range of other endogenous ligands 
involved in inflammatory processes can bind to this receptor, including: S 1 00/calgranulins, 
high mobility group box 1 protein (HMGB 1 ), amyloid-P peptide, transthyretin, serum 
amyloid A, and P2-integrin. RAGE recognizes a three-dimensional structure rather than a 
specific amino acid sequence and therefore is considered being a pattern recognition 
receptor involved in recognition of damage associated molecular patterns. Under normal 
physiological conditions RAGE is expressed at low levels in several cell types including 
monocytes and macrophages, smooth muscle cells, neuronal cells, fibroblasts and 
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endothelial cells (ECs ). Expression of the receptor can be upregulated by tumor necrosis 
factor (TNF)-a and C-reactive protein (CRP) as well as by AGEs, and other RAGE 
ligands3

'
4

• 

AGE-RAGE interaction 
AG Es have been described in association with a variety of pathological conditions and are 
implicated in vascular pathology by 3 general mechanisms. ( I )  cross-linking of AGEs with 
proteins of the ECM decreases blood vessel elasticity. (2) intracellular AGE formation 
alters cellular functions. (3) AGEs modulates cellular functions by activation of RAGE. 
Park, et al. showed that AGEs accelerates atherosclerosis by interaction with RAGE using 
the atherosclerosis model of diabetic apolipoprotein E (apoE) knockout mice. Blockage of 
AGE-RAGE interaction stabilizes established atherosclerotic lesions and suppresses 
vascular inflammation5• Ligand binding to RAGE generates reactive oxygen species 
(ROS), seemingly linked to activation of the nicotinamide adenine dinucleotide phosphate 
(NADPH)-oxidase and mitochondrial electron transport system. ROS can in tum activate 
the redox-sensitive transcription factor nuclear factor (NF)-KB, leading to transcription of 
genes involved in inflammatory processes such as atherosclerosis and may also lead to 
formation of additional AGEs. Besides NF-KB activation several other pathways link 
ligand-RAGE interaction to gene expression, including p21 ras, ERKI/2 (p44/p42), p38 and 
SAPK/JNK MAPK and the JAK/STAT pathway (rev. in 6). AGEs induce expression of 
several inflammation related molecules such as vascular cell adhesion molecule (VCAM)-
1 ,  intracellular adhesion molecule (ICAM)-1 ,  E-selectin, vascular endothelial growth factor 
(VEGF), monocyte chemotactic protein (MCP)-1 ,  matrix metalloproteinases (MMPs) and 
several interleukins (ILs) as well as RAGE3

•
7

. MCP-1 and ILs attract and activate 
monocytes which, via endothelial adhesion molecules migrate into the arterial wall. RAGE 
itself serves as adhesion molecule interacting with �2-integrin8

• AGE-RAGE interaction 
leads to increased vascular permeability and EC dysfunction, reflected by reduced 
production of nitric oxide (NO) and an imbalance in endothelium relaxing and contracting 
factors. EC activation and dysfunction are considered the first stages of atherosclerosis. 
There are also studies not confirming the role of AGE-RAGE in driving inflammation. 
Valencia, et al. found that binding to RAGE of AGEs was not sufficient to induce VCAM-
1 expression and TNF-a secretion by human microvascular endothelial cells grown in 
vitro. They postulated that inflammatory responses could be attributed to endotoxin and 
metal ion contamination of AGE preparations9

• Ballinger, et al reported no effect of AGEs 
on vascular smooth muscle cells in vitro probably due to very low expression of RAGE in 
these cells10

• Other studies found that AGEs were not able to bind RAGE on human 

80 



umbilical vein endothelial cells, macrophages and lung epithelial cells11
, suggesting that 

not all AGEs form the necessary structure(s) to interact with RAGE. Moreover, it must be 
stressed that the effects of AGEs in vitro are modest compared to effects of physiological 
concentrations of cytokines. Other RAGE ligands, such as HMGB 1 or S 1 00/calgranulins, 
may be stronger inducers of inflammation as compared to AGEs. 

Soluble RAGE (sRAGE) 
Several truncated forms of RAGE have been described of which C-truncated RAGE, also 
called sRAGE, has been studied most. sRAGE is generated by alternative splicing12 and 
proteolytic cleavage of full-lenght RAGE 13 and lacks the transmembrane and intracellular 
domains. Circulating sRAGE binds ligands but does not lead to intracellular signalling. 
AGEs are known to upregulate RAGE expression, and therefore may also be involved in 
regulation of sRAGE. A positive correlation between levels of sRAGE and AGEs has been 
shown14

• sRAGE is also associated with inflammation. In sepsis levels of sRAGE are 
elevated15, in type 2 diabetes mellitus sRAGE was positively associated with inflammatory 
markers16 and sRAGE was increased in quiescent and even more in active SLE2

• It has 
been suggested that the net effect of sRAGE can be either anti-inflammatory or pro
inflammatory depending on the milieu. In the absence of ligands, sRAGE possesses pro
inflammatory properties in vitro by interaction with Mac-I. In the presence of HMGB 1 
sRAGE suppressed inflammation by blocking the HMGBI-RAGE interaction17• Most 
studies support the concept that sRAGE has beneficial effects in a milieu rich in RAGE 
ligands such as AGEs. sRAGE was found to block the effects of AGEs on endothelial cells 
in vitro12

• In diabetic apoE KO mice, administration of recombinant sRAGE was shown 
not only to suppress the development of atherosclerosis but also to stabilize established 
atherosclerosis5 suggesting that exogenous sRAGE acts as decoy receptor. High serum 
levels of sRAGE were associated with longevity in humans18

• Low levels of sRAGE are 
associated with increased mortality in renal transplant recipients19 and were independently 
associated with coronary artery disease20

. We assume that sRAGE is protective against 
AGE-elicited cellular activation. Compensatory anti-inflammatory mechanism may be 
responsible for increased sRAGE production during inflammation. 

Pharmacological interventions 
Many approaches may help counteracting the deleterious effect of RAGE activation in 
patients with systemic autoimmune diseases. ( 1 )  Reducing formation of AGEs. Effective 
immunosuppression resulting in reduced inflammation and ROS limit AGE formation. 
Angiotensin receptor blockers and angiotensin converting enzyme inhibitors lower AGE 
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formation by scavenging ROS. Aminoguanidine, pyridoxamine, and OPB-91 95, inhibit 
AGE formation by trapping the critical AGE precursors methylglyoxal and glyoxal 1 • (2) 
Prevention of AGE-RAGE interaction. Attempts to develop sRAGE as a treatment for 
humans have been made21

• In addition, heparin binds to RAGE without inducing 
inflammation, suggesting that it may be applicable as a RAGE blocker (unpublished). (3) 
Application of AGE-breakers. These compounds are successful in cleavage of protein 
cross-links formed by AGE and through this improved artery compliance1 and may lower 
AGE burden. 
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Abstract 
Objectives: To examme whether skin advanced glycation endproducts (AGEs) 
accumulation, plasma levels of AGEs: Nc-carboxymethyllysine (CML) and Nc
carboxyethyllysine (CEL), and serum levels of soluble receptor for AGEs (sRAGE) are 
elevated in SLE patients compared to controls, and whether these parameters are related to 
disease activity and endothelial cell (EC) activation. 
Methods: Ten SLE patients (9 women, age 34 ± 13 years, mean ± SD) and 10 age- and sex
matched controls were included. Patients were analysed during inactive as well as active 
disease. Skin AGE accumulation was estimated using UV-A light for measurement of 
excitation-emission matrices (AF-EEMS). Levels of CML and CEL were determined by 
tandem mass spectrometry. Levels of sRAGE and of soluble vascular cell adhesion 
molecule-I (sVCAM-1) were determined by enzyme-linked immunosorbent assays. 
Results: Skin AF-EEMS was increased in SLE patients compared to controls (p<0.05). 
Levels of CML and CEL were comparable between patients and controls and were not 
influenced by disease activity. sRAGE and sVCAM-1 levels were higher in quiescent SLE 
patients compared to controls (p<0.05) and increased further during active disease (p<0.05). 
In patients with quiescent disease and controls, sRAGE levels correlated to sVCAM-1 
levels (r=0.579, p=0.007) 
Conclusions: Skin AGEs and levels of sRAGE and sVCAM-1 were elevated in SLE 
patients, whereas levels of CML and CEL were comparable to controls. As sRAGE even 
further increased during endothelial activation, it might be hypothesized that sRAGE acts 
as a decoy receptor. Why this proposed mechanism is insufficient to prevent increased 
AGE accumulation in the skin of SLE patients has to be established. 
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Introduction 
Systemic lupus erythematosus (SLE) is associated with an increased prevalence of 
cardiovascular disease (CVD) due to accelerated atherosclerosis 14

. This cannot be fully 
explained by increased prevalence of traditional cardiovascular risk factors. Therefore, 
non-traditional risk factors such as advanced glycation endproducts (AGEs) and disease 
related factors seem to be involved. 
AGEs are a class of compounds resulting from glycation of proteins, lipids or nucleic 
acids. Glycation is the non-enzymatic addition or insertion of saccharide derivatives to 
these molecules. This leads to the slow formation of intermediary Schiff bases and 
Amadori products and finally to irreversible AG Es 5• In circumstances characterised by 
increased oxidative and carbonyl stress, AGEs can be formed more rapidly 6•7. This may 
explain increased AGE formation in inflammatory conditions such as rheumatoid arthritis 
and SLE 8•9. 

Accumulation of AGEs in the vessel wall has been related to the development of 
atherosclerosis 10•11

• AGEs are implicated in the development of atherosclerosis by three 
general mechanisms. First, cross-linking of AGEs with proteins in the extracellular matrix 
results in a decrease of vessel elasticity 12• Second, intracellular AGE formation may alter 
cellular function 13• Third, AG Es may modulate the function of cells by interaction with 
and activation of the receptor for advanced glycation end products (RAGE) and other 
receptors. 
RAGE is a multi-ligand type I transmembrane glycoprotein belonging to the 
immunoglobulin superfamily that engages diverse ligands relevant to the pathogenesis of 
atherosclerosis. 
Expression of RAGE is induced by both inflammatory cytokines, such a tumor necrosis 
factor-a, and AGEs 14

• AGE-RAGE dependent interaction results in cellular activation. 
RAGE also exists in several soluble forms, termed soluble RAGE (sRAGE). Soluble 
RAGE is formed by alternative splicing or by carboxyterminal truncation of RAGE 
through metalloproteinases 15'16• Administration of sRAGE consisting of the extracellular 
ligand-binding domain, not only suppressed the development of atherosclerosis but also 
stabilized established atherosclerosis in diabetic apolipoprotein E-null mice 17•18

• Based on 
these observations, it might be hypothesised that sRAGE acts as a decoy receptor 
preventing AGE-RAGE interaction. 
In this study we analysed skin autofluorescence as an estimate of tissue AGE 
accumulation, blood levels of AGEs and sRAGE in relation to disease activity and 
endothelial cell activation. 
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Methods 
Subjects 
Ten consecutive patients (9 female, 1 male) fulfilling the American College of 
Rheumatology criteria for SLE 1 9  who attended the out-patient clinic of the University 
Medical Center Groningen, were included (Table 1 ). Disease activity was assessed by the 
SLE Disease Activity Index (SLEDAI) and active disease was defined as SLEDAI > 4 20

• 

Active disease, pregnancy and co morbidity such as diabetes and renal failure were 
exclusion criteria. Stored serum and plasma samples were available from the same patients 
during active disease. Ten age- and sex-matched healthy subjects were recruited as 
controls. All patients and controls were Caucasians, except for one Asian patient. The local 
research ethics committee gave approval for the study and informed consent was obtained 
from each participant. 
From all participants information was obtained regarding presence of CVD, defined as a 
history of ischemic heart disease (ICD-9 classification 4 10-41 4), cerebrovascular accidents 
or peripheral vascular disease. All traditional cardiovascular risk factors were assessed. 
Blood glucose and plasma lipid concentrations ( cholesterol, high density lipoprotein, low 
density lipoprotein, and triglycerides) were measured by routine techniques. Body mass 
index, smoking status, diabetes and family history of CVD ( considered positive if first
degree relatives suffered from CVD before 60 years of age) were recorded. 
Creatinine clearance was estimated using the Cockcroft-Gault formula. The use of 
corticosteroid therapy, azathioprine, cyclophosphamide and hydroxychloroquine was 
categorized as current and none, and daily dose was recorded. 

Assessment of A GE accumulation 
Tissue AGE accumulation was assessed as skin autofluorescence, following the principles 
of the AGE Reader, which is a validated and non-invasive technique 21

. Repeated 
measurements in controls and diabetic patients showed an intra-individual Altman error 
percentage of 5.0% on a single day and 5.9% for seasonal changes 22

• 

In the present study skin autofluorescence (AF-EEMS) was assessed using the Excitation
Emission Matrix Scanner (EEMS), using UV-A radiation, as described before 23

. 

Measurements were performed at a skin site without lesions, to prevent influences by the 
prescence of skin disease in SLE patients. Skin pigmentation is also known to influence 
autofluorescence by light absorption. Therefore skin reflection should be > 1 0% to perform 
an adequate measurement. In this study skin reflection was > 1 0% in all subjects and did 
not differ between patients and controls. 
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Blood analyses 
Lipid, glucose and creatinine levels were measured by routine techniques. In patients, 
levels of C3 and C4 were measured by nephelometry, and levels of antibodies to double 
stranded DNA (dsDNA) by 1 251 Farr assay. Anticardiolipin antibodies and lupus 
anticoagulant were measured as described 24

• Antiphospholipid antibody status was 
considered positive if the levels of either lgG or IgM anticardiolipin antibodies were 2: 40 
IgG phospholipids units or lgM phospholipids units, respectively, or if lupus anticoagulant 
was present on more than one occasion. 
Serum levels of sRAGE were measured using a commercially available enzyme-linked 
immunosorbent assay (ELISA; R&D systems, Minneapolis, USA) according to the 
manufacturer's protocol. sVCAM levels were determined with a similar ELISA kit (R&D 
systems, Minneapolis, USA) and levels of CRP were determined using an in-house ELISA 
as described before 25

• All methods were performed with an inter- and intra-assay 
coefficient of variation (CV) of <10%. 

Detection of CML and CEL 
Plasma levels of W-(carboxymethyl)lysine (CML) and Nc-(carboxyethyl)lysine (CEL) 
were measured in the protein fraction by sTable-isotope dilution tandem mass 
spectrometry 26

• Intra-assay CV was 2.7% for CML and 6.9% for CEL. 

Statistical methods 
Power analysis revealed that 10 subjects in each group had to be included to detect a 
difference in AF of 0.45 AU with a standard deviation of 0.33 at a significance level of 
0.05 with a power of 80 %. 
Values are expressed as median (25th to 75th centile). Comparisons between quiescent and 
active patients and age- and sex-matched controls were made by Wilcoxon matched pairs 
test. 
Associations between CML, CEL, sRAGE, skin AF and other disease related factors were 
assessed using Spearman's correlation test. All analyses were performed using SPSS 14.0. 
A two-sided P-value < 0.05 was considered to indicate statistical significance. 

Results 
Characteristics of patients and controls 
Characteristics of patients and controls are presented in Table 2 and 3. Patients and 
controls showed a comparable profile of traditional risk factors. Only levels of 
triglycerides were increased in quiescent patients compared to controls. Levels of HDL-
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cholesterol and creatinine clearance were lowered during active disease. Three patients 
used ACE-inhibitors. Concerning antiphospholipid antibodies status, 2 (20%) patients were 
positive for either IgG or lgM anticardiolipin antibodies; none of the patients was positive 
for lupus anticoagulant. Furthermore, due to the design of the study patients were younger 
of age during active disease. 

Table 1. Cumulative ACR criteria in SLE patients (n-,--JO) 

Matar rash 
Discoid rash 
Photosensitivity 
Oral ulcers 
Arhritis 
Serositis 
Renal disorder 
Ncurologic disorder 
Haematologic disorder 
Immunologic disorder 
Antinuclear antibody 

Autofluorescence 

Patients, n 
5 
3 
4 
1 
6 
3 
5 
2 
9 
1 0  
1 0  

Skin AGE accumulation, as estimated by skin autofluorescence, was measured in controls 
and in patients with inactive disease. AGE accumulation was increased in patients ( 1 .52 
AU) compared to controls ( 1 .09 AU, p<0.05) (Table 4). Univariate analysis performed on 
data of controls and quiescent patients revealed no significant correlations between skin 
AF-EEMS and traditional cardiovascular risk factors, disease related factors as presented 
in Table 3, and levels of sRAGE, sVCAM-1, CRP, CML and CEL. 

Blood analysis 
Soluble RAGE and sVCAM-1 levels were higher in quiescent SLE patients compared to 
controls (p<0.05) and further increased during active disease (p<0.05) (Table 4, Figure 2). 
Univariate analysis performed using data of quiescent patients and controls, revealed a 
negative correlation between sRAGE and age (r = -0.469, p = 0.037), a negative correlation 
between sRAGE and systolic blood pressure (r = -0.486, p = 0.035), and a positive 
correlation between sRAGE and sVCAM-1  (r = 0.579, p = 0.007). Univariate analysis 
performed using data of quiescent patients alone showed a negative correlation of sRAGE 
with complement C4 levels (r = -0.705, p = 0.023) and a positive correlation with anti
dsDNA antibody levels (r = 0.697, p = 0.025). 
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In active patients, no significant correlations were found between levels of sRAGE and 
traditional cardiovascular risk factors, disease related factors, skin AF-EEMS, levels of 
CML, CEL, sVCAM-1 and CRP. 

Table 2. Characteristics of patients and controls 

Age, yrs 
Sex 
BMI, kg/m2 

Blood pressure, mmHg 
Systolic 
Diastolic 

Lipid Levels, mmol/1 
Cholesterol 
LDL 
HDL 
Triglycerides 

Smokers, n 
Family history CVD, n 
Manifest CVD, n 
Creatinine, µmol/ml 
CrCI, ml/min 
Glucose, mmol/1 
Diabetes, n 
Statin use, n 
Antihypertensive use, n 

Beta-blockers 

Controls (n = 10) 
34 (24-42) 

9 female 

23.0 (2 I .8-24.0) 

1 26 ( 1 20- 1 32) 

80 (80-84) 

4.56 (4.20-5.3 1 )  

2.68 ( 1 .95-3.24) 

I .  78 ( 1 .62-2.09) 

0.80 (0.64-0.93) 

I 

2 

0 

73 (65-78) 

91 (76-1 1 1 ) 

4.45 (4. I 5-4.93) 

0 

0 

0 

ACE inhibitors 0 
Calcium antagonists 0 
AT antagonists 0 
Diuretics 0 

Patients (n = 10) 
quiescent 
32 (24-4 1 )  

9 female 

23. 1  (2 1 . 1 -30.2) 

1 20 ( 1 05- 1 33) 

80 (65-80) 

4.96 (4.04-6.4 1 )  

2.98 (2.06-3.95) 

1 .50 ( 1 .3 1 - 1 .8 1 )  

1 .54 ( 1 . 1 1 -2. 1 7)* 

2 

4 

I 

77 (7 1 -82) 

93 (67- 1 08) 

4.40 (4.00-5.38) 

0 

0 

2 

3 *  

I 

0 

active 
29 (22-39)tt 

9 female 

23.0 (2 1 .4-26.6) 

1 3 1  ( 1 24-1 43) 

80 (69-8 1 )  

4.25 (3.75-4.77) 

2.53 (2. 14-3.26) 

0.9 1 (0.79-1 .04)t 

1 .83 ( 1 .50-2.3 1 )  

2 

4 

I 

80 (68-1 26) 

75 (47-I 00)t 

4.55 (3.98-5 .38) 

0 

0 

2 
3 

I 

0 

Unless otherwise indicated, data are expressed as median (25th to 75th centile). BMI: body mass index; LDL: 

low density lipoprotein; HDL: high density lipoprotein; CVD: cardiovascular disease; CrCI: Creatinine 

clearance; ACE: angiotensin converting enzyme; AT: angiotensin type I .  Quiescent patients versus controls: 

* p < 0.05, **p<0.01 .  Quiescent patients versus active patients: t p < 0.05, tt p < 0.0 1 .  
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Table 3. Disease-related factors 
Patients (n=IO) 

Quiescent 
SLEDAI 4 (2-4) 
Anti-dsDNA, Farr 24 (9-47) 
C3, g/1 0.96 (0. 73- 1 . 1 5) 
C4, g/1 0. 1 3  (0.08-0.22) 
Creatinine Clearance, ml/min 93 (67-1 08) 
Duration of disease, months 93 (30-208) 
Prednisolone use, n 8 

Dose, mg/day 8.75 (5.00-8.75) 
Hydroxychloroquine use, n 4 

Dose, mg/dag 500 (400-500) 
Azathioprine use, n 2 

Dose, mg/day 1 50 ( 1 50- 1 50) 
Mycophenolate mofetil use, n 2 

Dose, mg/day 1 500 ( 1000-1 500) 

Active 
9 (8- l O)tt 

65 (36- 1 1 2)t 
0.64 (0.43-0.80) tt 

0.07 (0.03-0. 1 6) 
75 (47-l OO)t 
68 (9-1 78) t 

3 t  
1 0.00 ( 1 0.00-1 0.00) 

1 
600 

1 
1 00 
0 

Unless otherwise indicated, data are expressed as median (25th-75th centile). SLEDAI: systemic lupus 
erythematosus disease activity index; dsDNA: double-stranded DNA. Quiescent patients versus active 
patients: t p < 0.05, tt p < O.o I .  

Tabel 4 .  Autofluorescence and sero/ogic parameters 

AF-EEMS, AU 
CML, µmol/1 
CEL, µmol/1 
sRAGE, pg/ml 
sVCAM-1, ng/ml 
CRP, mg/I 

Controls (n=IO) 
1 .09 (0.77- 1 .50) 
2.64 (2.4 1 -3 . 1 9) 
0.80 (0.67-1 . 1 0) 

2 1 07 ( 177 1 -2538) 
335 (279-366) 

0.70 (0.26-1 .08) 

Patients (n=IO) 
quiescent 

1 .52 ( 1 .3 1 - 1 .79)* 
2.77 (2. 1 6-2.93) 
0.77 (0.61 -0.93) 

2882 (2363-3539) * 
407 (359-452)* 

4.65 ( 1 .37-7.82)* 

active 
ND 

2.74 (2.30-2.95) 
0.83 (0.60-1 .05) 

3752 (3 1 07-5570)t 
7 1 9  (366-9 1 2)t 

7.2 1 ( 1 . 1 7-34.5 1 )  
Data are expressed as median (25th-75th centile). AF-EEMS: autofluorescence obtained by the Excitation
Emission Matrix Scanner; CML: W-(carboxymethyl)lysine; CEL: W-(carboxyethyl)lysine; sRAGE: soluble 
receptor for advanced glycation endproducts; sVCAM-1 :  soluble vascular cell adhesion molecule-1 ;  CRP: C
reactive protein; ND: not determined. Quiescent patients versus controls: * p < 0.05, **p<0.01 ,  or versus 
active patients: t p < 0.05, tt p < O.o I .  

Levels of CML and CEL 
Plasma levels of CML and CEL were comparable between patients (2.77 µmol/1 and 0.77 
µmol/1, respectively) and controls (CML: 2.64 µmol/1 and CEL: 0.80 µmol/1). Disease 
activity did not alter CML and CEL levels significantly (CML: 2.74 µmol/1 and CEL: 0.83 
µmol/1) Normalization of CML and CEL for protein concentration did not change results. 
No significant correlations were obtained between levels of CML and CEL and traditional 
cardiovascular risk factors, disease related factors, skin AF-EEMS, levels of sRAGE, 
sVCAM-1 and CRP. 
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Figure 2. Serum levels of sRAGE and sVCAM-1. Open circles represent controls, open triangles represent 
quiescent SLE patients and closed triangles represent active SLE patients. The median is indicated by the 
horizontal line. Abbreviations: sRAGE: soluble receptor for advanced glycation endproducts; sVCAM-1 :  
soluble vascular cell adhesion molecule. 

Discussion 
In this study, we showed that skin autofluorescence used as an estimate of AGE deposition 
and serum levels of sRAGE were elevated in SLE patients, whereas plasma levels of two 
specific AGEs, CML and CEL, were comparable to controls. 
Skin AGE was estimated by autofluorescence. The strong relations of autofluorescence 
with both fluorescent and nonfluorescent skin AGE levels in biopsy samples support the 
use of autofluorescence as a marker of AGE deposition 22. As (glycated) immunoglobulin 
deposits might be present in the skin of SLE patients it can be speculated that this could 
lead to false positive results. This seems unlikely, as we also found increased skin 
autofluorescence in patients with Wegener's granulomatosis (data not shown), an 
autoimmune disease characterised by absence of immune deposits. Furthermore, as the 
patients were not characterised by hyperglycemia, increased AGE deposition in our 
patients might be the the result of oxidative stress due to local and systemic inflammation 
as demonstrated in patients with SLE 27

-
29

. This is supported by increased levels of CRP 
even during quiescent disease in our SLE patients and our previous finding that AGE 
accumulation in the skin correlates with disease duration of SLE 8

• Others have shown a 
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relation between skin AGE levels and CRP or neopterin as inflammation markers 30•3 1 • In 
our study we did not found correlations between CRP, disease duration and skin AGE 
levels, probably due to the small number of subjects in each group. 
Plasma levels of CML and CEL were also assessed. CML is one of the best characterized 
and most abundant AGEs, CEL is a homologue of CML. CML and CEL are two major 
nonenzymatic chemical modifications on proteins that are formed under conditions of 
oxidative stress, therefore these AGEs are most likely to be implicated in inflammatory 
diseases like SLE. Although AGE accumulation and levels of sRAGE were increased in 
SLE patients, plasma levels of these two specific AGEs were comparable to controls 
irrespective of disease activity. This suggests that AGEs primarily accumulate on proteins 
in tissue and intracellularly and not on plasma proteins with a short life time. Also in 
patients with diabetes, increased levels of AGE-modified proteins were found in various 
tissues 1 1 '32 while plasma levels were normal or only slightly elevated 33-35_ Only in diabetic 
patients with renal failure extremely high serum AGE levels were found 36• Furthermore, 
interaction of AGEs with endothelial RAGE might result in their removal from the plasma. 
Rapid removal of AGEs from the plasma through this mechanism has been shown in mice 
37 

Interaction of AGEs with RAGE results in intracellular signalling, which leads to 
activation of the transcription factor NF-KB resulting in enhanced expression of 
inflammatory mediators and adhesion molecules, such as VCAM-1 and expression of 
RAGE itself 38'39 • 

Levels of sVCAM-1 and sRAGE were elevated in SLE patients and increased further 
during active disease indicating EC activation and enhanced RAGE expression in the 
vasculature. Some observations support the concept that levels of sRAGE reflect tissue 
RAGE expression 40

• As AGEs can induce RAGE expression, it can be hypothesized that 
sRAGE levels are elevated corresponding to AGE accumulation, but to what extent AGEs 
contribute to RAGE and sRAGE expression remains to be clarified. In a recent study by 
our group in persons with stable coronary artery disease, an independent positive relation 
between sRAGE and skin autofluorescence was indeed found 3 1 . 

The function of sRAGE is not fully understood but it has been suggested that the net effect 
of sRAGE and its ligand interactions can be either anti-inflammatory or proinflammatory 
depending on the inflammatory milieu. In vitro studies have shown that in the absence of 
ligands, sRAGE possesses proinflammatory properties through interaction with leukocyte 
P2 integrin Mac-I . However in the presence of HMGB-1 ( one of the RAGE 
proinflammatory ligands) sRAGE suppressed inflammation by blocking the HMGB-1-
RAGE interaction 4 1

'
42

• Most studies support the concept that sRAGE has beneficial effects 
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in a milieu rich in RAGE ligands such as AGEs. In a mouse model the administration of 
recombinant sRAGE consisting of the extracellular ligand-binding domain, was shown not 
only to suppress the development of atherosclerosis but also to stabilize established 
atherosclerosis in diabetic apolipoprotein E-null mice 17•18

• These observations suggest that 
exogenously administered sRAGE may capture and eliminate AGEs, thus protecting 
against AGE-elicited tissue damage by acting as a decoy receptor. Also in human studies, 
low levels of sRAGE were shown to be associated with increased risk for all-cause 
mortality 43 and were independently associated with the presence of coronary artery disease 
44 

Based on these observations, we assume that increased levels of sRAGE in our patients are 
protective against AGE-elicited cellular activation, by facilitating the clearance of AGEs. 
Apparently, this mechanism is insufficient to prevent increased AGE accumulation. 
Use of medication might have influenced our results. Patients used more 
immunosuppressive drugs during quiescent disease compared to active disease, probably 
reducing AGE formation as these drugs suppress inflammation. Use of ACE inhibitors 
(ACEi) in three of the included patients might also have influenced our results. ACEi and 
angiotensin receptor blockers (ARB) are known to reduce the formation and accumulation 
of AGEs 45

•
46

. Furthermore, Angiotensin II increases RAGE mRNA levels in endothelial 
cells and subsequently stimulates sRAGE formation. Treatment with telmisartan, an ARB, 
not only inhibits angiotensin II-elicited sRAGE generation by endothelial cells, but also 
decreases serum levels of sRAGE in patients with essential hypertension 47

. ACEi have 
been shown to increase sRAGE expression 48 • Exclusion of three patients using ACEi did, 
however, not significantly change our results ( data not shown). 
In blood and synovial fluid of rheumatoid arthritis patients autoantibodies specific for 
RAGE have been demonstrated. These antibodies can bind to sRAGE and form 
sRAGE/anti-RAGE antibody complexes and therefore might influence sRAGE levels 49

• 

Whether these antibodies are also present in the blood of SLE patients has not been 
established. 
In summary, we observed increased AGE deposition in SLE patients, whereas plasma 
AGE levels were comparable to controls. Levels of sRAGE were elevated and increased 
further during active disease and endothelial activation. sRAGE might act as a decoy 
receptor, clearing AGEs from the circulation. Why this proposed mechanism is insufficient 
to prevent increased AGE accumulation in SLE patients has to be established. 
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Introduction 
Wegener's granulomatosis (WO) is a systemic autoimmune disease characterized by an 
increased risk for cardiovascular disease owing to accelerated atherosclerosis which cannot 
be fully explained by traditional risk factors 1• Non-traditional risk factors are therefore 
probably involved. Among these, accumulation of advanced glycation endproducts (AGEs) 
might be important. AGEs are implicated in vascular pathology2 and are independent 
predictors of cardiovascular mortality in patients with diabetes and those receiving 
hemodialysis3

'
4

. 

Methods 
In this study, AGE accumulation, atherosclerosis, and levels of the receptor for AGEs 
(sRAGE) were measured in 24 consecutive WO patients who fulfilled the American 
College of Rheumatology criteria5 with inactive disease and 21 controls (table 1 ). AGE 
accumulation was assessed as previously described6 and intima-media thickness (IMT) in 
both carotid arteries was determined with ultrasound7• IMT could not be assessed in all 
subjects because of technical problems (n=4) or the presence of plaque, defined as a 
localized IMT > 1 mm (n=12). Serum levels of sRAGE were measured using a 
commercially available enzyme-linked immunosorbent assays (R&D systems, 
Minneapolis, MN, USA). 

Results 
Traditional risk factors were not different between the two groups (table 1). Patients used 
antihypertensive drugs more often than controls (14 (58%) vs. 0, p<0.01), and creatinine 
levels were increased in patients (median (interquartile range): 94 (78-112) µmol/1 vs. 75 
(68-80) µmol/1, p<0.01). Disease duration was 115 (88 - 157) months. Sixteen patients had 
generalized disease. Eight patients were taking prednisolone (daily dose 6.3 (5-8) mg), 
nine received azathioprine ( 100 (7 5-125) mg), and three used mycophenolate mofetil. 
Fifteen patients had experienced one or more relapses after diagnosis. 
The patients with WO had increased AGE accumulation (figure IA). Increased AGE 
accumulation has previously been demonstrated in diabetes mellitus and systemic lupus 
erythematosus, which correlated to age and blood pressure8

'
9

. In our patients, AGEs were 
correlated to age and blood pressure (r=0.61, p<0.001, and r=0.50, p=0.001, respectively). 
No correlations were found between AGEs and all other included factors such as levels of 
creatinine or use of medication. 
IMT and plaques were measured (table 1) but, in contrast to our previous study10, no 
increase in IMT was found in patients with WG, although an increased prevalence of 
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plaques still indicates accelerated atherosclerosis. Interestingly, AGEs and IMT were 
positively correlated (mean IMT including all subjects: r=0.42, p=0.02, maximum IMT: 
r=0.44, p=0.0 1 ,  figure 1 B). 
The increased AGE accumulation in patients with WG might result in part from decreased 
sRAGE levels, whereas these levels tended to be decreased in patients ( 1239 (826-1 582) 
pg/ml vs. 1440 (1 283- 1 666) pg/ml, p=0. 1 ). Furthermore, sRAGE correlated negatively 
with AGE accumulation (r=-0.33, p=0.04) and mean and maximum IMT in the bulb (r=-
0.65, p=0.01 ,  and r=-0.66, p=0.01 ,  respectively). No significant correlations between 
sRAGE and other parameters were found. 

Table 1. Characteristics and ultrasound measurements in patients and controls 

Controls (n = 2 1 )  WG (n = 24) p value 
Age, years 56 ± 14  5 1  ± 1 1  NS 
Male sex, n (%) 1 7  (63%) 12 (57%) NS 
Body mass index, kg/m2 26 ± 5  25 ± 3  NS 
Blood pressure, mm Hg 

Systolic 1 27 ± 20 1 20 ±  1 1  NS 
Diastolic 70 ± 9  74 ± 8 NS 

Smoking, n (%) 3 ( 1 2%) 2 ( 10%) NS 
HbAlc, % 5.4 ± 0.6 5.4 ± 0.4 NS 
Cholesterol, mmol/1 NS 

Total 4.9 ± 0.7 5.0 ± 0.8 NS 
LDL 3.0 ± 0.8 3.3 ± 0.8 NS 
HDL 1 .4 ± 0.4 1 .5 ± 0.3 NS 

Family history for CVD, n (%) 9 (38%) 9 (43%) NS 
IMT, mm 
CCA 

Mean 0.67 (0.59-0. 79) 0.72 (0.62-0.8 1 )  NS 
Maximum 0.8 1 (0. 73-0.92) 0.85 (0.75-1 .00) NS 

Bulb 
Mean 0.85 (0.79- 1 . 1 0) 0.82 (0.74-1 .29) NS 
Maximum 1 .04 (0.93- 1 .37) 1 .04 (0.87-1 .65) NS 

JCA 
Mean 0.67 (0.52-0.77) 0.68 (0.55-1 .04) NS 
Maximum 0.84 (0.63-1 .00) 0.82 (0.69-1 .20) NS 

All segments 
Mean 0. 73 (0.65-0.8 1 )  0.75 (0.67-1 .00) NS 
Maximum 0.88 (0.80-0.98) 0.92 (0.78-1 .23) NS 

Plaque, n (%) 
All segments 3 ( 14%) 9 (38%) 0.08 

CCA 1 (5%) 1 (4%) NS 
Bulb 2 ( 1 1 %) 8 (33%) 0.06 
ICA 1 (5%) 6 (25%) 0.06 

Abbreviations: LDL; low density lipoprotein, HDL; high density lipoprotein, CVD; cardiovascular disease, 
JMT; Intima-media thickness, CCA: common carotid artery, ICA; internal carotid artery. 
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Conclusion 
AGE accumulation is increased and associated with IMT in WG. As accelerated 
atherosclerosis in WG cannot be fully explained by traditional risk factors and AGEs are 
involved in vascular pathology, these AGEs may accelerate the development of 
atherosclerosis. Also, lower levels of sRAGE, which can act as a decoy receptor for 
AGEs 11

, might contribute to accelerated atherosclerosis in WG. 
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Figure 1. Skin autofluorescence in patients and controls 
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A. Accumulation of AGEs is increased in WG compared to controls. Horizontal line represents the median. 
B. AGE accumulation is associated with IMT. The line represents the correlation between 
skin autofluorescence and mean of maximum IMT of all segments studied (r = 0.44, p = 0.0 1 )  
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Abstract 
Objectives: Interaction of advanced glycation end products (AGE's) with their receptor 
(RAGE) plays an important role in inflammation in autoimmune diseases. Several 
functional polymorphisms of RAGE have been described. In this study, we analyzed the 
role of RAGE polymorphisms in disease susceptibility for systemic lupus erythematosus 
(SLE). In addition, we investigated whether these polymorphisms in SLE are associated 
with serum levels of soluble RAGE (sRAGE), renal involvement (lupus nephritis (LN)) 
and its outcome. 
Methods: For this cross-sectional study DNA samples of 97 SLE patients, 114 LN patients 
and 429 healthy controls (HC) were genotyped for four RAGE polymorphisms: -429T/C, -
374T/A, 2 184A/G and Gly82Ser. Differences in genotype frequencies and allele 
frequencies were tested between patients and HC. In SLE patients, sRAGE was measured 
by enzyme-linked immunosorbent assay (ELISA). In addition, association of genotypes 
with sRAGE and disease severity in LN was analyzed. 
Results: The C allele of -429T/C, the T allele of -374T/A and the G allele of 2184A/G 
were significantly more prevalent in SLE and LN compared with HC. In LN, the C allele 
of RAGE -429T/C, the A allele of -374T/A and the G allele of RAGE 2184A/G 
polymorphism were significantly associated with more proteinuria and worse renal 
function during the first two years of treatment. No association of genotype with sRAGE 
was found. 
Conclusion: RAGE polymorphisms are associated with susceptibility to SLE and LN. In 
addition, some of these polymorphisms are associated with disease severity and initial 
response to treatment in LN. 
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Introduction 
Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by chronic 
inflammation. Several factors have been shown to play a role in the pathogenesis of this 
chronic inflammation, amongst them advanced glycation endproducts (AGE's). AGE's are 
a class of compounds resulting from glycation of proteins, lipids or nuclear acids, partly 
under influence of oxidative stress. AGE accumulation is increased and related to 
accelerated atherosclerosis in SLE1

•
2• AGE's may contribute to inflammatory and 

destructive processes3 by ligation to their receptor (RAGE). Besides AGE's, other pro
inflammatory ligands like high-mobility group box- I (HMGB-1) and SI O0calgranulins 
also bind to RAGE, resulting in an increased inflammatory response 4. Levels of HMGB-1 
are increased in SLE, in particular in patients with active renal disease5• It has been 
postulated that HMGB-1 is involved in reduced clearance of apoptotic cells6

, whereas 
RAGE itself has been shown to assist the clearance of apoptotic cells 7•

8• 

The AGE-RAGE interaction can be disrupted by one of the isoforms of RAGE: soluble 
RAGE (sRAGE). sRAGE has been suggested to act as a decoy receptor, blocking the pro
inflammatory AGE-RAGE interaction. This blockade stabilizes established atherosclerotic 
lesions and suppresses vascular inflammation9

•
10

• In addition, higher levels of sRAGE have 
been associated with longevity, suggesting a protective effect of sRAGE on age-related 
disorders such as coronary heart disease, hypertension and Alzheimer's disease11• In line 
with this protective effect of high sRAGE levels, low levels have been associated with the 
presence of coronary artery disease 12• On the other hand, sRAGE has also been linked with 
pro-inflammatory conditions. Increased levels of sRAGE have been found in SLE patients 
with quiescent disease compared to healthy controls (HC). These sRAGE levels increased 
even further during active disease13. Thus, sRAGE may have anti-inflammatory properties, 
particularly in atherosclerosis, but it has also been associated with pro-inflammatory 
conditions. In the latter case, sRAGE may reflect active inflammation. 
The gene encoding for RAGE is situated on chromosome 6 in the class III region of the 
locus of the major histocompatibility complex14• Several functional polymorphisms for 
RAGE have been described. Some of them, e.g. the Ser82 allele of the Gly82Ser 
polymorphism and the A allele of the 2184A/G polymorphism, seem to have a pro
inflammatory effect and are associated with progression of renal disease and 
cardiovascular disease in diabetes15

•
16• Other polymorphisms, e.g. the A allele of the -

374T/A polymorphism, are associated with a protective effect for cardiovascular disease16• 

In addition, some RAGE polymorphisms (Gly allele of Gly82Ser, G allele of 2184A/G and 
the C allele of the -429T/C polymorphism) have been associated with higher sRAGE levels 
and higher RAGE expression12

•
17

-
20

. 
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As RAGE plays an important role in inflammation and assists in the clearance of apoptotic 
cells, we evaluated the association of four RAGE polymorphisms with susceptibility for 
SLE. In addition, we determined the role of RAGE polymorphisms in disease 
manifestations of SLE, in particularly lupus nephritis (LN), being one of the most severe 
manifestations of SLE. We also determined whether RAGE polymorphisms are associated 
with disease severity (proteinuria, renal function) in LN and sRAGE levels in our cohort of 
SLE patients. 

Methods 
SLE patients 
In the period November 2000 to November 2001 all SLE patients who were treated at the 
University Medical Center Groningen (UMCG), were contacted whether they were willing 
to participate in a study on the genetic predisposition for SLE. All patients met the criteria 
for SLE according to the American College of Rheumatology (ACR)21 . In total, 106 
patients were included. Nine of these patients, however, were already included in the lupus 
nephritis studies (see below), hence 97 SLE patients were included for further analysis. 

LNpatients 
From September 1995 until November 2006, patients with biopsy-proven proliferative LN 
(ISN/RPS class III or IV) were included in the first or second Dutch lupus nephritis study. 
Patients included in this study were treated according to a protocol ( first study: 
azathioprine combined with methylprednisolone and prednisone vs. cyclophosphamide 
with prednisone22

; second study: prednisone with cyclophosphamide followed by 
mycophenolate mophetil). From these patients, 114 subjects gave informed consent for 
genetic analysis of blood samples. In LN, proteinuria and creatinine clearance (as 
measured by the Cockcroft-Gault formula) measured at the time of inclusion and after 5, 
24 and 31 months of therapy were used as markers for outcome. If the follow-up was 
shorter than 31 months, the last available follow-up data were included. 

Healthy controls 
As HC, partners of the patients with SLE and rheumatoid arthritis (RA) from the cohort of 
the University Medical Center Groningen were included in this study. Neither of these 
controls had RA or SLE. Additional HC were included from a study on risk for 
development of colorectal cancer as described previously23

• These latter controls also had 
no RA or SLE. 
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All patients and HC gave written informed consent to participate in this study. The study 
was approved by the local medical ethics committee. 

Geno typing 
DNA was extracted from whole blood samples following standard extraction procedures. 
For the determination of the SNP alleles, the TaqMan Allelic Discrimination Assay by 
Applied Biosystems was used. Information about DNA sequences adjacent to the SNPs 
was retrieved by accessing the NCBI SNP database. SNP-IDs are: rs1800625 (-429T/C), 
rs1800624 (-374T/A), rs3134940 (Gly82Ser), and rs2070600 (2184A/G). The sequence 
information retrieved online was used to order Primers and TaqMan probes from Applera, 
Nieuwekerk aid IJssel, The Netherlands, by using the probes and primer interface which is 
provided by Applera. PCR-reactions were performed in a total volume of 10µ1 using a 
minimum of 5 ng of patient DNA, Ix TaqMan Universal PCR Master Mix (Applied 
Biosystems) and 0.5x Primer-Probe-Mix (Applied Biosystems) which consisted of 700 nM 
Primer and 100 nM probe. PCR was performed on a GeneAmp PCR System 9700 
(Applied Biosystems); cycle conditions were: 15 min. enzyme activation at 95°C followed 
by 40 cycles with 15 sec. at 95°C for denaturation and 1 min. at 60°C for annealing and 
elongation. Endpoint measurement of the fluorescence signal was performed on an 
ABI7900HT machine. The SNP-alleles were finally assigned visually using the SDS 2.0 
software (Applied Biosystems). 

Measurement sRA GE levels 
Serum levels of sRAGE were assesed in SLE patients (n=94) during quiescent disease 
(SLEDAl::;4) using a commercially available enzyme-linked immunosorbent assay 
(ELISA) (R&D systems, Abingdon, UK) according to the manufacturer's protocol, using 
high performance ELISA buffer (Sanquin, Amsterdam, Netherlands) for sample dilution. 
Factors potentially influencing levels of sRAGE were also determined. These factors 
included the use of angiotensin converting enzyme inhibitors at the time of blood 
withdrawal24 and biochemical parameters of inflammation and renal function, being C
reactive protein and creatinine, respectively25

•
26

• 

Statistical analysis 
The genotype frequencies of the HC were tested for Hardy-Weinberg equilibrium using the 
chi-square test on the observed frequencies versus the expected frequencies according to 
the Hardy-Weinberg formula. Differences in genotype frequencies and allele frequencies 
were tested between the two patient cohorts and HC using the chi-square test or Fisher's 
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exact test where appropriate. For the difference in disease parameters within LN patients, 
genotype groups were combined and Mann-Whitney U-test or student t-test was used, 
where appropriate. Levels of sRAGE were compared across genotypes using linear 
regression analyses adjusted for factors which significantly (p<0.05) correlated in 
univariate analysis. We analysed the genotype groups separatly as well as with genotype 
groups (homozygous minor allele genotype plus heterozygous genotype) combined. 
Univariate correlations were assessed using Pearson's correlation coefficient or 
Spearman's correlation coefficient, where appropriate. 
This study was exploratory in nature, and a formal power analysis was not performed. 
However, the well characterized and homogeneous cohorts strengthen the power of the 
study as other genetic studies in complex diseases are often hampered by phenotypic 
heterogeneity. Linkage analysis studies in SLE have already proven that stratification by 
clinical symptoms increases power to detect genetic association27•28

. 

Results 
In total, 97 SLE patients, 114 LN patients and 431 HC were included in this study. 
Characteristics are presented in table 1. The genotype frequencies of the HC were in Hardy
Weinberg equilibrium, assuring quality of the markers used (table 2). Linkage 
disequilibrium (LD) was determined for the RAGE polymorphisms. There was a strong 
disequilibrium only between the RAGE-429 T/C and 2184A/G polymorphisms (r2 = 0.99). 

For SLE, there was a significant association with all RAGE polymorphisms (p<0.001), 
except for the RAGE Gly82Ser polymorphism. These associations were present in the 
genotypic analysis (table 2) as well as in the allelic analysis (table 3). SLE patients more 
often carried the C allele of the -429T/C, the T allele of the -374T/A and the G allele of the 
2 184A/G polymorphism in comparison to HC. We performed an additional analysis to 
determine whether RAGE polymorphisms are associated with different disease 
manifestations in SLE (according to the ACR criteria). All SLE patients with neurologic 
disorder (n=7) had the TT genotype of -429T/C and the AA genotype of 2184A/G 
(p=0.003, p=0.003, respectively). For all other disease manifestations, no significant 
associations were found. 
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Table 1. Baseline characteristics of SLE and LN patients 

SLE UMCG cohort (n=97) 
Median age (years, range) 
Sex female n (%) 
ACR criteria n (%) 

Malar rash 
Discoid rash 
Photosensitivity 
Oral ulcers 
Arthritis 
Serositis 
Renal disorder 
Neurologic disorder 
Haematologic disorder 
Immunologic disorder 
anti-dsDNA antibodies 
anti-Sm antibodies 
anti-phospholipid antibodies 
anti-nuclear antibodies 

LN (n=1 14) 
Median age (years, range) 
Sex female n (%) 

44 (23-78) 
83 (86%) 

36 (37) 
30 (3 1 )  
5 0  (52) 
1 3  ( 1 3) 
61 (63) 
38 (40) 
38 (40) 
7 (7) 

68 (70) 
79 (8 1 )  
7 5  (77) 
1 3  ( 1 3) 
1 6  ( 1 6) 

97 ( 1 00) 

36 ( 1 6-69) 
91 (80) 

SLE: systemic lupus erythematosus, LN: lupus nephritis, ACR: american college of rheumatology, UMCG: 
university medical center Groningen 

We also determined whether RAGE polymorphisms were associated with LN. All 
polymorphisms were associated with LN, except the Gly82Ser polymorphism. Thirthy
eight out of the 97(40%) SLE patients from the UMCG cohort fulfilled the ACR criteria 
for renal involvement. We compared the genotype frequencies of those patients and the LN 
patients together with that of SLE patients without renal involvement. There were no 
differences in genotype or allele frequencies between these groups. 

To determine whether RAGE polymorphisms were not only associated with disease 
susceptibility for SLE, but also with disease severity of proliferative LN we searched for a 
possible association with these polymorphisms and renal function and proteinuria. In LN, 
A allele carriers of the -374T/A polymorphism had more severe proteinuria/24 hr and 
lower creatinine clearance at presentation of LN (figure 1). This association was no longer 
present after five months of treatment. The C allele of RAGE-429T/C and the G allele of 
RAGE 2 l 84NG polymorphism were associated with worse renal function during the first 
two years of treatment. This association was no longer present later at 31 months of 
follow-up. 
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Table 2. Genotype frequencies 
RAGE -429T/C Total PHw Px2 

TT TC cc 
SLE 44 (45.8%) 44 (45 .8%) 8 (8.3%) 96 ( 1 00.0%) 1 .2· 1 04 

LN 56 (50.0%) 45 (40.2%) 1 1  (9.8%) 1 1 2 ( 1 00.0%) 7. 1 - 1 0·5 

HC 279 (65.3%) 1 39 (32.6%) 9 (2. 1 %) 427 ( 1 00.0%) 0.22 
Total 673 (65 .0%) 330 (3 1 .8%) 33 (3.2%) 1 036 ( 1 00.0%) 

RAGE -374 T/A Total PHw Px2 
TT TA AA 

SLE 68 (72.3%) 23 (24.5%) 3 (3.2%) 94 ( 1 00.0%) 0.0 12  
LN 80 (74.8%) 24 (22.4%) 3 (2.8%) 1 07 ( 1 00.0%) 0.00 1 5  
HC 239 (55.7%) 1 64 (37.5%) 26 (6. 1 %) 429 ( 100.0%) 0.95 
Total 598 (58.6%) 357 (35%) 65 (6.4%) 1 020 ( 100.0%) 

RAGE Gly82Ser Total PHw Px2 
Gly/Gly Gly/Ser Ser/Ser 

SLE 91 (94.8%) 5 (5.2%) 0 96 ( 1 00.0%) 0.32 
LN 1 1 0 (96.5%) 4 (3.5%) 0 1 14 (1 00.0%) 0.086 
HC 392 (91 .8%) 35 (8.2%) 0 427 ( 1 00.0%) 0.67 
Total 923 (88.6%) 1 14 ( 1 1 .0%) 4 (0.4%) 1041  ( 1 00.0%) 

RAGE 2184 A/G Total PHw Px2 
AA AG GG 

SLE 42 (44.7%) 44 (46.8%) 8 (8.5%) 94 ( 1 00.0%) 3 .8· 1 04 

LN 56 (49.6%) 46 (40.7%) 1 1  (9.7%) 1 1 3 ( 1 00.0%) 5.8· 1 04 

HC 275 (64.4%) 140 (32.8%) 12 (2.8%) 427 ( 1 00.0%) 0.22 
Total 668 (64. 1 %) 337 (32.3%) 37 (3.6%) 1042 ( 1 00.0%) 

P1 1w: Hardy-Weinberg equilibrium, Px2: p-value genotype differences between patient groups and controls, 
SLE: systemic lupus erythematosus, LN: lupus nephritis, HC: healthy controls 

Finally, we analyzed whether RAGE polymorphisms are associated with sRAGE levels 
(table 4). For this purpose and to avoid influence of disease activity, we measured sRAGE 
levels in SLE patients during quiescent disease (SLEDAI :S 4). In addition, we adjusted for 
factors related to levels of sRAGE in univariate analysis, including use of ACE inhibitors 
(p=0.002, r=0.332), creatinine (p<0.00 1 ,  r=0.4), and CRP (p=0.03, r=-0.232). Before, but 
also after adjustment for these confounders, none of the RAGE polymorphisms were 
associated with sRAGE levels. 
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Table 3: RAGE polymorphisms allele frequencies 
RAGE -429T/C Total OR (95% Cl) Px2 

T C 
SLE 1 32 (68.8%) 60 (3 1 .2%) 1 92 (1 00.0%) 2.01 8 ( 1 .42 1 -2.866) 7 . 1 · 1 0·5 

LN 1 57 (70. 1 %) 67 (29.6%) 224 (1 00.0%) 1 .895 ( 1 .356-2.647) 1 .5 · 1 0-4 

HC 697 (8 1 .6%) 1 57 ( 18 .4%) 854 ( 1 00.0%) 
Total 1 676 (80.9%) 396 ( 1 9. 1 %) 2072 ( 1 00.0%) 

Odds ratios refer to the effect size of the C allele in relation to the T allele. 

RAGE -374 TIA Total OR (95% Cl) Px2 
T A 

SLE 1 59 (84.6%) 29 ( 15 .4%) 1 88 ( 1 00.0%) 0.542 (0.355-0.829) 0 .0042 
LN 1 84 (86.0%) 30 (14.0%) 2 14  (1 00.0%) 0.485 (0.320-0. 734) 5.2 · 1 0-4 

HC 642 (74.8%) 2 16  (25.2%) 858 ( 1 00.0%) 
Total 1 553 (76. 1 %) 487 (23.9%) 2040 ( 1 00.0%) 

Odds ratios refer to the effect size of the A allele in relation to the T allele. 

RAGE Gly82Ser Total OR (95% Cl) Px2 
Gly Ser 

SLE 1 87 (97.4%) 5 (2.6%) 1 92 ( 1 00.0%) 0.626 (0.242-1 .6 1 8) 0.33 
LN ' 224 (98.2%) 4 ( 1 .8%) 228 ( 1 00.0%) 0.4 1 8  (0. 1 47- 1 . 1 88) 0.092 
HC 8 1 9  (95.9%) 35 (4. 1 %) 854 (1 00.0%) 
Total 1 960 (94. 1 %) 1 22 (5.9%) 2082 ( 1 00.0%) 

Odds ratios refer to the effect size of the Ser allele in relation to the Gly allele. 

RAGE 2184 A/G Total OR (95% Cl) Px2 
A G 

SLE 1 28 (68.2%) 60 (3 1 .9%) 1 88 ( 1 00.0%) 1 .972 ( l .389-2.801 )  1 .2 ·  1 04 

LN 1 58 (69.9%) 68 (30. 1 %) 226 (1 00.0%) 1 .8 1 1 (1 .300-2.522) 4.0 · 1 04 

HC 690 (80.8%) 1 64 (1 9.2%) 854 ( 1 00.0%) 
Total 1 673 (80.3%) 41 1 (1 9.7%) 2084 ( 1 00.0%) 

Odds ratios refer to the effect size of the G allele in relation to the A allele 
Pxz: p-value differences between patient groups and controls, SLE: systemic lupus erythematosus, LN: lupus 
nephritis, HC: healthy controls 
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Table 4: sRAGE levels in relation to RAGE polymorphisms in SLE patients 
Polymorphism Genotype n (%) sRAGE (pg/ml) 
RAGE -374 T/A TT 64 1 3 1 1 ± 626 

TA 22 1 348 ± 41 3  
AA 3 1 083 ± 440 

RAGE 2184 A/G AA 41  1 309 ± 579 
AG 40 1 338 ± 534 
GG 8 1 12 1 ± 276 

RAGE Gly82Ser Gly/Gly 86 1 339 ± 599 
Gly/Ser 5 1 234 ± 321 
Ser/Ser 0 

RAGE -429 T/C TT 43 1 363 ± 668 
TC 40 1 338 ± 534 
cc 8 1 12 1 ± 276 

Data are expressed as mean ± standard deviation. All analyses were adjusted for the use of angiotensin 
converting enzyme inhibitors, creatinine and C-reactive protein. Levels of sRAGE did not significantly differ 
across RAGE genotypes. 
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Figure la. Urinary protein excretion in relation to RA GE polymorphism status 
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Figure l b. Creatinine Clearance in relation to RA GE polymorphism status 
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Discussion 
This study is the first to describe RAGE polymorphisms in large, well defined populations 
of patients with SLE and LN. We found that RAGE polymorphisms were not only 
associated with disease susceptibility in SLE, but also with disease severity and initial 
response to treatment in LN. 
In our study, three polymorphisms were associated with SLE. The C allele of -429T/C, the 
T allele of -374T/A and the G allele of 2184A/G were more often present in SLE patients. 
Thus, these polymorphisms might be susceptibility loci for SLE. Both the - 429T/C and the 
-374T/A polymorphisms have been shown to exert significant effects on the transcription 
of the RAGE gene. It has been hypothesized that the A allele of -374T/A leads to less 
RAGE expression, thereby diminishing the inflammatory response18

•
29

. This diminished 
inflammatory response is in agreement with the protective effect of the A allele on CVD in 
non-diabetic and on proteinuria in diabetic subjects16•

30
. The C allele of -429T/C was 

shown to be associated with retinopathy in diabetes 18
• The G allele of 2184A/G has been 

associated with lower anti-oxidant levels in diabetic subjects. This suggests that the 
presence of the G allele results in increased oxidative stress, possibly leading to 
inflammation31

• Based on these observations, it seems plausible that RAGE 
polymorphisms result in increased or altered RAGE expression, which at least might 
contribute to inflammation in SLE. Another argument that supports the role of RAGE in 
SLE is the presence of increased levels of HMGB-1, a ligand of RAGE, in SLE patients. 
In order to determine whether RAGE polymorphisms are associated with disease severity 
in SLE, we analyzed these polymorphisms in 114 patients with biopsy-proven proliferative 
LN. Compared with HC, we found the same differences in genotype and allele frequencies 
for the LN patients as for the SLE patients. In addition, we found no difference in genotype 
and allele frequencies between LN patients and SLE patients without renal involvement. 
Thus, the RAGE polymorphisms determined are associated with disease susceptibility for 
SLE in general, but not with renal involvement in particular. As for other disease 
manifestations in SLE, we found only an association of the RAGE -429T/C and the 
2184A/G polymorphisms with neurologic disorder. 
Until now, no studies have been performed focussing on RAGE polymorphisms as disease 
susceptibility loci in SLE or LN. The gene encoding for the RAGE molecule is situated on 
the short arm of chromosome 6 in the HLA class III region. Many studies show a strong 
association between SLE and the HLA class II region in particular32, but also associations 
of polymorphisms of the HLA class III region with SLE have been described. This 
concerned, however, polymorphisms other than RAGE genes, e.g. the TNF alpha promoter 
region, the MSH5 gene or the genes encoding for complement C2 and c433-37 _ Our present 
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study underlines that also the HLA class III region may still play an important role in the 
susceptibility for SLE. 
As mentioned before, the gene encoding for the RAGE molecule is situated in the HLA III 
region. One has to bear in mind that strong LD is present throughout the entire HLA 
region. Therefore, although we found highly significant associations of several RAGE 
polymorphisms with SLE and LN, it can not be excluded that association of these markers 
is due to LD with other markers within the HLA region. LD between the RAGE Gly82Ser 
polymorphism and HLA-DRBl has been described in RA patients38 . We did not 
investigate this LD in our patients. Between the RAGE polymorphisms that we analyzed, 
there was a strong LD between the RAGE -429T/C and 2184A/G polymorphisms only. 
The polymorphisms analysed in this study, however, have been demonstrated to have clear 
functional effects15•16•18'29 on a transcriptional level, as mentioned before. Thus, although 
LD cannot be excluded, there is evidence that the association of SLE and LN with RAGE 
polymorphisms found in our study are true causal variants. 
In order to determine whether functionality of RAGE polymorphisms is reflected in levels 
of sRAGE, we measured sRAGE levels in our SLE. Although in literature some RAGE 
polymorphisms have been associated with sRAGE levels 1 9•20•39, we could not confirm these 
associations in our study. The question rises whether sRAGE levels reflect the true 
functional consequences of the RAGE polymorphisms. In accordance with previous 
studies we found sRAGE levels to be influenced by use of ACE-inhibitors, creatinine as 
rough estimate of renal function, and CRP40•41

• Although we adjusted for these factors we 
can not exclude the influence of other, still unknown factors. For example, part of the total 
sRAGE level is determined by truncation of membrane-bound RAGE42

. Therefore, levels 
of sRAGE might reflect the truncation proces rather than altered RAGE expression due to 
RAGE polymorphisms. Furthermore, The Ser82 allele of the Gly82Ser polymorphism was 
very uncommon in SLE patients, hampering the power to detect significant differences in 
sRAGE levels across Gly82Ser polymorphism genotypes. 
As for disease severity in LN, we found that the A-allele of -374 T/A polymorphism was 
associated with worse renal function and proteinuria in LN patients. In addition, the C 
allele of -429T /C, and the G allele of 2 l 84A/G polymorphism were associated with worse 
renal function after start of treatment, suggesting that these alleles are associated with 
poorer initial response to treatment. In literature, the -374T/A polymorphism has been the 
most extensively investigated and it has been associated with proteinuria and CVD in 
diabetic patients. In contrast to our LN patients, in diabetic patients the A-allele seemed to 
have a protective effect on proteinuria. This protective effect, however, was only found in 
diabetes patients with poor metabolic control (HbAl c  > 9.5%), and could not be confirmed 
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in other studies29
•
43

. Thus, the protective effect of the A-allele on proteinuria seems to be 
rather modest. Our findings show a difference between disease association ( association 
with the T-allele) and disease severity (more severe disease associated with A allele) in 
LN. This finding suggests that carriers of the A-allele represent a subgroup of patients with 
more severe disease within the LN group. Also the C allele of -429T/C and the G allele of 
21 84NG have been associated with nephropathy in diabetic patients.29 This suggests a role 
for these polymorphisms in the development and severity of renal disease. 
One might designate the C allele of -429T/C, the A-allele of -374T/A and the G allele of 
2 184NG polymorphism as "risk alleles" representing LN patients with more severe 
disease or patients that respond less well to treatment. The clinical relevance of these 
associations is not clear as these associations were no more present after two years of 
treatment. It could be envisioned that LN patients carrying these alleles are prone to have 
more severe disease than patients who do not carry these alleles. This difference in disease 
severity between LN patients then might have consequences for the choice of treatment. 
This hypothesis, however, needs to be investigated in further study. 
Until now, no genetic studies have been performed analyzing the RAGE polymorphisms 
focussing on LN patients. Our study is the first analyzing RAGE polymorphisms in a well
defined population of SLE patients. In addition, we analyzed RAGE polymorphisms in a 
homogenous, well-defined population of patients with biopsy-proven, proliferative LN and 
were also able to assess disease severity in LN patients. Although numbers of patients 
studied were relatively low, significant associations were found allowing firm conclusions. 
However, due to the relatively short duration of follow-up, effects of RAGE 
polymorphisms on outcome of disease in the long term might be missed. 
In conclusion, in a well-defined population of SLE and LN patients we were able to 
demonstrate that these diseases are significantly associated with RAGE polymorphisms. 
Although the functional consequences of these polymorphisms in autoimmune diseases are 
still subject of further study, a causal association of RAGE polymorphisms with disease 
susceptibility in SLE, as well as with disease severity in LN, may exist. 
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Abstract 
Introduction: Interaction of advanced glycation end products (AGEs) and other ligands 
with their receptor (RAGE) plays an important role in inflammation in autoimmune 
diseases. Several functional RAGE gene polymorphisms have been described. 
Aim of the study: To study the distribution of RAGE polymorphisms in rheumatoid 
arthritis (RA) patients and healthy controls (HC), and to relate RAGE polymorphisms to 
serum sRAGE levels, cardiovascular disease, and variables of disease severity in RA 
patients. 
Methods: DNA samples of 405 RA patients and 429 HC were genotyped for four RAGE 
polymorphisms: Gly82Ser, -429T/C, -374T/A and 21 84A/G. Genotype frequencies were 
compared between RA patients and HC. In addition, associations of genotype with serum 
levels of sRAGE, cardiovascular disease and disease severity were analysed. 
Results: The Ser/Ser and Gly/Ser genotypes of Gly82Ser were significantly more 
prevalent in RA patients compared to HC (4 (1 %) Ser/Ser, 70 ( 1 7%) Gly/Ser and 330 
(82%) Gly/Gly in RA vs. 0 Ser/Ser, 35 (8%) Gly/Ser and 392 (92%) Gly/Gly in HC, 
p=3.8· 10-5). No other polymorphisms were associated with RA. Levels of sRAGE were 
independently associated with the Gly82Ser polymorphism, with the Ser allele exhibiting 
the lowest levels of sRAGE (B: -370; 95%CI: -681 to -64, p=0.026). Levels of sRAGE 
were also independently associated with ischemic heart disease (B:-522, 95%CI:-981 to -
64, p=0.026). The Gly/Ser genotype was associated with increased risk of ischemic heart 
disease (OR: 1 .8, 95%CI: 1 .0 to 3.0, p=0.045), whereas the TIC genotype of -429T/C and 
A/G genotype of 2 1 84A/G were associated with a decreased risk of ischemic heart disease 
(OR: 0.456, 95%CI: 0.232 to 0.894, p=0.022 and OR: 0.428, 95%CI:0.218  to 0.839, 
p=0.013, respectively). C allele carriers of -429T/C and G allele carriers of 2 184A/G were 
older, had lower anti-citrullinated protein antibody titers, lower Ritchie articular index and 
a lower number of tender joints at diagnosis. Cumulative C-reactive protein levels during 
12 and 24 months after diagnosis RA were lower in these patients. 
Conclusion: The Gly82Ser polymorphism is associated with disease susceptibility for RA, 
influences levels of sRAGE and is related to ischemic heart disease in RA patients. The -
429T/C and 21 84A/G polymorphisms are protective against ischemic heart disease and are 
associated with less severe RA. These data are compatible with an important role for 
RAGE in inflammatory processes, including atherogenesis, in RA. 
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Introduction 
Rheumatoid Arthritis (RA) is associated with an increased prevalence of cardiovascular 
disease due to accelerated atherosclerosis1'2• Accelerated atherosclerosis in these patients 
can not be explained by traditional cardiovascular risk factors alone3• Besides traditional 
cardiovascular risk factors disease related factors are probably involved, among which 
advanced glycation end products (AGEs)4. 
AGEs are a class of compounds resulting from non-enzymatic glycation of proteins, lipids 
or nuclear acids, partly under influence of oxidative stress. In RA increased accumulation 
of AGEs has been found5

• AGEs can induce inflammation and contribute to development 
of atherosclerosis by ligation with the receptor for advanced glycation end products 
(RAGE)4,4. Other pro-inflammatory RAGE -ligands like high-mobility group box 1 protein 
(HMGB-1) and S lOO calgranulins are increased in RA as well6-8• 

RAGE-ligands can be prevented of binding to RAGE by soluble RAGE (sRAGE). This 
free circulating isoform of RAGE, produced by alternative splicing or shedding, has been 
suggested to function as a decoy receptor. In a mouse model for accelerated 
atherosclerosis, administration of recombinant sRAGE not only suppressed the 
development of atherosclerosis but also stabilized established atherosclerosis9•10• Higher 
levels of sRAGE are associated with longevity suggesting a protective effect of sRAGE on 
age-related disorders11

• Accordingly, decreased levels of sRAGE have been associated 
with coronary artery disease12, peripheral arterial disease13 and Alzheimer's disease14

• 

The gene encoding for RAGE is situated on chromosome 6 in the locus of the major 
histocompatibility complex in the class III region. At least 30 RAGE polymorphisms have 
been identified. Some of these polymorphisms have been shown to be functional, among 
them the glycine 82 serine polymorphism (Gly82Ser). The Ser allele of the Gly82Ser 
polymorphism causes an amino acid change in the ligand binding domain of RAGE that is 
related to increased ligand binding affinity, decreased levels of sRAGE and pro
inflammatory effects15-17

• The -429T/C and -374T/A polymorphisms are situated in the 
promoter region of the RAGE gene. The C allele of-429T/C and the A allele of -374T/A 
allele lead to increased transcriptional activity18

• In addition, the A allele of -374T/A has 
been shown to be protective against cardiovascular disease and Crohn's disease19

-
2 2

• The 
21840 allele of the 2184A/G polymorphism was associated with psoriasis23• 

Based on these observations we hypothesized that RAGE polymorphisms could represent a 
genetic risk factor for RA. These polymorphisms may contribute to CVD and disease 
severity in RA by alteration of RAGE and sRAGE expression. Therefore, we studied the 
distribution of RAGE polymorphism among RA patients and controls. In addition, we 
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analyzed the relation between RAGE polymorphisms, sRAGE levels, cardiovascular 
disease and variables of disease severity in RA patients. 

Patients and methods 
Subjects 
In 2002, all RA patients who fulfilled the ACR criteria for RA 24 treated at the University 
Medical Center Groningen were invited to participate in a study on genetic predisposition 
of RA. In total, 405 patients were included in this study. As controls, partners of the RA 
patients included in this study and partners of SLE patients included in another study, were 
included. Additional healthy controls were included from a study of risk for development 
of colorectal cancer as described previously25

• None of the in total 429 controls had RA or 
SLE. All patients and controls gave written informed consent and the study was approved 
by the local medical ethics committee. 

Genotyping 
DNA was extracted from whole blood samples following standard extraction procedures. 
For the determination of the SNP alleles, the TaqMan Allelic Discrimination Assay by 
Applied Biosystems was used. Information about DNA sequences adjecent to the SNP was 
retrieved by accessing the NCBI SNP database. SNP/lds are: rs2070600 (Gly82Ser), 
rs1800625 (-429T/C), rs1800624 (-374T/A), rs3134940 (2184A/G). The sequence 
information retrieved online was used to order Primers and TaqMan probes (Applera, 
Nieuwekerk aid Ijssel, The Netherlands), by using the probes and primer interface which is 
provided by Applera. PCR-reactions were performed in a total volume of 1 0µl using a 
minimum of 5 ng of patient DNA, lx  TaqMan Universal PCR Master Mix (Applied 
Biosystems) and 0.5x Primer-Probe-Mix (Applied Biosystems) which consisted of 700 nM 
Primer and 100 nM probe. PCR was performed on a GeneAmp PCR System 9700 
(Applied Biosystems); cycle conditions were: 15 min. enzyme activation at 95°C followed 
by 40 cycles with 15 sec. at 95°C for denaturation and 1 min. at 60°C for annealing and 
elongation. 
Endpoint measurement of the fluorescence signal was performed on an ABI7900HT 
machine. The SNP-alleles were finally assigned visually using the SDS 2.0 software 
(Applied Biosystems). 

Measurement of sRA GE levels 
From 133 RA patients serum was available for assessment of sRAGE levels. Serum levels 
of sRAGE were assessed using a commercially available enzyme-linked immunosorbent 
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assay (ELISA) (sRAGE Duoset, R&D systems, Abingdon, UK) according to the 
manufacturer's protocol, using high performance ELISA buffer (Sanquin, Amsterdam, 
Netherlands) for sample dilution. 

Assessment of cardiovascular disease 
The presence of cardiovascular disease in all RA patients was retrospectively assessed by 
reviewing medical records. Cardiovascular disease included ischemic heart disease (IHD), 
cerebrovascular accidents (CV A) or peripheral artery disease (PAD). Ischemic heart 
disease included angina pectoris and myocardial infarction. Angina was identified if the 
patient's medical record described typical chest pain, combined with an abnormal exercise 
electrocardiogram, or perfusion abnormalities on myocardial perfusion scinctigraphy, or > 
50% luminal stenosis in at least one major coronary vessel on angiogram. Myocardial 
infarction was identified if patient's medical record described a typical rise and fall in the 
levels of biochemical markers consistent with myocardial necrosis with at least one of the 
following criteria: typical chest pain, development of pathologic Q waves on 
electrocardiogram (ECG) or ECG changes indicative of ischemia (ST segment elevation or 
depression)26

. 

CV A included stroke or transient ischemic attack (TIA). Stroke or TIA was identified if 
patients had been admitted to the hospital with evidence of ischemic occlusion on 
computed tomography (CT) scanning, had undergone carotid endarterectomy, or 
symptoms of stroke/TIA, or evidence of a significant plaque on carotid ultrasound with 
neurologic abnormalities. Subarachnoid hemorrhage and space-occupying lesions were 
excluded. 
PAD was identified if the ankle-brachia! index was lower than 0.8 or Doppler 
ultrasonography showed significant large-vessel disease, or patients experienced typical 
intermittent claudication. 
Patients with multiple events had only the first event per category (IHD, CV A, PAD) 
scored. The date of first event within each category was used for time correction in Cox 
regression analysis. The last hospital visit was considered the last follow-up data. 

Markers of disease severity 
In a subgroup of 1 1 9 patients, prospective information on disease severity was available. 
This included cumulative CRP levels over a period of 1 2  and 24 months after diagnosis of 
RA and radiological damage at and 24 months after diagnosis of RA assessed by van der 
Heijde-modified Sharp (vdH-S) scoring method as described27

•
28

• In addition, rheumatoid 
factor titer, anti-citrullinated protein antibodies (ACP A) titer, and disease activity score 
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(DAS) according to van der Heijde with 3 variables (number of swollen joints (SJC), 
erythrocyte sedimentation rate and Ritchie articular index (RAI))29 at disease onset, was 
available. 

Statistical analysis 
This study was exploratory in nature, and a formal power analysis was not performed. 
Values are expressed as mean ± standard deviation when normally distributed and as 
median (range) when non-normally distributed, unless otherwise stated. The genotype 
frequencies of the control group were tested for Hardy-Weinberg equilibrium using the 
chi-square test on the observed frequencies versus the expected frequencies according to 
the Hardy-Weinberg formula. Differences in genotype frequencies and allele frequencies 
between RA patients and controls were tested using the chi-square test or Fisher's exact 
test where appropriate. 
Differences in continuous variables between genotypes were compared using the Mann
Whitney U-test or Student's t-test where appropriate. To assess influence of RAGE 
polymorphisms on sRAGE levels, univariate linear regression and multivariate linear 
regression with forward inclusion of variables was performed. Variables that had a p-value 
<0. 1 in univariate analysis were included in multivariate analysis. The probability of F for 
removal was 0. 1 0. Cox regression analysis of time to cardiovascular event or last follow
up was performed to examine the associations between CVD and RAGE genotype. 
Multivariate analysis was performed with conditional stepwise forward inclusion of 
variables that had a p-value < 0. 1 in univariate analysis. In case of genotype frequencies 
and allele frequencies a p-value < 0.01 was considered to indicate statistical significance, 
in all other cases a p-value<0.05 was considered significant. All analyses were performed 
using SPSS 18.0 (SPSS Inc., Chicago, IL, USA). 

Results 
Patients characteristics 
Characteristics of 405 RA patients (median age 61; range 25-89, 295 females) are 
presented in Table la. 

RAGE genotype and allele frequencies 
The genotype frequencies of the controls were in Hardy-Weinberg equilibrium, assuring 
quality of the markers used (Table 2a). Genotype distribution of Gly82Ser polymorphism 
significantly differed between RA patients and controls (p=3.8· 10-5) (Table 2a). In 
accordance with the genotype distribution, the Ser allele was significantly more prevalent 
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among RA patients (p=7.0· 1 0"6) and associated with an increased increased risk of RA 
(OR: 2.5, 95% CI: 1 .7-3.8) (Table 2b). Genotype distribution of the -429T/C, -374 TIA 
and 2184 A/G polymorphisms did not significantly differ between patients and controls. 

Table ta. Characterisitics of RA patients 
RA patients (n=405) 
Age, years 
Female, n (%) 
Rheumatoid Factor positive, n (%) 
Erosive disease, n (%) 
Age of diagnosis, years 
Disease duration, years 

Cardiovascular disease, n (%) 
Ischemic heart disease, n (%) 
Cerebra vascular accidents, n (%) 
Peripheral artery disease, n (%) 

Data are expressed as median (range) or mean ± standard deviation, unless 
Abbreviation: RA: rheumatoid arthritis. 

Table 2a. Genotype frequencies 
RAGE Gly82Ser Total 

Gly/Gly Gly/Ser Ser/Ser 
Rheumatoid arthritis 33 1  (8 1 .7%) 70 ( 1 7.3%) 4 ( 1 .0%) 405 (I 00.0%) 
Controls 392 (9 1 .8%) 35 (8.2%) 0 427 ( 1 00.0%) 
Total 723 (86.9%) 1 05 ( 12.6%) 4 (0.5%) 832 (1 00.0%) 

RAGE -429T/C Total 
TI TC cc 

Rheumatoid arthritis 297 (73.3%) 1 03 (25.5%) 5 ( 1 .2%) 405 ( 1 00.0%) 
Controls 279 (65.3%) 1 39 (32.6%) 9 (2. 1 %) 427 (1 00.0%) 
Total 576 (69.2%) 242 (29. 1 %) 14 ( 1 .7%) 832 ( 1 00.0%) 

RAGE -374 TIA Total 
TT TA AA 

Rheumatoid arthritis 2 1 9  (54. 1%) 1 52 (37.4%) 34 (8.5%) 405 (1 00.0%) 
Controls 239 (55.7%) 1 64 (38.2%) 26 (6. 1%) 429 (1 00.0%) 
Total 458 (54.9%) 3 1 6  (37.9%) 60 (7.2%) 834 (1 00.0%) 

RAGE 2184 A/G Total 
AA AG GG 

Rheumatoid arthritis 293 (72.3%) 1 06 (26.2%) 6 (1 .5%) 405 ( 1 00.0%) 
Controls 275 (64.4%) 140 (32.8%) 12 (2.8%) 427 (1 00.0%) 
Total 568 (68.3%) 246 (29.6%) 18 (2. 1 %) 832 (1 00.0%) 

61 (25-89) 
295 (72) 
360 (89) 
348 (86) 
44 ± 14 
1 3  (1 -56) 

93 (23) 
70 ( 1 7) 
23 (6) 
16 (4) 

otherwise indicated. 

P1 1w Px2 

3 .8 · 1 0·5 

0.67 

P1 1w Px2 

0.04 
0.22 

P11w Px2 

0.4 1 
0.95 

P1 1w Px2 

0.04 
0.22 

P x2: p-value genotype differences between patient groups and controls. P1 1w: p-value Hardy Weinberg 
equilibrium. 
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Table 2b. RAGE polymorphisms allele frequencies 
RAGE Gly82Ser 

Gly Ser 
Total OR (95% CI) 

Rheumatoid arthritis 
Controls 

73 1 (90.3%) 
8 19  (95.9%) 

79 (9.7%) 
35 (4. 1 %) 

8 1 0  ( 1 00.0%) 2.500 ( 1 .658-3.77 1 )  7.0 · 1 0-6 

854 ( 100.0%) 
Total 1 550 (93 . 1%) 1 14 (56.9%) 1 664 ( 1 00.0%) 

Odds ratio refers to the effect size of the Ser allele in relation to the Gly allele. 

RAGE -429T/C Total 
T C 

Rheumatoid arthritis 697 (86.0%) 1 1 3 ( 14.0%) 8 1 0 ( 1 00.0%) 
Controls 697 (8 1 .6%) 1 57 ( 1 8.4%) 854 ( 100.0%) 
Total 1 394 (83.8%) 270 ( 1 6.2%) 1 664 ( 1 00.0%) 

Odds ratio refers to the effect size of the C allele in relation to the T allele. 

RAGE -374 T/A Total 
T A 

Rheumatoid arthritis 590 (72.8%) 220 (27.2%) 8 10  ( 1 00.0%) 
Controls 642 (74.8%) 2 1 6  (25.2%) 858 ( 1 00.0%) 
Total 1232 (73.9%) 436 (26. 1%) 1 668 ( 1 00.0%) 

Odds ratio refers to the effect size of the A allele in relation to the T allele. 

RAGE 2184 A/G Total 
A G 

Rheumatoid arthritis 692 (85.4%) 1 1 8 ( 14.6%) 8 10  ( 1 00.0%) 
Controls 690 (80.8%) 1 64 ( 1 9.2%) 854 ( 1 00.0%) 
Total 1 382 (83.2%) 282 ( 1 6.9%) 1 664 ( 1 00.0%) 

Odds ratio refers to the effect size of the G allele in relation to the A allele 
P x2 = p-value differences between patient groups and controls 

RA GE genotype in relation to serum levels of sRA GE 

OR (95% CI) 

0.72 1 (0.553-0.939) 

OR (95% CI) 

1 . 1 09 (0.890-1 .383) 

OR (95% CI) 

0.7 1 8  (0.555-0.930) 

Px2 

0.D 1 5  

Px2 

0.36 

Px2 

0.0 12  

In a subgroup of 133 RA patients, we investigated whether these RAGE polymorphisms 
influence levels of sRAGE. Characteristics and genotype distribution among these patients 
are shown in Table 1 b. For the Gly82Ser polymorphisms, levels of sRAGE were 
significantly decreased in patients with Gly/Ser genotype compared to Gly/Gly genotype: 
1405 (617-3448) pg/ml (median (range)) vs. 1758 (451-5726) pg/ml, p=0.01, and levels 
were further decreased in patients with Ser/Ser genotype: 1126 (165-1979) pg/ml, although 
not significantly ( figure 1 ). 
Since levels of sRAGE might be influenced by several other factors, such as renal function 
and medication, univariate analysis and multivariate analysis was performed. Factors that 
related to sRAGE levels at p<0.10 in univariate analysis were included in multivariate 
analysis. This analysis revealed that the Gly82Ser polymorphism, renal function, gender, 
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ischemic heart disease and future all-cause mortality are independently associated with 
sRAGE levels (Table 3). 

Table 1 b. Characteristics of RA patients (n= 133) at the time of blood withdrawal for sRA GE assessment. 
RA patients (n=l33) 
Age, years 
Female, n (%) 
Rheumatoid factor positive, n (%) 
Erosive disease, n (%) 
Age of diagnosis, years 
Disease duration, years 
CRP, ng/ml 
ESR, mm/hr 
Creatinine, umol/1 
Cardiovascular disease, n (%) 

Ischemic heart disease, n (%) 
Cerebrovascular accidents, n (%) 
Peripheral artery disease, n (%) 

NSAIDs, n (%) 
MTX, n (%) 

MTX dose, mg/week 
Sulfasalazine, n (%) 

Sulfasalazine dose, mg/day 
Prednison, n (%) 

Prednison, mg/day 
Biologicals, n (%) 
Antihypertensive drugs, n (%) 

B-blocking agents 
Diuretics 
ACEi 
Calcium antagonists 

Anticoagulants, n (%) 
RAGE gly82ser, n (%) 

Gly/Gly 
Gly/Ser 
Ser/Ser 

RAGE -429T/C, n (%) 
TT 
TC 

RAGE -374T/A, n (%) 
TT 
TA 
AA 

RAGE 2184A/G, n (%) 
AA 
AG 

59 ± 12  
96  (72) 

1 24 (93%) 
1 1 3 (85%) 
47 ± 1 3  
7 (2-45) 
6 (3- 1 1 9) 
1 8  (2-86) 

77 (42-1 85) 
30 (23) 
1 9  ( 14) 
1 1  (8) 
2 (2) 

88 (66) 
97 (73) 

1 5  (5-25) 
40 (30) 

2000 (500-3000) 
1 5  (1 1 )  

7.5 (2.5-25) 
17 ( 1 3) 

29 (22) 
29 (22) 
27 (2 1 )  

8 (6) 
20 ( 1 6) 

97 (72.7) 
33 (25.0) 
3 (2.3) 

87 (65.6) 
45 (34.4) 

74 (55 .6) 
50 (37.9) 

9 (6.5) 

86 (64.6) 
47 (35.4) 

Data are expressed as median (range) or mean ± standard deviation, unless otherwise indicated. 
Abbreviation: RA: rheumatoid arthritis, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, 
NSAIDs: Non-Steroidal Anti-Inflammatory Drugs, MTX: Methotrexate, ACEi: angiotensin converting 
enzyme inhibitor. 
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Table 3. Univariate and multivariate linear regression analysis for levels of sRA GE in RA patients (n= 133) 
Univariate analysis Multivariate analysis (R2=0.3) 

B (95% CI) p-value B (95% CI) p-value 
Age, years 3 (-1 1 - 1 7) 0.653 ** 
Genders -48 1 (-853--1 10) 0.0 12  -548 (-905- - 1 9 1 )  0.003 
Erosive diseaseh 78.8 (-389-547) 0.739 ** 
Rheumatoid factorc 288 (-390-965) 0.402 ** 
Age of diagnosis, years 1 (- 12- 14) 0.880 **  
Disease duration, years -2 (-25-22) 0.884 ** 
CRP, ng/ml -3 (-1 1 -6) 0.549 ** 
BSE, mm/hr -3 (-1 1 -6) 0.574 ** 
Creatinine, umol/1 9 (2- 1 7) 0.o 1 5  1 3  (6-21 )  <0.001 
CVDd -41 1 (-8 1 3--9) 0.045 ** 

IUD -61 7  (- 1 093--142) 0.o l l -522 (-98 1 - -64) 0.026 
CVA - 102 (-72 1 -5 1 7) 0.746 ** 
PAD -762 (-2 1 58-633) 0.282 ** 

All-cause mortality -735 (- 1 244- -227) 0.005 -657 (- 1 1 50- -1 63) 0.010 
Medicationc 

NSAIDs -64 (-424-296) 0.726 ** 
MTX 379 (0-757) 0.050 * 
Sulfasalazine - 19 1  (-564-1 83) 0.3 14 ** 
Prednison -460 (-10 10-9 1)  0 . 101  * 
Biologicals -353 (-860-1 54) 0. 17 1  ** 

Antihypertensive drugs• 
B-blocking agents 1 06 (-306-5 19) 0.61 1 ** 
Diuretics 298 (-1 12-708) 0. 1 53 ** 
ACEi - 137 (-561 -286) 0.522 ** 
Calcium antagonists 37 (-642-7 1 6) 0.9 13  ** 

Anticoagulants -87 (-568-395) 0.722 ** 
RAGE gly82sel -453 (-784--1 23) 0.008 -370 (-68 1 - -64) 0.026 
RAGE -429T/Ci: 147 (-2 1 3-508) 0.420 ** 
RAGE -374T/Ah 20 (-266-305) 0.892 ** 
RAGE 2184A/Gi 1 60 (-202-52 1)  0.384 ** 

B refers to influence on sRAGE levels. 
* Variable was not selected during multivariate regression analysis. 
**Variable was not tested in multivariate regression analysis because of a p-value>0. 1 in univariate analysis. 
": female were defined as 0, male as 1 ;  b: Non-erosive disease was defined as 0, erosive disease as 1 ;  c: 
Rheumatoid factor negative was defined as 0, rheumatoid factor positive as 1; d: No cardiovascular disease 
was defined as 0, cardiovascular disease was defined as 1 ;  c: No use of specified drug was defined as 0, use 
of specified drugs was defined as 1; r: Gly/Gly genotype was defined as 1, gly/ser genotype was defined as 2 
and ser/ser genotype was defined as 3; g: TT genotype was defined as 1 ,  TC genotype was defined as 2, CC 
genotype was defined as 3; h: TT genotype was defined as 1, TA genotype was defined as 2, AA genotype 
was defined as 3; ;: AA genotype was defined as I ,  AG genotype was defined as 2, GG genotype was defined 
as 3 .  
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Figure 1. sRAGE levels across Gly82Ser genotypes in RA patients (n=/33) 

RA GE genotype in relation to cardiovascular disease 
Next, we investigated the Gly82Ser polymorphism and other RAGE polymorphisms in 
relation to ischemic heart disease and other cardiovascular disease manifestations. 
Univariate Cox regression analysis revealed a trend (p=0.065) towards increased risk for 
ischemic heart disease in patients with the Gly/Ser genotype of the Gly82Ser 
polymorphism compared to patients with Gly/Gly genotype (OR: 1 .7, 95% CI: 1 .7-3.8). 
When corrected for gender, which was significantly associated with ischemic heart disease 
in univariate cox regression analysis (OR: 2.0, 95% CI: 1 .2-3.2, p=0.005), the Gly/Ser 
genotype was significantly associated with increased risk for ischemic heart disease (OR: 
1 .8, 95% CI: 1 .0-3.0, p=0.045). 
Both the TIC genotype of the -429T/C polymorphism as well as the A/G genotype of the 
2184A/G polymorphism were associated with a decreased risk of ischemic heart disease 
(OR: 0.456, 95%CI: 0.232-0.894, p=0.022 and OR: 0.428, 95%CI:0.2 1 8-0.839, p=0.013, 
respectively). Correction for gender did not significantly change results. The A/G genotype 
of the 2 l 84A/G polymorphism was also associated with a decreased risk for all 
cardiovascular disease events (OR: 0.580, 95%CI: 0.342-0.985, p=0.044). None of the 
other polymorphisms was associated with CVD. 
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RA GE genotype in relation to rheumatoid arthritis disease disease characteristics 
In line with the association of the 2184A/G and the -429T/C polymorphisms with 
decreased risk for ischemic heart disease and cardiovascular disease manifestations, these 
polymorphisms were also associated with an older age of diagnosis RA. This approximates 
age of disease onset: G allele carriers of 2184A/G and C allele carriers of -429T/C were 
significantly older at diagnosis of RA compared to those homozygous for the major allele 
(44 ± 14 vs 47 ± 15, p=0.034 and 44 ± 14 vs 47 ± 14, p=0.040, respectively). The Gly82ser 
and -374T/A polymorphisms were not associated with age of disease onset. 
In a subgroup of 119 RA patients, prospective information on disease severity was 
available, characteristics are shown in Table 4. Due to linkage disequilibrium, the genotype 
distribution of the 2184A/G and RAGE-429T/C polymorphism as well as related statistics 
did not differ in this subgroup of RA patients, therefore in the following section statistics 
are only mentioned once. 
Anti-CCP titers at diagnosis were significantly decreased in G allele carriers of the 
2184A/G polymorphism and C allele carriers of the -429T/C polymorphism compared to 
homozygous major allele carriers (359 (0-1600) vs 177 (5-1600), p=0.045). In addition, 
cumulative CRP levels during 12 and 24 months after diagnosis of RA were significantly 
decreased in G allele carriers of the 2184A/G polymorphism and the C allele carriers of the 
RAGE-429T/C polymorphism compared to homozygous major allele carriers (12 months: 
770 (50-5841) vs 442 (51-2046), p = 0.009, 24 months: 1350 (106-10267) vs 1018 (113-
3439), p=0.035, respectively). DAS at RA diagnosis did not significantly differ across 
different RAGE genotypes, however RAJ was significantly decreased in G allele carriers 
of the 2184A/G and C allele carriers of the -429TC polymorphism compared to 
homozygous major allele carriers (8 (0-43) vs 6 (1-23), p=0.026) as well as the TJC (11 (0-
45) vs 10 (1-27), p=0.05). None of the RAGE polymorphisms was associated with vdH-S 
score. 
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Table 4. Characteristics of 119 RA patients of which data on disease severity was available 
RA patients (n=119) 
Age, years 
Female, n (%) 
Rheumatoid Factor at diagnosis, U/ml 
ACPA at diagnosis, U/ml 
CRP at diagnosis, mg/1 
Cummulative CRP mg/1/1 2  months from diagnosis 
Cummulative CRP mg/1/24 months form diagnosis 
DAS at diagnosis 

RAJ 
SJC 
TJC 
ESR, mm/hr 

vdH-S score at diagnosis 
vdH-S score after 24 months after diagnosis 

RAGE gly82ser, n (%) 
Gly/Gly 
Gly/Ser 
Ser/Ser 

RAGE -429T/C, n (%) 
Tff 
TIC 

CIC 

RAGE -374T/A, n (%) 
TT 
TA 
AA 

RAGE 2 1 84A/G 
AA 
AG 
GG 

50 ± 1 2  
8 1  (68) 
1 80 (5-1 980) 
3 1 8  (0-1 600) 
22 ( 1 - 1 87) 
634 (50-584 1 )  
1 1 53 ( I  06- 1 0267) 
6.2 ± 1 .3 
7 (0-43) 
9 (0-33) 
1 1  (0-45) 
38 (5- 1 05) 
1 (0-97) 
1 5  (0- 1 20) 

99 (83) 
1 8( 1 5) 
2 (2) 

85 (7 1 )  
3 3  (28) 
1 ( 1 )  

57 (48) 
5 1  (43) 
1 1  (9) 

85 (7 1 )  
3 3  (28) 
1 ( 1 )  

Data are expressed a s  median (range) or mean ± standard deviation, unless otherwise indicated. 
Abbreviation: ACPA: anti-citrullinated protein antibodies, CRP: C-reactive protein, DAS: Disease activity 
score with 3 variables, RAJ: Ritchie articular index, TJC: tender joint count, SJC: swollen joint count, ESR: 
erythrocyte sedimentation rate, vdH-S score: van der Heijde modified Sharp score. 

Discussion 
This study is the first to describe four RAGE polymorphisms in a large, well defined 
population of patients with RA. We found the Gly82Ser polymorphism not only to be 
associated with disease susceptibility for RA, but also with serum levels of sRAGE and 
presence of ischemic heart disease within these patients. Moreover, the 2184A/G and -
429T/C polymorphisms were associated with age of RA disease onset, measures of disease 
severity and also with ischemic heart disease. 
First, we found the Ser allele of the Gly82Ser polymorphism to be associated with disease 
susceptibility for RA. With this finding we confirm two previous smaller studies in which 
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this association was also found16•30. It has been demonstrated that this polymorphism is not 
associated with RA independently of HLA DRB 1*040131, nevertheless we found the 
Gly82Ser polymorphism influences levels of sRAGE in RA patients. Several studies have 
found decreased levels of sRAGE in RA patients compared to controls6•32 . The current 
study demonstrates that decreased levels of sRAGE in RA can at least partially be 
explained by the increased prevalence of the Ser allele among these patients. The 
mechanism by which the Gly82Ser polymorphism alters levels of sRAGE is unknown, but 
it has been hypothesised that alteration of the structure of RAGE protein due to this 
polymorphism makes it more vulnerable for degradation by proteinases33 • None of the 
other studied RAGE polymorphisms were associated with sRAGE levels, which is in 
accordance with a previous Dutch cohort study34• 

Secondly, we found decreased levels of sRAGE to be independently associated with 
ischemic heart disease and all-cause mortality among RA patients. These findings are in 
line with previous studies suggesting that sRAGE functions as a decoy by binding RAGE 
ligands thus abrogating cellular activation12

•
3 5

. In a model of inflammatory arthritis, 
administration of sRAGE to mice immunized and challenged with bovine type II collagen 
suppresses clinical and histologic evidence of arthritis as well as pro-inflammatory markers 
in affected tissues 1 6 . Moreover, in a mouse model of accelerated atherosclerosis, 
administration of sRAGE stabilizes established atherosclerotic lesions and suppresses 
vascular inflammation9• 10. 

As we found levels of sRAGE to be associated with the Gly82Ser polymorphism as well as 
with ischemic heart disease, a relation between the Gly82Ser polymorphism and ischemic 
heart disease could be expected. Therefore we investigated the Gly82Ser polymorphism 
and other RAGE polymorphisms in relation to ischemic heart disease and other 
cardiovascular disease manifestations. As expected, the Ser allele of the Gly82Ser 
polymorphism was related to ischemic heart disease. Our results are in accordance with a 
study in a Chinese population which showed the Ser allele to be associated with coronary 
artery disease36

• Two other previous studies did not find an association between the 
Gly82Ser polymorphism and cardiovascular disease37•38 . However, both studies were 
limited by the low number of subjects enrolled, or the low Ser allele frequency. In our 
study the Ser allele frequency was 9.7% and incidence of IHD was 17% versus 4.0% and 
8. 1 %, respectively, in the Framingham offspring study38. Moreover, in the presence of RA, 
which is associated with increased levels of RAGE ligands, this polymorphism may be 
more pathophysiologically relevant than in subjects of the Framingham offspring study. 
Interestingly, both the TIC genotype of the -429T/C polymorphism as well as the NG 
genotype of the 2 1 84NG polymorphism were associated with a decreased risk of ischemic 
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heart disease. It should be taken into account that there is a strong linkage disequilibrium 
between the -429T/C and 2 1 84A/G polymorphism (r2=0.99), meaning that the associations 
with ischemic heart disease may be explained by only one of these two polymorphisms. It 
has been demonstrated that the C allele of RAGE-429T/C and the A allele of RAGE-
374T/A polymorphisms in the promoter region of the RAGE gene both increase gene 
transcription39

• So far, the RAGE21 84A/G polymorphism has not been shown to be 
functional. Therefore, the protective effect is most likely caused by the RAGE-429T/C 
polymorphism. As far as we know we are the first to describe the protective effect of the C 
allele of RAGE-429T/C and G allele of the RAGE21 84A/G polymorphisms on ischemic 
heart disease. Likewise, several studies have demonstration the protective effect of the A 
allele of RAGE-374T/A on ischemic heart disease and cardiovascular disease,20•

40•
4 1  but 

this could not be confirmed in our study. 
To date no other study has shown the protective effect of the -429T/C polymorphism and 
21 84A/G polymorphism on ischemic heart disease and disease severity in RA patients. 
One study showed the G allele of the 2184A/G polymorphism to be more common in 
psoriatic patients, while in these patients this allele was associated with the absence of 
cardiovascular diseases, diabetes mellitus and cancer42• 

Finally, we analysed RAGE polymorphisms in relation to RA disease severity. In line with 
the association of the G allele of the 2184A/G polymorphism and C allele of RAGE 
429T/C polymorphism with decreased risk for ischemic heart disease, the G allele and C 
allele were also associated with an older age of rheumatoid arthritis onset, lower ACP A 
titers at diagnosis and lower cumulative CRP levels during 1 2  and 24 months after 
diagnosis of RA. Also the RAI and TJC were significantly decreased in G allele carriers of 
the 21 84A/G polymorphism and C allele carriers of the -429T/C polymorphism compared 
to homozygous major allele carriers. None of the RAGE polymorphisms was associated 
with vdH-S score. 
Our study has some limitations. First, this study was explorative in nature and a formal 
power analysis was not performed. Therefore, although the largest study to date on RAGE 
polymorphisms in RA, this study may still be underpowered to detect potential additional 
effects of these polymorphisms. Secondly, due to the retrospective design of the analysis 
of RAGE polymorphisms in relation to cardiovascular disease, some potential confounders 
could not be taken into account as we were unable to obtain reliable information on 
traditional cardiovascular risk factors such as family history of CVD, smoking and BMI. In 
addition, the prevalence of ischemic heart disease and other cardiovascular manifestations 
is probably underestimated. 
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In conclusion, this study shows for the first time that RAGE gene polymorphisms 
contribute to cardiovascular disease and disease severity in RA patients. The Gly82Ser 
polymorphism not only contributes to disease susceptibility for RA but is also a non
traditional cardiovascular risk factor in RA influencing levels of sRAGE. The unfavourable 
effects of the Ser allele of the Gly82Ser polymorphism and the beneficial effects of the C 
allele of the -429T/C and G allele of the 2184NG polymorphisms on cardiovascular risk 
and disease severity in RA show that RAGE is an important player contributing to 
atherogenesis and disease severity in RA. Therefore, RAGE may be a therapeutic target in 
these patients. 
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CHAPTER lO 

SUMMARY, DISCUSSION, AND PERSPECTIVES 



Summary 
Systemic autoimmune disease, including systemic lupus erythematosus (SLE), rheumatoid 
arthritis (RA) and granulomatosis with polyangiitis (GPA), are associated with an 
increased prevalence of cardiovascular disease (CVD), due to accelerated atherosclerosis 1• 

Both traditional and disease-related factors are thought to contribute to accelerated 
atherosclerosis in these patients 1• Endothelial cell (EC) activation and EC dysfunction are 
among the first steps in the inflammatory process leading to atherosclerosis2

. Detection of 
these early and reversible events is of interest for two reasons. First, it allows us to gain 
more insight in the aetiology of atherosclerosis in these patients. Second, it offers the 
possibility to identify individuals at risk for developing atherosclerosis and to intervene 
early in the process leading to atherosclerosis. An overview of early markers and risk 
factors for atherosclerosis in systemic autoimmune diseases is given in chapter 1. 

In part I of this thesis, markers for EC dysfunction have been investigated in relation to 
established markers for EC activation and atherosclerosis in patients with SLE, RA or 
GP A. In addition, the contribution of traditional cardiovascular risk factors and disease 
related factors to EC activation, EC function and atherosclerosis has been investigated. 
In chapter 2, we describe and discuss the results of our study regarding cutaneous 
microvascular EC function in patients with GP A without manifest atherosclerosis. EC 
function was assessed using laser Doppler fluxmetry in combination with iontophoresis of 
acetylcholine (ACh) and sodium nitroprusside (SNP) which are endothelium dependent 
and endothelium-independent vasodilators, respectively. In addition, serum markers for EC 
activation and common carotid artery intima media thickness (IMT) as measure of 
subclinical atherosclerosis were assessed. Traditional cardiovascular risk factors and 
disease related factors were recorded. Compared to healthy controls, GP A patients had 
enhanced endothelium-dependent microvascular responses which could not be explained 
by traditional cardiovascular risk factors alone. Moreover, EC activation and accelerated 
atherosclerosis as measured by IMT were present in these patients. These data suggest that 
EC dysfunction as detected by LDF indicates and contributes to a proatherogenic state in 
patients with GP A. 
Although LDF is an elegant method to study EC function, its demands on the examiner and 
subjects limit its use in clinical practice. Pulse wave analysis (PW A) is another method to 
study EC function, this technique is well-tolerated and requires less time and experience of 
the examiner as compared to LDF. In chapter 3, we used PWA, which measures small 
artery elasticity (SAE), as marker for EC function in patients with SLE. As in chapter 2, 
this measure of EC function was studied in relation to EC activation and IMT. In addition, 
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SAE was studied in relation to accumulation of advanced glycation end products (AGE), a 
potential non-traditional cardiovascular risk factor. SAE was decreased in SLE patients 
with EC activation but without increased IMT and could not be explained by the presence 
of traditional cardiovascular risk factors. AGE accumulation was inversely related to SAE. 
Measurement of SAE seems a clinically applicable method to detect endothelial 
dysfunction in SLE. AGE accumulation may be contributing to EC activation and 
dysfunction in SLE patients. SAE was also decreased in patients with RA with EC 
activation but without increased IMT ( chapter 4). In these patients, EC activation markers 
were inversely related to SAE. This study further supports that SAE may be an early 
marker for atherosclerosis in patients with systemic autoimmune disease. 

In part II of this thesis, accumulation of AGEs and the receptor for AGEs (RAGE) are 
studied in relation to atherosclerosis and cardiovascular disease in systemic autoimmune 
diseases. An overview of the role of AGEs and RAGE in the development of 
atherosclerosis in systemic autoimmune diseases is given in chapter 5. 
In chapter 6, skin AGE accumulation and plasma levels of two specific AGEs were 
assessed in SLE patients and healthy controls. In addition, levels of soluble RAGE 
(sRAGE) were measured. We observed increased AGE accumulation in SLE patients, 
whereas plasma AGE levels were comparable to controls even during active disease. This 
suggests that AGEs primarily accumulate on tissue proteins but not on plasma proteins 
with a short life-time. Therefore, measurement of plasma AGEs is not useful to assess 
AGE burden in these patients. Levels of sRAGE were elevated and increased further 
during active disease and EC activation in SLE patients. sRAGE has been proposed to act 
as a decoy receptor for AGE, facilitating the clearance of AGEs. Why this proposed 
mechanism is insufficient to prevent increased AGE accumulation in SLE patients has to 
be established. 
We also studied AGE accumulation in relation to serum levels of sRAGE and intima media 
thickness in patients with GP A ( chapter 7). As in SLE patients, AGE accumulation was 
increased compared to controls. Moreover, AGE accumulation positively correlated with 
IMT. In contrast to SLE patients, sRAGE levels tended to be decreased in GPA patients. 
Decreased levels of sRAGE may contribute to increased AGE accumulation and 
atherosclerosis in these patients. 
To further elaborate on the role of RAGE in systemic autoimmune diseases we studied four 
functional polymorphisms in the gene for this receptor (-429T/C, -374T/A, 2184A/G and 
gly82ser) in relation to levels of sRAGE and disease severity in SLE ( chapter 8). The C 
allele of -429T/C, the T allele of -374T/A and the G allele of 2184 A/G were associated 
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with disease susceptibility to SLE. Among SLE patients with lupus nephritis the C allele of 
-429T/C, the T allele of -374T/A and the G allele of 2184 A/G were associated with 
proteinuria and poorer renal function during the first two years of treatment. In SLE 
patients, levels of sRAGE were not associated with any of the RAGE polymorphisms. 
However, this may be due to the low frequency of some RAGE polymorphism genotypes 
among these patients, hampering statistical analysis and detection of a possible small 
effect. 
We also studied RAGE polymorphism in relation to levels of sRAGE, cardiovascular 
disease and disease severity in RA ( chapter 9). In RA, the gly82ser is associated with 
disease susceptibility for RA, influences levels of sRAGE and is related to ischemic heart 
disease among these patients. The -429T/C and 2184A/G polymorphisms are protective 
against ischemic heart disease and are associated with less severe RA. These studies 
support that RAGE and its ligands play an important role inflammatory processes, 
including atherogenesis. 

Discussion 
Part I 
In part I of this thesis we studied markers for EC dysfunction in relation to EC activation 
and intima media thickness, as marker for subclinical atherosclerosis. 

Laser Doppler fluxmetry 
Laser Doppler fluxmetry in combination with iontophoresis of acetylcholine (ACh) and 
sodium nitroprusside (SNP) was used to assess microvascular EC function in GP A patients 
and age- and sex-matched controls. We observed an enhanced endothelium-dependent 
microvascular vasodilator reponse in GP A patients, especially after exclusion of those 
patients and controls with an increased IMT. Our results were unexpected, as data are 
discordant with some other studies in which decreased vasodilator responses were 
observed in primary vasculitis3

-
5

. Discrepancies between our study and other studies might 
relate to methodological differences. Most studies used FMD to assess EC function. FMD 
measures the response to reactive hyperaemia in the brachial artery, whereas LDF 
measures responses to ACh and SNP in the microcirculation. In addition, ACh-mediated 
vasodilation involves nitric oxide, prostanoids and endothelium-derived hyperpolarizing 
factor6

'
7

, whereas FMD results from shear stress-induced nitric oxide alone. It might be 
hypothesized that EC dysfunction is expressed differently in resistance or microvascular 
vessels than in large vessels such as the brachia! artery. This is supported by several studies 
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showing no correlation between endothelium-dependent microvascular vasodilation and 
FMD of the brachia! artery8

-
10• 

In contrast to our results, Filer et al showed a decreased vasodilator response in anti 
neutrophil cytoplasmatic antibody (ANCA)-associated vasculitis using LDF of the 
microcirculation3

• In their study, patients with quiescent as well as active disease were 
included. We deliberately excluded patients with active disease in order to focus on the 
underlying condition, preventing influences of temporary disease activity. The increased 
response to ACh in our patients is consistent with the results of a small study on ten 
patients (seven with ANCA-associated systemic vasculitis) in which an enhanced 
vasodilator response to ACh in resistance vessels using forearm plethysmography was 
demonstrated 1 1 • Increased endothelium dependent microvascular responses have also been 
reported in other conditions associated with an increased risk of atherosclerosis, such as 
preeclampsia12'13

• We propose that periods of quiescent disease and low-grade 
inflammation are characterised by a relative overproduction of endothelium-derived 
vasodilator substances, which results in an enhanced vasodilator response to ACh. 
Thus, we were able to detect EC dysfunction in GPA patients using LDF. However, in SLE 
patients in which EC activation was present, no microvascular EC dysfunction was 
found14

•
15 and microvascular endothelium-dependent responses did not differ between SLE 

patients with CVD and those without CVD14
• EC dysfunction was only detected in patients 

with Raynaud's phenomenon15
• In early RA patients microvascular EC function is 

preserved as well 16-18, although increased intima media thickness and decreased FMD is 
already present in these patients19•20

• 

In conclusion, impaired microvascular EC function was detected in GP A. At present, it has 
not been clarified whether microvascular EC function reflects macrovascular EC function, 
which is most relevant in the pathogenesis of atherosclerosis. Previous studies show that 
microvascular EC function is not impaired in SLE and early RA. Therefore, measurement 
of microvascular EC function using LDF does not seem an appropriate early marker for 
atherosclerosis in systemic autoimmune diseases. 

Pulse wave analysis 
We assessed small artery elasticity (SAE) as a marker for EC dysfunction in patients with 
SLE and RA. SAE was decreased in both SLE and RA patients. In both groups EC 
activation was present as well but IMT was not increased. Moreover, the decrease in SAE 
was independent of traditional cardiovascular risk factors but is related to the presence of 
SLE or RA. 
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Previous studies showed that SAE is selectively decreased by inhibition of nitric oxide 
synthetase in healthy volunteers2 1

'
22

, justifying the use of SAE as a marker for EC function. 
In addition, SAE correlates with FMD23

• Van Doomum et al. even showed that SAE is a 
more sensitive measure of vascular dysfunction than FMD in RA patients24

. 

However, whether SAE is solely a measure of EC function is questionable25
• Besides EC 

function, functional and structural vascular changes are likely to be determinants of SAE as 
well26

• Although the physiological meaning of SAE derived with PWA remains unclear, it 
still may be a sensitive and clinically applicable early marker for atherosclerosis. This is 
supported by several studies showing that decreased SAE is an independent predictor of 
cardiovascular events27

•
28 

Prospective longitudinal studies are necessary to establish whether decreased SAE is 
indeed an early marker for atherosclerosis and cardiovascular events in systemic 
autoimmune diseases. 

I ntima media thickness 
Several studies have demonstrated that IMT is a predictor of future CVD events, 
independent of traditional cardiovascular risk factors29

. Progression of IMT may be 
attenuated or reversed with risk factor interventions, in association with a reduced risk of 
future CVD events30

•
3 1

• These findings support that IMT can be used as early surrogate 
marker of atherosclerosis. 
We confirmed our previous finding that IMT is increased in GPA32

. However, IMT was 
not increased in SLE and RA. Previous studies showed an increased IMT in SLE and RA. 
Discordance between our studies and previous studies might be due to differences in age, 
disease duration, disease activity and patient selection. We excluded patients with overt 
CVD. 
IMT values of our SLE patients closely resemble those found by Roman et al in one of the 
largest studies to date on atherosclerosis in SLE33

. Their SLE patients even had decreased 
IMT of the common carotid artery (CCA) compared to matched controls while patients had 
significantly more carotid plaques. Another study showed an increased IMT and higher 
prevalence of plaque in the internal carotid artery (ICA) and carotid bifurcation, but not in 
the common carotid artery (CCA), in a cross-sectional investigation of RA patients as 
compared to matched controls34

• Measurement of IMT of the CCA has better 
reproducibility than that of the ICA or the bifurcation because of its ease of access. 
However, atherosclerosis progresses more rapidly in the bifurcation and ICA than the 
CCA, IMT of the CCA may underestimate atherosclerosic burden. These studies indicate 
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that IMT, although regarded as a reliable marker for diffuse atherosclerosis, might not be a 
sensitive marker for localised atherosclerotic lesions. 
Moreover, Georgiadis et al described that early active RA patients (DAS28: 5.8, indicating 
high disease activity) had an increased IMT compared to matched controls, which 
improved after therapy. They stated that effective suppression of disease activity at an 
early stage with methotrexate is associated with improvement of IMT, suggesting that IMT 
in this stage of the disease reflects intimal inflammation rather than atherosclerosis35• This 
is further supported by previous studies in SLE, showing that IMT correlates with the SLE 
disease activity index36•37 . Others showed that IMT may be related to intimal or medial 
hypertrophy or both, and may be an adaptive response to changes in flow, wall tension or 
lumen diameter38

. This mechanism may, at least in part, explain the increased IMT we 
found in patients with untreated essential hypertension. Thus, IMT is not synonymous with 
atherosclerosis, but is related to it because the cellular and molecular alterations that 
underlie intima media thickening have been implicated in the development, progression, or 
both of atherosclerosis. 
We excluded patients with active disease in order to focus on the underlying condition, 
excluding influences of temporary disease activity on IMT and other vascular parameters. 
In addition, to decrease the possibility of missing localised atherosclerotic lesions, we 
measured IMT at six different segments (left and right common carotid artery, bulb and 
internal carotid artery). We calculated the mean IMT as well as the mean maximum IMT 
of these six imaged segments. However, no differences were found between our SLE or 
RA patients and controls. IMT was increased in GPA patients only. 
Several studies suggest that the plaque score, in most studies referred to as the number of 
atherosclerotic plaques defined as the presence of focal thickening at least 50% greater 
than that of the surrounding vessel wall, is a better predictor of cardiovascular disease than 
intima media thickness39•40• We can not rule out that the plaque score differed between 
patients and controls, as we did not perform circumferential scans and only imaged the far 
wall of the different carotid segments. Therefore, we suggest including the plaque score as 
well as intima media thickness of all carotid segments in future studies. 

Part II 
The presence of enhanced endothelium dependent responses in GP A and decreased SAE in 
SLE and RA could not be fully explained by traditional cardiovascular risk factors. 
Therefore disease related factors are probably involved as well. We studied accumulation 
of AG Es and their receptor (RAGE) as potential disease related factors in SLE, GP A and 
RA patients. 

1 49 



Accumulation of advanced glycation end products 
AGE accumulation, as estimated by skin autofluorescence, was increased in SLE patients, 
whereas plasma levels of AGEs were comparable with controls. This suggests that AGEs 
primarily accumulate on tissue proteins but not on plasma proteins with a short life-time, 
therefore measurement of plasma AGEs is not useful to assess AGE burden in these 
patients. We also found that AGE accumulation was inversely related to SAE in SLE 
patients, suggesting that AGEs indeed contribute to vascular dysfunction in these patients. 
AGE accumulation was also increased and related to IMT in GP A patients. We and others 
demonstrated increased AGE accumulation in RA patients {Matsumoto, 2007 90 /id;de 
Groot, 2011 229 /id} . These observations suggest that increased AGE accumulation 
contributes to accelerated development of atherosclerosis in systemic autoimmune 
diseases. 

sRAGE 
Binding of AGEs to RAGE results in cellular activation (reviewed in chapter 5). RAGE 
also exists in a soluble form (sRAGE), comprising both a secreted isoform43 and a form 
which is cleaved from the cell membrane44.45• Levels of sRAGE were elevated and 
increased further during active disease and EC activation in SLE patients. In contrast to 
SLE patients, sRAGE levels tended to be decreased in GP A patients. Both the secreted and 
cleaved isoforms of sRAGE may act as a decoy receptor for AGEs and other ligands, 
preventing AGE-RAGE interaction and thereby suppress accelerated development of 
atherosclerosis46.47

• However, some part of total sRAGE may reflect expression of the 
transmembrane receptor as well. This makes interpretation of sRAGE levels in relation to 
disease states and cardiovascular disease difficult and conflicting results have been 
reported48-5 1

. Most studies support the concept that sRAGE has beneficial effects in a 
milieu rich in RAGE ligands such as AGEs49'

50
. Together with several animal studies 

showing that exogenous administration of sRAGE suppressed the progression of 
atherosclerosis46.47

, these studies suggest that decreased levels of sRAGE lead to increased 
risk for developing coronary artery disease. In this perspective, decreased levels of sRAGE 
in our GP A patients may reflect decreased decoy receptor capacity and contribute to 
increased AGE accumulation and atherosclersosis in these patients. This is consistent with 
our finding that decreased levels of sRAGE are independently associated with ischemic 
heart disease in RA patients. Increased sRAGE levels in SLE patients may represent a 
compensatory attempt at protection against AGEs and other ligands, however this proposed 
mechanism seems insufficient to prevent increased AGE accumulation in SLE. 
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RA GE polymorphism 
We found that the -429T/C, -374T/A and 2184A/G polymorphisms in the gene for RAGE 
were associated with disease susceptibility to SLE, whereas the gly82ser polymorphism 
was associated with disease susceptibility to RA. Interestingly, the C allele of -429T/C and 
the G allele of 2 184 A/G were associated with a poorer renal function during the first two 
years of treatment in lupus nephritis patients. Conversely, the C allele of -429T/C and the 
G allele of 2 184 A/G were associated with less severe disease and less cardiovascular 
disease in RA patients. 
Apparently, different RAGE polymorphisms play a role in the pathogenesis of SLE and 
RA. These polymorphisms may predispose for one disease and meanwhile be protective 
against another disease. This is supported by a study showing that the G allele of the 
2 l 84A/G polymorphism is more common in psoriatic patients, while in these patients this 
allele is associated with the absence of cardiovascular diseases, diabetes mellitus and 
cancer 52

. Moreover, it can be hypothesized that the pathophysiological relevance of these 
polymorphisms depends on the context of the cells harbouring these polymorphisms, being 
more relevant in a milieu rich in RAGE ligands. 
It has been demonstrated that the C allele of -429T/C and the A allele of -374T/A in the 
promoter region of the RAGE gene both increase gene transcription53 . The gly82ser 
polymorphism leads to an amino acid change in the ligand binding domain of RAGE of 
which the 82Ser allele is related to increased ligand binding affinity and has a pro
inflammatory effect54

• In addition, to the association of the 82Ser allele with disease 
susceptibility for RA, we found that this allele is also associated with decreased levels of 
sRAGE and ischemic heart disease among RA patients. Our data suggest that genetically 
decreased sRAGE levels lead to an increased risk of cardiovascular disease among RA 
patients. RAGE and its ligands seem to play an important role in inflammatory processes, 
including atherogenesis. Moreover, our results extend the evidence that RA and CVD may 
have a common genetic background. 

Future perspectives 
Many studies have confirmed the increased prevalence of all stages of atherosclerosis, 
from EC activation to manifest CVD, in patients with SLE, RA, and, although less 
abundant, in GP A. Moreover, the increased prevalence of CVD in these patients cannot be 
fully explained by the traditional CVD risk factors. Therefore, the Framingham score and 
the Systematic Coronary Risk Evaluation (SCORE) model55

•
56, which are developed for 

estimating CVD risk in the general population, seem not adequate for estimating CVD risk 
in patients with systemic autoimmune diseases. This has been acknowledged in the 
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EULAR recommendations for CVD management in patients with rheumatoid arthritis and 
other forms of inflammatory arthritis57

• In these recommendations is stated that CV risk 
score models should be adapted for patients with RA by introducing a 1.5 multiplication 
factor. This multiplication factor should be used when the patient with RA meets two of 
the following three criteria: (1) disease duration of more than 10 years, (2) RF or anti-CCP 
positivity, (3) presence of certain extra-articular manifestations. 
In order to prevent CVD in RA, SLE, and GP A patients there is a need for sensitive early 
markers for atherosclerosis and the development of an accurate, clinically applicable CVD 
risk estimation model. Prospective, longitudinal studies are necessary in order to conduct 
accurate prediction models for CVD in these patients. The ultimate endpoint in these 
studies would be cardiovascular events. To achieve enough statistical power to perform 
adequate analysis a large number of patients should be included and a long period of 
follow-up will be necessary. A multicenter approach would make such a study possible. 
Another approach would be to use surrogate markers for CVD to replace CVD events as 
primary endpoint. Intima media thickness of the carotid artery can be used as surrogate 
marker. However, some issues, like location of measurement and disease activity, as 
discussed above, should be taken into account. We suggest to measure IMT in all carotid 
artery segments and to include plaque scores as well. In addition, we suggest measuring 
IMT during quiescent disease. An alternative for IMT as surrogate endpoint may be 
coronary artery calcium (CAC) measured using chest computed tomography imaging. A 
recent study showed that CAC is a stronger predictor of cardiovascular events than carotid 
IMTss. 
In this thesis we show that SAE, as assessed by pulse-wave analysis, may be a sensitive 
early marker for atherosclerosis and CVD. This technique is well-tolerated, requires less 
time and experience of the examiner and reproducibility is good as compared to other 
techniques to assess EC function. We demonstrated decreased SAE in SLE and RA 
patients. A recent study showed that SAE is predictive for future cardiovascular events 
Therefore, it may be used as surrogate marker for CVD27

. 

In order to conduct an accurate prediction model all traditional cardiovascular risk factors, 
as well as potential disease related factors ( discussed in chapter 1) should be considered in 
these studies. Systemic autoimmune diseases are characterised by a relapsing course and 
EC activation and dysfunction are more pronounced during periods of active disease. It can 
be hypothesized that in particular periods of active disease contribute to the accelerated 
development of atherosclerosis and CVD in these patients. Therefore, disease activity and 
disease duration should also be considered in these studies. Cumulative C-reactive protein 
levels and cumulative disease activity indexes have been used in research setting to study 

1 52 



the influence of disease activity on atherosclerosis59
• However, calculating cumulative 

indices is time consuming, requires regular follow-up of patients and may not be accurate 
as information regarding inflammatory state before diagnosis is often missing. 
Alternatively, AGE accumulation as index for cumulative oxidative stress can be easily 
assessed by measuring skin autofluorescence. In this thesis we demonstrate increased AGE 
accumulation in SLE and GP A patients. And others showed increased AGE accumulation 
in RA patients. It would be interesting to study the predictive value of AGE accumulation 
for atheroclerosis and cardiovascular disease in these patients. 
This thesis extends the evidence that CVD and systemic autoimmune diseases have a 
common genetic background, especially in RA. The RAGE gly82ser gene polymorphism 
is associated with disease susceptibility for RA as well as with ischemic heart disease in 
these patients. After confirmation of these results in another RA cohort, RAGE 
polymorphisms and particular HLA genotypes may be included in the prediction model. 
Evidene for a common genetic background of CVD and susceptibility for SLE and GP A is 
less abundant. 
Different mechanisms may underlie the development of atherosclerosis and CVD in RA, 
SLE and GP A patients which favours the development of unique prediction models for 
each category of patients. Early identification of patients at increased risk of developing 
cardiovascular disease offers the possibility to intervene early in the process leading to 
atherosclerosis, and may reduce CVD morbidity and mortality in these patients. 
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NEDERLANDSE SAMENVATTING 



Systemische auto-immuunziekten 
Het menselijk licbaam wordt door bet afweersysteem (immuunsysteem) bescbermd tegen 
ziekteverwekkers. In eerste instantie voorkomt bet immuunsysteem dat ziekteverwekkers 
het licbaam kunnen binnendringen. Als ziekteverwekkers tocb binnendringen warden ze 
berkend en opgeruimd. Het immuunsysteem is namelijk in staat bestanddelen van 
ziekteverwekkers te onderscheiden van lichaamseigen bestanddelen. 
In de berkenning van ziekteverwekkers spelen witte bloedcellen ( onderdeel van bet 
irnmuunsysteem) een belangrijke rol. Er warden verscbillende witte bloedcellen 
onderscbeiden, o.a. cellen die ziekteverwekkers in zicb kunnen opnemen en verteren 
(fagocyteren), cellen die besmette cellen kunnen doden en cellen die antistoffen 
produceren. Antistoffen binden zicb aan de ziekteverwekker en zetten een afweerreactie in 
gang zodat de met antistoffen beladen ziekteverwekker wordt opgeruimd. 
Als bet immuunsysteem lichaamseigen bestanddelen als licbaamsvreemd ziet en daar 
antistoffen tegen vormt of licbaamseigen cellen doodt, spreekt men van auto-immuniteit. 
Door auto-immuniteit kunnen verschillende organen warden aangetast en de symptomen 
van auto-irnmuunziekten kunnen dan ook ver uiteenlopen. Auto-immuunziekten waarbij 
vrijwel ieder orgaan van het lichaam kan worden aangedaan noemt men systemiscbe auto
immuunziekten. 

Systemische lupus erythematosus 
Systemische lupus erytbematosus (SLE) is een systemische auto-immuunziekte die wordt 
gekenmerkt door o.a. ontstekingen van de gewrichten (artritis), overgevoeligheid voor 
zonlicbt, huidafwijkingen zoals een vlindervormige roodheid van de neusrug en wangen, 
nierontsteking (nefritis) en aanwezigbeid van antistoffen gericbt tegen lichaamseigen 
celkembestanddelen, de zogenaamde antinucleaire antistoffen (ANA). De symptomen van 
deze ziekte ontstaan onder andere doordat ANA samen met lichaamseigen 
kernbestanddelen complexen vormen (immuuncomplexen) die neerslaan of ter plaatse 
gevormd worden in kleine tot middelgrote bloedvaatjes van verschillende organen, hetgeen 
ter plaatse een ontstekingsreactie veroorzaakt. De ernst en omvang van de klacbten, 
evenals het verloop van de ziekte, kan individueel sterk verscbillen. Naar schatting komt 
SLE voor bij een op de 2500 Nederlanders, vooral bij jonge vrouwen. 

Granulomatose met polyangiitis (ziekte van Wegener) 
Granulomatose met polyangiitis (GPA) is een systemische auto-immuunziekte die zich 
kenmerkt door ontsteking met ophopingen van dood celmateriaal en ontstekingscellen 
(granulomen) in de kleine en middelgrote bloedvaatjes van de lucbtwegen, in de nieren en 
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de aanwezigheid van antineutrofiele cytoplasmatische antistoffen (ANCA) in het bloed. 
Deze antistoffen zijn gericht tegen bestanddelen in neutrofiele granulocyten, een bepaald 
type witte bloedcellen. In tegenstelling tot SLE wordt er bij GP A geen neerslag van 
immuuncomplexen gezien maar kunnen ANCA ontstekingscellen activeren waardoor vaak 
emstige schade, met name in de nieren, ontstaat. De ziekte verloopt vaak in fasen, waarbij 
een langdurige eerste fase met chronische granuloomvormende ontsteking van de 
(bovenste )luchtwegen gevolgd wordt door een veel heviger verlopende fase van 
systemische vaatwandontsteking en ontsteking in de nieren. Naar schatting komt GPA voor 
bij een op de 25.000 Nederlanders, even vaak bij mannen als bij vrouwen. Deze ziekte 
manifesteert zich meestal op middelbare leeftijd (40-60 jaar). 

Reumatoide artritis 
ReumatoYde artritis (RA) wordt gekenmerkt door het optreden van dikwijls symmetrische 
gewrichtsontstekingen met name van de hand- en voetgewrichten. Deze 
gewrichtsontstekingen kunnen beschadiging van de gewrichten en de aangrenzende botten 
geven. Naast de gewrichtsontstekingen kunnen ook vaatontstekingen, ontstekingen van het 
hartzakje, de longvliezen en buikvliezen en onderhuidse ophopingen van ontstekingscellen 
(noduli) ontstaan. In het bloed van patienten kunnen vaak reumafactoren en antistoffen 
gericht tegen gecitrullineerde eiwitten worden aangetoond. Naar schatting komt RA voor 
bij een op 100 Nederlanders, iets vaker bij vrouwen dan bij mannen. 

Hart en vaatziekten en systemische auto-immuunziekten 
In hoofdstuk 1 van <lit proefschrift wordt beschreven <lat bij patienten met systemische 
auto-immuunziekten, zoals SLE, GPA en RA hart- en vaatziekten vaker voorkomen. In 
verschillende studies is een meer dan twee keer verhoogd risico op hart- en vaatziekten 
beschreven bij deze patienten vergeleken met mensen zonder systemische auto
immuunziekten. Slagaderverkalking ( atherosclerose) is de belangrijkste onderliggende 
oorzaak van hart- en vaatziekten. Verschillende studies hebben aangetoond dat bij mensen 
met systemische auto-immuunziekten vroegtijdig atherosclerose optreedt. 

Atherosclerose 
Een van de eerste fasen in het ontstaan van atherosclerose is activatie van cellen die de 
binnenkant van het bloedvat bekleden, de endotheelcellen. Als endotheelcellen geactiveerd 
worden, verschijnen er eiwitten op het oppervlakte van deze cellen waaraan 
ontstekingscellen kunnen blijven plakken. Deze eiwitten worden adhesiemoleculen 
genoemd. 
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Endotheelcellen spelen normaliter een belangrijke rol in het reguleren van de diameter, 
elasticiteit en doorlaatbaarheid van de vaatwand, deze functie zal door activatie verstoord 
raken ( endotheeldysfunctie ). Endotheelactivatie en -dysfunctie zijn vroege, ornkeerbare, 
processen in het ontstaan van atherosclerose. 
Door endotheelactivatie en -dysfunctie kunnen ontstekingscellen aan de endotheelcellen 
blijven plakken en vanuit het bloed, tussen de endotheelcellen door, de vaatwand binnen 
dringen. Hier zetten ze een ontstekingsreactie in gang, waarbij andere ontstekingscellen 
worden aangetrokken, cholesterol wordt opgehoopt en gladde spiercellen in de vaatwand 
worden aangezet zich te vermenigvuldigen. Er ontstaat een haard in de bloedvaatwand, 
gevuld met ontstekingscellen, <lode cellen en cholesterol, ingekapseld door een laag gladde 
spiercellen en bindweefseleiwitten. De dikte van de binnenste twee lagen (intima en 
media) van de wand van de slagader neemt toe. In een vergevorderd stadium hoopt zich 
calcium op in de haard en ontstaat een atherosclerotische plaque. 

Vroege markers voor atherosclerosc 
In deel 1 van <lit proefschrift worden onze studies naar vroege markers voor atherosclerose 
in patienten met auto-immuunziekten besproken. Het vinden van vroege markers voor 
atherosclerose is relevant, omdat ze in een onderzoekssetting kunnen worden gebruikt om 
meer inzicht te verkrijgen in het ontstaan van atherosclerose. In een klinische setting 
helpen vroege markers bij het opsporen van patienten met een verhoogd risico voor het 
ontwikkelen van atherosclerose, zodat bijtijds interventie mogelijk is om progressie van 
hart- en vaatziekten te voork6men. 

Endotheelactivatie markers 
De adhesiemoleculen die gedurende endotheelactivatie op het oppervlakte van 
endotheelcellen verschijnen worden voor een deel door knipeiwitten (proteasen) van het 
celoppervlakte verwijderd. Spiegels van deze afgeknipte adhesiemoleculen kunnen in het 
bloed worden gemeten en fungeren als maat voor endotheelactivatie. 

Endotheeldysfunctie 
Endotheeldysfunctie uit zich door een veranderde reactie van de bloedvaten op 
vaatverwijdende stoffen en door een afname van de vaatelasticiteit. De endotheelfunctie 
kan worden onderzocht met laser Doppler fluxmetrie (LDF) in combinatie met iontoforese 
van vaatverwijdende stoffen. LDF is een techniek waarmee met ongevaarlijk laserlicht de 
bloedstroom in vaatjes die op ongeveer 1 mm onder de huid liggen kan worden bestudeerd. 
Met iontoforese kunnen vaatverwijdende stofjes met behulp van een klein elektrisch 
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stroompje door de huid worden toegediend. Door gebruik te maken van twee verschillende 
vaatverwijdende stofjes kan de endotheel-afhankelijke en -onafhankelijke vaatverwijding 
worden bepaald. Endotheel-afhankelijke vaatverwijding kan worden bepaald met 
Acetylcholine (ACh). ACh zet namelijk de endotheelcellen aan tot het produceren van 
vaatverwijders die de onderliggende spierlaag van het bloedvat verslappen. Sodium 
nitroprusside (SNP) geeft endotheel-onafhankelijke vaatverwijding, omdat SNP zonder 
tussenkomst van endotheelcellen de spierlaag verslapt. 
Wij gebruikten deze techniek om de endotheelfunctie in de kleine bloedvaatjes van de 
vinger bij patienten met GPA te onderzoeken (hoofdstuk 2). We onderzochten de 
endotheelfunctie in relatie tot endotheelactivatie en intima-media dikte. De intima-media 
dikte kan worden gemeten met geluidsonderzoek ( echografie) en wordt alom beschouwd 
als maat voor vroege atherosclerose. In vergelijking tot gezonde proefpersonen hadden 
patienten met GP A verhoogde endotheel-afhankelijke vaatreacties en verhoogde spiegels 
van endotheelactivatie markers. Na uitsluiting van patienten met een verhoogde intima
media dikte werd het verschil in vaatreacties nog duidelijker. Dit duidt op 
endotheeldysfunctie in de kleine bloedvaatjes bij patienten met GP A, vooral bij patienten 
die nog geen atherosclerose hebben. 
Door endotheeldysfunctie neemt de elasticiteit van slagaders (arterien) af. De elasticiteit 
van de arterien kan worden bepaald met behulp van het meten van de vorm van de 
drukgolf die zich bij elke hartslag door de slagader verspreidt, de zogenaamde pulse wave 
analyse (PW A). Voor PW A wordt een drukmetertje op de polsslagader geplaatst, waarmee 
drukgolven die bij de hartslag ontstaan worden geregistreerd. Vervolgens kan met een 
natuurkundig model, aan de hand van deze drukgolven, de elasticiteit van de arterien 
worden afgeleid. Wij gebruikten deze techniek als marker voor endotheeldysfunctie bij 
patienten met SLE (hoofdstuk 3) en RA (hoofdstuk 4). Wij bestudeerden de 
vaatelasticiteit in relatie tot endotheelactivatie en intima-media dikte. De elasticiteit van 
kleine slagaders was verlaagd in patienten met SLE en RA ten opzichte van gezonde 
proefpersonen. Er was ook sprake van endotheelactivatie bij de patienten, maar de intima
media dikte was niet verhoogd ten opzichte van gezonde proefpersonen. Deze studies 
geven aan <lat PW A een bruikbare techniek is om vaatafwijkingen op te sporen bij 
patienten met systemische auto-immuunziekten die nog geen atherosclerose hebben. 

Risicofactoren voor atherosclerose 
Verschillende risicofactoren dragen bij aan het ontstaan van atherosclerose, zoals 
verhoogde bloeddruk, roken, overgewicht, suikerziekte en verhoogde cholesterolspiegels. 
Daamaast kunnen mensen een erfelijke aanleg hebben om atherosclerose te ontwikkelen. 
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Het vroegtijdig optreden van atherosclerose bij mensen met auto-immuunziekten kan 
echter niet volledig worden verklaard door deze traditionele cardiovasculaire 
risicofactoren. Dit werd bevestigd in onze studies. Wij vonden namelijk dat 
endotheeldysfunctie bij GP A (hoofdstuk 2) en verlaagde elasticiteit van de kleine arterien 
bij SLE (hoofdstuk 3) en RA (hoofdstuk 4) niet volledig verklaard kan worden door 
traditionele risicofactoren. Daarom spelen auto-immuunziekte gerelateerde factoren 
waarschijnlijk een rol bij het ontstaan van atherosclerose bij patienten met SLE, GP A en 
RA. In deel 2 van dit proefschrift worden onze studies naar de rol van advanced glycation 
end products (AGEs) en hun receptor (RAGE) (zie vederop) in relatie tot atherosclerose en 
hart- en vaatziekten beschreven. Hoofdstuk 5 geeft een overzicht van de rol van AGEs en 
RAGE in bet ontstaan van atherosclerose in systemische auto-immuunziekten. 

Potentiele ziektegerelateerde risicofactoren voor atherosclerose 
Ontsteking 
Ontsteking speelt een belangrijke rol in de verschillende stadia van atherosclerose: van 
endotheelactivatie en -dysfunctie tot plaqueformatie en het instabiel worden van een 
plaque (waarbij de plaque kan openbarsten en zich bloedplaatjes kunnen gaan hechten en 
een bloedvat kan worden afgesloten). Het is daarom niet verwonderlijk dat verschillende 
studies een relatie hebben aangetoond tussen de ontstekingskenmerken van systemische 
auto-immuunziekten en atherosclerose. Zo zijn bloedspiegels van bet ontstekingseiwit C
reactive protein (CRP) verhoogd bij de meeste mensen met systemisch auto
immuunziekten. Verhoogde CRP-spiegels zijn geassocieerd met atherosclerose en hart- en 
vaatziekten, zowel bij mensen met als zonder systemische auto-immuunziekten. 

Verminderde nierf unctie 
Verschillende studies hebben aangetoond dat veranderingen in de nierfunctie, zoals een 
verminderd vermogen om afvalstoffen uit te scheiden (klaring) of bet verlies van eiwit in 
de urine (proteinurie), geassocieerd zijn met atherosclerose en hart- en vaatziekten. Een 
verminderde klaring en proteinurie komen frequent voor onder patienten met systemische 
auto-immuunziekten en zijn inderdaad geassocieerd met het vroegtijdig optreden van 
atherosclerose in deze patienten. 

Advanced glycation end products 
Ontsteking in patienten met systemische auto-immuunziekten leidt tot het ontstaan van 
schadelijke zuurstofverbindingen (vrije zuurstofradicalen) in het bloed, de cellen en 
verschillende weefsels. Vrije zuurstofradicalen leiden door een chemische reactie tot het 
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ontstaan van versuikerde eiwitten, de zogenaamde advanced glycation end products 
(AGEs). Verhoogde bloedglucosespiegels, zoals bij patienten met suikerziekte, en een 
verminderde uitscheiding van AGE-voorloper moleculen door een verminderde nierfunctie 
dragen ook bij aan het ontstaan van AGEs. AGEs hopen zich op in verschillende weefsels, 
waaronder de huid en bloedvaten. AGEs hebben de eigenschap <lat ze gaan fluoresceren als 
ze met ultraviolet licht worden beschenen. Zo kan, met een in Groningen ontwikkeld 
apparaat, de fluorescentie van de huid worden gemeten. De fluorescentie van de huid is een 
goede maat gebleken voor AGE accumulatie. 
AGEs dragen bij aan hart- en vaatziekten via drie mechanismen: ( 1 )  binding van AGEs aan 
andere eiwitten in de vaatwand waardoor de vaatwandelasticiteit afneemt, (2) 
intracellulaire AGE formatie leidt tot minder goed functioneren van de eel, (3) AGEs 
kunnen endotheelcellen activeren door binding aan hun receptor (RAGE) op het oppervlak 
van endotheelcellen. 
RAGE kan, o.a. doordat RAGE door knipeiwitten wordt losgeknipt, ook los in het bloed 
voorkomen, als oplosbaar (soluble) RAGE, sRAGE. Men denkt <lat sRAGE beschermt 
tegen het ontstaan van atherosclerose, omdat sRAGE AGEs kan binden en op die manier 
kan voorkomen <lat AGEs binden aan de celgebonden receptor en endotheelcellen 
activeren. 
Wij hebben huidautofluorescentie, als maat voor AGE-accumulatie, bloedspiegels van 
AGEs en bloedspiegels van sRAGE gemeten bij patienten met SLE en gezonde 
proefpersonen (hoofdstuk 6). Wij vonden verhoogde AGE-accumulatie in de huid van 
patienten met SLE, terwijl AGE bloedspiegels niet verschilden met die van gezonde 
proefpersonen, zelfs niet tijdens actieve ziekte. Deze bevindingen suggereren <lat AGEs 
vooral ontstaan op eiwitten met een lange levensduur en niet op eiwitten die snel worden 
afgebroken, zoals eiwitten in het bloed. Het meten van bloed AGEs lijkt dus niet geschikt 
om de hoeveelheid AGE in een bepaald persoon te bepalen. Bloedspiegels van sRAGE 
waren wel verhoogd bij SLE patienten. Verschillende studies geven aan <lat sRAGE helpt 
om AGEs op te ruimen, maar klaarblijkelijk faalt <lit voorgestelde mechanisme om 
accumulatie van AGEs te voorkomen. 
We hebben ook AGE-accumulatie onderzocht in relatie tot bloedspiegels van sRAGE en 
intima-media dikte bij patienten met GP A (hoofdstuk 7). Evenals bij SLE patienten, was 
de AGE-accumulatie verhoogd bij GP A patienten vergeleken met die van gezonde 
proefpersonen. Daamaast bleek de AGE-accumulatie positief gerelateerd te zijn aan de 
intima-media dikte. In tegenstelling tot de situatie bij SLE patienten, waren sRAGE
spiegels verlaagd in GPA patienten. Verlaagde sRAGE-spiegels zouden kunnen bijdragen 
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aan verhoogde AGE-accumulatie en het ontstaan van atherosclerose bij patienten met 
GPA. 

Genetische aanleg 
Atherosclersose en systemiscbe auto-immuunziekten zijn beide ontstekingsziekten. Het is 
daarom denkbaar dat zowel voor het krijgen van atherosclerose als voor het krijgen van 
een systemiscbe auto-immuunziekte een gemeenschappelijke genetiscbe aanleg bestaat. Er 
zijn inderdaad verschillende studies die hebben aangetoond dat bepaalde genetische 
factoren zowel een verhoogd risico geven op het krijgen van RA als een verhoogd risico 
geven op bet ontwikkelen van atherosclerose. Voor SLE en GPA is er minder bewijs voor 
een gemeenschappelijke genetische vatbaarbeid voor het krijgen van de auto
immuunziekte en atberosclerose. 
Omdat AGEs en RAGE betrokken zijn bij ontstekingsprocessen en dus mogelijk een rol 
spelen bij het krijgen van auto-immuunziekten en het ontstaan van atherosclerose 
onderzochten we 4 variaties (polymorfismen) in bet gen voor RAGE bij patienten met SLE 
(hoofdstuk 8) en RA (hoofdstuk 9). Orie van de vier onderzochte polymorfismen waren 
geassocieerd met vatbaarbeid voor het krijgen van SLE, namelijk-429T/C, 2 1 84A/G en -
374T/A. Het gly82ser polymorfisme was geassocieerd met vatbaarheid voor bet krijgen 
van RA. Dit polymorfisme was ook geassocieerd met verlaagde sRAGE spiegels en hart
en vaatziekten bij patienten met RA. Twee andere polymorfismen in bet gen voor RAGE, 
het -429T/C en 2184A/G polymorfisme, bleken juist te beschermen tegen hart- en 
vaatziekten en waren ook geassocieerd met een milder verloop van RA. Deze studies 
ondersteunen dat RAGE en AGEs een belangrijke rol spelen in ontstekingsprocessen, 
waaronder bet ontstaan van atherosclerose. Ook ondersteunt de laatste studie dat voor het 
krijgen van RA en atherosclerose een gemeenscbappelijke genetische aanleg bestaat. 

Corticosteroi"den 
Er is veel discussie over de rol van corticostero"iden, een bepaald type medicijnen dat 
mensen met auto-immuunziekten vaak gebruiken, bij het ontstaan van atherosclerose. 
Corticostero"iden hebben veel bijwerkingen die het ontstaan van atherosclerose bevorderen, 
zoals verandering van de lichaamsvetverdeling, verstoring van het glucosemetabolisme en 
een toename van de bloeddruk. Aan de andere kant zouden corticostero"iden door bun 
ontstekingsremmende effect het ontstaan van atherosclerose kunnen afremmen. In de 
huidige literatuur worden tegenstrijdige resultaten gevonden m.b.t. de rol van 
corticostero"iden in het ontstaan van atherosclerose bij patienten met systemische auto
immuunziekten. 
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Conclusie 
Wij onderzocbten metboden om endotbeelactivatie en -dysfunctie, beide vroege en 
omkeerbare fasen in bet ontstaan van atberosclerose, op te sporen bij patienten met 
systemiscbe auto-immuunziekten. Daarnaast onderzocbten wij de rol van AGEs en de 
receptor voor AGEs (RAGE) als potentiele risicofactor voor bet ontstaan van 
atberosclerose bij deze patienten. 
Met LDF vonden wij endotbeeldysfunctie in de kleine bloedvaatjes van de vinger bij 
patienten met GPA. Er was ook sprake van endotbeelactivatie en een verdikte IMT, een 
indicatie voor vroege atberosclerose, in deze patienten. Met PW A analyse vonden wij een 
verlaagde elasticiteit van de kleine slagaders bij patienten met SLE en RA. Bij deze 
patienten was sprake van endotbeelactivatie maar de intima-media dikte was niet 
verhoogd. Daarom lijkt PW A een gevoelige techniek om vaatafwijkingen op te sporen bij 
patienten die nog geen atherosclerose hebben. De waarde van LDF is minder duidelijk, 
omdat onbekend is of endotheelfunctie van de kleine bloedvaatjes representatief is voor 
endotheelfunctie in de grote bloedvaten, waar atherosclerose optreedt. Daarnaast is LDF 
voor zowel onderzoeker als patient een veeleisend onderzoek en daardoor, in tegenstelling 
tot PW A, slecht toepasbaar in de kliniek. 
Verder blijkt uit ons onderzoek dat endotheeldysfunctie bij patienten met GP A en 
verlaagde vaatelasticiteit bij patienten met SLE en RA niet volledig verklaard kan worden 
door traditionele cardiovasculaire risicofactoren. Ziekte gerelateede factoren spelen 
daarom waarschijnlijk een rol. Wij vonden dat AGE accumulatie verhoogd is bij patienten 
met SLE en GP A en dat verhoogde AGE accumulatie gepaard gaat met vroege 
atherosclerose bij patienten met GP A en met een verlaagde vaatelasticiteit bij patienten 
met SLE. 
AGEs kunnen binden aan hun receptor RAGE. Binding aan en activatie van deze receptor 
leidt tot een ontstekingsreactie. Polymorfismen in het gen voor RAGE bleken vaker voor te 
komen bij patienten met SLE en RA vergeleken met mensen zonder auto-immuunziekte. 
Daarnaast waren polymorfismen in het gen voor RAGE geassocieerd met het ziekte beloop 
bij patienten met SLE en RA en ook met hart- en vaatziekten bij patienten met RA. 
Onze studies ondersteunen dat AGEs en RAGE een belangrijke rol spelen in 
ontstekingsprocessen, waaronder het ontstaan van atherosclerose in patienten met 
systemische auto-immunziekten. 

Toekomstperspectieven 
Vele studies bevestigen het vroegtijdig optreden van atherosclerose en hart- en vaatziekten 
bij patienten met systemische auto-immuunziekten. Dit vroegtijdig optreden van 
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atherosclerose kan niet volledig door de traditionele cardiovasculaire risicofactoren worden 
verklaard. De bestaande methoden om het risico op hart- en vaatziekten in te schatten zijn 
uitsluitend gebaseerd op de traditionele cardiovasculaire risicofactoren en daarom niet 
geschikt voor het inschatten van het totale cardiovasculaire risico bij patienten met 
systemische auto-immuunziekten. 
Om hart- en vaatziekten bij patienten met systemische auto-immuunziekten te voorkomen 
is er behoefte aan vroege en gevoelige markers voor atherosclerose en de ontwikkeling van 
een betrouwbaar en klinisch toepasbaar model om het risico op hart- en vaatziekten in te 
schatten. Onderzoeken waarbij patienten langdurig en nauwlettend worden gevolgd zijn 
nodig om een betrouwbaar risicomodel te ontwerpen. In deze studies is het optreden van 
hart- en vaatziekten het ultieme eindpunt. Om betrouwbare analyses te kunnen maken 
zouden voor een studie met als eindpunt hart- en vaatziekten echter zeer veel patienten 
voor lange tijd moeten worden gevolgd. Als altematief voor het ontstaan van hart- en 
vaatziekten als eindpunt, zouden surrogaat markers voor atherosclerose of hart- en 
vaatziekten kunnen worden gebruikt. In dit proefschrift laten wij zien dat de elasticiteit van 
kleine arterien, te bepalen met PW A, zou kunnen worden gebruikt als vroege marker voor 
atherosclerose en hart- en vaatziekten. 
Om een betrouwbaar risicomodel te ontwerpen zullen alle traditionele cardiovasculaire 
risicofactoren en alle potentiele ziektegerelateerde factoren in beschouwing moeten 
worden genomen. In dit proefschrift laten wij zien dat accumulatie van advanced glycation 
end products en polymorfismen in het gen voor RAGE potentiele risicofactoren zijn bij 
patienten met systemische auto-immuunziekten. 
Er zijn verschillende interventies mogelijk om AGE accumulatie te verminderen. Op de 
eerste plaats kan adequate ontstekingsremmende behandeling het aantal vrije zuurstof 
radicalen verminderen en daarmee het ontstaan van AGEs afremmen. Daamaast laten een 
aantal studies zien dat bepaalde bloeddrukverlagende medicijnen, de zogenaamde 
angiotensine receptor blokkers en angiotensine converting enzyme remmers, het ontstaan 
van AGEs kunnen remmen. 
Vroege identificatie van patienten met een verhoogd risico voor het ontwikkelen van 
atherosclerose en hart- en vaatziekten biedt de mogelijkheid om te intervenieren in het 
proces dat leidt tot het ontstaan van atherosclerose, daarmee kunnen morbiditeit en 
mortaliteit van hart- en vaatziekten bij patienten met systemische auto-immuunziekten 
worden teruggedrongen of voorkomen. 
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DANKWOORD 



Dankwoord 

Onderzoek doe je niet alleen. Er zijn verschillende mensen die hebben bijgedragen aan dit 
proefschrift en mijn buitengewoon leerzame onderzoekstraject. Ik wil dan ook iedereen 
die, in de ruimste zin van het woord hierbij betrokken is geweest, bedanken en een aantal 
mensen in het bijzonder. 

Op de eerste plaatst zijn dat mijn copromotores dr. Marc Bijl en dr. Andries J. Smit en mijn 
promotor prof. dr. Cees G.M. Kallenberg. 

Beste Marc, jij was het meest betrokken bij de totstandkoming van dit proefschrift. Altijd 
kon ik bij je aankloppen voor advies en vliegensvlug en zorgvuldig voorzag jij de 
manuscripten van commentaar. Ondanks een lange periode van radiostilte van mijn kant 
(coschappen Zwolle, 2010-2011) bleef je mij tot het laatste moment aanmoedigen om dit 
proefschrift af te ronden. Van jou heb ik vele facetten van het doen van onderzoek geleerd 
(of afgekeken). Dat je mij de kans gaf om naast klinisch onderzoek ook basaal onderzoek 
te doen heb ik erg gewaardeerd en van de gezamenlijke congresbezoeken heb ik erg 
genoten. Hopelijk genieten wij nog eens samen van een Curryworst met bier bij Herr 
Dolff. 

Beste Andries, ook jij stond altijd klaar voor advies en om manuscripten kritisch te 
beoordelen. Voor het beantwoorden van onderzoeksvragen kon ik gebruikmaken van een 
groot aantal vasculaire onderzoekstechnieken uit jouw arsenaal. Jij beschikt over een 
indrukwekkende hoeveelheid kennis en vindingrijkheid. In mijn ogen lastig te interpreteren 
data bleken vaak toch logisch te verklaren nadat jij jouw licht(je) er over had laten 
schijnen. Bedankt voor je waardevolle bijdrage. 

Beste Cees, in het tweede jaar van de studie geneeskunde kreeg ik van jou college over het 
immuunsysteem, mijn interesse was gewekt. Na een orienterend gesprek bracht je mij in 
contact met Karina, dat was een geweldige zet. Ik bewonder je om je enthousiasme, 
analytisch vermogen en de natuurlijke en bevlogen manier waarop jij leiding gaf aan de 
afdeling Reumatologie en Klinische Immunologie. Ook jij hebt mij altijd aangemoedigd en 
hulp geboden en zo ongeveer elke bladzijde van dit proefschrift van waardevol 
commentaar voorzien. Ik hoop dat mijn collega-onderzoekers en ik nog lang gebruik 
mogen maken van jouw expertise, ook nu je emeritus hoogleraar bent. 
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Karina de Leeuw, lieve Karina, wat was het fijn om als onervaren onderzoeker iemand 
zoals jij naast me te hehhen. Jij leerde mij de onderzoekstechnieken, hielp mij hij het 
schrijven van mijn eerste onderzoeksvoorstellen en manuscripten, gaf mij aanwijzingen 
voor het organiseren van het onderzoek en het houden van presentaties enzovoort. Vooral 
de manier waarop jij <lit alles deed heh ik zeer gewaardeerd: met humor, enthousiasme en 
geduld. Dit proefschrift is grotendeels een voortzetting van jouw werk, ik heh nog even 
overwogen om "deel II" op de omslag van <lit proefschrift te laten drukken. Ik vind het een 
eer <lat ik jouw paranimf mocht zijn. Laten we de klaverjasavondjes en wielertochtjes 
(Luik-Bastenaken-Luik met de Kannihalen) erin houden. 

De overige medeauteurs hen ik ook zeer erkentelijk voor hun input. Henk Martens, Henk, 
hedankt <lat jij mij heht hetrokken hij de RAGE polymorfismenstudies. Het was een fijne 
samenwerking! Helmy Hinkema, heste Helmy, jij heht de vaatelasticiteit hestudeerd hij 
patienten met reumatoi"de artritis en de studie afgerond met een prachtig artikel. Dank voor 
je enthousiasme en inzet. 

Ook wil ik alle patienten en vrijwilligers hedanken die zeer hereid waren om mee te doen 
aan de verschillende onderzoeken. 

Een groot deel van deze onderzoeken vond plaats in het vaatlahoratorium. De IMT
metingen werden uitgevoerd door de vaatlahoranten: Anne van Gessel, Wietze Kuipers, 
Annet Nicolai en Margreet Teune. Arie van Roon was er voor de technische ondersteuning 
en als expert in de natuurkundige achtergronden van deze technieken. Hartelijk hedankt 
voor jullie hereidheid en inzet om de IMT-metingen te doen. 

Kiki Bugter en Jannie Havinga, jullie hehhen mij achter de schermen geholpen met allerlei 
organisatorische zaken, veel dank hiervoor. 

Dank aan prof. dr. Hauw The, prof. dr. Hanneke Kluin-Nelemans, dr. Cresje Wachters
Kaufmann, dr. ing. Michie! Hooiveld en Irene Engelhardt, de ( oud) organisatieleden van de 
Junior Scientific Masterclass die voor mij en anderen het MD/PhD-traject mogelijk hehhen 
gemaakt. 

De leden van de heoordelingscommissie, prof. dr. R.O.B. Gans, prof. dr. M.A.F.J. van de 
Laar en prof. dr. Y.M. Smulders. Ik hen u zeer erkentelijk voor het heoordelen van mijn 
proefschrift. 
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De "Lupus research meeting" op de vrijdagochtend was altijd een bijzonder moment. Om 
als "Idol" voor een commissie van dr. Hannie Westra, prof.dr. Pieter C. Limburg, dr. Marc 
Bijl en dr. Wayel H. Abdulahad de resultaten van de experimenten die ik de week ervaar 
had gedaan te presenteren, ging vaak gepaard met de nodige zweetdruppeltjes. 

Beste Hannie, jij hebt mij begeleid in het doen van laboratoriumexperimenten. We hebben 
alles uit de kast gehaald: ELISA, immunohistochemie, western blot, F ACS-analyse en 
PCR, ondanks dat <lit weinig concreets heeft opgeleverd (tot nu toe) ben ik heel blij dat ik 
ervaring heb mogen opdoen met deze technieken. Het maakt mijn "opleiding" tot 
onderzoeker compleet. Bedankt voor het geduld en het vertrouwen <lat jij in mij had. Wij 
delen een liefde voor gitaarspelen en gitaarmuziek. Ons bezoek aan het concert van 
Tommy Emmanuel vond ik geweldig! Er komt binnenkort vast wel weer een mooi 
gitaarconcert, ik hou je op de hoogte. 

Beste Piet, jouw kritische blik tijdens de researchbesprekingen heb ik erg gewaardeerd. Jij 
hebt de gave om uit ogenschijnlijk irrelevantc resultaten, relevante resultaten te destilleren. 
Met hetzelfde gemak weet jij ogenschijnlijk relevante resultaten naar irrelevante resultaten 
te degraderen (vrijwel altijd terecht), vandaar de zweetdruppeltjes. 

Beste Wayel, jij bent altijd enthousiast en vol ideeen. Jij bent een ongelooflijk harde 
werker en de drijvende kracht achter vele onderzoeksprojecten. Heel fijn om jou als 
collega te hebben. 

Graag bracht ik mijn tijd door in het laboratorium, niet alleen om de spannende 
experimenten, maar ook om de fijne collega's. 

Johan Bijzet, beste Johan, tijdens de afgelopen jaren zijn wij goed bevriend geraakt. Bij jou 
kon ik altijd terecht met vragen over labtechnieken, trucjes, computerzaken, grappen, om 
even zomaar wat te kletsen of voor een serieus gesprek. Jij bent echt van alle markten 
thuis. Bedankt voor wat je mij hebt geleerd en alles wat je voor mij hebt gedaan. 

Gerda Horst, Gerda, bedankt voor jouw hulp bij de experimenten. Altijd vrolijk en bereid 
om te helpen. Jouw expertise op het gebied van fagocytose zal nog goed van pas komen. 
En, Gerda, je bent er <lit jaar alweer met de klaverjasbeker vandoor gegaan. Volgend jaar 
laat ik <lat niet nog een keer gebeuren! 
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Beste Minke en Berber, ook jullie bedankt voor jullie hulp en advies bij de experimenten. 
Ook de mensen van het diagnostisch lab van de klinische immunologie en de transplantatie 
immunologie waardeer ik zeer om hun bijdrage aan de geweldige tijd in en buiten het lab. 
Jetske, neem je de accordeon mee naar het feest? 

Mijn kamergenoten van de afgelopen jaren: Bert, Renko, Sebastian, Jan-Stephan, Suzanne, 
Niels, Birgit, Deena, Paulina, Alexandre en Nynke. Bedankt voor de gezelligheid, de 
grappen, muziekjes, de interessante discussies, koekjes, snoepjes en al dat andere wat je 
nodig hebt om als onderzoeker te overleven. 

Het onderzoek heb ik afgewisseld met mijn coschappen in Zwolle. Ik heb daar een 
geweldige tijd gehad, mede dankzij dr. Maarten A. Alleman, onderwijscoordinator en 
internist en voor mij het voorbeeld van een goede internist. Dr. G. Sophie Mijnhout, dr Jan 
Lambert en dr. Jan Evert Heeg, ik dank jullie voor de leerzame supervisie en de geweldige 
tijd tijdens mijn keuzecoschappen. 

Ook kan ik mijn Zwolse "schatjes", de dames uit mijn lichting coassistenten, niet 
ongenoemd laten: Floor, Nienke, Susanne, Lieselot, Wilma, Gerdien en Violette. Het was 
een prachttijd, onder andere jullie hulp in de keuken heb ik erg gewaardeerd. Gelukkig 
waren Pieter, Wouter en Stefan er om mij te helpen wat mannelijke tegenkracht te bieden. 

Een constante factor tijdens de studie en het onderzoek waren mijn vrienden Jeffrey, Faas, 
Hans, Rob, Anton en Kevin. Wat hebben we het prachtig gehad met elkaar: skireizen, 
wielervakanties, infuusexperimenten, gala's, wadlopen, waterskien, congresbezoekjes, 
noem maar op. Omringd te zijn door zulke ambitieuze en getalenteerde vrienden werkt 
enorm motiverend en heeft zeker bijgedragen aan mijn succes. Fijn dat ik altijd op jullie 
kan bouwen. 

Twee andere goede vrienden Henk-Marijn, tevens secretaris van de KV en Roderick, 
tevens hoofdwedstrijdleider van de KV wil ik bedanken voor de fantastische (gekke) 
dingen die wij hebben gedaan en gedeeld. Het was goed toeven in Huize Heliview. Ik hoop 
dat de voltallige KV aanwezig kan zijn bij het feest. Jongens, de das mag weer om! 

Beste Bart en Joost, tijdens de middelbare schooltijd is de basis gelegd voor een hechte 
vriendschap tussen ons. Wij hebben elkaar de afgelopen jaren relatief weinig gezien, maar 
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de momenten waarop wij elkaar zagen waren goed. Ik denk dan ook dat onze vriendschap 
verder zal groeien. 

Ook met Jolien, Hanna, Sander, Pim en Alida heb ik een geweldige tijd gehad bij de 
organisatie van het landelijk congres voor coassistenten. Daarbuiten trouwens ook. 

Femie en Leendert Witvliet, beste Femie en Len, ik ben van jongs af aan kind aan huis bij 
jullie. Jullie hebben mijn ontwikkeling op de voet gevolgd, mede omdat ik regelmatig bij 
jullie op de stoep stond om sollicitatiebrieven en andere voor mij belangrijke teksten te 
laten corrigeren. Ook de Nederlandse teksten in dit proefschrift zijn door jullie 
gecorrigeerd, behalve deze alinea, er zou dus een taal- of spellingsfoutje in kunnen zitten. 
Ik hoop dat jullie mij dat vergeven. Bedankt voor alles. 

Annelot, mijn grote zus, uitgetrokken bossen haar, blauwe plekken en afdrukken van 
tanden zijn ons niet vreemd. We hebben vroeger heel wat ruzie gemaakt, maar dat maakt 
onze band nu des te sterker. Altijd kan ik bij jou terecht. Antonie, jij bent als een broer 
voor mij, ook jij staat altijd voor mij klaar. Bedankt allebei. 

Mijn ouders wil ik bedanken voor hun vertrouwen, steun en aanmoediging. 
Pap, jij nam mij en Annelot op zaterdagochtend, soms nog in pyjama, mee op jouw visite 
op de afdeling reumatologie in Beatrixoord. Op zaterdagochtend nam je ons mee om te 
wandelen in het bos. In de auto draaide jij dan vaak jazzmuziek of Franse chansons. Dit 
zijn slechts een paar voorbeelden van de dingen die jij deed en die heel bepalend zijn 
geweest voor wie ik ben en vooral waar ik gelukkig van word. Jij hebt mij altijd vrijgelaten 
in mijn keuzes en mij daarin onvoorwaardelijk gesteund. 
Mam, jij hebt van jongs af aan in mij geloofd, mijn sterke kanten herkend en mij daarin 
gestimuleerd. Dat heeft mij gebracht waar ik nu ben, zonder jou had het heel anders 
kunnen lopen. 

Lieve Esther, wat een geluk om jou te leren kennen, er zijn nog 99 dingen die wij samen 
willen doen, ik hoop dat er ook altijd 99 dingen zullen blijven. 

Hans Groningen, februari, 2012 
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I 

Curriculum Vitae 

De auteur van <lit proefschrift werd op 7 juli 1 983 geboren te Groningen. Na het volgen 
van het voorbereidend wetenschappelijk onderwijs op bet Maartenscollege te Haren begon 
hij, nadat hij een jaar farmacie had gestudeerd, aan de studie geneeskunde aan de 
Rijksuniversiteit Groningen. 
In het tweede jaar van de studie geneeskunde werd zijn interesse gewekt in bet doen van 
wetenschappelijk onderzoek door deel te nemen aan het extracurriculaire programma van 
de Junior Scientific Masterclass (JSM). Hiema verrichte hij wetenschappelijk onderzoek in 
het kader van een proefproject vanuit de JSM. Hij deed <lit proefproject op de afdeling 
klinische immunologie van bet Universitair Medische Centrum Groningen (UMCG) onder 
begeleiding van prof. dr. C.G.M. Kallenberg, dr. M. Bijl en dr. A.J. Smit. 
In 2006 startte hij onder bun supervisie met een MD/PhD-traject. Door <lit traject konden 
de coschappen gecombineerd warden met een versneld promotietraject. Tijdens <lit 
MD/PhD traject presenteerde hij zijn onderzoek op meerdere intemationale congressen. 
Tevens hij was hij gedurende drie jaar als tutor verbonden aan de Faculteit der Medische 
Wetenschappen en was hij betrokken bij de organisatie van het Landelijk congres voor 
coassistententen. 
De junior-coschappen volgde hij in het UMCG en de senior-coschappen volgde hij in de 
Isala klinieken in Zwolle en bet Diakonessenziekenhuis in Paramaribo, Suriname. 
Tenslotte deed hij zijn keuzecoschap op de afdeling inteme geneeskunde van de Isala 
klinieken in Zwolle onder supervisie van dr. G.S. Mijnhout, dr. J. Lambert, dr. JE Heeg en 
dr. M.A. Alleman. In september 2011  behaalde hij zijn arts-examen. 
Vanaf december 2011 is hij in het kader van de opleiding tot internist als arts-assistent 
werkzaam in bet Medisch Centrum Leeuwarden (opleider dr. L. de Heide). Vanaf 
december 2014  zal hij zijn opleiding in bet UMCG vervolgen ( opleider prof. dr. R.O.B. 
Gans). 
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