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CHAPTER 10 

INFLAMMATORY MARKERS 

AND HOMOCYSTEINE 

IN VASCULAR DISEASE: 

CAUSE, CONSEQUENCE OR BOTH? 
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GENERAL DISCUSSION 

There is increasing experimental and clinical evidence that inflammatory mediators are involved 

in a variety of acute and chronic vascular disorders such as atherosclerosis, thrombosis and 

restenosis after stenting (chapter 1). Among these substances, cytokines like interleukin 1 (IL-

1), tumor necrosis factor a (TNFa) and IL-6, chemokines IL-8 and monocyte chemotactic 

protein (MCP-1), and the acute phase protein C-reactive protein (CRP) which are the subject 

of this thesis, have a prominent role. We focussed on the relationship between inflammatory 

mediators and venous thrombosis, premature atherosclerosis respectively in-stent restenosis, 

and the association with hyperhomocysteinemia. These complex relationships were studied in 

order to address causal relations of inflammation and vascular disease. In the next paragraphs 

we will discuss the findings from our studies as well as from others that may help to answer the 

latter question. 

Is (recurrent) venous thrombosis an inflammatory disease? 

Upon vessel wall damage, the blood coagulation system is activated by exposure to the 

subendothelium and by cellular reactions such as cell adhesion and platelet aggregation. The 

inflammatory and coagulation pathways are intimately and reciprocally involved: 

Proinflammatory stimuli activate the coagulation cascade, with enhancement of tissue factor 

expression being one of the important mechanisms. Conversely, cytokine production is 

enhanced by coagulation factors, most notably thrombin, thus contributing to a positive 

feedback system that regulates haemostasis. In critical illness, often complicated by 

disseminated intravascular coagulation and multi-organ failure, the induction of coagulation by 

inflammatory reactions has been rather well characterized. Infusion of endotoxin into healthy 

volunteers has been shown to be a useful model to study coagulation activation in vivo 

(reviewed by 1). Using this model it was shown that administration of endotoxin induces tissue 

factor-mediated stimulation of the common pathway of the coagulation system. The 

involvement of inflammatory mediators in the development of venous thrombosis, however, is 

largely unclear. In a rodent model of venous thrombosis, an influx of neutrophils and induction 

of inflammatory mediators occur at the site of thrombosis suggesting that inflammation is 

associated with the development of venous thrombosis. Very few clinical data are available and 

studies documenting the association between venous thrombosis and a well-known surrogate 

marker of inflammation, CRP, show conflicting results. ' 

In patients with recurrent venous thrombosis abnormal activation of blood coagulation is 

considered of pathogenic significance. In chapter 2 we report that plasma levels of IL-6, EL-8 

and MCP-1 are higher in patients with recurrent venous thrombosis than in healthy control 

subjects. In patients with elevated plasma concentrations of these inflammatory mediators the 

risk of venous thrombosis was 2 to 3 fold increased. We also found a concentration-dependent 
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relationship of venous thrombosis and IL-8 and MCP-1 plasma concentrations. The strongest 

association was found between EL-8 and venous thrombosis, and this led us to further 

investigate IL-8 in the Leiden Thrombophilia Study (LETS), a population-based case control 

study of patients with a first episode of deep venous thrombosis and age- and sex-matched 

controls. In chapter 3 we show that elevated concentrations of IL-8 are associated with a 1.8 

fold increased risk of venous thrombosis. The association between venous thrombosis and IL-8 

is most pronounced between the age of 40 and 51 years, and is not affected by elevated plasma 

levels of factor VIII:C or homocysteine, which are both known risk conditions for thrombosis. 

Hence, increased plasma IL-8 concentration is a risk factor for development of venous 

thrombosis. 

IL-8 is of particular interest as this chemokine may be responsible for a procoagulant state 

by inducing tissue factor expression.5 Furthermore, IL-8 induces recruitment of neutrophils, 

which are the cells first cells to adhere to venous endothelium in a model of stasis induced deep 

venous thrombosis. 

To date it is not known what factors are responsible for the increase of plasma IL-8 

concentration in patients with venous thrombosis. One explanation would be the presence of 

infections by cytomegalovirus, Chlamydiae pneumoniae or Helicobacter pylori, which have 

not only been shown to increase the risk of other vascular disorders such as atherosclerosis, 

but indeed induce IL-8 production.7"9 After prolonged inflammatory stimulation IL-8 

accumulates in Weibel Palade bodies of endothelial cells where it remains stored until re-

stimulation, thereby serving as a 'memory' of preceding inflammatory insults. Upon re-

stimulation, IL-8 can be released instantaneously, without de novo protein synthesis, thereby 

inducing the onset of tissue factor expression and neutrophil adhesion which results in a 

procoagulant state. 

Although the aforementioned results are in favor of the concept that inflammatory processes 

are involved in the pathogenesis of venous thrombosis, the mechanism by which inflammatory 

mediators, in particular IL-8, contribute to thrombus formation are yet unclear. One approach 

to elucidate the mechanism is to neutralize IL-8 in an experimental venous thrombosis model in 

order to determine the differential contribution of endothelial and monocytic IL-8 to venous 

thrombosis. Future studies analyzing inducers of inflammation, such as viral and bacterial 

infections, in patients with venous thrombosis are necessary to strengthen the hypothesis that 

(recurrent) venous thrombosis is yet another infectious disease. 

To what extent are inflammatory processes involved in atherosclerosis? 

Atherosclerosis is a multifactorial disease, of which many pathophysiological processes, 

including the contribution of inflammation, remain to be unraveled. It is presently well accepted 

that inflammatory processes are involved in atherosclerotic plaque formation: Inflammatory 

cells, in particular macrophages and T-cells, have been found in early atherosclerotic lesions 
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and cytokines and chemokines are expressed in such lesions. Various transgenic and knockout 

mouse models have further revealed the importance of inflammatory mediators in the onset of 

atherosclerotic plaque formation. It is, however, still uncertain whether inflammatory markers 

merely reflect the activity of the atherosclerotic process or should be considered as causative 

factors, and both may be true. In this respect C-reactive protein is of special interest as it has 

been shown that changes in CRP may be a cause as well as a consequence of atherosclerosis 

(reviewed by reference 12). 

CRP, an acute phase protein that is upregulated in response to tissue damage, may reflect 

underlying atherosclerotic disease. The large prospective Physician's Health Study showed that 

plasma concentrations of the inflammatory marker CRP predict the development of 

cardiovascular events. However, CRP and other acute phase proteins are also capable of 

inducing processes that may lead to lesion formation. CRP is localized in ischemic 

myocardium and, colocalized with complement, in atherosclerotic lesions. ' Ischemic cells 

may constitute binding sites for CRP. Ligand-bound CRP may induce complement 
17 activation, thereby enhancing inflammation and tissue damage. Taken together these data 

suggest that CRP is not only indirectly linked to atherosclerotic processes but participates 

directly in inflammatory reactions, which contribute to the pathophysiology of cardiovascular 

disease. 

We hypothesized that inter-individual variations of baseline CRP plasma concentrations may 

reflect genetically determined differences in the transcription of the CRP gene. High responders 

would be expected to have an enhanced risk for the onset and development of atherosclerotic 

lesions. Our analysis of the DNA sequence of the coding part of the CRP gene (chapter 4), 
revealed completely identical sequences among 36 selected patients with premature 

atherosclerosis. This makes it unlikely that genetic variants in the coding and flanking regions 

of exon 1 and 2 are responsible for inter-individual differences in CRP production among 

individuals. In the non-coding region, downstream of exon 1, a new genetic variant was 

identified which was in linkage disequilibrium with the GT repeat in-between exon 1 and 2, but 

no association with plasma CRP levels or disease was found. Despite these negative findings, it 

remains possible that non-coding regions of exon 1 and 2 and the promotor region of the CRP 

gene include genetic variants that contribute to differences in CRP levels. As no association has 

been found with intronic A/T and (GT)„ repeat polymorphisms, it is likely that an undetermined 

genetic variant involved in CRP levels must be distant and not in linkage disequilibrium with 

the investigated polymorphisms. In the absence of functionally important genetic variants 

within the CRP gene, the inter-individual variation in CRP level may be explained by 

differences of intermediary factors, such as IL-6, that are induced by various stimuli and are 

able to regulate the CRP gene. 
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Does the inflammatory response contribute to development of (in-stent) restenosis? 

Coronary stents have been developed to optimize myocardial revascularization of patients with 

coronary artery disease, by holding the artery against deforming stress. Nevertheless, 

approximately 20% of the patients develop in-stent restenosis leading to severe lumen loss. 

Following stent placement inflammatory cells from the circulating blood and adventitial vasa 

vasorum migrate into the thrombi which form over stent struts. The migration of inflammatory 

cells is followed by smooth muscle cell migration to and proliferation within the neointima. We 

postulated that IL-6 is important in regulating the local inflammatory response after coronary 

stent placement. Reduced IL-6 response, such as in individuals with the CC genotype of the -

174 G/C polymorphism, might increase the susceptibility of patients to develop in-stent 

restenosis. Chapter 5 describes the analysis of whole blood IL-6 response in patients with in-

stent restenosis. Low levels of IL-6, both basal and after ex vivo stimulation by 

lipopolysaccharide (LPS), were shown to be associated with an increased occurrence of in-

stent restenosis, suggesting a protective role of IL-6 in patients with in-stent restenosis. IL-6 is 
18 

known to control local acute inflammatory responses, which may explain the protective role 

of IL-6 in in-stent restenosis. 

The -174 G/C polymorphism within the IL-6 gene was shown to be associated with the EL-

6 response of whole blood, after LPS stimulation as well as with basal IL-6 levels. 

Nevertheless, this polymorphism did not account for the lower IL-6 response among patients 

with in-stent restenosis, as no association was found between the -174 G/C genotype and the 

incidence of in-stent restenosis. The absence of an association between a genetic polymorphism 

and certain diseases, while associations between the plasma level and a specific polymorphism 

as well as between plasma level and disease are present, is puzzling, but has previously been 

reported for genes encoding methylene tetrahydrofolate reductase (MTHFR), fibrinogen and 
19-21 

factor VII. The explanation for such discrepancies may be found in the presence of 

another factor masking the effect of the polymorphism or the presence of a minimal threshold 

above which the EL-6 response becomes relevant in regulating the pro-inflammatory reaction 

after stent placement. It is possible that a differently powered clinical study would uncover 

differences in the occurrence of in-stent restenosis for -174 G/C genotypes. 
Are inflammatory processes involved in hyperhomocysteinemia? 

An elevated plasma concentration of homocysteine is known to be a risk condition for 

atherosclerosis and venous thrombosis. The importance of inflammatory processes in these 

vascular diseases has been addressed in the general introduction (chapter 1). Of the various 

studies only a few have investigated the link between hyperhomocysteinemia and inflammation. 

We tested the effect of elevated concentrations of homocysteine on inflammatory mediators 

using the monocytic cell line Mono Mac 6 (chapter 6). Following the addition of moderately 
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elevated homocysteine concentrations (50 umol/L) to the culture medium, IL-6 production 

increased while IL-8 or MCP-1 did not change. A similar accumulation of IL-6 was detected in 

the presence of the dimer of homocysteine, homocystine, but incubation with another 

sulfhydryl containing compound, cysteine, or the precursor of homocysteine, methionine did 

not change the IL-6 concentration in the culture medium. Mono Mac 6 cells, pretreated with 

homocysteine and subsequently stimulated by endotoxin, produced more IL-6 whereas no 

increase was detected in respectively IL-8 and MCP-1. These data suggest that moderately 

elevated homocysteine concentrations may contribute to vascular disease by directly 

influencing the production of IL-6, or by augmenting the effect of other inflammatory stimuli 

such as endotoxin. In cultured endothelial cells a homocysteine specific up-regulation of IL-6, 

IL-8 and MCP-1 production has been described after incubation with 5 mmol/L homocysteine, 

but not when 100 u.mol/L was added22 whereas low concentrations (10-50 umol/L) of reduced 

homocysteine induced MCP-1 mRNA.23 

As emphasized in the general introduction, conclusions from such in vitro studies -which 

aim to mimic hyperhomocysteinemia- should be drawn carefully. It is well established that 

patients with severe hyperhomocysteinemia (>150 umol/L) suffer from premature vascular 

disease. Lowering of plasma homocysteine levels in these patients may, at least partially, 

prevent vascular complications. Chronic severely increased plasma homocysteine level may 

induce IL-6 production in monocytes, which induces acute phase responses, T-cell activation, 

and tissue factor expression, ' thereby contributing to a proatherogenic and prothrombotic 

state. The putative mechanisms of homocysteine-related inflammatory events, as derived from 

in vitro experiments, may explain the vascular pathogenesis of patients with severe 

hyperhomocysteinemia, but it is questionable if vascular disease in patients with mild 

hyperhomocysteinemia is due to similar processes. 

Mild hyperhomocysteinemia, a consequence of vascular inflammatory disease? 

Whereas moderately elevated homocysteine levels are associated with vascular disease, it is not 

established that such moderate increases contribute to the development of vascular disease. 

The common genetic variant MTHFR C667T, which is accompanied by an increase in 

homocysteine plasma concentration, is not associated with an enhanced risk of cardiovascular 
•ye 'j/r 

disease. ' Furthermore, it is unclear how mildly elevated homocysteine concentrations may 

cause vascular abnormalities. Therefore it may be suggested that elevated homocysteine levels 

represent an epiphenomenon, reflecting other atherogenic mechanisms.25"27 It has been argued 

that in individuals with extensive or severe atherosclerotic lesions, inflammation is more 

prominent, the demand of folic acid is increased and higher homocysteine levels exist.27 

In this thesis we have described the association between inflammatory mediators and 

homocysteine. In a cross-sectional study population of patients with premature atherosclerosis, 

we observed a correlation between elevated levels of homocysteine and IL-6 and MCP-1, 
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respectively, which was not significantly influenced after adjustment for plasma levels of folate, 

vitamin Bi2 or I$6 (chapter 7). In addition, in plasma samples of healthy control subjects an 

association between IL-8 and homocysteine was found, while vitamin supplementation affected 

homocysteine but not IL-8 levels (chapter 8). Additional evidence for an association between 

inflammation and hyperhomocysteinemia was provided by observations that 1) in 

hyperhomocysteinemic females a correlation exists between homocysteine and EL-8 
28 

concentrations, 2) increased MCP-1 mRNA expression in biopsies from 
29 30 31 

hyperhomocysteinemic patients, and 3) myocardial infarction and stroke, are 

accompanied by an increase in circulating homocysteine concentrations over time. 

Furthermore, higher homocysteine levels are associated with greater carotid artery intima-
32 

medial wall thickness and strongly predict a poor outcome in patients with cardiovascular 
33 

disease, suggesting that elevated homocysteine concentrations reflect the severity of the 

vascular disease. Taken together, these data fit within the hypothesis of homocysteine and 

inflammatory mediators being the result of the atherosclerotic process or vascular damage. 

In order to test the hypothesis that inflammatory responses may contribute to elevated 

homocysteine levels, we analyzed homocysteine concentrations in experimental endotoxemia in 

humans in chapter 9. Infusion of endotoxin to healthy male volunteers resulted in an increase 

in homocysteine levels, which was not accompanied by an increase in cysteine or albumin 

concentration. The increase in homocysteine was correlated with the baseline homocysteine 

concentration; subjects with high baseline concentration showed a higher maximal increase 6 

hours after infusion. Correlation analysis showed that the rise in homocysteine was associated 

with the endotoxin induced EL-6 response but not with the IL-8, TNFa, MCP-1 or vWF 

response. The data from this study are the first evidence for inflammation induced 

hyperhomocysteinemia and question if mildly elevated homocysteine levels should be judged as 

a causal factor of vascular disease. 

The pathways by which inflammation leads to an increased homocysteine concentration are 

unclear. We suggest that an imbalance in folic acid, vitamins B6 or B12, determining elevated 

homocysteine concentration, may be enhanced by systemic activation and contribute to the 

increase in homocysteine by inflammatory processes. An inverse association between the 

inflammatory mediator (TNFa) and pyridoxal-5'-phosphate, the metabolically active form of 

vitamin B6, in patients with rheumatoid arthritis, has been determined. Furthermore, 
27 

inflammation is suggested to be associated with an increased demand of folic acid. The effect 
of inflammatory mediators on cofactors of the homocysteine metabolism will be subject of 
future studies. 
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CONCLUSION 

From the studies described in this thesis we concluded that 1) increased concentrations of 

inflammatory mediators are associated with (recurrent) venous thrombosis, 2) inflammatory 

responses play an important role in the development of in-stent restenosis and 3) increase in 

homocysteine concentration is partly a result of inflammation. For the future prevention of 

cardiovascular disease it remains essential to further elucidate the role of inflammatory 

mediators in vascular disease, not only focussing on atherosclerosis but also on venous 

thrombosis and in-stent restenosis. With respect to homocysteine, future studies will have to be 

undertaken to investigate whether this metabolite is a cause or consequence, and whether 

vitamin supplementation reduces both inflammatory parameters and the risk of vascular 

disease. 
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