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SUMMARY 

Background. Elevated concentrations of homocysteine are associated with vascular disease, 

but the cause of the relationship between mild hyperhomocysteinemia and atherosclerosis and 

thrombosis is still unclear. We have previously reported that monocytic cells, cultured in 

moderately elevated concentrations of homocysteine, produce increased amounts of interleukin 

6 (IL-6), suggesting an association between elevated concentrations of homocysteine and 

cytokine levels, in particular IL-6. To fürther explore the hypothesis that inflammatory 

mediators play a role in hyperhomocysteinemia, plasma levels of homocysteine and 

inflammatory markers, C-reactive protein (CRP), IL-6, IL-8 and monocytic chemotactic 

protein 1 (MCP-1) were determined in patients with premature atherosclerosis. 

Methods. The concentrations of two local and two systemic acting inflammatory mediators, 

and their association with the concentrations of homocysteine as well as folate, vitamin B6 and 

Bo were analyzed. The study population consisted of 185 patients with angiographically 

proven premature (<50 years) atherosclerosis. Plasma concentrations of CRP, IL-6, IL-8, 

MCP-1 were determined using ELIS As. 

Results. Among patients with elevated fasting homocysteine plasma concentrations 

(>15|i.mol/L) an increased number of patients with detectable plasma levels of IL-6 (47%) was 

found in comparison with normohomocysteinemic patients (homocysteine< 15 umol/L)(29%: 

odds ratio 2.4 (95%CI 1.1-5.2)). The number of patients with elevated levels of MCP-1 (above 

the 80th percentile) was also elevated among the patients with fasting homocysteine plasma 

concentrations above 15 umol/L (33% in comparison with 16% among the 

normohomocysteinemic patients (odds ratio 2.6 (95%CI 1.1-6.1)). The plasma concentrations 

of IL-8 and CRP were not associated with fasting homocysteine levels. 

Conclusion. The association of increased plasma homocysteine concentrations with EL-6 and 

MCP-1 concentrations, suggests an association between hyperhomocysteinemia and 

inflammatory processes in patients with premature atherosclerosis. Further analysis will be 

necessary to confirm the hypothesis that increased homocysteine levels in patients with 

atherosclerosis result in an elevation of cytokine levels and whether the increase in 

homocysteine levels is the cause of elevation of inflammatory mediators. 
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INTRODUCTION 

Hyperhomocysteinemia is associated with an increased risk of premature vascular disease.1'2 In 

vitro studies on the pathogenesis of mild hyperhomocysteinemia have focussed on the effects 

of homocysteine, for example showing homocysteine induced smooth muscle cell proliferation, 

damage to the endothelium, elevated procoagulant activity and increased collagen synthesis 

(reviewed by references 3 and 4). Elevated plasma levels of homocysteine are found in patients 

with myocardial infarction, stroke and peripheral disease, but there is no evidence that 

moderately elevated homocysteine concentrations are the cause of atherosclerosis. Individuals 

with mutations in homocysteine-metabolizing enzymes that lead to moderately increased 

plasma levels of homocysteine would be expected to have an increased risk of vascular disease, 

but several studies have failed to document such an association. " Furthermore, reduction of 

homocysteine levels by vitamin treatment does not improve the endothelial function. Hence, 

although many studies have been performed to unravel the background of mild 

hyperhomocysteinemia, the mechanism behind the association between moderately elevated 

concentrations of homocysteine and vascular disease remains unclear. 

Studies analyzing the pathophysiology of vascular disease in relation to 

hyperhomocysteinemia have focussed on many processes, such as coagulation, endothelial cell 

damage and smooth muscle cell growth. ' Only a few studies have focussed on inflammation, 

despite the fact that atherosclerosis is known to be an inflammatory process10 and that 

individuals with extensive vascular disease have elevated plasma levels of inflammatory 
1112 

markers. ' We hypothesized that elevated concentrations of homocysteine could induce 

inflammatory processes thereby contributing to the development of the atherosclerotic plaque. 

We have reported that elevated concentrations of homocysteine lead to increased IL-6 

production in monocytic cells. To analyze this association in vivo, we examined plasma 

concentrations of homocysteine and inflammatory markers in patients with premature 

atherosclerosis. As inflammatory markers, two systemically acting mediators, CRP and IL-6, 

and two locally acting mediators, IL-8 and MCP-1, were analyzed, which are all known to be 

involved in atherosclerotic processes. 

MATERIALS AND METHODS 

Study population 

The study population consisted of 185 consecutive referred individuals with premature (<50 

years of age) cardiovascular disease (coronary and/or peripheral vascular disease) proven by 

angiography or ultrasound. The median age of onset of vascular disease was 40 (range 20-50) 

years, and the median age of inclusion was 45 (range 26-52) years. Of this study population 

65% had suffered from myocardial infarction. A subject was designated as a smoker if a 

questionnaire shows a history of smoking. 
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Analysis of homocysteine, vitamins, and cytokines. 

Plasma was obtained after an overnight fast and 6 hours after methionine loading, collected in 

EDTA-tubes and centrifuged. Fasting and post-load homocysteine concentrations were 
17 

analyzed with HPLC. Folate and vitamin B12 concentrations were measured in heparinized 

plasma (Dualcount, Diagnostics Products Corporation, Los Angeles, CA), vitamin B6 in 
18 

heparinized whole blood. C-reactive protein was analyzed using an ELISA with a detection 
19 limit of 0.1 u,g/ml. IL-6 and IL-8 were analyzed in the plasma using commercially available 

ELISAs (Central Laboratory of the Dutch Red Cross Blood Transfusion Service (CLB), 

Amsterdam, the Netherlands). The detection limits were 1.2 pg/ml for IL-6 and 2.0 pg/ml for 

IL-8. For the measurement of MCP-1 levels, rat anti human MCP-1 was used as a coating 

antibody, E.coli MCP-1 was used as the standard and biotinylated rat anti human MCP-1 was 

used as the second antibody (all MCP-1 reagents were from Pharmingen, San Diego, CA). The 

detection limit was 30 pg/ml for MCP-1. Concentrations below the detection limit were 

designated as 0 pg/ml. 

Statistical analysis 

Comparison of the number of patients with elevated (> 80th percentile) concentrations of an 

inflammatory parameter in the fasting or postload hyperhomocysteinemic group (> 80 

percentile) versus normohomocysteinemic (< 80th percentile) was performed using logistic 

regression analysis. The odds ratios were adjusted for age of sampling and gender, and for the 

concentrations of folate, vitamin B ]2, BO, or smoking if indicated. We calculated the percentiles 

for women and men separately. The 80th percentile was 11.4 ug CRP/ml for men, 23.2 ug 

CRP/ml for women, 2.2 pg IL-6/ml for men, 2.1 pg EL-6/ml for women, 4.7 pg IL-8/ml for 

men, 6.5 pg IL-8/ml for women, 479 pg MCP-l/ml for men, 494 pg MCP-l/ml for women. 

The 80* percentile of the fasting homocysteine concentrations for men and women was 15 

umol/L, and 53 umol/L postload homocysteine for men and 57 umol/L for women. Double-

sided P< 0.05 was considered significant. 

RESULTS 

In this cross-sectional study we analyzed the association of inflammatory mediators with 

homocysteine, and the vitamins in the homocysteine metabolism, in patients with premature 

atherosclerosis. The clinical characteristics of the 185 patients, who were under the age of 50 

years at the onset of vascular disease and had angiographically proven arterial disease, are 

summarized in Table 1. The study population consisted of patients with classical risk factors 

for atherosclerosis. Eighty percent of the patients was male, 71% was smoker, 10% suffered 

from diabetes. Most patients were overweight (median BMI 26 (18-49) kg/m2) and had 

elevated total cholesterol levels (median 5.82 (1.57-14.36) mmol/L). 
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The median plasma concentration of fasting homocysteine was 12 (range 5-51) umol/L and 37 

(17-166) umol/L after methionine loading. 

Plasma levels of the inflammatory markers were relatively low, detection was possible for 

54 (32%) patients with respect to IL-6 and 140 (76%) for IL-8. The plasma concentrations 

CRP and MCP-1 were all above the detection limit. 

Table 1. Characteristics study population. 

Number 185 
Males (n,%) 148 (80%) 
Age onset (years) 40 (20-50) 
Age sampling (years) 45 (26-52) 
MI(n,%) 120(65%) 
Diabetics (n,%) 18(10%) 
Smokers (n,%) 131(71%) 
BMI(kg/m2) 26(18-49) 
Total cholesterol (mmol/L) 5.82 (1.57-14.36) 
LDL cholesterol (mmol/L) 3.86 (0.65-13.11) 
HDL cholesterol (mmol/L) 1.0 (0.62-8.53) 
Triglycerides (mmol/L) 1.52 (0.42-8.0) 
Fasting homocysteine (umol/L) 12 (5-51) 
Postload homocysteine (umol/L) 37 (17-166) 
Folate (ug/L) 6.3(0.9-25.4) 
Vitamin B6 (nmol/L) 51 (23-257) 
Vitamin Bi2 (pmol/L) 369 (54-1059) 
CRP(ug/ml) 4.3(0.1-96) 
Detectable IL-6 (pg/ml) 2.6 (1.2-17.6) 
Detectable IL-8 (pg/ml) 3.8 (2.0-17.2) 
MCP-1 (pg/ml) 377(185-916)  

Median of the values, the value in parenthesis is the range. 

The prevalence of patients with elevated concentration (above the 80 percentile) of an 

inflammatory parameter was evaluated in patients with respectively elevated fasting 

homocysteine (> 80th percentile, 15 umol/L) or elevated post load homocysteine (> 80 

percentile, men > 53 umol/L, women > 57 umol/1) (Table 2). 

The prevalence of cases with elevated CRP plasma levels was analyzed and no association 

could be detected between high levels of CRP and elevated levels of fasting homocysteine. 

Among the patients with elevated fasting homocysteine, an increased number of patients with 

detectable IL-6 plasma level could be found (47%) in comparison with the group with 

homocysteine below 15 umol/l (28%)(odds ratio 2.4 (95%CI 1.1-5.2)). The number of cases 

with elevated IL-6 levels (above 80* percentile) was increased among patients with elevated 

fasting homocysteine, although not significantly (odds ratio 1.5 (95%CI 0.6-3.5)). The 

percentage of patients with detectable IL-8 plasma was equally divided among the patients 
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with or without elevated homocysteine (70% versus 71%). In the group with elevated 

concentrations of fasting homocysteine an (not significantly) increased percentage of cases 

with elevated concentration of IL-8 was found (27%) in comparison with the group with 

normal homocysteine levels (19%)(odds ratio 1.6 (95%CI 0.7-3.7). The percentage of cases 

with elevated concentrations of MCP-1 (33%) was significantly increased in the group of 

patients with elevated concentrations of fasting homocysteine, in comparison with the group 

with normal homocysteine levels (16%)(odds ratio 2.6 (95%CI 1.1-6.1). No significantly 

increased number of patients with elevated plasma levels of CRP, IL-6, IL-8 or MCP-1 could 

be detected among the patients with elevated postload homocysteine. 

The plasma concentrations of fasting and postload homocysteine are partly determined by 

cofactors of the methionine metabolism, folate, vitamin Bn and BO. Adjustment of the 

association between CRP, IL-6, IL-8 or MCP-1 and homocysteine (fasting or postload) for 

folate, vitamin Bn or BO did not significantly effect the association (Table 2). 

Smoking may induce an inflammatory response in the vessel wall and increase the plasma 

concentration of homocysteine. Therefore we analyzed the plasma concentrations of 

homocysteine and inflammatory mediators in smokers with premature arterial disease. The 

percentage of hyperhomocysteinemic subjects was higher in smokers than in non-smokers 

(25% versus 9%, odds ratio 3.9 (95%CI 1.2-10.9)). The median concentrations of the vitamins 

of the homocysteine metabolism were decreased in smokers in comparison with non-smokers, 

49 (24-257) versus 59 (range 23-122) nmol/L vitamin B6 (P=0.05), 346 (54-1059) versus 420 

(108-1057) pmol/L vitamin B12 (P=0.04) and 5.9 (1.2-23) versus 8.4 (0.9-25.4) ug/L folate 

(P<0.001). In smokers a significant increased percentage of plasma levels of IL-6 above the 

detection limit was determined, 38% versus 16% in non-smokers (odds ratio 3.5 (95%CI 1.4-

8.5)), The percentage of detectable IL-8 levels was increased, although not significantly, 78% 

versus 71% (odds ratio 1.5 (95%CI 0.7-3.1)). No significant increase in number of patients 

with elevated plasma levels of CRP or MCP-1 was determined in smokers. 

As smoking effects the concentration of homocysteine and the inflammatory mediators we 

adjusted the association between elevated homocysteine and elevated plasma levels of CRP, 

EL-6, IL-8 and MCP-1 for the smoking status of the patient. Adjustment of the odds ratio for 

smoking status only slightly decreased the odds ratios for having hyperhomocysteinemia and 

elevated levels of inflammatory mediators, for CRP 1.3 (95%CI 0.4-1.1), for IL-6 1.3 (95%CI 

0.4-1.1), for IL-8 1.6 (95%CI 0.7-3.9) and for MCP-1 2.2 (95%CI 0.9-5.4). 

DISCUSSION 

This cross-sectional study of patients with premature atherosclerosis shows that detectable IL-

6 plasma levels or increased MCP-1 concentrations were detected almost twice as often among 

patients with elevated concentrations of fasting homocysteine. In contrast, no significant 

association between concentrations of elevated homocysteine and CRP or IL-8 could be 
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determined. The number of patients with elevated concentrations of inflammatory markers was 

not higher in patients with elevated postload homocysteine levels. The weak association of 

elevated fasting homocysteine with IL-6 and MCP-1 respectively, together with the lack of 

association with postload homocysteine, suggests that these mediators have a minor role in the 

interaction between hyperhomocysteinemia and atherosclerosis. 

The finding of the trend that elevated fasting homocysteine and IL-6 are associated, is in 

agreement with previous data obtained with monocytic cells cultured in the presence of 

elevated concentrations of homocysteine which resulted in an increased IL-6 production.13 

With respect to the correlation between homocysteine and MCP-1, our results are in 
90 

accordance with the in vitro findings of Jacobsen et al. These authors showed that 

endothelial cells cultured under hyperhomocysteinemic (above 10 umol/L) conditions express 

increased amounts of MCP-1 mRNA. Indeed, increased MCP-1 mRNA expression could be 

detected in biopsies of atherosclerotic plaques from hyperhomocysteinemic patients.21 The in 

vitro induction of IL-8 by homocysteine in endothelial cells and the correlation between IL-8 

and homocysteine as described in females with hyperhomocysteinemia was not confirmed in 

our study population. With respect to CRP our data are in accordance with two studies 

showing no clear relationship between homocysteine and CRP. ' 

In this study population elevated concentrations of homocysteine and IL-6, as well as 

decreased plasma levels of folate, vitamin Bl2 and B6, were detected in patients with smoking 

habits. These findings are in accordance with studies showing elevated concentrations of 

homocysteine in smokers with premature atherosclerosis, ' but the cause of this association 

is unknown. Smoking is accompanied by changes in plasma thiol redox status27 possibly due to 

a higher formation of reactive oxygen species. Furthermore, the association between 

smoking and elevated homocysteine concentrations could be caused by the effects of smoking 

on the cofactors for HCY metabolism, folate, and vitamins B12 and B6.29 '30 and the reduced 

intake of nutrients and vitamins by smokers. ' 

Smoking increases the plasma levels of both fibrinogen and CRP in healthy subjects, 

suggesting that smoking induces an inflammatory reaction. In patients with premature 

atherosclerosis we determined an increase in detectable IL-6 plasma levels among smokers 

while no increase in CRP levels was found. The increase in IL-6 levels was previously detected 
19 

by de Maat et al., in addition they determined that smoking increased CRP levels in patients 

with vascular disease. It is unclear through which pathway this induction takes place, although 

it was suggested that smoking induces low grade inflammation of the pulmonary bronchi and 

alveolae which may result in a general acute phase response. ' 

In conclusion, we report a weak association between elevated fasting homocysteine and IL-

6 or MCP-1 concentrations that was not significantly affected by adjustment for folate, vitamin 

B12 or B6. Further research will be needed to clarify whether IL-6 and MCP-1 do play a role in 

the development of vascular disease in hyperhomocysteinemic individuals. 
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