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SUMMARY 

Hyperhomocysteinemia is associated with vascular disease. The mechanism by which 

hyperhomocysteinemia might increase the risk for vascular disease is unknown. One possibility 

is that increased levels of homocysteine induce a chronic inflammatory response in e.g. 

endothelial cells and monocytes, which alters the properties of the vascular system. Interleukins 

are thought to play an intermediate role in such inflammatory processes. The aim of the study 

was to document whether proinflammatory cytokine levels correlate with plasma homocysteine 

concentrations and whether homocysteine lowering by vitamin supplementation induces a 

decrease of cytokine levels. Plasma homocysteine, C-reactive protein (CRP), interleukin 6 (IL-

6), interleukin 8 (IL-8) and monocyte chemotactic protein 1 (MCP-1) levels were measured in 

230 healthy volunteers, recruited from the general population, before and after multivitamin 

(folic acid, B6, and B12) supplementation. Our data indicate that the plasma level of IL-8, but 

not that of CRP, IL-6 or MCP-1, is correlated with homocysteine concentration (r=0.24, 

P=0.001). The mean detectable IL-8 level in the hyperhomocysteinemic group was significantly 

increased compared to the normal group (6.3±1.1 versus 4.6±0.1 pg/ml (P=0.01)). Vitamin 

supplementation resulted in a significant decrease of the homocysteine levels, but no effect on 

the CRP, IL-6, IL-8 or MCP-1 could be determined. In conclusion, the weak correlation with 

IL-8, and the absence of a correlation with CRP, IL-6 and MCP-1, together with the 

observation that vitamin supplementation does affect homocysteine but not cytokine levels, do 

not support the hypothesis that hyperhomocysteinemia increases arteriosclerotic or thrombotic 

risk through stimulation of proinflammatory cytokine production. 
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INTRODUCTION 

In this study we tested the hypothesis_that increased homocysteine levels are associated with a 

cytokine mediated general inflammatory response. We therefore assessed the association 

between homocysteine and CRP, IL-6, IL-8 and MCP-1 levels in a large series of healthy 

subjects. Moreover, in order to determine whether the association between homocysteine and 

cytokine levels is causal, we evaluated the effect of vitamin supplementation on these 

parameters. 

Mild hyperhomocysteinemia is an established risk factor for both cardiovascular disease and 
1-7 venous thrombosis. Although vitamin supplementation can lower plasma levels of 

8 
homocysteine, its effect on the risk for vascular disease remains to be determined. 

A variety of hypotheses have been formulated to explain how hyperhomocysteinemia leads 
9-13 to vascular disease. One possibility is that increased plasma levels of homocysteine, 

through a toxic effect, injures the vascular endothelium with subsequent loss of its 

antithrombotic properties. The second potential target of high homocysteine levels is the 

smooth muscle cell layer surrounding the blood vessels. Tsai et al. have shown that 

homocysteine stimulates smooth muscle cell proliferation in vitro. Recently, Dalton et al. 

have suggested that homocysteine stimulates receptors for homocysteine on smooth muscle 

cells, that are coupled to phospholipase and diacylglycerol production. When combined, 

these effects of increased homocysteine levels may induce increased thrombin generation and 

arterial wall thickening, which are known to trigger cardiovascular and thrombotic disease. 

According to these hypotheses homocysteine exerts its detrimental effect directly on 

endothelial and smooth muscle cells. The damaging effect of homocysteine on vascular cells 

might be reflected by increased production of cytokines. In in vitro experiments using elevated 

concentrations of homocysteine, we determined an elevated production of IL-6 in monocytic 

cells, and two studies found an increased production of IL-6, IL-8 and MCP-1 in endothelial 
17 18 

cells. ' Such inflammatory interactions may well exist in view of studies that report an 

association between vascular disease and plasma levels of certain inflammatory components 

such as interleukin 1, 6, and 8 (TL-1, IL-6, EL-8), tumor necrosis factor a (TNFa), monocyte 

chemotactic protein 1 (MCP-1) or C-reactive protein (CRP). 

STUDY POPULATION AND METHODS 

4 22 

The study population and protocol were described previously. ' Briefly, 230 volunteers from 

the general population agreed to participate in an 8-weeks daily vitamin supplementation trial. 

Randomization of the volunteers was stratified, based on the 80th percentile of the 

homocysteine levels in a previous study (cut-off point 16 umol/1). Volunteers with levels 

above 16 umol/1 were randomized to a placebo (n=27) or multivitamin schedule (n=23). The 

multivitamin tablet contained 5 mg folic acid, 0.4 mg hydroxy cobalamin and 50 mg 
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pyridoxine. Volunteers with homocysteine levels below 16 umol/1 were randomized to placebo 

(n=36), multivitamin (n=34), 5 mg folic acid (n=35), 0.5 mg folic acid (n=36) or 0.4 mg 

hydroxycobalamin (n=36). Of three subjects only a baseline, and no post-treatment, analysis 

was performed. Altogether, the effect of vitamin supplementation was studied in 164 

volunteers whereas 63 volunteers were treated with placebo. 

For homocysteine and cytokine measurements fasting blood samples were taken from the 

antecubital vein and collected in EDTA- and citrate-tubes. The samples were immediately 

placed on ice and within 30 minutes centrifuged at 2000xg for 10 minutes. 

Total homocysteine concentrations were measured according to the method described by 

Fiskerstrand et al. with some modifications. ' 

Interleukin 6 and interleukin 8 were analyzed using a commercially available ELISA (CLB, 

Amsterdam, the Netherlands). The detection limits are 1.2 pg/ml for IL-6 and 2.0 pg/ml for IL-
25 

8. C-reactive protein was analyzed using an ELISA with a detection limit of 0.1 ug/ml. 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 of MCP-1 was 30 pg/ml. 

Statistical analysis was performed with the SPSS package version 7.5 for Windows. 

Samples below the detection limit were designated as 0 pg/ml. For the analysis of the 

association of homocysteine with age and the (detectable) cytokine levels, the Pearson 

correlation coefficient was calculated. 
_ . „ ,. , , , Table 1. Study population characteristics. Parameters are 
Comparison of median plasma levels ^ a s m e d i a n ( r a n g e ) ^ c o n c e n t r a t i o n s w e r e n o t 

was performed by using the Mann included because of small amount of subjects with levels 
,,„ . TT . above the detection limit. 
Whitney U test for non-parametric 
values. We calculated odds ratios as an 
estimate of the relative risk of subjects Males/females 89/141 
with hyperhomocysteinemia having 

Age (years) 53 (23-82) 
elevated cytokine or chemokine 

tU onth Smokers (%) 140(61%) 
concentrations, using the 80 v ' v ' 

percentile of the plasma concentration Homocysteine (umol/1) 12.9 (4.7-49.8) 

of the total study population. The Vitamin B6 (nmol/1) 36 (0-130) 

effect of vitamin treatment was studied vitamin B12 (pmol/1) 332(98-1197) 
by comparing the levels before and _ , . . . . , ,„s 

K & Folic Acid (nmol/1) 5.3 (1.6-16.7) 
after treatment using a Wilcoxon 
signed ranks test for paired CRP (ug/ml) 1.7(0.1-31) 
parameters. Double sided P-values less IL-8 (pg/ml) 4.0 (0-47.9) 

than 0.05 were considered statistically MCP-1 (pg/ml) 669 (321-1347) 

significant. 
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RESULTS 

Baseline characteristics of the 230 apparently healthy subjects included in this study are shown 

in Table 1. The age of the subjects ranged from 23 to 82 (median 53) years and 61% was 

female. None of the volunteers was reported taking ("self-prescribed") vitamin supplements 

during 2 months prior to start of the study. 

The median homocysteine concentration of the total study population was 12.9 (range 4.7 

to 49.8) umol/L. Homocysteine levels were significantly higher in males than in females 

(median 13.8 (6.8-49.8) umol/L versus 12.1 (4.7-34.8) umol/L, P=0.001). In 23% of the 

subjects plasma IL-6 was detectable while 87% had a detectable IL-8 level. The median 

detectable IL-6 level was 2.3 (range 1.3 - 88.7) pg/ml. The detectable EL-8 levels ranged from 

2.2 - 47.9 (median 4.4) pg/ml. The EL-6, IL-8 and MCP-1 levels were not significantly different 

between males and females. In females the CRP level was higher than in males (median 1.9 

(0.1-31) ug/ml compared to 1.4 (0.1-11) ug/ml, P=0.02). 

Figure 1. Correlation analysis of homocysteine and cytokine plasma levels. 
Plasma levels of IL-8 were significantly correlated with levels of homocysteine while no significant 
correlation between homocysteine and CRP, IL-6 or MCP-1 concentrations could be detected. For IL-6 
and IL-8 the detectable levels are shown, the dotted line represents the detection limit. 
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Cytokine levels in hyperhomocysteinemia. 

Figure 1 shows the correlation between homocysteine and the inflammatory parameters before 

intervention. In addition to the linear correlation analysis the levels of IL-6, CRP, MCP-1 and 

IL-8 were dichotomized according to normo- and hyperhomocysteinemia (homocysteine > 16 

pM). Subjects with hyperhomocysteinemia had significantly higher IL-8 levels than subjects 

without hyperhomocysteinemia (median 4.8 (range 0-47.9) pg/ml versus 4.0 (0-14.4), P=0.03). 

The levels of CRP, IL-6, and MCP-1 were not significantly different between 

hyperhomocysteinemic and normohomocysteinemic individuals. 

The odds ratio for having an increased IL-8 concentration (above 5.5 pg/ml (80th 

percentile)) during hyperhomocysteinemia (homocysteine above 16uM), corrected for age and 

gender, was 2.4 (95%CI 1.1-5.4). The odds ratios for respectively elevated interleukin-6 

(above 1.5 pg/ml (80th percentile)), elevated MCP-1 (above 814 pg/ml (80th percentile)), and 

elevated CRP (above 4.9 u.g/ml (80th percentile)), during hyperhomocysteinemia and corrected 

for age and gender, were 0.96 (95%CI 0.43-2.2), 0.89 (95%CI 0.39-2.0) and 1.0 (95%CI 0.4-

2.2). 

Effect of vitamin supplementation on levels of inflammatory parameters. 

To measure the effect of vitamin supplementation, the levels of homocysteine, CRP, IL-6, IL-8 

and MCP-1, before and after intervention in the complete study population, were compared. 

The homocysteine-lowering effect of vitamin supplementation in this study population has been 
22 reported previously (Fig.2A). The study population that received vitamin treatment was 

grouped because the differences were small with respect to homocysteine-lowering. No effect 

of vitamin treatment on the levels of CRP, IL-6, IL-8 or MCP-1 was detected (Fig 2). Separate 

analysis of the subgroups, treated with respectively multivitamin, 5 mg folic acid, 0.5 mg folic 

acid or 0.4 mg hydroxycobalamin, showed no effect with respect to the inflammatory 

parameters (not shown). 

Figure 2A. Effect of multivitamin 
supplementation on homocysteine levels. 
Vitamin treatment lowers the homocysteine 
concentration. Blank boxplots represent the 
values before intervention, hatched boxplots 
the values after 8 weeks with respectively 
placebo or vitamins. The box represents the 
values of the 25 -75 th percentile, the caps the 
5th . 95* percentile and the thick line the 
median. 
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Figure 2. Effect of multivitamin supplementation on cytokine plasma levels. 
Vitamin treatment lowers the homocysteine concentration but has no effect on the CRP, IL-6, IL-8 or 
MCP-1 levels. Blank boxplots represent the values before intervention, hatched boxplots the values after 
8 weeks with respectively placebo or vitamins. The box represents the values of the 25th -75th percentile, 
the caps the 5th - 95th percentile and the thick line the median. 
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DISCUSSION 

In this study we investigated the hypothesis that hyperhomocysteinemia induces general 

inflammation through the induction of cytokines or chemokines. In support of this hypothesis 

we observed that homocysteine levels are significantly correlated with levels of the pro

inflammatory cytokine IL-8. However, the lowering of homocysteine levels with vitamin 

supplementation was not accompanied by decreasing IL-8 levels. 

The results from this study, with respect to the in vivo correlation between homocysteine 

and IL-8, and the correlation between homocysteine and MCP-1 in females, are in accordance 

with the in vitro findings of Jacobsen et al.18 These authors showed that culturing endothelial 

cells under hyperhomocysteinemic (above 10 uM) conditions leads to an increased mRNA 

expression of IL-8 and MCP-1. This would suggest that elevated levels of homocysteine 

contribute to atherosclerotic processes by inducing IL-8 and MCP-1, which could be 

chemotactic for monocytes. 
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A previous study has reported a correlation between homocysteine and IL-8 concentration in 

females with hyperhomocysteinemia, and it has been suggested that the oxygen radicals, 
97 

accompanying high homocysteine levels, may induce IL-8. This is in accordance with studies 

showing that elevated plasma levels of reduced homocysteine are a marker for enhanced 

oxidative stress.28"30 Nevertheless, most studies suggesting that increased oxidant stress 

mediates the deleterious effects of homocysteine used high non-physiological homocysteine 

concentrations, and in patients with severe or mild hyperhomocysteinemia no increased 

oxidative stress was found. ' 

If a mechanism, by which homocysteine induces IL-8, plays a role, one would predict that 

by lowering homocysteine, IL-8 levels would also decrease, which was not the case in_our 

study. Despite the fact that persons under study were not known to have vascular disease it 

might be that elevated homocysteine reflects sub-clinical atherosclerosis since origin and cause 

are poorly understood in this process. The homocysteine plasma level might (partly) reflect the 

homocysteine export from cells, and certain conditions, such as disruption of the endothelial 

cell layer, are likely to enhance homocysteine export. In this respect, correction of the 

homocysteine level may not correlate to correction of the IL-8 level. On the other hand it can 

not be excluded that homocysteine induces vascular pathology, reflected by increase of IL-8, a 

process not corrected by (short-term) intervention with vitamins. 

In this study, in apparently healthy subjects, we found no association between 

hyperhomocysteinemia and CRP. This is in agreement with a previous study that reported a 

similar lack of association in individuals with or without hyperhomocysteinemia. In another 

study, in a very large study population of men at moderately high risk for coronary heart 

disease, only a weak correlation between homocysteine and CRP was found. Altogether, 

these data indicate that no clear association between hyperhomocysteinemia and CRP exists. 

In conclusion, the weak association between homocysteine and IL-8 and absence of 

association with CRP, IL-6, and MCP-1, together with the lack of IL-8 reduction after 

homocysteine lowering, do not support the hypothesis that elevated homocysteine 

concentrations contribute to vascular disease by inducing inflammatory mediators. Future 

studies are necessary to investigate the possibility that mild elevated homocysteine and IL-8 

plasma concentrations are both the result of vascular imbalance. 
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