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SUMMARY 

Hyperhomocysteinemia is known to be associated with vascular disease, but the mechanism of 

action is yet unclear. Results of in vitro studies suggest that homocysteine induces vascular 

wall inflammation, activation of coagulation and increased proliferation of smooth muscle cells. 

Recently, however it was hypothesized that elevated concentrations of homocysteine might be 

the result rather than the cause of vascular disease. The objective of this study was to analyze 

the homocysteine concentration following infusion of endotoxin in humans, a controlled model 

in which an inflammatory response as well as activation of coagulation and endothelial cells is 

induced. Shortly after infusion of LPS in 24 healthy volunteers total homocysteine 

concentrations increased (P<0.001), to reach a maximum of 10 ± 2.9 % after 6 hours, while no 

significant increase in total cysteine or albumin concentration could be detected. The 

percentage increase in homocysteine concentration was correlated with the baseline 

homocysteine concentration (r=0.58, P=0.004). Comparison of the homocysteine increase with 

increases of the inflammatory mediators interleukin 6 (IL-6), IL-8, MCP-1, and TNFa and the 

endothelial cell marker von Willebrand Factor, showed only a correlation with the IL-6 

response (r=0.46, P=0.03) after 3 hours. 

In conclusion, inflammatory activation by LPS resulted in an elevated plasma homocysteine 

concentration in healthy volunteers. The magnitude of the increase depended on baseline 

homocysteine concentrations and was correlated with the IL-6 response. These data support 

the hypothesis that mildly elevated homocysteine in patients with vascular disease is a 

consequence - rather than a cause - of vascular disease. 
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INTRODUCTION 

The significance of elevated homocysteine concentrations for the development of 

cardiovascular disease has been the focus of various studies (for reviews see references 1-3). 

The finding that patients homozygotic for mutations in the cystathionine ß-synthase gene have 

elevated plasma concentrations of homocysteine and suffer from premature vascular disease, 

led to the hypothesis that homocysteine itself induces vascular dysfunction. Thereafter it was 

reported that moderately elevated plasma concentrations of homocysteine occur in patients 
"3 S ft 

with myocardial infarction, peripheral arterial disease, stroke and venous thrombosis. ' ' In 

vitro studies showed that elevated homocysteine concentrations may induce endothelial cell 
1 7 

damage, activation of clotting factors and increased proliferation of smooth muscle cells. ' In 

most of the latter studies however, high, non-physiological, concentrations of homocysteine 

were used. 

An interesting aspect is the finding that homocysteine concentrations increase after 

myocardial infarction or a stroke. " Furthermore, the polymorphism that is associated with 

elevated homocysteine concentrations - the MTHFR C677T mutation - is not associated with 

an increased risk of cardiovascular disease. " Taken together these studies argue against a 

causal relationship between mildly elevated homocysteine concentration and cardiovascular 

risk. 

Vascular disease is known to be an inflammatory process. Individuals with vascular disease 

have elevated levels of inflammatory mediators which are not likely to be causal, but probably 

relate to the inflammation in the process of vascular disease. Against this background it has 

been hypothesized that hyperhomocysteinemia in patients with vascular disease might be the 
2 consequence of an inflammatory process which accompanies vascular diseases. 

The aim of the present study was to test the hypothesis that inflammatory activation can 

induce an elevation of homocysteine concentration in human experimental endotoxemia, and if 

this elevation is correlated with the generation of inflammatory mediators. Experimental 

endotoxemia, induced by LPS infusion in human volunteers, results in a general inflammatory 

response, including leukocyte and endothelial cell activation, release of cytokines and 

coagulation activation. 

MATERIALS AND METHODS. 

18-20 

The human experimental endotoxemia model was performed as described previously. 

Briefly, healthy male volunteers were injected with lipopolysaccharide (LPS) (Escherichia coli 

lot EC-5 (D. Hochstein, Bureau of Biologies, Food and Drug Administration, Bethesda, MD) 

or lot G (United States Pharmacopeia Convention Inc., Rockville, MD), administered at a dose 

of 4 ng/kg intravenously in 1 minute. The 24 male volunteers (mean age 24 years, range 19-28) 

were nonsmokers, did not use any medication, and did not have any febrile illness in the month 
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preceding the study. After LPS injection flu-like symptoms including headache, cold chills and 

fever were noticed; within 8 hours following LPS challenge all renal, hepatic and hematological 

parameters had returned to normal values. The volunteers continued fasting for at least 6 hours 

after LPS infusion. Blood was drawn from antecubital veins at 0, 0.5, 1, 2, 3, 4, 6, 8 and 24 

hours after endotoxin infusion. The study was approved by the research and ethical committees 

of the Academic Medical Center. 

21 
Laboratory analysis 

Total homocysteine and cysteine were determined in citrate plasma using HPLC.^1 Albumin 

concentrations were measured immunochemically in EDTA plasma. Cytokines and vWF 

concentrations were analyzed using commercially available ELISAs (reagents were from 

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

Amsterdam, The Netherlands (IL-6, IL-8 and TNFa), Pharmingen, San Diego, CA (MCP-1) 

and DAKO, Denmark (vWF). 

Statistical analysis 

Values are described as mean ± SEM. Changes of homocysteine, cysteine and albumin in time 

were tested using ANOVA for repeated measurements. Correlation coefficients were 

calculated using Pearson correlation analysis. Two-sided P value < 0.05 was considered 
significant. 

RESULTS 

Homocysteine plasma concentrations were analyzed in 24 healthy volunteers before and after 

infusion with endotoxin. Over time, the homocysteine concentration increased significantly 

after LPS infusion (P<0.001)(figure 1), to reach its maximum at 6 hours after LPS infusion 

(10.3 ±1.1 umol/L, compared to 9.2 ± 0.8 umol/L at baseline, P=0.01). In fact, 20 (83%) of 

the subjects had a homocysteine concentration above baseline, 6 hours after LPS infusion, 

while after twenty-four hours the 

homocysteine concentration 

returned to baseline. 
had 

Figure 1. Homocysteine concen
trations after LPS infusion. Total 
homocysteine concentrations (mean ± 
SEM) of 24 healthy male volunteers 
was analyzed after LPS infusion. 
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Analysis of the homocysteine concentration at 

peak level (t=6 hours) as a percentage of the 

baseline concentration showed a 10.6 ± 2.9 % 

increase. Subjects with high baseline 

homocysteine levels tend to have a higher 

increase after LPS infusion (figure 2). The 

percentage of increase at peak level and the 

homocysteine baseline were correlated 

(r=0.58, P=0.004). 

Besides homocysteine, cysteine plasma 

concentrations were analyzed in 16 

volunteers. U p to six hours after LPS infusion 

the cysteine concentrations (185 ± 6 umol/L) 

were not significantly different from the 

baseline cysteine concentrations (183 ± 5 

umol/L)(P=0.4). Eight and 24 hours after LPS 

infusion a decrease in cysteine concentration 

was detected (respectively 162 ± 6 ( P O . 0 0 1 ) 

and 161 ± 6 (xmol/L (P=0.004)) in comparison 

with baseline total cysteine concentration. N o 

correlation between the baseline 

concentrations of cysteine and homocysteine 

was detected (r=0.1, P=0.6). 

The increase in homocysteine after LPS 

infusion could not be explained by 

fluctuations in albumin, the major binding protein for homocysteine, as albumin concentrations 

decreased over t ime after LPS infusion (P=0.005)(Figure 3). The mean albumin concentration 

reached a peak at 2 hours after LPS 

50-1 infusion (44.7 ± 1 . 0 g/L) which was 

only slightly higher than before 

infusion (43.8 ± 1.0 g/L)(P=0.1) 

after which a decrease in albumin 

concentration to 41.6 ± 0.9 g/L 

(P=0.3) after 24 hours was detected. 

Figure 3. Albumin concentration after 
LPS infusion. Albumin concentrations 
(mean + SEM) of 18 healthy male 
volunteers was analyzed after LPS 
infusion. 

0 6 
Time after LPS infusion (hours) 

Figure 2. Individual increase in homocysteine, 
baseline versus 6 hours after LPS. The 
homocysteine concentration, before and at the 
maximum (6 hours after LPS infusion), of 
each volunteer separately was depicted. The 
thick horizontal lines reflect the mean 
homocysteine concentration. The percentage 
of increase in homocysteine 6 hours after LPS 
infusion was correlated with the baseline 
homocysteine concentration (r=0.58, 

P=0.004). 
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Adjustment of the individual homocysteine levels for the concentration of albumin did not 

affect the increase in homocysteine concentration after LPS infusion. 

Infusion of LPS in healthy volunteers leads to an increased production of cytokines such as 
18 22 

IL-6, IL-8, MCP-1 and TNFa as well as vWF. ' In the present study the concentration of 

several cytokines was similar to the elevation of homocysteine, with peak values between 2 to 

6 hours after LPS infusion followed by a return to baseline within 24 hours. The IL-6, IL-8 and 

TNFa response peaked 3 hours after LPS infusion, MCP-1 and vWF after 4 hours. To 

compare the response of homocysteine respectively cytokines after LPS infusion, the actual 

peak levels of cytokines were used since the baseline concentrations were relatively low. The 

IL-6 response was significantly correlated with the percent homocysteine increase after 3 hours 

(r=0.46 (P=0.03))(figure 4). We found no significant correlation between homocysteine and 

IL-8 (r=0.27; P=0.5), MCP-1 (r=-0.15; P=0.6), TNFa (r=-0.01; P=0.9) and vWF peak (r= 

0.07; P=0.8). 
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Figure 4a. IL-6 concentrations 
after LPS infusion. IL-6 
concentrations (mean ± SEM) of 
24 healthy male volunteers was 
analyzed after LPS infusion. 

100000 
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Figure 4b. Percentage increase 
in homocysteine in comparison 
with peak value IL-6. The 
maximal response of IL-6 (3 
hours after LPS infusion) was 
correlated with the percentage 
increase in homocysteine 
concentration (r= 0.46, P=0.03). 
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DISCUSSION 

In the present study we report that homocysteine concentrations in human volunteers increase 

after infusion of LPS. This increase in homocysteine is most pronounced in individuals with an 

elevated homocysteine baseline plasma concentration. Furthermore the concentration of a 

number of cytokines and endothelial cell activation markers increased. Comparison with the 

peak response of inflammatory mediators, revealed an association between homocysteine 

increase and IL-6 response while no association could be determined with the IL-8, MCP-1, 

TNFa or vWF response after LPS infusion. 

Several mechanisms may be responsible for the increase in homocysteine concentration after 

LPS infusion. Activation and damage of the endothelium by LPS may induce an increase in 

homocysteine release from these cells. Increase in homocysteine elevation after LPS would 

then be paralleled by an increase in mediators produced by activated endothelial cells. The 

results of the present study do not support this working hypothesis, as no association could be 

determined between the increase in homocysteine and vWF, IL-8 or MCP-1 concentrations, 

which are all produced by the endothelium. 

LPS injection can induce a hypercatabolic state, as was shown in rats, which was reflected 

by an increased plasma concentration of amino acids, such as methionine, alanine and 

glutamine. An increase in methionine may be accompanied by an increase in homocysteine, 

as homocysteine is derived from methionine. Comparison of the results in rats and our human 

experimental endotoxemia model is complex, not in the least because the amino acid 

measurements in rats were performed at 16 hours after LPS infusion. 

We show that the increase in homocysteine concentration could not be explained by an 

increase in the binding protein of homocysteine, albumin. Adjustment for albumin 

concentration did not affect the increase in homocysteine and over time albumin decreased 

after LPS infusion. This decrease in albumin is in line with albumin being an example of a 

negative acute phase protein. In patients with an acute inflammatory reaction decreases in 
24 

albumin concentration have been found which are suggested to be due to capillary leakage. 

Based on the finding that homocysteine increase was correlated with the homocysteine 

baseline, it may be hypothesized that an imbalance in folic acid, vitamins B6 or Bi2, determining 

elevated homocysteine concentration, could be enhanced by systemic activation and contribute 

to the increase in homocysteine by LPS. An inverse association between the inflammatory 

mediator (TNFa) and pyridoxal-5'-phosphate, the metabolically active form of vitamin B6, in 
25 

patients with rheumatoid arthritis, has been observed. With respect to vascular disease, 

individuals with extensive subclinical vascular disease are known to have elevated 

concentrations of inflammatory markers " as well as mildly elevated homocysteine levels 

It is therefore possible that individuals with more extensive atherosclerosis have more 

inflammation, which could be accompanied by a greater demand of folic acid and higher 

homocysteine levels. Reports on elevations in homocysteine concentrations after the acute 
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phase of myocardial infarction ' and stroke point towards the suggestion of homocysteine 

being the consequence of inflammation. Interestingly, this increase in homocysteine after 

myocardial infarction could be lowered by treatment with folic acid, while the accompanying 
Q 

increase in cysteine was not affected by the treatment. 

In conclusion, although it is well established that very high concentrations of homocysteine, 

as observed in patients with severe hyperhomocysteinemia, may lead to vascular disease, it is 

uncertain whether moderate elevations in homocysteine result in atherosclerosis and 

thrombosis. The results from this study strengthen the hypothesis that elevated homocysteine 

concentrations might be the consequence of vascular disease. The effect of inflammatory 

mediators on cofactors of the homocysteine metabolism needs further study, in order to 

unravel the relationship behind mild hyperhomocysteinemia and vascular disease. 
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