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Chapterr 5 

Homocysteinee and markers of coagulation and endothelial cell activation 

Victorr EA Gerdes'3, Hanneke A Kremer Hovinga4, Hugo ten Cate1'4, Meivin R MacGillavry', 
Anjaa Leijte2, Pieter H Reitsma4, Dees PM Brandjes1, Harry R Büller3 on behalf of the Amsterdam 
Vascularr Medicine Group 

Fromm the Department of Interaal Medicine' and Clinical Chemistry2, Slotervaart Hospital, Department of Vascular 
Medicine3,, Laboratory for Experimental Internal Medicine4, Academic Medical Center, Amsterdam, The 
Netherlands. . 

Journall  of Thrombosis and Haemostasis 2004;2:445-51. 

Abstract t 
Objective:: In vitro studies suggest an influence of hyperhomocysteinemia on the coagulation 
system,, but the influence of mild hyperhomocysteinemia in vivo is unclear. 
Methodss and Results: We studied the relation between homocysteine and a markers of 
coagulationn activation and endothelial cell activation in 279 patients with established 
atheroscleroticc disease. In addition, we performed an investigator blinded placebo controlled 
cross-overr study to investigate the influence of acute hyperhomocysteinemia by oral methionine 
loadd on these markers in 20 healthy volunteers. In the atherosclerotic patients prothrombin 
fragmentt F1+2 and soluble thrombomodulin (sTM) were associated with homocysteine in 
univariatee analyses (p=0.003 and p=0.001 respectively), but not in multivariate analyses. Age, 
creatininee and MTHFR C677T polymorphism were major determinants of homocysteine 
concentration.. MTHFR C677T polymorphism status was not associated with F1+2 and sTM. 
Mediann homocysteine concentrations increased in the healthy volunteers after methione load. 
However,, after methionine load or after placebo, we did not observe different plasma 
concentrationss of Fl+2 (0.9 nmol/1 versus 0.9 nmol/1, p=0.39), d-dimer (153 (Xg/1 versus 151 p.g/1, 
p=0.63)) and von Willebrand factor (103% versus 107%, p=1.00). 
Conclusion:: These results provide evidence against a major effect of mild hyperhomocysteinemia 
onn activation of the coagulation system and endothelial cell activation in vivo. 
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Introduction n 
Mildd hyperhomocysteinemia has been associated with arterial and venous vascular disease1. 

Patientss with a myocardial infarction, ischemic stroke or peripheral arterial disease have higher 
homocysteinee levels, fasting or after a methionine load, compared to healthy controls2. Higher 
homocysteinee concentrations have been associated with a greater risk of future ischemic stroke 
andd myocardial infarction, in asymptomatic individuals as well as patients with clinically 
manifestt atherosclerosis3"6. 

Thee pathophysiological mechanism that explains the association between homocysteine and 
cardiovascularr disease is unclear1'5. Since the coagulation system is an important factor in both 
arteriall  and venous vascular disease, the influence of homocysteine on the coagulation system 
mayy be one of the possible mechanisms. In vitro studies have shown different procoagulant 
effectss of homocysteine on vascular endothelial cells including activation of factor V, inhibition 
off  thrombomodulin-dependent protein C activation, impairment of von Willebrand secretion and 
inductionn of tissue factor7"10. Tissue factor may be induced by homocysteine on monocytes as 
well11. . 

Theree are only sparse data about the relationship between homocysteine and markers of 
coagulationn in vivo. Acute hyperhomocysteinemia after oral methionine load induced increased 
concentrationss of markers of coagulation and endothelial cell activation12. An association 
betweenn markers of coagulation activation has been described in patients with premature arterial 
disease,, in patients with venous thrombosis and in patients with acute coronary syndromes13"15. A 
weakk association between hemostatic factors and homocysteine was described in individuals free 
off  arterial disease16. 

Thee methylenetetrahydrofolate reductase (MTHFR) C677T polymorphism has a clear influence 
onn homocysteine concentrations. Homozygotes have approximately 25% higher homocysteine 
levelss and the influence of folate deficiency on homocysteine levels is increased in these 
persons17"'9.. However, the role of this polymorphism in atherosclerosis is controversial. The first 
reportss suggested a higher prevalence of homozygotes among patients with a myocardial 
infarction20"22.. This could not be confirmed by subsequent studies and a meta-analysis and is in 
contrastt with the clear association between hyperhomocysteinemia and coronary artery 
disease17'23"25.. A similar divergence in associations between homocysteine and arterial wall 
thickness,, and between MTHFR and arterial wall thickness was reported26,27. This possible 
discrepancyy between homocysteine and the MTHFR polymorphism, with a clear influence on 
homocysteinee concentrations, is intriguing. It can be interpreted as an argument against a causal 
relationshipp between mildly elevated homocysteine and vascular disease. 

Wee investigated the relation between homocysteine and markers of coagulation and endothelial 
celll  activation on the one hand, and between homocysteine and several parameters of 
atheroscleroticc disease on the other hand in a cohort of patients with established atherosclerotic 
disease.. In addition, we performed a placebo controlled, investigator blinded, randomized 
crossoverr trial in healthy individuals to test the influence of acute hyperhomocysteinemia after 
orall  methionine load on markers of coagulation activation and endothelial cell activation. 

Methods s 
Subjects s 
Atheroscleroticc disease: Consecutive patients with clinical manifestations of atherosclerosis were 
recruitedd in two teaching hospitals and classified according to the previous event: myocardial 
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infarction,, ischemic stroke or peripheral arterial disease. Only patients with a recent onset of 
myocardiall  infarction (< 1 month) or ischemic stroke (< 6 months) were included. Myocardial 
infarctionn was defined as typical chest pain for more than 20 minutes in combination with 
laboratory-- or ECG findings consistent with myocardial infarction. Ischemic stroke was defined 
ass acute neurologic deficit persisting at least one week. Intracerebral hemorrhage was ruled out by 
ann early CT-scan. Peripheral arterial disease was defined as typical leg pain on walking and an 
ankle/armm blood pressure ratio lower than 0.85 in either leg at rest or a history of surgery for 
intermittentt claudication. Smoking status, hypertension defined as a diastolic blood pressure of 95 
mmHgg or higher or current treatment, and hypercholesterolemia defined as a total plasma 
cholesteroll  level of 7 mmol/L or higher or current treatment were registered. Patients receiving 
anticoagulantt treatment (coumarin or heparin) were not included. 
Healthyy individuals (methionine load): Healthy volunteers were seen on two visits with an 
intervall  of one week. They were randomly assigned to oral methionine load (1-methionine 
100mg/kgg in fruit juice) at the first or second visit. Blood samples were drawn after a 12 hours 
overnightt fast and four hours after methionine load or placebo (fruit juice only). Participants were 
allowedd only to drink water during the experiment. Administration of methionine and placebo 
wass done in a separate room. The research nurses who took the venous blood samples, laboratory 
personell  and investigators were blinded during the experiment and the code was broken after 
laboratoryy investigations were completed. 

Bothh studies were approved by the Ethical Review Boards of the participating study centers 
andd all patients gave their written informed consent to participate. 

Laboratoryy procedures 
Homocysteinee and coagulation markers were assessed in blood samples drawn 3 months after 

thee acute event. Blood samples were collected after an overnight fast (>10 hours) by venipuncture 
fromm the antecubital vein and collected in tubes containing EDTA for homocysteine and citrate 
forr coagulation assays. Homocysteine concentration was determined by high-performance liquid 
chromatography28.. Commercial ELISA's for soluble thrombomodulin (sTM) and prothrombin 
fragmentt F1+2 (F 1+2) were used (Diaclone, France and Dade Behring, Germany, respectively). 
Lipidss and creatinine were assessed by routine laboratorium methods. 

Extractionn of genomic DNA from peripheral leukocytes in citrated blood was performed using 
aa QIAamp blood kit (QIAGEN, Germany). The primers and PCR conditions used to determine 
MTHFRR genotype were previously described29. 

Inn the healthy individuals homocysteine and prothrombin fragment F1+2 were measured with 
thee same methods as in the patients with atherosclerotic disease. Commercial ELISA's for D-
dimerr (Bio Merieux Vidas, France), von Willebrand factor and thrombin-antithrombin complexes 
(Dadee Behring, Germany) were used. 

B-Modee ultrasound 
Thee B-mode ultrasound IMT measurement procedures have been described elsewhere30. B-

modee ultrasound scans were performed by one sonographer. An ATL Ultramark fV (Advanced 
Technologyy Laboratories, Bothell, Washington) with a High Resolution Linear Array 7.5 Mhz 
transducerr was used. Subjects were scanned in the reclined position. Three right carotid, three left 
carotid,, two right femoral and two left femoral artery wall segments were scanned. Images of 
eachh arterial wall segment were stored on S-VHS video tape. IMT of the posterior wall segments 
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wass measured off-line31. The average of the ten segments was used for analysis. The sonographer 
andd image analyst were blinded to the clinical status of the subjects. 

Statisticall  analysis 
Alll  analyses were performed with the Statistical Package for Social Science, version 10.0. To 

exploree the distribution of risk factors and laboratory variables we divided the patients with 
atheroscleroticc disease into four subgroups defined by quartiles of homocysteine concentration. 
Frequenciess were compared with Chi-square tests or Fisher exact tests when applicable. For 
comparisonn of variables with a normal distribution Student's t test and analysis of variance tests 
weree used, whereas the Mann-Whitney U test and Kruskal Wallis test were used for variables 
withh a skewed distribution. To test for trend in the quartiles tests for linearity were performed. We 
subsequentlyy performed linear regression analyses with F1+2 and sTM as dependent variables. 
Variabless with a skewed distribution were log-transformed and all variables with a p value < 0.10 
weree selected for the multivariate model. A p value of 0.05 was considered statistically 
significant.. In the healthy volunteers study comparison of paired laboratory variables was 
performedd using the non-parametric Wilcoxon signed ranks test. 

Results s 
Homocysteinee in patients with atherosclerotic disease 

AA total of 307 consecutive patients with manifest atherosclerotic disease were included. 
Homocysteinee levels were determined in 279 patients of whom fasting plasma samples were 
available.. Of these 279 patients 95 patients had a recent ischemic stroke, 86 had a recent 
myocardiall  infarction and 98 had peripheral arterial disease. The mean age was 62.9 years. 
Mediann homocysteine concentration was 15.1 (jmol/1. We divided the group in quartiles 
accordingg to homocysteine concentration. Patient characteristics of the whole study group and the 
quartiless according to homocysteine concentration are shown in Table 1. Age, creatinine, F1+2, 
andd sTM values were associated with homocysteine concentrations. Other patient characteristics 
weree not different between the quartiles. The homocysteine concentrations were similar in 
patientss with different type of arterial disease: myocardial infarction, ischemic stroke and 
peripherall  arterial disease (medians: 14.3 umol/1, 15.4 umol/1 and 15.2 |umol/l respectively, 
p=0.255 Kruskal-Wallis test). 

B-modee ultrasound intima-media thickness (IMT) measurement was performed in 226 of the 
2799 patients, of whom homocysteine concentrations were determined. A slight increase of the 
mediann IMT values in the higher quartiles of homocysteine concentration was observed. 
However,, this was not statistically significant, not even in the trend analysis (p for trend = 0.14). 
Thiss slight increase is likely attributable to difference in age among the quartiles. 

Homocysteine.. F1+2 and sTM in patients with atherosclerotic disease 
Too test whether the relationship between homocysteine and F1+2 and sTM was independent 

multivariatee linear regression analyses with F1+2 and sTM as dependent variables were 
performed.. In the analysis for F1+2 the univariate model selected homocysteine (B 0.18, SE 0.06, 
p=0.003),, age, sTM, gender, IMT and type of arterial disease as explanatory variables of Fl+2. In 
thee multivariate model the association between homocysteine and Fl+2 was not statistically 
significantt anymore, whereas age and type of arterial disease were the main determinants of Fl+2 
inn these patients. In the linear regression analysis with sTM as dependent variable univariate 
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analysiss selected age, diabetes, homocysteine (B 4.26,95% CI 1.77-6.76, p=0.001), 
lipoprotein(a),, F1+2, creatinine, intima-media thickness and type of arterial disease as variables 
associatedd with sTM. In the multivariate model homocysteine was excluded and age, F1+2, 
lipoprotein(a)) and peripheral arterial disease had an independent relationship with sTM. 

Tablee 1 Characteristics: alll  patients and in quartiles according to homocysteine concentration 

n n 

agee (years) 

malee (%) 

diabetess (%) 

smokingg (%) 

hypertensionn (%) 

creatinine e 

(umol/1) ) 

totall  cholesterol 

(mmol/1) ) 

LDL L 

(mmol/1) ) 

HDL L 

(mmol/1) ) 

triglycerides s 

(mmol/1) ) 

Fl+2 2 

(nmol/1) ) 

sTM M 

(ng/ml) ) 

IMT T 

(mm) ) 

Al ll  patients 

279 9 

63 3 

63 3 

11 1 

85 5 

41 1 

101.7 7 

88.4-113.2 2 

6.1 1 

5.4-6.9 9 

4.0 0 

3.5-4.7 7 

1.11 1 

0.96-1.35 5 

1.7 7 

1.2-2.3 3 

1.33 3 

1.04-1.73 3 

8.9 9 

7.0-11.5 5 

0.94 4 

0.77-1.11 1 

I I 

68 8 

58 8 

54 4 

15 5 

78 8 

38 8 

96.0 0 

85.9-106.1 1 

6.0 0 

5.4-6.8 8 

3.9 9 

3.4-4.7 7 

1.11 1 

0.95-1.32 2 

1.7 7 

1.2-2.3 3 

1.09 9 

0.94-1.41 1 

7.8 8 

6.5-10.2 2 

0.89 9 

0.75-1.08 8 

II I 

71 1 

62 2 

61 1 

4 4 

87 7 

39 9 

98.1 1 

87.5-112.3 3 

6.3 3 

5.7-7.0 0 

4.0 0 

3.3-4.6 6 

1.12 2 

0.96-1.43 3 

1.8 8 

1.2-2.4 4 

1.34 4 

1.10-1.67 7 

8.5 5 

6.6-11.5 5 

0.92 2 

0.72-1.09 9 

III I 

69 9 

64 4 

77 7 

19 9 

86 6 

46 6 

106.0 0 

92.8-121.6 6 

6.1 1 

5.4-6.9 9 

4.1 1 

3.5-5.0 0 

1.10 0 

0.94-1.29 9 

1.7 7 

1.4-2.4 4 

1.25 5 

1.01-1.88 8 

9.3 3 

7.7-12.3 3 

1.01 1 

0.78-1.18 8 

IV V 

71 1 

688 f 
62 2 

6 6 

87 7 

46 6 

106.11 t 

89.3-125.5 5 

6.2 2 

5.4-6.8 8 

4.1 1 

3.5-4.7 7 

1.16 6 

0.98-1.32 2 

1.6 6 

1.3-2.3 3 

1.477 * 

1.28-1.89 9 

9.66 * 

7.2-12.8 8 

0.97 7 

0.81-1.14 4 

Forr laboratoriumvalues and IMT medians and interquartile ranges are depicted. I: homocysteine < 11.8 fimol/t, II: 
11.88 - 15.1 nmol/1, HI: 15.1-18.8umol/l, IV: > 18.8 nmol/1. IMT measurement was performed in 226 patients. 
tpO.0011 *p<0.01 (Kruskal-Wallis test) 

MTHFRR polymorphism in patients with atherosclerotic disease 
Inn 276 of the 279 patients MTHFR genotype could be determined in available DNA samples. 

Wee observed an allele frequency of 28%. The prevalence of homozygotes and heterozygotes of 
thee MTHFR polymorphism was 9%, and 39% respectively. The allele frequency was similar in 
patientss with different type of arterial disease. Median homocysteine levels were 14.3 (imol/1, 
16.11 îrnol/1 and 19.8 umol/1 for the CC, CT and TT genotype, respectively. This difference in 
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homocysteinee levels was significant for homozygotes compared to patients with the wild type 
(p=0.007,, Mann Whitney U test), as well when we compared the three groups in a Kruskal-Wallis 
testt (p=0.008). In contrast, there was no association between MTHFR status and F1+2, sTM or 
IMTT (Table 2). In none of the comparisons, neither when we compared these variables between 
threee groups, nor when we compared these between homozygotes and carriers of the wild type, 
statisticallyy significant differences were observed (all p values > 0.18). 

Tablee 2 Homocysteine, markers of coagulation and endothelial cell activation and intima-media 
thicknesss according to MTHFR polymorphism status 

MTHFRR CC (n=145) TC (n=107) TT (n=24) — -

Hey y 
(umol/1) ) 

Fl+2 2 
(nmol/1) ) 

sTM M 
(ng/ml) ) 

IMT T 
(mm) ) 

14.3 3 
11.7-17.5 5 

1.33 3 
1.01-1.71 1 

9.4 4 
7.1-12.2 2 

0.96 6 
0.74-1.14 4 

16.1 1 
11.7-19.1 1 

1.32 2 
1.06-1.69 9 

8.2 2 
6.9-11.1 1 

0.91 1 
0.79-1.09 9 

19.8 8 
14.6-27.9 9 

1.53 3 
1.03-1.89 9 

9.6 6 
6.4-13.6 6 

0.97 7 
0.86-1.13 3 

IMT=intimaa media thickness Hcy=homocysteine. The medians and interquartile ranges are depicted. 
**  p<0.01 (Kruskal-Wallis test) 

Acutee hyperhomocysteinemia in healthy volunteers 
Thee group of healthy volunteers consisted of 10 male and 10 female individuals. The mean age 

wass 33 (range 24-51) years. Median fasting homocysteine concentrations were 9.1 umol/1. After 
methioninee load and placebo median homocysteine concentrations were 30.1 and 9.2 umol/1, 
respectively.. Fasting homocysteine concentrations at the second visit were not influenced by oral 
methioninee load at the first visit. There was no effect of acute hyperhomocysteinemia by the 
methioninee load on von Willebrand factor, Fl+2, thrombin-antithrombin complexes and d-dimer 
concentrationss (Table 3). 

Discussion n 
Acutee hyperhomocysteinemia by methionine load did not increase coagulation activation, nor 

vonn Willebrand factor concentration in the healthy volunteers. In our patients with established 
atheroscleroticc disease we did not observe associations between homocysteine and markers of 
coagulationn activation and endothelial cell activation in the multivariate analysis. These results 
providee evidence against a major direct effect of mildly elevated homocysteine on activation of 
thee coagulation system and endothelial cell activation. 

Inn vitro studies suggested a procoagulant effect of homocysteine on endothelial cells7"10. 
However,, most effects on endothelial cells were observed at higher homocysteine concentrations 
thann those measured in patients with mild hvperhomocysteinemia. The in vitro studies may yield 
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Tablee 3 Homocysteine and markers of coagulation in healthy volunteers, before and after 
methioninee load or placebo 

Placeboo Methionine 

t=00 t=4 t=0 t=4 

Homocysteinee 8.9 9.2 9.3 30.1 0.000 
(umol/1)) 8.2-10.3 8.2-11.0 7.9-10.7 26.7-37.8 

Fl+22 1.00 0.86 1.00 0.86 0.39 
(nmol/1)) 0.70-1.16 0.62-1.11 0.69-1.55 0.68-1.27 

TATT 1.88 1.59 2.36 1.85 0.91 
(ng/ml)) 1.44-3.26 1.25-2.86 1.17-3.07 0.95-3.23 

d-dimerr 146 153 158 151 0.63 
(ug/1)) 140-259 123-254 102-237 107-235 

vWFF 103 103 101 107 1.00 
(%)) 80-122 77-121 75-122 74-124 

TAT== thrombin-antithrombin complexes, vWF=von Willebrand Factor 
Medianss and interquartile ranges are depicted. P value for comparison of difference (value at t=4 - value at t=0) after 
methioninee and placebo. 

possiblee pathophysiologic mechanisms for patients with severe hyperhomocysteinemia, but the 
relevancee for patients with mild hyperhomocysteinemia is doubtful. A clear example are the 
studiess on homocysteine and the protein C pathway. In vitro studies indicated that activation of 
proteinn C may be impaired in hyperhomocysteinemia8,32. Decreased thrombomodulin activity, 
whichh is essential for protein C activation, was observed in the aorta of hyperhomocysteinic 
monkeyss and mice33'34. However, human in vivo studies indicate that activation of protein C by 
thrombinn and inactivation of plasma factor Va by activated protein C are not impaired during 
moderatee hyperhomocysteinemia35'36. 

Nappoo and colleagues described increases of Fl+2, D-dimer, soluble intracellular adhesion 
moleculee 1 and soluble vascular cell adhesion molecule 1 after oral methionine load in healthy 
individuals12,, according to a protocol that was essentially identical to ours, except for an 
additionall  study arm with antioxidant vitamins in their investigation. We have no clear 
explanationn for the discrepancy between their and our results, although the use of parametric 
testingg by Nappa et al on variables with a skewed distribution may have influenced the 
interpretation.. Since others did not observe any influence of oral methionine loading on activated 
proteinn C resistance35'36, and we could not confirmm the results of Nappo et al, there is still no 
convincingg evidence for a procoagulant effect of mild hyperhomocysteinemia by an oral 
methioninee load in healthy individuals. 

Inn our patients with established atherosclerotic disease we observed, as shown previously, that 
homocysteinee concentration was clearly associated with age, creatinine and MTHFR 
polymorphism.. IMT values were slightly higher in patients with higher homocysteine 
concentrationss in our cohort of patients with atherosclerotic disease. Since age was a major 
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determinantt of IMT in our study the differences in age in the different quartiles of homocysteine 
concentrationn explain the observed differences in IMT. This is in agreement with a large 
populationn based study in which an observed association between homocysteine and IMT 
disappearedd after correction for other risk factors37. In a few other ultrasound studies an 
independentt association between homocysteine and carotid artery changes was found, but these 
studiess focussed on different measures of atherosclerotic disease such as carotid plaque or 
stenosis,, not intima-media thickness27'38'39. 

Althoughh MTHFR homozygosity was associated with higher homocysteine concentrations in 
ourr patients, we did not detect any influence of MTHFR genotype on F1+2, sTM, nor on IMT. 
Thesee findings are compatible with other studies. McQuillan and Spence reported no influence of 
MTHFRR on the carotid artery in their ultrasound studies26'27. In a number of studies and a meta-
analysiss a lack of association between MTHFR and cardiovascular disease was observed ' " . 

Thee independent associations of homocysteine and atherosclerotic disease found in cross-
sectionall  and prospective trials do not prove a causal relationship. Homocysteine concentration is 
influencedd by many factors. Mild hyperhomocysteinemia could be an epiphenomenon of 
atherosclerosiss and subclinical atherosclerotic disease may explain the reported associations. 
Atherosclerosiss is an inflammatory disease40. We suggest that cytokines, the mediators of 
inflammatoryy disease, may contribute to the reported association between homocysteine and 
atheroscleroticc disease. When injected in healthy volunteers LPS causes an increase in 
homocysteinee levels41 and homocysteine concentrations have been associated with particularly 
interleukin-66 and interleukin-8 concentrations in asymptomatic persons and patients with 
prematuree atherosclerosis42'43. IL-6 induces tissue factor, the main initiator of coagulation, in 
monocytess and endothelial cells, and induces tissue factor dependent coagulation after endotoxin 
challengee in humans and primates44'45. Such a link between inflammation and coagulation may 
alsoo explain the observed relation between homocysteine and F1+2 in the univariate analysis. 

Anotherr possibility is the presence of yet undefined protective factors which counteract the 
directt influence of homocysteine on endothelial cells. These factors maybe sufficient to regulate 
thee effect of mild hyperhomocysteinemia as caused by the MTHFR polymorphism, and yield an 
alternativee explanation for the lack of association of MTHFR with atherosclerotic disease. Further 
studiess need to elucidate if mild hyperhomocysteinemia is an epiphenomenon or not. 
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