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Chapter I 

1.1 Objectives of the present study 

Elevated plasma concentrations of homocysteine (hyperhomocysteinemia) is an established 

risk factor for arterial and venous obstructive disease. A preliminary study indicated that a 

disturbed homocysteine metabolism might also be risk factor for women with pregnancy 

complications, which could be due to vascular disorders of the maternal side of the placenta'. 

We applied the term "placental vasculopathy" (defined in chapter 1.2.3) for late pregnancy 

complications which are clinical related to placental abruption and severe intrauterine growth 

retardation. We studied the relationship between a disturbed homocysteine metabolism and 

placental vasculopathy (PV) in nonpregnant women with and without a history of this 

pregnancy complication. We also investigated possible pathogenic mechanisms, effects of 

treatment of a disturbed homocysteine metabolism and possible additional causes of PV. We 

focused on the relationship between the total plasma homocysteine concentration (ti Icy) and 

endothelial function (1.2.4). A dysfunctional endothelium is considered as the first step in the 

development of atherosclerosis and therefore possibly also of PV. The endothelial function 

can be studied by measuring concentrations of certain factors of coagulation, fibrinolysis or 

endothelium dependent vasodilatation. This resulted in the following objectives of this thesis: 

1. To establish if hyperhomocysteinemia is a risk factor for women with a history of PV 

(Chapter 2). 

2. To reveal possible causes of hyperhomocysteinemia in these women (Chapter 3). 

3. a. To investigate in women with a history of PV the relationship between 

hyperhomocysteinemia and endothelial dysfunction (Chapter 4.2). 

b. Can homocysteine-lowering therapy with folic acid restore endothelial function 

(Chapter 4.1 and 4.2). 

4. To study possible interactions between hyperhomocysteinemia and other risk factors for 

placental vasculopathy (Chapter 4.3). 

5. a. To study the homocysteine metabolism in endothelial cells and its manipulation by folic 

acid in vitro (Chapter 5.1). 
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Chapter I 

b. To investigate differences in homocysteine metabolism between normal endothelial 

cells and endothelial cells with a blocked homocysteine transsulfuration (Chapter 5.2). 

1.2. Hyperhomocysteinemia and placental vasculopathy 

1.2.1. Homocysteine metabolism 

The essential amino acid methionine is implicated in one-carbon metabolism through 

activation of its unique methyl-thiol moiety by ATP, resulting in S-adenosylmethionine 

(AdoMet) formation (Fig.l). In the cell AdoMet is the principal methylgroup donor, i.e. 

methylation of DNA, proteins, membranes and xenobiotics. These transmethylation reactions 

result in formation of S-adenosylhomocystcine (AdoHcy), which is hydrolysed in 

homocysteine and adenosine. Homocysteine is either degraded by the enzyme cystathionine 

ß-synthase (CS) with vitamin B6 as co-factor in the transsulfuration pathway or remethylated 

by the enzyme methionine synthase (MS) with vitamin B12 as co-factor and 5-

melhylletrahydrofolate (a folate derivate) as substrate or the enzyme betaine-homocysteine 

melhyltransferase. Methylenetetrahydrofolate reductase (MTHFR) catalyses the reduction of 

5,10-methylenetetrahydro folate to 5-methyltetrahydrofolate, which is the substrate of MS. CS 

and betaine-homocysteine melhyltransferase are mainly active in the liver, whereas the 

methionine/homocysteine cycle through MS is present in virtually all tissues2. Main sites of 

regulation of homocysteine/methionine metabolism are CS, MS and MTHFR2. AdoMet 

inhibits MTHFR and activates CS. When AdoMet levels are low the homocysteine skeleton 

will be salvaged by enhanced remethylation, whereas excess AdoMet will stimulate 

degradation of homocysteine via the transsulfuration pathway (Figure 1 ). 

1.2.2. Hyperhomocysteinemia and vascular disease 

CS as well as MTHFR deficiency are rare autosomal recessive inborn errors of homocysteine 

metabolism and results in severe hyperhomocysteinemia''1. These patients suffer from a very 

high risk of arteriosclerosis or thomboembolisms. Over the last twenty years it became evident 

that also mild hyperhomocysteinemia is an independent risk factor for vascular disease " . 

Among arteriosclerotic patients mild hyperhomocysteinemia is observed about as frequently 

as 
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hypercholesterolemia or hypertension Mild hyperhomocysteinemia 

("hyperhomocysteinemia") can be defined as elevated total plasma homocysteine 

concentrations (tHcy) after an overnight fast or 6 hours after methionine loading above a 

certain percentile (the 80"1, 90"' or 95'1') of tHcy found in control of the same age and gender 

Both severe and mild hyperhomocysteinemia can be treated with supplementation of vitamin 

B6, folate and betaine1 8 Mudd et al ''were able to prove that homocysteine lowering therapy 

reduced the vascular risk of patients with severe hyperhomocysteinemia due to CS-deficiency 

The clinically beneficial outcome of treatment of hyperhomocysteinemia in patients with 

vascular disease has still not been proven Possible pathogenic mechanisms of 

hyperhomocysteinemia in vascular disease are endothelial dysfunction, hypercoagulability , 

disturbed fibrinolysis and impaired endothelium dependent vasodilatation"' 

1.2.3. Hyperhomocysteinemia and pregnancy complications i.e. placental vasculopathy 

Hyperhomocysteinemia is a risk factor not only for arterial or venous diseases6 ", but also lor 

obstetric complications, such as neural tube defects12 n , recurrent miscarriages'^, pre

eclampsia15 and placental vasculopathy (this thesis) l 6 In our laboratory 

hyperhomocysteinemia is defined for premenopausal women as a fasting tHcy higher than 15 

μηιοΙ/Ι or postload tHcy higher than 50 μηιοΐ/ΐ Although an exact cut-off point is arbitrary 

because the risk for vascular disease and likely the risk of different pregnancy complications 

seem to increase gradually with the increase of tHcy 

PV is defined as placental infarction with fetal growth retardation or placental abruption 

In general, placental infarction is diagnosed if there are circumscribed areas of villous necrosis 

combined with a fetus with a body weight of below the IO"1 percentile of normal for that 

gestational age I he diagnosis of placental abruption was based on either the combined 

presence of a tender, hypertonic uterus and disseminated intravascular coagulation and/or the 

histological observation of a retroplacental haematoma Signs of infarction are not obligatory 

Obstruction of the spiral arteries is considered the main cause of PV, compromising the utero

placental system in the last pregnancy trimester (after 27 weeks' gestation) l7 '* In placental 

abruption, the spiral arteries are thought to rupture suddenly19 Histological examination of the 

spiral arteries in placental infarction/abruption usually reveals one or more signs of 

vasculopathy, ι c atherosis, narrowing, necrosis and thrombosis, resembling changes seen in 

patients with vascular disease202l(Figure 2) These very serious placental complications occur 

17 



IntroduLlton 

in approximately 1-2% of pregnancies2 '" and carries a high risk of fetal mortality or lifelong 

handicaps caused by prematurity and dysmatunty For the mother one out often cases of PV 

(placental abruption) can result in life threatening sudden blood loss 

1.2.4. Hyperhomocystcmcmia and endothelial dysfunction, hypercoagulability and 

impaired endothelium dependent vasodilation. 

Possible pathogenic mechanisms of homocysteine in vascular disease are endothelial 

dyslunction hypercoagulability, disturbed fibrinolysis and impaired endothelium dependent 

vasodilatation24 Endothelial dysfunction is a dysbalance oi physiological functions of the 

endothelium (the inner surface of vessel walls) It normally preserves a nonthrombotic surface, 

regulates vascular tone and permeability and synthesises growth factors Endothelial 

dysfunction is considered to initiate arteriosclerotic processes In general markers of 

endothelial dysfunction are changed concentrations of endothelial derived factors of 

coagulation/fibrmolysis, cell adhesion molecules, growth factors or impaired flow mediated 

endothelium dependent vasodilatation To investigate endothelial function in relation with 

tllcy in women with a history of PV wc chose to measure the following markers of 

endothelial dyslunction which can also relate to coagulation and fibrinolysis 

1 Von Willebrand Factor (vWF) and thrombomodulin (TM) ,\ related to the coagulation 

status and 

2 1 issue plasminogen activator (tPA), plasminogen activator inhibitor (ΡΛΙ-1 ) and the 

tPA/PAI ratio'6, related to the fibrinolytic status 

I o investigate general activation of coagulation and fibrinolysis plasma concentrations were 

measured ol prothrombin fragment 1 and 2 (Fl+2) and the fibrin degradation product 

D-dimer' 7" 

As marker of flow mediated endothelium dependent vasodilation plasma concentrations 

of total nitrite and nitrate were measured as indicators of plasma nitric oxide concentration 

(NO)'0, which has vasodilating properties11 If under hyperhomocysteinemic conditions 

vasodilatation was impaired, decreased NO could be one of the causes 

I ormer studies among patients with vascular disease indicated interaction between the 

concentrations of plasma homocysteine and the above mentioned factors of coagulation and 

fibrinolysis De Jong et al " found elevated levels of vWF in hyperhomocysteinemic patients 

with peripheral occlusive disease compared to normohomocystcinemic patients Although 
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they could not conclude that hyperhomocysteinemia causes endothelial dysfunction, they 

found indications that hyperhomocysteinemia might affect the endothelium if atherosclerosis 

was already present. In a similar patient group (with vascular disease and 

hyperhomocysteinemia). Freiberger et al." observed also an increased vWF together with 

elevated concentrations of factor Ville, PAI-1 and TAT ( thrombin-antithrombin complexes). 

They suggested that hyperhomocysteinemia exacerbates alterations in coagulation state and 

endothelial dysfunction. This is in concordance with results of Hofmann et al.14 concerning 

hyperhomocysteinemic patients with IDDM (insulin dependent diabetes mellitus) describing a 

strong correlation between tHcy and thrombomodulin concentrations. In patients with severe 

hyperhomocysteinemia, due to cystathionine ß-synthase deficiency Schienle et al." found that 

coagulation, reflected as increased F1+2, was activated and which responded on homocysteine 

lowering therapy with a significant lowering of F1+2. One of the suggestions mentioned by de 

Jong et al.12, Freiberger et al.11 and Hofmann et al.14 and not contradicted by Schienle et al." 

was that homocysteine has an adverse effect on already existing endothelial dysfunction or 

hypercoagulability. 

In normal endothelium, NO production causes vasodilatation, inhibits platelet 

aggregation and attenuates vascular smooth muscle proliferation11. Most studies16"'1" but not 

all" found that hyperhomocysteinemia was associated with reduced the endothelial dependent 

vasodilatation. Tawakol et al.1'' and Woo et al.40 found impaired endothelium dependent 

vasodilation in individuals with mild hyperhomocysteinemia. Bellamy et al and Chambers et 

al. found that also acute hyperhomocysteinemia after methionine loading resulted in impaired 

endothelium dependent flow mediated vasodilation. This effect could be largely blocked by 

N^-monomethyl-L-arginine and therefore attributed predominantly to nitric oxide (NO)17 ", 

The underlying mechanism might be by the reduction of the free S-H group in homocysteine 

which possibly decreased intracellular glutathione peroxidase (antioxidant enzyme) and 

possibly increased hydrogen peroxide generation, leaving NO more susceptible for oxidative 

inactivalion1s. 

Although the precise mechanism of the damaging effects of a disturbed homocysteine 

metabolism on the human vascular system are not fully understood, results of studies 

mentioned above suggest, that elevated tHcy affects the endothelial function, 

coagulation/fibrinolysis and vasodilatation. These three aspects of pathological mechanisms 

arc very close related to each other. In this study we chose to measure parameters of 
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endolhelial function, coagulation/fibrinolysis and vasodilatation in order to gain insight of the 

pathogenic mechanism of elevated tHcy. 
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Introduction 

1.3 Pathobiochemical implications of hyperhomocysteinemia. 

I I.J. Blom and E.F. van der Molen 

Summary 

Mild hyperhomocysteinemia is an independent risk factor for vascular disease. In vitro 

and in vivo studies failed to provide a satisfying mechanism for the endothelial damaging 

properties of homocysteine until now. Attention should be paid to the inhibiting effects of 

homocysteine on the vital transmethylation reactions. 

Homocysteine metabolism 

The essential amino acid methionine is next to protein synthesis implicated in one-carbon 

metabolism through its unique melhyl-thiol moiety. Activation of methionine by ATP results in 

S-adenosylmethionine (AdoMet) formation. In the cell AdoMet is the principal methylgroup 

donor, i.e. methylation of DNA, proteins, membranes and xenobiotics. These transmethylation 

reactions result in formation of S-adenosylhomocysteine (AdoHcy), which is hydrolysed in 

homocysteine and adenosine. Homocysteine is either degraded via cystathionine into cysteine in 

the transsulfuration pathway or remethylated by methionine synthase (MS) or betaine-

homocysteinc methyltransferase. The latter enzyme is only present in the liver, whereas the 

methionine/homocysteine cycle through MS is present in virtually all tissues'. 

Main sites of regulation of homocysteine/methionine metabolism are cystathionine 

synthase (CS) and methylenetetrahydrofolate reductase (MTHFR)1. AdoMet inhibits MTHFR 

and activates CS. In case AdoMet levels arc low the homocysteine skeleton will be salvaged by 

enhanced remelhylation, whereas excess AdoMet will stimulate degradation of homocysteine 

via the transsulfuration pathway. 

Hyperhomocysteinemia and vascular disease 

CS as well as MTHFR deficiency are rare autosomal recessive inborn errors of 

homocysteine metabolism and results in severe hyperhomocysteinemia2 '. These patients suffer 

from a very high risk of arteriosclerosis or thromboembolisms. Over the last ten years it became 

evident that also mild hyperhomocysteinemia is an independent risk factor for vascular disease4" 

''. Among arteriosclerotic patients mild hyperhomocysteinemia is observed about as frequently as 
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hypercholesterolemia or hypertension. Recently, mild hyperhomocysteinemia has also been 

associated with obstetric complications such as recurrent spontaneous abortion, gross placental 

infarcts and neural tube defects7'8. Both severe and mild hyperhomocysteinemia can effectively 

be treated with simple regimens of vitamin B6, folate and betaine2,9. Mudd et al.' were able to 

prove that homocysteine lowering therapy reduced the vascular risk of patients with severe 

hyperhomocysteinemia due to CS deficiency. The clinical outcome of treatment of mild 

hyperhomocysteinemia has not been reported yet. 

Homocysteine and endothelial damage 

Many in vitro studies2'5'6 described endothelial damaging properties of homocysteine. 

However, virtually all studies used very high concentrations of 1 to 10 mM of homocysteine, i.e. 

its reduced form. This is highly unphysiologic because total homocysteine concentrations are 

most often between 10 and 30 μιτιοΐ/ΐ, in plasma of patients with mild hyperhomocysteinemia 

[5.61. Furthermore, in blood almost all homocysteine is present in its oxidized disulfide form and 

only a very small amount of 1% or even less of the total pool of blood homocysteine is present 

in its reduced form". This means that applying 10 mM of reduced homocysteine in vitro is about 

50,000 limes higher than normal present in blood of patients with mild hyperhomocysteinemia. 

Another complicating factor of these in vitro studies with reduced homocysteine is that in 

medium (incubated with or without endothelial cells) reduced homocysteine is oxidized quickly, 

with a half-life of about 2.5 hours [Ε.Γ. van der Molen et al., unpublished results]. 

Oxidation of homocysteine or other thiol-containing amino acids or peptides such as 

cysteine and glutathione can generate reactive oxygen species12 n , which can cause lipid 

peroxidation for example of low density lipoprotein. However, weM and others15 observed 

normal or even decreased concentrations of lipid peroxidation products in patients with severe 

hyperhomocysteinemia due to CS deficiency. These findings are in line with the general view 

that free thiol moieties as present in glutathione or N-acetylcysteine are scavengers and not 

generators of reactive oxygen species. 

Effect of homocysteine on transmethylation 

The prime function of the methionine/homocysteine cycle is probably the production of 

adequate amounts of AdoMet for the essential transmethylation reactions. AdoHcy is an 

excellent inhibitor of most transmethylations. While the equilibrium of AdoHcy-hydrolase 
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reaction favors formation ol AdoHcy, it is appealing to postulate that elevated homocysteine 

concentrations will enhance AdoHcy levels, which on its turn can inhibit the vital 

transmethylations The resulting undermcthylation of for example DNA can provoke 

overexpression of some genes with deletcnous effects on endothelial cells In conclusion, despite 

extensive in vitro and in vivo studies the pathobiochemical mechanism of 

hyperhomocysteinemia is still obscure Studying the inhibition of the transmethylation reactions 

by elevated homocysteine levels is warranted 
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Hyperhomocysteinemia: a risk factor for placental abruption or infarction 

T.A.W. Goddijn-Wessel, M.G.A.J. Wouters, E.F. v.d. Molen, M.D.E.H. Spuijbroek, R.P.M. 

Steegers-Theunissen, H.J. Blom, G.H.J. Boers, T.K.A.B. Eskes 

Condensation 

In a patient-control study, hyperhomocysteinemia was diagnosed in 4 out of 46 women with 

normal pregnancy outcome (9%) and in 26 out of 84 women with placental abruption or 

infarction (31%, Ρ < 0.05). 

Abstract 

Objective To establish the prevalence of hyperhomocysteinemia in women with placental 

abruption or infarction 

Design. Forty-six women with normal pregnancy outcome (controls) and 84 women with 

placental abruption or infarction (study group) were selected, and studied in the non-pregnant 

state. Homocysteine metabolism was investigated by a standardised oral methionine loading test. 

Hyperhomocysteinemia was defined as a concentration of fasting and/or postmethionine plasma 

homocysteine exceeding the estimated 97.5 percentile level of the controls. In the fasting state, 

the vitamin status was investigated by the measurement of serum and red cell folate, serum 

vitamin Β12, and whole blood pyridoxal-5'-phosphate (PLP, an active form of vitamin B6). 

Results Hyperhomocysteinemia was diagnosed in 4 controls (9%) and 26 women of the study 

group (31%, Ρ < 0.05). The median concentrations of the vitamins studied were significantly 

lower in women of the study group as compared to the controls, except for red cell folate, where 

the median concentration was comparable in both groups. The median concentration of fasting 

plasma homocysteine, unlike post-methionine plasma homocysteine, was significantly higher in 

women who experienced placental abruption or infarction in their first pregnancy than in women 

who had the same event after one or more uncomplicated pregnancies. 

Conclusion Hyperhomocysteinemia is associated with placental abruption or infarction. 

Introduction 

Homocysteine is the remethylated derivative of the essential amino acid methionine (Figure 1). 

Homocysteine is either transsulfurated via cystathionine into cysteine or it is remethylated to 

methionine'. The conversion of homocysteine to cystathionine is catalysed by the enzyme 

cystathionine b-synthase (CS), requiring pyridoxal-5'-phosphate (PLP), an active form of 
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vitamin B6, as a cofactor. In human, at least two pathways exist for the remethylation of 

homocysteine into methionine'. One of these reactions is dependent on folate and vitamin Β12 

(Figure 1). 

Defects in either the transsulfuration or remethylation pathway lead to accumulation of 

homocysteine resulting in hyperhomocysteinemia'1. The most frequent cause of severe 

hyperhomocysteinemia is CS deficiency, an autosomal recessive inherited disorder. Premature 

arteriosclerosis and thrombosis are the most life-threatening complications in these patients1. 

Heterozygosity for CS deficiency and thermolabile methylenetetrahydrofolalc reductase 

(MTHFR, see Figure 1) cause moderately elevated levels of blood homocystcinc'i *. Mild 

hyperhomocysteinemia is a well-known risk factor for premature vascular disease''". 

In a preliminary study, hyperhomocysteinemia was reported as a possible risk factor in 

women with recurrent spontaneous abortion or placental abruption 12. Recently, the results of an 

extended study of hyperhomocysteinemia in women with unexplained recurrent early pregnancy 

loss were presented [13]. In the present study, we report the results of an extended investigation 

in 84 women with placental abruption or infarction. 

Methionine 
THF 

Methyl 
5,10-m-THF cobalamm 

Dimethyl- SAM 
/* glycine 

^ Betaine SAH 

'5-m-THF-

Homocysteine 
1 1 Pyndoxal-5-phosphate 

Cystathionine 

Pyndoxal-5-phosphate 

Cysteine 

Fig 1 

Simplified scheme of homocysteine metabolism and the most important enzymes and related vitamins ( I ) 

Cyslalhionine ß-synlhase, (2) 5-melhyllelrahydrofolate homocysteine melhyltranslerase: (3) 5.10-

methylenetetrahydrofolate reductase; THF, tetrahydrofolate, SAM, S-adenosylnicthioninc, SAH, S-

adcnosylhomocystcinc 
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Subjects and methods 

Subiects 

Placental abruption and placental infarction were defined by clinical, laboratory and histologic 

standards The diagnosis of placental abruption was based on either the combined presence of a 

tender, hypertonic uterus and disseminated intravascular coagulation, and/or the histologic 

observation of a retroplacental haematoma with or without signs of infarction Placental 

inlarction was diagnosed if the placenta was charactensed by circumscribed areas of villous 

necrosis combined with a stillborn fetus or a severe growth-retarded child, ι e having a birth 

weight below the 1 Oth percentile for gestational age Data on clinical and laboratory features 

were collected by interview and hospital records Histologic data were drawn from various 

pathologists' reports Eighty-four women who were referred to the hospital because they had a 

history of placental abruption or infarction fulfilled the clinical, laboratory and histologic 

standards (study group) Forty-four women (52%) had experienced abruption of the placenta, 

whereas the remaining 40 women (48%) had suffered from placental infarction (as a first event) 

As controls, 46 women (aged 27 to 44 years) having at least one live-bom child (range 1 to 4), 

and without a history of neural tube defect, (recurrent) spontaneous abortion, fetal death, fetal 

growth retardation or placental abruption, were recruited by public advertisement All 

participants (n = 130) were generally healthy and had no evidence of diabetes mellitus, renal or 

liver dyslunction The study was approved by the Ethical Committee of the University Hospital 

Nijmegen St Radboud, Ni)megen, The Netherlands Before participation informed consent was 

obtained from all sub)ects 

Investigation procedure 

Homocysteine metabolism was investigated by a standardised oral methionine loading test After 

an overnight fast, venous blood samples were collected to measure the concentrations of plasma 

homocysteine and blood vitamins (folate, vitamin Β12, and PLP) Thereafter, L-methioninc, 0 1 

g (0 7 mmol) per kg body weight, was administered orally in 200 ml orange juice All women 

used a standardised methionine-restncted breakfast and luncheon No drinks, except for coffee 

and tea without milk were allowed during the test procedure After six hours, a venous blood 

sample was drawn to assay the postmethionine plasma homocysteine concentration To 

minimize possible hormonal influences on methionine-homocysteine metabolism, the loading 

tests were performed about one week before the expected first day of the next menstrual period 
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Women were instructed not to become pregnant until completing the investigation procedure. 

They were not allowed to take oral contraceptives, hormonal and/or vitamin supplements, or 

other medication which could possibly interfere with methionine-homocysteine metabolism, for 

at least three months prior to the oral methionine loading test'4. Women were tested at least two 

months after completing their last pregnancy (median time interval of the study and control 

group, 6 and 49 months, respectively). 

Hyperhomocysteinemia was defined as a fasting and/or postmethionine plasma homo

cysteine concentration exceeding the estimated 97.5 percentile level of the controls. 

Sample preparation and analysis 

Blood samples for measurements of total homocysteine concentrations in plasma were drawn in 

ethylenediamine tetraacetate (EDTA) vacutainer tubes of 4 ml and centrifuged within 30 

minutes at 3,000 χ g for 10 minutes. The plasma was separated and stored at -20"C. Total 

homocysteine concentrations were measured by high-performance liquid chromatography 

(HPLC) technique and fluorometric detection (detection limit 0.5 μπιοΐ/ΐ; intra- and inter-assay 

coefficients of variation, both < 5%)15,16. Dry and heparinised vacutainer tubes of 10 ml were 

used for collecting venous blood samples to assay the concentrations of folate (serum and red 

cells), vitamin B12 (serum), and PLP (whole blood). Folate and vitamin B12 concentrations 

were measured simultaneously with Dualcount SPB (solid phase boil) Radioassay (Diagnostic 

Products Corporation, Los Angeles, CA), as described previously17. Determination of PLP was 

performed by HPLC technique '8. 

Data analysis 

In controls, the 2.5- and 97.5 percentile levels of plasma homocysteine and blood vitamins were 

calculated as means ± 1.96 standard deviations (SDs) after log transformation. In women of the 

study group, true 2.5- and 97.5 percentile values were established. Wilcoxon rank sum test was 

used to analyse the quantitative differences, and uncorrected chi square test to analyse the 

proportional differences between the two groups studied. Spearman's rank correlation was used 

to measure the associations between variables. P-values were two-tailed, and Ρ < 0.05 was 

considered statistically significant. 
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Results 

Figure 2 and 3 depict the individual concentrations of fasting and postmethionine plasma 

homocysteine in the control and study group, respectively. In the control group, fasting plasma 

homocysteine concentrations ranged from 6 to 19 μιτιοΐ/ΐ, and postmethionine plasma 

homocysteine concentrations from 20 to 55 μιηοΐ/ΐ. The 97.5 percentile levels of fasting and 

postmethionine plasma homocysteine in controls were calculated as 15 and 51 μπωΐ/ΐ, 

respectively. In the study group, fasting plasma homocysteine concentrations varied from 6 to 36 

μπιοΐ/ΐ, and postmethionine plasma homocysteine concentrations from 16 to 97 μηιοΐ/ΐ. Hyper

homocysteinemia, i.e. fasting plasma homocysteine above 15 μιτιοΐ/ΐ and/or postmethionine 

plasma homocysteine above 51 μπιοΐ/ΐ, was present in 4 of 46 (9%) controls and 26 of 84 (31%) 

women of the study group (Table 1; uncorrected chi square, 8.3; Ρ < 0.05). 

Fasting plasma Postmethionine plasma Control group Study group 

homocysteine homocysteine Ν = 46 Ν = 84 

Normal Normal 42(91%) 58(69%) 

High Normal 3(7%) 11(13%) 

Normal High I (2%) 5 (6%) 

High High 0(0%) 10(12%) 

Table 1. Prevalence of hyperhomocysteinemia in women of the control and study group as related to the level 

of fasting and postmethionine plasma homocysteine Values represent numbers (proportions) 

The median concentrations of plasma homocysteine and blood vitamins are presented in 

Table 2. Median fasting and postmethionine plasma homocysteine were significantly higher in 

the study group as compared to the control group. The median concentrations of the vitamins 

studied were significantly lower in women of the study group as compared to the controls, 

except for red cell folate, where the median concentration was comparable in both groups. 

In the control as well as study group, fasting and postmethionine plasma homocysteine 

were significantly and positively correlated (r = + 0.66 and r = + 0.61, respectively). Table 3 lists 

the associations between plasma homocysteine and blood vitamins in women of the control and 

study group. Figure 4 depicts scatter diagrams of the concentrations of folate and vitamin Β12 

related to plasma homocysteine in women of the study group. 
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Control group Study group /'-value* 

Ν = 46 Ν = 84 

Fasting plasma homocysteine (μιποΙ/Ι) 

Postmethionine plasma homocysteine (μπιοΐ/ΐ) 

Serum folate (nmol/L) 

Red cell folate (nmol/L) 

Scrum vitamin B12 (pmol/L) 

Whole blood PLP (nmol/L)i 

9(6- 19) 

29(20 - 55) 

14(7-25) 

500(310- 1000) 

270(100-580) 

53(27- 160) 

11 (6 - 36) 

37(16-97) 

12(3-35) 

510(150- 1300) 

230(60 - 620) 

42(18-85) 

<0 05 

•Ό 05 

<0.05 

0 95 

--0 05 

• 0 05 

Table 2. Concentrations of plasma homocysteine and blood vitamins in women of the control and the study 

group 

Values represent medians (minimum - maximum ranges), PLP, Pyridoxal-5'-phosphate, 'Wilcoxon rank sum test 

'fhe median concentrations of fasting and postmethionine plasma homocysteine were not 

significantly different between the subgroups classified either by the type of the first event or the 

number of events (Table 4). The median concentration of fasting plasma homocysteine, unlike 

postmethionine plasma homocysteine, was significantly higher in women who experienced 

abruption or infarction in their first pregnancy than in women who had the same event after one 

or more uncomplicated pregnancies. 

Discussion 

The major finding of the present study is a high prevalence of hyperhomocysteinemia in women 

who experienced placental abruption or infarction. This result confirms an earlier preliminary 

report from our laboratory l2. 

Placental abruption, a life-threatening event for the mother and her child, is thought to be 

the result of sudden rupture of the spiral artery. It often develops simultaneously with placental 

infarction which also markedly increases the risk of fetal or neonatal death ". Infarction of the 

placenta is predominantly the result of spiral artery occlusion in the myometrium or decidua. 

I listologic examination of the spiral arteries in placental infarction usually reveals one or more 

signs of vasculopathy, i.e. atherosis, narrowing, necrosis and thrombosis νί'1λ. 

The hypothesis that elevated concentrations of plasma homocysteine affect the placenta is 

supported by the reported case of a woman with homocystinuria in whom four pregnancies 

resulted in intrauterine fetal death with multiple infarctions in the placenta M. As yet, the 
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question how high levels of homocysteine may affect the spiral arteries is unanswered. 

Abnormalities of endothelial cells, platelets, clotting factors, serum lipids, or disorders in the 

complex interaction of these factors have been held responsible for the vascular damage and 

thrombogenesis in hyperhomocysteinemia ' ' l 0 . In humans, the concentration of homocysteine in 

plasma is probably dependent on the extracellular homocysteine export and on the capacity of 

homocysteine degradation in mainly the liver and kidney25. In endothelial cells in vitro, a 

delicate equilibrium exists between homocysteine export and degradation. Any disequilibrium 

resulting in hyperhomocysteinemia may contribute to the vulnerability of the endothelial cells 26. 

Control group 

Ν =46 

Fasting plasma 

homocysteine 

Postmethionme 

plasma 

homocysteine 

Study group 

Ν = 84 

Fasting plasma 

homocysteine 

Postmethionme 

plasma 

homocysteine 

Scrum folate -0 43t -0 48t - 0 V7t -0 41t 

Red cell folate +0 07 ι Oil -0 471 - 0 24t 

Serum vitamin B12 +008 +007 -0 35t -0 18 

Whole blood PLPJ + 0 03 + 0 04 - 0 11 - 0 I I 

Table 3. Associations between plasma homocysteine and blood vitamins in women of the control and study 

group 

Values represent Spearman's rank correlation coefficienls, PLP, Pyndoxal-5'-phosphatc, 

ι Slatistically significant (P - 0 05) 

1 lyperhomocystcinemia may result from disorders in the transsul furation or remethylation 

of homocysteine '. Vitamin deficiencies due to malabsorption or malnutrition, or enzymatic 

defects may interfere with both routes2 '. Hibbard (1964) has already suggested a higher 

prevalence of defective folate metabolism in women with placental abruption compared to 

controls, as indicated by their excessive formimino-glutamic acid excretion after histidine 

loading ll. In the present study, the median levels of serum folate, serum vitamin B12 and whole 

blood PLP were significantly lower in women of the study group compared to those of the 

control group ( fable 2). In addition, serum and red cell folate were observed to be significantly 

and negatively associated with plasma homocysteine (Table 3). We do not exclude the 
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possibility that placental abruption or infarction, at least in some cases, result from a primary 

nutritional deficiency of vitamin B12 and/or folate, of which hyperhomocysteinemia is merely a 

concomitant finding. 

Recently, a common mutation in the coding sequence of MTHFR was demonstrated to 

result in reduced MTHFR activities and increased plasma homocysteine concentrations in 

vascular patients 2S. Future studies should explore this mutation in women with placental 

abruption or infarction. 

In the present study, the median concentration of fasting plasma homocysteine, unlike 

postmethionine plasma homocysteine, was significantly higher in women who experienced 

abruption or infarction in their first pregnancy than in women who had the same event after one 

or more uncomplicated pregnancies (Table 4). It is speculated that higher levels of plasma 

homocysteine result in placental malfunction earlier in maternal life. It can be argued, however, 

whether the difference in median plasma homocysteine concentrations of only 2 μηιοΐ/ΐ will be 

of clinical significance. 

Type ot first event 

Abruption (n = 44) 

Infarction (n - 40) 

T-value' 

Pregnancy number (G) of first event 

G - 1 (n = 46) 

( i ! ( n = 38) 

/'-value1 

Number ofevents 

One (n 66) 

Two or more (n = 18) 

/'-value' 

Fasting plasma 

homocysteine i>/mol/L) 

12(7-36) 

11 (6 - 35) 

0 28 

12(6-36) 

10(6-29) 

0 04 

11 (6 - 36) 

13(6-35) 

021 

Postmethionine plasma 

homocysteine ipmoi/\_ ) 

38(23-97) 

36(16-87) 

0 60 

39 (23 - 87) 

35(16-97) 

0 13 

38(22-97) 

36(16-78) 

0 46 

Tabic 4. Concentrations of fasting and postmethionine plasma homocysteine m women ot the study group as 

classified by the type and pregnancy number of the first event, and the numbers ofevents 

Values represent medians (minimum - maximum ranges), 'Wilcoxon rank sum test 
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Figure 4 

Individual concentrations of blood vitamins (serum and red cell folate, and serum vitamin BI2), and lasting and 

postniethionine plasma homocysteine in women of the study group The dotted lines indicate the estimated 2,5 and 

97 S percentile levels ot the control group 
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Pyridoxine and/or folic acid administration have been reported to reduce plasma 

homocysteine concentrations in vascular patients with hyperhomocysteinemia 2'>"12. It is not 

known whether biochemical normalisation of hyperhomocysteinemia by periconceptional folate 

administration will favour pregnancy outcome in women with placental abruption or infarction. 

A randomised controlled prevention trial should provide the answer to this important question. 

In conclusion, hyperhomocysteinemia is associated with placental abruption or infarction. 
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A common mutation in the methylenetetrahydrofolate reductase (MTHFR) 

gene as a new risk factor for placental vasculopathy 

E F van der Molen, G E Arends, W L D M Nelen, Ν J M van der Put, S G Heil, Τ Κ A Β 

Eskes, H J Blom 

Condensation 

In 165 women with placental vasculopathy history compared with 139 controls mutated 

methylenetetrahydrofolate reductase (MTHFR) appeared as a new genetic risk factor for 

placental vasculopathy 

Abstract 

ObjeUive 1 o investigate if the 677C-»T mutation in the MTHFR is a risk lactor lor placental 

vasculopathy (placental abruption or placental infarction with fetal growth retardation) 

Design Case - control study of women who experienced placental vasculopathy (PV) and 

women with normal pregnancy outcome 

Suh/eLls 165 women with PV, 139 matched controls 

Measurements Fasting total plasma homocysteine (tHcy), folate (serum, red blood cells). 

vitamin B12 (serum), vitamin B6 (whole blood) and analysis of the MTHFR 677C—»T 

mutation 

Results The median tHcy was significantly higher in the study group compared to controls 

(p<0 01, odds ratio above 97 S"1 percentile 4 66 [95% CI 1 55-14 0]) Mutated MTHFR (TT 

genotype) was found in 12% of the study group and 5% of the controls (odds ratio 2 45 [95% 

CI 1 00-6 02]) and 8 5% in a large Dutch population based group (odds ratio 1 75 [95% CI 

0 80-3 85] 

Conclusions Mild hyperhomocysteinemia is confirmed and mutated MTHFR is found a new 

risk factor for Ρ V, the latter probably increases in conditions of low serum folate 

Introduction 

hyperhomocysteinemia can occur in a severe and a mild form The severe form (homocysti-

nuna) is caused by an autosomal recessive inherited deficiency of cystathionine ß-synthase 

(CS) or methylenetetrahydrofolate reductase (MTHFR) in most of the cases Homozygous 

47 



Molecular genetic basis 

patients for CS or MTHFR deficiency are very susceptible to vascular disease; 50% of the CS-

deficient patients have clinical signs of arterial or venous diseases before the age of 30 years'. 

The mild form (mild hyperhomocysteinemia) is a risk factor not only for arterial or venous 

diseases 2 \ but also for obstetric complications, such as neural tube defects \ recurrent 

miscarriages \ placental vasculopathy (PV) 6and preeclampsia 7. 

Genetic causes for mild hyperhomocysteinemia can be due to aberrations in genes 

encoding regulatory enzymes of the homocysteine metabolism: CS, MTHFR and methionine 

synthase (MS). Acquired causes of mild hyperhomocysteinemia are deficiencies of folic acid, 

vitamin Β12 and B6 2. Recently our research group found that a common mutation in MTHFR 

was the first genetic cause of mild hyperhomocysteinemia among patients with cardiovascular 

disease 8. This mutation involves a 677 C-»T transition, in which the homozygous mutant 

form (TT genotype) results in a thermolabile protein with lower enzyme activity associated 

with elevated total plasma homocysteine concentrations (tHcy) '. There was a particularly 

strong association with elevated tHcy in individuals with the TT genotype and low normal 

serum folate concentrations '0. In TT individuals with high normal serum folate 

concentrations, the association with tHcy was much weaker l 0. Mean serum folate 

concentrations of all TT individuals were significantly lower than those of patients with the 

other genotypes " l2. These results suggest that TT individuals have a genetically determined 

higher folate requirement 10'1\ 

Placental infarcts are the result of occlusions in the spiral arteries in the 

decidual/myometrial layer of the uterus during pregnancy ". In placental abruption, the spiral 

arteries are thought to rupture suddenly l4. Histological examination of the spiral arteries in 

placental infarction/abruption usually reveals one or more signs of vasculopathy, i.e. atherosis, 

narrowing, necrosis and thrombosis, resembling vascular changes seen in patients with 

vascular disease ' l These very serious placental complications occur in approximately 1-2% 

of pregnancies "' " and could cause new-boms which are premature or too small for their 

gestational age. These new-boms have a higher mortality rate and a higher risk for lifelong 

handicaps compared with new-boms from uncomplicated pregnancies. 

In the present study we investigated plasma homocysteine concentrations and the 677 

C->T mutation in the MTHFR gene as potential risk factors for placental vasculopathy (PV). 
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Material and Methods 

Suh/eclx 

Λ total of 304 women participated in the study, 165 in the study group, median age 32 range 

22-48 years, with a median of 3 pregnancies (range 1-8) and 2 healthy children (range 0-4) 

and 139 in the control group, median age 36 range 26-49 years, with a median of 2 

pregnancies (range 1-5) and 2 healthy children (range 1-5). The study group comprised 

women with a history of placental vasculopathy who were recruited from hospital records at 

the University Hospital Nijmegen; 64 of them originated from the study by Goddijn Wessel ct 

al. ''. Placental vasculopathy (PV) was defined as placental infarction (with fetal growth 

retardation) or placental abruption, which were diagnosed according to clinical, laboratory and 

histological standards as described previously 6. In short, placental infarction was diagnosed if 

there were circumscribed areas of villous necrosis combined with a fetus with a body weight 

of below the 10"' percentile of normal for that gestational age. The diagnosis of placental 

abruption was based on either the combined presence of a tender, hypertonic uterus and 

disseminated intravascular coagulation and/or the histological observation of a retroplaccntal 

haematoma with or without signs of infarction. 

The control group was formed by asking the women of the study group to find 

acquaintances to participate in this study, 56 women of the control group were found in this 

manner. We expanded the control group with 83 women matched for age and occupation 

group (untrained, middle, and highly trained work) recruited by advertisement mainly at the 

University Hospital Nijmegen. All 139 control women were unrelated to the women of the 

study group and had at least one uncomplicated pregnancy that resulted in a live born healthy 

child, in case of more than one pregnancies no PV must be present. 

All the participants were healthy, not pregnant and did not have evidence of diabetes 

mellitus, renal or liver dysfunction as revealed by appropriate tests. None of the participants 

used any kind of vitamin supplementation for at least three months prior to the start of the 

study. The study was approved by the Institutional Review Board of the University Hospital 

Nijmegen, the Netherlands. 

Sample preparation and analysis 

Venous blood samples were collected between 8 and 9 AM after an overnight fast. Plasma of 

blood collected in vacutainer tubes with ethylenediamine tetra-acctate (EDTA) was used for 
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homocysteine determinations. Buflycoats were utilised for DNA isolation. Total plasma 

homocysteine concentrations (tHcy) were measured by an automated high performance liquid 

chromatography (HPLC) method with reverse phase separation and fluorescent detection 

(üilson 232-401 sample processor. Spectra Physics 8800 solvent delivery system and Spectra 

Physics LC 304 tluorometer). The detection limit was 0.5 μηιοΐ/ΐ. The intra- and inter run 

variation coefficient was < 5% ". Blood collected in dry and heparinised tubes was used for 

the vitamin analysis of total folate in serum and red blood cells, vitamin B12 in serum and 

pyridoxal 5-phosphate (PLP) in whole blood. Total folate and vitamin B12 concentrations 

were measured simultaneously with the Dualcount Solid Phase Boil Radioassay (Diagnostic 

Products Corporation, Los Angeles, CA) as described previously ". Determination of PLP 

("active vitamin B6") was performed by the HPLC technique 20. 

Mutation analysis 

Genomic DNA was isolated from buffycoats using the method first described by Miller et 

al.21. The presence of 677C—>T mutation in the MTHFR gene was investigated by PCR of 

genomic DNA and digestion with the restriction enzyme ///ufi, essentially according to Frosst 

et al. ''. 

Data analysis 

Concentrations are given as median value with range 5-95"' percentile. Differences in 

homocysteine or vitamin levels between the three genotype groups were assessed by Kruskal-

Wallis one way analysis of variance and between study group and controls by the Wilcoxon 

Mann Whitney rank sum test. P-values < 0.05 were considered significant (software: 

Microsoft Excel 5.0 with add-in Astute). The risk of placental vasculopathy (PV) was 

analysed by calculating odds ratios with 95% CI (confidence interval) using the χ2 test 

(software: MS DOS CIA © 1989 MJ Gardner & British Medical Journal). 
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Results 

The median concentrations of fasting total plasma homocysteine (tHcy) were significantly 

higher in the study group (median=12.3 μιτιοΐ/ΐ, range 5-95"' percentile =8.2-25.3 μηιοΐ/ΐ) than 

in the control group (median=l 1.6 μιτιοΐ/ΐ, range 5-95'h percentile =7.2-18.9 μιηοΐ/ΐ) with 

p<0.01. In the study group 20 women had tHcy of above 20 μιηοΐ/ΐ compared to 4 in the 

control group.The odds ratio for PV calculated above the 97.5"' percentile (>20 μπιοΐ/ΐ) of 

tHcy in the controls was 4.66 [95% CI (confidence interval) 1.55-14.0J. When all the 

individuals with the TT genotype were omitted from the analysis the median concentration of 

fasting tHcy was still significantly higher (p=0.048) in the study group (median=12.0 μηιοΐ/ΐ, 

range 5-95"' percentile =7.9-20.9 μπιοΐ/ΐ) than in the control group (median=l 1.6 μιτιοΐ/ΐ, 

range 5-95"' percentile =7.2-18.2 μιτιοΐ/ΐ). 

The results of the genetic analysis are shown in Table I. The homozygous 677C—>T 

mutation (TT genotype) was observed in 12% (19 out of 165) of the women in the study 

group and in 5% (7 out of 139) of the controls, which resulted in an odds ratio of 2.45 [95% 

CI 1.00-6.02]. Application of the values from a published (22) reference group of 1250 

persons from the general Dutch population (mutation prevalence 8.5%) resulted in an odds 

ratio of 1.40 [95% CI 0.84-2.36]. 

MTHFR genotype Study group Control group 

n=165 η=Ι39 

CC 74 (45%) 63 (45%) 

C Γ 72 (44%) 69 (50%) 

Γ Γ 19(12%) 7(5%) 

OR 2 45 

(95% CI) (1 00-6.02) 

Tabic I. Prevalence of the MTHFR genotypes and the risk of placental vasculopathy in the study group and 

controls CC_wild type, CT=heterozygous and TT^homozygous genotype for the 677C-»T mutation in the 

MTHFR gene. Odds ratio (OR) and 95% confidence interval (CI) were calculated for the TT genotype versus the 

CT and CC genotypes in the study and control group. 

51 



Molecular genetic basis 

In this Dutch population group of 1250 persons no obstetric history was available and the 

group consisted of as well adult men as women of a broad age group. The calculated odds 

ratio of the TT genotype for PV between the Dutch population and the control group was 1.75 

[95% CI 0 80-3.85]. 

Women of the study group as well as of the control group showed significant differences 

in tHcy concentrations between the three MTHFR genotype groups, with the highest 

homocysteine concentration in the TT genotype and the lowest in the CC genotype (Table II). 

However only women of the study group showed a significant trend in serum folate levels 

between the three genotype groups, with the lowest serum folate level in the TT genotype and 

the highest in the CC genotype (Table II) The folate concentration in red blood cells and the 

concentrations of vitamin B6 and B12 did not show a significant trend between the three 

MTHFR genotypes in both groups. 

Genotype 

MTHFR 

Study group 

fasting tHcy (μιτιοΙ/Ι) 

serum folate (nmol/1) 

folate in rbc* (nmol/l) 

Vitamin QI2(pmol/l) 

Controls 

fasting tHcy (μπιοΙ/Ι) 

serum folate (nmol/l) 

folate in rbc* (nmol/l) 

Vitamin BI2(pmol/l) 

TT 

η=Ι9 

21 8(10 1-35 2) 

8 8 (4 4-22) 

570(150-1100) 

190(69-460) 

n=7 

157(9 3-19 1) 

12(7 8-19) 

600(440-710) 

240(130-330) 

CT 

n=72 

11 9 (7 5-23 4) 

11 5 (4 9-20) 

540 (230-860) 

215(86-420) 

n=69 

11 6(7 2-17 8) 

13 5(7 5-25) 

540 (320-770) 

240(120-450) 

CC 

n=74 

12(7 9-193) 

14 0 ( 6 6-25) 

530(210-870) 

220(110-400) 

n-63 

10 9(7 5-18 7) 

14(8 2-24) 

520 (330-930) 

270(150-560) 

p-value* 

<0 000l 

<0 0004 

0 60 

0 36 

0 04 

0 54 

0 48 

0 11 

Tabic II Concentrations of fasting total plasma homocysteine (tHcy), serum and red blood cell folate, and 

serum vitamin B12 for each MTHFR genotype in the study group (with placental vasculopathy) and controls 

* red blood cells Values given as median (range 5-95"' percentile) P-value calculated between TT, CT and CC 

genotype with Kruskal-Wallis one way analysis of variance P-value < 0 05 is considered significant 
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In the lowest serum folate tertile (< 12 nmol/1) there was a significantly higher 

prevalence of the TT genotype in the study group than in the controls (13 out of 77 and 3 out 

of 46, respectively, p=0.045). This resulted in an odds ratio of the TT genotype for PV in the 

lowest serum folate tertile of 2,91 [95% CI 0.78-10.8]. In the middle (12-17 nmol/1) and 

highest (> 17 nmol/1) serum folate tertile the distribution difference of the TT genotype 

between the study group and controls was less pronounced. In the middle serum folate tertile 

the prevalence of the TT genotype in study group and controls was 4 out of 52 and 2 out of 46 

respectively. In the highest serum folate tertile the prevalence of the TT-genotype in study 

group and controls was 2 out of 36 and 2 out of 46 respectively. Resulting in odds ratios for 

PV in the middle and highest serum folate tertile of 1.83 [95% CI 0.32-10.5] and 1.32 [95% 

CI 0.18-9.88] respectively (Fig. 1). 

Comment 

In the present study mild hyperhomocysteinemia was a risk factor for placental vasculopathy, 

which is in concordance with our previous study by Goddijn Wessel et al.6. In the latter study 

mild hyperhomocysteinemia was found in 31% (26 out of 84) of the cases and in 9% (4 out of 

46) of the controls, resulting in an odds ratio of 4.7 [95% CI 1.53-14.5])6. Mild 

hyperhomocysteinemia was defined as a tHcy that exceeded the 97.5'h percentile of the 

controls after an overnight fast and/or six hours after methionine loading ''. In the present 

study only fasting blood samples were taken. Although the numbers of cases and controls 

were approximately two and three times larger than in the study by Goddijn Wessel et al.6, in 

the present study the odds ratio calculated above the 97.5'h percentile of the tHcy of the 

controls was 4.66 [95% CI 1.55-14.0], which is very similar to our previous result6. 

Homozygosity for the 677C—»T mutation in the MTHFR gene (TT genotype) was 

present in significantly more women in the study group (12%) than in the control group (5%). 

To our knowledge this is the first study in which the common TT genotype was studied and 

found to be a risk factor for PV (odds ratio 2.45 [95% CI 1.00-6.02]). Comparison of the 

MTHFR TT genotype prevalence in the study group with a published large Dutch population 

based control group 22 resulted in an odds ratio of 1.4 [95% CI 0.84-2.36]. Former studies 10'" 
22 and the present one (Table II) showed that homozygosity for the 677C-»T mutation in the 

MTHFR gene was associated with elevated tHcy. In the present study homozygosity for the 

677C->T mutation in the MTHFR gene was a determinant of mild hyperhomocysteinemia, 
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but it could not explain mild hyperhomocysteinemia in all the cases, because after excluding 

all the individuals with the TT genotype, the tHcy was still significantly higher in the study 

group than in the controls. 

The TT genotype was more prevalent in the large Dutch population based control group 

(8.5%) " than in our control group (5%) of 139 women, who had at least one uncomplicated 

pregnancy and no history of PV (odds ratio 1.75 [95% CI 0.80-3.85]). There are two clear 

differences between the Dutch population group and our control group. The Dutch population 

group consisted of men and women, our control group consisted only of women. Reports 

about prevalence differences of the TT genotype between Dutch men and women are not 

available, but seems unlikely. In the Dutch population group the obstetric history was 

unknown, whereas in our control group only women participated with an obstetric history 

without PV related pregnancy complications and with at least one healthy child. Therefore this 

finding may suggest that homozygosity for the MTHFR is a risk factor for obstetric 

complications in general. This hypothesis is in line with previous studies in which the 

MTHFR TT genotype was a risk factor for various obstetric complications, such as neural 

tube defects " 2 \ recurrent abortion 2< and preeclampsia 25. To prove this hypothesis a control 

group of minimal 300 women is necessary, therefor we continue to enlarge this group. 

The TT genotype was not only related to mild hyperhomocysteinemia but also to 

decreased serum folate concentrations. In the lowest serum folate tertile the TT genotype was 

more prevalent in the study group than in the control group (Fig. 1). Due to impaired MTHFR 

activity, the TT genotype is expected to cause lower levels of 5-methyltetrahydrofolale, the 

product of MTHFR and the predominant circulating form of folate. The other noncirculating 

forms of folate are stored intracellularly. Only the circulatory form of folate, 5-methyl 

tetrahydrofolate, can be used for the remethylation of homocysteine. The results of the present 

study showed that women with the TT genotype had significantly lower serum folate 

concentrations and significantly higher tllcy than the women with the CT or CC genotype. 

This corresponded well with the results of other studies, in which associations were found 

between the TT genotype, mild hyperhomocysteinemia and low-normal serum folate 

concentrations 8 '" " 212^ Individuals of the study group with serum folate concentrations in the 

highest tertile had a low prevalence of the TT genotype, similar to the prevalence among the 

controls (Fig. 1). Folic acid administration might be particularly useful for TT individuals 

with low-normal serum folate concentrations to normalise their tHcy. 
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Odds ratio [95% CI] 

3 2 91 [0 78-10 8] 
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(nmol/l) 

•L LowTerti le Middle Tentile High Tertile Whole group 

Fig I Odds ratios for placental vasculopathv (I'V) oflhe I I yenol\pe in low middle and hmh tLrtiles ol serum 

lolatc concenlralions and ot the whole group 

Reduction in occurrence and recurrence ol neural tube detects can be achieved with 

penconceptional folic acid supplementation (26) Nowada\s women in the Netherlands who 

want to become pregnant are advised to start taking folic acid at least 4 weeks before 

conception and during the first 8 weeks of pregnancy I o reduce the occurrence and 

iccurrence ol PV which is approximately I0 to 30 times higher than the occurrence ol neural 

tube delects women with the TT genotype or mild hyperhomocysteincmid may benefit Irom 

lohc acid supplementation throughout their entire pregnancy 

We conclude that mild hypcrhomocystememia and homozygosity lor 677C —»T mutation 

in the Μ ΓΙ IFR gene are risk lactors for placental vasculopathy I he pathogenic effect ol this 

genetic risk factor may be modulated by the scrum loldte status Simple and safe lohc acid 

1 83(0 32 10 5] 

1 32 [0 18-9 8 
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supplementation not only prevents the (re-)occurrence of neural tube defects but may also help 

prevent other severe pregnancy complications, such as placental vasculopathy. 
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Sequence analysis of the coding region of human Methionine Synthase: 

relevance to hyperhomocysteinemia in neural-tube defects and vascular 

disease 

Ν M J van der Put, E F van der Molen, L A J Klui|tmans, S G Heil, F M F Tnjbels, 

1 Κ A Β Eskes, D van Oppenraaij-Emmerzaal, R Banerjee and H J Blom 

Abstract 

Flevated homocysteine (Hey) levels are observed in two apparently unrelated diseases neural 

tube delects (NTD) and premature vascular disease Defective human methionine synthase 

(MS) could result in elevated Hey levels We sequenced the coding region of MS in 8 

h>perhomocysteinemic patients (4 NTD patients and 4 patients who suffered from 

pregnancies complicated with spiral arterial disease, SAD) We identified only one mutation 

resulting m an amino acid substitution an A to G transition at bp 2756, converting an aspartic 

acid (D919) into a glycine (G) We screened genomic DNA for the presence of this mutation 

in 56 NTD patients, 69 mothers of a children with NTD, 108 SAD patients and 364 controls 

There was no increased prevalence of the 919GG and 919AG genotypes in NTD patients, 

their mothers or SAD patients The D919G mutation does not seem to be a risk laclor for 

ΝID or vascular disease We then examined the mean Hey levels for each MS genotype 

Ihere was no correlation between 919GG or 919AG genotype and Hty levels Ihe D919G 

mutation is thus a fairly prevalent, and probably benign polymorphism This study, though 

limited, provides no evidence for a major involvement of MS in the aetiology of 

homocysleine-related diseases such as NTD or vascular disease 

Introduction 

Two apparently unrelated diseases, neural tube defects (NTD) and premature vascular disease, 

arc both associated with moderately elevated homocysteine (Hey) levels ' 1 Enzymes and 

eoldctors involved in Hey metabolism are currently being investigated lor their contribution to 

these diseases I Icy is a branch-point metabolite of methionine metabolism, and can be 
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Figure I A simplified scheme of the folate-dependent homocysteine metabolism Key enzymes 

jre given MS, methionine synthase, MTHFR, methylenetetrahydrofolate reductase, MTHFD, 

melhyleneletrahydrofolale dehydrogenase, SHMT, serine hydroxymethyl transferase and CDS. cystathionine ß-

svnthase 

remethylated to methionine or catabolized in the transsulphuration pathway to cysteine (Fig. 

1) 

NTD account for a significant part of present-day perinatal morbidity and mortality. 

Several studies showed that periconceptional folate administration reduces the occurrence and 

recurrence risk of NTD J '. We have postulated that heterozygosity for cystathionine ß-

synlhase (CBS) deficiency could be a cause of moderate hyperhomocysteinemia in Ν TD, but 

we have nol found evidence for a defective CBS in mothers of children with NTD '. 

Methylenetetrahydrofolate reductase (MTIIFR) is one of the key enzymes in the 

folate-dependent remethylation of Hey to methionine. We recently showed that homozygosity 

for the C677T mutation in the MTIIFR gene, causing thcrmolability of the enzyme ''"ll can 

partly explain the observed elevated I Icy levels in NTD, and this has recently been confirmed 

by others '' "'. The C677T mutation in the MTIIFR gene is the first identified genetic risk 

factor for NTD. However, even after exclusion of individuals homozygous for the C677T 

mutation in MTHFR, we still observe significantly elevated Hey levels in Ν I D patients and 
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their parents ". So, in addition to the C677T mutation in MTHFR, other mutations in genes 

affecting the conversion of Hey to methionine could be present in these families. 

In most western countries, vascular disease is one of the main causes of death. Along 

with high blood pressure and cholesterol, increased plasma Hey level is a risk factor for 

vascular disease, with a relative risk comparable to hypercholesterolemia ' . It has been 

postulated that the elevation of Hey levels in patients with vascular disease could be caused by 

heterozygosity for CS l2'11. However, we have not found any evidence for involvement of CS 

deficiency in vascular disease u . The C677T mutation in the MTHFR gene, resulting in 

elevated I Icy levels, can only partly explain the elevated Hey levels in patients with vascular 

disease ' \ Several studies have reported that folate administration reduces Hey concentrations 

of hyperhomocystcinemic patients with vascular disease 15'16. Therefore, a defective function 

of other folate-dependent enzymes may be involved in hyperhomocysteinemia of vascular 

patients. However, the clinical benefits of this Hcy-lowering therapy are unproven. 

The remethylation of Hey occurs by transfer of a methyl group from 5-

methyltetrahydrofolatc (5-MeTHF) via cobalamin to Hey. This reaction is catalyzed by 5-

methyltetrahydrofolate homocysteine methyltransfcrase (methionine synthase), which is 

probably present in all mammalian tissues, and requires cobalamin as a cofactor. The enzyme, 

betaine-homocystcine methyltransfcrase, can also remethylate Hey to methionine, but this 

enzyme is present only in liver. Several studies have suggested that a defective methionine 

synthase (MS) could be a critical defect in folate-related NTD '•2'l7',*. MS is essential for 

maintaining adequate intracellular methionine and tetrahydrofolate pools, as well as for 

ensuring that the I Icy concentration does not reach toxic levels. Since elevated Hey levels arc 

observed not only in NTD patients and their parents, but also in patients with vascular 

diseases, both diseases could be caused by defective MS. 

Recently, the human MS cDNA-sequence has been cloned l9'20 and mutations causing the 

inborn error of metabolism cblG have been described 20'21. The gene has been mapped to lq43, 

near the telomere of chromosome 1. The human MS gene has an open reading frame of 3768 

bases which encodes a protein of 1256 amino acids with a 55% homology compared to E. coli 

MS. Although enzymatic studies have indicated a higher activity for MS in kidney, the RNA 

expression levels of MS seem to be similar in different tissues l9. 

In order to study the postulated involvement of MS at the genomic level, we selected 

eight patients with mild hyperhomocysteinemia: four NTD patients and four women with 

61 



Molecular genetic basis 

severe spiral arleridl disease (SAD) during their pregnancies SAD causes infarction of the 

placenta, resulting in a stillborn or severely growth-retarded child, and is predominately the 

result of spiral artery occlusion in the myometrium or decidua Histologic examination ol the 

spiral arteries in SAD reveals one or more signs of vasculopathy, ι e artheriosis, narrowing, 

necrosis and thrombosis SAD is an occlusive arterial disease that is associated with elevated 

I Icy levels " , like most vascular diseases By direct sequencing of the complete coding region 

of MS from eight hyperhomocysteinemic patients, wc examined whether mutations in the MS 

gene were involved in these Hcy-related diseases 

Materials and Methods 

Palienls and Controls 

Fight patients with mild hyperhomocysteinemia (Hey levels above the normal range lor their 

sex and age category) ', lour NTD patients and four vascular patients who had a pregnancy 

complicated by SAD, were selected for direct sequencing of the cDNA of the MS gene 1 he 

elevated Hey levels were not due to the 677TT genotype for the C677T transition in ΜΤΠΓΚ, 

except patient SAD 4, who had a 677TT-genotypc but had very high Hey levels The age, sex, 

folate and Hey data of these individuals are given in Table 1 The normal ranges ol plasma 

folate, red cell folate and Hey are between 6-22 nmol/L, 213-817 nmol/I and 46-15 μηιοΐ/ί, 

respectively ' 

To examine whether the A2756G mutation was associated with mild 

hyperhomocysteinemia, or was a genetic risk factor for NTD or SAD, wc studied the 

prevalence ol this mutation among NTD patients and mothers with Ν ID affected offspring, 

and patients who had suflered from SAD The study group consisted of 69 mothers with a 

child with NTD (mean age 46, SD 12 6 years) and 56 Ν1D patients, mostly spina bifida, 

(mean age 21, SD 12 3 years) ' 8 Turthermorc, we studied 108 patients with SAD (mean age 

34 SD 5 3 years) The diagnosis of SAD was established if the placenta was characterized by 

circumscribed areas ol villous necrosis combined with a stillborn fetus or a severely growth-

retarded child, ι e having a birth weight below the lOlh percentile of gestational age 

The population based control group consisted of 364 unrelated Dutch individuals ol 

either gender and no history of NTD or SAD (mean age 51, SD 12 4 years) * 
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Methods 

Total homocysteine concentrations were measured in EDTA plasma 2\ 

Total RNA of NTD patients was extracted from EBV (Epstein Barr Virus) cell lines 

and the RNA of the vascular patients from lymphocytes isolated of whole blood 2\ and was 

stored as an ethanol precipitate at -80EC. A 5 μg sample of RNA was reverse transcribed to 

cDNA in 1 h at 42EC with 200 units of Superscript!! reverse transcriptase (Life Technologies, 

The Netherlands), using oligo(dT) and random hexanucleotides. A 2.5 μΐ aliquot of this first-

strand cDNA was amplified by PCR. Amplifications were carried out in a total volume of 100 

μΐ. containing 100 ng forward and reverse primer, 200 μΜ each dNTP, 10 mM Tris-IICl (pH 

8.3), 50 mM KCl, 0.75-1.5 mM MgCl2 and 1 unit Tag Polymerase (Life Technologies, The 

Netherlands). Amplification parameters were as follows: 35 cycles of 92EC/60s 

(denaturation), 54-64EC/60s (annealing) and 72EC/90s (extension). The cycles were preceded 

by an initial denaturation step of 2 min at 92EC and were followed by a final extension of 7 

min at 72EC. 

PCR and sequencing primers were designed based on the cDNA sequence ". We 

constructed 6 pairs of oligonucleotides (MSI-12) (Table 2). These primers were designed to 

generate overlapping fragments of 700-900 bp, covering the total cDNA sequence. These 

fragments were screened for the presence of mutations by direct sequencing; two forward and 

Iwo reverse oligonucleotides were used to analyze each of the six fragments. 

The sequence analysis was performed by automated sequencing (ABI Prism, model 377 

version 2.1.2), using the ABl Prism Tag DyeDeoxy terminator cycle sequencing ready 

reaction kit (Perkin Elmer, The Netherlands), according to the instructions of the 

manufacturer. 

DNA was isolated from whole blood and lymphocytes as described by Miller et al.2' 

and approximately 100 ng was used for PCR amplification. When we tried to confirm the 

A2756G mutation on genomic DNA we observed that a large intron of over a 1000 bp was 

present in the genomic DNA at position 2775 of the cDNA. We sequenced the intron with the 

oligonucleotides MS28 and MS29 and selected an intronic oligonucleotide (MS30) (Table 2), 

to make screening for the A2756G mutation on genomic DNA possible. The PCR for 

detection of this mutation on genomic DNA was carried out in a total volume of 50 μΐ, 

containing 50 ng of the MS28 and MS30 oligonucleotides (Table 2), 200 μΜ each dNTP, 10 

mM Tris-HCl (pH 8.3), 50 mM KCl, 1.0 mM MgCl, and 1 unit Tag Polymerase (Life 
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Technologies, The Netherlands) PCR parameters were as follows an initial dcnaturation step 

ol 2 mm at 92FC, followed by 15 cycles of 92EC/60s (dcnaturation), 56bC/60s (annealing) 

and 72EC/90s (extension), and a final extension for 7 mm at 72CC The amplified PCR 

fragments were digested with the restriction enzyme Hae\\\ to screen for the presence of the 

A2756G mutation An 919AA genotype resulted in an uncut fragment of 265 bp, whereas an 

919AG genotype gave three fragments of 265, 180 and 85 bp, and a 919GG genotype showed 

two fragments of 180 bp and 85 bp 

Patient 

NTD 1 

N T D 2 

NTD 3 

NTD 4 

SAD 1 

SAD 2 

SAD 3 

SAD 4 

Sex 

M 

F 

Γ 

F 

F 

F 

F 

Γ 

Age (Years) 

23 

14 

30 

17 

34 

34 

31 

32 

Plasma folate 

(nmo 

14 0 

8 6 

73 

130 

160 

180 

130 

6 0 

1/L) 

Redi 

(nmc 

580 

390 

350 

350 

470 

470 

420 

440 

cell folate 

il/L) 

1 lomocysteine 

( μ η ο ΐ / ί ) 

165 

152 

21 0 

23 3 

158 

20 9 

27 8 

57 3 

Tabic! Patient profiles sex, age folate and fasting Hey levels of the selected hyperhomocysteinemic study 

group 

Statistics 

Odds ratios (OR) and 95% confidence intervals (95% CI) for the A2756G mutation were 

calculated to estimate the relative risk of this mutation in NTD patients, their mothers and 

SAD patients I he Hey concentrations per MS genotype were expressed as mean values ± SD 

Statistical significance was tested by a paired Wilcoxon Rank Sum-test P<0 05 was 

considered statistically significant, all Ρ values were two tailed 
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Name 

MS1F 

MS1BF 

MS2R 

MS3F 

MS4R 

MS5F 

MS6R 

MS7F 

MS8R 

MS9F 

MSI OR 

MSI1F 

MSI2R 

MS13F 

MS14R 

MS15F 

MSI6R 

MSI7F 

MS18R 

MS19F 

MS20R 

MS21F 

MS22R 

IVIS23r 

MS24R 

MS28F 

MS29R 

MS30R 

Sequence 

S'GCGTGTCTGGCTGCTAGGC 

S'CCGTCGTCACCTGTGGAGAGC 

VGTGATGTTCCTATAATCCGGCC 

S'AGGI 1 IGTGGCAGGGGCTC 

S'GCTCCCAI'nCCACCTGCAC 

rTTGGAGAGCGCTGTAATGTTGC 

S'AGTGGCCTCAGGGTC 1 1 IATTCC 

S'AGTCTGGCATGGACATGGGG 

S'CAGGTGCACTGTATCTCGGAGC 

rGACTCATCACTCCTTCCCTGG 

S'AACAGGCCCAGGTAGTCACG 

S'AGGCAACAGGCTGAGAAGGAC 

i'CAGGTAAGTGTCAGCCAGATGC 

'i 'ATTCTGCAGAAGAGGATTATGGTG 

S'GTCCCCATCCCTCCATCCAG 

S'CACTCTACATTGGATTAAATTGTGC 

5'CATTGGGATAACAGAGGACATAGGC 

•i'GATGAAGAAGGACAGGCAACAG 

5'TTTGTGTCTG 1 1 1CTGTTGCCTG 

S'CCTCAGGTTATAAAGTCAGCCCG 

S'ATGAAAGGAATAAGGTGGCCAAC 

VTTGAAGACTATGACCTGCAGAAGC 

S'GCTTCCAGTCAATGTAGTCCACC 

S'ACCATGTGGAGACTCGCAGAC 

STGGTGAGCI 1CTCGGTGTGG 

"i'GG rGTGTTCCCAGCTGTTAGATG 

-i'GAGGTTCAGACAGCCAATCC 

S'GACACTGAAGACCTCTGATTTGAAC 

Location 

-283 to -265 

-47 to -67 

503 to 482 

418 to 436 

1229 to 1210 

1121 to 1142 

1929 to 1907 

1811 to 1830 

2638 to 2617 

2492 to 2512 

3299 to 3280 

3196 to 3216 

3912 to 3891 

73 to 96 

116 to 97 

758 to 782 

862 to 838 

1501 to 1522 

1535 to 1513 

2191 to 2213 

2252 to 2230 

2882 to 2905 

2929 to 2907 

3562 to 3582 

3565 to 3546 

2673 to 2695 

2845 to 2826 

(intronic) 

Table 2 Oligonucleotide primers used for PCR and sequencing of the MS gene of hyperhomocysteinemic 

patients 

Numbering starts at the ATG-site as in Ledere et al (20) 
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Results 

The human MS gene was examined for involvement in mild hyperhomocystcinemia observed 

in NTD and vascular diseases. To look for mutations in the coding region of MS, MS cDNA 

from 4 NTD patients and 4 patients with SAD with mildly elevated Hey levels, was screened 

by direct sequencing. 

Total RNA of NTD patients was extracted from EBV cell lines, and that of the 

vascular patients from isolated lymphocytes. The isolated RNA was reverse transcribed to 

cDNA and amplified by PCR for direct sequencing analysis. RT-PCR of total lymphoblastoid 

and lymphocyte RNA yielded products of the expected size, indicating that MS is expressed 

in cultured lymphoblasts and lymphocytes. 

By direct sequencing of the entire coding region of MS of the selected patients with 

mild hyperhomocysteinemia, we observed three silent mutations in the cDNA of these 

individuals (Table 3). Furthermore, we identified an A to G transition at bp 2756, converting 

an aspartic acid into a glycine (D919G). This mutation was present in two SAD patients and 

one NTD patient, in a heterozygous state in all. The observed nucleotide substitution creates a 

//«el 11 restriction site, which allowed the confirmation of the D919G mutation on genomic 

DNA. 

Mulation 

Silent 

Polymorphism 

Location 

Λ2053Τ 

A2127G 

A3I44G 

A2756G 

Amino acid substitution 

lysine (685) to lysine 

glutamate (709) lo glulamate 

alanine (1048) to alanine 

aspartic acid (D919) to glycine (G) 

Table 3 Sequence différences found in the coding region of the MS gene of eight patients with mild 

hyperhomocysleinemid. 

To determine whether the A2756G mutation was a risk factor for NTD offspring and 

vascular disease, we screened for its prevalence in the genomic DNA of 56 NTD patients, 69 

mothers of children wilh NTD, 108 SAD patients and 364 Dutch controls. After amplitication 

of the appropriate region of the genomic DNA by a PCR reaction using primers MS28 and 
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MS30, the PCR fragment was digested with HaelU. The homozygous mutated 919GG 

genotype was present in only 1.8% of the NTD patients, 2.9% of their mothers, 2.8% of the 

SAD patients and 3.3% of the controls. Tabic 4 shows that the 919AG genotype was fairly 

prevalent, that is in 25% of the NTD patients, 27.5% of the mothers with NTD affected 

offspring, 28.7% of the SAD patients and 25.8% of the controls. The frequency in the control 

group of the Α-allele is 0.84 and of the G-allele 0.16. According to the Hardy-Weinberg 

equation the following genotype distributions were expected, 919AA genotype 70.6%; 919AG 

genotype 26.9% and 919GG genotype 2.6%, which is in agreement with the observed 

genotype distribution among the different study populations (Table 4). 

Ν Genotype (%) 

919AA 919AG 919GG 

Controls 

SAD patients 

Ν ID patients 

NTD mothers 

364 

108 

56 

69 

70 9 

68 5 

73.2 

69 6 

25 8 

28 7 

25 0 

27 5 

3 3 

28 

1 8 

29 

Table 4 Prevalence of the A2756G mutation in the MS gene of controls, SAD patients, NTD patients and their 

mothers. 

There was at the most only a slightly increased prevalence of the 919GG and 919AG 

genotypes in NTD patients, their mothers, and SAD patients, indicating that this amino acid 

change is not a major (if any) risk factor for NTD or SAD. This is reflected in the calculated 

ORs of 0.5-1.1 for the 919GG and 919AG genotypes in SAD patients, NTD patients and their 

mothers (Table 5). 

To examine whether the A2756G mutation in MS was associated with mild 

hyperhomocysteinemia, we determined the mean Hey levels of the different MS genotypes. 

1'he Hey levels of mothers with a NTD child with a 919AG genotype were elevated when 

compared with the Hey levels of mothers with a 919AA or 919GG genotype, but not 

significantly so. The Hey levels of NTD patients, patients with SAD and controls between the 

three MS genotypes did not differ (Table 6). 
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919GG genotype 919AG genotype 

SAD patients 

NTD patients 

Ν 1 D mothers 

OR 

0 9 

0 5 

0 9 

95% CI 

[ 0 3 - 4 0 ] 

[ 0 1 - 4 0 ] 

[ 0 2 - 3 9 ] 

OR 

1 1 

1 0 

1 1 

95% CI 

[ 0 8 - 1 6 ] 

[ 0 6 - 1 6 ] 

[ 0 7 - 1 6 ] 

Table 5 Calculated odds ratios (OR) and 95% confidence intervals (95% CI) for the 919GG and 919AG 

genotype vs the 919ΛΑ genotype of MS for SAD patients, NTD patients and their mothers 

Controls 

SAD patients 

NTD patients 

Ν TD mothers 

Ν 

364 

108 

56 

69 

Genotype 

9I9AA 

13 5(±4 5) 

13 9(±5 1) 

13 3(±3 7) 

12 8 (±2 9) 

919AG 

13 0 (±5 6) 

13 6 (±4 6) 

12 4(±3 2) 

15 1 (±11 2) 

919GG 

12 4(12 1) 

11 9(±2 7) 

15 5 (NP) 

12 4 (±0 3) 

Table 6 Relationship between MS genotype and plasma homocysteine levels in Dutch controls, SAD patients, 

Ν FD patients and their mothers 

Plasma homocysteine concentrations are expressed as means ± SD, in μιτιοΙ/ί NP, not possible, because n=l 

Discussion 

By direct sequence analysis of the complete coding region of MS we observed four mutations 

( Fable 3). Three were silent mutations, and only one mutation, an Λ to G substitution at bp 

2756 resulted in an amino acid change, of an aspartic acid into a glycine (D919G). D919 

corresponds to Q893 in E coli MS. This is at the penultimate position in a long helix that 

leads out of the cobalamin domain to the S-adenosylmethionine binding domain in the highly 

homologous bacterial MS 2''. Having the glycine residue at this position, which is a strong 

helix breaker, versus aspartic acid which is a moderate helix maker, could have an effect on 

the secondary structure of the protein and therefore have functional consequences. This 

A2756G transition has also been observed in cblG patients and controls in the study of Leclerc 

el al.20 
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A possible involvement of the D919G mutation in the risk for NTD and SAD was 

investigated by analyzing the prevalence of the A2756G mutation in the MS gene of NTD 

patients, mothers with NTD affected offspring and patients that had suffered from SAD during 

their pregnancy. No significantly increased prevalence of 919GG and 919AG genotypes was 

present in NTD patients, their mothers or SAD patients when compared with the prevalence 

among controls, resulting in ORs of 0.5-1.1 for NTD patients, their mothers and patients with 

SAD (Tables 4 and 5), indicating that this amino acid change is not a major (if any) risk factor 

for NTD or SAD. The presence of the D919G mutation has also no effect on the Hey levels 

(Table 4). This suggests that the D919G mutation in the MS gene is a fairly prevalent, but 

probably benign polymorphism. Expression studies with the D919G mutation will resolve 

whether this polymorphism has a significant effect on MS function, as might have been 

expected from its postulated effect on helix formation. 

The folate levels of mothers with NTD offspring are not deficient ", suggesting that 

there are no major nutritional folate deficiencies. The C677T mutation in the MTIIFR gene 

can explain at the most 27.4% of the protective effect of folate 7. Since folate administration 

reduces the risk for NTD by at least 70% or more4 5, this implies that there may be other 

genetic defects present in the folate-related Hey metabolism that can be corrected by an 

additional folate intake. In order to identify these candidate defective enzymes in the folate-

dependent Hey metabolic pathway, we recently analyzed the plasma cobalamin, plasma and 

red cell folate, and plasma Hey levels of NTD patients and their parents ". We observed, even 

after exclusion of those individuals homozygous for the C677T mutation in the MTHFR gene, 

significantly elevated Hey levels and decreased plasma folate levels in NTD patients and their 

parents. Plasma folate is mostly (80-90%) 5-MeTHF, which is the circulating form of folate. 

Thus, a defective MS would not lead to decreased plasma folate concentrations, but rather 

increased plasma folate concentrations, since 5-MeTHF is the substrate of MS in the 

remethylation of Hey to methionine. So, the results of our vitamin and Hey analyses of our 

NTD population " are in agreement with the present sequencing results. Neither indicate a 

direct or significant role for MS in the aetiology of NTD. It is possible that other mutations in 

MS may have been missed, since we screened MS in only 8 hyperhomocysteinemic patients 

by direct sequencing. However, if such mutations exist, they are unlikely to be present at high 

enough frequency to explain a significant proportion of the observed hyperhomocysteinemia 

among NTD and vascular disease patients. 
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Since, the elevated I Icy levels in patients with vascular disease, mothers ol children 

with NT D, or NTD patients, are probably not due to a decreased function of CBS or MS, and 

only partly due to the C677T mutation in the MTHFR gene, other enzymes involved in the 

folale-dependent Hey metabolism may be compromised In our vitamin study, we observed 

significantly decreased plasma folate levels in NTD families " Decreased S-MeTIIF levels 

have also been reported in patients with vascular disease 2728, suggesting the presence of other 

mutations present in MTHFR or other enzymes in the folate metabolism involved in the 

synthesis of 5-MeTHF Such candidate enzymes (Figure 1), leading to mild 

hyperhomocysteinemia in NTD and vascular disease, include serine 

hydroxymethyltransferase, methylenetetrahydrofolate dehydrogenase and the auxiliary redox 

proteins that regulate methionine synthase or MTHFR 
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Chapter 4 

Mild hyperhomocysteinemia and factors of endothelial dysfunction in 

healthy volunteers 

E F van der Molen, M den Heijer, C Postma, G M J Bos, Τ Κ A Β Eskes, C Kluft and H J 

Blom 

Summary 

Mild hyperhomocysteinemia and mutated MTHFR are associated with increased risk lor 

arteriosclerosis and thrombosis, but data concerning mutated MTHFR are inconsistent 

Elevated concentrations of von Willebrand Factor (vWF), tissue plasminogen activator (tPA), 

plasminogen activator inhibitor (PAI-1) and the ratio tPA/PAI are markers of endothelial 

dysfunction and associated with arteriosclerosis and thrombosis To investigate endothelial 

dysfunction in healthy volunteers, the relationship between these parameters were studied In 

a population based randomised placebo controlled study of 120 healthy volunteers with 8 

weeks of placebo or multivitamin therapy (5 mg folic acid, 0 4 mg hydroxycobalamin and 50 

mg pyndoxine) 92 were stratified into low (<16 μηιοΐ/ΐ, n=63) and a high homocysteine group 

(>16 μιηοΐ/ΐ, n=29) A significant higher tPA/PAI ratio in volunteers of the high homocysteine 

group compared with the low homocysteine group was found (mean (95% confidence 

interval), 0 30 (0 20-0 40) and 0 22 (0 17-0 26) respectively, p=0 02) This imbalance between 

tPA and PAI-1 suggested endothelial dysfunction in the high homocysteine group From all 

120 volunteers, individuals homozygous for mutated MTHFR (n=13) compared with 

heterozygous individuals and with wild type (n=107) a significantly lower vWF (mean (95% 

confidence interval), 63 (48-78) and 82 (75-89)%, respectively, p=0 03) was lound This 

result suggested a supnsingly beneficial effect of the mutation, because only elevated vWI 

concentrations are associated with endothelial dysfunction Multivitamin therapy significantly 

lowered the tPA/PAI ratio in the group volunteers as a whole, but did not effect vWF 

concentrations 

Introduction 

Mild hyperhomocysteinemia is a risk factor for arteriosclerosis and thrombosis'2 and can be 

caused by shortage of the involved vitamins (folic acid, vitamin B12 and B6) in homocysteine 

metabolism or by reduced function of its key enzymes (cystathionine ß-synthase (CBS), 

77 



Endothelial dysfunUion and hyperhomotysteinemia 

methylenetetrahydrofolate reductase (MTHFR) and methionine synthase (MS))1 

I lomozygosity for the common mutation 677C—>T in the MTHFR gene is associated with 

mild hyperhomocysteinemia'15, this association becomes most apparent if the folate status is 

low6 7 The TT genotype was also not found as a risk factor for thrombosis8'1 Cattaneo et al l0 

in their study found that the TT genotype is a risk factor for thrombosis only in combination 

with mutant factor V, which could not be confirmed by a study of Kluijtmans et al ' 

Recently, we tested the lowering effect of multivitamin supplementation (5 mg folic 

acid, 0 4 mg hydroxycobalamin and 50 mg pyndoxine) on the plasma total homocysteine 

concentration (tHcy) in healthy individuals and a reduction of tHcy of 30% was found' ' In 

particular folic acid has a very strong tHcy lowering effect in individuals with mild 

hyperhomocysteinemia In persons with the MTHFR 677 TT genotype the tHcy lowering 

effect of folic acid supplementation seems even stronger compared to the other genotypes" ' 

It seems likely, but not yet proven, that a lowered tHcy level should relate to a reduced risk for 

arteriosclerosis and thrombosis 

The mechanism by which mild hyperhomocysteinemia increases the risk of 

arteriosclerosis or thrombosis is still not elucidated Harpel11 reviewed in vitro studies which 

showed that homocysteine enhanced proliferation of smooth muscle cells and a stimulating 

effect on collagen synthesis Homocysteine even reduced the biological activity of 

endothelium-denved relaxing factorM and increased the fibrin binding of the atherogenic 

lipoprotcin(a) n These possible mechanisms could lead to atherosclerosis Homocysteine also 

showed an inhibiting effect on anticoagulant functions of endothelial cells, possibly leading to 

thrombosis" But the clinical relevance, as Lentz reviewed15, of these in vitro studies remained 

uncertain for three reasons 1 Most in vitro studies used unphysiologic high concentrations of 

homocysteine, 2 In most in vitro studies other thiol compounds such as cysteine showed the 

same adverse eflects 3 The results of most in vitro studies have not been confirmed in vivo 

Still there was considerable evidence from these in vitro studies that endothelial dysfunction 

might play a role in athero-and thrombogenesis of mild hyperhomocysteinemia15 

Von Willebrand Factor (vWF) is considered as a marker of endothelial dysfunction 

Flevated levels of vWF in blood are associated with atherosclerosis and thrombosis VWF is 

synthesised and stored in endothelial cells of the vascular wall The release of vWF is 

increased when endothelial cells are damaged and mediates platelet aggregation and adhesion 

to vascular endothelium" l7 
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Other factors of endothelial function are tPA (tissue plasminogen activator) and PAI-1 

(plasminogen activator inhibitor type I); which are endothelium derived proteins involved in 

fibrinolytic processes. tPA activates plasminogen to form plasmin, which disintegrates fibrin, 

and PAI-1 is its inhibitor. The ratio tPA/PAI-1 estimates the balance of fibrinolysis. Increased 

tPA- and PAI-1-antigen concentrations as well as a dysbalance of their ratio is associated not 

only with thrombosis but also with arteriosclerosis" l 9 2 0. 

In this study the relation between hyperhomocysteinemia and endothelial function is 

investigated by examining markers of endothelial function (vWF, tPA, and PAI) and tHcy 

concentrations and the MTHFR genotype in healthy volunteers. In a randomised placebo 

controlled setting the effects of multivitamin supplementation were also evaluated. 

Methods 

Sub] eels 

The group of volunteers was recruited from a general practice of family physicians in The 

Hague. Virtually all Dutch citizens are registered at a family physician. The practice consisted 

of 2812 people, who were invited to take part in a health survey of cardiovascular disease, and 

500 took part in the first survey.21 There were no exclusion criteria except pregnancy. From 

this group 230 volunteers agreed to take part in the second survey and were stratified into two 

groups; below or equal to 16 μιτιοΐ/ΐ plasma total homocysteine concentration (low tHcy 

group) and above 16 μιτιοΐ/ΐ tHcy (high tHcy group). The 16 μιτιοΐ/ΐ tHcy cut-off point was the 

80"' percentile in the first survey[21]. The group of 230 volunteers were randomised to 

placebo and various vitamin regimens, 107 got single vitamin supplementation, 60 

multivitamins and 63 placebo supplementation. The results of vitamin/tHcy analyses of this 

second survey were described by den Heijer et al.". The present study included sample 

analyses of markers of endothelial dysfunction from volunteers who used multivitamins or 

placebo's. During the trial 3 volunteers from the multivitamin group withdrew. Eventually 

120 volunteers fulfilled an 8-weeks daily placebo/multivitamin supplementation trial. The 

multivitamin tablet contained 5 mg folic acid, 0.4 mg hydroxycobalamin and 50 mg 

pyridoxine. In all 120 volunteers (50 men and 70 women) the 677C->T mutation in the 

MTHFR gene was analysed. 
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Sample preparation and analysis 

Venous blood samples from the volunteers were collected between 8 and 9 ΛΜ after an 

overnight fast I he volunteers refrained from alcohol consumption or any kind of medication 

at least 48 hours before venepuncture Ethylenediamine tetraacetate (EDTA) plasma was used 

lor tHcy determinations Citrate plasma (never the first tube in blooddrawing) was used for 

vWr and tPA determinations PAI-1 was determined in plasma (never of the first tube in 

blooddrawing) containing citrate with platelets stabilising agents (CTAD® citrate, 

theophylline, adenosine, dipynmidol) After venepuncture the tubes were immediately placed 

on ice EDTA-samples were centnfuged at 3500xg for 5 minutes within 2 hours and the 

plasma was separated and stored at -20oC Buffycoats of EDTA-samples were utilised for 

DNA isolation Citrate and CTAD samples were centnfuged at 1800xg for 30 minutes in a 

cooled centrifuge (40C) with a swing-out rotor, according update handling procedures for tPA 

and PAI-1-antigen measurements" 

Homocysteine analysis 

Total plasma homocysteine concentrations (tHcy) were measured by an automated high 

performance liquid chromatography (HPLC) method with reverse phase separation and 

fluorescent detection (Gilson 232-401 sample processor, Spectra Physics 8800 solvent 

delivery system and Spectra Physics LC 304 fluorometer) The detection limit was 0 5 

mmol/1 The intra- and inter run variation coefficient was < 5%21 

Mutation analysis 

Genomic DNA was isolated from buffycoats using the method first described by Miller et a l 7 1 

The presence of 677C—>T mutation in the MTHFR gene was investigated by PCR of genomic 

DNA and restriction enzyme digestion with Hinü, essentially according to Frosst et a l Λ 

Elisa assays 

Von Wille brand Factor (vWF) 

vWF antigen was determined by a sandwich ELISA modified from Ingerslev et al25 In brief 

96-wells plates (Nunc, Roskilde, Denmark) were coated with rabbit anti-human vWF 

polyclonal antiserum (A082, Dako A/S, Denmark) The reference line was made from 

dilutions (1 40, I 80, 1 160, 1 320, 1 640, 1 1280, 1 2560) of pooled citrate plasma of at least 
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20 healthy persons from our laboratory to washing buffer (PBS, 0.05 % Tween 20 (ICN Flow, 

Irving, Scotland). Blanks were samples washing buffer. The dilution 1:300, calculated from 

the reference line, equals 100%. Test samples were diluted 1:300 in washing buffer and 

expressed in percentages around this 100%. After incubating and washing rabbit anti-human 

vWF peroxidase conjugate (P226; Dako A/S, Denmark) was applied. After incubating and 

washing the substrate solution (20 ml of 0.05 mol/1 citric acid and 0.1 mol/1 Na 2 HP0 4 pH 5.0, 

40 mg ortho-diphenylalanine (OPD), and 20 μΐ 30 % H 20 2) was added. The reaction was 

stopped with 50 μΐ/wcll of 2 mol/1 HjSO,,. The optical density was measured at wavelength 

492 nm by Titertek Multiscan 340 CC. Measurements were performed in duplo. 

Tissue Plasminogen Activator (tPA) and Plasminogen Activator Inhibitor 1 (PAI-1): 

tPA and PAI-1 antigen were measured with commercial kits (Biopool Imulyse tPA, ΡΛΙ-1, 

Umeâ, Sweden) according to the procedure of the manufacturer. The tPA assay detects single

and two-chain tPA in complex with antiplasmin, PAI-1, and PAI-2. The PAI-1 assay detects 

active and latent PAI-1, whereas tPA/PAI-1 and uPA/-PAI-l complexes are poorly detected. 

To prevent pollution with latent PAI-1 from platelets, all PAI-1 measurements were 

performed from plasma samples collected in CTAD-tubes (with platelet stabilising factors) 

and treated with special handling procedures. 

Results 

Relation tHcy concentrations and markers of endothelial function. 

From the initially 120 volunteers who were stratified into two groups; the high tHcy group 

(>16μιηο1/1) and the low tHcy group (<16μΓηο1/1), 92 volunteers had tllcy concentrations both 

after the stratification of the results of the first survey and at the starting point of the second 

survey. Thus blood samples of only 92 healthy volunteers were used in studying the markers 

of endothelial function, 29 (14 men and 15 women) in the high tHcy group and 63 (23 men 

and 40 women) in the low tHcy group (the median age was not significantly different). The 

high tHcy group compared with the low tHcy group had significantly lower concentrations of 

scrum folate (p=0.0002) and a significantly higher tPA/PAI ratio (p=0.02) (Table 1). 

In the high tHcy group a correlation existed between tHcy and vitamin B12 

concentration (correlation coefficient=-0.43, p=0.02). A borderline significant correlation 
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existed between iHcy and the tPA/PAI ratio (correlation coefficient = 0.37, p=0.06). In the 

low tHcy group no correlations were found between tHcy and vitamin Β12 or tPA/ΡΛΙ ratio. 

No correlations could be found between concentrations of tHcy and the other markers of 

endothelial function in any group. 

high homocysteine group 

n=29 

low homocysteine group 

n=63 /'-value 

Homocysteine 

(μπιοΙ/Ι) 

serum folate 
(nmol/l) 

Vit. B12 

(pmol/l) 

vWP 

(%) 

tPA 
(ng/ml) 

ΡΛΙ-Ι 

(ng/ml) 

tPA/PAI 

22.4 
(19 5-25.2) 

4 6 

(4.0-5.3) 

326 
(275-377) 

86 

(69-103) 

9 7 
(7 5-11.9) 

57 

(31-83) 

0 30 

(0 21-0.40) 

11.4 

(10 8-12.0) 

6.2 
(5 7-6 7) 

375 

(338-412) 

77 

(69-83) 

9.3 

(8.3-10 3) 

77 

(57-99) 

0.22 

(0.17-0.26) 

' 0 0001 

0.0002 

0.14 

0.43 

0 73 

0 18 

0 02 

Table I 
Mean concentrations (95% confidence interval) of vitamins and markers of endothelial function in volunteers of 
the high homocysteine group (tHcy > 16 μπιοΙ/Ι) and the low homocysteine group (tHcy < 16 μιηοΙ/1) 
^-values between groups were calculated with Wilcoxon rank sum tests. 

Relation MTHFR genotype and markers oj endothelial junction 

The MTHFR mutation was analysed of in total 120 volunteers, 13 (7 men and 6 women) 

individuals were homozygous for the 677C-»T mutation in the MTHFR gene (TT genotype) 

and 107 (43 men and 63 women) were heterozygous (CT genotype) or had the wild genotype 

(CC genotype). The median age of the 13 individuals with the TT genotype was not 

significant different of the 107 individuals with the CT or CC genotype. Individuals with the 

TT genotype compared with individuals with the CT or CC genotype had significant lower 

scrum folate concentrations (p=0.02), and significant lower vWF concentrations (p=0.03) 

( fable 2). 
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Analysis of variance of vWF concentrations in the different genotypes showed a trend 

(p=0.08) of lower vWF concentrations in individuals with TT genotype. 

Homocysteine 
(μηιοΙ/Ι) 

serum folate 
(nmol/l) 

VÌIB12 
(pmol/l) 

vWF 
(%) 

tPA 
(ng/ml) 

PAI-I 
(ng/ml) 

tPA/PAl 

TT genotype 
n=13 

20 2 
(13 0-27 4) 

4.5 
(3.4-5.5) 

339 
(248-431) 

63 
(48-78) 

94 
(6 7-12 1) 

67.4 
(20.9-113.8) 

0 29 
(0.08-0.50) 

CT and CC genotype 
n=107 

14 1 
(13.2-15.0) 

56 
(5.2-6 0) 

353 
(324-382) 

82 
(75-89) 

92 
(8.5-10.0) 

69 8 
(54 7-84.9) 

0.24 
(0.21-0 27) 

P-value 

0.06 

0 02 

0 55 

0 03 

0.89 

0 88 

091 

Tabic 2 
Mean concentrations (95% confidence interval) of tHcy, serum folate, vitamin B12 and markers of endothelial 
function in volunteers with the TT genotype versus the other genotypes of the 677C->T mutation in the M FHFR 
gene. 
/^-values between groups were calculated with Wilcoxon rank sum tests. 

If only individuals with high serum folate levels (> 5.1 nmol/l (median), (n=66)) were 

analysed this trend became significant (p=0.049). Significant difference (p=0.001) between 

serum folate concentration in the different genotypes (TT, CT, CC) was found, with the lowest 

concentration in individuals with the TT genotype (Kruskal-Wallis one-way analysis of 

variance). 
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The effect of multivitamin therapy on the relationship between homocysteine and markers of 

endothelial function 

In all volunteers (n=57) who received multivitamins for 8 weeks, the treatment resulted, 

besides the expected significant lower tHcy and higher concentrations of serum folate and 

vitamin Β12, in a significant higher PAI-1 concentration (p=0.03) and a significant lower 

tPA/PAI ratio (p=0.02) (Table 3). In volunteers of the high tHcy group (n=21) who received 

multivitamins no significant difference could be found before and after therapy in tPA/PAI or 

PAI-1 concentration, but in the low tHcy group(n=29) who received multivitamins a 

significant higher PAI-1 concentration (p=0.01) and a significant lower tPA/PAI (p=0.01) was 

found. Multivitamin therapy had no effect on vWF concentrations. 

In volunteers with the TT genotype no effect of therapy could be shown, but in a subgroup 

of individuals with the TT genotype and lower serum folic acid concentrations (<5.1 nmol/1) 

(n=7), 4 out of 5 individuals who received multivitamin therapy the vWF concentration 

decreased, but the number of this subgroup was too small to reach statistical significance. 

Discussion 

A possible relation between elevated tHcy and markers of endothelial dysfunction was studied 

in healthy volunteers after dividing them in a high tHcy group (>16 μιτιοΐ/ΐ) and a low tHcy 

group (< 16 μπιοΐ/ΐ). Individuals of the high tHcy group compared with individuals of the low 

tllcy group had a significant higher tPA/PAI ratio (p=0.02). The tPA/PAI ratio of all 

volunteers together correlated with tHcy concentrations ( correlation coefficient = 0.27, 

p=0.01). In individuals of the high tHcy group the correlation between tPA/PAI ratio and tllcy 

concentrations seemed more pronounced (correlation coefficient = 0.37, p=0.06), whereas in 

the low tHcy group no correlation was found, indicating that especially high tHcy 

concentrations correlated with the tPA/PAI ratio. Normally in healthy persons the tPA and 

PAI-1 concentrations are coupled, therefore the tPA/PAI ratio would not change much. A 

changed tPA/PAI ratio could be caused by disproportionate concentrations of tPA and PAI-1. 

This could reflect a changed endothelial function, possibly endothelial dysfunction20. The 

results of the present study indicated therefore a negative effect of elevated tHcy on 

endothelial function in healthy volunteers. 
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Although all volunteers, who received multivitamins for 8 weeks, had a significant 

higher PAI-1 concentration (p=0.03) and a significant lower tPA/PAI ratio (p=0.02), 

volunteers of the high tHcy group compared with the low tHcy group the tPA/PAI ratio 

remained still significantly higher, suggesting only a partly normalising effect of 

multivitamins on endothelial function after multivitamin therapy. 

Volunteers with the MTHFR 677 TT genotype had, as reported before, a higher tHcy 

and a significant lower serum folate concentration compared to the other genotypes [5-7,12]. 

homocysteine 
(μιηοΙ/Ι) 

serum folate 
(nmol/l) 

vitamin Β12 
(pmol/l) 

vWF (%) 

tPA(ng/ml) 

ΡΛΙ-1 (ng/ml) 

tPA/PAI 

Multivitamin 
n=57 

before 

14 6 
(13 0-16 1) 

55 
(4 9-6 0) 

345 
(307-383) 

81 4 
(73.1-89.7) 

8.7 
(7.7-9.8) 

58.2 
(39.6-76.7) 

0.27 
(0.21-0.32) 

| after 

9.6'· 
(8.9-10.3) 

41.9 '• 
(33.7-50.2) 

407 '' 
(366-447) 

80.9 
(69.6-92 3) 

90 
(7 9-10 1) 

61 82" 
(42.2-81.3) 

0.25 >· 
(0 19-0.30) 

Placebo 
n=63 

before 

14 9 
(13.3-16 5) 

56 
(5 2-6 1) 

368 
(330-407) 

78.5 
(69 4-87 6) 

97 
(8 7-10 7) 

79.3 
(58.2-100.3) 

0.22 
(0.18-0 27) 

| after 

14.1 
(12 9-15 3) 

S S 4 -

(5 5-6 8) 

327 , · 
(285-369) 

75 1 
(66 2-84.0) 

10.0 
(9 0-11.0) 

78.7 
(56 8-100 7) 

0 22 
(0 18-0.26) 

Table 3 
Mean concentrations (95% confidence interval) of tHcy, serum folate, vitamin B12 and markers of endothelial 
function before and after 8 weeks multivitamin or placebo therapy. 
T-valucs between groups were calculated with Wilcoxon matched-pair signed-rank tests. 
Significant difference before and after 8 weeks of multivitamin therapy *1: p-value O.OOOl, *2 p-value - 0.03, 
*3 p-value-0.02 
Significant difference before and after 8 weeks of placebo therapy. *4: p-value = 0.02, 
*5 p-value = 0.0001 

An unexpected finding was the significant lower vWF concentration in individuals with the 

TT genotype. Elevated concentrations of vWF are associated with endothelial dysfunction and 

consequential vascular disease"' ". The TT genotype is associated with elevated tHcy and 

therefore theoretically a possible genetic risk factor for vascular disease, but this could not be 
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confirmed or excluded by population studies'1. Our results of decreased vWF concentrations 

suggested that, the TT genotype has besides a negative effect related to elevated tHcy 

concentrations, also a possible positive effect on endothelial cell function as indicated by 

decreased vWF levels. Ma et al.26 reported a two-fold reduced risk of colorectal cancer in 

individuals with TT genotype. They suggested that the 677C-»T mutation in the MTHFR 

gene reduced the concentration of 5-methyl-tetrahydrofolate (substrate of homocysteine 

remethylation) in plasma/serum and increased the concentration of the other different one-

carbon derivatives of tetrahydrofolate intracellular, leaving more one-carbon units available 

for synthesis of purine and thymidine, which are the building stores of DNA26. In particular 

the synthesis of thymidine, which has no salvage pathway like the purines, may be 

compromised in fast dividing cells such as regeneration after endothelial injury26. The present 

study also showed, as reflected by the presence of the correlation between vWF concentrations 

and different MTHFR genotypes only in volunteers with serum folate above the median, that 

the beneficial effect of the TT genotype (i.e. reduced vWF concentrations) is only present in 

combination with higher serum folate levels. The positive effect of the TT genotype in well 

nourished individuals may out-weight the negative effect of the TT genotype related to 

elevated tHcy. Thus TT genotype would only emerge as a risk factor in a population with a 

general low folate status. Brattström et al. concluded in their meta-analysis that the 677C—>T 

mutation in the MTHFR gene is a major cause of mild hyperhomocysteinemia, but this 

mutation does not increase the cardiovascular risk7. The role of the 677C—»T mutation for 

vascular disease seems to be double-edged: on the one hand the TT genotype acts atherogenic 

and thrombogenic via its association with elevated tHcy concentrations, on the other hand the 

TT genotype may have a beneficial effect, because it may result in increased intracellular 

levels of the different one-carbon units of tetrahydrofolate, required for adequate DNA 

synthesis. 

The TT genotype did not relate the other markers of endothelial function, tPA, PAI-1 or the 

tPA/PAI ratio. 

No effect of multivitamin therapy on VWF concentrations was found. In contrast with 

the results of the study of Van den Berg et al.27, who found significant lower vWF 

concentrations after 12 months of tllcy lowering therapy in 18 patients with premature 

vascular disease. However in the study of Van den Berg et al.27 no placebo group was used. 

According to our study a direct effect of tHcy lowering therapy on vWF concentrations is not 
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apparent in healthy volunteers. The possible beneficial effect of multivitamin therapy in 

volunteers with the TT genotype may not have reached statistical significance, because the 

number of these individuals with low serum folate levels who received multivitamin therapy 

was very small (n=5), nevertheless in 4 of those 5 individuals the vWF concentration was 

decreased after multivitamin therapy. 

In conclusion: an association between elevated homocysteine levels and an elevated 

tPA/PAI ratio was found, indicating a relation between homocysteine and endothelial 

dysfunction which could partly be corrected by multivitamin therapy. 
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Factors of coagulation/fibrinolysis and hyperhomocysteinemia in women 

with a history of placental vasculopathy 

F.F. van der Molen, H. van Lith-Zanders, S.G. Heil, CM.G. Thomas, T.Κ.Λ.Β. Fskes , 

F.A.H. Monnensand H.J. Blom 

Summary 

In this study the endothelial function was evaluated in 101 nonpregnant women with a history 

of placental vasculopathy (study group) versus 92 matched controls, including the possible 

relation with hyperhomocysteinemia the effect of homocysteine-lowering therapy. We 

measured plasma concentrations of homocysteine and the vitamins folate, vitamin Β12, B6 

and the markers of endothelial function: von Willebrand Factor (vWF), thrombomodulin 

(TM), tissue plasminogen activator (tPA) and plasminogen activator inhibitor (PAI-1) and 

markers of coagulable/fibrinolytic state: prothrombin fragment 1+2 (F 1+2) and fibrin 

degeneration product D-dimer. Homocysteine, the vitamins, vWF, tPA and PAI-1 were 

measured before and after 8 weeks of homocysteine lowering therapy. We found in the study 

group a significant higher concentrations of vWF, ™ and F 1+2. Only TM was correlated 

significantly with homocysteine. Women of the study group with elevated homocysteine 

levels had a significantly lower vWF after homocysteine lowering therapy. We concluded that 

the endothelial function was compromised in women with a history of placental vasculopathy. 

In part, this may be attributed to hyperhomocysteinemia. Indications of a beneficial effect of 

homocysteine lowering therapy were found. 

Introduction 

Placental vasculopathy (PV) is the result of an impaired feto-placcntal circulation. PV mostly 

presents itself in the last trimester of pregnancy and is rather common with a prevalence of 

approximately 1-2% U2 of all pregnancies, it carries a high risk of fetal mortality or lifelong 

handicaps caused by prematurity and dysmaturity. PV is ascribed to the vascular changes in 

the spiral arteries of the mother which resemble vascular changes seen in patients with 

vascular disease Xi. 
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There are strong indications that disturbances in the coagulation system, such as 

Protein C or S deficiencies, activated Protein C resistance and Factor V Leiden predispose for 

pregnancy complications similar to placental vasculopathy 5"e. 

Hyperhomocysteinemia is a risk factor for vascular disease and also for pregnancy 

complications such as PV 9. Hyperhomocysteinemia can be caused by genetic defects of key 

enzymes in the homocysteine metabolism: cystathionine ß-synthase (CS), methylene 

letrahydrofolate reductase (MTHFR), methionine synthase (MS), or deficiencies of the 

involved vitamins: folate, vitamin B12 and B6. I0. The common mutation 677C—>T in the 

MTIIFR gene is associated with hyperhomocysteinemia " and is also a risk factor for PV 

(unpublished data). Administration of folic acid, vitamin Β12 and B6 will reduce elevated 

plasma homocysteine levels in nearly all individuals '2. Folic acid seems to be the most 

effective component of the homocysteine lowering therapy. It decreases plasma homocysteine 

concentrations for 25% whereas folic acid in combination with vitamin B12 and B6 results in 

a 30% decrease ' '. 

Possible etiologic mechanisms of homocysteine in vascular disease are endothelial 

dysfunction, hypercoagulability and impaired endothelium dependent vasodilatation 12. To 

explore this pathogenic mechanism we measured plasma concentrations of factors in 

coagulation/fibrinolysis, among some are also markers of endothelial function, such as: 

1. von Willebrand Factor (vWF) and thrombomodulin (TM)14, related to the coagulation status 

and 2. tissue plasminogen activator (tPA), plasminogen activator inhibitor (PAI-1) and the 

tPA/PAI ratio l5, related to the fibrinolytic status. To investigate general activation of 

coagulation or fibrinolysis, plasma concentrations were measured of prothrombin fragment 1 

and 2 (Fl+2) and the fibrin degradation product D-dimer respectively l6"'8. Plasma 

concentration of total nitrite and nitrate was measured as an indication of plasma nitric oxide 

( N O ) l 9 which has vasodilating properties 20. Former studies among patients with vascular 

disease indicated relationships between the concentrations of plasma homocysteine and vWF 

21 •", TM 2\ PAI-1 22, Fl+2 24 and NO 25. Therefore the plasma concentrations of the factors of 

coagulation/fibrinolysis, vWF, TM, tPA, PAI-1, Fl+2 and D-dimer in women with a history 

of PV were compared with matched controls. The relationship between factors in 

coagulation/fibrinolysis and plasma homocysteine was also investigated including the effect 

of homocysteine lowering therapy (5mg folic acid daily for 8 weeks). 
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Materials and methods 

Suh/ects 

The study comprised 105 women in the study group and 97 women in the control group. The 

women from the study group were below the age of fifty with a history of placental 

vasculopathy, which was defined as placental infarcts with fetal growth retardation or 

placental abruption diagnosed according clinical, laboratory and histological standards as 

described previously (9). The women of the study group were recruited from hospital records 

at the University Hospital Nijmegen. 

The women of the control group were unrelated to those of the study group, were less 

then the age of fifty years, matched for age (± 5 yr.) and occupation (untrained, middle and 

highly trained work). All the control women were without a history of placental vasculopathy 

and had had at least one pregnancy. Half of them were acquaintances of the women in the 

study group and the remaining half were recruited from matched occupation groups at the 

University Hospital Nijmegen. 

age(yr) 

BMI (body mass index) 

Pregnancies (no ) 

Life bom child (no ) 

OAC use (%) 

Smoking (%) 

Alcohol iise(%) 

Cottce use (%) 

creatinine (mmol/l) 

ΑΙ .ΑΓ(υ/Ι) 

cholesterol (mmol/l) 

triglycerides (mmol/l) 

Study group 

median (5-95% 

range) 

33 5(25 8-41 6) 

24 3(19 6-32 6) 

3(1-5) 

2 (0-3) 

30 

45 

59 

83 

74(64-91) 

9(6-23) 

5 0 (4 0-7 0) 

1 05 (0 52-2 49) 

η 

105 

104 

105 

105 

105 

105 

105 

105 

102 

103 

103 

101 

Control group 

median (5-95% 

range) 

35 2(28 1-47 5) 

244(195-323) 

2(1-4) 

2(1-4) 

28 

36 

60 

85 

76 (65-86) 

9(6-16) 

5 0 (3 6-6 6) 

0 85(0 41-1 98) 

π 

97 

96 

97 

97 

94 

97 

97 

97 

97 

96 

96 

77 

P-value 

0 02 

η s 

0 02 

0 004 

η s 

η s 

η s 

η s 

η s 

η s 

η s 

0 006 

Table 1 General characteristics of women in the study group and the control group 

η s - no significant difference, OAC = oral anticonseptives Statistical analysis with Wilcoxon rank sum test and 

Chi-squarc test 
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Of the study group 70 and of the control group 69 women fulfilled the second part of the 

study, ι e a randomised placebo-controlled survey in which they received either 5mg folic 

acid daily, or a placebo for 8 weeks Eventually, 41 women of the study group received folic 

acid and 29 women a placebo, and this apparently unbalanced distribution occurred because 

11 women from the study group could not be randomised because of their pregnancy wish and 

their receipt of folic acid therapy In the control group 35 of the participating women received 

folic acid and the remaining 34 women were on placebo therapy 

All the participants were healthy and not pregnant throughout the whole study, and had 

no evidence of diabetes mellitus, renal or liver dysfunction as revealed by appropriate tests 

None of the participants used any kind of vitamin supplementation at least three months prior 

to the start of the study 

The study was approved by the Institutional Review Board of the University Hospital 

Nijmegen, the Netherlands Informed consent of the participating women was obtained after 

explanation of the objectives of the study 

Sample preparation and analysis 

Venous blood samples were collected between 8 and 9 AM after an overnight fast All women 

refrained from alcohol consumption or any kind of medication at least 48 hours before venal 

puncture Plasma of blood collected in vacutainer tubes with ethylenediamine tetra-acetatc 

(FDTA) was used for homocysteine determinations Buffycoats were used for DNA isolation 

Blood collected in dry and heparmised tubes was used for the vitamin analysis of total folate 

in serum and red blood cells, vitamin Β12 in serum and pyndoxal 5'-phosphate (PLP) in 

whole blood Plasma of the vacutainer tubes with citrate was used for determinations of von 

Willebrand Factor (vWF), thrombomodulin (TM), prothrombin fragment 1+2 (F 1+2), tissue 

plasminogen activator (tPA) and D-dimer Plasminogen activator inhibitor 1 (PAI-1) was 

determined in plasma containing citrate with platelets stabilising agents (CTAD® citrate, 

theophylline, adenosine, dipynmidol) and heparmised plasma was used for nitrite (reflecting 

NO production) determinations Samples were centnfuged at 1800xg for 30 minutes in a 

cooled centrifuge (40C) with a swing-out rotor, according update handling procedures for tPA 

and PAI-1-antigen measurements 2 6 
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Total homocysteine concentrations 

Total homocysteine concentrations in plasma were measured by an automated high perfor

mance liquid chromatography (HPLC) method with reverse phase separation and fluorescent 

detection (Gilson 232-401 sample processor. Spectra Physics 8800 solvent delivery system 

and Spectra Physics LC 304 fluorometer) The detection limit was 0 5 μηιοΐ/ΐ The intra- and 

inter assay coefficients of variation were < 5% " 

Mutation analysis MTHFR 

Gnomic DNA was isolated from buffycoats using the method first described by Miller et al 

(28) The presence of the 677C—>T mutation in the MTHFR gene was investigated by 

polymerase chain reaction (PCR) amplification of gnomic DNA and followed by digestion 

with the restriction enzyme Hinfl, essentially according to Frosst et al " 

Vitamin analysis 

Total folate and vitamin B12 concentrations were measured simultaneously with Dualcount 

Solid Phase Boil Radioassay (Diagnostic Products Corporation, Los Angeles, CA) as 

described previously ,') Determination of PLP ("active vitamin B6") was performed by HPLC 

analysis ^ 

Determinations of coagulation/fibnnolysisJactors 

Von Willebrand Factor (vWF) antigen was determined by a sandwich ELISA modified from 

Ingerslev et al M 1 hrombomodulin (Asserachrom Thrombomodulin, Diagnostica Stago, 

Asmeres-sur-Seine, France), Prothrombin fragment F1+2 (Enzynost F 1+2, Behnngwerke 

AG, Marburg, Germany), tissue plasminogen activator (tPA), plasminogen activator inhibitor 

1 (ΡΛΙ-1) and D-dimer (Biopool Imulyse tPA, PAI-1, Umeâ, Sweden) antigen were measured 

with commercial kits according to the procedure of the manufacturer The nitric oxide (NO) 

concentration was determined by measuring plasma nitrite and nitrate concentrations using the 

Gness reaction after reduction of all nitrate into nitrite according the method described by 

Moshage et al " 
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Data analysis 

Concentrations are given as medians with 95% confidence intervals (CI). Quantitative 

differences between study and control group were analysed by the Wilcoxon Mann Whitney 

rank sum tests and proportional differences by uncorrected chi square tests. Ρ < 0.05 was 

considered to be statistically significant. Differences in response within treatment groups were 

analysed by Wilcoxon signed-rank tests. Correlations were calculated with Spearman's Rank 

tests. The risk of vascular placenta pathology was analysed by calculating odds ratios with 

95% CI . 

Study group η Control group η P-value 
median (5-95% range) median (5-95% range) 

tHcy (μπιοΙ/Ι) 

Folate (s)(nmol/l) 

Folate (rbc)(nmol/l) 

VitB12(pmol/l) 

Vit B6 (nmol/l) 

vWF (%) 

TM (μ8/|) 

F 1+2 (nmol/l) 

tPA (Mg/l) 

PAI-I (μΕ/πιΙ) 

tPA/PAl (μΒ/μΒ) 

D-dimer^ig/ml) 

ΝΟ(μπιο1/Ι) 

12 3(8 7-24 4) 

13(5 7-241 

550(310-940) 

210(100-400) 

41 (27-61) 

93(47-151) 

26(12-48) 

1 5 (0 8-3 5) 

4 1 (1 3-9 3) 

8 0(1 0-32 2) 

0 54(0 13-3 13) 

80 9(37 5-174 1) 

22 4(1 8-62 2) 

105 

105 

105 

105 

105 

102 

76 

96 

96 

100 

94 

102 

95 

12 4(9 2-20) 

14(7 5-25) 

560 (300-860) 

240(120-450) 

43 (30-74) 

82(33-150) 

23(13-37) 

1 3 (0 8-2 6) 

3 7(1 3-9 0) 

7 9(1 1-22 9) 

0 54(0 16-2 78) 

85 5(41 8-168 5) 

28 2(0-103 5) 

97 

96 

97 

97 

97 

94 

79 

91 

91 

89 

83 

92 

75 

0 86 

0 10 

0 97 

0 02* 

0 07 

0 02* 

0 04* 

0 03* 

0 62 

0 93 

0 63 

0 54 

0 16 

Tabic 2 Concentrations of plasma homocysteine (tHcy), blood vitamins folate in serum (s) and red 

blood cells (rbc), vitamin Β12 and B6 and factors of coagulation/fibnnolysis von Willebrand Factor (vWF), 

thrombomodulin ™, Prothrombin fragments (F 1+2), tissue plasminogen activator (tPA), plasminogen activator 

inhibitor I (PAI-I), ratio tPA/PAl, D-dimerand nitric oxide (NO) in women of the study group and the control 

group in median (5-95% range) * Significant differences, statistical analysis with Wilcoxon rank sum test 
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Results 

Study group versus control group 

The clinical and laboratory characteristics of the study group (n=105) and controls (n=97) are 

presented in Table 1. Although the control group was matched for age (± 5 years) and all were 

below the age of fifty, the women of the control group were significantly older than those of 

the study group (median age and 5-95% range in years of 35.2 [28.1-47.5] and 33.5 [25.8-

41.6], respectively, p=0.02). The women of the study group compared to the control group 

had a significantly higher number of pregnancies (median and range of 3 f 1-5] and 2 [1-4], 

respectively, p=0.02), a significantly lower number of life born healthy children (median and 

range of 2 [0-3] and 2 [1-4], respectively, p=0.004) and significantly higher triglycerides 

concentrations (median and 5-95% range in mmol/1 of 1.05 [0.52-2.49] and 0.85 [0.41-1.98] 

respectively, p=0.006). 

In fasting blood samples from women of the study and the control group concentrations 

of plasma homocysteine, the involved vitamins and factors of coagulation/fibrinolysis were 

measured (Table 2). No significant differences between study and control group were found in 

concentrations tHcy, folate (serum and red blood cells) and vitamin B6. Only the 

concentration of vitamin B12 was significantly lower in the study group compared to the 

controls (210 [100-400] and 240 [120-450] pmol/1 respectively, p=0.02). Analyses of factors 

of coagulation/fibrinolysis showed that the women of the study group compared to controls 

had significantly higher median concentrations [5-95%) range] of vWF of 93 [47-151] and 82 

[33-150] % respectively with p=0.02, TM of 26 [12-48] and 23 [13-37] ng/ml respectively 

with p=0.04 and F 1+2 of 1.50 [0.82-3.50] and 1.30 [0.80-2.60] nmol/1, respectively with 

p=0.03 (Table 2). 

The odds ratios at different cut-off levels of plasma homocysteine, blood vitamins and 

coagulation/fibrinolysis factors between study group and controls are presented in Fig. 1. The 

plasma homocysteine distribution in the study group compared to controls had a long tail to 

the right, resulting in increased relative risks as reflected by odds ratios [95% CI (confidence 

interval)] above the 80"', W* and 95* percentile of controls (tHcy > 14.4. 17.8 and 20 μιτιοΐ/ΐ) 

of 2.23 [ 1.18-4.24], 1.76 [0.72-6.44] and 3.29 [ 1.03-10.5] respectively. Distributions of 

vitamin Β12 and B6 in the study group were skewed to the left resulting in odds ratios below 

the 5'" percentile of controls (vitamin B12 < 121 pmol/1 of 3.55 [1.26-10.0], vitamin B6 < 31 

nmol/1) of 3.06 [1.07-8.76]). The distribution of vWF in the study group seemed shifted to the 
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left, resulting in odds ratios below the 10lh, 20 ,\ and 25lh percentile of controls (vWF < 39, 54 

and 57%) of 0 26 [0 07-0 97], 0 43 [0 19-0 99] and 0 48 [0 24-0 98] respectively The odds 

ratios above the 75", and 80"' percentile vWF concentration of controls (>101 and 107%) was 

2 08 [1 13-3 82] and 2 05 [1 08-3 89] respectively Thrombomodulin distribution in the study 

group had a long tail to the right resulting in odds ratios above the 75lh, 80'1' and 90"' percentile 

ol controls ( ΓΜ > 27 4, 28 4 and 32 7 ng/ml)of 1 92 [0 97-3 82], 2 38 [1 17-4 82] and 2 75 

11 12-6 79], respectively Concentrations of NO (represented by total nitrite and nitrate 

concentrations) of the control group had a long tail to the right compared with the study group 

resulting in an odds ratio for women of the study group above the 90"' percentile of NO 

concentration ot controls (> 67 9 μτηοΐ/ΐ) of 0 18 [0 04-0 88] and none of the study group had 

NO concentrations above the 95"' percentile of controls (>103 2 μπιοΐ/ΐ), presented in an 

infinite odds ratio No distribution differences were found between study group and controls 

in the case of folate (in serum and red blood cells), F 1+2, tPA, PAI-1 and D-dimer 

llomocysleme related differences 

Women of the study group with a homocysteine concentration above the median were 

compared with women having homocysteine concentrations below the median, resulting in a 

significantly lower median (range 5-95%) serum folate ol 12 (5 6-22) ν 14 (6 6-26) nmol/1, 

red blood cell folate of 475 (210-990) ν 600 (360-940) nmol/1 and vitamin B12 of 190 (82-

340) versus 230 (110-410) nmol/1 Vitamin B6, the factors of coagulation/fibrmolysis and NO 

did not show differences in concentrations between women with tllcy above and below the 

median 

In the control group women with tHcy above the median versus women below the 

median were compared, resulting in respectively a significantly lower median (range 5-95%) 

serum folate of 12 (4 7-24) versus 18 (8 7-27) nmol/1, red blood cell folate of 510 (260-760) 

\ersus 600 (410-860) nmol/1, vitamin B12 of 230 (99-400) versus 260 (130-560) pmol/1 and 

vitamin B6 of 41 (29-66) versus 47 (31-75) nmol/1 In women with tHcy concentration above 

the tHcy median versus below the median a significantly lower concentration of PAI-1 

(median (range 5-95%)) was found of 6 6 (1-37 4) and 10 8(1 4-25 4) ng/ml respectively and 

a significant higher tPA/PAI ratio of 0 65 (0 22-2 87) and 0 40 (0 09-2 50) respectively The 

other factors of coagulation/fibrmolyis and NO did not show differences 
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The correlations between plasma homocysteine concentrations and all studied vitamins 

and coagulation/fibrinolysis factors of women in the study group and controls were calculated 

(Table 3). Significant correlations between plasma homocysteine and folate ( serum, red blood 

cells) and vitamin B12 were observed with the study as well as the control group. In the study 

group significant correlations were found between plasma homocysteine and thrombomodulin 

and between serum folate and F1 +2. Only in the control group significant correlations 

between plasma homocysteine and vitamin B6, PAI-1 and tPA/PAI-ratio were found (Table 

3). 

Study group Control group 

Correlation coefficient Correlation coefficient 

(/'-value) (P-value) 

tHcy correlates with 

Folate (s) correlates with 

folate (s) 

folate (rbc) 

vitamin B12 

vitamin B6 

thrombomodulin 

PAI-I 

tPA/PAl 

F 1+2 

-0 37(0 0001) 

-0.30 (0.002) 

-0 33 (0.0006) 

η s 

0 23 (0 04) 

η s. 

η s 

-0 22 (0.04) 

-0 49(<0 0001) 

-0.35 (0.0005) 

-0.28 (0.006) 

-0 31 (0 002) 

n.s 

-0.25 (0.02) 

0 34 (0 0002) 

η s 

Tabic 3 Significant correlations of plasma homocysteine (tHcy) and folate in scrum (s) with other 

parameters of the study group and of the control group Statistical analysis with the Pearson correlation test 

η s = no significant difference. 

Homozygosity (TT-genotype) of the MTHFR 677C-^T mutation was found in 13 (13%) 

women of the study group and in 4 (5%) of the control group. The odds ratio for carriers of 

the TT-genotype versus the CT and CC-genotype as an estimate of relative risk of placental 

vasculopathy was 3.29 [95% confidence interval 1.03-10.5]. To analyse associations between 

the MTIIFR genotypes CC, CT and TT and plasma homocysteine, blood vitamins, and 

coagulation/fibrinolysis factors, their concentration differences were tested with the Kruskal 

Wallis one-way analysis of variance. Calculations which reached significance are presented in 

Table 4. In women of the study group with the TT genotype plasma homocysteine was 

increased (p=0.0002), serum folate decreased (p=0.009), vitamin Β12 borderline decreased 
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tHcy (μπιοΙ/Ι) 

Folate (s) (nmol/l) 

Vitamin B12 (pmo 

Γ 1+2 (nmol/l) 

l/l) 

12 3 ( 9 1-19 3) 
η = 4 9 

14(6 7-26) 
η = 48 

220(110-400) 

η = 49 

I 2 5 ( 0 82-3 I) 
η = 47 

11 4 (8 3-20 9) 
n = 41 

13(6 4-24) 
n = 41 

210(86-400) 
n = 41 

1 5 5 ( 0 82-3 1) 
η = 35 

23 1 (10 1-31) 
n = 13 

8 8 (4 4-22) 
n = 1 3 

140(69-290) 
n = 13 

1 63 (0 95-6 5) 
n = 12 

(p=0.06) and F 1+2 was increased (p=0.04). In women of the control group no significant 

differences were found. 

MTHFR genotype CC CT TT /'-value 
median (5-95% range) median (5-95% median (5-95% 

range) range) 

0 0002 

0 009 

0 06 

0 02 

Table 4 Significant associations between MTHFR genotype and plasma homocysteine (tHcy), folate in serum 
(s), vitamin B12 (borderline significant, underlined) and prothrombin fragment 1+2 (Fl+2) in women of the 
study group in medians and (5-95% range) Associations were analysed with Kmskal-Wallis one-way analysis of 
variance 

Treatment effects of folic acid versus placebo 

In the study group (n=41) as well as in the control group (n=35) 8 weeks folic acid (5mg 

daily) resulted as expected in a decreased plasma homocysteine (p<0.0001) and increased 

folate concentrations ( serum and red blood cells, pO.0001). Only in the control group after 8 

weeks of folic acid therapy a decreased vitamin B6 was found (p=0.002). Folic acid therapy 

did not effect the vitamin B12 concentration nor all studied coagulation/fibrinolysis factors in 

both groups. In women of the study group with tHcy above the median folic acid therapy 

resulted in a decreased (p=0.03) vWF concentration. It decreased from median =113 with 5-

95% range = (54-1763) to median = 87 with 5-95% range (38-155) % (Table 5). No other 

concentration differences in factors of coagulation/fibrinolysis and NO were found (Table 5). 

In women of the control group with tHcy below the median folic acid therapy resulted in a 

increased (p=0.02) tPA. It increased from median = 3.4 with 5-95% range = (1.2-9.9) to 

median = 4.7 with 5-05% range = (24-77) ng/ml. 

After 8 weeks placebo therapy women of the study group had a decreased serum folate 

(p=0.01 and a decreased red blood cell folate (p=0.002). 
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Study group 

tllcyinmol/l) 

iz (s) (nmol/l) 

fz(e)(nmol/l) 

vitBI2(pmol/l) 

vit B6 (nmol/l) 

vWF (%) 

NO (nmol/l) 

tPA (ng/ml) 

PAI (ng/ml) 

tPA/PAl 

median iHcy = 13 nmol/l 

before 

17 1(13 4-26 3) 

12(4.7-32) 

485(210-1145) 

140(100-320) 

39(26-58) 

113(54-176) 

21.5(0-56.6) 

5 1(1 2-10 8) 

12 7(1 5-603) 

0 47(0.09-4.87) 

after 

10 5(8 2-13 4) 

115(28-1450) 

1300(615-1900) 

170(86-350) 

40(27-58) 

87(38-155) 

25.9(5.1-91.7) 

4 5(2-11.2) 

15 3(2.1-31.7) 

0 47(0.16-1 23) 

p-value (n) 

^00001 (21)* 

<0 000l (20)* 

<0.0001 (21)* 

0 3(21) 

0.9(23) 

003(15)* 

0.19(18) 

1 0(16) 

0 8(14) 

0 7(14) 

Table 5 Median (5-95% range) concenlrations before and after folic acid therapy of women of the 

study group with tHcy concentrations above their median. * = significant differences, η = number of women 

Discussion 

This is the first study on healthy and nonpregnant women with a history of placental 

vasculopathy (PV) and we obtained evidence of endothelial dysfunction and activated 

coagulation. Significantly higher vWF, TM and Fl+2 concentrations were found in women of 

the study group compared to the controls. Elevated vWF and TM concentrations were related 

to a two to three fold higher risk on PV (Table 2, Fig. 1). Other studies in women with late 

pregnancy complications like PV, such as preeclampsia 12, were all carried out in pregnant 

women, after having serious clinical conditions such as kidney dysfunction and hypertension, 

which will strongly influence the concentrations of coagulation/fibrinolysis factors. Therefore 

in these studies it was difficult to conclude whether endothelial dysfunction or disturbed 

coagulation/fibrinolysis are a cause or a consequence of these late pregnancy complications. 

To our knowledge studies with nonpregnant women with a history of late pregnancy 

complications in whom plasma concentrations of coagulation/fibrinolysis factors such as the 

present study were measured have not been performed up till now. 
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tHcy 

P80 

-P90 

P95 

Vit.B12 P5 

Vit.BS P5 

-P10-

-P20—•-

-P25-

vWF 

vWF 
P75 

P80 

TM 

P75 

ΡΘΟ 

P90 

P90- NO 

100 10 1 

ODDS RATIO (95% CI) 

0 1 0 01 

Fig. 1. The significant odds ratios for placental vasculopathy at different cut-off points (below the 5"'(P5), 

I0"XPI0), 20,h(P20) percentile or above the Ίί'\?Ί5) 80"XP80), 90"'(P90), g S ' ^ S ) percentile ot controls) of 

vitamin Β12 and B6, von Willebrand Factor (vWF), homocysteine (tHcy), thrombomodulin (TM) and Nitric 

oxide (NO) 
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In women with unexplained primary early recurrent miscarriages haemostatic related 

abnormalities Gns et al " found a higher vWF antigen, tPA antigen, PAI activity and D-dimcr 

values, which indicated activation of the endothelium and the coagulation system In addition 

the study of Vincent et al 14 who also comprised women with recurrent miscarriages found 

that the thrombin generation (the concentration thrombin antithrombin complexes) in the 

study group was significantly higher than in the control group M 

In normal endothelium, NO production causes vasodilatation, inhibits platelet 

aggregation and attenuates vascular smooth muscle prohleration ,<' Most studies ^ " 1* but not 

all ,', found that hyperhomocystememia reduced the endothelial dependent vasodilatation, 

probably in a reaction with NO 16 Although our results did not show an association between 

NO and homocysteine levels, a protective effect of high concentrations of NO was found A 

more than five times lower risk for PV was found if NO was higher than the 90'1' percentile of 

the control concentration Impaired NO availability might predispose to placental thrombosis 

and eventually placental vasculopathy In the feto-placental circulation NO supposed to take 

an important contribution to maintenance of this low-resistance circulation '0, impaired NO 

availability here might contribute to a reduced flow in the feto-placental circulation, which 

could result in a growth retarded fetus 

In concordance with our former study ' we found, that hyperhomocystememia was 

a risk factor for placental vasculopathy I his study was designed to study the possible relation 

between hyperhomocystememia, endothelial function and coagulation/fibnnolysis In women 

with placental vasculopathy a significant positive correlation between homocysteine and 

thrombomodulin concentrations was found Elevated plasma thrombomodulin concentrations 

reflects endothelial damage, which suggests that elevated homocysteine levels could have an 

association with enhanced endothelial damage Also in the study group a relationship existed 

between serum lolate (strongly associated with homocysteine) and F1+2 concentrations, 

indicating more activated coagulation under low folate conditions However, these are the 

only found relationships between concentrations of homocysteine and factors of 

coagulation/fibnnolysis, the reason why interpretations should be taken with caution, and 

likely more complex interactions underlie the effect of plasma homocysteine on factors of 

codgulalion/fibrinolysis 

The vascular changes seen in the placenta-bed spiral arteries, such as alherosis, 

narrowing, necrosis and thrombosis resemble the vascular abnormalities in patients with 
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clinical signs of vascular disease 1'4. Hyperhomocysteinemia is a well known risk factor for 

vascular disease, but its mechanisms leading to atherogenic and thrombotic complications are 

poorly understood. To investigate associations between hyperhomocysteinemia and 

endothelial dysfunction or activated coagulation concentrations or activities of factors in 

coagulation/fibrinolysis have been measured in different population groups. In 

hyperhomocysteinemic patients with peripheral occlusive disease compared to 

normohomocysteinemic patients De Jong et al.2I found elevated levels of vWF. TM, tPA, 

cFN (cellular fibronectin), vWF:AgII (von Willebrand factor propeptide) were elevated, but 

not significant different. They could not conclude that hyperhomocysteinemia causes 

endothelial dysfunction, but they found indications that hyperhomocysteinemia might affect 

the endothelium if atherosclerosis was already present. In hyperhomocysteinemic patients 

with vascular disease Freiberger et al. " observed also an increased vWF, factor Ville, PAI-1 

and TAT ( thrombin-antithrombin complexes). They suggested that hyperhomocysteinemia 

exacerbates alterations in coagulation state and endothelial dysfunction. This is in 

concordance with results of Hofmann et al.21 concerning hyperhomocysteinemic patients with 

IDDM (insulin dependent diabetes mellitus) describing a strong correlation between 

homocysteine and thrombomodulin concentrations, which was confirmed by their in vitro 

results summarised in the same paper. In homocystinuric patients, due to cystathionine ß-

synthase deficiency Schienle et al.2' found, that coagulation, reflected as increased F1+2, was 

activated and which responded on homocysteine lowering therapy with a significant lowering 

of F1+2. An increased F1+2 was also found in hyperhomocysteinemic patients on oral 

anticoagulant therapy with a history of venous thromboembolism, which was not caused by 

heritable thrombotic deficiencies ". One of the suggestions mentioned by de Jong et al.2I, 

Freiberger et al.22 and Hofmann et al. " and not contradicted by the other two 24'" was that 

homocysteine has an adverse effect on already existing endothelial dysfunction or increase the 

coagulation state. The results of the presented study pointed in the same direction. 

As reported before n ' '2 in the present study folic acid therapy observed a strong 

homocysteine lowering effect, which was most pronounced in women of the study group with 

tHcy concentrations above the median in which after therapy a 39% reduction of tHcy was 

found. In concordance with former studies we found that the percentage of homocysteine 

reduction after folic acid therapy is dependent on the initial tHcy. An effect of folic acid 
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therapy on factors of coagulation/fibrinolysis could most likely be expected in a group with 

initial high homocysteine levels i.e. women of the study group with tHcy concentrations 

above the median, effects of homocysteine lowering therapy. Indeed in the study group these 

women had a significant (p=0.02) lower vWF concentration after folic acid therapy. In women 

of the control group and the remainder of study group folic acid therapy did not effect the 

vWF concentrations and in none of the groups an effect on concentrations of tPA, ΡΛΙ-1 and 

NO was found. The decision to measure after therapy the markers of endothelial function 

ν WF, tPA, PAI-1 and NO was based on the results of former studies 2 ' 2 2 " 1 " " . Our data 

suggests a beneficial effect of folic acid on endothelial function in hyperhomocysteinemic 

women with PV 

Conclusion: In a group healthy women with a history of placental vasculopalhy, 

indications of endothelial dysfunction and hypercoagulability were found and appeared as a 

risk factor for placental vasculopalhy, i.e. significant higher concentrations of vWF, TM. and 

Fl +2. A weak relationship in the study group between endothelial dysfunction and disturbed 

homocysteine-folate metabolism was found; i.e. TM correlated with tHcy levels, F1+2 

showed a negative correlation with serum folate levels (Table 3), and the TT genotype of the 

677C->T mutation in the MTHFR gene had the highest concentration F1+2. The role of 

homocysteine might be found in enhancement of this hypercoagulability and a beneficial 

effect of homocysteine lowering therapy on the coagulable state could be suggested. 
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Hyperhomocysteinemia and other thrombotic risk factors in women with 

placental vasculopathy (a case-control study) 

E.F. van der Molen, Β. Verbruggen, I. Novâkovâ, T.K.A.B. Eskes, L.A.H. Monnens, II.J. 

Blom. 

Abstract 

Objective: As possible risk factors for placental vasculopathy we investigated coagulation 

inhibitors and abnormalities of the homocysteine metabolism, which are related to an 

increased thrombotic risk. 

Design: A case-control study with nonpregnant women with a history of placental 

vasculopathy (study group) and nonpregnant control women matched for age and occupation. 

Setting: Obstetric outpatient clinic in the University Hospital Nijmegen. 

Sample: 101 women of the study group and 92 control women. 

Methods: Determinations in blood samples of homocysteine concentrations, the occurrence of 

677C—>T mutation in the methylenetetrahydrofolate reductase (MTHFR) gene, APC-r ratios, 

PC activities, concentrations of free PS antigen, AT III activities and the occurrence of FVL 

mutation. 

Results: Increased risk for placental vasculopathy was found in women of the study group 

with elevated homocysteine (odds ratio (OR) 2.28 [95% confidence interval (CI) 1.18-4.39]), 

MTHFR mutation (3.29 [95% CI 1.03-10.5], decreased APC-r ratio (2.46 [95% CI 1.06-5.72]) 

and PC (2.01 [95% CI 1.11-3.65]). Any combination of two risk factors in the same individual 

resulted in a 3.40 [95% CI 1.80-6.42] higher relative risk for placental vasculopathy and 

combinations of three risk factors in a 6.83 [95% CI 1.52-30.7] higher risk. 

Conclusions: The thrombotic risk factors: decreased levels of APC-r ratio's and PC, elevated 

homocysteine and the MTHFR 677C-»T mutation are likely risk factors for placental 

vasculopathy. Combinations of these risk factors in one individual resulted in synergistic 

increase of risk. 

Introduction 

During normal pregnancy maternal arteries in the placental bed, spiral arteries, are reshaped 

into wide funnel-like structures to sustain an optimal bloodflow from the mother to the fetus'. 
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Vasculopathy of the spiral arteries compromises the utero-placental system, resulting in 

placental infarcts with fetal growth retardation or placental abruption in the last trimester of 

pregnancy (after 27 weeks' gestation). Both serious pregnancy complications occur in 

approximately 1 -2% of pregnancies2 3 and carry a high risk of fetal loss or lifelong handicaps 

caused by prematurity and dysmaturity. 

Deficiencies of the coagulation inhibitors protein-C (PC), protein-S (PS), antithrombin 

111 (AT III), and factor V Leiden (FVL) mutation are risk factors for venous thrombo

embolism. Activated PC (APC) and its co-factor PS will inactivate FVa (activated factor V). 

I he FV 1691G—>A mutation (FVL) prevents a rapid cleavage of FVa at Ag 506 by APC 

resulting in APC-resistance4. AT III inactivates thrombin by forming a AT III- thrombin 

complex5. Women with a history of thrombotic events and FVL, and deficiencies of PC, PS 

and AT III have an increased risk for fetal loss especially after 28 weeks' gestation6. 

Hyperhomocysteinemia is also a risk factor for thrombosis7 and can result from 

deficiencies of the involved vitamins (folic acid, vitamin B12 and B6) or impaired enzyme 

activities8. Recently hyperhomocysteinemia and a 677C—»T in the gene coding for 

methylenetetrahydrofolate reductase (MTHFR), a regulating enzyme in the homocysteine 

metabolism', had an increased incidence in women with a history of severe preeclampsia, 

abruptio placentae, fetal growth retardation and stillbirth "' ". 

Risk factors for thrombosis may also be risk factors for placental vasculopathy. 

Kupfermine et al. found in their study in women with a history of preeclampsia, placental 

abruption, severe growth retardation and stillbirth (a more heterogeneous group than our study 

group) an increased incidence the FVL, the C677T mutation in the MTHFR gene and the 

020210A mutation in the prothrombin gene and an increased incidence of acquired forms of 

thrombophilia, such as deficiencies of PS, PC, AT III or anticardiolipin antibodies". We 

studied in women with a history of placental vasculopathy and in their matched controls the 

thrombophilic risk factors: hyperhomocysteinemia, TT genotype of C677T mutation in the 

MTHFR gene, decreased levels of PC, PS, AT III, APC-resistance and FVL as risk factors for 

placental vasculopathy. We also analysed whether a combination of these risk factors modifies 

the risk for placental vasculopathy. 
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Subjects and methods 

Subjects 

Λ total of 193 women participated in the study, 101 in the study group and 92 in the control 

group. Blood samples of women of the study group and control group were collected in 

overlapping time periods between September 1995 and October 1996. The median time period 

between bloodsampling and the last pregnancy in the study group was 48 (7-258) months and 

in the control group 123 (16-617) months. The number of participants was aimed at 

approximately 100 in the study group and 100 in the control group, which is based on our 

previous pilot study''. The study group comprised women with a history of placental 

vasculopathy in their last pregnancy, who were recruited from hospital records at the Universi

ty Hospital Nijmegen. Women of the study group could have only one pregnancy, which was 

affected or two and more pregnancies, in which some had normal and some had affected 

pregnancies. Their complete obstetric histories were documented in personal records. 

Placental vasculopathy was defined as placental infarction or placental abruption, which were 

diagnosed according to clinical, laboratory and histological standards as described 

previously"'. In short, placental infarction was diagnosed if there were circumscribed areas of 

villous necrosis combined with a stillborn fetus or with a fetus with a body weight of below 

the 10'1' percentile of normal for that gestational age. The diagnosis of placental abruption was 

based on either the combined presence of a tender, hypertonic uterus and disseminated 

intravascular coagulation and/or the histological observation of a retroplacental haematoma 

with or without signs of infarction. In the study group 22 of the 101 women had also 

hypertension during pregnancy, but all were normotensive without antihypertensive treatment 

in the test period. Lupus anticoagulant or anticardiohpin were not present in plasma of women 

of the study group. Women of the control group were not tested for the presence of lupus 

anticoagulant or anticardiohpin. 

The women in the control group were unrelated to those in the study group and were 

matched for age (+ 5 years) and occupation (untrained, middle, and highly trained work), 56 

of the 92 controls were acquaintances of the study group, while the other 36 women (matched 

for age and occupation) were recruited among employees of the University Hospital 

Nijmegen. Λ11 the control women had had at least one pregnancy and all their pregnancies 

were uncomplicated. Their obstetric histories were assessed by questionnaires in personal 

interviews and all obtained information was written down in personal records. 
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All the participants were healthy, not pregnant and did not have evidence of 

hypertension, diabetes mellitus, renal or liver dysfunction as revealed by appropriate tests 

None of the participants used any kind of vitamin supplementation at least three months prior 

to the start of the study During pregnancy none of the participants used folic acid, but in the 

study group approximately 70% used aspirin or other kind of medications 

The study was approved by the Institutional Review Board of the University Hospital 

Nijmegen, the Netherlands Before participation informed consent was obtained from all 

participants 

Sample preparation and analysis 

Venous blood samples were collected between 8 and 9 AM after an overnight fast All women 

refrained from alcohol consumption or any kind of medication at least 48 hours before 

venepuncture Blood was collected in vacutainer tubes with elhylenediamine tetra-acctate 

(LDTA) plasma (separated within 30 minutes, stored at -20oC) was used for homocysteine 

determinations Buffycoats were utilised for DNA isolation Plasma of the vacutainer tubes 

with citrate were used for determinations of Protein C activity, activated Protein C resistance, 

free Protein S concentration and antithrombm III activity 

Total homocysteine concentrations 

Total homocysteine concentrations in plasma were measured by an automated high perfor

mance liquid chromatography (HPLC) method with reverse phase separation and fluorescent 

detection (Gilson 232-401 sample processor, Spectra Physics 8800 solvent delivery system 

and Spectra Physics LC 304 fluorometer) The detection limit was 0 5 μιτιοΐ/ΐ The intra- and 

inter run variation coefficient was < 5% p 

Mutation analysis MTHFR and FV 

Genomic DNA was isolated from buffycoats using the method first described by Miller et 

al " The presence of 677C—>T mutation in the MTHFR gene was investigated by allele 

specific polymerase chain reaction amplification (PCR) of genomic DNA and restriction 

enzyme digestion with Hinü, essentially according to Frosst et al l0 In this study 99 buffy 

coats of women from the study group and 91 of the controls were successfully analysed for 
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the 677C->T mutation in the MTHFR gene Screening for the 1691G—»A mutation in factor V 

gene (FVL) was pcrlormed by PCR and capillary electrophoresis with on-line ultra violet 

detection as described by Van der Locht et al l4 FVL was analysed only among women of the 

study and control group who had APC-r < 0 85 

Analysis of coagulation inhibitors Protein C Protein S Activated Protein L resistance and 

Antithrombin III 

All clotting assays except tor free protein S were performed with a STA analyser (Stago 

Diagnostica, Asmcre sur-Seine, France) 

The assays were calibrated with normal pooled plasma (NPP) that was prepared by mixing 

plasma from at least 50 healthy blood donors aged 18-65 years, taking no medication or oral 

contraceptives and selected to represent all blood groups and sexes equally The NPP itself 

was calibrated against the respective WHO standards 

All results except lor the n-APC-sr (normalised Activated Protein C sensitivity rate) were 

expressed as percentage of NPP 

Piotein C activity was measured essentially according to the method described by Martinoli 

and Stocker15 with an APTT based method (Staclot™ Protein C, Stago Diagnostica) in which, 

simultaneously with coagulation, protein C is activated with the snake venom agkistrodon c 

contortnx The maximum coefficient of variation of the method is < 5 % 

Free protein S was measured without pre-treatment directly in plasma with an ELISA method 

described by Amiral et al " using 2 monoclonal antibodies against free protein S 

(Asserachrom free protein S™, Stago Diagnostica) The maximum coefficient of variation of 

the method is <5 % 

The normalised Activated Protein C sensitivity rate (as a measure of activated protein C 

APC r) was measured essentially according to De Ronde and Bcrtina" using PTT(a)™ (Stago 

Diagnostica) as APTT reagent and human activated protein C (APC, Enzyme Research 

Laboratories South Bend, Indiana, USA) The final concentration of APC in the test was 0 7 

μg/ml giving an activated protein C resistance ratio in NPP of 3 0 All patients in own 

laboratory diagnosed hetero- and homozygous for factor V I eiden had APC-r lower than 0 8 

Antithrombin ΠΙ activity was measured with a chromogemc assay 50 μΐ 1/30 diluted plasma 

was incubated with 200 μΐ 0 15 M Tris-Imida7ole buffer in 0 25M saline pH 8 6 containing 10 
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nM HDTA, 3 u/I heparin and 0.1 u/1 Trasylol, and 25 μΐ thrombin (Organon Tcknika, Durham 

,North Carolina, USA) to a final concentration of 1.5 u/ml. 

After 5 min incubation at 370C S2238 (Chromogenix, Mölndal, Sweden) was added to a final 

concentration of 4.10"5 mg/ml and the Δ-absorbance /min. was recorded. 

Age (yrs ) 

Body Mass Index 

smoking (yes/no)(%) 

oral contraceptives (ycs/no)(%) 

Blood pressure systolic (mmHg) 

Blood pressure diastolic (ι 

Cholesterol (mmol/l) 

Triglycerides (mmol/l) 

tHcy(nmol/l) 

TT-genotype (%) 

APC-r ratio 

PC-act (%) 

PS-ag (%) 

Al Ill-act (%) 

mmHg) 

Study group 

median (95% CI) 

33 6(25 9-41 6) 

24.3(19 7-33 4) 

45/56 (44%) 

32/69 (32%) 

120(100-145) 

75 (60-95) 

5.0(3.8-7.1) 

1.05(0 48-2 6) 

12 3(8 7-24 4) 

13 

0 92(0.56-1.27) 

90(70-132) 

89(68-114) 

108(89-126) 

η 

101 

101 

101 

101 

101 

101 

101 

101 

101 

99 

95 

101 

101 

101 

Control group 

median (95% CI) 

34 7 (25 8-47 5) 

24 4(19.5-32.3) 

35/57 (38%) 

25/64 (28%) 

115(100-135) 

75 (60-90) 

5 0 (3.6-6.6) 

0 88(0.41-2 0) 

12 4(9 2-20) 

4.4 

0 96(0.59-1.43) 

97 5(69-141) 

86(68-110) 

109(89-123) 

η 

92 

92 

92 

89 

92 

92 

92 

92 

92 

91 

87 

92 

91 

92 

p-value* 

0.03 

NS 

NS 

NS 

NS 

NS 

NS 

001 

NS 

OR 3 29 

(1 03-10.5) 

NS 

0.05 

NS 

NS 

Tabic 1 General characteristics, total homocysteine concentration (tHcy), MTHFR TT-gcnotype, 
activated protein C resistance ratio (APC-r ratio), protein C activity (PC-act), free protein S antigen (PS-ag) and 
antithrombin III activity (AT Ill-act) of women with a history of placental vasculopathy (study group) and 
women with uncomplicated pregnancies (control group). Values are expressed in median and 95% confidence 
interval (CI) of the range, only the prevalence of the TT-genotype was expressed in percentage and odds ratio 
(OR) 'Differences between the groups were calculated with the Wilcoxon rank sum test 
η = number of women, NS = not 

Data analysis 

Concentrations are given as median value and 95% confidence interval; differences between 

study and control group were analysed by the Wilcoxon Mann Whitney rank sum test. P-

values were two-tailed and Ρ < 0.05 was considered to be statistically significant. Correlations 

were calculated with Spearman's Rank test (software: Microsoft Excel 5.0 with add-in 

Astute). The risk of vascular placenta pathology was analysed by calculating odds ratios with 
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95% CI (confidence interval) using the χ' test (software MS DOS CIA © 1989 MJ Gardner & 

British Medical Journal) 

Results 

I he general characteristics of both groups are presented in Table 1 Although the women of 

the control group were matched for a certain age-period, the median age of the control women 

was |ust significantly higher (p=0 03) Epidemiological studies show positive correlations 

between age and plasma total homocysteine concentrations (tllcy)17 and APC-r ratios'* But in 

the presented study no correlations between age and tHcy concentration or any studied 

coagulation inhibitor were found, probably due to the small range of age of the participating 

subjects Ihe concentration of serum triglycerides was significantly higher in the study group 

compared to the controls A significant negative correlation of serum triglycerides and APC-r 

ratios (correlation coef ficient=-0 31, p<0 0001 ) and a significant positive correlation of serum 

triglycerides with PC and PS (correlation coefficient^ 28, p-0 0002 and 0 23, p=0 03 

respectively) was found, which has been published before18 " Other factors (body mass index, 

smoking, oral contraceptives, blood pressure and cholesterol) were not significantly different 

between both groups (Table 1) 

The median tHcy concentration of the study group was not significant different from 

the median of the control group ( fable 1) The median concentrations of the coagulation 

inhibitors APC-r ratio, Iree PS antigen, AT III activity were also not significant different in 

study group and control, only PC activity was significantly lower in the study group compared 

with control ( 1 able 1 ) Nevertheless the distributions of tHcy, APC-r, PC and PS were 

different between study group and controls In the study group the tHcy distribution had a 

longer tail to the right and the distributions of APC-r, PC and PS were more skewed to the left 

compared to the control group I hese distribution differences resulted in different odds ratios 

at various cut off points A significant odds ratio for homocysteine levels was lound above 

14 4 (.imol tHcy (the 80'1' percentile of controls), 36 of the 101 women of the study group and 

18 of the 92 women of the control group had tHcy concentrations above this cut off point 

Significant Odds ratios were also found below the 10"' percentile of APC-r of controls (21 of 

the 95 women of the study group versus 9 of the 87 women of the control group) and below 

the 25'1' and 30"' percentile (39 of the 101 in the study group versus 22 of the 94 in the control 

group and 46 of the 101 in the study group versus 27 of the 94 in the control group 
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respectively) (Table 2). After screening for the 677C->T mutation in the MTHFR gene, 

homozygosity (TT genotype) was found in 13 women of the 99 in the study group and in 4 of 

the 91 in the control group, resulting in a significant odds ratio. 

tllcyfomol/l) APC-r ratio PC-act (%) PS-ag (%) ΛΤ Ill-act (%) 

OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] 

ίΌ' / , / , (Ι7 8μπιοΙ/Ι) /θ" 1 Ρ (0.79) 10th Ρ (75 %) /ο'Λ H 7 4 %) l()'hP(94%) 

161 [068-388] 2.46 [1.06-5.72] 1.48 [0.61-3.61] 1.41 [0 60-3 32] 1 00 [0 39-2.58] 

SOth Ρ (14 4 μηιοΐ/ΐ) 20'A Ρ (0 85) 20>hP(83%) 20lh Ρ (77 %) 2()thP{9&%) 

228(118-439] 1.90 [0.96-3.77] 1.61 [0.81-3.20] 0 93 [0 47-1.86] 1.02 [0 48-2 13] 

75'/ϊ/ ,(14 0μπιο1/1) 25'h Ρ (0.87) 25'h Ρ (ST %) 25'hP(S0%) 25th Ρ (\00%) 

I 73 [0 93-3.23] 1.60 [0 86-3 00] 2.00(107-3 74] 1.50 [0 80-2 81] 0 69 [0 35-1 35] 

70'/'/'(13 7μπιοΙ/Ι) i0'A/ ,(1.08) J O ' V (90 %) 30'Λ Ρ (96%) J0 ' / 'P(I14%) 

150 [0 83-2 72] 0 70 [0.36-1.38] 2.01 [1.11-3.65] 119(0 65-2 19] 101 [0 54-1 88] 

Table 2 The risk of placental vasculopathy at different cut-off points of total homocysteine concentration 
(tHcy), activated protein C resistance ratio (APC-r ratio), protein C activity (PC-act), free protein S antigen (PS-
ag) and antithrombin III activity (AT Ill-act), expressed in odds ratio (OR) and 95% confidence interval (CI) 
Ρ - percentile, between brackets the actual cut-off points belonging to the percentiles. 

Odds ratios were calculated for women who had a combination of different risk factors 

(Table 3 and Figure 1). APC-r was used instead of FVL because FVL can not explain all 

decreased values of APC-r (11). All women who were heterozygote for the FVL mutation had 

APC-r ratios below 0.75. Heterozygosity for FVL (factor V Leiden) mutation was found in 13 

of the 95 women in the study group and 4 of the 83 in the control group. None of the screened 

women were homozygous for the FVL mutation. AT III did not show any difference between 

the study group and the control group and therefore was left out in the calculations of 

115 



Endothelial dysfunction and hyperhomocysteinemia 

combined risk factors. In Table 3 and Figure 1 odds ratios of combinations of risk factors were 

calculated according following criteria: Firstly those cut-off points were used with the highest 

odds ratios, secondly odds ratios with the smallest CI and thirdly odds ratios with 

significance. This resulted in the following cut-off points: tHcy > 14.4 μπιοΐ/ΐ or the TT 

genotype or APC-r ratio < 0.79, PC < 90 and PS < 80. Table 3 showed that elevated tHcy in 

combination with decreased PC or PS increased the relative risk three- to four-fold. The 

combination of elevated tHcy and decreased APC-r ratio resulted in a non-significant OR of 

3.13. The combination decreased APC-r ratio and TT genotype existed only in one woman 

(study group) resulting in an infinite OR. 

tHcy APC-r ratio PC-act PS-ag 

OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI] 

APC-r ratio 3 13 

[0 77-12.7] 

PC-act 5 83 I 96 

[180-189] [0.49-7.82] 

PS-ag 6 22 1 85 2.78 

[131-29.5] [0 35-9 71] [105-7 34] 

I ["genotype 5 85 °o 6 63 1 10 

[123-27.8] [0 75-58 7] [0 15-8.07] 

Table 3 The combination of risk factors for placental vasculopathy with the highest odds ratios for total 

homocysteine concentration (tHcy) > 14.4 μπιοΐ/ΐ, activated protein C resistance ratio (APC-r ratio) < 0 79, 

protein C activity (PC-act) < 90%, free protein S antigen (PS-ag) < 80% and the presence of the TT genotype of 

the 677C->T mutation in the MTHFR gene expressed in odds ratio (OR) and 9 5 % confidence interval (CI) 
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'I'he combination decreased PC and PS resulted in a slightly increased OR and the 

combination TT genotype and elevated tHcy in an two-fold increased OR (Table 3). At least 

one thrombotic risk factor per individual was found in 85 women of the study group and in 61 

of the controls, a combination of two different risk factors in 56 women of the study group 

and in 15 of the controls, a combination of three risk factors in 15 women of the study group 

and 2 of the controls (Fig. 1) and a combination of four risk factors in 2 women of the study 

group and 1 of the controls. None of the women had a combination of five risk factors. 

Discussion and conclusion 

We postulated that risk factors for thrombosis are risk factors for placental vasculopathy. 

Indeed decreased APC-r ratios, PC-activities, hyperhomocysteinemia and the 677C->T 

mutated MTHFR in healthy non pregnant women were associated with more than two-fold 

increased risks (represented by the significant ORs > 2). Although low concentrations of PS 

itself were not associated with a significant increased risk, the combination 

hyperhomocysteinemia and low PS was and resulted in a six-fold increased risk for placental 

vasculopathy. Synergistic effects were found in women who had combinations of two or three 

of the different thrombotic risk factors (Table 3 and Fig.l). We did not observe any increased 

risk for decreased AT Ill-activity nor its interaction with other risk factors. This finding is not 

unexpected, because AT III deficiency is rare among individuals with thrombotic diseases and 

is therefore clinically not important as a risk factor21 . 

Elevated plasma homocysteine is also a risk factor for other pregnancy complications 

such as recurrent miscarriages22, preeclampsia21 and neural tube defects24. 

Hyperhomocysteinemia is a risk factor for arteriosclerosis and thrombosis in general'2 ', but 

whether all these mentioned pregnancy complications can be explained by vascular changes 

remains to be investigated. Homozygosity for the 677C—»T mutation in the MTHFR gene is 

associated with elevated plasma homocysteine9. In the present study the TT genotype was 

associated with a three-fold increased risk of placental vasculopathy. 

Preston et al.6 found that women, registered as patients with hereditary thrombophilia 

caused by deficiencies of PC, PS, FVL or AT III had an increased fetal loss particularly in late 

pregnancy (after 28 weeks of gestation). De Vries et al.26 studied women with pregnancy 

complications comparable to our investigation, but only cases were studied. In concordance 
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with our study results De Vries et al.26 found elevated tHcy to be a risk factor for late 

pregnancy complications. But in contrast with our study they found a very high percentage of 

PS deficiency (26% of the women of their study group). In our study only 1.5% women with 

placental vasculopalhy were considered PS deficient. The reason for this discrepancy is not 

clear, but different laboratory methods were applied and De Vries at al.26 did not included a 

control group and therefore had to use laboratory standard references. Rai et al.27 studied fetal 

loss in the first and second trimester of pregnancy and found a higher prevalence of APC-r, 

especially in women with second trimester pregnancy loss. Orandone et al.2" concluded that 

carriership of FVL was strongly associated with fetal loss in late pregnancy. From their data 

we could calculate an OR of 10.3 (95%) CI 2.57-41.1). Kupfermine et al. found in women with 

a history of severe preeclampsia, abruptio placentae, fetal growth retardation and stillbirth an 

increased incidence of mutations (factor V Leiden, MTHFR C677T, prothrombin G20210A) 

and deficiencies (Protein C and S, AT III) predisposing them to thrombosis ". APC-r may also 

be a risk factor in the pathogenesis of preeclampsia29. We found that APC-r was a risk factor 

for placental vasculopalhy, but only a modest two-fold increased risk for placental 

vasculopalhy was found. Altogether these different studies indicate that risk factors for 

thrombosis should be considered risk factors for fetal loss in late pregnancy. Probably these 

thrombotic risk factors compromise the utero-placental vascular system. In contrast with 

former studies2627'1011 our findings were expressed in OR's at various cut-off points instead of 

percentages of APC-r resistance or PC and PS deficiencies. This resulted in the observation 

that even mildly decreased levels of APC-r, PC and PS being still within the normal range, 

can be related to an increased risk for placental pathology. Our results also indicated, that 

combinations of different risk factors for thrombosis leaded to three- to six-fold increased risk. 

However due to the retrospective design of this study an effect on PV on the coagulation 

factors APC-r. PS, PC and tHcy in women who experienced PV can not be ruled out. This 

effect is likely to be small, because the mean (range) time period between their last pregnancy 

and bloodsampling was 48 (7-258) months. 

In pregnancy the APC-r ratio and the concentration of free PS antigen are decreased, 

PC and AT III remain unchanged12,11. The overall incidence of thrombo-embolic 

complications during pregnancy is between 0.018% to 0.1 %1 \ which is about 50 limes higher 

than the incidence in nonpregnant women". The hypercoagulable state during pregnancy is 

considered an adaptation of the human body to prevent severe blood loss just after delivery. 
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At the end of the pregnancy period the bloodflow from mother to fetus is 500-700 ml/min, 

which means that after delivery this bloodflow must be stopped within a few minutes5 Khong 

et al "' found in placentas of women with hyperhomocysteinemia and intrauterine fetal growth 

restriction, abruption or thromboembolic disease acute atherosis, infarction, retroplacental 

haematoma and uteroplacental vascular thrombosis, however a clear relationship of the 

placental pathology and hyperhomocysteinemia could not be proven v ' 

o -

7 -

6 -

5 -

4 -

3 -

2 -

1 -

0 -

v/uus > ι α ι ι υ 

-

-

-
1.27 [0.82-1.96] 

1 

Î.47 [1.80-6.42] 

H 

6.83 [1.52-30.7] 

1 
1 2 

Amount of risk factors (n) 

Fig 1 The risk of placental vasculopathy for women with combinations of the following risk factors elevated 
homocysteine (lUcy), decreased levels of activated protein C resistance ratio (APC-r ratio) protein C activity 
(PC-act) free protein S antigen (PS-ag) and the MTHFR TT-genotype 

The modestly decreased APC-r ratio, PC, PS found in the present study may have pathologic 

consequences only during pregnancy Together with an elevated tHcy, these factors can be 

causative factors for thrombo-embohc complications, which compromise the maternal 

bloodflow to the placenta resulting in an impaired placental development and eventually 

placental vasculopathy However Lindqvist et al " found no difference between the 
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prevalence of APC-r in women with preeclampsia or intrauterine growth retardation and 

healthy pregnant women. They concluded that the high prevalence of FVL in the general 

population indicated an evolutionary selection, because FVL carriers had a reduced risk of 

intrapartum bleeding " . 

Prevention of placental vasculopathy may in part be achieved by lowering tHcy with 

folic acid therapy, but a beneficial effect remains to be proven. Leeda et al. reported that 

homocysteine lowering therapy in hyperhomocysteinemic women who suffered from 

preeclampsia or fetal growth restriction may reduce the obstetric complications in their next 

pregnancy 28. Low-molecular-weight heparin may be prescribed if decreased levels of 

coagulalion inhibitors like PC, PS or APC-r are present. In combination with antiphosphohpid 

syndrome low dose aspirin may also be added18. But low-molecular-weight heparin therapy 

may have besides the inconvenience of the daily subcutaneous injections for the mother 

unfavourable side-effects such as increased bleeding risks1". Clinical trials are necessary to 

estimate the values of these measures. 

In conclusion: common risk factors for thrombosis, such as APC-r, decreased levels of PC and 

hyperhomocysteinemia are likely risk factors for placental vasculopathy. Combinations of 

these risk factors together with decreased PS and the 677C—>T mutated MTIIFR showed a 

more than additive effect, indicating synergistic interaction between these thrombotic risk 

factors. 
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Abstract 

Mild hyperhomocysteinemia is associated with increased risk for vascular disease. We studied 

homocysteine export from human umbilical vein endothelial cells (HUVECs) by measuring total 

homocysteine (tHcy) concentrations in the culture medium. Under standard culture conditions 

tHcy concentrations in the HUVECs culture medium increased by constant amounts after 24, 48 

and 72 h (mean = 2.5 (SD +/- 0.7) umol/1 homocysteine every 24 h. As the cells are the only 

source of homocysteine increase in the culture medium, we designate this as homocysteine 

export from HUVECs. Folic acid supplementation to the culture medium lowered the 

homocysteine export in a dose-dependent manner. Methyltetrahydrofolate (MeTHF) and folinic 

acid (a stable precursor of MeTHF) were in this respect about 10 times more effective than folic 

acid. A 50% reduction in the homocysteine export was seen with 10-30 nmol/1 MeTHF 

supplementation: reduction to almost zero was seen with 100-300 nmol/1 MeTHF. Additions to 

the culture medium of other vitamins involved in the homocysteine metabolism, such as vitamin 

Β12, vitamin B6 and flavin adenine dinucleotide, did not show any effect on the homocysteine 

export. Because homocysteine export reflects an imbalance in the homocysteine metabolism, our 

observations showed a susceptible dependency of this metabolism on folic acid in endothelial 

cells. 

Introduction 

Severe hyperhomocysteinaemia (homocystinuria) is in most cases caused by an autosomal 

recessive inherited deficiency of cystathionine synthase (CS) or methylenetetrahydrofolate 

reductase (MTHFR) '. Clinically the most life threatening complication of CS and MTHFR 

deliciency is severe arteriosclerosis or thrombosis 2"1. Mild hyperhomocysteinemia is associated 

with the development of arteriosclerosis ** and obstetric complications 7Λ Mild 

hyperhomocysteinemia can theoretically be caused by reduced activities of CS, methionine 

synthase (MS) or MTHFR or by deficiencies of folic acid and vitamin Β12. Recently, a common 
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mutation in the MTHFR gene causing reduced enzymatic activity has been described as one of 

the causes of mild hyperhomocystcinaemia [10] (Figure 1). 

The treatment of hyperhomocysteinaemia (mild or severe) involves administration of 

pyridoxine, folic acid, vitamin B12 or betaine [11]. In particular, administration of folic acid 

results in a strong decrease in plasma concentration in mild hyperhomocystein-aemia and the 

combination of folic acid and pyridoxine normalizes mild hyperhomocysteinaemia in virtually 

all cases [12-14]. 

.,* S-adenoeylmelhronrne , 

5-formyl-THF 
(folinic actd) 

5 10-methylene-THF 

W.W-dimethylglycine 

homocysteine 

CS L- senn< 

cystathionine 

i 
cysteine 

melhylacceplor 

» methylated product 

S-adenosylhomocysteine 

SO, 

Fig. 1 Homocysteine metabolism CS - cystathionine synthase, MTHFR = methylene tetrahydrotolatc reductase, 

MS = methionine synthase 

In vitro high levels of homocysteine can generate Η,Ο, and the vasotoxic properties of 

homocysteine through lipid peroxidation have been proposed [15]. However, in plasma from 

patients with severe hyperhomocysteinaemia no increase in lipid peroxidation could be found 

[16'17] Several in vitro studies with endothelial cells have shown cell dysfunction when 

homocysteine is added to the medium. Lentz & Sadler [18] showed that homocysteine reduced 

the thrombomodulin and von Willebrand factor excretion of HUVECs (human umbilical vein 

endothelial cells). Also, direct inactivation of protein C by homocysteine has been reported [19]. 

According to Nishinaga et al [20] homocysteine reduces the expression of heperan sulphate on 
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the cell membrane, and Hajjar [21] showed that the number of binding sites for tissue 

plasminogen activator (tPA) on the cell membrane may be reduced by homocysteine. However, 

the abovementioned studies used very high concentrations of homocysteine in its reduced form 

(i.e. with free SH groups). This is extremely non-physiological because only 1% of 

homocysteine is present in blood in its reduced form. A dose of 10 mmol/1 reduced 

homocysteine in vitro is about 50.000 times higher than the amount of reduced homocysteine 

present in blood of patients with mild hyperhomocysteinaemia [22]. Little is known about the 

homocysteine metabolism in endothelial cells. Recent studies with lymphoma cells and 

fibroblasts described homocysteine export into the extracellular medium [23-25]. The 

homocysteine export seemed to be dependent onn cell proliferation and additions to the culture 

medium of inhibitors of homocysteine metabolism. It was concluded that homocysteine export 

reflected an imbalance in homocysteine production and metabolism [11]. 

In the present paper homocysteine export was studied in human umbilical vein 

endothelial cells (HUVECs), including the effects of additions to the culture medium of vitamins 

involved in the homocysteine metabolism. 

Materials and Methods 

Cell culture: 

Endothelial cells from the human umbilical vein (HUVECs) were obtained from umbilical cords 

of healthy fetuses from uncomplicated pregnancies and deliveries of healthy mothers (non 

smoking and without medication). The cord was collected in buffer solution [4 mmol/1 KCl, 140 

mmol/1 NaCl, 10 mmol/1 HEPES, 11 mmol/1 d-glucose Η,Ο (Merck. Germany), 105 IU 

penicillin and 105 IU streptomycin (Boeringer Mannheim, Germany) with pi I 7.3]. 

Within 24 hours after cord collection endothelial cells were isolated by collagenase 

(Worthington, Ν J, USA) treatment according to the procedure of Jaffe et al.2'\ The endothelial 

cells were seeded in two wells from a six-well plate, 10 cm2 each, (all tissue culture plastics used 

were from Costar, Cambridge MA, USA) coated with human cryoprecipate (local blood bank) 

and cultured in M199 (Flow laboratories, Irving, UK) supplemented with 20 mmol/1 HEPES 

(Merck, Germany), 10% human serum (local blood bank), 10% newborn calf serum (Gibco, 

Grand Island NY, USA), 1% of 200 mmol/11-glutamine (Flow ICN, USA), 5 lU/ml heparin 

(stock from our own pharmacy) and 150 mg/ml crude preparation of endothelial cell growth 

factor (Macaig et al?1) and incubated at 5% CO2 and 95% air at 370C. When cells reached 
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confluence, they were detached by trypsine/EDTA sodium-salt (flow ICN, USA) (50 mg/25 

mg) dilluted in 100 ml of a solution of 136 9 mmol/1 NaCl, 5 4 mmol/1 KCl, 4 2 mmol/1 

NdHCO1, 5 mmol/1 d-glucose and 0 002% fenolred and seeded in the completely coated six-

wells plate (split ratio of 1 3) The medium was renewed every 2 or 3 days All HUVECs 

experiments were performed with 3-day confluent cells from the second passage in six-well 

plates The standard culture medium was removed and test medium was applied, the, after 

incubations of 24, 48, and 72 h, the test medium was collected in seperate ampoules and stored 

at -200C for further analysis After removal of the testmedium the cells were trypsinized, counted 

by using the counter chamber (haemocytometer) and checked for viability with trypan blue All 

experiments were performed with at least three different HUVECs lines 

Homocysteine analysis 

Total homocysteine (tHcy) concentrations were measured by an automated high performdnce 

liquid chromatograly (HPLC) method with reverse phase separation and fluorescent detection 

(Gilson 232-401 sample processor. Spectra Physics 8800 solvent delivery system and Spectra 

Physics LC 304 fluonmeter) essentially according to Fiskerstrand et al ^ with some 

modifications (te Poele-Pothoff et ar9) the detection limit was 0 5 mmol/1 The intra- and inter 

run variation coefficient was < 5% The tHcy analysis involved reduction of all disulfide bounds 

bv sodiumborohydride (Sigma, USA) After derivatization by monobromobimane (Sigma, USA) 

the homocysteine-monobromobimane complex was separated by using reverse phase HPLC In 

a small experiment,reduced homocysteine (with free SH gruops) was added to the culture 

medium, the amount of reduced homocysteine in the culture medium was measured by binding 

Iree S-1I groups with DTNB [5,5'-dithiobis-(-nilro benzoate) or Ellmans's reagent] The solution 

consisted of 0 1 mmol/1 DTNB, 0 1 mol/1 Ins, 0 3 mmol/1 acetyl CoA and 0 5 mmol/1 

oxaloacetate and absorption was measured at 412 nm 0 

Vitamin and methionine analysis 

Vitamin B12 and total folic acid concentrations in medium and serum were measured simul

taneously with Dualcount solid phase boil (SPB) radioassay (Diagnostic Products Corporation, 

1 os Angeles CA USA) as described previously11 According to the manufactor (Flow 

I aboraties, Irving, UK), M199 contained 22 7 nmol/1 (0 01mg/l) folic acid The total folic acid 

concentration in serum varied from 16 1-31 6 nmol/1 therefore the concentration of total lolic 
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acid in the standard culture medium could be calculated to be 21 4-24 5 nmol/1 Measurements 

of the total folic acid concentration in the culture medium showed a concentration of 26 nmol/1 

Methionine concentrations were determined using ion-exchange chromatography on an 

amino-acid analyzer (Biotronik LC 6001) according to the procedure from the manufacturer 

Added ihemicah 

I olic acid, 5-methyltetrahydrofolate (MeTHF), pyndoxal-5-phosphate (PLP), methylcobalamin 

(Me-cobalamin), flavin adenin dinucleotide (FAD) and L-homocysteine thiolacton were 

obtained from Sigma Hydroxocobalamm and folinic acid (leucovonn) were obtained from Byk 

Nederland 

Stock solution (for direct use) of 0 3 mol/1 L-homocysteine in its reduced form (with free 

SH groups) was obtained by incubation of L-homocysteine thiolacton at 40°C in 200 ml NaOH 

5 mol/1 lor 5 minutes and thereafter neutralized with 400 ml 0 1 mol/1 phosphate buffer (pH 7 8) 

and 400 ml HCl 2 5 mol/1 R Reduced pure L-homocysteine is not commercially available 

Results 

Homocysteine concentrations m culture medium 

The mean concentration of tHcy in fresh culture medium before incubation of 23 different 

experiments was 3 4 mmol/1 (range 3 0-4 3) and originated from the serum 

Addition of freshly prepared reduced homocysteine (i e with a free S-II group) to the 

culture medium resulted a rapid decline m concentration of reduced homocysteine The half life 

ol reduced homocysteine in culture medium was 2-3 hours Free SH groups are reactive and will 

be rapidly oxidized to disulphides In human plasma only 1% of the total amount of 

homocysteine is present in the reduced form" The half-life of reduced homocysteine was the 

same when no HUVECs or coating of human cryoprecipate was present and therefore the 

decline of reduced homocysteine was independent of cell exposure or coating Incubation with 

50-100 mmol/1 L-homocysteine for 24 hours showed no effect on HUVECs (visually and cell 

viability) when compared with cells incubated in standard medium (data not shown) 
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Homocysteine export, methionine and folic acid concentrations in endothelial cell culture 

medium 

When cells were in the second passage and at least 3 days in monolayer under standard culture 

conditions, the cells exported a fairly constant amount of homocysteine in the culture medium. 

Experiments with six different HUVEC lines showed similar results with a mean homocysteine 

export after 24 hours of 2.4 (SD ± 0.6) mmol/1, between 24 and 48 hours of 2.7 (SD ± 0.9) 

mmol/1 and between 48 and 72 hours of 2.3 (SD ± 0.7) mmol/1 (Fig.2). 

The concentration of methionine decreased from 80 to 69 mmol/1 in 72 hours and the 

concentration of folic acid from 26 to 23 nmol/1 in 72 hours and the concentration of vit.B12 

from 180 to 160 pmol/1 in 72 hours. 

o 
E 

o 
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ο 
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0 14 Ί8 72 

Time (h) 

Fig. 2 Mean (+/- SD) of total homocysteine concentrations in the HUVECs culture medium after incubation of 0, 

24, 48, and 72 h of six different HUVECs lines under standard culture conditions 

Homocysteine export and effects of vitamins 

I folic acid 

Supplementing the standard culture medium of HUVEC with folic acid reduced the homocystei

ne export in a dose dependant manner (Fig.3). Addition of 300 nmol/1 folic acid reduced the 

homocysteine export about 50%. When 3-10 mmol/1 folic acid was added, homocysteine export 
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was almost zero. Experiments with two other cell lines showed similar results (Table 1 ). 

Addition of folic acid did not affect cell number or viability. 

2. MeTHF andJolinic acid 

Medium M199 contained only folic acid (i.e. its oxidized form). The serum also contributed to 

the folic acid level of the standard culture medium (see Materials and methods). Because 

MeTHF is the main circulating form of folic acid in the body, we considered in our calculations 

the amount of folic acid in serum as MeTHF. Therefore, the baseline concentration of MeTHF in 

the standard culture medium was considered to be 4.7 nmol/1. Addition of various concentrations 

of MeTHF or folinic acid (the more stable precursor of MeTHF) to the culture medium reduced 

homocysteine export in a dose dependant manner. 

tHcy μπιοΐ/ΐ (± SD) 

24 h 48h 72h 

5 2(1 1) 7 9(0 3) 
4.0(0 2) 6 9(0 2) 
3.1(0 3) 4 8(0 9) 
14(0 2) 2 8(13) 
0.2(0.1) 17(2 1) 
0.1(0.2) 1 1(1 7) 

3 5(1.1) 6 1(16) 
2 7(1.1) 4 0(4 0) 
1.9(1.3) 3 0(1 I) 
0 9(0.9) 2 1(10) 
0 1(0 6) 1.2(1 I) 

4 5(1.7) 6 6(2 1) 
18(1.1) 2.9(1.4) 
18(1.0) 2 1(1.5) 
0 8(0.5) 1.7(1.8) 
0.6(0.8) 0.7(0.9) 

Table I Homocysteine concentrations in HUVEC culture medium after incubation minus the homocysteine 
concentration already present in the culture medium before incubation 

Incubation times were 24,48 and 72 h. The culture medium was supplemented with various concentrations of folic 
acid (0,0 1,0 3, 1,3, and 10 μιποΐ/ΐ), MeTHF (0, 10,30, 100, 1000 nmol/1) and folinic acid (0, 10,30, 100, 1000 
nmol/1) 

folic acid (nmol/l) 
0 
100 
300 
1000 
3000 
10000 

Me IHF (nmol/1) 
0 
10 
30 
100 
1000 

Folinic acid (nmol/1) 
0 
10 
30 
100 
1000 

2.0(0 4) 
1 9(0.4) 
1.3(0.3) 
0 7(0.7) 
0.3(0 6) 
0 1(0 6) 

1 6(0.6) 
0 8(0 8) 
0 6(0 5) 
0 3(0 5) 
0 3(0.7) 

2 1(13) 
1 2(0.9) 
0.9(1.0) 
0.4(0.8) 
0 2(0 4) 
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A typical presentation of this dose dependency is shown in Fig. 3. The concentrations of MeTHF 

or folinic acid were about 10 times lower than that of folic acid required to observe similar 

homocysteine export reduction (Table 1 ). Homocysteine export was reduced by 50% by addition 

of 10-30 nmol/1 MeTHF or folinic acid, and addition of 100-300 nmol/1 resulted in almost zero 

homocysteine export (Table 1 ). Experiments with two other cell lines showed similar results. 

Folinic acid seems more effective in reducing the homocysteine export than MeTHF, although 

MeTHF is the direct substrate in the remethylation of homocysteine in methionine. 

iHcy (μπιοΐ/ΐ) 

24 h 48 h 72 h 

3 3 5.1 

2.7 6.0 

3 1 55 
4 3 6.6 

33 5 1 
35 56 
3.5 5 1 

4 9 6 7 

4 9 6 7 

6 4 7.7 

4 9 7.7 

Table 2 Homocysteine concentration in the culture medium after incubation minus the homocysteine concentration 

already present in the culture medium before incubation 

Incubation times were 24, 48 and 72 h. The culture medium was supplemented with various concentrations ofMe-

cobalamin(0, I, 10:, IO" nmol/1), PLP(0, 10, 100 μπιοΙ/Ι), FAD (0, 120, 300, 750 nmol/1) 

3 Hydroxocobalamin/Me-cohalamin, Ρ LP and FAD. 

Me-cobalamin (active form of vitamine Β12) is a co-factor of methionine synthase in the 

remethylation of homocysteine to methionine. Medium M199 contained no vitamine Β12. The 

concentration of vitamine B12 in the culture medium was (due to its presence in serum) 180 

Me-cobalamine 

0 

1 

\<f 
10' 

PLP 

(μηιοΙ/Ι) 

0 

10 

100 

I A D 

(nmol/1) 

0 

120 

300 

750 

(nmol/1) 

1 6 

1 7 

16 

2 0 

1.6 

1 8 

1 7 

2 0 

23 

2 1 

2 4 
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pmol/1. Addition of extra vitamine B12 to the culture medium either in the form of hydroxocob-

alamine or Me-cobalamine had no effect on the homocysteine export (Table 2) 

PLP (active form of vitamin B6) is the co-factor of cystathionine ß-synthase (CS), which 

catalyses the conversion of homocysteine in cystathionine. Standard culture medium contained 

2.2 mmol/1 (0.05 mg/1) vitamin B6. Addition of PLP did not reduce the homocysteine export 

(Table 2). 

FAD is a co-factor of MTHFR in the formation of MeTHF from methylene-THF. 

Standard culture medium contained 0.01 mg/1 riboflavin (stable precursor of FAD), and the 

addition of FAD to the culture medium did not affect the homocysteine export (Table 2). In all 

experiments the cellnumber and the cell viability were not influenced by of these vitamins. 

Discussion 

HUVECs exported homocysteine at a virtually constant rate over 72 hours standard culture 

conditions (Fig.2). This effect was highly reproducable in six different HUVECs lines. The 

cellnumber and cell viability remained unchanged and the concentrations in the culture medium 

of methionine, vitamin Β12, and total folic acid decreased only slightly over 72 hours. 

Addition of folic acid to the medium reduced the homocysteine export in a dose 

dependant manner. MeTHF is the main circulating form of folic acid in blood and is a direct 

substrate in homocysteine remethylation. MeTHF also reduced the homocysteine export in a 

dose dependant manner, at a 10 times lower concentration than folic acid (Table 1 ). Folinic acid, 

a more stable one-carbon THF precursor of MeTHF, showed similar results. In addition, folinic 

acid had a greater tendency to reduce homocysteine export then MeTHF, probably because of its 

higher stability. 

In our hospital, normal folate levels in human plasma are considered to be between 7 and 

30 nmol/1. Extrapolating to the in vitro situation this means that endothelial cells are exporting a 

fair amount of homocysteine in the presence of normal folate levels. Even after addition of 10-30 

nM MeTHF, the main form of folate in blood a homocysteine export of 50% of the initial value 

was still observed. 

Additions of other vitamins involved in homocysteine metabolism such as Me-

cobalamine, PLP and FAD had no effect on homocysteine export12. An explanation is that these 

compounts are co-factors of the enzymes of the homocysteine metabolism, whereas MeTHF is a 

substrate of the homocysteine remethylation. 
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Fig. 3 Homocysteine concentrations in HUVECs culture medium after incubations of 0, 24,48, and 72 h with 

McTHF added to the culture medium in the following concentrations: (•), 0 (control): (•), I0nmol/1; ( · ) , 

ÌOnmol/l, ( )), 100nmol/l, (A) 1 umol/1 

Refsum21 and Christensen24 " studied the homocysteine export in murine lymfoma cells 

or rat liver cells and in human fibroblasts, but not in human endothelial cells. In the cell 

homocysteine is either converted to cysteine or is salvaged to methionine through remethylation 

or exported from the intracellular compartment into the extracellular medium. Ueland et al. 

concluded that homocysteine export reflects an imbalance between the homocysteine production 

and metabolism. In this study with HUVECs the imbalance in homocysteine metabolism, as 

reflected by the high homocysteine export, disappeared by addition of folates to the medium. 

In the human body the concentration of homocysteine in plasma is probably dependant 

on cellular homocysteine export and on the capacity of homocysteine degrada-tion, mainly in 

liver and kidney". Dysfunctions of each of this systems can theoretically cause hyperhomocys-

tienaemia'2. The observed imbalance of the homocysteine metabolism in cultured endothelial 

cells may reflect the in vitro situation but, on the other hand, it may reflect a natural feature of 

endothelial cells that can contribute to the vulnerability of endothelial cells to mild 

hyperhomocysteinaemia. Certain conditions are likely to enhance homocysteine export, such as 

dysruption of the endothelial cell layer (resulting in repair, thus enhanced cell proliferation) or of 

the composition of the extracellular fluid (shortage of vitamins, higher levels of methionine or 

administration of certain drugs such as methotrexate). 
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Homocysteine lowering therapy in patients with severe hyperhomocysteinemia has 

proved to be clinical benificial'. In mild hyperhomocysteienemia such clinical effects remain to 

be determined. Folic acid regiments are very effective in lowering plasma homocysteine levels 

in VÌVO1211. In this study folic acid proved to be very effective in maintaining low homocysteine 

levels in the culture medium, probably as a result of the restored balance of the homocysteine 

metabolism in the cultured endothelial cells. 
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Chapter 5 

Homocysteine metabolism in endothelial cells of a patient homozygous for 

cystathionine ß-synthase (CS) deficiency 

E.F. van der Molen, M.J. Hiipakka, H. van Lith-Zanders, G.H.J. Boers, L.P.W.J. van den 

Heuvel, L.A.H. Monnens, and H.J. Blom 

Abstract 

Homocystinuria due to cystathionine ß-synthase (CS) deficiency is the most common inborn 

error of methionine metabolism. Patients with CS-deficiency have an extremely high risk of 

vascular disease. The underlying mechanism is still unsolved. Dysfunction of endothelial cells 

could be the trigger in the formation of atherosclerosis and thrombosis. Therefore differences 

in cell function were studied between normal and CS-deficient human umbilical endothelial 

cells (HUVECs). Total homocysteine (tHcy) concentrations in culture media as a measure of 

homocysteine export increased in all cell lines, including the cell line with CS-deficiency, 

with constant amounts of approximately 2.5 mmol/1 every 24 hrs. Von Willebrand Factor 

(vWF), tissue Plasminogen Activator (tPA) and Plasminogen Activator Inhibitor (PAI-1 ) in 

culture media were used as markers of endothelial function and increased also with pro

gression of culture time. The effects of additions of folate, vitamin B6 and methionine to the 

culture medium were studied. The homocysteine export and the markers of endothelial 

function did not differ between the control and the CS-deficient HUVECs under various test 

conditions. These data show that CS-deficient endothelial cells have normal homocysteine 

export and normal endothelial cell function. In CS-deficient patients the very high blood 

levels of homocysteine, probably due to deficient CS function in liver and kidney, seems to be 

the hazardous factor to endothelial cells and thus promoting atherosclerosis and thrombosis in 

CS-deficient patients. 

Introduction 

Deficiency of cystathionine ß-synthase (CS) resulting in very low or absent enzyme activity is 

an autosomal recessively inherited disorder of methionine metabolism and causes high levels 

of homocysteine in blood (hyperhomocysteinemia) and in urine (homocystinuria). Clinically, 

the most life-threatening complications of homocystinuria are severe atherosclerosis or 

thrombosis at young age. Homocystinuria is treated with vitamin B6 (pyridoxine) as first 
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choice; approximately 50% of patients with homocystinuria respond to this vitamin treatment 

with a decrease of the homocysteine levels. Vitamin B6 non-responding patients could be 

treated with betaine, folic acid, vitamin Β12, or even methionine restriction'. The most 

common mutation in the CS-gene among Dutch homocystinuric patients is the T833C 

transition2. Patients homozygous for this transition respond very well to vitamin B6 therapy1. 

The underlying mechanism causing vascular disease in hyperhomocysteinemia is still 

unsolved. In vitro high levels of homocysteine can generate Η,Ο, and free radicals were 

formed which in vivo theoretically could result in increased lipid peroxidation'15, causing 

accumulation of oxidised low density lipoprotein inside the vessel wall. However, in 

homocystinuric patients no increased lipid peroxidation had been found67. 

„> S-adenosylmethionlne _ 

5 (ormyl THF 
(lolmic acid) 

5 10 methylene THF 5 methyl THF 

meltiylacceptor 

> methylated product 

S-adenosythomocystelne 

Ν dimethylglycine 

betaine <<— choline 

homocysteine * 

CS L' serine 

cystathionine 

1 
cysteine 

SO, 

Fig. 1. Homocysteine metabolism, CS = cystathionine ß-synthase, MTHFR = methylene tetrahydrofolatc 
reductase, MS = methionine synthase, THF = tetrahydrofate 
CS uses pyrtdoxal phosphate and MS methyl cobalamin as co-factor. 
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The first step in the development of atherosclerosis or thrombosis is dysfunction of 

endothelial cells Elevated levels of von Willebrand Factor (vWF), plasminogen activator 

inhibitor (PAI-1), and tissue plasminogen activator (tPA) are considered as markers of 

endothelial dysfunction810 To study the hypothesis, that homocysteine itself can cause 

endothelial cell dysfunction, endothelial cells have been cultured with additions of various 

concentrations homocysteine to the culture medium" H However, these studies used very 

high concentrations of homocysteine (1 to 10 mmol/1) in its reduced form (i e with free SH-

group), which is highly unphysiologic In blood only 1% of total homocysteine is present in 

its reduced form This means that applying 10 mmol/1 reduced homocysteine in vitro is about 

50 000 times higher then the concentration normally present in blood of patients with mild 

hyperhomocysteinemia15 

In vitro lymphoma cells, liver cells, and fibroblasts exported homocysteine into the 

extracellular medium1618 Enhanced homocysteine export is associated with increased 

homocysteine production or inhibition of metabolism1 ' In our previous study with human 

umbilical vein endothelial cells (HUVECs) we showed a strong dependency of the 

homocysteine export on folic acid levels in the culture medium No effects of additions of 

other vitamins involved in homocysteine metabolism, such as vitamin B6 and vitamin B12, 

were observed'" Because increased homocysteine export reflects an imbalance in the 

homocysteine metabolism, we concluded that, endothelial cells are vulnerable to sub-normal 

loldte levels The underlying mechanism for this phenomenom is not known but, this 

imbalance in the homocysteine metabolism is likely influenced by activities of key enzymes 

in homocysteine remethylation (methylene tetrahydrofolate reductase MTHFR and 

methionine synthase MS) and transsulfuration (CS) (Fig 1) 

In the present study the homocysteine export of HUVECs of a CS-deficient patient 

homozygous for the T833C transition is compared with the export of normal HUVECs The 

influence of additions of folimc acid (5-formyl-THF (tetrahydrofalate)), vitamin B6 

(pyridoxine HCl), and methionine is explored Changes in endothelial cell function are studied 

by measurements of vWF, tPA, and PAI-1 in culture media 
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Materials and Methods 

Cell culture 

Endothelial cells from the human umbilical vein (HUVECs) were obtained from umbilical 

cords of healthy fetuses from uncomplicated pregnancies and deliveries of healthy mothers 

(non-smoking and without medication). Within 24 hours after cord collection endothelial cells 

were isolated by collagenase (Worthington, New Jersey, U.S.A.) treatment according to the 

procedure of Jaffe el al21 HUVECs were cultured under standard conditions of which, more 

details were described in our previous article20. All HUVECs experiments were performed in 

12-wells plates with cells of 3 days in confluence in the third or fourth passage. 

After the experiments the cells were counted by using the methylene blue (3,7-bis(d-

imetylamino)phenothiazine-5-ium chloride) cell counting method according to Oliver et al ". 

This method is based on the ability of methylene blue to bind electrostatically at pH 8.5 to 

negatively charged groups inside the cell, mostly phosphate moieties of nucleic acids. The 

stained cells were eluted with 1:1 (v/v) ethanol-0.1 mol/1 HCl and optical density was read at 

wavelength 620 nm with Titertek Multiscan 340 CC (ICN Flow, Irving, Scotland). Before it 

was used in routine, a linear function between the optical density and cell number was 

established. 

All experiments with normal HUVECs were performed in duplo with at least three 

different cell lines. All experiments with CS deficient HUVECs were performed in triplo. 

Homocysteine analysis 

Homocysteine concentrations were measured by an automated high performance liquid 

chromatography (I IPLC) method with reverse phase separation and fluorescent detection 

(Gilson 232-401 sample processor. Spectra Physics 8800 solvent delivery system and Spectra 

Physics LC 304 fluorometer)21. The detection limit was 0.5 mmol/1. The intra- and inter run 

variation coefficient was < 5%. 

Cystathionine ß-Synthase (CS) assay. 

CS activities were measured following the procedure described by Fowler et al2'. The deter

mination was carried out in the presence or absence of Pyridoxal-5-Phosphate and the final 

product "C-cystathionine was measured radiochemically. Protein concentrations were 

determined by the method of Lowry et al ". 
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DNA analysis 

Genomic DNA was isolated from HUVECs and polymerase chain reaction (PCR) was 

performed with 100 ng of genomic DNA The PCR product was subjected to Dsr\ and the 

restriction fragments were detected and visualized according the procedure described by 

Kluijtmans el al ' 

ELISA's 

a Von Willebrand Factor (vWF) 

vWF antigen was determined by a sandwich ELISA modified from Ingerslev et al,6 In brief 

%-wells plates (Nunc, Roskilde, Denmark) were coated with rabbit anti-human vWF 

polyclonal antiserum (A082, Dako A/S, Denmark) The reference line was made from 

dilutions of unincubated standard culture medium to washing buffer (PBS, 0 05 % Tween 20 

(ICN Flow, Irving, Scotland), and 0 5 mg/ml BSA (Sigma Chemical Co, St Louis, USA)) 

Blanks were standard culture medium without serum Test samples were diluted 1 80 by 

washing buffer After incubating and washing rabbit anti-human vWF peroxidase conjugate 

(P226, Dako A/S, Denmark) was applied After incubating and washing the substrate solution 

(20 ml of 0 05 mol/l citric acid and 0 1 mol/1 Na,HP0 4 pH 5 0, 40 mg ortho-diphenylalamne 

(OPD), and 20 ml 30 % Η,Ο,) was added The reaction was stopped with 50 ml/well of 2 

mol/I ILS0 4 The optical density was measured at wavelength 492 nm by Titcrtek Multiscan 

340 CC Measurements were performed in triplo or duplo 

h Tissue Plasminogen Activator (tPA) and Plasminogen Activator Inhibitor I (PAI-1) 

tPA and PAI-1 antigen were measured with a commercial kit (Biopool Imulyse tPA, ΡΛΙ-1, 

Umeâ, Sweden) according to the procedure of the manufacturer The tPA assay detects single-

and two-chain tPA in complex with antiplasmin, PAI-1, and PAI-2 The ΡΛΙ-1 assay detects 

active and latent PAI-1, whereas tPA/PAI-1 and uPA/-PAI-l complexes are poorly detected 

Statistics 

Data are expressed in mean and standard deviation The mean and standard deviation of 

experiments with the CS-deficient cell line was calculated from results from at least three 

different experiments The mean and standard deviation of the control cell lines was calculated 

from the means of at least three different control cell lines The value obtained from a control 

cell line is the mean (without a standard deviation) of a duplo culture experiment of this cell 
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line. Statistical analyses were performed with the t-Test and ρ < 0.05 was considered 

statistically significant. 

Results 

Characterisation of the HUVECs deficient m cystathionine ß-synthase (CS) 

In 6 different HUVECs from healthy controls and in the HUVECs from a patient with CS-

deficiency, the CS-activity was measured with and without addition of pyridoxal-5-phosphate 

to the enzyme assay mixture (Table 1). The mean enzyme activity of the six controls with and 

without pyridoxal-5-phosphate was 6.9 and 5.6 nmol cystathionine/h/mg protein respectively. 

The enzyme activity of the CS-deficient cell line with and without pyridoxal-5-phosphate was 

0.88 and 0.18 nmol cystathioninc/h/mg protein respectively (Table 1). The CS-activities of 

the control HUVECs were comparable with those observed in cultured normal fibroblasts and 

the CS-activity of the CS-deficient cell line was within the range of cultured fibroblasts of CS-

deficient patients2. 

Cystathionine Cystathionine 
nmol/h/mg protein nmol/h/mg protein 
(-PLP) (+PLP) 

HUVEC 
control (n=6) 
mean 5.60 6 90 
(range) (3.1-10 9) (3.1-15) 

HUVEC 
palienl 0 18 0 88 

Tabic 1. CS-activities in nmol cystathionine per hour per mg protein of six normal HUVECs and one CS-
deficicnt HUVECs 
PLP = pyridoxal phosphate 

Genomic DNA was isolated from HUVECs of the CS-deficient patient and homo

zygosity for the T833C transition was demonstrated. This mutation is the most common cause 

of CS-deficiency in Dutch homocystinuria patients2. 
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Homocysleine export 

1 Standard conditions and the effect of folinic acid supplementation. 

Under standard culture conditions HUVECs exported a fairly constant amount of ho

mocysteine into the culture medium despite normal folate levels in the medium20. 

The mean (± SD) homocysteine export in four different normal HUVECs under standard 

culture conditions after 24, 48, and 72 hrs of culture was 1.74 (± 0.68), 4.04 (± 1.23) and 6.40 

(± 1.71) mmol/1 respectively. Addition of 3, 30, and 100 nmol/1 folinic acid (a stable precursor 

of MeT I IF) to the standard culture medium reduced the homocysteine export in a dose-

dependent manner (Table 2). 

24 hours 
tHcy (mmol/1) 
mean (±SD) 

48 hours 
tHcy (mmol/1) 

mean (±SD) 

72 hours 

mean (±SD) 
tHcy (mmol/1) 

folinic acid 
(nmol/1) 

0 

3 

30 

100 

norma 
1 

1.7 
(± 0.7) 

1 2 
(±0 9) 

06 
(± 0.3) 

02 
(±0 2) 

CS-deficienl 

1 4 
(± 0.3) 

07 
(±0 8) 

05 
(±0 1) 

04 
(±0 1) 

norma 
1 

40 

(± 1.2) 

2.9 
(± 0.9) 

1.6 
(±0 7) 

1.5 
(± 0.8) 

CS-deficient 

40 
(± 0.2) 

2.5 
(± 0.2) 

0.6 
(± 0.4) 

I.I 
(± 0.2) 

normal 

64 
(± 17) 

42 
(±10) 

22 
(±0 9) 

2.2 
(±1 1) 

CS-deficient 

65 
(±0 3) 

4 8 
(±0 6) 

25 
(±0 4) 

1 8 
(±0 4) 

Table 2. At culture times of 24, 48, and 72 hrs homocysteine export in culture medium of normal and CS-

deficienl HUVECs was measured after additions to medium of folinic acid of 0, 3, 30, and 100 nmol/1. 

The mean homocysteine export of the CS-deficient HUVECs under standard culture 

conditions after 24, 48, and 72 hrs. of culture was in the range as observed in normal 

HUVECs. Furthermore addition of folinic acid in various concentrations showed the same 

dose dependency as observed in normal HUVECs (Table 2). 

When the homocysteine export was expressed in amount homocysteine per cell (pmol/c-

ell) the CS deficient HUVECs showed also export in the range of normal HUVECs (Table 3). 

Vitamin B12 supplementation to the standard culture medium (Ml99 did not contain 
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Vitamin Β12) did not result in differences in homocysteine export in similar experiments (data 

not shown). 

2 Pyridoxine HCl additions 

Standard culture medium contained 200.5 nmol/l pyridoxine according to the manufacturer. 

The homocysteine export did not show differences between standard culture medium and the 

media with additions of 0.3, 1, 10, 100, 1000 mmol/1 pyridoxine. No differences were found 

between control HUVECs and CS deficient HUVECs (Table 4). 

24 hours 48 hours 72 hours 
tHcy/cell tHcy/cell iHcy/cell 
((pmol^-pmolj/tfcells) ((pmolls-pmol0)/#cells) ((pmol4ll-pmol„)/#cells) 
mean (±SD) mean (±SD) mean (±SD) 

norma CS-deficient normal CS-deficient normal CS-deficient 
I 

folinic acid 
(nmol/l) 

6 9 
(±2.7) 

4 0 
(± 1.2) 

2 0 
( ± 1 1) 

-0.1 
(+2 5) 

5 4 
( ± 1 1) 

2.9 
( ± 3 2) 

1 7 
( ± 0 3) 

1 6 
( ± 0 2) 

8 8 
(±2.1) 

6 0 
(±0.9) 

33 
(± 1.0) 

2 9 
(±1.8) 

9 7 
( ± 0 2) 

5.4 
( ± 0 4) 

1 3 
(± 0.8) 

2 4 
( ± 0 5) 

14.78 
(± 3.47) 

9 02 
(± 1-72) 

461 
(±1.72) 

4 49 
(± 2.06) 

14.54 
(±001) 

10 29 
(± 0 87) 

5 27 
(± 1 22) 

3 68 
( i 0 65) 

Table 3. At culture times of 24, 48, and 72 hn, homocysteine export expressed per amount of cells in 
culture medium of normal versus CS-deficient HUVECs was measured after additions to medium of folinic acid 
ofO, 3, 30, and 100 nmol/l 

When homocysteine export was expressed in homocysteine per amount of cells 

(pmol/cell) in normal and CS deficient HUVECs, also no differences were found under 

conditions as mentioned above (data not shown). 

3 Methionine loading 

The homocysteine export was studied under various concentrations of methionine additions to 

the culture medium of normal and CS-deficient HUVECs. 
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Methionine deficient conditions of the culture medium were achieved by using M199 without 

methionine. In these experiments the only source of methionine to the culture medium was 

derived from the 20% serum which resulted in a methionine concentration of 5 mmol/1 in the 

culture medium. Under these conditions the homocysteine export was very low: in normal 

HUVECs the mean (±SD) of the homocysteine export after incubations of 24, 48, and 72 hrs 

was 0.6 (± 0.5), 1.2 (±0.6), and 2.1 (± 0.9) mmol/1 respectively. In CS-deficient HUVECs 

similar results were obtained (Table 4). 

24 hours 
iHcy (mmol/1) 
menn (±SD) 

CS-dcficicnl 

48 hours 
IHcy (mmol/l) 
mean (±SD) 

CS-deficient 

72 hours 
11 ky (mmol/l) 
mean (±SD) 

Puidoxme I ICI 
(mmol/l) 

24 

(± 0 9) 

28 
(±0 4) 

27 
(±0 4) 

26 
(± (1 8) 

25 
(±0 5) 

27 
(± 0 4) 

26 

(± 0 3) 

3 0 
(±0 1) 

29 

(± 0 2) 

26 
(±0 6) 

45 
(±0 7) 

43 
(±0 8) 

4 6 
(±0 9) 

40 
(±0 5) 

40 

(± 1 0) 

4 6 
(±0 2) 

44 

(±0 5) 

42 
(±0 6) 

48 
(±0 6) 

44 
(± 0 9) 

2 1 
(±0 5) 

26 
(±0 2) 

43 
(±0 9) 

43 
(±0 0) 

54 
(±0 9) 

64 
(±0 5) 

57 

(± 1 0) 

58 
(±0 5) 

56 
(±0 6) 

62 
(±0 8) 

6 1 

(± 0 3) 

62 
(±0 8) 

59 

(±0 2) 

57 
(± 0 5) 

6 1 

(±0 4) 

6 4 

(±0 1) 

Methionine 
(mmol/l) 

06 
(± 0 5) 

13 

(± 0 4) 

2 1 

(± 0 6) 

26 

(± 0 5) 

24 
(±0 4) 

25 

(± 0 8) 

1 5 

(±0 3) 

24 
(± 0 7) 

26 
(± 0 3) 

3 1 

(±0 3) 

29 
(±0 1) 

3 1 
(±0 1) 

1 2 
(±0 6) 

23 
(±0 2) 

4 1 
(±0 6) 

53 
(±13) 

5 1 
(±0 8) 

5 1 
(±1 1) 

18 
(±0 6) 

33 
(±0 7) 

5 1 
(±0 7) 

54 

(±0 5) 

53 
(±0 4) 

58 
(±0 6) 

2 1 
(±0 9) 

34 
(±0 9) 

5 
(±13) 

67 
(±10) 

63 
(±0 8) 

66 
(±14) 

23 
(± 0 9) 

4 

(±1 1) 

58 
(±10) 

64 
(±0 9) 

74 
(±0 2) 

73 
(±0 1) 

Tabic 4. At culture times of 24, 48, and 72 hrs homocysteine export in culture medium of normal and CS-

deficienl IIUVECs was measured after additions to medium of pyridoxine HCL of 0, 0 3, 1, 10, 100, and 1000 
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Alter additions of methionine in the culture medium (0, 5, 10, 50, 100, 200mmol/l) the 

homocysteine export increased This increase was dose dependent with maximal homocys

teine export of approximately 2 mmol/1 per 24 hrs at a methionine addition of 50 mmol/1 or 

more Under all conditions studied, no differences could be seen between normal and CS 

deficient HUVFCs (Table 4) Again no differences was found if the homocysteine export was 

expressed per cell (data not shown) 

7 Von Willebrand Factor (vWF) 

In the culture medium of normal and CS-deficient HUVECs, vWF was measured m culture 

medium after various additions of folinic acid (0, 3, 30, and 100 nmol/1) at various culture 

times (24, 48, and 72 Ars ) 

Under standard culture conditions the mean (± SD) concentration of vWF increased 

slightly The results of vWF measurements in culture media of CS-deficient HUVCCs were 

similar to those of normal HUVECs (Table 5) 

Additions of 3, 30 and 100 nmol/1 folinic acid to the culture medium of normal 

1 lUVFCs did not result in significant changes of vWF concentrations compared with the 

results obtained by using standard culture medium alone VWF levels in various culture media 

ol CS-dcfiuent HUVECs were similar to normal HUVECs (Iable 5) 

Similar results were obtained when vWF concentration in culture medium was 

expressed per cell (data not shown) 

5 Tissue Plasminogen Activator (tPA) 

In the culture medium of normal and CS-deficient HUVECs IPA-anligen concentrations were 

measured under the same conditions as mentioned above in paragraph 4 With progression of 

culture time (24, 48 and 72 hrs ) the mean level of tPA in the culture medium increased in 

normal HUVECs (Table 5) The results of tPA measurements in culture media of CS-

deficient HUVFCs were similar to the results of normal HUVECs Only the tPA 

concentration in culture medium of CS-deficient HUVECs without folinic acid addition after 

72 hi s was significantly elevated compared with tPA concentration in culture medium of 

normal IlUVLCs under the same conditions (Table 5) 
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Additions of the various concentrations of folinic acid to the culture medium at various 

incubation times (see paragraph 4) showed no significant differences in tPA concentrations 

between normal and CS-deficient HUVECs. 

Expression of tPA concentration per cell showed similar results (data not shown). 

24 hours 48 hours 72 hours 
mean (±SD) mean (±?>U) mean (*.SD) 

normal CS-delicient nomul CS-deficient normal CS-delicient 

vwr(%) 
in medium wilh 
Iblmic acid ol 
(nmoM) 

0 108 
(±8) 

1 103 

<*5) 

10 100 
(±7) 

100 107 
(±0) 

tl'A (ng/ml) 
m medium with 
IOIIIIIL acid ol 

(nmol/l) 

0 I 1 

(± I 3) 

3 2 S 

( L 0 9 ) 

30 2 8 
(±1 I) 

100 2 7 

(±1 2) 

ΡΛΙ-Ι (ng/ml) 
in medium wilh 
lolinic HLld ol 
(nmol/l) 

4S2 

(J- 178) 

424 

(± 192) 

414 

(± 160) 

'564 

(± 338) 

376 

(4:77) 

402 

(± 90) 

363 

(± V.) 

385 

(±64) 

938 

(± 409) 

811 

(±272) 

861 

(± 283) 

904 

(±373) 

791 

(± 194) 

898 

(± 144) 

921 

(± 399) 

990 

(± 547) 

1082 

(± 260) 

962 

(± 269) 

898 

(± 269) 

1104 

(± 398) 

1092 

(±494) 

1107 

(±305) 

1027 

(± 286) 

1212 

(1:304) 

Table 5. At culture times of 24, 48, and 72 hrs vWF, tPA, and PAI-1 concentrations in culture medium of 
normal and CS-deficient HUVECs was measures after additions to medium of folinic acid of 0, 3, 30, and 100 
nmol/l 
(*) Significant difference between normal and CS-deficient HUVECs in incubation medium of 72 hrs. under 
standard culture conditions. (p<0 01) 
footnote vWF expressed in %, 100% was defined as the amount vWF in unincubated standard medium. 
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117 

(±S) 

113 

(±5) 

III 

(±3) 

113 

(±7) 

122 

(±12) 

115 

(±9) 

116 

(±6) 

116 

(±11) 

129 

(±4) 

126 

(±7) 

119 

(±4) 

121 

(±8) 

137 

(±15) 

135 

(±16) 

130 

(1:12) 

138 

(±15) 

145 

(±5) 

145 

(±8) 

144 

(t9) 

142 

(± 10) 

25 

(±0 3) 

24 

(±0 3) 

25 

(± 0 6) 

2 1 

(±0 5) 

73 

(±2 6) 

67 

(±3 0) 

60 

(± 1 9) 

66 

(±17) 

107 

(±10) 

83 

(±14) 

82 

(±17) 

78 

(±0 9) 

89 

(±3 7) 

87 

(±4 7) 

83 

(±3 5) 

86 

(±4 7) 

19 6 

(±10) 

134 

(± 16) 

127 

(±2 1) 

M 9 

(±2 0) 
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6. Plasminogen Activator Inhibitor (PAI-1) 

Under the same conditions as mentioned above in paragraph 4, PAI-1 antigen concentrations 

were measured in the culture medium of normal and CS deficient HUVECs. With progression 

of culture time (24, 48 and 72 hrs.) the mean level of PAI-1 in the culture medium increased 

in normal HUVECs (Table 5). The results of PAI-1 measurements in culture media of CS-

deficient HUVECs were similar to the results of normal HUVECs (Table 5). 

Additions of the various concentrations of folinic acid to the culture medium did not 

result in any difference in ΡΛΙ-1 concentrations within or between the different cell lines 

(Table 5). 

Expression of PAI-1 concentrations per cell showed similar results (data not shown). 

Discussion 

HUVECs lacking virtually all CS-activity due to homozygosity for the T833C transition, 

showed the same homocysteine export as normal HUVECs. Furthermore no differences 

between these CS-deficicnt and normal cell lines were observed in response to additions to the 

culture medium of: 

1. I-'olinic acid: in both the normal and the CS-deficient cell lines the homocysteine export was 

reduced in a dose dependent manner. 

2. Pyridoxine: additions of pyridoxine to the culture medium did not affect homocysteine 

export. 

3. Methionine: additions of methionine ("methionine loading") increased the homocysteine 

export in a dose dependent manner until a maximal level was reached at approximately 50 

mmol methionine/1. Again, there was no differences in response to this methionine loading 

between the CS-deficient and the normal I lUVECs. 

Even under these various extreme conditions the homocysteine export did not differ 

between the control and the CS-deficient HUVECs, which suggests that CS does not contri

bute to the homocysteine metabolism in endothelial cells. Therefore the high blood 

homocysteine levels in CS-deficient patients seem to be due to deficient CS function in liver 

and kidney. In these organs CS is expressed at a high level27. 

Also no differences between control and CS-deficient HUVECs were present in 

concentrations of vWF, tPA, and PAI-1 (markers of endothelial function). These 

concentrations increased with almost constant amount in the culture medium every 24 hrs., 
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which is a normal property of cultured endothelial cells28"10. Folinic acid addition to the 

medium, which reduced the homocysteine export, did not affect these endothelial cell function 

parameters. In this experiment again the CS-deficient endothelial cells were indistinguishable 

from normal HUVECs. These results indicate that not the abnormal homocysteine metabolism 

inside endothelial cells in patients with CS-deficiency is the hazardous factor to endothelial 

cells, but the high homocysteine levels in the blood itself. These findings are not in line with 

the results of the study of De Groot et al.M, who suggested that CS-deficiency leads to 

accumulation of toxic sulphur containing amino acids inside endothelial cells which could 

cause endothelial damage. 

In mild hyperhomocysteinemia, a common risk factor of vascular disease, the 

mechanism might be essentially different, because heterozygosity is nowadays not supposed 

to be present in this condition12. Mild defects in homocysteine rcmcthylalion seem to be 

involved in mild hyperhomocysteinemia, such as homozygousily for 677C®T mutation in 

MTHFR gene11. This defect may cause an imbalance of homocysteine metabolism in cultured 

endothelial cells resulting in increased homocysteine export to the blood. In our former study 

we already demonstrated the existence of a delicate balance in homocysteine rcmethylation in 

endothelial cells, which was strongly influenced by folic acid levels in the culture medium 2<'. 

Our future studies will focus on the contribution of such mild defects on homocysteine 

remethylation of endothelial cells. 

The possible contribution of endothelial stress factors such as mechanical stress, oxidant 

stress or other stress factors to our results could not be studied. The present investigation 

showed that CS-deficient endothelial cells have normal homocysteine export and normal 

endothelial cell function. Therefore, in CS-deficient patients the very high blood levels of 

homocysteine, probably due to deficient CS function in liver and kidney, seems to be the 

hazardous factor to endothelial cells and thus promoting atherosclerosis and thrombosis in CS-

deficient patients. 
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Chapter 6 

Summary 

This thesis concerns the relationships between "Hyperhomocysteinemia and placental 

vasculopathy". Our aims were to determine whether hyperhomocysteinemia is a risk factor for 

placental vasculopathy (PV), to search for causes of hyperhomocysteinemia in these women, 

how hyperhomocysteinemia interacts with other possible risk factors and what are the 

underlying mechanisms. The knowledge obtained from our study results, may contribute not 

only to diagnoses and treatment of women with a history of PV, in particularly if they intent to 

become pregnant again, but also of arteriosclerotic and thrombotic vascular disease in general. 

Chapter 1 is a general introduction of the study objectives and explanation of 

hyperhomocysteinemia and PV. Hyperhomocysteinemia is a disorder of methionine 

metabolism and is an independent risk factor for arterial and venous obstructive disease. PV is 

due to a obstruction of the spiral artery, i.e. the maternal side of the placenta, resulting in 

placental abruption and severe intrauterine growth retardation. Vascular changes seen in PV 

resemble vascular changes in arterial and venous obstructive disease. Possibly 

hyperhomocysteinemia has a deleterious effect on this process via hampering endothelial 

function in the spiral artery, disturbing the coagulation/fibrinolysis balance. 

Chapter 2 concerns the first full study on hyperhomocysteinemia as a risk factor for placental 

abruption or infarction. 46 women with normal pregnancy outcome (controls) and 84 women 

with placental abruption or infarction (study group) were studied in the non-pregnant state. 

Homocysteine metabolism was investigated by a standardised oral methionine-loading test. 

Hyperhomocysteinemia was defined as a fasting tHcy > 15 μπιοΐ/ΐ and/or a post-methionine 

iHcy > 50 μιτιοΐ/ΐ. In the fasting state, the vitamin status was investigated by the measurement 

of serum folate (monoglutamate forms of folate, as indication of the folate status of that 

moment) and red blood cell folate (polyglutamate forms of folate, as an indication of the 

folate status over a much longer time-period). Serum vitamin Β12, and whole blood 

pyridoxal-5'-phosphate (PLP, an active form of vitamin B6) were also investigated. 

Hyperhomocysteinemia was present in four controls (9%) and 26 women of the study group 
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0 1 % , P<0 05) The median concentrations of the vitamins studied were significantly lower in 

women of the study group as compared to the controls, except lor red cell folate 

Chapter 3 discusses possible molecular genetic causes of mild hyperhomocysleincmia and 

consequently as a risk factor for PV Homozygosity of the 677C-»T mutation in the gene of 

methylene tetrahydrofolate reductase (MTHFR, a regulating enzyme of homocysteine 

metabolism) is associated with mild hyperhomocysteinemia and therefore possibly a risk 

factor lor PV 165 women with a history of PV (study group) and 139 unrelated matched 

controls were studied The TT genotype was found among 12% of the study group and 5% of 

the controls This resulted in Odds Ratios (95% confidence interval) of 2 45 [95% CI 1 00-

6 02] In the study group 13 of the 19 women with the TT genotype had folic acid 

concentrations in the lowest tertile, whereas 3 of the 7 control women with the TT genotype 

had folic acid concentrations in the lowest tertile It might be that the combination of low 

normal folic acid concentrations in combination with the TT genotype is increasing the risk of 

PV Therefore folic acid supplementation could improve pregnancy outcome It was 

concluded that homozygosity for 677C—>T mutation in MTHFR gene is a genetic risk factor 

forPV 

Sequence analysis of the coding region of methionine synthase (MS, another regulating 

enzyme of homocysteine metabolism) of 4 women with PV revealed one mutation of interest 

I his mutation resulted in the amino acid substitution A—>G transition at bp 2756, converting 

an aspartic acid (D919) into glycine (G) Genomic DNA was screened of 108 women with PV 

and 364 controls for the presence of this mutation There was no increased prevalence ol the 

GG and AG genotype in women with PV In plasma of these women we also examined tHcy 

lor each MS genotype There was no correlation between GG-, AG-, or AA-genotype and 

ti Icy I he D919G mutation is thus a fairly prevalent and probably benign polymorphism and 

does not seem to be a risk factor for PV No evidence for a major involvement of MS in the 

aetiology of homocysteine-related PV was provided 

Chapter 4 contained studies of possible relations between markers of endothelial dysfunction 

and hyperhomocysteinemia in PV In the first study healthy volunteers were screened for 

hyperhomocysteinemia and mutated MTHFR which are considered risk factors for 

arteriosclerosis and thrombosis, although data concerning mutated MTHFR are inconsistent 
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Elevated concentrations of von Willebrand Factor (vWF), tissue plasminogen activator (tPA), 

plasminogen activator inhibitor (PAI-1) and the ratio tPA/PAl are markers of endothelial 

dysfunction and probably associated with arteriosclerosis. These parameters were studied in a 

population based randomised placebo controlled study of 120 healthy volunteers with 8 weeks 

of placebo or multivitamin therapy (5 mg folic acid, 0.4 mg hydroxycobalamin and 50 mg 

pyridoxine) The volunteers were stratified into low (<16 μιτιοΐ/ΐ, n=63) and a high tHcy group 

(>16 μπιοΐ/ΐ, n=29). This resulted in a significant higher tPA/PAI ratio in volunteers of the 

high tHcy group compared with the low tHcy group of mean (95% confidence interval); 0.30 

(0.20-0.40) and 0.22 (0.17-0.26) respectively, p=0.02. Volunteers with homozygous mutated 

MTIIFR TT-genotype (n=13) had a significant lower vWF concentration (%)) compared with 

heterozygous and wild type (n=107), mean (95% confidence interval; 63 (48-78) and 82 (75-

89) respectively, p=0.03. Multivitamin therapy significantly lowered the tPA/PAI ratio in the 

group volunteers as a whole, but did not effect vWF concentrations. These results suggested a 

dysbalance between tPA and PAI-1 associated with endothelial dysfunction in the high 

homocysteine group. The lower concentrations of vWF found in volunteers with mutated 

MTIIFR suggested an unexpected beneficial effect of the mutation on endothelial function. 

In the second study endothelial dysfunction, hyperhomocysteinemia and the effect of 

homocysteine-lowcring therapy were investigated in women with a history of PV (study 

group). As markers of endothelial function: von Willebrand Factor (vWF), thrombomodulin 

(TM), tissue plasminogen activator (tPA) and plasminogen activator inhibitor (PAI-1), 

markers of coagulable/fibrinolytic state: prothrombin fragment 1+2 (F 1+2) and fibrin 

degeneration product D-Dimer together with homocysteine and the involved vitamins (folate, 

vitamin B12 and B6) were measured before and after 8 weeks therapy with daily 5 mg folic 

acid versus placebo in 101 study group women and compared 92 controls. Significant higher 

vWF. TM and F 1 +2 were found in the study group compared with controls, indicating 

endothelial dysfunction in the study group. TM was significantly correlated with tllcy and 

women with elevated tllcy had a significantly lower vWF after folic acid therapy. It was 

concluded that indications of endothelial dysfunction leading to hypercoagulability, which 

might be aggravated by hyperhomocysteinemia, were found in women of the study group. 

Folic acid therapy indicated a possible beneficial effect. 

In the last study of this chapter the relationship between hyperhomocysteinemia and 

other thrombophilic factors was investigated in women who experienced PV. Some studies 

163 



Summary 

have shown that risk factors for thrombosis could also affect the utero-placental vascular 

system. In a case-control setting in blood samples of 101 women with a history of PV and 92 

control women we measured the tHcy, the 677C-»T mutation in the MTHFR gene, APC-r 

ratio, PC activity, free PS antigen, AT III activity and FVL mutation. There was an increased 

risk for PV for elevated tHcy (odds ratio (OR) 2.28 [95% confidence interval (CI) 1.18-4.39]), 

MTHFR mutation (3.29 [95% CI 1.03-10.5], decreased APC-r ratio (2.46 [95% CI 1.06-5.72]) 

and PC (2.01 [95% CI 1.11-3.65]). Any combination of two risk factors in the same individual 

resulted in a 3.40 [95% CI 1.80-6.42] higher relative risk for PV and combinations of three 

risk factors in a 6.83 [95% CI 1.52-30.7] higher risk. Thus risk factors related to thrombosis, 

i.e. decreased levels of APC-r ratios, PC, elevated tHcy and the MTHFR 677C-»T mutation 

are risk factors for PV. Combinations of these risk factors in one individual resulted in 

synergistic increase of risk. 

In the 5'h Chapter the results of two in vitro studies, concerning the homocysteine 

metabolism in human umbilical vein endothelial cells (HUVECs), are presented. 

1. The homocysteine export from HUVECs was studied by measuring tHcy in the culture 

medium. Under standard culture conditions tHcy in the HUVECs culture medium increased by 

constant amounts with a mean of 2.5 (SD +/- 0.7) umol/I tHcy every 24 h, during 24, 48 and 72 

h culture time. As the cells are the only source of homocysteine increase in the culture medium, 

this was designated as homocysteine export from HUVECs. Folic acid supplementation to the 

culture medium lowered the homocysteine export in a dose-dependent manner. 

Methyltetrahydrofolate (MeTHF) and folinic acid (a stable precursor of MeTHF) were about 10 

times more effective than folic acid. A 50% reduction in the homocysteine export was seen with 

10-30 nmol/1 MeTHF supplementation: reduction to almost zero was found with 100-300 nmol/1 

MeTHF, which are concentrations comparable to those observed in human serums. Additions to 

the culture medium of other vitamins involved in the homocysteine metabolism, such as vitamin 

Β12, vitamin B6 and flavin adenine dinucleotide, did not show any effect on the homocysteine 

export. Because homocysteine export reflects an imbalance in the homocysteine metabolism, our 

observations showed a susceptible dependency of this metabolism on folic acid in endothelial 

cells. 

2. Ilomocystinuria due to deficiency of cystathionine ß-synthase (CS, a key enzyme in the 

homocysteine metabolism) is the most common inborn error of methionine metabolism. 
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Patients with CS deficiency have an extremely high risk of vascular disease. The underlying 

mechanism is still unsolved. Dysfunction of endothelial cells could be the trigger in the 

formation of atherosclerosis and thrombosis. Therefore differences in cell function were 

studied between normal and CS deficient human umbilical endothelial cells (HUVECs). THcy 

in culture media as a measure of homocysteine export, increased in all cell lines, including the 

cell line with CS deficiency, with constant amounts of approximately 2.5 mmol/1 every 24 hrs. 

Von Willebrand Factor (vWF), tissue Plasminogen Activator (tPA) and Plasminogen 

Activator Inhibitor (PAI-1) in culture media were used as markers of endothelial function and 

increased also with progression of culture time. The effects of additions of folate, vitamin B6 

and methionine to the culture medium were also studied. The homocysteine export and the 

markers of endothelial function did not differ between the control and the CS deficient 

HUVECs under various test conditions. These data show that CS deficient endothelial cells 

have normal homocysteine export and normal endothelial cell function. In CS deficient 

patients the very high blood levels of tHcy, probably due to deficient CS function in liver and 

kidney, seems to be the hazardous factor to endothelial cells and thus promoting 

atherosclerosis and thrombosis in CS deficient patients. 

General conclusions 

-Hyperhomocystcinemia is a risk factor for PV, also other thrombotic risk factors are risk 

factors for PV and combinations of these risk factors in one individual resulted in a synergistic 

increase of risk. 

-The pathological mechanism of hyperhomocystcinemia probably leads primary to endothelial 

dysfunction, resulting in hypercoagulability in women with a history of PV. 

-Folic acid supplementation, a very effective homocysteine lowering vitamin, seems to 

improve the endothelial function. Therefore, for prevention of PV folate should be 

administrated throughout the whole pregnancy. 

-In vitro studies showed a susceptible dependency of the homocysteine metabolism on folate in 

endothelial cells. In vitro studies with endothelial cells with a blocked transsulfuration suggested 

that the very high blood level of tHcy was the hazardous factor to endothelial cells. This 

strengthens the concept that homocysteine-lowering therapy with folic acid may improve 

endothelial function. 
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Future prospective 

The results of studies in women with a history of placental vasculopathy described in this 

thesis showed a relationship between a disturbed homocysteine metabolism and endothelial 

dysfunction. Endothelial dysfunction in these women could be aggravated by 

hyperhomocysteinemia and homocysteine-lowering therapy might improve the endothelial 

function. Folic acid therapy should be given throughout the whole pregnancy. However 

convincing evidence of the beneficial effect of folic acid therapy to prevent placental 

vasculopathy and the definition of its optimal dosage can only be provided with a double-

blind randomised placebo controlled intervention study. Calculations learn that participation 

of at least 1,000 women with a history of placental vasculopathy, who did not use folate 

supplementation, is necessary for these kinds of studies to reach a power of 80%. But 

nowadays every women with a pregnancy wish is recommended to start folic acid 

supplementation at least 4 weeks before conception and to continue during the first 8 weeks of 

pregnancy. This means for the above-mentioned study that the amount of participating women 

needed will be much bigger than 1,000. An interesting option would be to study the 

prevalence of placental vasculopathy in the United States before and after food fortification by 

folate. 

Future research should focus on the role of hyperhomocysteinemia in impaired 

vasodilatation of women with a history of placental vasculopathy. In patients with vascular 

disease impaired NO-mediated vasodilation plays a significant role'. Hyperhomocysteinemia, 

as an important risk factor for vascular disease was found to be associated with impaired 

endothelium dependent vasodilatation21. Acute hyperhomocysteinemia, induced after 

methionine loading, also resulted in impaired endothelium dependent vasodilatation4 5. Usui et 

al. found that after folic acid supplementation the effect of acute hyperhomocysteinemia on 

the endothelial function was completely prevented6. These studies measured during reactive 

hyperacmia the change in artery diameter; the flow-mediated endothelium dependent 

vasodilatation which could be largely blocked by N('-monomethyl-L-arginine (1-NMMAL) 

and therefore attributed predominantly to nitric oxide (NO). The strong vasoconstrictor 

endothelin seemed not involved in the effect of homocysteine on endothelium dependent 

vasodilatation. The study of Blacher et al. did not show a relationship in plasma between 

homocysteine and endothelin15 and in vitro studies of Dcmuth et al. homocysteine decreased 

the concentrations of endothelin16. It is still unclear whether an impaired NO mediated 

166 



Chapter 6 

vasodilation might be the result of homocysteine mediated endothelial dysfunction or 

homocysteine mediated decrease of NO , which leads eventually to placental vasculopathy or . 

In the feto-placental circulation NO is supposed to take an important contribution to 

maintenance of this low-resistance circulation. Impaired NO availability here might contribute 

to a reduced flow in the feto-placental circulation, which could result in a growth-retarded 

fetus7. Future studies could include investigations of flow-mediated endothelium dependent 

vasodilation before and after treatment with folate in women with and without a history of PV. 

In vitro studies could focusc on the effect of homocysteine on apoptosis. Apoptosis or 

programmed cell death occurs under normal physiological conditions, is energy dependent 

and tightly regulated. It plays also a significant role in the early vascular injury response and 

in progression of arteriosclerotic disease8''. Evidence exists that apoptotic cells within 

atherosclerotic plaques may allow thrombin activation and apoptotic endothelial cells show a 

marked increase in platelet binding, which contribute to thrombotic events'". 

Hyperhomocysteinemia is a thrombotic risk factor. To our knowledge no studies have been 

performed to investigate the effect of hyperhomocysteinemia on apoptosis. 

Lubec et al." showed that rats fed with homocysteine the proliferation increased of rat 

aortic tissue by elevation of cyclin-dependent kinase (starting enzyme in mitosis). It could be 

suggested that homocysteine or a disturbed homocysteine metabolism interfere with the cell 

cycle12 n M. This is in line with our (unpublished) results that endothelial cells homozygous for 

the MTHFR 677 C—»T mutation in vitro showed a higher cell growth than endothelial cells 

with the other MTHFR genotypes. Studies of cyclin dependent kinases in endothelial cells 

with and without the MTHFR mutation is of interest. 
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Samenvatting 

Proefschrift: Hyperhomocysteinemie, endotheel disfunctie en placentaire vasculopathie. 

Hyperhomocysteinemie is een te hoog gehalte aan homocysteine in het bloed. Dit komt door 

een stoornis in de omzetting van methionine, een belangrijke bouwsteen van allerlei 

lichaamseiwitten. De oorzaak van de stoornis kan erfelijk zijn, maar kan ook komen door te 

kort aan de vitamines foliumzuur, Vitamine Β12 en B6. 

Endotheel disfunctie is een verslechterde toestand van de cellen die de binnenbekleding 

van bloedvaten vormen. Endotheel disfunctie zorgt voor een verhoogde stolbaarheid van het 

bloed en dit kan uiteindelijk resulteren in aderverkalking en trombose. 

Placentaire vasculopathie is een aandoening in de zwangerschap en wordt gekenmerkt 

door een slechte doorbloedde moederkoek, deze kan hierdoor loslaten. Dit is voor het kind een 

levensbedreigende situatie. Door de loslating van de moederkoek kan het kind geen zuurstof 

meer krijgen. Een slecht doorbloedde moederkoek kan ook door een chronisch te kort aan 

voedingsstoffen een ernstige groeiachterstand bij het kind veroorzaken. De kans op 

vroeggeboorte en handicaps neemt aanzienlijk toe. 

Het doel van dit proefschrift was het volgende te onderzoeken: 

1 : Hyperhomocysteinemie is een bekende risico factor voor hart en vaatziekten. We 

vroegen ons af of hyperhomocysteinemie ook een risico factor is voor de 

zwangerschapscomplicatie placentaire vasculopathie. 

2: Waardoor kan hyperhomocysteinemie bij vrouwen, die in hun verleden placentaire 

vasculopathie hebben doorgemaakt, worden veroorzaakt? 

3. Hyperhomocysteinemie is ook een risico factor voor trombose. Zijn andere risico 

factoren voor trombose ook risico factoren voor placentaire vasculopathie en bestaat er een 

onderlinge samenhang? 

4: Bestaat er bij vrouwen die placentaire vasculopathie hebben doorgemaakt een relatie 

tussen het hebben van hyperhomocysteinemia en endotheel disfunctie? 

169 



Samenvatting 

5: Inname van foliumzuur tabletten verlaagt het homocysteine gehalte bij mensen tot 

normale waarden, maar verbetert het ook de endotheel disfunctie, waardoor de kans op krijgen 

van placentaire vasculopathie (en ook hart/vaat ziekten) mogelijk wordt verkleind? 

6: Het bestuderen van de homocysteine stofwisseling op celniveau met behulp van 

celkweek. Hoe wordt deze stofwisseling beïnvloed door foliumzuur en andere betrokken 

vitaminen (vit Β12 en B6)? 

Bestaan er verschillen in reaktie: 

a. op foliumzuur of andere betrokken vitaminen? 

b. tussen endotheelcellen met een door een erfelijke aandoening slecht werkend enzym in de 

homocysteine stofwisseling en normale endotheelcellen? 

In hoofdstuk 1 worden naast de bovengenoemde doelen de achtergrond toegelicht. 

Hyperhomocysteinemie is een stoornis in de stofwisseling van methionine. Methionine is een 

essentieel aminozuur, dat wil zeggen dat het menselijk lichaam alleen via het voedsel aan het 

methionine kan komen om het te gebruiken als bouwsteen voor diverse eiwitten. 

Homocysteine is een tussenprodukt in de methionine stofwisseling. Een verhoogd gehalte in 

het bloed heet hyperhomocysteinemie en kan worden veroorzaakt door slecht werkende 

enzymen in de methionine stofwisseling (meestal erfelijk bepaald) of een tekort aan vitaminen 

van de B-groep, zoals foliumzuur (folaten), vitamine B12 en B6 hetgeen meestal wordt 

veroorzaakt door slechte voeding, slechte opname of slechte verwerking in het menselijk 

lichaam. Een hoog gehalte aan homocysteine in het bloed is naast een te hoog cholesterol 

gehalte, hoge bloeddruk en roken ook een risico factor voor hart en vaatziekten. 

Placentaire vasculopathie is een complicatie tijdens zwangerschap van de moederkoek en 

komt voor bij ongeveer 1% van de zwangerschappen. De bloedvaten van de moederlijke kant 

van de moederkoek zijn zo slecht dat ze kunnen scheuren of vernauwen/verstoppen. Bij 

scheuring treedt er een bloeding op, waardoor de moederkoek wordt losgewoeld en loslaat. Bij 

totale loslating zal het kind, wat dan nog in de baarmoeder zit, geen zuurstof meer krijgen van 

de moeder en binnen enkele minuten overlijden. Als de blocdvoorziening door vernauwing 

wordt verminderd, zal de placenta zich minder goed ontwikkelen en het kind blijft achter in de 

groei of kan ook in de baarmoeder overlijden. De ernst is afhankelijk van de mate van 

vernauwing of verstopping. In de baarmoeder ernstig groei vertraagde kinderen lopen een 

grotere kans te vroeg geboren te worden en geestelijk of lichamelijk gehandicapt te zijn. De 
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bloedvaat afwijkingen bij placentaire vasculopathie vertonen gelijkenissen met bloedvaat 

afwijkingen die te zien zijn bij aderverkalking. Vandaar het vermoeden dat de risico factor 

voor hart en vaatziekten hyperhomocysteinemie misschien ook een risico factor is voor 

placentaire vasculopathie. 

Hoofdstuk 2 beschrijft de resultaten van het onderzoek naar het voorkomen van 

hyperhomocysteinemie en placentaire vasculopathie. Hyperhomocysteinemie wordt 

gedefinieerd als homocysteine concentraties in bloedplasma boven 15 μιηοΐ/ΐ in nuchtere 

toestand of 6 uur na inname van 0.1 gram per kg lichaamsgewicht zuiver methionine boven 50 

μπιοΐ/ΐ (de methionine belastingstest). Hyperhomocysteinemie wordt gevonden bij 26 

vrouwen (31%) met in hun verleden placentaire vasculopathie (studie groep) en bij 4 vrouwen 

(9%) van de controle vrouwen. Eveneens zijn er lagere concentraties van folaten (foliumzuur 

vorm) in het bloedserum, vitamine Β12 en B6 gevonden bij studie groep vrouwen in 

vergelijking met de controles. Geconcludeerd kon worden dat hyperhomocysteinemie 

geassocieerd was met placentaire vasculopathie. 

In het 3' le hoofdstuk worden twee onderzoeken beschreven of genetische (overcrfbare) 

veranderingen van enzymen in de homocysteine stofwisseling verband houden met 

hyperhomocysteinemie en of ze een risico factor zijn voor placentaire vasculopathie. Het 

eerste onderzoek beschrijft het voorkomen van een mutatie in het gen van het enzym MTIIFR 

(een zeer belangrijk enzym in de homocysteine stofwisseling), de zogenaamde 677C—>T 

mutatie. Deze mutatie was reeds eerder beschreven in onderzoeken naar de oorzaken van hart 

en vaatziekten en bleek hier geassocieerd te zijn met hyperhomocysteinemie. De uitkomsten 

van onze studie lieten zien dat de kans op placentaire vasculopathie ongeveer 2.5 keer groter 

werd als de vrouwen de mutatie bezaten op beide chromosomen. Als de concentratie van 

folaten in het bloedserum verlaagt, lijkt dit risico nog eens extra toe te nemen. Conclusie: het 

hebben van de 677C—»T mutatie op het MTHFR-gen is een risico factor voor het krijgen van 

placentaire vasculopathie. 

In de tweede studie van dit hoofdstuk wordt gezocht naar een mutatie in een ander 

belangrijk enzym van de homocysteine stofwisseling, het MS, wat mogelijk 

hyperhomocysteinemie kan veroorzaken en een risico factor kan zijn voor placentaire 

vasculopathie. Een kandidaat mutatie werd gevonden, het bleek echter om een onschuldige 
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mutatie te gaan Geconcludeerd kan worden, dat mutaties van het MS enzym geen rol lijken te 

spelen als risico factor voor placentaire vasculopathie 

In hoofdstuk 4 bestaat uit 3 studies over de mogelijke relatie tussen 

hyperhomocysteinemie en endotheel dysfunctie, een verslechterde toestand van de cellen van 

de binnenwand van bloedvaten Endotheel dysfunctie wordt beschouwd als de eerste stap in 

de ontwikkeling van hart en vaatziekten 

In de eerste study werd in een gezonde groep vrijwilligers het volgende gemeten de 

concentratie homocysteine in het bloedplasma, de mutatie in MTHFR( zoals beschreven in het 

vorige hoofdstuk) en concentraties van factoren kenmerkend voor endotheel disfunctie, zoals 

toegenomen concentratie van von Willebrand Factor (vWF factor in de bloedstolling), tissue 

plasminogen activator (tPA factor in ontstolhng) en plasminogen activator inhibitor (PAI-I 

de remmer van tPA) TPA en PAI-I werken nauw met elkaar samen, vandaar dat de ratio 

tPA/PAI iets zegt over de balans van de ontstolhng en daaruit volgend de endotheel 

dysfunctie 120 vrijwilligers namen deel aan de studie en kregen foliumzuur of een placebo 

(nep-pil) voor 8 weken toegediend Het bleek dat de ratio tPA/PAI-1 bij vrijwilligers met een 

hoog homocysteine hoger was, dan de tPA/PAI ratio bij vrijwilligers met een laag 

homocysteine Foliumzuur therapie verlaagde bij de hoge homocysteine groep niet alleen het 

homocysteine maar ook de tPA/PAI ratio VWF concentratie was lager bi| vrijwilligers met de 

MTIII R mutatie op beide chromosomen dan bij vrijwilligers zonder of met de mutatie op een 

chromosoom Foliumzuur therapie had geen effect op de concentratie van vWF Deze 

resultaten suggereren dat er een verband bestaat tussen hoog homocysteine en een disbalans in 

de ontstolhng (hogere tPA/PAI), wat een kenmerk is van endotheel disfunctie Foliumzuur 

therapie lijkt een gunstig eifect te hebben Verrassend genoeg lijkt het hebben van de mutatie 

in M fHFR in gezonde vrijwilligers een gunstig effect te hebben Deze mutatie geeft een 

verschuiving in de concentraties van de verschillende actieve vormen van folaat, hetgeen 

mogelijk ook gunstige effecten op de endotheclcellen heeft Dit zou tevens verklaren waarom 

in sommige studies naar hart en vaatziekten met goed gevoede bevolkingsgroepen de M THFR 

mutatie geen risico factor is 

In de tweede studie wordt getracht te bewijzen dal er sprake is van meer endotheel 

disfunctie in de groep vrouwen, die placentaire vasculopathie hebben gehad (studie groep), dat 

er een relatie bestaat tussen hyperhomocysteinemie en endotheel disfunctie en dat 
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homocysteine verlagende therapie met foliumzuur de endotheel functie verbeterd. Daartoe is 

het volgende gemeten bij 101 vrouwen van de studie groep en 92 vrouwen van de controle 

groep: bloedplasma homocysteine, de MTHFR mutatie, als kenmerken van endotheel 

disfunctie, verhoogde concentraties van: von Willebrand Factor (vWF) en thrombomoduline 

(TM) (beide factoren in de stolling) en tissue plasminogen activator (tPA) en plasminogen 

activator inhibitor (PAI-1) (beide factoren in de ontstolling) samen met prothrombine 

fragment 1+2 (F 1+2), een afval produkt van stolling en D-dimer een afval produkt van 

ontstolling. Daarnaast zijn nog folaten, vitamine Β12 en B6 gemeten. Bloed is afgenomen 

voor en na 8 weken foliumzuur of placebo therapie. Er was bij de vrouwen van de studie 

groep een hogere concentratie vWF, TM en F1+2 gevonden, hetgeen wijst op endotheel 

disfunclie. Alleen TM was geassocieerd met homocysteine concentraties en alleen vWF in 

vrouwen van de studie groep met hoog homocysteine verlaagde na foliumzuur therapie. 

In de laatste studie beschreven in dit hoofdstuk wordt onderzocht of er relaties bestaan 

tussen placentaire vasculopathie, hyperhomocysteinemie, de MTHFR mutatie en 

stollingsbevorderende factoren, dit zijn tekorten aan proteïne C (PC), proteïne S (PS) en 

antithrombine III (AT III) en verlaging in acivated protein C-resitance (APC-r) en hebben van 

de mutatie: factor V Leiden (FVL). In andere studies is namelijk gevonden dat 

stollingsbevorderende factoren een risico factor is voor het krijgen van 

zwangerschapscomplicaties die het gevolg zijn van placentaire vasculopathie. Er is gevonden, 

dat naast hyperhomocysteinemie en het hebben van de MTHFR mutatie, een verlaagde APC-r 

en PC ook risico factoren zijn voor placentaire vasculopathie. Er zijn echter geen directe 

onderlinge relaties tussen hyperhomocysteinemie en stollingsbevorderende factoren 

aangetoond, maar het bestaan van meerdere risico factoren in één persoon verhoogd het risico 

méér als verwacht, wat wijst op een versterkend effect van de risicofactoren onderling. In het 

algemeen mag gesteld worden dat risico factoren voor trombose ook risico factoren zijn voor 

placentaire vasculopathie. 

In het 5''' hoofdstuk staan de resultaten beschreven van de bestudering van de homocysteine 

stofwisseling in twee celkweek studies. De cellen die gebruikt zijn voor deze studies zijn 

endotheel cellen, die de binnenbekleding van een ader uit de navelstreng vormen. Deze 

endotheel cellen zijn relatief makkelijk te isoleren en op te kweken. 
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Studie 1. Endotheelcellen exporteren homocysteine vanuil de cellen naar buiten in de 

kweekvloeistof. De hoeveelheid van het geëxporteerde homocysteine kan worden verminderd 

door toevoegingen van foliumzuur aan de kweekvloeistof. De andere vitaminen, B12 en B6, 

laten dit effect niet zien. Deze studie toont aan dat de homocysteine stofwisseling in 

endotheelcellen sterk afhankelijk is van de hoeveelheid foliumzuur en dat hiertussen een 

delicate balans bestaat. 

Studie 2. Endotheel cellen met een zeer slecht werkend gemuteerd enzym CS van de 

homocysteine stofwisseling, welke zorgt voor de stofwisselingsziekte homocystinurie, zijn 

vergeleken met normale endotheelcellen. Mensen met deze stofwisselingsziekte hebben hele 

hoge concentraties homocysteine in het bloed en lopen een sterk verhoogd risico op hart en 

vaat ziekten. Uit de resultaten blijkt dat de homocysteine export van de verschillende 

endotheelcellen niet verschilt. Eveneens was de endotheel functie onderzocht door de 

bepalingen van concentraties von Willebrand Factor, plasminogen activator en plasminogen 

activator inhibitor, deze toonden geen verschillen. De effecten van toevoegingen van 

foliumzuur, vitamine B6 en methionine toonde ook geen verschil. Kennelijk hebben endotheel 

cellen met gemuteerd CS een normale functie. Uit de literatuur is bekend, dat het CS enzym 

hoofdzakelijk actiefis in de lever- en niercellen. De zeer verhoogde homocysteine gehaltes in 

het bloed worden waarschijnlijk veroorzaakt door de slechte CS functie in lever en nier. Dus 

mogelijk heeft de zeer hoge homocysteine spiegel zelf een direct schadelijke werking op 

endotheelcellen, waardoor de cellen gaan disfunctioneren en waaruit uiteindelijk hart en 

vaatziekten ontstaan. 

Slotwoord 

De belangrijkste conclusies van dit proefschrift zijn: 

-Hypcrhomocysteinemie, een risico factor voor artériosclérose en trombose, is een risico 

factor voor het krijgen van placentaire vasculopathie. Ook andere risico factoren voor 

trombose zoals beschreven in hoofdstuk 4.3 zijn risico factoren voor placentaire 

vasculopathie. De onderlinge combinaties van deze risico factoren versterken elkaar 

(synergistisch). 

-De manier waarop hypcrhomocysteinemie zijn schadelijke werking uitoefent, moet primair 

gezocht worden in endotheel disfunctie, welke een toegenomen stolbaarheid van het bloed tot 

gevolg heeft. 
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-Foliumzuur therapie, wat erg effectief het homocysteine in mensen verlaagt, lijkt ook de 

endotheel functie te verbeteren. Daarom ter voorkoming van placentaire vasculopathie zou 

foliumzuur therapie de hele zwangerschap door gegeven moeten worden. 

-De celkweek studies laten zien, dat de homocysteine stofwisseling sterk afhankelijk is van de 

hoeveelheid folaten. Endotheelcellen, die door een erfelijk defect een slecht functionerend 

enzym in de homocysteine stofwisseling hebben, vertonen geen afwijkingen. Het schadelijke 

effect op endotheelcellen in patiënten met deze erfelijke aandoening wordt waarschijnlijk 

veroorzaakt door het hoge homocysteine gehalte in het bloed zelf. 

In de toekomst zouden o.a. de volgende onderzoeken nog kunnen worden gedaan: 

1. Een dubbelblind gerandomiseerd placebo gecontroleerd interventie onderzoek. Alleen dit 

onderzoek geeft het onomstotelijk bewijs van de preventieve werking van foliumzuur op 

placentaire vasculopathie. Echter hier zijn minimaal 1000 deelneemsters voor nodig, met een 

geschiedenis van placentaire vasculopathie, die opnieuw zwanger willen worden. Deze 

berekening is gebaseerd op gegevens zonder foliumzuur gebruik tijdens zwangerschap. 

Tegenwoordig wordt het iedere vrouw met zwangerschapswens aangeraden foliumzuur te 

gebruiken reeds voordat een zwangerschap is opgetreden en hier mee door te gaan tot en met de 

S'" zwangerschapsweek. Hierdoor zal het vereiste aantal deelneemsters aan het bovengenoemde 

onderzoek waarschijnlijk veel groter moeten zijn, waardoor het practisch onuitvoerbaar lijkt. 

Wellicht kan een studie naar het voorkomen van placentaire vasculopathie in de Verenigde 

Staten in de tijdsperiodes vóór en nâ de invoering van foliumzuur toevoegingen aan het voedsel 

aanwijzingen geven van de preventieve werking van foliumzuut therapie op het krijgen van 

placentaire vasculopathie. 

2. 3ij patiënten met hart/vaat ziekten zijn veel aanwijzingen gevonden, dat bloedvaten een 

verminderde mogelijkheid hebben zich te kunnen verwijden onder invloed van een verhoogd 

homocysteine gehalte in het bloed. Toekomstig onderzoek zou zich meer kunnen richten op de 

gevolgen van dit effect van hyperhomocysteinemie op utero-placentaire circulatie. 

3. Het beschadigende effect van de stoornis hyperhomocysteinemie op bloedvaten, de 

endolheel disfunctie, zou nog verder onderzocht kunnen worden op cclnivcau (celkweken). Er 

zijn aanwijzingen uit andere celkweek onderzoeken dat homocysteine de celcyclus kan 

verstoren. Een verstoorde celcyclus kan aanleiding geven tot apoptosis (geprogrammeerde 

celdood). 
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een hartelijk mens was. 

Yvonne Lawson "onze secretaresse" die mij op energieke wijze heeft opgevoed in 

secretariële zaken (o.a. het dicteerapparaat) en heel goed bleek te kunnen koken. 

Marita Hiipakka, Marie-José Brinkhof, Emrye Genç en Guus Arends: "mijn" studenten 

voor hun bijdragen aan het onderzoek. Marita I was impressed by your perseverance in the cell 

culture studies and your quiet friendliness. Marie José voor je opgewektheid en grote inzet, zelfs 

toen ik in Australië zat! Emrye, de enigste student, die het homocysteine metabolisme meteen 

door had. Guus met veel flair zorgde je voor vele controle vrouwen en een goede sfeer binnen ons 

team. 
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Dankwoord 

Alle overigen van de PND-medewerkers voor de vriendelijke samenwerking, afdeling 

Verloskunde en gynaecologen in het AZN en het CWZ voor het verzamelen van weefsel 

materiaal. 

Henriette van Lith, die mij op zeer accurate wijze de basis van de celkweek heeft 

aangeleerd, zonder mij ooit het gevoel te hebben gegeven, dat ik zat te klunzen. 

Thea van de Velde en Petra van Selten samen vormden wij het endolheel-groepje en ik heb 

veel van jullie geleerd. 

Sandra Heil niet alleen voor de snelle professionele manier waarop zij de meest 

uiteenlopende analyses verrichte maar ook omdat zij gewoon aardig is. 

De homocysteine dames Addy, Dinny en Maria, zonder hun betrouwbare metingen zou er 

geen onderzoek naar de relaties met het homocysteine metabolisme mogelijk zijn geweest. 

Stefanie Vloet en alle andere labmedewerkers niet alleen van kindergeneeskunde, maar ook van 

LEV, CHL, CKCL en de bloedbank voor hun prettige samenwerking. 

Professor Eileen Gallery, Jan, Sue, Margaret, Fiona and everybody from the renal 

laboratory. University of Sydney Department of Medicine, The Royal North Shore Hospital, 

Sydney. Thank you Prof Gallery for the great opportunity you kindly provided for me to learn the 

isolation and purification of decidual endothelial cells (DECs). Sue Campbell for her excellent 

teaching of the DECs culture procedure and friendliness. Jan, Margaret, Fiona and everybody else 

from the renal laboratory, because they made me feel at home in Australia. Back in Holland I 

isolated 30 different DEC-lines. I hope my successor will finish the DECs experiments I started 

and that she will continue with new ones. 

Tenslotte moet Sergei nog bedankt worden, hij weet zelf precies waarvoor. Ons kleine 

grote mannetje, Nikolaj en onze kleine meid, Tonja omdat zij in ons leven gekomen zijn. 
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Chapter 6 

Curriculum vitae 

Elisabeth Frederika van der Molen werd op 25 november 1959 geboren te Steenbergen (NB). 

Van 1972 tot 1978 werd het Atheneum Β aan het Stedelijk Lyceum te Zutphen doorlopen. 

Vanaf 1978 studeerde zij eenjaar scheikunde aan de Katholieke Universiteit te Nijmegen. Van 

1979 tot 1982 voltooide zij de praktijkopleiding radiodiagnostisch laborant en werkte zij nog 

enige tijd als gediplomeerde bij het Canisius Wilhelmina Ziekenhuis te Nijmegen. 

Na uiteindelijk te zijn ingeloot volgde zij vanaf 1982 de opleiding geneeskunde, 1987 

haalde zij haar doctoraal. Het wetenschappelijke deel van de daaropvolgende stage doorliep 

zij op afdeling gynaecologie. Dit was een pilot-studie naar het voorkomen van 

hyperhomocysteinemia bij vrouwen die in hun verleden een kind met een open rug, meerdere 

miskramen, loslating van de placenta of intra-uteriene vruchtdood hadden meegemaakt, voor 

het verslag hiervan kreeg zij een eervolle vermelding. Als extra stage bracht zij nog 4 

maanden door in het Sengerema ziekenhuis te Tanzania in Afrika. Het artsexamen werd 

behaald op 31 mei 1991. 

Na diverse baantjes (Prikarts op het Canisius Wilhelmina Ziekenhuis en arts bij de 

ambulance dienst in Uden) begon zij in maart 1992 op afdeling Gynaecologie in het St 

Radboud Ziekenhuis te Nijmegen aanvankelijk als arts-onderzoeker en arts-assistent. Na ruim 

eenjaar begon zij op het Laboratorium van Kindergeneeskunde en Neurologie van hetzelfde 

ziekenhuis onder supervisie van Henk Blom aan onderzoek naar het homocysteine 

metabolisme in cndotheel cellen. Eenjaar later verkreeg zij subsidie van hel Ter Meulen fonds 

om de methode van het isoleren en kweken van endotheelcellen uit decidua te leren in 

Australië. Daarna verkreeg zij subsidie van de Nederlandse Hartstichting voor het onderzoek 

wat deels in dit proefschrift beschreven staat. Officieel is zij hier 1 januari 1995 mee 

begonnen. 

Zij vormt een gezin samen met haar man Sergei, hun zoon Nikolaj (3 jaar) en hun 

dochter Tonja (8 maanden). 
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Stellingen 

1. Hyperhomocysteinemie en het hebben van de mutatie C677T in het MTHFR-

gen zijn niet alleen risico factoren voor artériosclérose of trombose, maar ook voor de 

zwangerschap complicatie placentaire vasculopathie. 

2. Ook andere risico factoren voor trombose (geactiveerd Proteïne C-resistentie, 

Proteïne C en S deficiëntie) zijn risico factoren voor placentaire vasculopathie en de 

onderlinge combinaties met hyperhomocysteinemie en gemuteerd MTHFR versterken 

elkaar meer dan op het eerste gezicht was te verwachten. 

3. De manier waarop hyperhomocysteinemie zijn schadelijke werking uitoefent 

moet primair gezocht worden in endolheel disfunctie, welke een toegenomen stolbaarlieid 

van het bloed tot gevolg heeft. 

4. Foliumzuur therapie normaliseert effectief hyperhomocysteinemie en lijkt ook 

de endotheel functie te verbeteren. Daarom ter voorkoming van placentaire vasculopathie 

zou foliumzuur therapie de hele zwangerschap door gegeven moeten worden. 

5. Om als land Nederlandse ontwikkelingshulp te kunnen krijgen, moet dit land 

"goed bestuur" hebben, maar het is de vraag of op deze basis de meest hulpbehoeftige 

hulp krijgt. 





6. De betiteling "Artsen zonder grenzen" gaat voorbij aan de belangrijke rol van de 

verpleegkundigen hierin, een betere naam zou zijn "geneeskundige hulp zonder grenzen" 

7. Geld te kort of te veel in de gezondheidszorg, millenniumbug of privatisatie in 

de zorgsector. Mag dan al een bejaarde zonder hulp of verzorging achterblijven? 

8. Is het sociaal rechtvaardig de kosten van complicaties van risicovolle sporten, 

zoals bijvoorbeeld skiën, op de hele maatschappij te verhalen? 

9. Het is spijtig dat de leiders van oorlog voerende troepen hun taak niet letterlijk 

opvatten en voor hun troepen uittrekken, veel zinloos doden zou worden voorkomen. 

10. Wat is het verschil tussen een Nederlander en een Pool? Fl. 35.000,- negatief 

en nog steeds kredietwaardig. 

11. Wat is de overeenkomst tussen een goede onderzoeker en een goede moeder van 

kinderen? Bevlogenheid, daarom heeft het me altijd verbaasd, dal ik voor het eerste zo 

goed betaald kreeg. 

Els van der Molen, Nijmegen 7 februari 2000 




