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Introductionn and aim of the thesis 

INTRODUCTIONN AND AIM OF THE THESIS 

I.. Thyroid hormones and fat mass 

Thee primary form in which potential chemical energy is stored in the body is fat 

(triglyceride).. The amount of triglyceride in adipose tissue is the cumulative sum over 

timee of the differences between energy (food) intake and energy expenditure (mainly 

restingg energy expenditure and physical activity). Homeostatic mechanisms keep this 

differencee very close to zero by tuning energy intake and energy expenditure. The relative 

constancyy of energy storage is the result of the coordinate activity of a complex system 

withh components ranging from the highest cortical centers to the adipocytes. A large 

numberr of afferent signals originating from adipocyte tissue, endocrine, nervous and 

gastrointestinall  systems are integrated by the central nervous system. The CNS mediates 

interactionss with efferent pathways to regulate energy expenditure (through the sympathie 

andd parasymphatic nervous system, thyroid hormones) and energy intake (eating 

behavior).1 1 

Thee parabiosis experiments of Hervey in 1958 suggested a circulating factor involved 

inn the lipostatic system.2 He connected the vascular systems of two rats. Then in one of 

them,, a lesion was made in the hypothalamic region, leading to hyperphagia and gross 

obesity.. The other intact rat lost appetite, starved, lost weight and died. Apparently a 

bloodd borne factor from the obese rat lead to the starvation of the other one. Zhang and 

co-workerss discovered a candidate factor in 1994 by the positional cloning technique, 

thee protein leptin (Greek leptos meaning thin) coded by the oh gene/ Mice deficient for 

leptinn {ob/ob mice) or for a functional leptin receptor {db/db mice) exhibit a complex 

clinicall  syndrome with hyperphagia. a body weight three times normal, a fat mass five 

timess normal, type 2 diabetes mellitus with insulin resistance, cold intolerance 

(hypothermia),, hypometabolism, stunted linear growth, infertility and decreased activity. 

Humanss with leptin deficiency or leptin receptor mutations have been identified.4 ri In 

contrastt to the mutant mice the leptin deficient patients do not exhibit hypothermia, 

hypometabolismm or hypercortisolism. 

Itt has become clear now that leptin acts as an afferent satiety signal, in a feedback loop 

systemm regulating the adipose tissue mass via eating behaviour and energy expenditure 

(figuree 1). Leptin is produced by adipose tissue and plasma leptin concentrations reflect 

thee amount and distribution (subcutaneous fat has higher leptin expression than visceral 

fat)) of adipose tissue. Plasma leptin concentrations show a nyctohemeral rhythm with 

higherr levels at night, and have a sexual dimorphism with higher levels in women 

11 1 



Chapterr 1 

Caloricc intake 

Energyy expenditure 
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Figuree 1. Leptin and the regulation of adipose tissue mass. Leptin is the afferent signal in a negative 
feedbackk loop regulating adipose tissue mass. The level of leptin is positively correlated with body fat 
mass.. Increasing leptin levels result in negative energy balance (energy expenditure > caloric intake), 
whilee decreasing levels lead to positive energy balance (caloric intake > energy expenditure). These 
effectss maintain the constancy of adipose tisue mass. 

comparedd to men. Leptin concentrations are dependent on diet: prolonged overfeeding 

leadss to a rise to higher levels than would be expected for the increase in body mass 

index:: caloric restriction or fasting decreases leptin levels. Leptin gene expression is 

stimulatedd by insulin and glucocorticoids, whereas androgens have an inhibiting effect. 

Leptinn is earned by specific binding proteins in the blood and acts via the leptin receptor 

whichh is, among other tissue sites, expressed in the arcuate and paraventricular nuclei of 

thee hypothalamus. Leptin affects the expression of many hypothalamic neuropeptides. 

Inn the arcuate nucleus two distinct areas are present.8 One area contains cells with 

neuropeptidee Y (NPY) and Agouti related protein (AGRP). which innervate TRH neurons 

inn the paraventricular nucleus.9 The second area contains cells with proopiomelanocortin 

(POMC)) and CART (cocaine- and amphetamin regulated transcript) with projections to 

thee autonomic sympathie nervous system."' NPY is a strong orexigenic peptide which is 

downregulatedd by high leptin levels. Lower levels of NPY lead to a decreased appetite 

andd a reduction of food intake. Activation of the POMC and CART neurons by leptin 

inducess an increase in sympathetic outflow leading to an increase in energy expenditure. 

Thyroidd hormone is a potential efferent of the leptin signal (afferent) to the lipostat, 

regulatingg energy intake and expenditure. Characteristic features of an excess of thyroid 
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hormoness are a decrease in body weight, an increase in appetite and an increase in 

thermogenesis.''' The opposite is present in thyroid hormone deficiency. Leptin and thyroid 

hormoness share common features, except for their divergent effects on appetite. Increases 

inn both leptin and thyroid hormones, eventually lead to a decrease in body weight and an 

increasee in energy expenditure. To gain more insight into the relationship between leptin 

andd thyroid hormone the influence of thyroid hormone levels on plasma leptin 

concentrationss is studied in chapter 2 in a cohort of thyrotoxic and hypothyroid women 

whoo received therapy to restore normal thyroid function. 

II.. Thyroid hormones, plasma lipids and lipoproteins 

Cholesterol:Cholesterol: from diagnosticum to risk factor 

Onee of the earliest reports on the relationship between thyroid function and cholesterol 

inn humans was published in 1922 by Epstein and Lande who found decreased values of 

bloodd cholesterol in (thyrotoxic) patients with exophtalmic goitre.12 Improvement in the 

conditionn of the patient, due to either medical or surgical treatment, resulted in a rise in 

bloodd cholesterol to normal levels. In reverse, a marked increase in blood cholesterol 

wass observed in thyroid insufficiency. The investigators concluded that a definite inverse 

relationshipp existed between basal metabolic rate and the cholesterol value. However, it 

wass well recognized that the basal metabolic rate did not always gave the true picture of 

thee patient's condition i.e. the degree of thyroid dysfunction. Later, in 1930 Mason et al 

foundd a closer relationship between the "total clinical picture" in case of thyroid 

dysfunctionn and blood cholesterol concentrations and it was stated: " From a clinical 

standpointt a knowledge of the blood cholesterol level furnishes a means of corroborating 

thee clinical picture of severe hyperthyroidism and as such is of value in determining the 

surgicall  risk and prognosis in the individual patient" and "... it is quite likely that 

myxedemaa or hypothyroidism does not exist in a patient with a low metabolic rate and a 

normall  blood cholesterol ...". 13 

Inn 1913 Anitschkow wrote his landmark paper on the development of arteriosclerosis 

inn rabbits fed diets with varying contents of cholesterol.14 By postulating that an increase 

inn serum cholesterol caused atheroma. Anitschkow propounded the lipid hypothesis. 

Furtherr epidemiologic studies after the second world war pointed to cholesterol as a risk 

factorr for atherosclerosis but the connection was already perceived by Levy in 1931. He 

treatedd patients with hypercholesterolemia (but otherwise presumably euthyroid) with 

thyroxinee in order to lower plasma cholesterol levels.!5 With time the (chemical) diagnosis 

off  thyroid function disorders improved, first by measuring protein-bound iodine as a 

measuree of thyroid hormone, later by introduction of the radioimmunoassay for measuring 
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Chapterr I 

serumm thyroxine concentrations followed by (sensitive) thyrotropin (TSH) assays.16 With 

improvedd sensitivity of thyroid function tests measuring cholesterol levels lost its 

diagnosticc function. 
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Figuree 2. Schematic representation of lipoprotein metabolism. 
Chylomicronss transport dietary lipids via lymph into plasma and get degraded by extrahepatic lipoprotein 
lipasee (LPL) located on endothelial cells, which is activated by apoCII. Chylomicron remnants are 
takenn up by hepatic receptors which recognize apoE on their surface. 
Veryy low density lipoprotein (VLDL ) in plasma carrv triglycerides endogenously synthesized in the 
liverr into plasma. Like chylomicrons they get degraded by LPL to intermediate density lipoprotein 
(IDL)) containing both apoE and apoBlOO or are further degraded by hepatic lipase (HPL) to low 
densityy lipoprotein (LDL). containing only apoBlOO. Both IDL and LDL are taken up by the LDL 
receptorr (LDLr). 
Highh density lipoprotein (HDL) has diverse origins, its lipid being derived from free cholesterol and 
phospholipidd released during the lipolysis of chylomicrons and VLDL as well as from free cholesterol 
effluxingg from peripheral cells, whereas its major apoprotein apoA 1 is synthesized by both liver and 
intestine.. Nascent HDL particles initially form HDL3 but eventually get converted to larger HDL2 
particless by the action of lecithinxholesterol acyltransferase (LCAT) which is activated by apoAl. 
LCATT transesterifies cholesterol with fatty acids derived from lecithin. Cholesterol ester transfer protein 
(CETP)) is involved in the exchange of cholesterol ester (CE) from HDL2 for triglyceride (TG) from 
VLDL .. providing an exit route for CE accumulating in HDL as the result of action of LCAT. 
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LipidLipid and lipoprotein metabolism in thyroid dysfunction 

Plasmaa levels of lipids and lipoproteins are the net result of several metabolic processes, 

includingg absorption of dietary fat. endogenous synthesis and secretion of lipoprotein 

particless into the plasma and their clearance from the plasma (figure 2). With regard to 

cholesterol,, most studies conclude that in primary hypothyroidism plasma total cholesterol, 

low-densityy lipoprotein cholesterol (LDL cholesterol) and high-density lipoprotein 

cholesteroll  (HDL cholesterol) and high-density lipoprotein cholesterol subfraction-2 

(HDL,, cholesterol) increase while HDL, cholesterol remains unchanged. In thyrotoxicosis 

thee reverse is observed with decreases in total cholesterol, LDL cholesterol, HDL, 

cholesteroll  and HDL, cholesterol.1714 

Thee principal mechanism underlying the changes in LDL cholesterol in thyroid 

dysfunctionn is a change in the clearance of LDL particles due to altered expression of 

LDLL receptors (LDL-R) on liver cell membranes (decreased in hypothyroidism, increased 

inn thyro-toxicosis).2"21 One of the hormones that control LDL-R gene expression happens 

too be triiodothyronine (T ). The promoter of this gene is T, responsive and contains a 

functionall  thyroid hormone responsive element (TRE).22 

Plasmaa HDL cholesterol levels are in part determined by several enzymes involved in 

thee complex HDL cholesterol metabolism. Among them are lipoprotein lipase, 

lecithinxholesteroll  acyltransferase (LCAT), cholesterol ester transfer protein (CETP) 

andd hepatic lipase (HL).23 CETP redistributes cholesteryl esters formed by LCAT in 

HDLL to the less dense, apolipoprotein B containing, lipoproteins. This results in the net 

transferr of cholesterol ester from HDL to VLDL and LDL and in the subsequent uptake 

off  cholesterol by hepatocytes (reverse cholesterol transport). Cholesteryl ester transfer 

iss decreased in hypothyroidism and increased in hyperthyroidism.24 27 A clear correlation 

betweenn changes in in CETP activity and changes in HDL cholesterol has been found in 

onee study 24 but was not confirmed in another.26 Others did not found a change in CETP 

concentrationss in the transition from the hypothyroid to the euthyroid state, but changes 

inn CETP activity may, but do not necessarily reflect changes in CETP mass.25 Alternatively, 

alteredd composition of the acceptor lipoproteins, VLDL and LDL may have led to the 

decreasee in cholesterol ester transfer. Hepatic lipase (HL) is involved in the interconversion 

off  HDL subclasses; it remodels the more mature, triglyceride rich HDL, particles back 

too the smaller, denser, HDL, ones. HL activity is influenced by thyroid hormone status 

withh an increase in thyrotoxicosis and a decrease in hypothyroidism. HL activity correlated 

welll  with changes in HDL, cholesterol and lipoprotein Al levels.2" 

Withh respect to apolipoprotein Al . the major protein component of HDL. which is 

synthesizedd in both liver and small intestine. T, has probably a dual effect on apo Al 

genee expression. Both a positive TRE has been found in the promoter region of the 
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humann gene but also a negative TRE fused to the 3' end of the TATA element.:K In vivo 

studiess in rodents, show that T increases apo A1 both at the mRNA and protein level. In 

humans,, plasma concentrations are increased in hypothyroidism and decreased in 

hyperthyroidism.. Studies on the regulation of apolipoprotein B metabolism, the major 

proteinn moiety of LDL show that apo B gene expression is modulated by thyroid hormone 

att both transcriptional and posttranscriptional level.2930 Plasma apo B concentrations 

are,, like LDL cholesterol levels, increased in hypothyroidism and decreased in 

hyperthyroidism.17 7 

Thyroidd hormones enhance the cycling of free fatty acids (FFA) by increasing lipolysis 

inn adipose tissue, enhancing hepatic fatty acid biosynthesis, enhancing intra-vascular 

catabolismm of VLDL-T G and by stimulating fatty acid oxidation. Plasma FFA 

concentrationss are elevated in hyperthyroidism and decreased in hypothyroidism. 

Triglyceridee levels in hyperthyroidism have been reported as increased, decreased or 

unchanged;; in hypothyroidism they are in general increased.17 

Inn chapter 3, a retrospective follow up study is presented of patients with an increased 

pretestt likelihood for thyroid hormone deficiency i.e. patients presenting with 

hypercholesterolemiaa to a Lipid Research Clinic. The prevalence of hypothyroidism and 

thee decrease in plasma cholesterol concentrations upon restoration of the euthyroid state 

accordingg to the degree of preexisting hypothyroidism are evaluated. 

BiologicalBiological variability of plasma cholesterol concentrations: role of gene polymorphisms 

Thee presence of (increased) plasma cholesterol is an obligatory factor for the development 

off  (premature) atherosclerosis. The plasma cholesterol level is under the control of 

environmentall  factors and many different genes. Extrinsic, modifiable factors, influencing 

cholesteroll  concentrations are diet (including alcohol consumption) and physical activity, 

whereass intrinsic, non-modifiable factors, are age, gender and genetic predisposition.31 

Geneticc changes, polymorphisms, underlie the diversity of humans. Each person carries 

aa vast array of different polymorphisms. Such inherited changes in DNA structure are 

biologicallyy neutral when they occur in the long stretches of DNA that lie outside the 

structurall  genes and their promoters, and they are often benign when they affect the 

functionn of genes such as eye color or shape of one's face (leading to different phenotypes). 

Thesee alternative versions of a gene are called alleles. Occasionally a polymorphism 

producess an allele that causes a fatal defect or increases susceptibility to a particular 

disease,, in which case it is considered a mutation. Harmful mutations are relatively rare 

ww ithin a species, whereas benign polymorphisms are common, the former representing 

extremee cases within a spectrum of conditions that may be caused or influenced by 

naturall  genetic variation.32 
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Heterogeneityy in the clinical expression of atherosclerotic vascular disease among 

differentt patients may be explained by differences in extrinsic disease modifiers but is 

probablyy also in part explained by polymorphisms in genes regulating key physiologic 

factorss e.g. apolipoproteins, their receptors or lipid transfer proteins. Triiodothyronine 

hass its major action on the regulation of gene transcription, via the nuclear T\ receptor. 

Itt is conceivable that diversity among patients with thyroid function disorders is created 

byy minor DNA variations in T, regulated genes (in theory, especially in the promotor 

regionn of T, dependent genes) leading to differences in sensitivity to T\ and therefore in 

postreceptorr effects. It has been claimed that a restriction fragment length polymorphisms 

(RFLP)) in the LDL receptor gene is associated with the magnitude of the change in 

plasmaa cholesterol concentration upon restoration of the euthyroid state in patients with 

primaryy hypothyroidism: absence of the/lvc/II restriction site in exon 13 lead to a greater 

decreasee in cholesterol or LDL cholesterol than when the site was present.13 A prospective 

studyy among hypo- and hyperthyroid patients is presented in chapter 4. The effect of 

treatmentt on changes in LDL cholesterol according to AxaW RFLP in exon 13 of LDL 

receptorr gene was re-examined, and extended with observations of the effect of TaqlB 

RFLPP in intron 1 of the CETP gene on changes HDL cholesterol. 

III.. Thyroid hormones and endothelium. 

ThyroidThyroid hormones and endothelial dysfunction 

Thyroidd dysfunction is clinically expressed in a wide variety of symptoms and signs, but 

cardiovascularr changes are frequently and prominently present. Hyperthyroidism can lead 

too tachyarrythmias and (high output) heart failure. Although the general opinion is that the 

hypothyroidd state carries an increased risk for cardiovascular morbidity and mortality, 

especiallyy coronary artery disease, prospective studies are few.34 In hypothyroidism, 

dependingg on the duration and severity of the condition, mild to moderate 

hypercholesterolemiaa is present and in 20c/c of patients diastolic hypertension develops, 

bothh known risk factors for premature atherosclerotic vascular disease. 

Inn the most recent version of the response-to-injury hypothesis of atherosclerosis the 

pathogeneticc role of endothelial dysfunction is emphasized/5 The concept of endothelial 

dysfunctionn has evolved from the knowledge that endothelium dependent vasorelaxation 

iss decreased in atherosclerotic rings of coronary arteries 3ft and from observations that 

vasodilatationn induced by increased blood flow or acetylcholine is impaired in the coronary 

circulationn of patients with atherosclerosis ^7. smokers and children with familiar 

hypercholesterolemia.3**  Endothelial dysfunction is further characterized by increased 

plasmaa levels of endothelium derived proteins (e.g. von Willebrand factor, endothelin-1, 

solublee (s) thrombomodulin, tissue plasminogen activator, plasminogen activator inhibitor 
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-1.. sE-selectin. soluble vascular cell adhesion molecule-1. fibronectin ad type IV collagen 

fragments)) and increased transcapillary escape rate of intravenously injected radiolabeled 

albumin. . 

Thyroidd dysfunction may lead to clinically measurable endothelial dysfunction. 

Endotheliall  dysfunction occurs in hypothyroidism as measured by decreased flow-

mediatedd vasodilatation >J. and in hyperthyroidism with increases in endothelium derived 

proteinn levels, like von Willebrand factor, angiotensin converting enzyme and fibronectin 
4,1422 or decreases in endothelium derived proteins e.g. tissue plasminogen activator.4'1 

Thee plasma concentrations of the endothelium derived vasoregulatory proteins endothelin-

11 and adrenomedullin have been reported to be elevated in hyperthyroid patients.44~"b 

Endotheliall  dysfunction can be caused by a diversity of factors: elevated and/or modified 

loww density lipoproteins (LDL) . free radicals caused by smoking, hypertension, diabetes 

mellitus.. hyperhomocysteinemia and possibly infectious organisms such as herpes viruses 

orr Chlamydia pneumoniae. Regardless of the cause of endothelium dysfunction, the 

atheroscleroticc response is highly uniform and characteristic and occurs principally in 

largee and medium-sized elastic and muscular arteries." Endothelial dysfunction in thyroid 

functionn disorders can be caused by several mechanisms which will be addressed in the 

nextt paragraphs. 

ThyroidThyroid hormones and oxidized LDL cholesterol 

Epidemiologicc studies have indicated an association between an increased intake of 

anti-oxidantss such as vitamin C and vitamin E. and a decrease in morbidity and mortality 

fromm coronary artery disease. The "oxidative-modification hypothesis" of atherosclerosis 

providess an explanation for the observed association by postulating that atherosclerosis 

iss initiated by oxidation of the lipids in low-density lipoprotein (LDL).4'1 The lipid 

peroxidationn of LDL is thought to occur in the subendothelial space, were native LDL is 

mildlyy oxidized by endothelial cells, smooth muscle cells and macrophages (figure 3). 

Oxidizedd LDL stimulates chemotaxis of monocytes which differentiate into macrophages. 

Peroxidationn of LDL induces a more negative charge of the apolipoprotein B100 moiety 

off  LDL particles. Due to the increased negative charge, the oxidized LDL is recognized 

byy the scavenger receptors on macrophages and internalized, resulting in foam cell 

formation.. One of the peculiarities of the uptake of oxidized LDL by the scavenger-

receptorr pathway, is its lack of negative-feedback regulation, allowing massive uptake 

off  cholesterol by the macrophages.4'' Foam cell necrosis may occur, with the release of 

lysosomall  enzymes and further enhancement of the process of atherosclerosis. Oxidized 

LDLL also causes dysfunction and injury of endothelial cells. Oxidized LDL impairs the 

releasee of nitric oxide from arteries, which contributes to platelet adhesion and vasospasm. 
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Figuree 3. Early events in atherogenesis. Native LDL becomes trapped in the subendothelial space, 
wheree it can be oxidized by resident vascular cells such as smooth muscle cells, endothelial cells, and 
macrophages.. Oxidized LDL stimulates (plus sign) monocytechemotaxis (A) and inhibits (minus sign) 
monocytee egress from the vascular wall (B). Monocytes differentiate into macrophages that internalize 
oxidizedd LDL. leading to foam-cell formation (C). Oxidized LDL also causes endothelial dysfunction 
andd injury (D). as well as foam-cell necrosis (E). resulting in the release of lysosomal enzymes and 
necroticc debris. Broken arrows indicate adverse efects of oxidized LDL. (Reproduced from Diaz MN. 
Freii  B, Vita J A. Keany JE Antioxidants and atherosclerotic heart disease. N Engl J Med 1997:337:408-
416.. With permission from the publisher.) 

Incorporationn of antioxidants into LDL protects LDL against oxidation. Well-known 

exampless in this respect are the lipid-soluble antioxidants -tocopherol4T and probucol4N 

whichh induce resistance of LDL to oxidative modification. Beta-carotene, however, does 

nott protect LDL from oxidation although its is incorporated into the LDL particle49, whereas 

ascorbicc acid (vitamin C) does protect LDL against oxidation although due to its water-

solublee nature it is not incorporated into LDL particles.50 The findings support the idea 

thatt antioxidants by incorporation into vascular cells may impair the cellular capacity to 

oxidizee LDL and may limi t the cellular response to oxidized LDL.4'' 

Hypothyroidismm bears an increased risk for premature vascular atherosclerotic disease, 

mediatedd to a large extent via hypercholesterolemia. The question arised whether thyroid 

hormonee deficiency induced not only the well-known quantitative changes but also 

qualitativee changes of LDL particles. In chapter 5. we studied in vitro, copper induced. 
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LDLL oxidation measured by the formation of conjugated dienes in overt hypothyroid 

patients,, before and after institution of thyroid hormone substitution therapy. 

ThxroidThxroid hormone and homocysteine 

Inn 1969. McCully made the clinical observation linking elevated plasma homocysteine 

concentrationss (hyperhomocysteinemia) with vascular disease/1 He reported autopsy 

evidencee of extensive arterial thrombosis and atherosclerosis in two children with 

hyperhomocysteinemiaa due to homozygotic homocystinuria caused by cystathionine-6-

synthasee deficiency (figure 4). On the basis of this observation he proposed that 
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Figuree 4. Homocysteine metabolism. 

20 0 



Introductionn and aim of the thesis 

hyperhomocysteinemiaa can cause atherosclerotic vascular disease. Patients with 

heterozygotee homocystinuria often have a normal fasting homocysteine level but can be 

diagnosedd by an abnormal increase in homocysteine after an oral load of methionine. 

Withh this knowledge. Wilcken and Wilcken hypothesized that patients with premature 

coronaryy atherosclerotic vascular disease might have hyperhomocysteinemia as measured 

byy an abnormal methionine challenge test/2 Indeed they found an increased prevalence 

off  hyperhomocysteinemia in this group of patients. This observation fuelled further 

epidemiologicc studies on the relation between homocysteine and atherosclerosis. It has 

becomee clear that even the presence of mild fasting hyperhomocysteinemia is an independent 

riskrisk factor for atherosclerosis in the coronary, cerebral and peripheral vasculature/' Although 

severee hyperhomo-cysteinemia is rare, mild hyperhomocysteinemia occurs in approximately 

55 to 7 % of the general population. Patients with mild hyperhomocysteinemia have none of 

thee clinical signs of severe hyperhomocysteinemia or homocystinuria and are typically 

asymptomaticc until the third or fourth decade of life when premature coronary artery disease 

developss as well as recurrent arterial and venous thrombosis. 

Thee term "homocysteine" is used to define the combined pool of homocysteine, 

homocystinee (a disulfide composed of two homocysteine molecules), mixed disulfides 

(involvingg homocysteine) and homocysteine thiolactone. Under normal conditions only 

22 % of "homocysteine" is present as homocysteine which, under conditions of severe 

hyperhomocysteinemia.. can increase up to 25 ck. Experimental evidence suggests that 

thee atherogenic propensity associated with hyperhomocysteinemia results from endothelial 

dysfunctionn and injury caused by oxidative damage/3 Homocysteine is rapidly auto-

oxidizedd when added to plasma, forming homocystine. mixed disulfides and homocysteine 

thiolactonee (figure 5). Potent reactive oxygen species, including superoxide anion radicals 

andd hydrogen peroxide, are produced during the auto-oxidation of homocysteine, injuring 

thee endothelium and leading to exposure of the underlying matrix and smooth muscle 

cells.. In addition, these reactive oxygen species can initiate lipid peroxidation e.g. of 

LDLL particles. It has been suggested that homocysteine-thiolactone facilitates the 

conversionn of mitochondrial thioretinaco ozonide to thioco. thereby impairing oxidative 

phosphorylationn and promoting the proliferation and fibrosis of smooth muscle cells.54 

Thyroidd hormone deficiency may lead to mild hyperhomocysteinemia. probably by 

alteredd remethylation and this may add to an increased atherosclerotic propensity by the 

abovee mentioned mechanisms. The aim of the study in chapter 6 is to extend the 

knowledgee on the influence of thyroid dysfunction on plasma homocysteine concentrations 

andd to evaluate the role of potential determinants, in particular the C677T polymorphism 

inn the methylenetetrahydrofolate reductase gene. 
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Figuree 5. Schematic representation of the postulated adverse vascular effects of homocysteine. 

ThyroidThyroid hormone and vasoactive endothelial hormones 

Endothelin-1.. adrenomedullin 

Onee of the earliest cardiovascular responses to thyroid hormone administration is a 

decreasee in total peripheral vascular resistance (TPR). The decrease in TPR is probably 

thee "primum movens", leading to an increase in cardiac output as suggested by 

pharmacologicall  observations/''"''6 About one-third of patients with hyperthyroidism, have 

systolicc hypertension (RR > 150/90 mmHg).57 This probably reflects the inability of the 

vascularr tree to accommodate the marked increase in cardiac output and stroke volume. In 

hypothyroidism,, appoximately 20 9c of patients have hypertension (RR > 160/95 mmHg). 

withh in particular increased diastolic blood pressure values. An increased systemic vascular 

resistancee with incomplete adaptation of cardiac output might be the most important 

mechanismm involved/7 The mechanisms involved in the changes in TPR are incompletely 

understoodd and are probably multifactorial (figure 6), including changes in heat production, 

non-genomicc T effects on vascular smooth muscle cells 58,59, changes in non-thyroid 

hormoness e.g. atrial natriuretic peptide and changes in endothelium derived vasoregulation 

hormones.. The plasma concentrations of the endothelial hormones endothelin-1 

(vasoconstrictor)) and adrenomedullin (vasodilator) are influenced by thyroid hormones 
44455 and might be putative mediators of the changes in TPR which occur in thyroid 
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dysfunction.. In chapter 7. we studied the relationship between the changes in plasma 

levelss of endothelin-1 (a vasoconstrictor) and adrenomedullin (a vasodilator) and the changes 

inn TPR in patients with overt thyroid dysfunction after restoring the euthyroid state. 

Vascularr endothelial growth factor (VEGF) 

Angiogenesiss is required in embryonic development, tissue repair, and plays an 

importantt role in cancer growth. VEGF. a potent cytokine, stimulates endothelial cell 

replicationn and migration.60 VEGF can be produced in vitro by many different cell types, 

includingg endothelial cells. Another synonym for VEGF is vascular permeability factor. 

Thiss name points to its ability to induce increases in microvascular permeability of post 

capillaryy venules and capillaries.61 VEGF might therefore play an important role in the 

pathogenesiss of the endothelial dysfunction which occurs in type 1 diabetes mellitus. 

evenn before micro- or macrovascular angiopathy is clinically manifest. In diabetes mellitus 

thee low T syndrome (nonthyroidal illness) may be present, depending on the degree of 

metabolicc control. It might be that VEGF levels are related to T, concentrations. In 

chapterchapter 8. in a cross sectional cohort of patients with type 1 diabetes mellitus the relation 

betweenn plasma VEGF levels and the existence of microvascular complications, degree 

off  metabolic control and plasma T, levels are studied. 
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Fiiiuree 6. Effect of triiodothyronine on the cardiovascular system 
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EndothelialEndothelial cells and thyroid hormone receptors (TR). 

Progresss has been made in endothelial research after developing techniques which 

permittedd the culture of animal and human endothelial cells in the 1970s. Human 

endotheliall  cells (EC) for in vitro experiments can be derived from different sources e.g. 

umbilicall  veins, penile foreskin and immortalized cell lines.62 Although some thyroid 

hormonee actions are modulated by non-genomic (membrane) effects, it exerts its action 

mainlyy by modulating gene expression via nuclear T, receptors. Only a few studies have 

addressed,, mostly in a qualitative way. the question if endothelial cells contain T̂  

receptors.. Studies in cultured bovine aorta endothelial cells and human umbilical vein 

endotheliall  cells (HUVEC) indicated that endothelin-1 might be upregulated at both the 

mRNAA and the protein levels.',va The aim of the study in chapter 9 is to determine in a 

quantitativee way how many thyroid hormone receptors (TR) and which TR isoforms are 

presentt in human endothelial cells derived from umbilical veins and to see if endothelin-

11 production is T dependent. 
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