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ACE angiotensin converting enzyme

AGT angiotensin I

APC activated protein C
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AT i receptor angiotensin II receptor, vascular type 1
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cM
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GRA
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IGF-1

EDE-C
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coronary heart disease

Cooperative Human Linkage Center

diastohc blood pressure

dizygotic

famihal hypercholesterolemia

replacement of Arg by Glu at residue 506 in the factor V molecule 

Genomic Data Base

glucocorticoid-remediable aldosteronism 

hepatitis C virus

high density lipoprotein cholesterol 

Haseman-Elston 

hemochromatosis gene 

identical by descent

insulin-like growth factor (somatomedin C) 

low density lipoprotein cholesterol 

LDL-receptor 

lipoprotein hpase 

magnetic resonance imaging 

macrophage scavenger receptor 

monozygotic

National Institute of Health/Centre d'Etude Polymo 

nitric oxide



NOS NO synthase

OMIM Online Mendelian Inheritance in Man

PCR polymerase chain reaction

PCT porphyria cutanea tarda

PLA2 phosphohpase A2

RFLP restriction fragment length polymorphism

SAGE statistical analysis for genetic epidemiology

SBP systolic blood pressure

QTL quantitative trait loci

TC total cholesterol

TG triglyceride

UC ulcerative cohtis

1. Introduction
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1.1. Prevalence and Risk of Coronary Heart Disease

Cardiovascular diseases cause over 15 million death in the world each year (WHO 

Health Report 1997). Diseases of the heart and circulatory system are the main cause of death 

in Europe: accounting for over 4 million deaths each year (European Cardiovascular Disease 

Statistic 2000). Nearly half (49%) of all deaths from cardiovascular diseases are from coronary 

heart disease (CHD). CHD by itself is the most common cause of death in Europe: accounting 

for nearly 2 million deaths in Europe each year. Over one of five women (21%) and men 

(21%) die from CHD (Figure 1). Death rates from CHD are generally higher in Eastern Europe 

than in Southern and Western Europe. The number of death from CHD in Germany was 151 

per 100 000 persons in 1995, while in Hungary it was 253 per 100 000 persons in the same 

year (Figure 2.) (WHO Health Report 1997).
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Figure 1. Mortality data from the European Cardiovascular Disease Statistics (2000). 
Coronary heart disease is the mam cause of death in both sexes.
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Figure 2. WHO mortality data (1995) of cardiovascular diseases and coronary heart disease in 
different European countries.
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levels iii Europe comes from the WHO MONICA Project. The latest results of this project 

show that between 1% (Novosibirsk, Russia) and 15% (Vand/Fribourg, Switzerland) of men 

aged 35-64 have blood cholesterol levels of 7.8 nmiol/1 or more (a level generally considered 

to be very high). For women aged 35-64 between 1% (Tarnobrzeg Voivodsliip, Poland) and 

14% (KamiasXithuania) have levels of 7.8 nmiol/1 or more (Figure 3).

Percentage o f adults aged 35-64 with blood cholesterol >7.8 mmol/1

Figure 3. Data of the WHO MONICA project. The figure shows the percentage of men and women 
aged 35-64 in different European population with blood cholesterol level over 7.8 mmol/1.

As with raised blood cholesterol, the only reliable data on the prevalence! 

blood pressure across Europe conies from the MONICA Project. The 

project show that between 2% (Toulouse, France) and 21% (North
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aged 35-64 have systolic blood pressure levels of 160 nmiHg or more. For women aged 35-64

between 2% (Catalonia, Spain) and 17% (East Germany) have levels of 160 mmHg or more. 

MONICA project data on trends in blood cholesterol and in blood pressure levels await 

publication (European Cardiovascular Disease Statistic 2000).

The last obtainable WHO data from the mortality of hypertensive disease are from

1995. Figure 4 shows the death rates caused by hypertension in different European countries. 

The mortality of hypertension is higher in Eastern Europe than in Southern, Western and 

Northern Europe. The death rate caused by hypertension is about tree tunes higher in Hungary 

than in Germany.
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Figure 4. WHO mortality data (1995) of hypertensive disease per 100 000 persons in different 
European countries. In Hungary the death rate caused by hypertension is one of the highest in 
Europe.

1.2. Genetical Background of Hyperlipidemia

Coronary heart disease, particularly at young age, is largely i 

variability (Goldstein et al. 1973, Marenberg et al. 1994, Czeizel et a1
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genetic variance on the serum lipids is of great interest; however, the heritability data are in 

part conflicting (Breslow et al. 1993). Serum total cholesterol (TC), LDL cholesterol (LDL- 

C), and triglyceride (TG) levels are directly correlated, whereas HDL-cholesterol (HDL-C) is 

inversely correlated with cardiovascular risk (Kannel et al. 1971, Assmann et al. 1992).

LDL-receptor (LDLR) gene mutations have dramatic effect on circulating LDL-C 

levels in patients with familial hypercholesterolemia (Brown and Goldstein 1976, Brown and 

Goldstein 1986), the influence of the LDLR gene on LDL-C concentrations in the general 

population is less clear (Maartmann-Moe et al. 1981, Magnus et al. 1981). Data on the 

influence of the lipoprotein hpase (LPL) gene locus on lipoprotein and TG levels do not 

uniformly agree (Jemaa et al. 1995, Gerdes et al. 1995, Mattu et al. 1994, Heliö et al. 1994, 

Peacock et al. 1992).

1.3. Genetical Background of Hypertension
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Treatment of High Blood Pressure, 1993). Blood pressure itself is a complex variable, 

influenced by multiple interacting physiologic regulatory systems. Clear evidence for familial 

transmission has been discovered for almost 80 years (Weitz et al. 1922). Some unusual forms 

of hypertension are inherited as a simple, monogenic trait; however, in essential hypertension 

complex and multiple genes are likely to be involved (Litton et al. 1993). Mapping loci 

important for blood pressure regulation would facilitate identification of the functional genes 

that potentially cause the disorder.

1.4. Twin Studies

studies is the twin cohort study design, a cohort of twin births

Twin studies play a key role in determining genetic evider
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certificate registries (Czeizel et al. 1977), and followed to assess disease outcomes. On the 

other hand, monozygotic (MZ) twins present a fixed genetic background in humans against 

which one can compare and study the effects of genetic versus environmental influences. MZ 

twins are genetically identical whereas dizygotic (DZ) twins share, one average, one-half of 

their genes. If a disease affects both twins of pair, they are said to be concordant. By 

estimating and comparing concordance rates among MZ and DZ twins, one can get an idea of 

the role of genetic factors in the etiology of the disease (Allen et al.1967). Twin studies were 

also considered in the '80s in Hungary, to examine the genetic background of lactose 

absorption capacity (Métneki et al. 1984) and methane excretion and lactulose induced 

methane production (Flatz et al. 1985).

If genetic influences are acting, concordance rates for MZ twins should be grater than for 

DZ twins, and concordance rates for MZ twins reared apart should be about the same as for 

MZ twins reared together. Low concordance rates between MZ, or equal concordance rates 

between MZ and DZ twins suggest strong environmental component rather than a genetic one. 

If concordance rate is 100% in MZ twins and between 25-50% in DZ twins, then it may be 

concluded, that the disease is strictly genetic and probably due to a single recessive (if the 

concordance rate is ~25%) or dominant (concordance rate is ~50%) gene.

Phenotypes than can fall anywhere along a continuous distribution of measurement 

(e.g., blood pressure, weight, cholesterol) are referred to as quantitative traits. The use of 

quantitative traits is a powerful approach in mapping complex disease traits. The mapping of 

quantitative traits with highly polymorphic microsatelhte markers is not so straightforward as 

mapping of Mendehan traits. Microsatelhte markers are hypervariable tande
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genetic loci and phenotypic traits in terms of a modified siblingpair analysis (Morisson et al. 

1994).

Monozygotic (MZ) and dizygotic (DZ) twins provide a classic model for determination 

of the influence of heredity and environment on various traits, including the risk for CHD 

(Busjahn et al. 1996, Busjahn et al. 1997) and detrimental serum hpid levels (Heller et al. 1993, 

Feinleib et al. 1977, Whitefield et al. 1983, Austin et al. 1998, Rönnemaa et al. 1998, 

McCaifery et al. 1999). Results of twin and family studies have shown a substantial genetic 

component of the hypertension, with a heritable variation of 30 to 60% (Ward 1990, 

McCaifery et al. 1999).

2. Aims and Plans of Experiments

twins

We recruited 

enabled us to

monozygotic (MZ) 

estimate heritability

and dizygotic (DZ) 

of blood lipids and

twins.

blood

The incl 

ore
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population. Furthermore, we performed a sib-pair analysis in the DZ twins, to look for loci

related to the quantitative traits, serum lipoprotein concentrations and blood pressure. We did 

not conduct a total genome scan in the DZ twins, but rather directed our attention to candidate

1. We planned to study healthy twin pairs to determine the influence of heredity and 

environment on TC, LDL-C, HDL-C, TG levels and blood pressure values.

2. We planned to examine the linkage between LDLR and LPL genes and lipoprotein 

levels in healthy persons. We chose the LPL and LDLR genes because of the 

aforementioned studies (Jemaa et al. 1995, Gerdes et al. 1995, Mattu et al. 1994, Helö et 

al. 1994, Peacock et al. 1992).

3. When we found no linkage at the LPL locus, we directed our attention to the nearby 

macrophage scavenger receptor gene locus.

4. We planned to investigate also the relationship of LPL gene and blood pressure. The

LPL gene locus has been identified not only as a susceptibility gene locus of 

hypertriglyceridemia (Reymer et al. 1995), but it may be relevant as so called "familial 

dyslipidemic" hypertension as well (Williams et al. 1993).

5. As candidate gene loci for blood pressure, we selected also the components of the 

renin-angiotensin system. The renin gene itself has been identified as a QTL in the rat 

(Rapp et al. 1989), hypertension (as a qualitative trait) has been linked to the 

angiotensinogen gene (Jeunemaitre et al. 1992 c, Caulfield et al. 1994), and the ACE and 

ATi receptor genes have been associated with increased cardiovascular risk (Tiret et al. 

1994).

gene loci.

6. We planned to examine the role of gene loci of

regulation of normal blood pressure. Liddle syndrome is a mono

closely resembles to "low renin" hypertension (Shimkets et al.
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caused by hyperactivity of the epithehal amiloride-sensitive sodium channel in the distal

renal tubule, leading to salt and volume retention. Autosomal-dominant hypertension with 

brachydactyly resembles essential hypertension. The responsible gene has been mapped to 

chromosome 12p (Schuster et al. 1996); however, the gene has not yet been identified.

7. We planned to investigate the PLA2 locus on chromosome 12 as a candidate locus for 

blood pressure, because of the previous association study of Frossard and Lestringant 

(1995).

8. When we found linkage with the markers about 20 cM centromeric from the PLA2 

gene, we directed our attention to the IGF-1 gene.

9. We then coupled our attention on blood pressure to echocardiographically 

determined cardiac dimensions.

3. Background

Lipase (LPL) Gene Loci
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Earlier studies found associations between polymorphisms of the LDLR gene and LDL-

C serum concentrations. Pedersen and Berg (Berg et al. 1988) found that persons homozygous 

for the absence of the PvuII restriction site at the LDLR gene locus had a higher chance of 

being in the uppermost quartile of TC levels. Schuster et al. (1990) were able to confirm this 

association in a normocholesterolemic German population. Humphries et al. (1991) examined 

four restriction fragment length polymorphism’s at the LDLR gene locus in an Italian 

population. They confirmed the PvuII polymorphism association and also observed an 

association between the LDL-C-lowering P2 allele and increased survival for those >65 years. 

We studied the PvuII polymorphism with a novel, anchored PCR in three populations (Iceland, 

Scotland, and England)(Gudnason et al. 1998). In a Hungarian study Kerepesi and co-workers 

(1997) found the same prevalence of P2 allele in PH patients and in normocholesterolemic 

controls.

LPL plays a role in determining the plasma hpid profile, since it is the rate-limiting 

enzyme in the clearance of TG-rich lipoproteins from the circulation (Pykahsto et al. 1987). 

This enzyme also influences apolipoprotein and phosphohpid exchange between VLDL-C and 

HDL-C. LPL thereby affects inter-HDL-C conversions and LDL-C generation derived from 

VLDL clearance (Garfinkel and Schotz 1987). Mutations in the LPL gene and their influence 

on hpid levels, particularly TGs and HDL-C, have generated major interest (Jemaa et al. 1995; 

Gerdes et al. 1995; Mattu et al. 1994; Heliö et al. 1994; Peacock et al. 1992; Madly et al. 

1995; Reymer et al. 1995; Jukema et al. 1996).

18



3.1.1. Low Density Lipoprotein Receptor Mutations and Familial 

Hypercholesterolemia (FH)

Mutations in the LDL receptor (LDLR) gene on chromosome 19 cause familial 

hypercholesterolemia, an autosomal dominant disorder, characterized by elevation of serum 

cholesterol bound to low density lipoprotein (LDL).

Heterozygotes develop tendinous xanthomas, corneal arcus, and coronary artery 

disease; the last usually becomes evident in the fourth or fifth decade. Homozygotes develop 

these features at an accelerated rate in addition to planar xanthomas, which may be evident at 

birth in the web between the first 2 digits. The ranges of serum cholesterol and LDL- 

cholesterol are, in mg per dl, 250-450 and 200-400 in heterozygotes, greater than 500 and 

greater than 450 in homozygous alfecteds, and 150-250 and 75-175 in homozygous 

unalfecteds, with some positive correlation with age.

By studies of cultured fibroblasts from homozygotes, Goldstein and Brown (1973) and 

Brown and Goldstein (1974) showed that the basic defect concerns the cell membrane receptor 

for LDL. Normally, LDL is bound at the cell membrane and taken into the cell ending up in 

lysosomes where the protein is degraded and the cholesterol is made available for repression of 

microsomal enzyme 3-hydroxy-3-methylglutaryl coenzyme A reductase, the rate-limiting step 

in cholesterol synthesis.

In most populations the frequency of the homozygotes is 1 in a million (probably a 

minimal estimate, being a prevalence figure rather than incidence at birth) and the fr

heterozygotes not less than 

of heterozygotes is about

1 in 500. Among survivors of myocardial infarct! 

1 in 20. Seftel et al. (1980) pointed to
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hypercholesterolemic homozygotes in South Africa. The authors calculated the frequency of

heterozygotes and homozygotes to be 1 in 100 and 1 in 30 000 respectively.

3.1.2. Lipoprotein Lipase Deficiency and Hyperlipoproteinemia type I

Holt et al. (1939) first reported the familial occurrence of the hyperlipoproteinemia type 

I syndrome. Boggs et al. (1957) described the symptoms on 3 affected sibs from a first-cousin 

mating. Massive hyperchylomicronemia occurs when the patient is on a normal diet and 

disappears completely in a few days on fat-free feeding. On a normal diet alpha and beta 

lipoproteins are low. A defect in removal of chylomicrons and of other triglyceride-rich 

lipoproteins is present. Low tissue activity of lipoprotein hpase was suspected. The full-blown 

disease, manifested by attacks of abdominal pain, hepatosplenomegaly, eruptive xanthomas, 

and lactescence of the plasma, is a recessive. Precocious atherosclerosis does not seem to be a 

feature. Heterozygotes do not usually display the gross phenotypic features such as 

chylomicronemia, xanthomata, or episodes of abdominal pain, they have only half-normal LPL 

activity which might not suffice to keep the plasma triglyceride concentration within normal 

limits when stress is placed on the plasma hpid transport system.

Havel and Gordon (1960) first recognized deficiency of lipoprotein hpase as the basic 

defect in type I hyperlipoproteinemia. Heizmann et al. (1991) studied DNA polymorphism 

haplotypes and found possibly significant associations between them and level

cholesterol and total plasma cholesterol. In contrast

significant associations with levels of plasma triglycerides.
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Mattéi et al. (1993) used in situ hybridization to map the LPL gene to 8p22. Linkage 

studies by Emi et al. (1993) indicated that the LPL gene is located about 11 cM proximal to 

the MSR1 locus, which is also located in the 8p22 band.

Benlian et al. (1996) described 4 patients (2 men and 2 women) with missense mutations. 

In all of them were signs and symptoms of atherosclerosis before the age of 55. The authors 

commented that lipoprotein hpase deficiency did not provide complete protection against 

atherosclerosis, as had been stated by others.

Wittrup et al. (1997) tested 9,214 men and women from a general population sample and 

948 patients with ischemic heart disease for the asn291-to-ser substitution in lipoprotein hpase. 

This study demonstrated that a single common mutation in the LPL gene is associated with 

elevated plasma triglycerides and reduced HDL cholesterol levels, whereby carriers, in 

particular women, seem to be predisposed to IHD.

3.2. Genetics of Hypertension
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The Pickering school held that blood pressure has a continuous distribution, that 

multiple genes and multiple environmental factors determine the level of one's blood pressure 

just as the determination of stature and intelligence is multifactorial, and that 'essential 

hypertension' is merely the upper end of the distribution (Pickering 1978). In this view the 

person with essential hypertension is one who happens to inherit an aggregate of genes 

determining hypertension (and also is exposed to exogenous factors that favour hypertension).

From a study of systolic blood pressure in 278 pedigrees ascertained through children 

enrolled in the Rochester, Minnesota school system, Perusse et al. (1991) obtained results 

suggesting that variability in systohc blood pressure is influenced by major effects of allelic 

variation of a single gene, with gender and age dependence. They suggested that a single gene 

may be associated with a steeper increase of blood pressure with age among males and 

females.

Lifton (1996) reviewed the molecular genetics of human blood pressure variation. He 

pointed out that at least 10 genes have been shown to alter blood pressure; most of these are 

rare mutations imparting large quantitative effects that either raise or decrease blood pressure. 

These mutations alter blood pressure through a common pathway by changing salt and water 

reabsorption in the kidney.

Several varieties of familial, salt-sensitive, low-renin hypertension with a proven or 

presumptive genetic basis have been described (Gordon 1995). The conditions in which the 

molecular basis of the disorder has been identified at the DNA level include 2 forms of Liddle 

syndrome due to mutation in the beta subunit or gamma subunit of the amiloride-sensitive 

epithehal sodium channel; the syndrome of apparent mineralocorticoid excess (AM

22



dexamethasone ('glucocorticoid-remediable aldosteronism': GRA), which is due to a Lepore 

haemoglobin-like fusion of the contiguous CYP11B1 and CYP11B2 genes.

At the time of our experiments the AME was known as a very rare disorder, described 

in few pedigrees, so we did not examined this gene locus. The CYP11B1-CYP11B2 gene 

locus on chromosome 8 was also unmapped, so we were unable to find any microsatelhte 

markers to examine these locus as a quantitative trait locus for blood pressure.

One form of monogenic hypertension is called brachydactyly with hypertension', which 

was shown by Schuster et al. (1996) to map to chromosome 12p in a large Turkish kindred.

3.2.1. Gene Loci of the Renin-Angiotensin Syst<
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3.2.1.1. Angiotensin I (AGT)

Angiotensin is formed from a precursor angiotensinogen which is produced by the liver 

and found in the alpha-globulin fraction of plasma. The lowering of blood pressure is a 

stimulus to secretion of renin by the kidney into the blood. Renin cleaves from angiotensinogen 

a terminal decapeptide, angiotensin I.

Jeunemaitre et al. (1992 c) reported results from a collaborative study of AGT in 215 

sibships, each with 2 or more hypertensive subjects ascertained from American and French 

study populations, a total of 379 sib pairs. The study provided evidence for involvement of 

AGT in the pathogenesis of essential hypertension. In each of the samples, they found genetic 

linkage between essential hypertension and AGT in affected sibs, association between 

hypertension and certain molecular variants of AGT as revealed by a comparison between 

cases and controls, and increased concentrations of plasma angiotensinogen in hypertensive 

subjects who carry a common variant of AGT strongly associated with hypertension. Among 

the 15 molecular variants of AGT that had been identified, significant association with 

hypertension was observed with 2 aminoacid substitutions, M235T and T174M. These 2 

variants exhibited complete linkage disequilibrium, as T174M occurred on a subset of the 

haplotypes carrying the M235T variant, and both haplotypes were observed at higher 

frequency among hypertensives. Caulfield et al. (1994) could find no association between 

essential hypertension and either the M235T or the T174M variant. On the other hand, studies 

in a distinct, ethnically homogeneous population, namely Japanese, showed that the same 

variant, T235, is associated with essential hypertension (Hata et al. 1994). In the Japai 

study, the population frequency of the T235 variant was found to be hi 

Caucasian subjects. Because of the involvement of angiotensinogen in si 

may be a marker for a salt-sensitive form of essential hypertension.
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Using the affected-pedigree-member method of linkage analysis in 63 white European 

families in which 2 or more members had essential hypertension, Caulfield et al. (1994) found 

evidence of linkage and association of the AGT gene locus with essential hypertension. To test 

for linkage they used a dinucleotide repeat marker flanking the gene on Iq42-q43 and adopted 

the affected-pedigree-member method of linkage analysis.

Lifton (1996) commented on the fact that of the small number of candidate genes 

examined for possible involvement in hypertension, only the gene encoding angiotensinogen 

has met relatively stringent criteria supporting its role in the pathogenesis of essential 

hypertension.

3.2.I.2. Renin

Released by the juxtaglomerular cells of the kidney, renin catalyses the first step in the 

activation pathway of angiotensinogen - a cascade that can result in aldosterone release, 

vasoconstriction, and increase in blood pressure. Renin cleaves angiotensinogen to form 

angiotensin II, an important regulator of blood pressure and electrolyte balance. Renin occurs 

in other organs than the kidney, e.g., in the brain, where it is implicated in the regulation of 

numerous activities. The renin gene lies in the region lq32.

Morris and Griffiths (1988) could find no relationship between primary hypertension 

and a Hindlll restriction fragment length polymorphism (RFLP) in the renin gene. I 

population in Taiwan, Chiang et al. (1997) found an association bet 

Hindlll polymorphism and hypertension.
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Jeunemaitre et al. (1992 b) could demonstrate no role for the renin gene in the

pathogenesis of essential hypertension. Rapp et al. (1989) concluded that in the rat the renin 

gene is, or is closely linked to, one of the genes regulating blood pressure.

3.2.I.3. Angiotensin I Converting Enzyme (ACE)

Angiotensin I converting enzyme is a dipeptidyl carboxypeptidase that plays an 

important role in blood pressure regulation and electrolyte balance by hydrolysing angiotensin I 

into angiotensin II, a potent vasopressor, and aldosterone-stimulating peptide. The enzyme is 

also able to inactivate bradykinin, a potent vasodilator.

Although angiotensin-converting enzyme has been studied primarily in the context of its 

role in blood pressure regulation, this widely distributed enzyme has many other physiologic 

functions. The ACE gene encodes 2 isozymes. The somatic ACE isozyme is expressed in many 

tissues, including vascular endothehal cells, renal epithehal cells, and testicular Leydig cells, 

whereas the testicular or germinal ACE isozyme is expressed only in sperm. The plasma 

enzyme may be synthesized in vascular endothelium. In normal individuals, plasma ACE levels 

can show as much as a 5-fold inter-individual variation, on the other hand, intra-individual 

variation is small. Cambien et al. (1988) studied familial resemblance for plasma ACE activity 

in 87 healthy families. Plasma ACE was uncorrelated with age, height, weight, or blood 

pressure in the parents, but a negative correlation with age was observed in offspring. Results 

of genetic analysis suggested that a major gene may affect the inter-individual va

ACE levels was transmitted apparently as an autosomal dominant trait.
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affected individuals in this kindred were much higher than the values observed in the 87

families studied by Cambien et al. (1988).

After the ACE gene was cloned, it was shown that 50% of the inter-individual 

variability of plasma ACE concentration is determined by an insertion (I)/deletion (D) 

polymorphism situation in intron 16 of the ACE gene and known as the ACE I/D 

polymorphism.

Berge and Berg (1994) found no evidence of association between genotypes in the 

insertion/deletion polymorphism and level of systohc or diastolic blood pressure. In 2 series of 

monozygotic twin pairs, there was no difference between genotypes in within-pair variation in 

systohc or diastohc blood pressure. On the other hand, Schunkert et al. (1994) found an 

association between left ventricular hypertrophy, as assessed by electrocardiographic criteria, 

and the D/D genotype of ACE. Epidemiological studies had shown that left ventricular 

hypertrophy is often found in the absence of an elevated cardiac workload. The association 

with the D/D genotype was stronger in men than in women and was more prominent when 

blood pressure measurements were normal. The findings suggest that the D/D genotype is a 

genetic marker associated with an elevated risk of left ventricular hypertrophy in middle-aged 

men. Lindpaintner et al. (1996) were unable to confirm an association between 

electrocardiographically determined left ventricular mass (determined by echocardiography) 

and left ventricular hypertrophy (adjusted for clinical covariates) in an analysis of 2439 subjects 

from the Framingham Heart Study.

Using a DNA marker at the growth hormone gene locus, Jeunemaitre et al. (1992 a) 

mapped ACE to 17q23. A demonstration of linkage between the ACE locus and elevated 

blood pressure in a rat model of hypertension pointed to ACE as a candidatc^gcn 

hypertension. In studies of hypertensive families, they found no evident 

between the ACE locus and the disease. Using affected sib-pair
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analysis with ascertainment correction, Julier et al. (1997) found evidence of linkage of familial 

essential hypertension to 2 closely linked microsatellite markers, D17S183 and D17S934, 

located on 17q, these markers are, however, 18 cM proximal to the ACE locus. The authors 

concluded that 17q contains a susceptibility locus for human hypertension presumably separate 

from ACE and argued that comparative mapping may be a useful approach for identification of 

such loci in humans.

3.2.1.4. Angiotensin II Receptor, Vascular Type 1 (ATi receptor)

Angiotensin II is an important effector controlling blood pressure and volume in the 

cardiovascular system. Its importance is reflected by the efficacy of angiotensin-converting 

enzyme inhibitors in the treatment of hypertension and congestive heart failure. Angiotensin II 

interacts with 2 pharmacologically distinct subtypes of cell surface receptors, types 1 and 2. 

Type 1 receptors seem to mediate the major cardiovascular effects of angiotensin ff. The 2 

subtypes of angiotensin ff type f receptors, f A and fB, have been identified in human. These 

receptors are products of separate genes, share substantial sequence homology, and have wide 

tissue distributions. The angiotensin II 1A receptor seems to predominate in many tissues, but 

not in adrenal or anterior pituitary glands, and expression of the 2 types of receptors may be 

differentially regulated in the heart and the adrenals. This differential tissue distribution and 

regulation of angiotensin II receptor subtypes may serve to modulate the biologic effects of 

angiotensin II.

Pharmacological agents that either block the formation of angiotensin 

action by antagonising the ATi receptor are highly successful in the t r e f l  íotensm

II-dependent hypertension. Most notable among these agents is 1<
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antagonist that has been found to be an effective anti-hypertension drug without the usual side 

effects. This, coupled with the demonstration that polymorphism in the ATi receptor gene is 

associated with hypertension (Bonnardeaux et al. 1994), further supports the notion that the 

ATi receptor is an important target for the control of angiotensin II-dependent hypertension. 

In spite of the availability of excellent drugs for the control of hypertension, Iyer et al. (1996) 

explored the possibility that gene therapy could be used. They demonstrated that the delivery 

of ATi receptor antisense resulted in a selective attenuation of the cellular actions of 

angiotensin II in the neurons of the spontaneously hypertensive rat model. A single injection 

normalized blood pressure in the rat on a long-term period. The use of this approach in 

patients was proposed.

Martens et al. (1998) showed that normalization of blood pressure by angiotensin II 

type 1 receptor antisense gene therapy prevented the development of renal vascular and cardiac 

pathophysiologic changes.

Variants in the human AT receptor 1A gene (located 3q21-q25) may affect blood 

pressure in the human. Bonnardeaux et al. (1994) identified an association between several AT 

receptor 1A gene polymorphisms and hypertension. Specifically, an A-to-C variant, located in 

the 3-prime untranslated region at nucleotide 1166, showed a significantly elevated frequency 

in 206 Caucasian patients with essential hypertension. Wang et al. (1997) did a case-control 

study of the 1166A-C variant in 108 Caucasian hypertensive subjects with a strong family 

history (2 affected parents) and early onset disease. The frequency of the ff66C allele was 

0.40 in hypertensives and 0.29 in normotensives.

3.2.2. Monogenic Inherited Forms



3.2.2.I. Pseudoaldosteronism (Liddle syndrome)

Liddle et al. (1963) described hypertension associated with hypokalemic alkalosis not 

due to hyperaldosteronism but rather to a renal tubular peculiarity. Liddle syndrome is 

characterized by hypoaldosteronism, hypokalemia, and decreased renin and angiotensin. 

Studies by Rodriguez et al. (1981), Wang et al. (1981), Nakada et al. (1987), and others 

confirmed the original description of Liddle et al. (1963) and demonstrated that amiloride and 

triamterene, but not spironolactone, were effective treatments for hypertension and 

hypokalemia in patients with this syndrome as long as dietary sodium intake was restricted. In 

studies of the kindred originally described by Liddle et al. (1963), Shimkets et al. (1994) 

demonstrated complete linkage of the disorder to the gene encoding the beta subunit of the 

epithehal sodium channel. The fimctional channel is composed of at least 3 submits, alpha, 

beta, and gamma. The 3 subunits show sequence similarities to one another, indicating descent 

from a common ancestral gene. The gene was mapped to human chromosome 16pl3-pl2.

Liddle syndrome can be caused by constitutive activation of the renal epithehal sodium 

charnel due not only to mutation in the beta submit of this charnel but also to mutation in the 

gamma subunit. Snyder et al. (1995) identified a conserved motif in the C-terminus of all 3 

subunits of the sodium charnel that, when mutated, reproduced the afreet of Liddle 

truncations. The mutations in the Liddle syndrome increased the number of sodium charnels in 

the apical membrane, which increases renal sodium absorption and creates a predisposition to 

hypertension.

3.I.2.2. Hypertension with Brachydactyly (Bilginturan syndrom
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Bilginturan et al. (1973) described a 'new' form of brachydactyly manifested by

shortening of both phalanxes and metacarpals and associated, probably as a pleiotropic effect, 

with hypertension. An extensive pedigree was well documented. Schuster et al. (1996) 

undertook a linkage study of this family, motivated by the possibility that identification of the 

genetic basis of this rare monogenic form of hypertension might assist in elucidation of the 

multifactorial cauzation of essential hypertension. By linkage analysis they succeeded in 

localising the responsible gene to 12p in a region defined by markers D12S364 and D12S87. 

(From the location of these markers the gene probably hes in the region 12pl2.2-pll.2.).

The family hved in a remote area on the north-eastern Black Sea coast of Turkey. 

Schuster et al. (1996) performed a comprehensive medical examination on 6 members (5 

affected and 1 unaffected) of the family (Bilginturan et al. 1973). None of them was being 

treated for hypertension at the time of the study. The affected individuals were not salt 

sensitive and the humoral responses (including renin, aldosterone, and catecholamine) to 

volume expansion and contraction were normal, suggesting that the renin-angiotensin- 

aldosterone and the sympathetic nervous systems may not be responsible for the hypertension. 

This feature also distinguishes this form of hypertension from glucocorticoid-remediable 

aldosteronism and Liddle syndrome, which are salt-sensitive forms of monogenic hypertension 

with very low plasma renin activity. Schuster et al. (1996) suggested that a not-yet-appreciated 

mechanism of blood pressure elevation was possibly involved.

Bahring et al. (1996) demonstrated loops in the posterior/inferior cerebellar artery by 

magnetic resonance imaging (MRI) angiography of the posterior fossa vessels in 15 patients 

with this syndrome. It was present bilaterally or unilaterally in all affected individuals and in 

none of the unaffected members of the kindred. Bahring et al. (1996) 

neurovascular compression resulting from the looping might be 

hypertension.
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3.2.3. Dyslipidemic Hypertension

Wu et al. (1996) studied the distribution of blood pressure in 48 Taiwanese families 

with noninsulin-dependent diabetes mellhús and conducted quantitative sib-pair linkage 

analysis with candidate loci for insulin resistance, hpid metabolism, and blood pressure control. 

They found no evidence for linkage of the angiotensin I converting enzyme locus on 

chromosome 17, nor the angiotensinogen and renin loci on chromosome 1, with either systohc 

or diastohc blood pressures. In contrast, they obtained significant evidence for linkage of 

systohc blood pressure, but not diastohc blood pressure, to a genetic region at or near the 

lipoprotein hpase locus on 8p. Allelic variation around the LPL gene locus was estimated to 

account for as much as 52 to 73% of the total interindividual variation in systohc blood 

pressure levels.

3.2.4. Phospholipase A2 (PLA2) Gene

Frossard and Lestringant (1995) carried out association studies at a candidate locus, the 

pancreatic phosphohpase A2 gene located on chromosome 12 (the gene map locus of PLA2 is 

12q23-q24.1). Positive associations were found between the presence of a TaqI dimorphic site 

located in the first intron of this gene and hypertension in 3 populations sampled: 2

and 1 from Germany, 

genetic susceptibility

The results indicated 

to hypertension may

that a QTL implicated in 

be present within up to

determinr 
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Phospholipase A2 is a rate-limiting enzyme in eicosanoid production. It is coupled to 

angiotensin II receptors and acts, upon activation by increased intracellular calcium, to release 

esterified arachidonic acid from membrane phospholipids.

4. Materials and Methods
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4.1. Patients and Clinical Investigation

We recruited 166 pairs of twins (MZ 100 and DZ 66) by advertisement to participate in 

studies involving blood pressure regulation and cardiovascular phenotypes. The subjects were 

all German Caucasians. They were recruited from various parts of Germany. A written 

informed consent was obtained from all participants. Each participant underwent a medical 

history and physical examination. None of them had hypertension or any other chronic medical 

illness. Persons with history of familial hpid disorders were excluded. Women who were using 

oral contraceptives or estrogen preparations, women >50 years old, and individuals of both 

sexes who were ingesting hpid influencing medication were also excluded from this analysis. It 

was no significant difference between the age, sex, height, weight and body mass index of the 

MZ and DZ twins (Table 1). The BMI was normal in both groups of twins.

Table 1. The demographic data: age, sex, height, weight and body mass index (BMI) of DZ 
and MZ twins. It was no significant difference in between the both groups.

MZ twins DZ twins

Number 200 132

Age (year) 29±12 31±12

Sex (male/female) 52/148 85/47

Height (cm) 169±8 170±8

Weight (kg) 65±11 67±12

BMI (kg/m2) 22.4±3.5 22.8±3.4

Blood pressure was measured after 5 min (2 measurements, 1 

standardized mercury sphygmomanometer in the sitting position by
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(Word Health Organisation criteria). Two measurements were obtained 2 minutes apart. The 

same procedure was performed after the subjects were supine for 5 minutes and after 5 

minutes of upright posture. The mean of the 2 measurements was used as the blood pressure.

M-mode and two-dimensional echocardiograms were recorded with patients in the left- 

lateral supine position. M-mode tracing that were guided two-dimensionally were recorded 

from the short parasternal axis at the chordal level between the free edges of the mitral leaflets 

at the tips of the papillary muscles. Only tracing with optimal visualization of the left 

ventricular dimensions and 0 mm to 0.5 mm for the wall thickness. Interventricular septal 

thickness and posterior wall thickness were measured in all patients according to the guidelines 

of the American Society of Echocardiography (Sahn et al. 1978).

Blood was obtained from all twins after a 12-hour fast. TC, HDL-C, and TG levels 

were determined by automated methods. LDL-C concentrations were calculated by the 

Friedewald equation. (Friedewald et al. 1972)

For the determination of zygosity and other molecular genetic studies blood was 

obtained from all the twins and the parents of the DZ twins.

4.2. Molecular Genetical Methods
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4.2.1. Determination of Twin Zygosity

Total genomic DNA was extracted from leukocytes of the probands using a Genomic 

Extraction System (Talent, Trieste, Italy). The zygosity was verified with the use of five highly 

polymorphic short tandem repeat loci (THOl, TPOX, FES/FPS, F13A1 and FGA)(Becker et 

al. 1997). The oligonucleotides were synthesized, and fluorescent dyes FAM (517 nm), TET 

(538 nm) and HEX (553 nm) (Applied Biosystems, Foster City, California) were attached. The 

microsattelite loci were amplified using standard PCR conditions with a final volume of 15 pi, 

containing dNTPs (200 mmol/L). primers 5 pmol, PCR reaction buffer (supplied by the 

manufacturer), MgCl2 (1.5 mmol/L). and AmpliTaq gold (0.65U) (Applied Biosystems). The 

samples were processed in a Gene Amp 9600 thermal cycler (Perkin Elmer, Foster City, 

California) programmed for 5.0 minutes of denaturing at 95°C, followed by 30 cycles of 15 

seconds of denaturing at 94°C a 2.0-minute ramp to annealing at 54°C for 30 seconds and a 30 

seconds extension at 72°C. The PCR products were pooled before electrophoresis.

For the electrophoresis internal line standard Gene Scan 500 (Applied Biosystems) 

labelled with red florescence dye TAMRA (583 nm) was used. This size standard consist of 

DNA fragment of 35, 50, 75, 100, 139, 150, 160, 200, 250, 300, 340, 350, 400, 450, 490 and

500 base pairs in the size range. For gel analysis, 0.5 pL of the size standard, 1 pL of the 

pooled PCR products, 0.2 pL loading buffer (blue dextran, 50 mg/mL; EDTA, 25 mM) 

(Applied Biosystems) and 2 pL formamide were combined and heated to 95°C for 3 minutes 

before gene loading. A 24-cm, 6% polyacrilamide (Bio-Rad Laboratories, Hercules, California) 

gele was used for vertical electrophoresis in a 377 DNA Sequencer (Applied Bi

Thirty-six samples were 

products were loaded per

electrophoresed and detected simultaneously J r  

gel, and electrophoresis was performed for eij
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672 Genescan and Genotyper software (Applied Biosystems) was used for detection, sizing 

and allele determination of PCR amplified DNA fragments according standard DNA fragments.

Allele frequencies in the twins were determined by gene counting from genotype data 

and compared with allele frequencies determined in a random white population of 100 

unrelated individuals. To provide statistical evidence, the probability of a DZ twin pair was 

calculated to be concordant for the five genetic markers. This calculation was dependent on the 

number of alleles and their population frequencies. There was no significant difference between 

the random, white population and the twin pairs in the allele frequencies. The cumulative 

probability for a pair of DZ twins of the same sex to be concordant for all markers and of same 

sex is given to be 0.6%. Thus, the probability that any twin pair was concordant for all markers 

was 99%.

4.2.2. Mikrosatellite Marker Analysis
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The extracted DNA was used for the micro satellite marker analysis. We examined 5 

highly polymorphic microsatellite markers at LPL - macrophage scavenger receptor (MSR) 

locus, one at the LDLR locus, three at the ATi receptor, two at the angiotensinogen, ACE, 

and renin loci, three at the Liddle syndrome locus and four at the autosomal dominant 

hypertension with brachydactyly locus and sex at the locus of PLA2-IGF-1 on chromosome 

12, shown in Table 2.

The ohgonucleotides were synthesized, and fluorescent dyes FAM (517 nm), TET (538 

nm) and HEX (553 nm) (Apphed Biosystems, Foster City, California) were attached. The PCR 

was obtained under the overmentioned conditions. The thermal cycler was programmed for 5.0 

minutes of denaturing at 95°C, followed by 30 cycles of 15 seconds of denaturing at 94°C a 

2.0-minute ramp to annealing at 52° C-62°C for 15-30 seconds and a 30 seconds extension at 

72°C. The PCR products were pooled before electrophoresis. For the electrophoresis and allele 

analysis we used the same method as for the zygosity determination (Figure 5 and Figure 6).

Table 2. The in the study observed and in Genomic Data Base (GDB) given heterozygosity 
index of the microsatellite markers, the number of the known alleles of each marker 
size of the marker PCR product in basepairs.

- \ E R E O

L ocus M ark er nam e H eterozygosity H eterozygosity Size (bp)
index-observed i n d e x - G D l j ^ ^ ^ ^ ^ e l e ^
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L P L -M S R  

C hrom osom e 8

D 8S 5 4 9 0.78 0 .64 4 166-172

D 8S1731 0.64 0 .84 11 217-241

D 8S261 0.84 0 .776 8 128-144

L P L  G Z  14/15 0.80 0 .84 10 116-142

D 8S 2 8 2 0.73 0.73 7 260-272

L D L R  C hrom osom e D 1 9 S 3 9 4 0.90 0 .90 unknow n 254-

R en in

C hrom osom e 1

D 1S 5 1 0 0.74 0.731 9 173-195

D 1S 4 5 6 0.59 0 .72 8 197-211

A C T

C hrom osom e 1

D 1S251 0.83 0 .828 9 249-271

D 1S 4 5 9 0.79 0 ..8 9 177-193

A C E

C hrom osom e 17

G H 0.82 0 .82 9 201-221

D 1 7 S 7 9 4 0.59 0.75 unknow n -227

A T 1 recep to r 

C hrom osom e 3

D 3 S 1555 0.73 0.793 8 221-233

D 3 S 1 3 0 8 0.72 0 .699 5 104-112

D 3 S 1 2 9 9 0.72 0 .624 6 218-228

L idd le  syndrom e 

C hrom osom e 16

D 1 6 S 4 1 2 0.76 0 .762 7 101-125

D 16S 403 0.83 0 .86 10 157-168

D 1 6 S 4 2 0 0.82 0 .824 8 179-201

H yp erten sio n  w ith  

b rach y d ac ty ly  gene 

C hrom osom e 12

D 1 2 S 3 1 0 0.48 0 .69 6 243-253

D 12S1591 0.77 0.825 8 262-276

D 12 S 1 6 8 8 0.74 0 .79 9 237-253

G A T A  91-H 01 0.71 unknow n unknow n 135-151

P L A 2-IG F -1  

C hrom osom e 12

D 1 2 S 3 3 2 0.66 0.65 10 217-241

D 1 2 S 3 4 6 0.88 0 .84 10 154-174

D 12 S 5 8 0.80 unknow n 7 75-91

IG F-1 0.55 0 .579 5 176-196

D 1 2 S 3 1 8 0.73 0.711 9 247-263

D 12 S 7 8 0.85 0.921 15 171-201
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Figure 5. The digital created picture shows the automated gelelectrophoresis (ABI 377 
Sequencer) of the ten pooled micro satellite markers. The red lines, labelled with TAMRA, are 
our size standards. The different PCR products are labelled with different colours: yellow is the 
HEX labelled, green is the TET labelled and blue is the FAM labelled.
Figure 6. The figure shows the result of detection, sizing and allele determinatior 
amplified DNA fragments from one DZ twin pair. The analysis was carried ouf  
Genotyper software (Apphed Biosystems). The red lines demonstrate the 
labelled size standard. The FAM labelled microsatellite marker (in 
basepairs in both of the pairs, the TET labelled marker (green line) demoi 
marker sizes (239 and 241 basepairs). Two of the three HEX labelled mar1 
identical in size (183-187 and 253-261 basepairs), but the third yell
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size in the twins (135 versus 137 basepairs). This finding proves the dizygozitic state of the 
twins (see the next page).



4.3. Linkage Analysis

given

Since MZ twins are genetically identical and DZ 

trait would be expected to exhibit smaller twin-pair

twins are related 

differences for
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genetic influences are present. On the other hand, if the trait is only influenced by

environmental variability, the MZ and DZ twin-pair differences should be approximately equal.

Sibpair methodology is based on identity-by-descent (IBD) relationship. Because of 

Mendehan inheritance (in this case of the microsatellite markers), an average of 1/4 of sibpairs 

will share 2 alleles IBD, 1/2 will share 1 allele IBD and 1/4 will share 0 alleles IBD. IBD 

information is often summarized in terms of the proportion of alleles that a data set of pairs 

shares, this proportion is indicated as n. Haseman and Elston (1972) proposed the regression 

approach for study of quantitative trait locus (QTL). As with most sibpair approaches, the 

basic premise of this approach is that if a major gene is closely linked to a marker locus, a 

greater proportion of marker alleles shared in common by two sibs will correspond to a smaller 

difference between their phenotypes, ft employs the linear regression of Y (the squared trait 

difference between values of the trait observed for members of sibpairs) on n (the estimated 

proportion of genes IBD at the marker locus for the pairs). A p value of 0 corresponds to no 

evidence for linkage between the marker and trait locus.

For this linkage study, the DZ pairs were selected and used as ordinary sib-pairs, but 

with the advantage of perfect age matching and reduced environmental variation affecting the 

phenotype. The MZ twins were used to estimate allele frequencies for the markers tested. The 

power of the twin model in elucidation of complex genetic disease has been emphasised by 

Martin et al. (1997).

We assessed linkage for continuous traits, such as blood pressure, LDL-C, HDL-C, TC 

and TG levels, against candidate gene loci as described elsewhere (Wu et al. 1996). Because 

we used a candidate gene approach, we accepted p<0.05 to test for significance.

model. The underlying trait can follow either Mendehan or non

inheritance. From the four alleles harboured by the parents for a
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randomly inherits two. Thus, a pair of sibs may have inherited either the same or different

alleles. More specifically, they may share zero, one, or two alleles identical by descent (IBD). 

If the locus under study is a QTL, phenotypic similarity of sibs (measured by the covariance) 

should increase with the number of alleles they share.

We used the single-point Haseman-Elston (H/E) approach as implemented in the 

SIBPAL program of the statistical analysis for genetic epidemiology (SAGE; 1994) package. 

To test for linkage, a linear regression analysis was carried out with the squared trait difference 

as the dependent variable and IBD as the independent variable. A power calculation is available 

for this test (Blackwelder and Elston 1982). To obtain an 80% power level to detect a QTL 

explaining 50% of total variance, 600 pairs are required. Based on simulated data, the power 

of the new SEM linkage analysis has been estimated in different settings for total heritability 

and QTL effect size (Nance and Neale 1989). For a power level of 70% and a QTL effect size 

of 50%, 200 to 300 pairs are required depending on overall heritability. Sample sizes <100 

pairs do allow only exclusion of QTL effects 70%. The high power of the variance-covariance 

based analysis, nearly twofold compared to the squared trait differences based approach by the 

H/E method, has been confirmed in a simulation study (Fulker and Cherny 1996). In 

conclusion, while significant linkage results obtained in smaller samples are still reliable, failure 

to detect linkage raises the issue of a lack of power and should not be interpreted as an 

exclusion.

Analysis of the blood pressure QTLs was done also by a new method using a structural 

equation modelling (SEM) approach (Eaves et al. 1996) as implemented in the MX-package 

(Neale 1997). This approach is based on variance (Var) - covariance (Cov) matrics of si] 

weighted by the probability of sharing 0, 1, or 2 alleles IBD. Assuming no do mi 

the total variance of the trait is due to the genetic effect of the QTL (' 

genetic effects (A), and environmental influences (E):
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Var = Q2 + A2 + E2

For the 3 possible IBD states (sharing 0, 1, or 2 alleles) covariance (Cov) of a sibpair was then 

defined by

Covibdo = 0-5 A2 

C ovibdi = 0.5 Q2 + 0.5 A2

Covibd2 = Q2 + 0,5 A2

For linkage analysis, a model is specified estimating Q, A, and E so that the likelihood of the 

empirical variance-covariance matrix of the sibs, weighted by the probability of sharing zero, 

one, or two alleles identical by descent, is maximized. For each sib pair and each locus, the 

proportion of alleles IBD, based on parental genotypes, is calculated using a multipoint 

approach as implemented in MAPMAKER/SIBS (Kruglyak and Lander 1995). To test for a 

QTL effect, the difference in model fit for models with and without a QTL effect is calculated 

as a x2 statistic. Since we used a candidate gene approach, we accepted p<0.01 to test for 

significant linkage in accordance with the criteria defined by Lander and Kruglyak (1995).

Parameters of the quantitative genetic models were estimated by structural equation 

modelling using the MX program developed by Neale (1997). The variability of any given 

phenotype (p) within a population can be decomposed into genetic influences (A), 

environmental influences shared by the twins within a family (C) and effects of random 

environment (E):

with a,c and e as



For MZ and DZ, the covariance (r) of their phenotype is given by:

Tmz= a2+ c2

rDZ=0.5 a2 + c2

Heritabihty analysis in twin studies can estimate additive components of genetic 

variability (estimated as a2) as well as two environmental influences, shared (c2) and nonshared 

(e2). These values estimate the relative amount of the variable’s influence on interindividual 

differences up to a sum of one. Genetic as well environmental effects were estimated by the 

best fitting model as selected by the x2 value. Statistical analysis was conducted using the 

SPSS program. Adjustment of blood pressure values, TC, HDL-C, LDL-C and TG levels for 

sex and age was done by multiple linear regression with the unstandardized residuals as the 

corrected phenotypes.

5. Results

Blood pressure values and heredity estimates of blood pressure, echocardiographic 

variables and serum lipoprotein concentrations and heredity estimates of hpoprote

MZ

and

and

DZ

132 DZ 

twins in

twins are given in Table 3. There were no 

the blood pressure parameters and blood

significant di 

lipoprotein
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pressure and lipoprotein levels were normal. Systolic and diastolic blood pressure were 

heritable. The echocardiographic parameters also demonstrated strong evidence for heritability. 

A major genetic effect was demonstrated for all hpid parameters.

Table 3. The phenotypic values (mean±SD), heredity estimates (a2) and interpair correlation 
coefficient (r) for MZ and DZ twins. It was no significant difference in the blood pressure data 
and lipoprotein levels between the two groups. Each parameter shows normal levels. The 
heredity estimates (a ) were high by all of the parameters and the interpair correlation 
coefficients were higher in the MZ twins.

MZ twins DZ twins a2 OaA J  A

Number 200 132

Systohc blood pressure sitting (mm Hg) 125±16 1 2 3 ± 1 3 ^ 4/0.38)
EO

<si
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Diastolic blood pressure sitting (mm Hg) 73±11 73±10 0.72 (0.72/0.51)

Systolic blood pressure standing (mmHg) 124±15 122±14 0.67 (0.66/0.48)

Diastolic blood pressure standing (mmHg) 80±10 79±10 0.64 (0.63/0.40)

Systolic blood pressure recumbent (mmHg) 128±17 124±14 0.69 (0.69/0.31)

Diastolic blood pressure recumbent (mmHg) 71±12 71±11 0.66 (0.66/0.42)

Posterior wall thickness (mm) 8.7±1.6 8 .6± 1.6 0.48 (0.48/0.26)

Septum thickness (mm) 8.9Ü.7 8 .8± 1.6 0.64 (0.64/0.37)

Left ventricular mass (mm3) 165±50 176±60 0.68 (0.68/0.27)

TC (mmol/1) 4.92Ü.01 4.84Ü.01 0.58 (0.58/0.28)

HDL-C (mmol/1) 1.39±0.38 1.34±0.38 0.61 (0.69/0.35)

LDL-C (mmol/1) 3.03±0.85 2.97±0.82 0.59 ( A ^ ^ U

éF W 0
TGs (mmol/1) 1.08±0.74 1 .0 8 ± (O » (0.68/0.28) 

y  p c c i c
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A significant linkage relationship was found for HDL-C and TGs with D8S261 (Table 4). 

Similarly, linkage was found for HDL-C and D8S549 and D8S1731( near to macrophage 

scavenger receptor locus). On the other hand, no linkage was found between any of the lipid 

variables and the markers nearer to LPL gene locus (LPL GZ14/15 and D8S282) or the marker of 

LDLR gene locus (D19S394). The macrophage scavenger receptor (MSR) gene locus and the 

LPL gene locus are «9 cM (in OMIM database «11 cM ) apart from each another (Figure 7).

Table 4. Linkage between a lipoprotein levels (TC, LDL-C, HDL-C and TG) and markers at the 
MSR-LPL, and LDLR gene loci, using the single point Haseman-Elston approach of the SIBPAL 
program. Significant linkage data are marked in bold, p<0.05 was considered significant.

Locus Marker P (TC) p (LDL-C) p (HDL-C) P (TGs)

MSR D8S549 0.98 0.94 0.001 0.80

Chromosome 8 D8S1731 0.72 0.70 0.04 0.22

LPL GZ 14/15 0.33 0.14 0.093 0.29

LPL D8S261 0.31 0.29 0.008 0.05

D8S282 0.24 0.11 0.14 0.27

LDLR Chromosome 19 D19S394 0.26 0.34 0.16 0.28

26 cM
30 cM

31 cM

Whitehead 
genetic map of 8p22

CHLC.GATA29D08
D8S1754
WI-7228
WI-6240
WI-2428
D8S1790
D8S511
D8S1827
WI-5790
D8S549
D8S1731
WI-7228-LPL-GZ14/15- 
WI-5397 
AFM177XB10 
CHLC.GATA29A08
A F M ' Í ' Í ' Í T H I
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Figure 7. The Whitehead genetic map of 8p22, the markers in the vicinity of the LPL gene and 
MSR gene. The examined micro satellite markers are marked in blue. The distance of the 
is given in cosambi centiMorgan (cM). Linkage was found between the HDL and/or 
markers near to the MSR gene (D8S549, D8S1731 and D8S261).

The results of linkage analysis for the tested loci in the DZ
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diastolic blood pressure in the sitting, standing and recumbent position as the phenotype are 

shown in Table 5. The blood pressure values in the table are corrected for age and gender, 

although noncorrected values gave similar results.

Because we find a highly significant linkage with the first three micro satellite markers 

(D12S346, D12S332, D12S58) in the region of the PLA2 gene, we were looking for other 

polymorphic microsattelites (IGF-1, D12S318, D12S78). The Figure 8 shows the Whithead 

genetic map of the IGF-1-PLA2 gene locus (12q22-q23) on chromosome 12. The linkage analysis 

demonstrated a higher significance with the intragenic and flanking markers of the IGF-1 gene. 

The PLA2 gene lies about 20 cM telomeric from the IGF-1 gene. Figure 8 shows the NIH/CEPH 

linkage map, the CHLC recombination minimalization map and the Whithead Institute genetic 

map of the IGF-1 locus. The marker D12S58 is not to find on genetic map, it lies on NIH/CEPH 

and CHLC maps near to IGF-1. The gene PLA2 located about 20 cM from the IGF-1 gene, 

telomeric from the marker D12S79.Table 5. Linkage analysis for blood pressure (corrected for 

age and gender) in the sitting, standing, and recumbent position of the blood pressure QTLs with 

the structural equation modelling (SEM) approach of the MX package. For systolic blood 

pressure results of both H/E analysis of the SIBPAL program are given. p<0.05 was considered 

significant. Significant linkage data are marked in bold. DBP means diastolic blood pressure, SBP 

means systolic blood pressure.
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Locus

AGT
Chromosome 1 

Renin
Chromosome 1 

ACE
Chromosome 17

ATi receptor 
Chromosome 3

Liddle syndrome 
Chromosome 16

Hypertension with 
brachydactyly 
Chromosome 12

LPL
Chromosome 8 

IGF-1
Chromosome 12

H/E
SBP
sitting

SBP
sitting

SBP
standing

0.228 0.9 0.9

0.046 0.0009 0.000001

0.162 0.58 0.36

0.027 0.0008 0.32

0.012 0.026 0.010

0.088 0.9 0.9

0.217 0.5 0.13

0.00001 0.00005 0.0002

SEM
SBP
recumbent

DBP
sitting

DBP
standing

DBP
recumbent

0.9 0.038 0.9 0.9

0.0018 0.0036 0.009 0.008

0.051 0.37 0.89 0.9

0.0026 0.9 0.9 0.21

0.9 0.9 0.9 0.9

0.9 0.0012 0.024 0.0024

0.005 0.9 0.9 0.0

0.004 0.9 0.9
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Markers at the IGF-1, Liddle syndrome, ATi receptor, and renin gene loci gave 

statistically significant evidence for linkage with systohc blood pressure in the SEM analysis. 

Although maximum likelihood estimation of linkage in principle allows estimation of a putative 

QTL's size effect, together with it‘s confidence interval, greater sample sizes are needed for 

these variance estimates. For example, the QTL effect of the tGF-f locus on systohc blood 

pressure is estimated at 68% of total variance, but with a 95% confidence interval between 

22% and 85%. Thus, the current data allow only the conclusion of a QTL effect > 0, which is 

nevertheless an important step. Using Haseman-Elston regression, the same loci were either 

significant or suggestive (p<0.05) for systohc blood pressure only in the sitting position. The 

ACE and LPL loci showed a significant relationship to only one of the blood pressure 

measurements. Thus, the results are only suggestive and not definitive.

For diastolic blood pressure, the locus for autosomal-dominant hypertension and 

brachydactyly and the renin gene were significant. Linkage for the markers at the IGF-1 locus 

and echocardiographically with the Perm formula determined cardiac mass (Devereux and 

Reichek 1977) was significant (p=0.008) (Figure 10). For posterior wall and septum thickness, 

the results were highly suggestive (p=0.017 and p=0.012 respectively). This relationship 

remained significant even after correcting for possible influences of blood pressure on cardiac 

dimensions. Using Haseman-Elston regression, a micro satellite within the IGF-1 gene gave 

evidence of linkage with the phenotype posterior wall thickness phenotype (p=0.008).

The relationship was highly statistically significant between the squared co-twin 

difference for systohc blood pressure and proportion of alleles identical by decent in the DZ 

twins at the marker D12S58 (Haseman-Elston approach) (Figure 9).
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I l l  í«r marker H2S5I

Figure 9. Results of the quantitative sibpair analysis of DZ twins with the Haseman-Elston 
regression analysis of the SIBPAL program The estimated marker is the D12S58 of the IGF-1 
locus. The x axis displays the estimated proportion of alleles identical by descent. The y axis 
indicates the co-twin difference in systohc blood pressure. Note the significant negative slope 
of the regression line (p <0.00001), which is consistent with evidence for genetic linkage.

The results of SEM analysis for cardiac mass and the markers at the IGF-1 gene locus 

are shown in Figure 10. The 72 value indicates a model fit difference when allowing for a QTL

effect. The corresponding p value at this locus is given.
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Figure 10. The QTL phenotype in the figure is cardiac mass according to the Penn formula. 
Left ordinate shows the x2 analysis and the upper line is the fit difference between a model with 
and without the QTL effect. The lower line shows the corresponding p value of the linkage 
analysis (SEM) with the different micro satellite markers in the IGF-1 region as given on the 
right ordinate.

6. Discussion
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6.1. QTL-s for Serum Lipoprotein Levels

Important finding of this study are that TC, HDL-C, LDL-C, and TGs are all equally 

influenced by both genetic and environmental influences. When we examined the three marker 

gene loci, the LDLR gene locus was not linked to any of them. On the other hand, the marker 

D8S261 was linked to TG concentrations. An effect of this locus on HDL-C concentrations 

was also observed. D8S261 hes on chromosome 8pin proximity to loci for the LPL gene and 

the macrophage scavenger receptor gene. The chromosome map indicates that the genes are 

~7 cM apart. We next examined a micro satellite marker within the LPL gene (LPL GZ14/15) 

as well as another marker (D8S282) very nearby. Evaluation of these markers suggested no 

linkage between serum lipid concentrations and the LPL gene locus. However, when we 

examined markers closer to the macrophage scavenger receptor, linkage was found for HDL-C 

and D8S549 and HDL-C and D8S1731. To our knowledge, these results are the first 

demonstration of linkage between any serum lipid concentration and the macrophage 

scavenger receptor gene locus. Of course, we cannot be certain that the macrophage scavenger 

receptor gene alone is responsible for these findings, since another unknown locus influencing 

lipoprotein metabohsm, distinct from the macrophage scavenger receptor gene but within 5 

cM, could also be responsible.

Numerous studies have examined genetic and environmental influences on serum lipid 

levels in twins (Breslow 1993; Heller et al. 1993; Stistonen and Ehnholm 1980; Hunt et al. 

1989; Duccini et al. 1981; Boomsma et al. 1996; Lamon-Fava et a

was the Swedish Adoption/Twin Study of Aging (SATSA)(f

The most comprehensive study in terms of defining the effects of
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remarkable study involved 302 pairs of twins, of which 146 pairs had been reared apart. 

Furthermore, the age range of the twins was sufficient to allow insight into age-related effects. 

The heritability of hpid serum levels ranged from 0.28 to 0.78 in that study. The environment 

of rearing (shared) had a substantial impact on the levels of TC but not on those of HDL-C or 

TGs. The influence of heredity, particularly for TGs, decreased with age. Our estimates of 

heritability, as well as shared and unshared environmental effects, are in basic agreement with 

the SATSA results for young adult twins (Heller et al. 1993). We were unable to test age- 

related hypotheses because of the narrow age range of our subjects. However, our primary 

hypotheses were not related to heritability estimates, environmental effects, or age-related 

effects but rather to a possible linkage between serum hpid levels and two gene loci, namely, 

the LDLR gene and the LPL gene loci.

We were unable to find any linkage between the LDLR gene locus and LDL-C 

concentrations in the twins. Our approach may be criticized because we did not use flanking 

markers on either side of the LDLR gene locus, and recombinations admittedly may have 

occurred. However, we think that this possibility is unlikely because the microsatellite on 

chromosome 19 resides within 250 kb of the LDLR gene. Furthermore, Haddad et al. (1997) 

used the same marker in a study of patients with familial hypercholesterolemia and found no 

recombinations. Earlier studies found associations between polymorphisms of the LDLR gene 

and LDL-C serum concentrations. Pedersen and Berg (Berg et al. 1988) found that persons 

homozygous for the absence of the PvuII restriction site at the LDLR gene locus had a higher 

chance of being in the uppermost quartile of TC levels. We were able to confirm this 

association in a normocholesterolemic German population (Schuster et al. 1990). Humphries^ t 

al. (1991) examined four restriction fragment length polymorphisms at the LD 

an Italian population. They confirmed the PvuII polymorphism associate 

an association between the LDL-C-lowering P2 allele and increase
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years. We studied the PvuII polymorphism with a novel, anchored PCR in three populations

(Iceland, Scotland, and England) (Gudnason et al. 1998). When the two groups from the 

United Kingdom were combined, a significant association between the T/T genotype, 

compared with other genotypes and lower TC and TG values was identified. Ahn et al. (1994) 

studied the Avail and the Ncol polymorphism in the LDLR genes of Hispanic and non- 

Hispanic Americans. Both polymorphisms revealed an effect on TC and LDL-C; however, the 

effects were confined to women only.

We beheve that the number of twins in our study was sufficient to find linkage between 

the LDLR gene locus and LDL-C serum concentrations, had it been present. Indeed, we did 

find linkage between markers in proximity to the macrophage scavenger receptor gene locus 

and HDL-C and, though not as strong, to serum TGs. Greenberg (1993) has provided a careful 

discussion to explain the apparent "discrepancies" in such findings. He pointed out the 

difference between so-called susceptibility gene loci, which are neither necessary nor sufficient 

to cause disease, and those loci that are necessary but may not be sufficient for disease 

expression. Susceptibility gene loci increase risk and may involve the existence of multiple 

interacting genes (epistasis) or a disease locus in linkage disequilibrium with the marker locus. 

Greenberg then used a computer simulation model in which the hypothetical allele increased 

the risk of disease expression by a factor of 10. Nevertheless, even with 30 nuclear families, 

each with two affected members, the chances of finding linkage were extremely low. 

Greenberg then expanded his argument by indicating that linkage analysis on risk factor data 

may not yield additional information about linkage in the usual sense but may help distinguish 

between different hypotheses to explain the association.

The roles of TG concentrations in the development of CHD and 

measurement in predicting disease risk remain controversial (Hulley et 

not a significant predictor of CHD in multivariate statistical modi
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variation in TG measurements and the strong inverse relation between HDL-C and TG levels

(Austin 1989). LPL plays a role in determining the plasma lipid profile, since it is the rate- 

limiting enzyme in the clearance of TG-rich lipoproteins from the circulation (Pykalisto et al. 

1987). This enzyme also influences apolipoprotein and phospholipid exchange between VLDL- 

C and HDL-C. LPL thereby affects inter-HDL-C conversions and LDL-C generation derived 

from VLDL clearance (Garfinkel and Schotz 1987). Mutations in the LPL gene and their 

influence on lipid levels, particularly TGs and HDL-C, have generated major interest (Jemaa et 

al. 1995; Gerdes et al. 1995; Mattu et al. 1994; Heliö et al. 1994; Peacock et al. 1992; Madly 

et al. 1995; Reymer et al. 1995; Jukema et al. 1996). Nevertheless, Heliö et al. (1994) were 

unable to find evidence for linkage between familial hypertriglyceridemia and the LPL gene. 

We were also unable to link the LPL gene locus with serum TG concentrations in these healthy 

twin subjects. We used one marker that lies within the gene and another very close to it. These 

markers should have been sufficiently informative to demonstrate linkage; however, it is 

possible that our numbers were not sufficiently large for this purpose. The LPL gene resides on 

chromosome 8p, « l lcM from the macrophage scavenger receptor (MSR) gene.

We found much more impressive results when we examined markers closer to the MSR 

gene locus. Interestingly, the linkage results between HDL-C and these markers were much 

more robust than those with TGs. These results are consistent with studies that have found 

associations between polymorphisms in the LPL gene and TG levels, HDL-C levels, and CHD 

(Jemaa et al. 1995; Gerdes et al. 1995; Mattu et al. 1994; Heliö et al. 1994; Peacock et al. 

1992; Madly et al. 1995; Reymer et al. 1995; Jukema et al. 1996). For instance, persons

1996; Sprecher et al. 1996). The latter interaction is of interest because
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by Pimstone et al. (1995), who presented evidence that mutations in the LPL gene may be a

cause of low HDL-C levels in some individuals heterozygous for familial hypercholesterolemia. 

However, the aforementioned association studies could also be interpreted to indicate that 

polymorphisms in the LPL gene were in disequilibrium with a mutation in a nearby gene, 

namely, that for the MSR gene. We intend to apply multiplex sequencing techniques to both 

the LPL and the MSR genes in DZ twins to further examine these important issues.

Macrophage scavenger receptor type-I and type-II class A (MSR-A) are implicated in 

the pathological deposition of cholesterol (modified LDL-C) in macrophages during 

atherogenesis, resulting in foam cell formation (Mazzone et al. 1987). Elevated levels of LDL 

and VLDL strongly promote the atherogenesis. This lipoproteins accumulate in the intimal 

space of the vessel wall, where they are susceptible to oxidative modification. Modified 

lipoproteins are capable of activating the endothelial cells lining the vessel wall, attracting 

monocytes from the circulation. These monocytes adhere to the endothehal layer to enter the 

media, differentiate into macrophages and eventually become lipid-laden foam cells. These 

foam cells are characterized by a massive accumulation of cholesterol esters resulting from the 

unrestricted uptake of modified lipoproteins, such as oxidized LDL, by scavenger receptors. 

MSRs bind a wide range of hgands, including TG-rich lipoproteins and even bacterial 

pathogens (Ramprasad et al. 1995). Targeted disruption of the MSR-A gene in mice resulted in 

reductions in the size of atherosclerotic lesions in animals deficient in apolipoprotein E (Suzuki 

et al. 1997, Febbraio et al. 2000). The macrophages from these mice showed a marked 

decrease in modified LDL-C uptake in vitro, but in vivo modified-LDL clearance was not

area development (Suzuki et al. 1997). In addition, on LDL receptor
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MSR-A deficiency resulted in a 20% reduction in atherosclerosis. However, this effect was 

coincident with a 20% reduction in plasma cholesterol levels (Sakaguchi et al. 1998).

MSR-A is involved in diverse processes of the atherogenesis (De Winther et al. 2000). Firstly, 

MSR may play a role in the invasion of monocyte derived macrophages into the lesion area. In 

response to the activation of the endothelium, circulating monocytes adhere to the vessel wall 

and enter the lesion area. There, they differentiate into macrophages. The adherence and 

interaction of these macrophages with other cells in the plaque may be mediated trough MSR- 

A. Secondly, MSR-A may modulate activation of macrophages. In response to activation, 

macrophages secrete a repertoire of cytokines, which act on the endothelial cells, smooth 

muscle cells and macrophages present in the lesion. Binding and uptake of modified LDL and 

proteins have been shown to modulate the activation of macrophages. Thirdly, MSR-A plays 

an important role in foam cell formation. The modified LDL present in the plaques is taken up 

through the MSR-A, resulting in an accumulation of hpid droplets in macrophages and leading 

foam cell formation.

We cannot explain the linkage of the macrophage scavenger receptor gene locus in DZ twins. 

However, the interrelationships between the various hpid fractions and the apparent alternative 

mechanisms of elimination that have not yet been elucidated lead us to speculate that variations 

in the macrophage scavenger receptor gene have an influence on HDL-C concentrations and 

therefore on the risk for atherosclerosis. We reahse that this hypothesis remains speculative 

until functionally significant mutations in the gene have been identified. Finally, we cannot 

exclude the possibility that another neighbouring gene is responsible.

6.2. QTL-s for Blood Pressure



The important findings in this study were that polymorphic micro satellite markers at the 

renin gene, the ATi receptor gene, the Liddle syndrome gene, and IGF-1 gene loci were linked 

to the phenotype systohc blood pressure. The findings suggest that these sites are quantitative 

trait loci for blood pressure in healthy man. The linkage with blood pressure was strongest for 

the IGF-1 gene locus, where the QTL effect was demonstrable in all positions. We included the 

phenotype cardiac dimensions in our study and were able to show linkage between posterior 

wall thickness, septal thickness and left ventricular mass index with the same markers at the 

IGF-1 gene. The linkage remained significant after correction for blood pressure, suggesting 

that the findings may be independent of one-another. These findings should not be interpreted 

as indicating "hypertension" or cardiac "hypertrophy" genes. Blood pressure in our study is 

quantitative traits and not diseases.

Twin studies have been a classical tool in human genetics. Comparing the within and 

among pair differences for MZ and DZ twins for blood pressure with analysis of variance 

indicated the heritability of blood pressure in earher studies (Ward 1990). Calculations can also 

be performed to estimate the degree of heritability as we performed here. Our heritability 

estimate was particularly high in part because of the narrow age range of our young subjects 

and perhaps because of the standardization of our blood pressure measurements. Furthermore, 

DZ twins are a particularly powerful sibpair model because of identical ages and a shared 

environment, at least in childhood. Interestingly, a quantitative trait locus for a closely defined 

reading disability has been described on chromosome 6, by means of sibpair analysis including 

DZ twins (Cardon et al. 1994). In that study, the power of DZ twins in the sibpair analysis was
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analysis approach to genes relevant to cardiovascular disease was demonstrated by Austin et

al. (1998).

We found evidence for linkage between the renin gene locus and systohc and diastohc 

blood pressure. The finding should not be suprising, since as opposed to angiotensin 

converting enzyme, renin is recognized as a rate limiting step in angiotensin II production. 

Rapp et al. (1994) found seven renin alleles in rats and identified alleles which cosegregated for 

blood pressure. Jeunemaitre and colleagues (1992 b) performed a sib pair linkage analysis of 

renin gene haplotypes in human hypertension and were not able to find support linkage. We 

found no linkage with the ACE gene locus, which is in agreement with earher observations 

(Jeunemaitre et al. 1992 a). However, we find significant linkage to the ATi receptor gene 

locus with systohc blood pressure on chromosome 3. At the angiotensinogen gene locus we 

found very little suggestion of linkage to blood pressure. Jeunemaitre et al. (1992 c) and 

Caulfield et al. (1994) described linkage between hypertension and the angiotensinogen gene in 

two large panels of hypertensive sibships. Conceivably, our sample size was too small to show 

an effect of this gene or alternatively the angiotensinogen gene locus plays no major role in 

normal blood pressure regulation, a possibility we feel is unlikely.

We were excited to find linkage between systohc blood pressure and the Liddle 

syndrome locus on chromosome 16 (Shimkets et al. 1994; Hansson et al. 1995). Our linkage 

markers, which are in proximity to both the P and y subunit, suggest that additional linkage and 

association studies should be done in patients with hypertension to pursue this issue further. 

Melander and colleagues (1998) described the pArg564X mutation as the cause for Liddle 

syndrome in a Swedish kindred. However, they were unable to identify polymorphisms in 

gene, which were associated with hypertension or diabetic nephropathy Pei

found seven polymorphisms in this gene, which were more common
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origin, compared to Caucasian subjects. Functionally significant properties could not be shown

for these genetic variants. Baker et al. (1998) recently studied 206 hypertensive black patients 

and 142 normotensive black control subjects in London, UK. Seventeen (8%) of the 

hypertensive blacks had the T594M mutation, compared to 2% of normotensive blacks. 

Persons with the mutation had lower plasma renin activity, supporting the notion of increased 

sodium reabsorption. Thus, the T594M mutation may serve to explain some degree of salt- 

sensitivity and hypertension in blacks. In addition, we found some evidence of linkage with 

diastohc blood pressure in all three positions and the gene locus for autosomal dominant 

hypertension and brachydactyly (Schuster et al. 1996). The gene for this syndrome has not 

been cloned and the mechanism of the hypertension is unknown. This gene is located on the 

short arm of chromosome 12, as opposed to the IGF-1 gene, which is located on the long arm. 

These linkage findings are not interrelated.

Wu et al. were (1996) able to map a human systolic blood pressure QTL near to the 

lipoprotein hpase gene locus on chromosome 8p22. We were not able to find linkage at that 

locus in our subjects. Wu et al. (1996) studied Taiwanese families with non-insulin-dependent 

diabetes mellhús. Differences in genetic backgrounds may account for our inability to find 

linkage at this site.

We elected to examine the PLA2 gene locus on chromosome 12 because of an earher 

report by Frossard and Lestringant (1995), who reported an association between a dimorphic 

site on chromosome 12 in the first intron of the human pancreatic phospholipase A2 gene and 

the clinical diagnosis of hypertension in three independent populations. They speculated from

linkage of systohc blood pressure to the IGF-1 gene locus. Of course we
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the IGF-1 gene itself is exerting this effect, in contradistinction to some closely neighbouring

gene. However, the IGF-1 gene is a candidate.

The role of IGF-1 in normal and pathological cardiovascular physiology has been

reviewed by Sowers (1997). Both constitutive NOS and inducible NOS are present in vascular

smooth muscle cells and there are both rapid and delayed releases of NO induced by insulin

and IGF-1. Insulin and IGF-1 may also stimulate the Na+, K+-ATPase pump by increasing Mg2

concentration in vascular smooth muscle cells (Figure 11). This process appears defective in

states of insulin resistance or deficiency.

Figure 11. Effects of insulin and IGF-1 on vascular smooth muscle cell Ca2+ and Mg2+ 
concentrations and associated vascular smooth muscle cell contractility as mediated through 
modulation of NO production (Sowers 1997).
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Andronico et al. (1993) found that IGF-1 plasma levels were elevated in patients with

essential hypertension, compared to normotensive control subjects and that a direct correlation 

between IGF-1 plasma levels and sodium/lithium countertransport existed in these subjects. 

They also observed that IGF-1 plasma concentrations and sodium/lithium countertransport 

were higher in patients with left ventricular hypertrophy, compared to those without this 

complication.

The same markers showing linkage between blood pressure and the IGF-1 gene locus 

also gave a positive result for cardiac dimensions. Left ventricular hypertrophy is an 

independent risk factor for cardiac death, myocardial infarction, and congestive heart failure in 

patients with hypertension. Andronico et al. (1996) found that blood pressure load (systohc 

blood pressure x heart rate) was correlated with IGF-1 plasma levels in patients with 

hypertension. Enhanced production of IGF-1 has been found in the hearts of animals shortly 

after onset of experimental hypertension. However, the role of IGF-1 in blood pressure 

regulation and the mediation of complications are by no means clear. Lembo et al. (1996) 

generated mice homozygous for a site-specific insertional event that created a mutant IGF-1 

allele. The mice had 30% of wild type IGF-1 levels, but nevertheless had elevated blood 

pressure and increased left ventricular contractility compared to wild-type mice. On the basis 

of increased adenylate cyclase activity in the cardiomyocytes of these mice, the authors 

implicated cross-talk between IGF-1 and B-adrcncrgic signalling pathways as responsible.

Correcting the septal thickness, posterior wall thickness, and left ventricular mass index 

for possible effects of blood pressure did not alter the relationship, raising the possibility that 

the observations are independent of one-another. Reiss et al. (1996) generated transgenic mi< 

in which the cDNA for IGF-IB was placed under the control of the rat alpj 

chain promoter. The mice have elevated IGF-1 serum concentrations an 

in heart size. Furthermore, myocytes from these mice demonstr
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velocity and cellular compliance (Redaelliet al. 1998). Growth hormone may increase left 

ventricular mass and improve ventricular performance in patients with severe heart failure. A 

randomized controlled trial demonstrated that this therapy was effective, but only in patients 

who also exhibited an increase in IGF-1 serum concentrations (Ostreziel et al. 1998). A 

recently pubhshed study of this group (Osterziel et al. 2000) the serum levels of IGF-1, 

reflecting growth hormone secretion, are dimished in relation to the severity of heart failure in 

patients with dilated cardiomyopathy. Our observations linking the IGF-1 gene locus to 

posterior wall thickness in normal subjects is in accord with the conclusion that the gene for 

IGF-1 is an important candidate gene for susceptibility to cardiac hypertrophy.

7. Summary of New Results
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1. Important finding of this study are that TC, HDL-C, LDL-C, and TGs are all equally 

influenced by both genetic and environmental influences. The heritability estimates for 

systohc and diastohc blood pressure were high. The echocardiographic parameters also 

demonstrated strong evidence for heritability.

2. Evaluation of the markers suggested no linkage between serum hpid concentrations and the 

LPL gene locus.

3. We were unable to find any linkage between the LDLR gene locus and LDL-C 

concentrations.

4. Our results are the first demonstration of linkage between any serum hpid concentration 

and the macrophage scavenger receptor gene locus.

5. Polymorphic microsatelhte markers at the renin gene, the ATi receptor gene, the Liddle 

syndrome gene, and IGL-1 gene loci were linked to the phenotype systohc blood pressure. 

We identified the IGL-1 gene locus and the Liddle syndrome locus as new QTLs for blood 

pressure.

6. Linkage with diastohc blood pressure was found with the renin locus and with a new QTL, 

the locus for autosomal dominant hypertension and brachydactyly.

7. Linking the IGL-1 gene locus to posterior wall thickness suggests that the gene for IGL-1 

is an important candidate gene for susceptibility to cardiac hypertrophy.

8. Conclusions
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We examined healthy MZ and DZ twins to test for linkage between the LDLR gene

locus, LPL gene locus, and the macrophage scavenger receptor gene locus and serum hpid 

concentrations. We found evidence for linkage between the macrophage scavenger receptor 

gene locus and serum HDL-C values, as well as a weaker one to TG concentrations, but could 

find no linkage between the LDLR gene locus and serum LDL-C concentrations or between 

the LPL gene locus and the various hpid fractions. The latter observation in no way detracts 

from the results of earher association studies but may instead be explained by the difference in 

susceptibility gene loci and those loci necessary for disease expression. We suggest that the 

macrophage scavenger receptor gene locus should receive increased attention in terms of 

atherosclerotic risk.

We examined our healthy twins to test for linkage between the seven QTLs, and 

systolic and diastolic blood pressure. We found consistent linkage with the gene loci of renin, 

ATI receptor, Liddle syndrome and IGF-1 for systolic blood pressure. Interestingly, linkage 

with diastohc blood pressure was found with the renin locus and the locus for autosomal- 

dominant hypertension and brachydactyly. Both measurements confer the same degree of risk 

in terms of comphcations. Furthermore, systohc blood pressure can be more consistently and 

accurately measured. The difference of QTLs for systohc and diastohc blood pressure is not 

necessarily inconsistent and may instead merely underscore differences in systohc and diastohc 

blood pressure regulation.

We suggest that our new findings, namely that QTLs for blood pressure exist at the 

Liddle syndrome and IGF-1 loci, may be important to elucidating mechanism related to these 

genes or stimulate the search for new blood pressure-relevant genes at these locations. The 

observation that the IGF-1 locus is also a QTL for cardiac dimensions sugges 

attention should be directed at the IGF-1 gene.

Their study may have not had sufficient power. Furthermore
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as a quantitative trait. We performed no direct studies of hypertension. The phenotype 

"hypertension", with which Pickering took so much issue, may be determined by many genes 

each acting in concert (Luft 1998). We present linkage data and no information on allelic 

variants. Association studies, eventually coupled with protein expression studies will be 

necessary to address this issue.

Because of the high mortality of CVD and hypertension in Hungary (see Chapter 1.1.) 

it would be very important to continue the investigation of the genetical background of these 

diseases. It would be also usefiil to organize again the twin studies and to get a possibility to 

continue our study in Hungary.

9. Appendix - Application of Acquiree

Methods in the Indigenous Clinical Pr:
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In regard to the absence of the registered or investigated twins and lack of instruments in 

Hungary, we could not continue our twin studies. So we changed the way of our 

investigations and we performed clinical genetical studies with the acquired methods in patients 

at the University Medical School of Pécs. The main direction of our clinical studies is to find 

out genetical background of some gastrointestinal diseases. The prevalence of the factor V 

Leiden mutation in inflammatory bowel disease patients (Nagy et al. 1999 b, Nagy et al. 2000 

b) and the frequency of the hemochromatosis gene mutations in porphyria cutanea tarda 

patients (Nagy et al. 2000 a) have been studied. The short descriptions of these projects in 

process are summarized as followed.

9.1. Prevalence of Factor V Leiden Mutation in Inflammatory 

Bowel Disease Patients

The developmental mechanism of inflammatory bowel disease in patients is unknown, 

but its may be influenced by different environmental and genetic factors. Thromboembolism is 

a well-described comphcation of inflammatory bowel disease with a reported clinical incidence 

of 1-6% (Talbot et al. 1984). The frequent thromboembolic comphcations are associated with 

the clinical activation of the disease, but laboratory studies using sensitive markers 

activation of the coagulation system have documented endothehal injui 

thrombin generation in patients with both active and quiescent inflai
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With the growing evidence that most patients with IBD have active thrombin generation, the

question emerges as to what other factors contribute to the development of clinically overt 

thrombosis in the patients.

Dahlback (1993) reported a previously unrecognized mechanism for familial thrombophilia 

characterized by a poor response to activated protein C (APC). The APC inactivates factor Va 

and Villa, thus preventing efficient thrombin generation. The phenomen of activated protein C 

resistance (APCR) was later shown to be due to replacement of Arg by Glu at residue 506 in 

the factor V molecule (FVR506Q) (Dahlback et al. 1995). This residue is at the APC cleavage 

site principally responsible for inactivation of factor Va, and the resultant factor V molecule is 

resistant to degradation by APC. Factor V Leiden mutation is now recognized as the single 

most common cause of hereditary thrombophilia.

The aims of this study are to classify the inflammatory bowel disease patients according 

the disease activity and to determine the presence of factor V Leiden mutation in these 

patients. We studied 49 Crohn’s disease (CD) and 29 ulcerative cohtis (UC) patients. The 

disease activity was determined in CD after the Crohn's Disease Activity Index (CDAI) (Best 

et al. 1976) and in UC according to Truelove-Witts classification (Truelove and Witts 1955). 

The prevalence of factor V Leiden mutation (FVR506Q) was examined with polymerase chain 

reaction and RFLP (Zöller et al. 1994).

Seven of our 49 patients (14.28%) with CD and eight of 29 patients (27.58%) with UC 

were found to be heterozygous for FVR506Q mutation compared with three of 57 (5.26%) in 

the healthy control group. We found evidence for significant higher prevalence of factor V 

Leiden mutation in the Hungarian CD and UC patients. The mean CDAI was higher in the 

factor V Leiden mutation heterozygous group of our CD patients (217.62 vs. 

were unable to find a significant relationship between the CDAI or the 

and the presence of the mutation.
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The most important finding in this study was the high prevalence of the factor V Leiden 

mutation in Hungarian inflammatory bowel disease patients, compared to studies from other 

countries. This discrepancy may be due to the genetical differences between the studied 

populations.

9.2. Hemochromatosis (HFE) Gene Mutations and Hepatitis C 

Virus (HCV) Infection as a Risk Factors for Porphyria 

Cutanea Tarda

As it is not clear whether mutations in hemochromatosis gene (HFE) and hepatitis C 

virus (HCV) act independently in the pathogenesis of porphyria cutanea tarda (PCT), and 

prevalence of both risk factors reveals a great variety in different parts of the world, PCT 

patients from Hungary were investigated for this aspect. The occurrence of the C282Y and 

H63D mutations in HFE gene were determined in 19 PCT patients and compared to the 

reported control frequencies. Furthermore, the presence of HCV infection was determined and 

related to the patients' HFE status.

The C282Y mutation was found in 3 of 19 cases (one patient was homozygous and 

two heterozygous), with an 10.5 % allele frequency (vs. 3.8% control) ( p<0.05). Five patients 

were heterozygous for the H63D mutation, allele frequency 13.1%, which did not 

the reported control prevalence of 12.3% (Andrikovics et al. 1999). Six 

HCV-RNA positive, out of the six one was heterozygous for H63D
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compound heterozygous. We can conclude that HCV infection and HFE C282Y mutations 

may be independent predisposing factors in development of PCT in Hungarian patients.
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