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Implications for Atherosclerosis and Diseases of Cellular Lipid Metabolism 
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Two developments in molecular genetics will pro- 
foundly influence our understanding and the diag- 
nosis of cardiovascular disorders. First, the identifi- 
cation of genes responsible for monogenic and poly- 
genic traits by analysis of e.g. large pedigrees and 
affected sib pairs provides invaluable data regarding 
the role of specific genes in common diseases like 
arteriosclerosis, hypertension,  diabetes, thrombo- 
sis/hemostasis and obesity. Besides the insights into 
the under lying pathophysiology, this knowledge 
will permit to identify persons at high risk for dis- 
ease development.  These patients can then obtain a 
targeted intervention. The second development is 
related to the availability of new analytical tools for 
molecular biology. New methods such as sequencing 
by hybridisation (SBH), DNA-array technology or 
matrix assisted laser desorption/ionisation-time of 
flight mass spectroscopy (MALDI-TOF) permit se- 
quence analysis of complete genes within hours. Au- 
tomated PCR-technologies with homogenous ampli- 
con detection formats simplify PCR and permit its 
use in the routine laboratory setting. Considering 
cardiovascular diseases there is a number  of genes 
involved in lipid metabolism (apolipoproteins, li- 

poprotein receptors, lipolytic enzymes), thrombo- 
sis/hemostasis (platelet receptors, pro- and anticoag- 
ulant proteins, fibrinogen, PAIs), hypertension (an- 
giotensin converting enzy~_e, angiotensinogen) glu- 
cose metabolism (glucose transporters, enzymes) and 
obesity (hormones, receptors), that are interesting 
candidates for sophisticated genetic risk assessment. 
Furthermore, there are also gene candidates involved 
in processes of early atherogenesis and chronic in- 
flammation such as complement  proteins, cell adhe- 
sion molecules, and cellular receptors and enzymes. 
Most of these gene candidates were derived from 
pathophysiologic knowledge and subsequent  epi- 
demiological studies. However, it is foreseeable that 
in the coming years genes will be identified which 
were not known so far to be involved in cardiovas- 
cular diseases. Genetic studies will be of prime im- 
portance in this area, as is exemplified by  animal 
models. In the long term, analysis of these candidate 
genes before the implementat ion of therapy will per- 
mit a targeted intervention approach towards high 
risk patients. This will reduce the overall costs of 
health care without  reducing the quality. (Pathology 
Oncology Research Vol 4, No 2, 152-160, 1998) 
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Background 

In the western countries, almost 50% of all deaths are 
due to cardiovascular disease. Influences of genetic fac- 
tors as well as environmental factors have been well 
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established. The multifactorial background of athero- 
sclerosis is believed to be considered a cross-talk disor- 
der of the cells involved in complex interactions in the 
vessel wall in response to injury. 2~ Tile endothelial cells 
are affected by risk factors like lipoproteins, oxidative 
stress, shear stress and others. Various cells from the 
blood compartment like lnonocytes, T-cells, granulo- 
cytes and platelets interfere with the vessel wall in the 
early phase. Monocyte-derived macrophages turn to 
foam cells, upon unregulated uptake and accummulation 
of cholesterol, or activated maerophages with some of 
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the latter ones originating from dendritic cells. In addi- 
tion, smooth muscle ceils transform from a contractile 
phenotype to a more phagocytic, proliferative, secretory, 
active phenotype in the intima compartment thus con- 
tributing to the formation of lesions. The basis of these 
transformation processes is to be found in the dysregula- 
tion of a large number of specific genes that promote the 
process of atherosclerosis. 

The Framingham study and other epidemiologic studies 
done world-wide have listed a number of risk factors for 
coronary heart disease which can be either modified, or 
like age, sex and familial history of coronary heart disease, 
cannot be modified. Ahmg this list hyperlipidemias, espe- 
cially hypercholesterolemias and reduced high density 
lipoprotein concentrations combined with hypertriglyc- 
eridemia are major risk factors. In addition, lipoprotein(a), 
smoking, hypertension and genetic lhctors have been dis- 
cussed to contribute to CVD. Obesity associated with dia- 
betes mellitus, increased fibrinogen, hyperhomocysteine- 
mia, sedentary lifestyle and psyehosocial factors, the so 
called stress factors lbr infarct type A, have been associat- 
ed with coronary heart disease. In this multifactorial 
process it is important to understand the contribution of 
genes and environmental effects to the risk of CVD. A list 
of candidate genes for cardiovascular disease, thrombo- 
sis/hemostasis and hypertension is shown in Table 1. 
Beyond numerous individual mutations in distinct genes, 
found in only few patients, that are responsible for mani- 
festation of a well defined phenotype, more frequent 

occurring mutations/polymorphisms in the general popu- 
lation within these genes enhance the risk to develop car- 
diovascular disease (Table 2). 

Lipoproteins, receptors and e n z y m e s  as  risk facWrs 

Monogenic defects of lipid- and lipoprotein metabolism 
have been shown to be associated with cardiovascular dis- 
ease. The genes involved include receptors (LDL-receptor, 
remnant receptor), apolipoproteins (ApoB, ApoE, Apo(a) 
etc), enzymes (LCAT, lipoprotein lipase, hepatic lipase) 
and transfer proteins (CETP, PLTP etc). For some of these 
gcnes a role in polygenic diseases like Familial Combined 
Hyperlipidemia (FCH) and the Metabolic Syndrome has 
been suggested. The gene-based alterations in these pro- 
teins converge in an altered lipoprotein metabolism with 
elevated cholesterol and thus enhance the risk for cardio- 
vascular disease. 

LDL receptor 

The LDL-rcccptor as the receptor for apoB-containing 
lipoproteins has been well characterised as a key player in 
plasma cholesterol homeostasisJ A great number of vari- 
ous mutations has been described leading to hypercholes- 
terolemia. Depending on the consequences, four classes of 
mutations have been characterised. The class I includes 
mutations which block protein synthesis, so no LDL 
receptor protein is synthesized, a total deficiency can be 

Table 1. Candidate genes for atherosclerosis 

Lipoprotein metabolism 

ApoB 
ApoE/C-I /C-II  
Lp(a), Apo(a) 
ApoA-I/C-III /AIV 
LDL-receptor 
Remnant receptor 
Lipoprotein lipase 
Hepatic lipase 
LCAT 
CETP 
PLTP 
SREBP 
SCAP 
PPAR-y 

Vessel wall 

Stromelysin-1 (MMP3) 
Superoxide dismutase (ecSOD) 
Paraoxonase (PON) 
Collagen 
Fibronectin 

Coagulation/F ibrinolysis 

Methylene-THF reductase 
Cystathionine synthetase 
Factor II (Prothrombin) 
Factor V (-Leiden) 
Factor VII 
Factor VIII 
Thrombomodulin 
Antithrombin III 
Plasminogen 
Plasm inogen activator inhibitor 1 
Platelet antigen-lb (GPIIIa) 
Fibrinogen B 

Obesity 

Leptin 
Neuropeptide Y 
J33-adrenoreceptor 

Hypertension 

Angiotensin converting enzyme (ACE) 
Angiotensinogen (AGT) 
E-selectin 
Endothelial NO-Synthase (ecNOS) 

Growth factors 

PDGF B 
PDGF A 
EGF 
Insulin 

Vol 4, No 2, 1998 



154 SCHMITZ et al 

Table 2. Gene polymorphisms and mutations leading to enhanced risk for CVD, CHD, thrombosis and hypertension 

Gone Mutation / Polymorphism Disease 

ApoB ApoB-3500 Arg3500/Gln hypercholesterolemia, CVD 

ApoE 

Apo(a) 
ApoA-I/C-III/AIV 
LPL 
FactorV 
Faetorll (Prothrombin) 
J~hrombomodulin 
Gpllla 
PAl-1 
Fibrinogen B 
Methylene-THF reductase 
ACE 
E-selectin 
ecNOS 
ecSOD 
MMP3 

ApoB-3531 Arg3531/Cys 
XbaI-polymorphism 
ApoE2 
ApoE4 
kringlelV-number size-polymorphism 
SstI-polymorphism 
HindIII-polymorphism 
Arg506/Gha (Factor V-Leiden) 
G/A mutation in 3UTR 
Ala455/Val 
Leu33/Pro 
4G/5G-polymorphism at promoter 
G/A-polymorphism at promoter 
Ala/Val at nucleotide 677 
I/D-polymorphism 
Ser128/Arg 
27bp repeat and CA-repeat-polymorphisms 
Arg213/Gly 
5A/6A-polymorphism at promoter 

type Ill HLP 
hypercholesterolemia, Alzheimer disease 
CVD 
CVD 
CVD, hypertriglyceridemia, low HDL 
venous thrombosis 
thrombosis, MI 
M1 
MI 
CVD, stroke 
MI 
CVD 
MI, CAD, cardiac hypertrophy 
arteriosclerosis 
CHD, hypertension, cardiac hypertrophy 
hypercholesterolemia, (CVD) 
CHD 

found at the cell surface. Other mutations form the class II 
mutations where the processing from the ER to the mem- 
brane is disturbed due to defects in the sorting site of the 
receptor or other related genes which may affect LDL 
receptor processing. In class III ligand binding mutants, a 
partially functional receptor is being synthesised due to 
coated pit lormation defects, in class IV mutations the 
receptor is not correctly inserted into coated pits. All these 
mutations together lead to a wide spectrum of cholesterol 
levels. Therefore, the plasma cholesterol level does not 
indicate the class of mutation and disease progression has 
a wide spectrum between class I and class IV. Even with a 
partially defective receptor, cholesterol may still be man- 
aged via this pathway, while receptor deficiencies may 
affect cholesterol metabolism more severely. 

Apolipoprotein B (ApoB) 

Mutations in ApoB, as the sole protein constituent of 
LDL and responsible for plasmatic cholesterol clearance 
by binding to the LDL-receptor, lead to elevated choles- 
terol in FDB (Familial Defective ApoB) and the patients 
show premature cardiovascular disease. Truncatcd forms 
of ApoB have been also described but result in reduced 
cholesterol and no atherosclerosis (Hypobetalipoproteine- 
mia). In FDB single point mutations at two sites lead to 
amino acid substitutions at position 3500 (Arg/Gln or 
Arg/Trp) and 3531 (Arg/Cys). s'")'3t The ApoB3500 muta- 
tion is rather frequent (1/500) and 40% of the heterozy- 
gotes above 50 years of age develop coronary heart dis- 

ease. An XbaI polymorphism and an insertion/deletion 
polymorphism in the signal peptide have been associated 
with elevated cholesterol and risk lor cardiovascular dis- 
ease, although reports hereon are controversial (Table 2). ~8 

Apolipoprotein E (ApoE) 

ApoE is involved in tissue remodelling, neuronal 
growth and is the major apolipoprotein necessary for rem- 
nant uptake in liver from either intestinal or VLDL triglyc- 
eride origin. There are 3 isoforms of apoE (E2, E3, E4) 
which differ in two amino acid positions of the protein 
(112 and 158) affecting cysteine residues. While the E2 
and E3 forms have 2 or 1 cysteines, respectively, the E4 
protein is deficient of cysteines. E2/E2 form intramolecu- 
lar cysteine bridges and cannot appropriately associate 
with the receptor and thereby prevail for enhanced VLDL 
and the formation of ~3-VLDL, an abnormal intermediate 
product, due to the failure of interacting correctly with 
liver surface receptors. On the other hand, the E4 allele 
leads to a faster metabolism because there is no cysteinc in 
it and thereby enhances plasma cholesterol levels. The fre- 
quencies of homozygotes are 59% for the E3-form (wild 
type E allele), which is the most frequent one, 2% of the 
E4 and 1% for the E2. 

Expression of apoE in macrophages is a key process for 
the simultaneous mobilisation and removal of cellular cho- 
lesterol in HDL-mediated cholesterol effiux. As a compo- 
nent of lipoproteins (chylomicron- and VLDL-remnants, 
HDLE), it is the ligand for surface receptors in the liver and 
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responsible for uptake of the lipoprotein into the cell. The 
apoE2 variant binds poorly to lipoprotein receptors lead- 
ing to hyperlipoproteinemia and in combination with a 
second as yet unknown defect to Type Ill HLP (1~:[% of 
E2/E2 homozygotes). A high incidence of premature coro- 
llary and peripheral atherosclerosis results from the accu- 
mulation of [~-VLDL and chylomicrons in macrophages 
that leads to their transformation to foam cells in athero- 
sclerotic lesions. Hypoalphalipoproteinemia syndromes 
can appear as isolated forms, but there is a high hetero- 
geneity without enhanced risk or with significantly 
enhanced risk and in combination with hypertriglyc- 
eridemia, the so called hypertriglyceridemia/low HDL 
syndrome. The apoE locus accounts for 4% of the pheno- 
typic variance of  plasma cholesterol and 20% of plasma 
ApoE. The apoE4 allele has been related to higher plasma 
cholesterol levels (LDL cholesterol and apoB), is found 
predominantly in hypercholesterolemic subjects and 
enhances the risk for cardiovascular disease] 4 ApoE2 cor- 
relates with reduced risk but only in non-type III HLP sub- 
jects. Beyond the effects in lipoprotein metabolism, the 
apoE4 allele is found to be associated with Alzheimcr dis- 
ease (Table 2). 5'13 

Correlations of age of angiography or first myocardial 
infarction with the apoE genotypes of the probands clear- 
ly demonstrate association of apoE and cardiovascular 
disease. These patients who have the E4 allele come 
about 3 to 4 years earlier to coronary angiography and 
they suffer 3 to 4 years earlier from myocardial infarc- 
tion. Their total cholesterol levels are about 24 mg/dl 
higher than non-apoE4 carriers. This single gene poly- 
morphism changes age of  onset by 3 to 4 years and also 
plasma cholesterol levels by about 24 mg/dl. Comparison 
of the apoE alleles in centenarians showed that in these 
old people the E2 and E3 alleles predominate while com- 
binations with the E4 allele are less frequent. Obviously, 
E2/E3 carriers have a survival advantage while carriers 
of the E4 allele do not. 2s 

Analysis of patients with late-onset and early-onset 
Alzheimer disease reveals an overabundance for the E4 
allele. ApoE4 homozygosity has been found to be suffi- 
cient to result in Alzheimer disease in the elderly (80 years 
of age). 6 An isoform specific expression of the apoE 
mRNA has been demonstrated this year in neuronal cells 
thus bringing light into the intriguing interplay of apoE as 
a risk factor for Alzheimer disease. 

Lipoprotein(a) lLp(a)l 

Unlike for the proteins mentioned above, a number of 
other gene products have been identified to contribute to 
CVD without the presence of individual, specific muta- 
tions, due to partial similarities with key components 
from other pathways, like the coagulation cascade. 

Allelic variations may be present like it is the case for the 
highly atherogenic lipoprotein(a). Lp(a) is an indepen- 
dent risk factor which is composed of  an LDL-particle 
with its apoB moiety linked to apolipoprotein(a) mole- 
cule which is composed of a protease domain and a repet- 
itive structure consisting of kringle repeats. 33 A striking 
homology of  apo(a) with plasminogen implies a possible 
interference of apo(a) with the fibrinolytic system thus 
making a thrombogenic and atherogenic potential of 
Lp(a) conceivable. The kringle IV-domain of plasmino- 
gen is amplified in apo(a) leading to length variability of  
the protein. Several alleles in the population have been 
identified with various number of  amplifiable repeats. 
The larger the amplification the lower the Lp(a) concen- 
tration found in the plasma of individuals] ~ Higher Lp(a) 
levels originate from the small-size apo(a) alleles and 
enhance the risk for CVD. It has been shown that various 
mutant forms of apo(a) can significantly interfere with 
plasmin activity and plasminogen processing. This mech- 
anism and also some kringle-protein related growth 
activity regulation seem to be affected by Lp(a) and 
thereby obviously interfere with fibrinolysis and growth 
and promote atherosclerosis. 

In order to characterise the contribution of the individ- 
ual apo(a) alleles in atherosclerosis and other disturbances, 
large numbers of affected individuals have to be compared 
with large numbers of individuals in control groups. This 
is rendered difficult by the presence of so many alleles 
leading to the observed size polyrnorphism. Nevertheless, 
some epidemiological studies are available, which show 
that Lp(a), at least in younger individuals, is significantly 
associated to myocardial infarction. In the PROCAM- 
study, determination of the Lp(a) concentrations in 40 year 
old control individuals and survivors of myocardial infarc- 
tion revealed a greater frequency of  individuals in the MI- 
group (36% versus 16%) with Lp(a) concentrations higher 
than 0.2 g/l, thus clearly demonstrating a crucial role of 
Lp(a) in cardiovascular disease. 27 However, the 
Physicians' Health-Study, where the mean age of analysed 
individuals was 59 years, failed to show significant corre- 
lation. ~1 A possible interpretation of this discrepancy may 
be that a large number of  individuals at risk have been 
excluded and were not available in this study. 

While some years ago it was believed that LDL and 
Lp(a) were synchronously elevated thus contributing to 
enhanced risk, we could classify 3 years ago a new form 
of isolated Lp(a) hyperlipoproteinaemia with elevated 
Lp(a) and normal LDL cholesterol levels. These individu- 
als develop severe coronary heart disease under the age of 
40. We have identified clustering of isolated Lp(a) eleva- 
tions in 4 patients with normal LDL-level and coronary 
heart disease under the age of 35. So eventhough the 
genetics is complicated due to the high variability, there is 
indeed an association with myocardial infarction. 
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Enzymes, cofacto~w and lranscriplion filctors 

Many more loci coding for proteins relevant in plas- 
matic and cellular lipoprotein and lipid metabolism are 
considered to represent candidate genes for enhanced risk 
of CVD (Table 1). In some of them polymm-phisms have 
been associated to altered lipid levels and/or to CVD. 
Defects in lipoprotein lipase (LPL), the major lipolytic 
enzyme, lead to Type I Hyperlipidemia. A HindlII poly- 
morphism in intron 8 is associated with elevated TG and 
reduced tIDL and with premature coronary atherosclero- 
sis. 32 Additional studies revealed that the HindllI-poly- 
morphism is in linkage disequilibrium with a mutation in 
exon 9 leading to premature termination of the protein. 
Several restriction fragment length polymorphisms 
(RFLP) have been identified in the chromosomal region of 
the apoAI-CIII-AIV genes. A SstI polymorphism was 
associated to CVD ('l}lble 2). ~) 

Significant association to the development of coronary 
heart disease has bccn demonstrated for the paraoxonase 
gene (PONI) whose product is associated with HDL-par- 
ticles and is important for detoxification. 29 Individuals 
with high ecSOD-activity (superoxide dismutase) have a 
Arg213-Gly mutation which affects plasma cholesterol 
levels implicating association to CVD. ~2 In the promoter 
region of the metalloproteinase stromelysin-1 (MMP3) 
gene a 2-allele polymorphism (5A/6A) was found to be 
associated with a higher progression of  CHD (6A- 
homozygotes) mid a lower expression of the MMP3- 
mRNA due to the mutation. 3a Metalloproteinases are key 
enzymes in tissue remodelling at atherosclerotic lesions. 

Regulatory proteins can also contribute to hyperlipi- 
demias. Studies in animal models like hamster lead to the 
identification of proteins that upon inactivation, result in 
sterol resistance. The transcription factor SRE-BP (sterol 
regulatory element binding protein) regulates the transcrip- 
tional expression of HMG-CoA reductase and LDL-recep- 
tor. However, this transcription factor exists as a precursor 
with the cholesterol sensitive clement in the membrane of 
the ER, and a cleavage activator protein (SCAP) is neces- 
sary to cleave this precursor to form the active transcription 
factor. The conformation of these two proteins in the ER- 
rnembrane is sensitive to cholesterol content in the mem- 
brane. So far, a mutation in the hamster SCAP-gene has 
been identified to result in sterol resistance, and it may not 
take long time until mutations or polymorphisms in human 
SCAP and SRE-BP genes will be identified with conse- 
quences on cholesterol homeostasis increasing the risk for 
cardiovascular disease due to oversynthesis of cholesterol. 

Recently, Niemann Pick Type C (NPC-1) was identified 
as a disorder of cbolesterol/sphingolipid traficking and the 
gene defect could be related to a new protein of the SCAP- 
family, where the mutation affects a protein, which obvi- 
ously is also similarly involved in SRE-BP regulation. 

Familial combined hyperlipidemia 

The most prevalent genetically determined disorder of 
lipoproteins that is associated with an increased risk of 
CVD is familial combined hyperlipidemia (FCH). As a 
probable autosomal dominant trait with high penetrance it 
leads to high levels of apoB and elevated plasma levels.of 
VLDL, LDL, or both. The genetic background of this dis- 
order is not known. The lipoprotein distributions found in 
FCH commonly correlate with hypertension, obesity and 
insulin resistance.~ Remarkably, hyperl ipidemia compati- 
ble with FCH has been found in 12% of individuals 
selected for familial hypertension. In the general popula- 
tion there are about 1 to 1.5% FCH patients but in a MI- 
population below 60 years of age the frequency of FCH is 
about 20%. Furthermore, more than half of the FCH 
patients at the age of 40 have insulin resistance. And more 
than 70 % have insulin resistance when they reach the age 
of 50. It is now clear that FCH is an oligogenic cluster of 
disease syndrome, it  involves insulin resistance and dia- 
betes, glucose metabolism, uric acid metabolism and it 
inw)lves obesity and some central dysregulations, leptin, 
neuropeptide Y, the beta-adrenergic system and also asso- 
ciates to hypertension. 

Obviously, changes in some of these candidate genes 
impair the normal pathway in the assembly, secretion and 
conversion of apoB containing lipoprotcins with conse- 
quences in the levels of VLDL, LDL or combinations of 
both. These alterations are not static but subject of fluctu- 
ations and changes in individuals. 

The organ that besides the liver most likely contributes 
to FCH is the adipose tissue. ~ Current data indicate that 
adipose tissue regulatory factors might be involved in 
FCH (e.g. PPAR-y), thus indicating that FCH is a disorder 
resulting from a dysregulation in adipocytes. PPAR- 7 (per- 
oxisome proliferator-activated receptor-y), which regu- 
lates adipocyte differentiation and glucose homeostasis 
has been shown now to be markedly upregulated in acti- 
vated macrophagcs and to inhibit the expression of the 
inducible nitric oxide synthase and scavenger receptor A 
in response to prostaglandine D e metabolites and synthet- 
ic PPAR- T ligands. This observation in macrophages links 
PPAR- 7 to atherosclerosis.2~ 

Adipocytes also play a crucial role in metabolic syn- 
drome, a conglomerate of various abnormalities like 
hypertension, obesity, diabetes (NIDDM, MODY), dys- 
l ipoproteinemias,  immune system and coagulation. 
Obviously, fatty acid turnover (triglyceride synthesis) in 
adipocytes and liver is disturbed thus leading to increased 
TG levels in plasma. Increased delivery of free fatty acids 
to the liver may bc used to compensate for the defects in 
adipocytes. Higher synthesis of VLDL seems conceivable 
leading to higher levels of apoB-containing lipoproteins. 
Among the genes that have been implicated in the detects 
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in adipose tissue arc the lipoprotein lipase, hormone sensi- 
tive lipase, insulin receptor substrate 1 and the cate- 
cholamine receptors like 3-adrenoreceptor. In non-insulin 
dependent type diabetes mellitus (NIDDM), the metabolic 
syndrome is classified by oversecretion of VLDL and 
probably relates to these genetic defects. 

Thrombosis/hemostasis and cardiovascular disease 

Homocysteine 

Homocysteine is also an independent risk factor for car- 
diovascular disease) Homocysteine is metabolised or 
formed by two mechanisms. Metbylene-tetrahydrofolate 
reductase converts homocysteine to methionine and cys- 
tathione synthetase degrades homocysteine to cysteine. 
Defects in the latter enzyme lead to homocysteinuria but 
are not associated with atherosclerosis. The involvement 
of methylene-THE reductase in cardiovascular disease has 
been demonstrated recently. To date, about 50 cases 
world-wide are known with inactivating mutations result- 
ing in reduced enzymatic activity (<15%). In these indi- 
viduals 16 different mutations have been identified and are 
considered to be very rare. Of major importance for the 
occurrence of myocardial inlarction is a mutation (C677 to 
T677) which results in an ala to val exchange in the pro- 
tein (Table 2) .  7,2(' The mutant allele has a frequency of 35% 
in the population and results in an enzyme with reduced 
activity which, in addition, is thermolabile. It has an activ- 
ity of 40-50% at 37~ while the activity is about 35% at 
42~ Homozygotes for the mutations are found to be 
more frequent in groups with vascular disease (2-3 fold) 
compared to healthy individuals. Interestingly, a protec- 
tive effect in colon carcinoma has been reported. 

Coagulation factors 

Numerous genes from the coagulation cascade have 
been shown to be responsible for venous thrombosis and 
may also enhance the risk for cardiovascular disease. 
Among them are factors II (prothrombin), V, VII, VIII, 
thrombomodulin, GPlIb/Illa, fibrinogen, plasminogen 
activator-inhibitor I (PAI-1) (Table 1). A rather frequent 
mutation in factor V-Leiden (Arg-506 to Gin-506) 
enhances the risk of heterozygotes by 5-10 fold to devel- 
op venous thrombosis while homozygotes have a 100-fold 
higher risk compared to controls (Table 2).'- In prothrom- 
bin, a G/A polymorphism in the 3' UTR has been associ- 
ated with higher risk for thrombosis and myocardial 
infarction (2.3-fold). 24 A C/T polymorphism in the throm- 
bomodulin (THBD) gene resulting in an ala/val exchange 
was shown to be associated with myocardial infarction 
with allele frequencies (C-allele) of 0.82 and 0.72 in 
affected versus healthy individuals. 16 In platelet antigen- 

l b (GPIlla), a constituent of the GPIIB/IIIa receptor for 
cell adhesion molecules, a C/T transition (leu33-pro) 
results in a two allele configuration (PL-A 1 and PL-A2). 
In a recent study an association to myocardial infarction 
has been proposed but additional studies failed to validate 
this conclusion. 22 Certain polymorphisms in factor VII and 
factor VII1 failed to show association to higher risk for 
CVD, in the latter one a protective polymorphism has been 
identified. Tissue plasminogen activator is an important 
constituent in fibrinolysis. Its inhibitor PAI-1, which is the 
major regulator of fibrinolysis inhibition has been associ- 
ated to higher risk for CVD and stroke. Expression of the 
PAI-1 mRNA is affected by a single nucleotide (G) dele- 
tion in the promoter region resulting in 2-fold higher 
expression) ~ The distribution of the 4G/5G polymorphism 
in bypass surgery patients and history of chronic stroke 
was found to be significantly different (0.63 for 4G versus 
0.37 for 5G), thus strengthening the importance of this 
genetic background. 

Fibrinogen 

Among the three fibrinogen subunits, the beta-fibrino- 
gen chain is the rate limiting component in fibrinogen syn- 
thesis thus determining the plasma concentration of fib- 
rinogen. A G/A polymorphism in the promoter region 
(~-53) has been associated with enhanced risk for myocar- 
dial inlarction. ~ In healthy individuals the allele distribu- 
tion is 20% (A) and 80% (G) with the individuals with the 
A-allele having higher fibrinogen levels due to higher 
mRNA-expression. Obviously, the mutation at --453 is in 
linkage disequilibrium with a mutation at -148 which is 
part of a transcription factor binding site (Table 2). 

Hypertension and CVD 

Hypertension is a complex trait of major public health 
importance based on its prevalence and its association 
with morbidity from coronary heart disease, stroke, renal 
disease, peripheral vascular disease and other disorders. 
The role of  genetic factors has been extensively 
analysedfl 3'36 An association to hyperlipidemia and FCH 
has been documented in the UTAH-study. In the homoge- 
nous population of Mormons, 15% of hypertensive 
patients were shown to be hyperlipidemic. Analysis of a 
small subset who has developed coronary heart disease 
revealed that 80% of them were hyperlipidemic with 75% 
of them manifesting FCH. 

Renin-angiotensin system 

The influence of genes from the renin-angiotensin path- 
way tbr the development of hypertension and association 
to myocardial infarction has been demonstrated. 36 Re- 

Vol 4, No 2. 1998 



158 SCHM1TZ et al 

cently an insertion/deletion polymorphism (l/D) in intron 
16 of the angiotensin converting enzyme (ACE) has been 
used in several association studies in order to demonstrate 
possible roles of certain genotypes (Table 2). ACE con- 
verts angiotensin 1 to the bioactive angiotensin II, Various 
studies have revealed that the DD genotype is associated 
with MI, CAD and cardiac hypertrophy while other stud- 
ies failed to show relevant association. However, in the 
latter groups one could relate the risk to a polymorphism 
in the angiotensinogen gene (met to thr change at amino 
acid 235), that is clustered with the risk of  coronary heart 
disease. The latter association could not be verified in a 
study on a chinese population thus indicating the potential 
importance of ethnic origin in the assessment of genetic 
risk identifiers. .5 

Adhesion 

Endothelial cell adhesion components like E-selectin 
have also been associated to risk for hypertension and car- 
diovascular disease. As a surface protein on endothelial 
cells it interacts with leukocytes, monocytes and 
macrophages thus recruiting these cells in sites of inflam- 
mation. A point mutation leading to serine to arginine 
exchange (aa 128) has been associated to arteriosclerosis. 37 
The mutant allele was present in 15-20% of individuals 
with angiographically documented arteriosclerosis while in 
unaffected individuals the presence was lower (9%). 

Endothelial NO-synthase 

Different polymorphisms in endothelial NO-synthase 
(ecNOs) have been associated to hypertension and coro- 
nary heart disease. A 27 bp-repeat in intron 4 of the gene 
results in a 2-allele polymorphism (ecNOSa and ecNOSb). 
The rare ecNOSa-allele was found significantly more 
often in a homozygous constellation in individuals with 
occlusive artery disease (in smokers only), an association 
to myocardial infarction has also been reported. 3s A 
microsatellite polymorphism (CA-repeat in intron 13) has 
been shown to be associated with hypertension in individ- 
uals with leftventricular hypertrophy (Table 2).~4 

Importance of genes, environment and lifestyle 
in disease development: the Metabolic syndrome 

While defined genes have been shown to be risk factors 
or responsible for a certain disease without contribution of 
environmental factors or life style, in other disorders influ- 
ences of the environment and life style are well docu- 
mented. The Metabolic syndrome is a good example to 
demonstrate how lifestyle and genes interlink and con- 
tribute to diabetes, hyperlipidemia and risk for coronary 
heart disease. Metabolic syndrome is a constellation of 

risk factors for CVD like diabetes, obesity, elevated TGs, 
lowered HDL, hypertension and hyperinsulinemia, which 
is attributed to insulin resistance, i.e. impaired sensitivity 
to insulin in target organs. NIDDM is a metabolic disorder 
characterised by insulin resistance, either relative or 
absolute with resistance and impaired glucose-stimulated 
insulin secretion as key figures. Although the pathogene- 
sis of NIDDM is multifactorial, the search for genetic fac- 
tors is indicated because of convincing evidence of inher- 
ited components. 

The influence of genetic factors and environmental fac- 
tors (life style) for the occurrence of NIDDM, non-insulin 
dependent diabetes mellitus, is obvious from the following 
observations: Analysis of three distinct populations for the 
prevalence of NIDDM resulted in striking differences. In 
Australians of  European descent the prevalence is 3.4% 
while in Aborigines the prevalence is 10-20%. The preva- 
lence in the Pima Indians, a very conserved population in 
Arizona, is very high (50%) with more than 80 % of adults 
becoming diabetic. Diabetes was probably very rare at the 
beginning of this century in the latter population. While 
the genetic background of the Pima Indians was adapted 
and optimised for a lifestyle that is compatible with hunt- 
ing and gathering, in a westemised world with western 
type diet this genetic background proved to be disadvanta- 
geous leading to metabolic disturbances. With the increase 
of N1DDM prevalence, elevated TG, reduced HDL-C, 
hypertension and hyperinsulinemia as well as earlier onset 
of NIDDM is typical.. ~7'3~ 

Obviously, different indigenous populations have a 
high propensity toward development of diabetes and other 
manifestations of the metabolic syndrome when they adapt 
to a westernised life style. It is conceivable that they have 
a higher susceptibility to this disease, but in their tradi- 
tional life style which involves physical activity (hunting) 
and specific diet a protective effect predominates. It is 
important to note that for the Aborigines, the manifesta- 
tion of the metabolic syndrome was reversible by solely 
changing life style (de-westernization). Although develop- 
ment of NIDDM is linked to genetic background, these 
epidemiological results clearly demonstrate the profound 
importance of both environment and life style in precipi- 
tating the disease. 

Recent developments in mutation detection technologies 

For the analysis of mutations or polymorphisms a vari- 
ety of methodologies are currently available. For genotyp- 
ing of large numbers of  individuals the method of choice 
would have to be robust, fast, reproducible and simple. 
The most widely used technologies are based on the poly- 
merase chain reaction (PCR). Where a single mutation in 
a given gene is of major importance (apoB3500, Factor V- 
Leiden) specific PCR-based detection has been estab- 
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lished. Many of these technologies make use of sequence 
specific priming (SSP) or isotyping with restriction 
enzymes in order to discriminate specific alleles (geno- 
types) and mutations. Improvements in automation (PCR- 
cyclers) towards high-speed performance (rapid cyclers) 
using tube or glass capillary technology and on-line detec- 
tion strategies (Taqman, Lightcycler) have contributed 
considerably to efficiency, speed and reliability of PCR- 
based DNA-diagnosis. Where many mutations have been 
reported in a certain gene to contribute to the same pheno- 
type, direct DNA-sequencing will be the method of choice 
to avoid mult iple tests for the many mutations. 
Improvement in DNA-sequencing technology and high- 
speed and automated capillary DNA-sequenccrs facilitate 
efficient and comprehensive mutation detection. 
Eventhough some time consuming technology like SSCP 
and DGGE is still being used where multiple mutations 
have been identified in specific genes (LDL-receptor and 
others), they are going to be replaced very soon by highly 
parallel analysis methods. The recent developments in 
DNA-array technology, where DNA-chips with thousands 
of oligonucleotides complementary to mutant and wild 
type loci are generated allows the simultaneous analysis of 
hundreds of genes and mutations through simple 
hybridizations with fluorescently labelled probes. Such 
arrays have been generated and used in the field of infec- 
tious disease, cancer, drug susceptibility and genome relat- 
ed applications (association studies with polymorphic 
loci). Eventually, this may even revolutionise sequencing 
technology. Moreover, expression monitoring using arrays 
with PCR-probes or oligos from cell specific expressed 
genes may give insights in altered gene expression pat- 
terns in disease and permit monitoring of disease and con- 
trol of therapy. Another highly parallel analysis methodol- 
ogy promising to speed up considerably DNA-diagnostics 
is based on mass spectroscopy (matrix-assisted laser des- 
orption/ionisat ion-t ime of  flight mass spectroscopy, 
MALDI-TOF). 

C o n c l u s i o n s  

Beyond the well defined inborn errors of metabolism 
resulting in specific disorders, a group of common inherit- 
ed disorders like hyperlipidemias, hypertension, obesity 
and non-insulin2dependent diabetes mellitus exist whose 
genetic basis still remains elusive. The inheritant compo- 
nent implies that genetic variants predispose to disease in 
the presence of  certain environmental conditions, but nor- 
mally are not sufficient to produce a disorder. The variants 
may produce polymorphic proteins or be involved in 
altered regulation. Gene variations may also be found in 
non-coding regions like promoter elements. The currently 
available techniques allow access to a variety of genetic 
alterations thus permitting a detailed analysis of polymor- 

phisms and mutations in a moderate scale in populations. 
The development of new technologies like DNA-chips and 
MALDI-TOF will speed up considerably such enterprises. 
Selecting and analysis of proper populations with predis- 
position to a specific disease phenotype will result in a col- 
lection of data enabling risk-assessment in the population. 
This is of particular interest in the field of cancer and car- 
diovascular disease. 
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