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In rare cases, coronary artery disease (CAD) and myocardial
infarction (MI) appear to be inherited in an autosomal-
dominant mode. The identification of the underlying gene
defects in these rare monogenic forms of CAD/MI will help to
define genetic pathways and provide insights into molecular
mechanisms for the pathogenesis of common forms of CAD
and MI1.*®

The major goal of our project is (topic 1) to identify the
underlying genetic defect in families showing an autosomal-
dominant inheritance pattern of MI. The identification of the
genetic defect will lead to knowledge about the pathogenesis
of CAD and MI and thus may be of enormous benefit for the
identification of mechanisms and relevant other candidate
genes. Therefore, the second goal of our project (topic 2) is
to elucidate if genes identified to cause rare monogenic
forms of MI are also involved in the pathogenesis of more
common and possibly polygenic forms of CAD/MI.

In recent years we have identified a total of 19 multiplex
families (max. 27 MI patients per family) displaying an
autosomal dominant inheritance pattern using systematic
large scale screening (Figure 1).
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Fig 1: Exemplary pedigrees of our extended families with
myocardial infarction.

Power simulation using the Slink software package and
applying several models of inheritance was carried out in
these families. Analysis consistently revealed the highest
theoretical LOD scores under the assumption of an
autosomal dominant inheritance. A maximum LOD score of
3.0 was obtained in a single large family using the affected-
only model. After age-adjusted consideration of the non-
affected individuals, the maximum simulated LOD score
increased to 6.2 and was significant in four of the 19 families.

In addition, we evaluated heritability of the binary phenotype
myocardial infarction and additional quantitative phenotypes
(body constitution: height, weight, and body mass index
(BMI), systolic and diastolic blood pressure and lipids:
cholesterol, LDL, HDL, and triglycerides) in 496 participants
from 19 families.

Heritability estimates in the narrow sense were obtained by a
variance-component analysis using Solar. Corresponding
95% confidence intervals and p-values were based on the

one-step jack-knife approximation to the robust estimator of
variance and were estimated in a script language.

Not surprisingly heritability value (hz) for myocardial infarction
was particularly strong (75.3%; p<0.01), due to the selection
criteria for our families of at least three or more affected
living Ml siblings.

Whereas heritability estimates were moderate for height
(31.8%), weight (36.2%), BMI (31.5%), systolic blood
pressure (29.9%), cholesterol (33.2%), LDL (28.3%), HDL
(38.9%) and triglycerides (32.3%) (largest p<0.02 for all)
(Table 1), these values are comparable with data from the
literature.*”

Phenotype N h’ 95% ClI P-value
Ml 490 75.3 731-775 <0.01
Height 488 31.8 30.8-32.8 <0.01
Weight 488 36.2 35.1-37.3 <0.01
BMI 488 31.5 30.4-32.6 <0.01
SBP 436 29.9 28.3-31.4 0.014
cholesterol 445 33.2 32.1-342 <0.01
LDL 445 28.3 27.2-29.4 <0.01
HDL 445 38.9 37.7-40.1 <0.01
triglycerides 445 32.3 31.4-33.2 <0.01

Tab 1: Heritability estimates h? robust 95% confidence
intervals (95% CI) and robust p-values for myocardial
infarction (MI), body constitution, systolic blood pressure
(SBP), and lipid parameters (HDL, LDL, and triglycerides).

Recently, a genome-wide scan in these pedigrees was
completed at the Gene Mapping Centre in Berlin, Germany
(SMP-DNA) and the SMP-GEM (Bonn) (funded by DFG).

Furthermore, we have re-evaluated (set of over 700 markers,
average marker distance ~ 6 cM) our most promising linkage
signal on chromosome 824 which was revealed in our initial
model-based and model-free linkage analyses using
GENEHUNTER and Simwalk2 (Figure 2)
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Fig 2: Contribution of all families to the linkage signal on
chromosome 8. NPL z-all statistic as implemented in
GENEHUNTER.

This locus was identified in three unrelated families based on
both, NPL score and haplotype reconstruction (figure 1 and
2). The NPL scores for three of the families are 4.3, 3.9, and
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1.0, respectively. In each family, a haplotype spanning 4
markers on chromosome 824 between markers D8S1784
and D8S272 cosegregates with Ml (see figure 2).

Within the 22-Mbp 8g24 region linked in the current families
there are approximately 70 known or predicted genes, which
are currently being evaluated, including two very interesting
candidate genes: osteoprotegerin (TNFRSF11B, OPG) and
ectonucleotide pyrophosphatase/phospodiesterase 2
(ENPP2). For example, osteoprotegerin is a secretory
glycoprotein that belongs to the tumor necrosis factor
receptor family. OPG-deficient mice develop severe
osteoporosis and medial arterial calcification of the aorta.
Furthermore OPG immunoreactivity was in early
atherosclerotic lesions. Examination whether serum OPG
levels are associated with the progression of coronary artery
disease (CAD) revealed that serum OPG levels are
associated with the presence and severity of CAD.?

Recently, an genetic association study by Soufi et al.
reported that genetic variations of the OPG g;ene may confer
an increased risk of CAD in Caucasian men.

Sequence analysis is ongoing and will be finished within the
framework of our project.

Recently, we systematically analyzed 906 coronary
angiograms from 348 of our myocardial infarction families.
After adjustment for age and gender, significant heritabilities
were identified for proximal stenoses, in particular left main
disease (h2:0.4910.12; p=0.01), coronary calcification
(h*=0.51+0.17; sz.OOlB, and ectatic coronary lesions
(h?=0.52+0.07; p=0.001)."°

For further phenotype evaluation of our extended families,
we have systematically screened the coronary morphology
using angiograms which have been initiated for clinical
reason. Various aspects of coronary anatomy including
disease severity, distribution of lesions, presence of coronary
calcifications, and morphology of stenoses have been
quantified.

With respect to high rates of phenocopies as expected in
multifactorial diseases, reevaluation of two point and
multipoint linkage analyses in our families will reveal
additional information. This setup will lead to confirmation of
previous results and will generate additional putative gene
loci in families with so far no positive linkage results.

The identification of genetic variants relevant for the
development of rare familial CAD/MI might be also of
importance for the pathogenesis of common forms of
CAD/MI and might, thus, define new genetic pathways and
insights into molecular mechanisms.
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