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Public lecture

Keynote lecture

Kampf der Geschlechter im Genom:
Epigenetik und die Bedeutung der
elterlichen Prägung in Biologie und Medizin
Reik, Wolf
Developmental Genetics Programme, The
Babraham Institute, Cambridge, UK
Alle Gene des menschlichen und anderer
Säugertiergenome sind jetzt bekannt. Eine der
wichtigen Fragen für die biologische und medi
zinische Forschung der nächsten Zukunft ist wie
Gene während der Embryonalentwicklung und
später in bestimmten Organen an und
abgeschaltet werden. Hier nimmt die Epigenetik
eine zentrale Bedeutung ein, die sich mit Modi
fikationen der DNA und des Chromatins
beschäftigt. Diese Modifikationen etablieren ein
Signalsystem, durch welches Gene an und
abgeschaltet werden, und besonders wie ein ak
tivierter oder reprimierter Zustand von Genaktiv
ität von der Zelle erinnert wird, und deshalb zur
Stabilität der Gewebedifferenzierung beiträgt.
Wir beschäftigen uns besonders mit elterlich
geprägten Genen, bei denen die epigenetische
Markierung dazu führt, dass Gene von Vater
oder Mutter im Gewebe des Kindes unter
schiedlich aktiv sind. Dies beruht nach einer vor
einiger Zeit formulierten Hypothese auf einem
Geschlechterkampf im Genom bei dem es um
mütterliche Nahrungsresourcen geht. Außerdem
interessiert uns die epigenetische Reprogram
mierung, bei der reife Modifikationen wieder
rückgängig gemacht werden, um eine weite En
twicklungspotenz des Genoms zu erreichen. Die
Mechanismen der Reprogrammierung sind
wichtig für die Entwicklung von Stammzellther
apien.

Proteomics, systems biology and molecular
medicine
SupertiFurga, Giulio
CeMM, Research Center for Molecular
Medicine of the Austrian Academy of
Sciences, Lazarettgasse 19/3, A1090
Vienna, Austria and Cellzome , Inc.
New molecular medicine initiatives operate at
the interface between clinical and basic re
search. A bidirectional translational research
mode is inspired by unmet medical problems
identified in the clinics as well as by opportuni
ties arising by new tools and insights from basic
research. Biology relies on the concerted action
of a number of molecular interactions of gene
products and metabolites operationally organ
ized in socalled pathways. Impairment of path
way flow or connections can lead to pathology.
The majority of targets of current therapeutics
cluster in a limited number of these cellular path
ways. However, current appreciation of the
“wiring diagram” or “molecular maps” of these
pathways is scanty. Through an integrated pro
teomics approach it is now possible to obtain
physical and functional maps of entire human
disease pathways (Nature Cell Biology 6, 97
105, 2004). Moreover, it has become feasible to
map active compounds back on the pathways
by identifying the protein interactors of the im
mobilized compounds. The modeofaction of
novel and existing clinical drugs, but also of
pathologicallyrelevant gene products, typically
identified by genetics and genomics, can thus
be determined, linked to biological processes via
these interdisciplinary systemsbiology strate
gies and implemented into novel therapeutic and
diagnostic approaches. Such a “systems biolo
gy” approach promises to create important syn
ergies between the different research avenues
and inaugurate a truly “postgenomic” molecular
medicine era (Drug Discovery Today 8, 106777,
2003).
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Plenary Session

Plenary Session 01
Energydependent nucleosome remodelling
Becker Peter B.
AdolfButenandtInstitut. Molekularbiologie,
80336 München, Germany,
The term ‘nucleosome remodelling’ subsumes a
number of alterations of canonical nucleosome
structure that render nucleosomal DNA accessi
ble to regulatory factors. A common denomina
tor of all nucleosome remodelling enzymes is
that they convert chemical energy (provided by
ATP hydrolysis) into conformational changes that
disrupt histoneDNA interactions. Depending on
the nature of the enzyme, this action may lead
to a different outcomes ranging from the sliding
of intact histone octamers on DNA and the dis
placement of DNA segments from the histone
octamer to partial or complete disassembly of
the histone octamer itself. Although the phe
nomenology of nucleosome remodelling is di
verse, recent findings suggest a common mech
anistic principle. Accordingly, remodelling en
zymes function as histoneanchored DNA
translocases.
Nucleosome remodelling factors are crucial for
all known nuclear functions requiring chromatin
substrates, such as the transcription of genes,
the replication of the genome, the recombination
of chromosomes as well as the repair of DNA
damage. How the multitude of different factors
are integrated into these various physiological
processes and how the remodelling activities
themselves are regulated are challenging ques
tions at the forefront of recent research. pbeck
er@med.unimuenchen.de

Plenary Session 02
Sites of differential DNA methylation
identified by genomic profiling of DNA
methylation in normal and transformed
human cells
Weber, Michael1, Davies, Jonathan2, Lam,
Wan2 and Schübeler, Dirk1
1Friedrich Miescher Institute for Biomedical
Research, Maulbeerstrasse 66, CH4058
Basel, 2 British Columbia Cancer Research
Center, Vancouver, Canada
Cytosine methylation is a major epigenetic mod
ification, required for mammalian development
and often perturbed in human cancer. In order to
identify sites of differential DNA methylation in
the human genome we devised a novel ap
proach for the unbiased isolation of methylated
DNA and combined it with subsequent detection
on DNA microarrays. Using this assay we gener
ated DNA methylation profiles for the complete
human genome at an 80 kb resolution as well as
for a large set of individual CpG islands in pri
mary and transformed cells. Our analysis reveals
large chromosomal regions of differential methy
lation with higher abundance of methylated cy
tosines in generich neighborhoods. Female and
male primary cells show indistinguishable pro
files for the autosomes but clear differences for
the active and inactive xchromosome. Unex
pectedly de novo methylation of the inactive x is
limited to a small subset of gene rich regions,
while overall the inactive x is hypomethylated
relative to its active counterpart. In cancer cells
on the other hand we observe global changes in
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DNA methylation, which can extend over large
regions and we identify genepoor regions as the
preferential target for cancer specific hy
pomethylation. A parallel analysis of 6000 CpG
islands in primary and transformed cells pro
vides a quantitative analysis of promoter methy
lation and identifies a novel set of genes inacti
vated by promoter hypermethylation in cancer.
The results of this comprehensive analysis of ge
nomic DNA methylation will be discussed in the
light of current models of epigenetic gene regu
lation.

Plenary Session 03
HSP90 and epigenetic canalization in cancer
Ruden, Douglas M.
Department of Environmental Health
Sciences, University of Alabama at
Birmingham, Birmingham, USA
Hsp90 is a chaperone for nearly 100 “client pro
teins” in the cell, most of which are involved in
signaling pathways. For example, Hsp90 main
tains steroid hormone receptors, such as the es
trogen receptor, as inactive monomers in the cy
toplasm which are capable of binding agonists.
After agonist binding, the receptorhormone
complexes dissociate from Hsp90, dimerize,
translocate to the nucleus, bind to the hormone
response elements, activate the local chromatin,
and, ultimately, activate transcription of the tar
get genes, such as Wnt7a. More recently, Hsp90
has been shown to function as a capacitor for
morphological evolution by masking both genet
ic and epigenetic variation. Release of the ca
pacitor function of Hsp90, such as by environ
mental stress or by drugs that inhibit the ATP
binding activity of Hsp90, exposes previously
hidden morphological phenotypes. The previ
ously masked phenotypes, once revealed, can
be selected in subsequent generations and in
crease in penetrance through both genetic and
epigenetic mechanisms in a process termed
“canalization” by Conrad Waddington over 70
years ago. Similarly, prenatal and perinatal ex
posure to diethylstilbersterol (DES), an estrogen
receptor agonist, can have longterm and even
transgenerational effects on predisposition to
uterine developmental abnormalities and cancer,
also through both genetic and epigenetic mech
anisms. The unifying theme between both trans
generational epigenetic phenomena, in addition
to both of them involving Hsp90, is that WNT
signaling modifications are required. We propose
a unifying model, which we call “WNTmediated
epigenetic reprogramming,” to explain the con
nection between the multigenerational epige
netic capacitor function of Hsp90, and the trans
generational effects of DES on the predisposi
tion to cancer. We also present data showing
that mutations in genes encoding proteins in the
WNT signaling pathway, such as Wingless/WNT
and Armadillo/Betacatenin, and in chromatin
remodeling proteins, such as the histone H3
methyltransferase, Su(var)39, and the methyl
histone H3 binding protein, HP1, suppress the
epigenetic canalization phenotype. We suggest
that inhibitors of these enzymes might be novel
anticancer agents by interfering with genetic re
programming and canalization in cancer stem
cells.

Symposia

S1 01
The mystery of conserved nongenic (CNG)
sequences
Antonarakis, Stylianos E.
Department of Genetic Medicine and
Development, University of Geneva, School
of Medicine, Geneva, Switzerland.
The comparison of the sequences of human
chromosome 21 with that of the syntenic regions
of the mouse genome revealed a large number
of conserved sequences (> 100 nt in length and
? 70 % ungapped identity) that are not tran
scribed. We called these elements conserved
nongenic (CNG) sequences. Most of these map
in genepoor regions of chromosome 21. A large
majority of CNGs are also present in several
mammalian species, indicating a conservation of
more than 120 million years. The patterns of
evolutionary conservation allow a sufficient sep
aration of CNGs from both coding regions and
noncoding RNAs. Furthermore, the evolutionary
characteristics are independent of their position
relative to proteincoding sequences. The over
all level of conservation of CNGs is higher that
exonic sequences and strongly suggests func
tional importance. We anticipate that mutations
in CNGs may contribute to human disorders; a
search for those is now in progress. The function
of CNGs is largely unknown and considerable ef
fort is now devoted to the functional analysis of
these genomic elements that may account for
up to13 % of the human genome. Some CNGs
may be cis or trans regulatory elements of gene
expression, others may be structural elements,
and yet others may have a function totally un
suspected todate. I thank the members of the
laboratory and the funding agencies for support
ing our research.

S1 02
Human sequence variation for disease  The
HapMap Project
Deloukas Panos
The Wellcome Trust Sanger Institute,
Hinxton, Cambridge CB10 1SA UK
The availability of a finished reference sequence
of the human genome has streamlined system
atic efforts to establish a comprehensive list of
common sequence variants, minor allele fre
quency (m.a.f) =1% and study patterns of varia
tion at a finescale across the genome. The In
ternational HapMap project was launched in Oc
tober of 2002 with the aim to construct a
genomewide map of common haplotypes in
multiple representative ethnic groups to enable
disease association studies including suscepti
bility to pathogens and variable response to
drugs.
HapMap engaged from it’s outset in SNP dis
covery by random wholegenome and whole
chromosome shotgun sequencing. The most re
cent release of dbSNP (build 123) figures circa 9
M uniquely mapped SNPs. The study follows a
twophase mapping strategy in four population
samples including 30 parentchild trios from
CEPH (Utah residents; CEU), 30 trios from Yoru
ba (Ibadan, Nigeria; YRI), 45 Han Chinese (Bei
jing; HCB), and 45 Japanese (Tokyo; JPT). The
samples have been collected with appropriate
informed consent through a process of commu
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nity engagement. In phase I we are constructing
maps of evenly spaced SNPs (1 per 5 kb) with
m.a.f =5%. Phase II will generate data on 2.25M
additional SNPs. Raw genotype data are re
leased through the Data Coordination Center on
a monthly basis (http://www.hapmap.org).
The consortium has released data on circa 1 mil
lion SNPs across the CEU panel and 0.5 million
across the other two panels (YRI and CHB+JPT);
phase I will be completed in February (all pan
els). For the first time we can observe linkage
disequilibrium (LD) trends at a genome scale.
For example, telomeric regions consistently dis
play low LD whereas centromeric regions are as
sociated with high LD. The December dataset
is used to establish an analysis pipeline to as
sess common patterns of LD, recombination and
natural selection as well as define optimal sets
of tag SNPs. The analysis group has selected
the 3.3M SNPs to be tested by Perlegen Inc in
phase II. The set is enriched in exonic SNPs and
SNPs in areas displaying high recombination
rates (estimates based on population data).
Phase two will be completed by next summer
whereas we anticipate a possible last round to
fill any remaining gaps.
Our contribution to the HapMap project includes
chromosomes 1, 6, 10, 13 and 20 24% of the
genome). In addition, we have initiated a sys
tematic validation of putative functional variants.
SNP analysis (dbSNP 121) in the context of pro
tein coding genes found 48,451 nonsynony
mous (ns) SNPs, 1113 SNPs that introduce a
STOP codon and 104 that disrupt a STOP
codon. So far, we assayed 11,000 nsSNPs
against the CEU panel and a further 27,468 as
says are being processed. In parallel, we are re
sequencing all annotated human exons in 48
Caucasians.
The ultimate aim is to apply these resources to
explain the genetic contribution to common dis
eases of major health impact. We are currently
developing strategies to test large sets of mark
ers for association in casecontrol study design,
to confirm positive associations and assess the
amount of genetic risk that is explained. We
have embarked on several pilot studies mainly
focusing in regions of linkage.

S1 03
Looking back: From the human karyotype to
the ancestral vertebrate protogenome
Hameister H, Szamalek J, Goidts V, Kohn M,
Assum G, Högel J, KehrerSawatzki H
Abteilung Humangenetik, Universität Ulm,
D89069 Ulm.
The comparison of the human karyotype with
those of our relatives reveals the human kary
otype to be the more ancestral one. The chim
panzee and gorilla karyotypes differ from human
mostly by multiple pericentric inversions. The
molecular analysis of the inversion breakpoints
in different chimpanzee species shows, that
these inversions occurred in the context of the
separation of the human and chimpanzee line
ages and therefore may have played a causative
role in the speciation process. A new model for
the chromosomal speciation theory, which has
been recently proposed focusses on the local
suppression of recombination rates. DNA diver
gence data from colinear and rearranged regions
between human and chimpanzee conform to this
model. Comparative maps of many mammalian
species which are now available allow to recon
struct the putative ancestral mammalian founder

karyotype. This founder karyotype resembles the
human karyotype. In 2004 the analysis of the
chicken genome became available too. Once
again the conservation of gene order is prevail
ing and can be used to reconstruct the genome
of the common tetrapode ancestor of birds and
mammals from 310 million years ago (MYA). In
the same way the genome data from three fish
species can be used to arrange a putative an
cestral genome of all teleost fish. Both these an
cestral genomes can be put together to get a
first glimpse at the ancestral bony vertebrate
founder genome from 450 MYA. This genome
consists of 12 – 14 chromosomes with already
huge size differences. Intrachromosomal re
arrangements, such as inversion and fission are
preferred in the fish lineages, whereas in the
bird/mammal lineage also interchromosomal re
arrangements did occur. From the two types of
sex chromosomes in vertebrates the Z chromo
some of the birds is more conserved. The same
holds true for the whole chicken genome which
despite its fissions into several macro and mi
crochromosomes closeley resembles the ances
tral vertebrate protogenome.

interest in mtDNA maintenance and its regula
tion.
Twinkle protein was first identified in a search for
T7helicaselike proteins in eukaryotes. The
gene for Twinkle was subsequently shown to be
mutated in autosomal dominant progressive ex
ternal ophthalmoplegia. We have previously
shown that a TwinkleEGFP fusion protein as
well as various previously characterized mtDNA
maintenance proteins specifically colocalize
with mtDNA in intramitochondrial foci designat
ed nucleoids. MtDNA in nucleoids can be la
beled with the nucleotide analogue 5bromo2
deoxyuridine (BrdU) indicating that nucleoids
are sites of mtDNA replication. More recently we
have studied the regulation of the Twinkle pro
tein by posttranslational modification and have
used various tools to study in more detail the dy
namics of mtDNA nucleoids in human cells. The
findings will be discussed in light of regulation
of mtDNA replication and mtDNA mutation seg
regation and complementation.

PL

S2 03

S2 01
Disorders of the human mitochondrial
genome
Taylor, Robert W.
Mitochondrial Research Group, School of
Neurology, Neurobiology and Psychiatry,
The Medical School, University of Newcastle
upon Tyne, NE2 4HH, UK
The true impact of mitochondrial DNA (mtDNA)
mutations in human disease remains undeter
mined. Until relatively recently, mitochondrial
disorders were considered to be obscure, ex
ceptionally rare diseases affecting perhaps one
or two per million of the population. Improve
ments in referral patterns and the availability of
rapid, molecular diagnostic techniques have
helped contribute to the expanding clinical phe
notype associated with mtDNA mutations with
recent epidemiological data suggesting a mini
mum prevalence of at least 1 in 5000, or even
higher.
My talk will focus on the basic aspects of clini
cal mitochondrial genetics, discussing our expe
rience in Newcastle upon Tyne of investigating,
diagnosing and managing patients with primary
mitochondrial disease, and the approaches we
are pursuing towards developing treatments.

S2 02
Dynamics of mtDNA maintenance in health
and disease
Spelbrink, Hans
Institute of Medical Technology, University
of Tampere, Finland
Mitochondrial DNA in mammals is entirely de
pendent on nuclear encoded proteins for its
maintenance. Despite early identification of
some of the maintenance proteins such as mtD
NA polymerase gamma (POLG), quite a few have
been identified only in recent years. Good exam
ples are the mtDNA helicase Twinkle and the
transcription related factors Tfb1m and Tfb2m.
The recent discovery that both the POLG and
Twinkle genes are associated with various dis
ease phenotypes which are characterized by
secondary mtDNA defects has sparked renewed

A new class of mitochondrial gene defects
Nijtmans, Leo and Smeitink, Jan
Nijmegen Centre for Mitochondrial
Disorders, University Medical Centre
Nijmegen, Department of Pediatrics, Geert
Grooteplein 10, PO BOX 9101, 6500 HB
Nijmegen, The Netherlands
Mitochondria contain a separate protein synthe
sis machinery to produce polypeptides encoded
in mitochondrial DNA and many mtDNA disease
mutations affect this machinery. In humans,
whilst the mitochondrial rRNAs and tRNAs are
mtDNAencoded, all proteins involved in mito
chondrial translation are specified by nuclear
genes. Recently, a number of pathological mu
tations in nuclear genes of this protein machin
ery have been reported defining a new class of
gene defects underlying disorders of oxidative
phosphorylation.

S3 01
Dyskeratosis congenita and telomeres
Dokal, Indeerjit
Department of Haematology; Division of
Investigative Science, Imperial College,
London, UK
Dyskeratosis congenita (DC) is an inherited bone
marrow failure syndrome exhibiting considerable
clinical and genetic heterogeneity. The classical
form of DC is characterized by abnormal skin
pigmentation, nail dystrophy and mucosal leu
coplakia. A given patient may also have a vari
ety of other somatic features. Xlinked recessive,
autosomal dominant and autosomal recessive
forms are recognised. The gene mutated in X
linked DC (DKC1) encodes a highly conserved
nucleolar protein called dyskerin. Dyskerin asso
ciates with the H/ACA class of small nucleolar
RNAs in small nucleolar ribonucleoprotein parti
cles (snoRNPs), which are important in guiding
the conversion of uracil to pseudouracil during
the maturation of ribosomal RNA. Dyskerin also
associates with the RNA component of telom
erase (TERC), which is important in the mainte
nance of telomeres. Mutations in TERC were re
cently demonstrated in patients with autosomal
dominant DC and in a subset of patients with
aplastic anaemia (AA) and myelodysplasia
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(MDS). Additionally, some patients with the se
vere multisystem disorder, HoyeraalHreidars
son syndrome (HH) have been found to have
DKC1 mutations. These findings have demon
strated that classical DC, HH and a subset of AA
are due to a defect in telomerase and cells from
these patients have short telomeres. The multi
system abnormalities seen in these patients, in
cluding the increased incidence of malignancy,
have highlighted the critical role of telomeres
and telomerase in humans. From a clinical per
spective the link between DC and AA and in turn
to defective telomerase suggests that treatments
directed at telomere rejuvenation might benefit
DC and AA patients who do not respond to con
ventional therapies.
Very recently, it has been observed that “antici
pation” (increasing severity and/or earlier onset
of disease features with each subsequent gen
eration) occurs in the autosomal dominant form
of DC (AD DC) and that this is associated with
progressive telomere shortening. Siblings that
did not inherit a mutated TERC copy did not
have early onset of clinical symptoms even
though they inherited shorter telomeres from the
affected parent. Thus, individuals with AD DC
must both inherit shorter telomeres and be het
erozygous with respect to TERC to show dis
ease anticipation. This study provides the sec
ond mechanism (progressive telomere shorten
ing thorough the generations) for disease antic
ipation in humans. The only other mechanism of
disease anticipation relates to amplification of
triplet repeats observed previously in neurode
generative diseases.
In conclusion, recent developments in the genet
ics of DC have important implications for the
management of patients with DC and related
disorders. In addition, they have provided signif
icant insights into the critical role of telomerase
and telomeres in humans and the consequences
of their dysfunction.

S3 02
Human telomere length: a prognostic
marker for agerelated disease and
survival?
von Zglinicki, Thomas
Henry Wellcome Biogerontology Laboratory,
University of Newcastle, Newcastle upon
Tyne NE4 6BE, UK
Telomeres in most human tissues shorten with
age, and there is a high degree of variation in
telomere length between individuals as well as a
very good correlation between telomeres in dif
ferent tissues from the same individual. In re
cent years, telomere length in primary blood
mononuclear cells (PBMC) has been associated
with a wide variety of agerelated diseases in
cluding atherosclerosis, myocardial infarction,
stroke, immunsenescence, Alzheimer’s and vas
cular dementia. Few retrospective and/or
prospective studies so far have indicated that
short telomere length does not only correlate
with but actually predicts agerelated mortality
and morbidity. There are two interrelated caus
es for this:
First, short telomeres are the major trigger for
cellular senescence in vitro, an irreversible
growth arrest of cells accompanied by gross
changes in gene expression patterns. Thus, in
regenerating tissues and/or in differentiated
stem cells, senescence might contribute to age
related pathology. However, the evidence that
cell senescence occurs in aging human tissues
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is still mostly indirect. We have recently exam
ined the signalling pathway leading to cell
senescence and identified novel markers for
senescence in vivo.
Second, telomeres do not shorten always by the
same amount with each cell division. Rather,
telomere shortening is governed by oxidative
stress because of a telomerespecific deficien
cy in DNA strand break repair. High stress or low
antioxidant defence capacity greatly accelerate
telomere shortening. Telomeres are thus not only
the cell’s stress sentinels, but their length at any
given age is a cumulative indicator of the indi
vidual’s antioxidant defence, which in itself is re
lated to the susceptibility to degenerative dis
ease.
Contrary to e.g. genetic polymorphisms, telom
eres are kinetic markers for disease and mortal
ity risk. This has the huge potential advantage
that they might be used to monitor the effect of
prophylactic interventions. A major disadvantage
is that PBMC telomere length can be influenced
by a number of other factors as, for instance,
lymphocyte subtype composition. This appears
to be an issue at very advanced age: In a large
populationbased study of the oldest old we did
not find any association between PBMC telom
ere length and survival or major disease.

S3 03
Role of telomere acquisition in the
formation of chromosome rearrangements
in human cells
Sabatier, Laure
CEA  Life Science Division, Radiobiology
and Oncology Unit, FontenayauxRoses,
France
Telomeres play a vital role in protecting the ends
of chromosomes and preventing chromosome
fusion. We performed an extensive study of the
consequences of telomere loss in a human cell
model. Telomere loss results in sister chromatid
fusion and prolonged breakage/fusion/bridge
(B/F/B) cycles, leading to extensive DNA ampli
fication and large deletions.We present here the
consequences of the endup of these B/F/B cy
cles. The large majority of telomere acquisition
occurs via chromosome rearrangement. Telom
ere acquisition stabilizes the marker chromo
some, however, two class of rearrangements are
involved in telomere acquisition with dual con
sequences on the stability of the cell. Telomere
seeding that involves Non Reciprocal Transloca
tion and dicentrics results in a destabilisation of
donor chromosomes. Chromosomes donating
NRTs have lost one telomere and undergo fur
ther rearrangements or lose the donor chromo
some having lost its telomere.. Final stabilisation
of telomere acquisition is obtained via duplica
tion. The duplication involves i.the subtelomeric
region of the opposite arm of the marker chro
mosome i.i large chromosome segment of other
chromosomes i.i.i formation of isochromosomes.
Telomere loss is therefore an efficient mecha
nism for generating many of the types of chro
mosome rearrangements commonly associated
with
human
cancer
including
allelic
imbalances.The major impact of telomere loss in
cancer has been proposed to occur at the time
of crisis, when extensive chromosome fusion oc
curs when telomeres become very short due to
the failure of cells to senesce However, it is now
clear that cancer cells continue to have prob
lems maintaining telomeres even after the ex
pression of telomerase consistent with a funda

mental defect affecting telomere stability in can
cer. In fact, this may be the most important
mechanism driving chromosome instability due
to telomere loss, because crisis may selects for
cells in the population that already express
telomerase, and therefore cells that survive cri
sis will not have experienced extensive chromo
some fusion during crisis.

S4 01
Disruptions of the Histone Methylase
Machinery in Cancer Pathogenesis
Cleary, Michael L.
Stanford University School of Medicine,
Stanford, CA, USA
The Mixed Lineage Leukemia (MLL) gene codes
for a histone methylase that is required for
hematopoietic development and appropriate
embryonic Hox gene expression. As a conse
quence of chromosomal translocations, MLL is
mutated in a subgroup of acute leukemias that
are generally associated with a poor response to
current treatment regimens. MLL is considered
to be an epigenetic regulator as it possesses an
inherent ability to covalently mark histones to ef
fect changes in chromatin that favor mainte
nance of active transcriptional states. In this ca
pacity, MLL associates with a cohort of highly
conserved accessory factors that are shared
with a subfamily of histone methylases from
mammals to yeast. This unique epigenetic func
tion appears to be corrupted by MLL mutations
in acute leukemias leading to disruption of the
MLL macromolecular complex and inappropri
ately persistent Hox gene expression. Menin, a
product of the MEN1 tumor suppressor gene
mutated in sporadic and heritable endocrine tu
mors, is a component of the 1 MDa MLL com
plex. Abrogation of menin expression pheno
copies loss of MLL, and reveals a critical role for
menin in the maintenance of Hox gene expres
sion. Oncogenic MLL fusion proteins retain an
ability to interact with menin, but not with other
identified complex components, and menin is an
essential partner in MLLmediated oncogenesis.
These results demonstrate that a human onco
protein is dependent on direct physical interac
tion with a tumor suppressor protein for onco
genic activity, and suggest a unifying model for
altered epigenetic functions in the pathogenesis
of endocrine and hematopoietic cancers. Nov
el therapeutic strategies targeting MLLmenin in
teractions may be particularly efficacious in
acute leukemia.

S4 02
Aberrant gene methylation during cancer
progression
Kreipe, Hans; Lehmann, U.
Institut für Pathologie, Medizinische
Hochschule Hannover, Hannover, Germany
Aberrations of gene methylation are among the
most frequent genetic abnormalities found in
cancer cells. It remains an enigma whether al
tered methylation patterns represent a cause or
a consequence of neoplastic growth. In recent
years we have investigated gene methylation in
early stages of cancer and precursor lesions by
applying laser microdisssection. In breast can
cer intraductal noninvasive precursor lesions al
ready exhibited altered methylation patterns
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when compared to normal breast epithelium.
The same held true for some intraductal benign
proliferations. With progression to invasiveness
loss as well as gain of aberrant methylation
could be observed. In liver tumours aberrant
gene methylation could be found as well in be
nign adenoma as in carcinoma. Both tumours
did not differ principally but quantitatively from
each other in that in hepatocellular carcinoma
the number of genes and alleles found to be hy
permethylated was constantly higher. With re
gard to genes affected by hypermethylation no
deviation was seen between benign and malig
nant epithelial liver tumours. In normal liver tis
sue some of the genes found to be constantly
hypermethylated in cancer exhibited an agede
pendent increase of methylation. These findings
are a strict indication that gene methylation has
to be studied quantitatively and in a cell type de
pendent manner. Applying a new quantitative as
say we could show that ductal invasive can be
discriminated from lobular breast cancer on the
basis of different patterns of gene methylation.
Furthermore, it became evident that the histo
logical grade of some types of intraductal can
cer correlated with the degree of hypermethyla
tion. In conclusion methylation is a frequent
aberration that becomes already manifest in ear
ly stages of cancer. It can be correlated to his
tological subtypes and grades and for this pur
pose it has to be investigated quantitatively. Fu
ture perspectives comprise application of array
technology and analysis of hypomethylation.

S4 03
Nuclear cloning and the reversibility of
cancer
Hochedlinger, Konrad
Whitehead Institute, Cambridge; USA
Nuclear transfer experiments allow studying the
role of epigenetic modifications in cellular differ
entiation and transformation. Moreover, nuclear
transfer provides a tool to derive autologous em
bryonic stem cells for a potential use in cell ther
apy. We have shown that nuclear transfer of ma
ture lymphocytes produces monoclonal mice
that carry a single antigen receptor in all tissues,
thus demonstrating that the nucleus of a termi
nally differentiated cell can be reprogrammed to
totipotency. Likewise, we have shown that the
genomes of certain cancer cells are amenable to
epigenetic reprogramming and can support par
tial development, indicating that the epigenetic
state of at least some cancers may be re
versible. To demonstrate the potential use of nu
clear transfer for cell therapy, we have estab
lished a mouse model of „therapeutic cloning“
by combining nuclear transfer with gene and cell
therapy to treat a genetic disorder in a mouse
model of disease. We will discuss the potential
factors involved in epigenetic reprogramming
with an emphasis on the homeobox transcription
factor Oct4 and its role in differentiation and tu
morigenesis.

S5 01
Sequencebased evolutionary studies of the
human sex chromosomes
Ross, Mark T.
XChromosome Group, Wellcome Trust,
Sanger Institute, Hinxton, Cambridge, UK

The completion of the human X chromosome
project means that we have, for the first time in
any organism, the completed sequences of a
sex chromosome pair. This information presents
an unprecedented opportunity to study the evo
lution of sex chromosomes and of their unique
biological properties. The human sex chromo
somes will become the paradigm for the study
of sex chromosomes in the mammals and be
yond.
Our work has been to complete and analyse the
sequence of the human X chromosome. Togeth
er with colleagues in the USA and Germany, we
have determined the sequence of 99.3% of the
euchromatic part of the X chromosome. We have
annotated only 1,098 genes on the chromo
some, which is therefore among the most gene
poor in the genome. Of these genes, approxi
mately 10% encode cancertestis antigens,
which are potential targets for tumour im
munotherapy.
Comparison of the X chromosome sequence to
other genome sequences provides a wealth of
information about mammalian sex chromosome
evolution. Alignment to the chicken genome il
lustrates the autosomal origins of the human X
chromosome vividly. Comparison to the X chro
mosomes of other eutherian mammals demon
strates the remarkable stability of the X chromo
some on the human lineage and the highly re
arranged nature of the mouse and rat X chromo
somes. And, alignment between the human X
and Y chromosome sequences reveals in the
greatest detail the extent of Y chromosome de
generation in nonrecombining regions.
In this presentation, I will discuss our evolution
ary studies of the human sex chromosomes, our
observations on sequence compositional varia
tion in different evolutionary strata of the human
X chromosome, and what this might reveal
about the proposed involvement of LINE1 ele
ments in X chromosome inactivation.

S5 02
Understanding sexspecific function,
mutation processes, population movements
and global diversity patterns from human Y
chromosome analyses
McElreavey, Ken
Reproduction, Fertility and Populations,
Dept of Developmental Biology, Institut
Pasteur, Paris, France
The human Y chromosome does not recombine
with the X chromosome for most of its length.
The Y chromosome determines testis formation
and it contains several genes and gene families
necessary for male germ cell development and
maintenance. Much of the chromosome consists
of large, lowcopy repetitive elements that con
tain genes expressed specifically in the testis.
These paralogous repeats may be associated
with YY gene conversion events and they ren
der the chromosome susceptible to interstitial
deletions by nonallelic homologous recombina
tion. Many of these deletions cause spermato
genic failure (AZFa, AZFb and AZFc deletions),
some are apparently inconsequential polymor
phisms (g1/g3, 12f2) and for others the precise
relationship with fertility needs to be defined
(gr/gr, b1/b3). I will review recent progress in this
field. As well as providing direct insights into
mutation processes on the Y chromosome that
affect spermatogenesis, the analysis of the near
complete Y chromosome sequence has revealed
many new polymorphic markers resulting in a re

fined Y chromosome phylogeny. The uniparental
inheritance of the Y chromosome makes it ideal
for the study of human origins and migration
patterns. The distribution of Y chromosome lin
eages is mainly characterised by geographical
ly structured drift rather than language or ethnic
affiliations. The availability of these markers and
the knowledge of their distribution has lead to a
subtle shift in the approach used to understand
the role of the Y chromosome in human patholo
gies. Recently a number of studies have at
tempted to associate Y lineages with various
phenotypes including blood pressure, prostate
and testicular cancer, autism, longevity and in
fertility/sperm counts. Some of these studies
have shown promising associations and warrant
the development of largescale multinational
projects.

PL

S5 03
Early events in the onset of Xinactivation:
Multiple role for noncoding RNAs.
Avner, Phil
Unité Génétique Moléculaire Murine, Institut
Pasteur, Paris, France
X chromosome inactivation is the epigenetic
process which ensures dosage compensation of
the X chromosome in mammals between the XX
female and XY male. This chromosome wide
mechanism of transcriptional silencing, is under
the control of a complex master locus, the Xin
activation centre (Xic) that contains the Xist
gene,the source of a large 17 kb noncoding
RNA critical to the Xinactivation process. The
onset of Xinactivation during early embryoge
nesis sees an upregulation of Xist transcripts
and the spreading of the Xist RNA along the X
chromosome, followed by chromatin modifica
tions involving both extensive histone modifica
tions and the recruitment of polycomb group
proteins to the inactivating X and the transcrip
tional repression of Xlinked genes. Female ES
cells are extensively used as models for the in
activation process as undifferentiated female ES
cells have 2 X’s active and Xinactivation occurs
with the onset of differentiation. More recently
both TS cells (Trophoblast) and XEN cells (extra
embryonic endoderm) have been used as mod
els for imprinted Xinactivation. Integral to the
initiation of Xinactivation is the counting
process in which the X chromosome/autosome
ratio in the cell is sensed and a choice step in
which one of the two Xchromosomes in the fe
male cell will be selected for inactivation. Both
of these processes involve a region of the Xic 3’
to Xist which also contains the noncoding Tsix
antisense RNA which partially overlaps Xist. Re
cent results now also suggest an association of
this antisense transcription with histone modifi
cation and chromatin remodelling around the
Xist promoter prior to the onset of Xinactivation.
An overview of recent progress in the field will
be given.

S6 02
Insight of phenotypegenotype correlations
in some CHDs
Dallapiccola, Bruno
Anna Sarkozy, Maria Cristina Digilio, Bruno
Marino, Mendel Institute, “La Sapienza”
University, and Ospedale Bambino Gesù,
Rome, Italy
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Advances in understanding the molecular basis
of congenital heart defects (CHDs), including
tetralogy of Fallot (ToF), atrioventricular canal
defect (AVCD), pulmonary valve stenosis (PVS)
and atrial septal defect (ASD), have allowed to
set forth some phenotypegenotype correlations.
ToF is the most common cyanotic CHD. Distinct
anatomic subtypes have been reported in del
22q11 individuals, including right aortic arch
(AA), hypoplasia or discontinuity of pulmonary
arteries, absent infundibular septum, absent pul
monary valve (APV), pulmonary atresia (PA), and
major aortopulmonary collateral arteries (MAP
CA). However, 22q11 FISH and TBX1 candidate
gene mutation analyses in the same nonsyn
dromic ToF subtypes failed to detect obvious
functional variations. While abnormal sidedness
or branching of the AA occur with ToF in del
22q11 individuals, JAG1 gene mutations, in the
setting of Alagille syndrome, can result in severe
ToF, with PA and MAPCA, without leftsided AA.
Low penetrant NKX2.5, GATA4, and FOG2 gene
mutations have been detected in nonsyndromic
ToF, with both PA and PVS. In particular, we
found FOG2 mutations in individuals with “clas
sic” anatomy or PA, hypoplastic confluent pul
monary arteries and MAPCA. AVCD is often as
sociated with extracardiac anomalies, most
commonly Down syndrome (DS) and heterotaxy.
However, this heterogeneous defect can mani
fest with variable anatomic patterns. Complete
AVCD prevails among patients with chromosome
imbalances (i.e. DS, del 8p). Additional cardiac
defects, in particular, leftsided obstructive le
sions, occur in some mendelian syndromic dis
orders. Partial AVCD, with subaortic obstruction
due to mitral valve anomalies, occurs in Noonan
syndrome (NS), in which the distinguishing CHD
is PVS. In these patients, the valvular stenosis
usually consists of valve leaflet dysplasia, differ
ently from isolated PVS, presenting with a
domed form fusion of pulmonary semilunar
valves. PTPN11 gene mutations have been
found in about 50% of NS and 90% of LEOP
ARD syndrome individuals. We found a definite
association between PVS and exon 8 mutations,
while PTPN11 was not involved in isolated, non
dysplastic PVS. Autosomal dominant PVS+ASD
with normal conduction was linked to GATA4
gene mutations in a few families. We found
GATA4 mutations in 40% of these patients.
NKX2.5 gene mutations have been detected in
individuals with ASD+other cardiac defects, in
particular progressive atrioventricular block. In
conclusion, understanding the genetic back
ground underlying the different anatomic sub
types of similar CHDs provides insight of pheno
typegenotype correlations, appraises the di
mension of nosological splitting and lumping of
CHDs, and improves their genetic counselling.

affected in DGS/VCFS several laboratories
screened their nondeletion cohorts for Tbx1
mutation. In our laboratory, over 150 cases have
been screened by a mixture of direct sequenc
ing and SSCP with no mutations found.
The multiple malformations seen in our non
deletion patients are often accompanied by a
degree of cognitive impairment which suggests
a chromosomal aneusomy. Therefore, we con
ducted comparative genome hybridization in a
search for new aetiologies. Three deletions have
been found in 30 patients screened so far. In
one, the patient is hemizygous for the genes
Islet1, implicated in the development of the an
terior heart field, and Follistatin, implicated in the
development of the palate.
One congenital heart defect seen in DiGeorge
syndrome, and always observed in Tbx1/ mice,
is a common arterial trunk (CAT), often diag
nosed as persistent truncus arteriosus. We have
analysed a family with autosomal recessive CAT
and identified a homeodomain mutation F157L
in the NKX2.6 transcription factor. While expres
sion of Nkx2.6 during murine embryogenesis is
strongly suggestive of a role for this gene in
heart development, mice Nkx2.6/ are normal.
However, in these mice it has been shown that
Nkx2.5 expression expands into regions lacking
Nkx2.6 suggesting functional complementation.
As transcriptional targets of NKX2.6 are un
known, we investigated functional effects of the
mutation in transcriptional and protein interac
tion assays using NKX2.5 as a surrogate. Intro
duction of F157L into human NKX2.5 substan
tially reduced its transcription activating func
tion, its synergism with partners at the atrial na
triuretic factor (ANF) and connexin40 (Cx40)
promoters, and its specific DNA binding. We
tested NKX2.5 target promoters for NKX2.6 ac
tivity. NKX2.6 was inactive at ANF but weakly
activated transcription of a Cx40 promoter,
whereas the F151L mutant lacked this activity.
These findings indicate a previously unsuspect
ed role for NKX2.6 in heart development which
should be reevaluated in more sophisticated
model systems.

Selected presentations

SEL 01
Delineation of distinct subgroups of multiple
myeloma and a model for clonal evolution
based on interphase cytogenetics
Cremer F.(1), Bila J.(1), Buck I.(1), Kartal M.(1),
Hose D.(2), Ittrich C.(3), Benner A.(3), Moos
M.(2), Goldschmidt H.(2), Bartram C.(1), Jauch
A.(1)
1) University of Heidelberg, Institute of
Human Genetics, Heidelberg
2) University of Heidelberg, Internal
Medicine V, Heidelberg
3) German Cancer Research Center,
Biostatistics Unit, Heidelberg
In multiple myeloma (MM), two pathogenetic
pathways have been proposed, characterized by
reccurent IgHtranslocations versus trisomies.
Due to the limitations of metaphase cytogenet
ics in MM, the aim of this study was to assess
the existence of MM subgroups applying multi
probe interphase florescence insitu hybridiza
tion (FISH).
Highly enriched CD138positive bone marrow
cells from 81 patients with newly diagnosed MM
were analyzed by interphase FISH, using 10 re
gionspecific probes and two probesets for the
IgHtranslocations t(11;14) and t(4;14).
Per patient, a median of 5 probes (range, 1 to
10) displayed aberrant signal numbers. Addition
al copies were most frequently found for chro
mosomes 15q22, 19q13, 9q34, 11q23, and
1q21. Common losses were observed for
13q14.3, 17p13 and 22q11. Predominance of
gains or losses was quantified by a copy num
ber score (CS) for each patient (CS equals the
number of probes indicating additional signals
minus the number of probes indicating losses).
Two peaks (CS=+3, and CS=0) were found by
plotting patient numbers over CS values, corre
sponding to hyperdiploid and nonhyperdiploid
MM. Twentytwo of the 28 patients with one of
the IgHtranslocations had a CS≤0. Cluster
analysis revealed four major branches: (i) gain of
9q, 15q, 19q, and/or 11q; (ii) deletion 13q and
t(4;14); (iii) t(11;14); and (iv) gain of 1q. Statisti
cal modeling of an oncogenetic tree by maxi
mum likelihood estimation indicated as early in
dependent events: (i) gain of 15q/9q and/or 11q;
(ii) t(11;14); (iii) deletion 13q followed by t(4;14);
and (iv) gain of 1q. Aberrations of 17p13, 22q11,
8p12 and 6q21 were found as subsequent
events. MM with gain of 1q was characterized as
a subentity with significantly higher beta2mi
croglobulin and lower hemoglobin levels, indi
cating a poor prognosis. Based on our results,
we propose a model for clonal evolution of MM.

S6 03
SEL 02
Beyond 22q11 Deletions: Uncovering the
Aetiology of DiGeorge Syndromelike Heart
Defects in Man.
Scambler, Peter
Molecular Medicine Unit, Institute of Child
Health, London,UK
Many cases referred for deletion 22q11 screen
ing are not found to carry a deletion, some of
these have a strong phenotypic resemblance to
DiGeorge
or
velocardiofacial
syndrome
(DGS/VCFS). When mouse gene targeting stud
ies revealed Tbx1 to be haploinsufficient and
necessary for the morphogenesis of structures

6

medgen 17 (2005)

DNArepair and cell cycle checkpoint
defects in Nijmegen Breakage Syndrome
Digweed M.(1), Demuth I.(1), Melchers A.(1),
Stöckl L.(1), Lobitz S.(1), Kracker S.(2),
Frappart P.O.(3), Varon R.(1), Radbruch A.(2),
Wang Z.Q.(3), Sperling K.(1)
1) Charité  Universitätsmedizin Berlin,
Institut für Humangenetik, Berlin
2) Deutsches RheumaForschungszentrum,
Zellbiologie, Berlin

Abstracts
3) International Agency for Research on
Cancer, GeneEnvironment Biology Group,
Lyon
The human genetic disorder, Nijmegen Breakage
Syndrome, is characterised by radiosensitivity,
immunodeficiency and an increased risk for can
cer. The NBS1 gene codes for a protein, nibrin,
involved in the processing/repair of DNA double
strand breaks and in cell cycle checkpoints.
Most patients are homozygous for a founder
mutation, a 5bp deletion; however, functionally
relevant truncated nibrin proteins are produced.
In contrast, null mutation of the homologous
gene, Nbn, in mice is lethal. Mice heterozygous
for an Nbn nullmutation develop tumours and
die earlier than wild type mice.
We have used Crerecombinase/LoxP technolo
gy to generate an inducible Nbn null mutation al
lowing the examination of DNArepair and cell
cyclecheckpoints in the complete absence of
nibrin. Induction of Nbn null mutation leads to
loss of the G2/M checkpoint, increased chromo
some damage, radiomimeticsensitivity and cell
death. In vivo, this particularly affects the lym
phatic tissues, bone marrow, thymus and
spleen. In vitro, cells can be rescued from cell
death by transfer of human nibrin cDNA and,
more significantly, by a cDNA carrying the 5bp
deletion. Thus, the expression of truncated pro
tein is sufficient to restore at least some of nib
rin’s vital cellular functions. Phosphorylation of
nibrin by ATM is a primary cellular response to
ionising radiation. The nibrin fragment present in
NBS patient cells is not phosphorylated in re
sponse to ionising radiation explaining their ra
diosensitivity.
Furthermore, conditional inactivation of the Nbn
gene in mouse Blymphocytes impairs im
munoglobulin class switching, a process requir
ing the formation of DNA double strand breaks.
This result implies a functional role for nibrin in
nonhomologous DNAend joining during Ig
class switching and probably in DNA double
strand break repair generally.

SEL 03
Positional cloning of the CMT2B2 gene and
its implications for CMT1A
Rautenstrauss B.(1), Leal A.(2), Huehne K.(1),
Bauer F.(3), Sticht H.(3), Berger P.(4),
Suter U.(4), Ekici A.(1), Pasutto F.(1),
Endele S.(1), Saifi M.(5), Lupski J.R.(5),
Morera B.(6), Del Valle G.(7), Barrantes R.(8),
Heuss D.(9), Berghoff C.(10), Berghoff M.(10),
Neundörfer B.(9), Uhlmann T.(11),
Meisterernst M.(11), Sereda M.(12), Meyerzu
Hoerste G.(12), Nave K.(12), Reis A.(1)
1) FAU, Human Genetics, Erlangen
2) INISA, San José
3) FAU, Biochemistry, Erlangen
4) ETH, Cell Biology, Zurich
5) Baylor College of Medicine, Human
Genetics, Houston
6) University San Jose, San Jose
7) University San Jose, Neurology, San Jose
8) University San Jose, Biology, San Jose
9) FAU, Neurology, Erlangen
10) University Münster, Neurology, Münster
11) GSF, Munich
12) MPI MaxPlanckInstitute of
Experimental Medicine, Göttingen
CharcotMarieTooth disease (CMT) comprises
a group of frequent, genetically and clinically
heterogenous peripheral neuropathies. Two main
CMT forms are distinguished: the demyelinating

CMT type 1 (CMT1) and the axonal CMT type 2
(CMT2). Recently we reported linkage of the ax
onally pronounced CMT2B2 type to chromo
some 19q13.3 (OMIM %605589). Analysis of 53
genes in the critical intervall resulted in an
A335V mutation in a subunit of the mediator
complex associated with RNA polymerase II.
This mutation is embedded in a prolinerich mo
tif typical for AbelsonSH3 binding sites. Wild
type and mutant peptides were incubated with
AblSH3 and Srcfamily SH3 protein. While
wildtype and mutant CMT2B2 strongly bind Abl
SH3, the mutation results in a drastically in
creased affinity for Srcfamily SH3 domains. This
indicates a severe loss of specificity in target
recognition. A mild myelin impairment in these
patients guided us to investigate the CMT2B2
gene expression by qPCR in Pmp22 over and
underexpressing mice. A significant correlation
of CMT2B2 expression with Pmp22 expression
could be clearly shown  a high Pmp22 expres
sion level resulted in a high CMT2B2 level and
vice versa. These results were confirmed in
transgenic CMT1 rats. Negative phenotypic and
behavioural effects of progesterone treatment in
CMT1 rats have been reported recently. We
could show that progesteronetreated male
CMT1 rats revealed a tremendous increase of
the CMT2B2 expression correlated with in
creased Pmp22 expression. Our data show that
the CMT2B2 A335V mutation causes an inherit
ed peripheral neuropathy. Furthermore the tight
ly linked expression to Pmp22 points to a more
general role in peripheral nerve pathogenesis,
possibly via transcriptional (mis) regulation of
multiple nerve specific genes in a yet unknown
signal transduction cascade. A common late
stage feature of inherited peripheral neu
ropathies is the axonal damage, the CMT2B2
gene could be a crucial player in this context.

Material and Methods: To explore the latter
goal, we have generated a construct containing
the human RS1 cDNA under the control of the
mouse opsin promoter in the replicationdefi
cient adenoassociated virus (AAV) serotype 5.
The RS1AAV construct was injected into the
subretinal space of one of the eyes of 15 day old
Rs1h knockout mice. The uninjected eye served
as a control.
Results: The injected and uninjected eyes were
evaluated at various time points by ERG and mi
croscopic as well as immunolabeling techniques
to assess the effect of gene transfer on photore
sponse, protein expression and morphology of
the retina. Our data show that retinoschisin is
expressed and secreted from photoreceptors of
the RS1AAV injected eyes. Like normal mice,
the expressed protein localizes to rod and cone
photoreceptors of the outer retina and bipolar
cells of the inner retina at essentially normal lev
els. Importantly, the injected eyes showed a sig
nificant improvement in the ERGs, retinal tissue
morphology and preservation of photoreceptors.
Conclusions: Our study demonstrates that gene
therapy can restore visual function in a Rs1hde
ficient mouse to nearly normal levels. This visu
al improvement is accompanied by a correspon
ding recovery of retinal morphology at both the
inner and outer retinal layers. Implications for
clinical intervention in human RS are apparent.

SEL

SEL 04
Rescue of photoreceptor degeneration in a
genetic mouse model for Xlinked juvenile
retinoschisis
Weber B.H.F.(1), Janssen A.(2), Schrewe H.(3),
Seeliger M.(4), Molday R.S.(5), Min S.H.(6),
Hauswirth W.W.(7)
1) University of Regensburg, Institute of
Human Genetics, Regensburg, Germany
2) University of Wuerzburg, Institute of
Human Genetics, Wuerzburg, Germany
3) School of Biosciences, Birmingham, UK
4) University Eye Hospital,
Electrodiagnostics Research, Tuebingen,
Germany
5) University of British Columbia,
Department of Biochemistry, Vancouver,
Canada
6) University of Florida, Center for
Immunology and Transplantation,
Gainesville, Florida
Objectives: Deleterious mutations in the RS1
gene on Xp21 are associated with Xlinked juve
nile retinoschisis (RS), a common form of mac
ular degeneration in males. We have generated
a knockout mouse deficient in Rs1h, the murine
ortholog of RS1. The knockout mouse exhibits
many characteristic features of human RS in
cluding the presence of small cystlike struc
tures in the inner retina, and disorganization and
displacement of cells within the retinal layers.
Accordingly, the Rs1hdeficient mouse serves as
a valuable model system to develop possible
therapeutic interventions for human RS.

medgen 17 (2005)

7

Abstracts
GfH ÖGH SGMG Tagungsband 2005

Workshop Presentations

W01 Cancer cytogenetics

W01 01
Implementation of an automated scanning
system for the highthroughput FAspecific
interphase FISHassay sensitively detecting
MDS and AMLassociated chromosomal
imbalances and further applications
Tönnies H.(1), Paul D.(1), Müller A.S.(1),
Neitzel H.(1)
1) Charité, Universitätsmedizin Berlin,
Institute of Human Genetics, Berlin
Bone marrow (BM) failure in FA patients followed
by myelodysplastic syndrome or AML is fre
quently associated with the appearance of clon
al chromosome aberrations in BM cells de
tectable by sensitive molecular cytogenetic
techniques (e.g. FISH and CGH). We established
and validated a highly sensitive interphaseFISH
(IFISH) assay for the early detection of the most
common adverse clonal chromosomal imbal
ances in uncultivated BM and peripheral blood
(PB) cells from FA patients. However, the manu
al counting of up to 1000 interphase cells for
each individual FISHprobe and target material
(e.g. BM and PB direct preparations) by a human
evaluator is time consuming and restricts the
number of prospective IFISH analyses which
can be performed. We know from our prospec
tive clonality studies presented last year, that the
adverse clones appear and expand very fast. To
permit more frequent highthroughput IFISH
analyses, we are currently integrating an auto
mated scanning system for unattended search
and capturing of interphase nuclei in our analy
sis strategy. The multifunctional slide scanning
system is based on a motorized fluorescence
microscope equipped with a 8bay slide scan
ning stage controlled by an adaptive scanning
software (Metasystems). During the scanning
process interphase cells and metaphase spreads
are identified, pictures are saved, and IFISH
signals are counted automatically. Using this au
tomated device and appropriate classifiers, a
stable, evaluatorvariation free detection and
quantification of aberrant clones in BM and PB
cells can be performed. First data show, that
subpopulations of interphase cells from unculti
vated peripheral blood mononuclear cells (e.g.
granulocytes) can be evaluated selectively by
their morphology without former enrichment of
these cells. Furthermore, we will present other
scanningbased applications for the detection
and characterization of chromosome instability.

W01 02
Extensive analysis of the amplicon 11q13.5
frequently coamplified with the MLL gene
in a large collection of AML/MDS patients
with MLL amplification.
Zatkova A.(1), Schoch C.(2), Schnittger S.(2),
Jotterand M.(3), Ullmann R.(4), Fonatsch C.(1),
Wimmer K.(1)
1) Medizinische Universität Wien, Abteilung
für Humangenetik, Klinisches Institut für
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Medizinische und Chemische
Labordiagnostik, Wien
2) LudwigMaximilians Universität
München, Medizinische Klinik III, Klinikum
Grosshadern, Munchen
3) Maternite – CHUV, Service de genetique
medicale, Unite de cytogenetique du
cancer, Lausanne
4) Max Planck Institute for Molecular
Genetics, Dept. Ropers, Molecular
Cytogenetics Group, Berlin
Amplification within chromosome arm 11q in
volving the mixed lineage leukemia gene (MLL)
locus is a rare but recurrent aberration in acute
myeloid leukemia and myelodysplastic syn
drome (AML/MDS). In our recent study employ
ing microarrayCGH and FISH we have shown
that in addition to the core MLL amplicon, inde
pendent sequences in 11q2324 and/or 11q13.5
were coamplified within the same cytogenetic
markers in a series of 13 AML/MDS patients with
multiple copies of MLL gene. Both regions har
bor a number of genes with possible oncogenic
potential. In a present study we have focused on
11q13.5 amplicon represented by clone bA7H7
that has been found coamplified in 60% of
AML/MDS cases. Using semiquantitative PCR
and FISH analysis we showed in 40 AML/MDS
patients that the minimal amplicon involves
oncogene GRB2associated binding protein 2
(GAB2), ubiquitin specific protease 35 (USP35),
and odd Oz/tenm homolog 4 (ODZ4) gene, but
not thyroid hormone responsive (THRSP) and
p21/Cdc42/Rac1activated kinase 1 (PAK1). By
this means we narrowed down the minimal am
plified region of overlap bordered by clones
bA7I15 and bA153F6 from previously roughly es
timated 2.4 Mb down to 1.17 Mb. Results of a
realtime RTPCR based expression study of the
selected genes and possible implications for
leukemogenesis in the patients with 11q13.5
amplification will be also presented.

W01 03
NUP98 FISH screening in childhood and
adult myeloid malignancies leads to the
identification of topoisomerase 2B as a new
fusion partner
Haas O.A.(1), Nebral K.(1), König M.(1),
Schmidt H.H.(2), Lutz D.(3), Sperr W.R.(4),
Kalwak K.(5), Balcke P.(6), Dworzak M.H.(1),
Strehl S.(1)
1) CCRI, Children’s Cancer Research
Institute, Vienna
2) University Medical Center, Department of
Internal Medicine, Division of Haematology,
Graz
3) KH der Elisabethinen Linz, Department of
Haematology and Oncology, Linz
4) University of Vienna Medical School,
Department of Internal Medicine I, Division
of Haematology and Haemostaseology,
Vienna
5) Wroclaw University of Medicine,
Department of Paediatric
Haematology/Oncology, Wroclaw
6) KH St. Pölten, First Clinic of Internal
Medicine, Division of Oncology, St. Pölten
Rearrangements of the chromosomal region
11p15.5 occur in a broad range of hematologic
malignancies, such as de novo and therapy re
lated AML, CML, MDS and T ALL. They com
monly result from a fusion of the NUP98 gene
with a variety of partner genes, 17 of which are
currently known already. NUP98 encodes the

98kDa nucleoporin protein NUP98, which is part
of the nuclear pore complex (NPC). The respec
tive fusion partners, on the other hand, comprise
two main groups, namely HOX and nonHOX
genes. We used FISH to determine the incidence
and types of potential NUP98 gene rearrange
ments in 59 unselected childhood AML cases
that were enrolled in the Austrian AMLBFM93
clinical trial as well as in 14 adult myeloid disor
ders with 11p15 aberrations. This approach re
vealed altogether five cases with a NUP98 gene
rearrangement. Further FISH and molecular ge
netic analyses ascertained four cases with
known fusion genes, but also suggested the
presence of a new fusion partner in an adult pa
tient with AMLM5a and a nonrecurrent
t(3;11)(p24;p15). The cases with previously iden
tified gene fusions comprised one childhood
AML with a t(5;11)(q35;p15) and a NUP98/NSD1,
two adult cases with an inv(11)(p15q22) and a
NUP98/DDX10 and another one with a
t(11;20)(p15;q12) and a NUP98/TOP1 gene fu
sion. Moreover, we also succeeded to identify
topoisomerase 2 B (TOP2B) as the new partner
gene and, thus, also to characterize the result
ing gene fusion in more detail.

W01 04
A novel DNA/RNA FISH X inactivation assay
reveals a nonrandom, ploidydependent
acquisition of the active and inactive X
chromosomes in childhood hyperdiploid
acute lymphoblastic leukemia (ALL) and
nonHodgkin lymphoma (NHL)
Haas O.A.(1), Zeitlhofer P.(1), Strehl S.(1),
König M.(1), Weinhäusel A.(2)
1) CCRI, Children’s Cancer Research
Institute, Vienna
2) ARCS, Austrian Research Centers
Seibersdorf, Seibersdorf
The most common numerical chromosome aber
ration in childhood ALL and NHL is the gain of
an extra X chromosome in both male and female
patients. It was unclear whether this nondisjunc
tion affects the active and inactive X chromo
somes in a random or nonrandom fashion. The
inactivation status of acquired X chromosomes
is usually evaluated by methylationspecific PCR
(MS PCR), which allows the simultaneous quan
tification of differentially methylated polymorphic
DNA sequences. However, quantification with
MS PCR has its limitations, especially in cases
with low blast cells numbers or multiple X chro
mosomes. We therefore developed a simultane
ous dualcolor DNA/RNA FISH assay that en
ables the enumeration of active and inactive X
chromosomes on a single cell level. FISH was
performed with probes specific for the X cen
tromere and the XIST RNA that is exclusively ex
pressed from and covers vast parts of the inac
tive X in human interphase cells. Following eval
uation of the assay on methanol/acetic acid
fixed cells from healthy individuals and cases
with constitutional X chromosome aneusomies,
we analyzed 54 hyperdiploid childhood ALL and
29 NHL cases. In contrast to all constitutional
control samples, which as expected contained
only one active X, the active X had been dupli
cated in male and females patients with three
sex chromosomes. However, all female patients
with four X had gained both the active and inac
tive X, which corroborates previously established
evidence that a single nondisjunction event
leads to the maldistribution of chromosomes ir
respective of the ploidy range. Moreover, the ex
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clusive presence of duplicated active X chromo
somes in hyperdiploid ALL concurs with the re
sults of gene expression profiling studies, which
have shown a corresponding overexpression of
Xencoded genes.

W01 05
Recurrent chromosomal breakpoints in the
immunoglobulin heavy chain gene locus in
ReedSternberg cells of classical Hodgkin
lymphoma
MartinSubero J.(1), CalletBauchu E.(2),
Sotnikova A.(3), Distler V.(4), Schmitz R.(5),
Grohmann S.(1), Harder L.(1), Grote W.(1),
Parwaresch R.(3), Hansmann M.(4), Küppers
R.(5), Siebert R.(1)
1) University Hospital SchleswigHolstein
Campus Kiel, Institute of Human Genetics,
Kiel
2) Centre Hospitalier Lyon Sud, Laboratoire
de Cytogénétique et Biologie Moléculaire,
Lyon, France
3) University Hospital SchleswigHolstein
Campus Kiel, Institute of Hematopathology,
Kiel
4) University of Frankfurt, Senckenberg
Institute of Pathology, Frankfurt am Main
5) University of DuisburgEssen, Institute
for Cell Biology (Tumor Research), Essen
Chromosomal breakpoints affecting im
munoglobulin (IG) gene loci are the hallmark of
Bcell nonHodgkin lymphomas. In classical
Hodgkin lymphoma (cHL), despite its predomi
nant Bcell nature, the presence of chromoso
mal changes affecting IGH, IGK or IGL has not
been systematically explored so far. Here, we
have studied a large series of cHL for chromo
somal breakpoints in the IGH (n=196), IGL (n=87)
and IGK (n=86) loci by FISH and FICTION. By
FICTION, the neoplastic Hodgkin and Reed
Sternberg (HRS) cells were identified by expres
sion of the CD30 antigen and a characteristic
morphology. By FISH, only cases with large hy
perploid nuclei suggestive for HRS cells were
evaluated. Using these criteria 129 (66%), 45
(52%) and 50 (58%) cases were evaluable with
probes flanking the IGH, IGL and IGK gene loci,
respectively. Twentysix cHL (20%) contained
signal constellations indicating the presence of
a breakpoint in the IGH locus. Translocations af
fecting the IGL or IGK loci were identified in one
case (2%) and none, respectively. The partner
chromosomes in four cHL with IG translocations
could be identified by FISH on metaphases, and
involved 2p13 (translocated to IGL), 16p13,
17q12, and 19q13. The candidate IGtransloca
tion partners in 2p13 and 19q13 were identified
as REL and BCL3/RELB. These loci encode for
members of the Rel/NFkB signalling pathway,
which is constitutively activated in cHL. The can
didate IGpartner genes in 16p13 and 17q12 re
main to be identified. NonHodgkin lymphoma
associated oncogenes like CCND1, BCL2, BCL6
and MYC were ruled out as IGHpartners by
FISH or FICTION in the 15 cases analyzed so far.
In conclusion, we report for the first time that IG
translocations are recurrent chromosomal
changes in cHL. Their characterization might un
ravel further insights into the pathogenesis and
cellular origin of this atypical Bcell lymphoma.
Supported by the Deutsche Krebshilfe (Verbund
projekt “Molekulare Mechanismen bei malignen
Lymphomen”, 703173Tr3/B1)

W01 06
Detection of frequent chromosomal
translocations and their prognostic
significance in chronic lymphocytic
leukemia (BCLL)
Mayr C.(1), Busch R.(2), Hallek M.(3), Wendtner
C.(3), Meitinger T.(1), Speicher M.(1)
1) Institute of Human Genetics, Technical
University of Munich, GSFNational research
institute for environment and health,
Munich
2) Institute of Medical Statistics and
Epidemiology, Technical University of
Munich, Munich
3) Department of Internal Medicine,
University of Cologne, Cologne
Objectives: Conventional metaphase cytogenet
ics underestimates the frequency of specific
chromosome aberrations in CLL due to the low
in vitro proliferative activity of CLL cells.
Material and Methods: Stimulation with CD40
ligand (CD40L) increases the frequency of
metaphases (CD40Lenhanced cytogenetics;
CEC) which we analyzed either by G banding or
MultiplexFISH. Blood samples were obtained
from 120 CLL patients and subjected to simul
taneous analysis by CEC and InterphaseFISH
(IFISH).
Results: As expected, by IFISH, 80% of sam
ples revealed the known aberrations. In contrast,
CEC detected chromosomal aberrations in 90%
of samples. Most importantly, we identified bal
anced and unbalanced translocations in about
35% of patients. The majority of the involved
breakpoints were recurring. Breakpoint cluster
regions were located within known affected re
gions in CLL, like 13q14, 14q32 or 18q21. In ad
dition, we unraveled breakpoints outside of the
known hotspots, e.g. on chromosomes 1, 2, 3,
6, 7 and 20. Median treatmentfree survival (TFS)
was significantly shorter for patients with
translocations (28 mo) compared to patients
without translocations (106 mo; p<0.0001).
Overall survival was significantly decreased for
patients with unbalanced translocations
(p=0.0007). In patients with 13q or 11q deletions
an additional translocation determined critically
the prognosis. In a multivariate analysis includ
ing Binet stage, presence of >2 aberrations,
CD38 expression, 11q and 17p, translocations
proved to be the prognostic marker with the
highest impact for a short TFS (p<0.001).
Conclusions: Stimulation of CLL cells by CD40L
is suitable for generating enough metaphases for
chromosome analysis. By CEC more chromoso
mal aberrations are detected compared to con
ventional methods and a large subset of CLL pa
tients are identified with translocations and a
poor clinical course. The chromosomal regions
involved in translocations probably bear impor
tant regions for pathogenesis and progression of
CLL.

W02 Clinical Genetics

W02 01
Exclusion/confirmation of Ataxia
telangiectasia via cell cycle testing
Heinrich T.(1), Friedl R.(1), Sobeck A.(2), Kalb
R.(1), Neveling K.(1), Gottwald B.(1), Herterich
S.(3), Hoehn H.(1), Schindler D.(1)
1) University of Wurzburg, Human Genetics,
Wurzburg
2) Portland Health Sciences University,
Genetics, Portland, OR
3) University of Wurzburg, Laboratory
Medicine, Wurzburg
Objectives: Ataxia telangiectasia is an autoso
mal rezessive neurodegenerative disorder with
increased radiosensitivity and cancer suscepti
bility. The ATM gene consists of 66 exons and a
coding region of 9171 bp which renders direct
sequencing costly. Colony survival assays fol
lowing Xirradiation and immunoblotting for ATM
protein are sensitive and specific tests but re
quire the prior establishment of lymphoblastoid
or fibroblast cell lines. The preparation of nuclear
or whole cell lysates from peripheral blood
needs up to 1x107 cells, and protein recovery is
variable and strongly dependent on the age of
the blood specimen such that a recently devel
oped immunoassay may neither be reliable nor
practical with blood samples from small children
shipped by mail. AT lymphocytes respond poor
ly to lectin mitogens which renders standard
chromosome breakage analysis difficult.
Material and Methods: To circumvent these
problems we use a cell cycle assay that simul
taneously measures mitogen response and ra
diosensitivity of 72 h peripheral blood lympho
cyte cultures. We have studied 327 patients with
the clinical suspicion of AT, confirming the diag
nosis in 82 cases. Peripheral blood mononuclear
cells were Xirradiated at doses ranging from 0
to 4 Gy and incubated for 72 h in the presence
of PHA. Using bivariate BrdU/Hoechst flow cy
tometry, the following cell cycle parameters were
measured: (1) proportion of nonproliferating
(G0,G1) cells, (2) proportion of first cycle G2
phase cells relative to the growth fraction.
Results: 93% of the cases could be unequivo
cally assigned to either the nonaffected or the
affected group of patients, while 7% presented
with nonconclusive cell cycle results. Inclusion
of AFPmeasurements corrected for age further
clarified nearly half of these cases.
Conclusions: Cell cycle testing in conjunction
with AFP determination can thus be recom
mended as a rapid screening procedure in the
differential diagnosis of juvenile ataxias.

W1
W2

W02 02
Childhood overgrowth in NF1 patients with
1.4 Mb microdeletion in 17q11.2
Spiegel M.(1), Oexle K.(2), Jenne D.(3), Kehrer
Sawatzki H.(4), Tinschert S.(2)
1) Institut für Medizinische Genetik, Charité
Universitätsmedizin, Berlin
2) Institut für Klinische Genetik,
Medizinische Fakultät der TU Dresden,
Dresden
3) MaxPlanckInstitut für Neurobiologie,
Abteilung Neuroimmunologie, Planegg
Martinsried
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4) Universität Ulm, Abteilung Humangenetik,
Ulm
Growth anomalies such as macrocephaly and
short stature are well known features in patients
with classical neurofibromatosis type 1 (NF1). In
classical NF1 with intragenic NF1mutations a
mutationspecific genotypephenotype relation
does not exist. NF1 patients with a contiguous
1.4 Mb microdeletion of the entire NF1 gene and
its flanking regions, however, show a distinctive
pattern of clinical features. These include men
tal retardation, craniofacial dysmorphism, more
severe and earlier manifestations of neurofibro
ma and an increased risk of malignant tumors.
In a group of 21 patients with a 1.4 Mb NF1 mi
crodeletion  including three patients with
Weaverlike appearance  we found advanced
height growth and an accelerated bone age. The
growth charts revealed overgrowth above the
95th centile in the preschool age.
Our observation indicates that accelerated
growth in childhood is part of the phenotypic
spectrum associated with the 1.4 Mb NF1 mi
crodeletion. We postulate that the deleted chro
mosomal region contains a gene whose haploin
sufficiency causes overgrowth.

W02 03
Systematic assessment of atypical deletions
reveals genotypephenotype correlation in
22q11.2
Rauch A.(1), Koch A.(2), Zweier C.(1),
Rauch R.(3), Singer H.(2), Hofbeck M.(3)
1) Institute of Human Genetics, Friedrich
Alexander University, ErlangenNuremberg
2) Pediatric Cardiology, FriedrichAlexander
University, ErlangenNuremberg
3) Pediatric Cardiology, University of
Tuebingen, Tuebingen
Clinical variability associated with the common
22q11.2 microdeletion is well known and led to
broad application of FISH diagnostics with
probes for loci TUPLE1 or D22S75, although
rarely reported atypical deletions associated
with the same phenotypic spectrum would not
be discovered by these probes. As most types
of 22q11.2 deletions occurred between low copy
repeats within the region (LCR22), we assumed
that atypical deletions would be more common
than reported. To address this question and the
possibility of a deletion size related genotype
phenotype correlation, we established a set of
10 DNA probes which is capable to detect all re
ported and hypothetical types of deletions in be
tween the LCR22, and analysed a total of 350
patients.
Surprisingly, investigation of 273 patients with
conotruncal heart defects (ctCHD) and 14 pa
tients with typical VCFS phenotype revealed only
the common 3 Mb and nested 1.5 Mb deletions
in 18.5% and 79%, respectively, while 5% of pa
tients with mildly suggestive, atypical pheno
type, showed atypical distal deletions. To ex
clude unspecificity of the atypical distal deletion
phenotype we further analysed 250 patients with
unclassified MCA/MR conditions in addition to
subtelomeric FISH screening, but did not detect
the atypical distal 22q11.2 deletion in any of
those. This statistical significant differences
demonstrate that atypical distal 22q11.2 dele
tions are very uncommon in patients with
ctCHDs, while atypical congenital heart defects
and mild dysmorphism is a recognizable feature
of atypical distal deletions. Further phenotype
genotype analysis disclosed association of sig
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nificant developmental delay with the distal part
of the common deletion region.
Sequencing of nondeleted typical patients re
vealed a missense mutation within the Tbox of
TBX1 in one patient, thus emphasizing the asso
ciation of the VCFS/DGS facial gestalt to the
proximal common deletion region.

W02 04
Towards a first genotypephenotype
correlation of small supernumerary marker
chromosomes (sSMC)
Liehr T.(1), Mrasek K.(1), Claussen U.(1), Starke
H.(1)
1) Institut für Humangenetik und
Anthropologie, Jena, Germany
Small supernumerary marker chromosomes
(sSMC) are present in 0.045% of newborn. In
about 30% of sSMC carriers an abnormal phe
notype is observed. Clinical outcome of sSMC
presence is difficult to predict as different phe
notypic consequences can appear due to (i) dif
ferences in euchromatic DNAcontent, (ii) uni
parental disomy (UPD) of the sSMC’s homolo
gous chromosomes, and/or (iii) different degrees
of mosaicism. We did own studies on >170 cas
es with sSMC and performed a review of the lit
erature (i.e. presently 1628 cases with sSMC)
available
at
http://mtin.mti.uni
jena.de/~huwww/MOL_ZYTO/sSMC.htm. A first
genotype/phenotype correlation for sSMC was
deduced from that. Thus, small proximal tri
somies of Xp, Xq, 1p/q, 2p, 4q, 5p, 6q, 7q, 8p/q,
12p/q, 14q, 17q, 18q, 19q, 20/20p, lead to clin
ical manifestations, while small partial proximal
trisomies of 2q, 5q, 7p, 15q, 17p, 18p, 21q, 22q
may not be associated with significant clinical
symptoms. No general correlation could be
found in connection with mosaicism of sSMC
(47,+mar/46) and clinical symptoms. Recent own
studies using new centromere and subcen
tromerspecific probesets ([sub]cenMFISH;
Starke et al., 2003, Hum Genet 114:5167) gave
evidence that this may be at least in parts due
to the fact, that many patients do have different
derivativetypes of a sSMC – however, these
could not be detected and characterized before
the development of subcenMFISH. In summa
ry, almost 50 year after description of the first
sSMC, molecular cytogenetics provides finally
approaches for their comprehensive characteri
zation. The new knowledge coming from that will
lead to an improved genetic counseling of cas
es with de novo sSMC. Supported by the Dr.
Robert PflegerStiftung.

W02 05
A New XLMR Syndrome Characterized by
Mental Retardation, Primary Ciliary
Dyskinesia and Macrocephaly, Caused by a
Novel Mutation in OFD1
Budny B.(1), Chen W.(1), Wisniewska M.(2),
Hoeltzenbein M.(1), Badura M.(2), Tzschach
A.(1), LatosBielenska A.(2), Ropers H.H.(1),
Lenzner S.(1)
1) Max Planck Institute for Molecular
Genetics, Berlin
2) University of Medical Sciences, Poznan
We report on a new syndrome characterized by
mental retardation, primary ciliary dyskinesia
(PCD) and macrocephaly in a large threegener
ation family with an Xlinked recessive mode of

inheritance. The 10yearold index case had de
layed motor development, severe mental retar
dation (IQ20), and macrocephaly. Recurrent res
piratory infections led to the diagnosis of PCD at
the age of 8 years. Eight other affected males
died because of bronchopulmonary infections
before the age of 5 years. All were mentally re
tarded, and in some hydrocephalus was sus
pected because of macrocephaly. In one boy,
postaxial hexadactyly was described. None of
the affected had situs inversus. Five obligate fe
male carriers were clinically inconspicuous. We
performed pairwise and multipoint linkage analy
sis using 69 SNPs as markers, and found tight
linkage to DXS8019 with a maximum LOD score
of 2.99. The gene defect was mapped to a 25
cM interval in Xp22.32–Xp21.3. Based on the
specific phenotype of ciliary dyskinesia, the can
didate interval was screened for known cilium
associated genes. No such genes were found.
Therefore, we performed an in silico compara
tive genomic approach, comparing all genes
from the candidate interval with those from
Chlamydomonas reinhardii as a ciliated and
those from Arabidopsis thaliana as a nonciliat
ed organism. Four genes have been qualified for
further analyses. The causative mutation was
found in OFD1, the gene known to be mutated
in Xlinked dominant OralFacialDigital syn
drome type 1 (OFD1, MIM#311200). An insertion
of four nucleotides (AAGA) in exon 16, present
in the affected males and all obligate carrier fe
males, causes a frameshift that introduces a pre
mature stop codon. Conspicuously, this muta
tion induces an apparently milder and different
phenotype compared to those reported for
OFD1. Our findings suggest that OFD1 plays
also an important role in the biogenesis and/or
functioning of cilia.

W02 06
Understanding computerbased decisions
of syndrome diagnosis using facial traits
Vollmar T.(1), Horsthemke B.(1), Gillessen
Kaesbach G.(1), Würtz R.P.(2), Wieczorek D.(1),
Böhringer S.(1)
1) Universität DuisburgEssen, Institut für
Humangenetik, Essen
2) RuhrUniversität Bochum, Institut für
Neuroinformatik, Bochum
Classification rates in syndrome diagnosis rely
ing on computer based analysis of facial traits
can be increased by intelligent reduction of data
complexity. A data set consisting of 121 stan
darized photographs of patients out of 10 differ
ent syndromes was investigated (MPS III , CDL,
FraX , PWS, WBS, 5p, 22q, Noonan S., Sotos
S., SLO). Each individual was described by a
roughly 4000dimensional vector resulting from
a Gabor wavelet transformation at 48 landmarks
of the face. Four different classification methods
of different complexity were used for multivari
ate data analysis (linear discriminant analysis,
LDA; SVM; Jetvoting; kNN). Classification accu
racy exceeds 80% of correctly diagnosed syn
dromes in this data set. This accuracy could be
reached by choosing certain subselections of
the data plus using principal component analy
sis. This result can be attributed to noise reduc
tion. For LDA, classifiers were compared with
clinical findings for the particular syndromes.
This was done by visualisation of facial features
that classifiers base their decisions on. Results
show, that for most syndromes the same clinical
characteristics are chosen by the computer as
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compared with the clinician. Prospectively a pa
rameterized 3D model of the face shall be used
to further improve visualisation. In summary, the
computer based methods presented here seem
to be helpful to the clinician by offering a validat
ed tool for including facial information into the
intricate process of finding a syndrome diagno
sis.

W03 Genetic Epidemiology

W03 01
Bringing into shape complex phenotypes:
Methods to exploit intertwining between
monogenic and complex genetic
contributions for a single phenotype
Böhringer S.(1), Vollmar T.(1), Tasse C.(1),
Würtz R.P.(2), Wieczorek D.(1), Horsthemke
B.(1)
1) Universität DuisburgEssen, Institut für
Humangenetik, Essen
2) RuhrUniversität Bochum, Institut für
Neuroinformatik, Bochum
Complex traits are thought to have complex ge
netic contributions. Traits themselves, however,
can be markedly simple, e.g., dichotomous or
univariate. Many traits might be considered in a
multivariate setting, e.g., analyzing hypertension
jointly with metabolic disorders. In the wake of
multivariate analyses like these we consider a
roughly 4000 dimensional phenotype represent
ing the face. Investigations are under way to
conduct association and linkage analyses with
respect to the phenotype to answer fundamen
tal questions about the developement of the
face. We here focus on the phenotype itself and
present the steps needed to transform the data
set into a form adequate for further analysis aim
ing at reduction of dimensionality and noise in
the data set. We present a framework of three
components and demonstrate its success on a
populationbased sample of 570 individuals: 1.
Use of a different data set of 120 faces related
to monogenic disorders to characterize variation
that represents stable characteristics in human
faces rather than noise. 2. Model selection pro
cedures in conjunction with other dimensionali
ty reduction methods like principal component
analysis. 3. Heritability analysis for individual di
mensions. This procedure yields a low (20 to 40)
dimensional representation that captures rele
vant information of the data set. The parameters
are the amount of variation captured, classifica
tion rates, and heritabilities. They allow further
analysis in standard association or linkage set
tings. The knowledge gleaned from monogenic
disorders substantially improved the character
ization of the populationbased data set  a re
sult that we expect to hold for other phenotypes
as well.

W03 02
Increased frequency of CFTR heterozygosity
in infertile males
Schulz S.(1), Jakubiczka S.(1), Muschke P.(1),
Nickel I.(2), Kleinstein J.(2), Kropf S.(3),
Wieacker P.(1)
1) OttovonGuericke University, Institute of
Human Genetics, Magdeburg
2) OttovonGuericke University, Clinic of
Reproductive Medicine and Gynecologic
Endocrinology, Magdeburg
3) OttovonGuericke University, Institute of
Biometry and Medical Informatics,
Magdeburg
Congenital bilateral aplasia of the vasa deferen
tia (CBAVD) is associated with a high frequency
of cystic fibrosis transmembrane regulator
(CFTR) mutations. However, there are contradic
tory results concerning the frequency of CFTR
mutations in infertile males without CBAVD. In
the present study, we examined a total of 597 in
fertile males for CFTR mutations prior ICSI ther
apy. A heterozygous CFTR mutation was ob
served in 34 of 597 patients (5.69%). Given that
our mutation panel recognises about 82% of
heterozygotes, it can be assumed that the fre
quency of CFTR heterozygotes in our cohort is
about 6.94 %. The frequency of cystic fibrosis in
the German population is 1:3300 (Bobadilla et
al., Hum Mutat., 2002). Thus, a CFTR heterozy
gosity of 3.42 % can be estimated. This indi
cates that in our cohort of infertile males the fre
quency of CFTR heterozygosity is twofold high
er than in the general population (p<0.0001). The
elevated frequency of CFTR heterozygosity may
be caused by clinically not recognized cases of
unilateral vas deferens aplasia. However, the fre
quency of the 5T allels known to be associated
with vas deferens aplasia was in the normal
range.

W03 03
Cardiovascular morbidity and mortality in
dialysis patients: a 10 year followup
Kronenberg F.(1), Neyer U.(2), König P.(3),
Auinger M.(4), Lhotta K.(3), Wiesholzer M.(5),
Lang U.(6)
1) Innsbruck Medical University, Division of
Genetic Epidemiology, Innsbruck
2) Hospital Feldkirch, Department of
Nephrology, Feldkirch
3) Innsbruck Medical University, Department
of Nephrology, Innsbruck
4) Hospital ViennaLainz, Internal Medicine,
Vienna
5) St. Pölten Hospital, Internal Medicine, St.
Pölten
6) Wilhelminenspital Vienna, Internal
Medicine, Vienna
Objectives: Lipoprotein(a) [Lp(a)] is a genetical
ly determined risk factor for atherosclerosis.
About 3070% of the Lp(a) plasma concentra
tions are determined by the apo(a) size polymor
phism. This polymorphism is caused by a
kringleIV repeat polymorphism in the LPA gene
with more than 30 isoforms. These isoforms can
be grouped in low (LMW) and high molecular
weight (HMW) apo(a) isoforms. Patients with kid
ney disease have a 10 to 20fold increased risk
for cardiovascular complications which can not
be explained by traditional atherosclerosis risk
factors. Lipoprotein(a) is significantly elevated in
these patients. Previous studies, however,
demonstrated that the apo(a) size polymorphism

is a better predictor for cardiovascular disease
in dialysis patients than Lp(a) concentrations.
Material and Methods: We are following a
group of more than 600 dialysis patients recruit
ed between 1991 and 1996 in five Austrian dial
ysis centers. By the end of 2004 we will have fin
ished the followup of on average 10 years in
these patients.
Results: Preliminary results show that about
65% of the patients have already died. A Cox
hazard regression model reveals that the follow
ing variables contributed significantly to total
mortality (see Table):
Variable (increment) HR, hazard ratio (95% CI)
P Age (year) 1.066 (1.0571.075) <0.001 Di
abetes mellitus (0=no, 1=yes) 1.79 (1.452.22)
<0.001 Apo(a) phenoytpe (1=HMW, 2=LMW)
1.46 (1.171.89) 0.001 Current smoking et
study entry 1.40 (1.091.80) 0.008 Conclu
sions: From the pathogenetic standpoint the
LMW apo(a) phenotype is mainly associated with
atherosclerotic complication. Therefore, we con
clude that the association of the apo(a) pheno
type with atherosclerosis in dialysis patients is
so strong that we can even observe an associa
tion with total mortality to which cardiovascular
events might contribute 50%. The ongoing val
idation of all fatal and nonfatal cardiovascular
events will be of major importance for further
analysis of the data.

W3

W03 04
The rare ERBB2 variant Ile654Val is
associated with an increased familial breast
cancer risk
Frank B.(1), Hemminki K.(1), Wirtenberger
M.(1), Lorenzo Bermejo J.(1), Bugert P.(2),
Klaes R.(3), Schmutzler R.K.(4),
Wappenschmidt B.(4), Bartram C.R.(3),
Burwinkel B.(1)
1) German Cancer Research Center (DKFZ),
Molecular Genetic Epidemiology, Heidelberg
2) Institute of Transfusion Medicine and
Immunology, Red Cross Blood Service of
BadenWürttembergHessia, Mannheim
3) University of Heidelberg, Institute of
Human Genetics, Heidelberg
4) University of Cologne, Division of
Molecular GynaecoOncology, Köln
Overexpression of the protooncogene ERBB2
(HER2/NEU) has been observed in 2030 % of
breast cancers involving poor prognosis. Genet
ic alterations within ERBB2 have been shown to
induce carcinogenesis and metastasis. We test
ed eight annotated single nucleotide polymor
phisms for occurrence in familial breast cancer
samples. The confirmed variants Ile654Val,
Ile655Val and Ala1170Pro were analysed in sub
sequent epidemiological studies on familial
breast cancer risk. While Ala1170Pro resides
within a Cterminally located regulatory domain,
both adjacent polymorphisms Ile654Val and
Ile655Val are part of the transmembrane domain.
The casecontrols study analysing a cohort of
348 German familial breast cancer cases and
960 corresponding controls showed no associ
ation of both Ile655Val and Ala1170Pro with fa
milial breast cancer risk. Differences of haplo
types between cases and controls could not be
detected either. The ERBB2 variant Ile654Val,
however, revealed an increased risk for carriers
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of the heterozygous Val654 allele (OR = 2.56, 95
% C.I. = 1.086.08, p = 0.028). The rare Val654
is linked to the more frequent Val655, resulting
in two consecutive valine instead of two
isoleucine residues within the transmembrane
domain. Computational analyses suggest that
the Val654Val655 allele provokes receptor
dimerisation and activation thus stimulating ki
nase activity and cell transformation. These find
ings, for the first time, reveal ERBB2 Val654 as
an oncogenic variant which might, in addition,
influence clinical outcome and predict worse
prognosis.

W03 05
Common Gene Variants in Myocardial
Potassium Channel Genes Act Additively to
Modify the QTInterval in the general
population. Results from the KORA Study
Pfeufer A.(1), Jalilzadeh S.(1), Perz S.(2), Müller
J.(1), Hinterseer M.(3), Akyol M.(1), Illig T.(4),
Huth C.(4), Steinbeck G.(3), Näbauer M.(3),
Wichmann H.E.(4), Kääb S.(3), Meitinger T.(1)
1) TU Munich and GSF National Research
Center, Institute of Human Genetics,
Munich
2) GSF National Research Center, Institute
of Medical Informatics, Munich
3) LMU Munich, Med. Klinik I  Grosshadern,
Munich
4) GSF National Research Center, Institute
of Epidemiology, Munich
Altered myocardial repolarization is one of the
important substrates of ventricular tachycardia
and fibrillation. The influence of rare gene vari
ants on repolarization is evident in the familial
long QTsyndrome. To investigate the influence
of common gene variants in candidate genes we
performed a linkagedisequilibrium based SNP
fine mapping and association study to the cor
rected QTinterval. In a twostep investigation
we analyzed 174 SNPmarkers from the KCNQ1,
KCNH2, KCNE1 and KCNE2 genes in 689 indi
viduals from the populationbased KORA study
and 13 SNPmarkers with results suggestive of
association in a confirmatory sample of 3271 in
dividuals from the same survey. We detected as
sociation to a gene variant in intron 1 of the
KCNQ1 gene (+1.72 ms/allele, p<0.00005) and
observed weaker association to a gene variant
upstream of the KCNE1 gene (+1.38 ms/allele,
p=0.0063). In addition we detected association
to two gene variants in the KCNH2 gene, the
previously described K897T variant (1.79 ms/al
lele, p=0.0003) and a gene variant that tagged a
different haplotype in the same haplotype block
(+1.84 ms/allele, p=0.0001). The analysis of
combined effects by an allelic score of the three
most significantly associated SNP markers was
able to explain a +14.3 ms difference in correct
ed QTinterval length between extreme score
groups (p<0.00005). These results confirm pre
vious heritability studies indicating that repolar
ization is a complex trait with a significant heri
table component and demonstrate that highres
olution SNPmapping in large population sam
ples can detect association to quantitative trait
loci even if locus specific heritabilities are small.

W03 06
Genomwide Linkage Scan of Idiopathic
Generalised Epilepsy reveals Oligogenic
Susceptibility Loci on 5q31, 13q32, 16q22
and 19q13
Lenzen K.(1), Heils A.(2), Rudolf G.(2),
Prud’homme J.(2), Nabbout R.(2), Dulac O.(2),
Zara F.(2), Bianchi A.(2), Robinson R.(2),
Gardiner R.(2), Covanis A.(2), Koelemann B.(2),
Lindhout D.(2), Lorenz S.(1), Hempelmann
A.(1), Nürnberg P.(1), Sander T.(1)
1) Max Delbrück Center, Gene Mapping
Center, Berlin
2) on behalf of the European Consortium on
the Genetics of Idiopathic Generalised
Epilepsy, Europe
Idiopathic generalised epilepsies (IGE) affect
about 0.3% of the general population and ac
count for 30% of all epilepsies. The aetiology of
common IGE syndromes, such as juvenile my
oclonic epilepsy (JME) and idiopathic absence
epilepsies (IAE), is genetically determined, but
the complex pattern of inheritance suggests an
oligogenic predisposition. The aim of the pres
ent collaborative European genome scan was to
map IGE loci and to dissect its oligogenic aeti
ology. Our linkage study included 96 European
families ascertained through a proband with ei
ther IAE or JME, and one or more siblings affect
ed by an IGE trait (IGE or generalised spike wave
EEG discharges). In total, 561 microsatellite
polymorphisms with an average intermarker
spacing of 7 cM were genotyped in 377 family
members. Nonparametric multipoint linkage
analyses, using the GENEHUNTER program, re
vealed suggestive evidence (P < 0.01) for novel
IGE loci in the chromosomal regions 5q31 (ZNPL
= 2.86, P = 0.0022) and 13q32 (ZNPL = 3.63, P
= 0.0002). To dissect seizure typespecific sus
ceptibility loci, two distinct family subgroups
were selected by the presence of either my
oclonic seizures (JMEfamilies; n = 41) or ab
sence seizures (IAEfamilies; n = 55). In the JME
families, maximum evidence for linkage was
found in the chromosomal regions 16q22 (ZNPL
= 2.87, P = 0.0021) and 19q13 (ZNPL = 2.56, P
= 0.0052). In the IAE families, linkage hints were
obtained on chromosome 11q13 (ZNPL = 3.08,
P = 0.0011) and 13q32 (ZNPL = 3.40, P =
0.0004). Our present linkage results indicate an
IGE locus in the region 13q32 that confers sus
ceptibility to a broad IGE spectrum, whereas
three additional susceptibility loci on 11q12,
16q22 and 19q13 seem to specify various
seizure types in an agerelated manner. These
genomic regions contain highranking candidate
genes (e.g. GABRG2, GABRA1, HTR4) for muta
tion analyses.

W04 Functional Genomics, New
Technologies

W04 01
Miniaturised RealTime PCR Using Universal
Reporters
Rickert A.(1), Hammer S.(1), Lehrach H.(1),
Sperling S.(1)
1) MaxPlanckInstitute for Molecular
Genetics, Vertebrate Genomics, Berlin
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Realtime quantitative PCR is a sensitive and ac
curate method for gene expression studies.
While detection systems with small molecules
binding to doublestranded DNA like Sybr Green
I offer the advantage of low reagent cost, they
do not allow multiplexing. In contrast the se
quence specific Taqman based detection system
enables multiplexed expression analysis but re
quires expensive unique probes or modified
primers for each target. Therefore we developed
the crrealtime PCR assay which uses tailed lo
cusspecific amplification primers for the initial
PCR cycles. In the following the PCRProduct is
amplified with one common and one locus spe
cific primer and monitored by a universal Taq
man probe hybridising to the common tail. This
cost reducing method has shown its high ro
bustness and accuracy in single gene as well as
multiplexed setups and is easily applicable for
various loci. As a proof of principle we applied
the crrealtime PCR to study previously pub
lished, differentially expressed candidate genes
for congenital heart defects. Moreover, in order
to utilise this new assay in high throughput ap
plications as Nanowell Technology we scaled the
reaction volume down to 1 ul. Even in the minia
turised format the crrealtime PCR demonstrat
ed high accuracy, sensitivity and robustness and
is therefore a valuable tool for various gene ex
pression studies.

W04 02
Genomewide identification and functional
characterization of novel factors regulating
cellular sterol metabolism
Runz H.(1), Wirkner U.(2), Zschocke J.(3),
Ansorge W.(2), Pepperkok R.(1)
1) European Molecular Biological
Laboratories, Cell Biology / Biophysics
Programme, Heidelberg
2) European Molecular Biological
Laboratories, Gene Expression Programme,
Heidelberg
3) Dept. of Human Genetics, Heidelberg
Here we describe the establishment of a com
bined expression profiling and microscope
based functional screening approach that al
lowed us to systematically identify new candi
date genes which are regulated by sterols and
themselves are involved in regulating cellular
sterol metabolism. Genome wide expression
analysis was determined by using the Human
Transcriptome Microarray containing 51.145
cDNA clones of the Unigene Set RZPD3. A total
number of 465 gene targets showed statistical
ly significant changes in expression in HeLa cells
at different time points in response to sterol de
pletion. A subset of 51 genes met the stringent
combinatorial criteria of being regulated at all
time points investigated, 31 of which have not
yet been identified as involved in cellular sterol
metabolism. Control experiments with primary
human fibroblasts from healthy individuals as
well as individuals affected by autosomaldom
inant familial hypercholesterolemia confirmed
the specificity and significance of our results. A
putative function of the newly identified candi
date genes is now being further characterized by
using cDNA/RNAibased human live cell arrays
and highcontent screening microscopy. Our
study contributes an important step toward a
more comprehensive understanding of the mo
lecular basis of cellular sterol regulation, with our
methodology being suitable for addressing a
wide range of biological and medical questions.
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W04 03
Application of High Resolution genome wide
DNA Array CGH analysis within a diagnostic
setting
de Leeuw N.(1), Pfundt R.(1), de Vries B.(1),
Smeets D.(1), Koolen D.(1), Leisink M.(1),
Janssen I.(1), Reijmersdal S.(1), Merkx G.(1),
Mieloo H.(1), Sistermans E.(1), Nillesen W.(1),
Veltman J.(1)
1) University Medical Centre Nijmegen,
Human Genetics, Nijmegen
The power of arraybased DNA comparative ge
nomic hybridisation (array CGH) analysis to
identify submicroscopic genetic imbalances has
already been proven and demonstrated in vari
ous research settings by our group and others.
Genome wide DNA array CGH analysis has also
been implemented for diagnostic purposes in
our department in order to enable physicians to
make use of this powerful tool. Patients with
mental retardation and multiple congenital
anomalies with a normal karyotype (including
normal subtelomeric regions) are included in this
diagnostic process. The array we use for these
patients consists of 32,000 BAC clones, evenly
spaced over the human genome with an average
resolution of 100 kb. Each patient sample is
analysed twice with label swap (Cy3 / Cy5) in
patient versus pooled control hybridisations. If
analytical data are indicative of DNA copy num
ber aberrations, which do not match with known
polymorphisms, then DNA samples from the re
spective parents are collected and subjected to
array CGH analysis. If necessary, apparently
nonpolymorphic imbalances are subsequently
validated either by Fluorescence In Situ Hybridi
sation analysis or Multiplex Ligationdependent
Probe Amplification analysis of the patient sam
ple and the accompanying parental samples.
The strategy to use array CGH analysis in a di
agnostic setting and the resulting data from the
first set of at least 80 patients in combination
with more than 20 parental couples will be pre
sented here. With our approach we were able to
identify diseaseassociated losses and gains, in
cluding complex microduplications, and new
polymorphic imbalances, that otherwise would
have remained unrevealed.

W04 04
Functional analyses of the AZFa genes
USP9Y and DBY during human
spermatogenesis reveal expression at
different phases by translation control
Ditton H.J.(1), Zimmer J.(1), Kamp C.(1),
RajpertDe Meyts E.(2), Vogt P.H.(1)
1) University of Heidelberg, Section
Molecular Genetics & Infertility, Department
of Gynecological Endocrinology &
Reproductive Medicine, Heidelberg
2) Copenhagen Univesrity Hospital
(Rigshopitalet), Department of Growth &
Reproduction, Copenhagen
We explore the male germ line function of the
human Ubiquitin specific protease 9Y (USP9Y)
and DEAD BOX Y RNA helicase (DBY) genes lo
cated in the AZFa locus of the human Y chromo
some (Yq11.21). Deletion of both Y genes is
known as a major cause for occurrence of a se
vere testicular pathology, the Sertolicellonly
(SCO) syndrome (Kamp et al. 2001; Mol. Hum.
Reprod. 10:987994). USP9Y and DBY have a
structural homologue on the short arm of the X
chromosome (Xp11.4): USP9X and DBX. Their

high sequence similarity (> 95%) throughout
their coding regions suggests that X and Y
copies should have a similar function. Surpris
ingly, however, USP9X and DBX is not able to
compensate for the loss of the USP9Y and DBY
germ line function in men with an AZFa deletion.
One explanation might be that the Y copy has a
different role in spermatogenesis not provided
by the X copy. We therefore studied the function
of the USP9Y/USP9X and DBY/DBX genes in the
human male germ line, separately. Their tran
scriptional profiles were distinguished by gene
copyspecific RTPCR, their translational profiles
by antisera which mark specifically only the
USP9Y or USP9X, respectively only the DBY
or DBXprotein. Our results strongly suggest a
translational control for DBY transcripts; the pro
tein is synthesised only in the germ line, while
DBX protein was expressed in all tissues
analysed (Ditton et al. 2004: Hum. Mol. Genet.
13:23332341). In testis tissue sections, DBY
and USP9X proteins were found predominantly
in spermatogonia, whereas DBX and USP9Y
proteins were expressed after meiosis in sper
matids.
We
conclude
that
although
USP9Y/USP9X and DBY/DBX proteins are struc
turally very similar, they have diverged function
ally by translation control to fulfil different roles
in the RNA/protein metabolism of human sper
matogenesis, and that deletion of DBY cause
the SCO syndrome observed in men with AZFa
deletions whereas USP9Y deletions only cause
a postmeiotic male germ line defect.

W04 05
From fishes, birds and mammals to the bony
vertebrate protokaryotype  a comparative
study
Kohn M.(1), Högel J.(1), Hameister H.(1)
1) University of Ulm, Department of Human
Genetics, Ulm
The recent advantages of whole genome se
quencing of certain species provides the possi
bility to try whole genome comparisons. From
these comparisons one gets ideas about kary
otype evolution. In our current work we com
pared ~3300 genes spread along the human
genome with their orthologous genes in chicken
(Gallus gallus), and the three fish species puffer
fish (Tetraodon nigrovirides), medaka (Oryzias
latipes) and zebrafish (Danio rerio). This dataset
allows to perform potential karyotype recon
structions of last common ancestors. In a first
step, we have reconstructed the karyotype of
the progenitor species of the bird and mam
malian lineages which divided 310 million years
ago (MYA). This karyotype consists of 16 chro
mosomes. In almost the same manner it was
possible to reconstruct from the three fish
species an ancestral teleostean karyotype con
sisting of 1214 chromosomes. This karyotype
represents the situation before the whole
genome duplication unique for teleostean fish
es. Finally, reconstruction of a putative ancestral
protokaryotype of all bony vertebrates was
tried. This karyotype represents the status 450
MYA and consists of 12 chromosomes of differ
ent size. There are some chromosomes, such as
HSA 4 and 10, which have been completely con
served, whereas e.g. HSA 3 and 6 represent a
collection of genes from different protochromo
somes. It is also evident from our data, that the
bird Z chromosomal arrangement is in fact more
ancestral than the mammalian X, which is the fu
sion product of segments from at least 3 differ

ent protochromosomes. In fishes the kary
otypes are made up by a relatively stable modal
number of chromosomes, whereas land verte
brates differ in chromosome number. This is due
to the common view that in fishes more intra
chromosomal rearrangements (inversions) and in
land vertebrates more interchromosomal re
arrangements (translocations) took place.

W04 06
Clustered organization and asynchronous
replication of imprinted gene orthologues
are conserved on macrochromosomes in
the chicken genome
Dünzinger U.(1), Nanda I.(2), Schmid M.(2),
Haaf T.(1), Zechner U.(1)
1) Johannes Gutenberg University Mainz,
Institute of Human Genetics, Mainz
2) Julius Maximilians University Würzburg,
Institute of Human Genetics, Würzburg
Genomic imprinting is the epigenetic marking of
a gene that results in preferential expression of
one specific parental allele. An intriguing char
acteristic of nearly all imprinted genes is that
they occur in clusters forming large imprinted
domains. In contrast to the “average” genome,
imprinted chromosome regions replicate asyn
chronously during the cell cycle. It is likely that
clustered organization and asynchronous repli
cation relate to the use of shared regulatory el
ements across multiple genes. These cytologi
cal hallmarks of imprinted genes might have
evolved before the emergence of genomic im
printing as a prerequisite for imprinted gene ex
pression. To analyze the evolutionary conserva
tion of imprinting clusters, mouse cDNA se
quences of 68 imprinted genes were subjected
to an Ensembl BLASTview search against the
chicken genome sequence. 42 chicken ortho
logues of mouse imprinted genes were identified
and in silico mapped to chicken (GGA) chromo
somes, 34 (81%) to a macrochromosome and 8
(19%) to a microchromosome. Gene content and
gene order of the major mouse imprinted clus
ters were highly conserved, mapping to clusters
on macrochromosomes GGA2, GGA3, and
GGA5. Interphase FISH dot assays on nuclei
from exponentially growing chicken fibroblasts
were used to compare the replication timing of
orthologues of imprinted genes and nonimprint
ed control genes. Preliminary evidence suggests
that asynchronous replication is also detectable
for chicken orthologues of imprinted genes, but
limited to orthologues residing on macrochromo
somes. In the light of recent estimates suggest
ing that microchromosomes contain at least as
twice as many genes as macrochromosomes
our results strongly indicate a preferential local
ization of chicken orthologues of mammalian im
printed genes on macrochromosomes. Thus,
one could speculate that macrochromosomes
provide a better microenvironment for the estab
lishment of asynchronous replication and im
printed gene expression later in evolution.
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W05 01
Involvement of the transforming growth
factorbeta signaling pathway in
rhabdomyosarcomagenesis of Patched
mutant mice
Kappler R.(1), Koleva M.(1), Heß I.(1), Herwig
A.(1), Schnitzbauer U.(2), CalzadaWack J.(3),
Hahn H.(1)
1) University of Göttingen, Institute of
Human Genetics, Göttingen
2) Technical University Munich, Institute of
Pathology, München
3) GSF  National Research Center for
Environment and Health, Institute of
Pathology, Neuherberg
The putative tumor suppressor gene PATCHED1
(PTCH1) is a member of the sonic hedgehog
(SHH) signaling pathway and causatively asso
ciated with several human sporadic and famil
ial cancers, including those of the skin, muscle
and brain. Inactivation of one Ptch1 allele in
mice results in the development of rhab
domyosarcoma (RMS), a malignant tumor of
skeletal muscle origin. To identify genes involved
in the pathogenesis of RMS, we have monitored
the expression of 588 genes in RMS and normal
skeletal muscle of heterozygous Ptch1neo67/+
mice using cDNA array technology. RMS dis
played increased transcript levels of several
genes such as transforming growth factorbeta1
(Tgfb1), inhibin alpha, SloanKettering viral
oncogene homolog, integrin alpha 1, insulinlike
growth factor 2, insulinlike growth factor bind
ing protein 3, as well as numerous genes coding
for structural components of myogenic cells like
atrial fetal myosin alkali light chain, nonmuscle
myosin alkali light chain, and vimentin. Genes
with a decreased expression in RMS comprised
cyclin G, transcription factor SII as well as sev
eral protein kinases. Differential expression of
these genes was verified by Northern blot analy
sis.
Furthermore, we wanted to ascertain whether
Tgfb1 might be transcriptionally regulated by a
constitutively activated Shh signaling pathway.
Tgfb1 expression was moderately increased in
C2C12 myoblasts in the presence of murine
ShhN peptide. This effect was totally blocked
by simultaneous administration of cyclopamine,
a specific inhibitor of the Shh pathway. Howev
er, using reporter assay we show that the P2
promoter of the murine Tgfb1 gene is not re
sponsive to Gli1, a known downstream tran
scription factor of Shh signaling. Moreover,
TGFB1 was strongly expressed in human RMS
cell lines independent of the GLI1 expression
status. Thus, our results suggest that aberrant
expression of members of the Tgfbeta super
family may be involved in RMS development in
dependent of Shh signaling.

W05 02
Characterization of CATS which interacts
with the leukemogenic fusion protein
CALM/AF10
Fröhlich Archangelo L.(1), Hölzel M.(1),
Przemeck G.(2), Hrabe de Angelis M.(2),
Kremmer E.(2), Bohlander S.(1)
1) Med III, Klinikum Grosshadern, München
2) GSF, München
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The CATS gene was first identified in a yeast two
hybrid screen as CALM interacting protein ex
pressed in thymus and spleen. The CATS inter
action region of CALM is contained in the leuke
mogenic fusion protein CALM/AF10, which is
found in acute myeloid leukemia, malignant lym
phoma and acute lymphoblastic leukemia.
We performed CoIP experiment to confirm
CALMCATS interaction found in yeast system.
Using antibodies against CATS we could show a
high expression of the protein in different human
leukemia, lymphoma and solid tumor cell lines,
as well as in normal proliferating cell lines
(HEK293 and WI38) but not in normal nonprolif
erating Tcell lines (TYRF8 and JB4).
Transient transfection studies showed that CATS
is localized mainly to the nucleus in nodular
structures. Coexpression of CFPCATS with YFP
tagged nucleolar proteins showed that CATS is
found predominantly at the nucleoli. Coexpres
sion of CFPCATS with YFPCALM or YFP
CALM/AF10 was able to markedly increase the
nuclear localization of both CALM and the
CALM/AF10 fusion protein. This effect of CATS
is stronger on the YFPCALM/AF10 fusion pro
tein than on the CALM protein. When fused to a
GAL4 DNA binding domain, CATS acts as a
strong repressor of transcription in reporter gene
assays.
Whole mount in situ hybridization on mouse em
bryos showed a ubiquitous expression of CATS
in early embryonic stages and a distinct expres
sion pattern in the developing limbs in later
stage embryos. Our results indicate that the
subcellular
localization
of
CALM
and
CALM/AF10 could depend in part on the pres
ence of CATS with greater portion of CALM or
CALM/AF10 being present in the nucleus in cells
with high CATS expression (e.g. lymphoid cells).
High expression of CATS in proliferating cells
and in tumor cells together with its nucleolar lo
calization suggest that CATS is involved in con
trolling cell proliferation. CALMCATS interaction
might thus play an important role in CALM/AF10
mediated leukemogenesis.

W05 03
Immunohistochemical tissue localization
and confirmation of cancer biomarkers
detected by ProteinChip technology (SELDI):
Calgranulin A, B and calgizzarin in head and
neck cancers
Schimmel B.(1), Ernst G.(1), Melle C.(1), Bleul
A.(1), Koscielny S.(2), Möller U.(3), Halbhuber
K.J.(3), Wiesner A.(4), Bogumil R.(4), von
Eggeling F.(1)
1) Institute of Human Genetics and
Anthropology, Core Unit Chip Application
(CUCA), Jena
2) Clinic of ENT Diseases, Jena
3) Institute of Anatomy II, Jena
4) Ciphergen Biosystems GmbH, Göttingen
Head and neck cancer are frequent malignancies
with a complex and up to now unclear molecu
lar etiology. Therefore we investigated tissue lo
calization and distribution of three cancer bio
markers identified in a former study by Pro
teinChip technology (SELDI) after laser microdis
section.
Tissue probes from head and neck cancers
(HNC) (n = 5) and normal pharyngeal tissue (n =
5) were analysed by immunohistochemistry (IHC)
using antibodies against calgranulin A (S100A8),
calgranulain B (S100A9) or an anticalgizzarin
(S100A11), respectively. A Jenchrom pxblkit

was used to visualize the location of the anti
bodies in the tissue.
Calgranulin A and calgranulin B showed identi
cal strong immune reactivity in the normal ep
ithelium, except the basal and parabasal cells.
In epithelial tumor tissue, no expression could
be detected for either protein. The normal ep
ithelial connective tissue was completly nega
tive, whereas in the stroma of HNCs fibrocytes
and macrophages showed a positive reaction,
and additionally depositions of calgranulin A and
B on collagenic fibers could be observed. Cal
gizzarin was expressed in all normal epithelial
cells and stromal cells (fibrocytes). In HNCs cal
gizzarin was expressed in epithelial tumor cells,
in constituents of the connective tissue (fibro
cytes, fibroblasts, macrophages, leukocytes), in
the epithelium of the glandular ducts and in en
dothelial cells.
The results show that: (1) proteins identified by
SELDI after preceded microdissection can be
found and localized successfully in the starting
tissue probes by IHC. (2) Reanalysis of IHCpos
itive and –negative tissue areas by microdissec
tion and proteomic profiling confirms the identi
ties of differentially expressed peaks in SELDI
analysis. (3) IHC demonstrates the heterogenous
distribution of the analysed proteins in the tissue
probes underlining the indispensability of tissue
microdissection prior to all analyses. This work
was supported by the IZKF Jena and the BMBF

W05 04
Mutation Spectrum, Frequency and
Phenotype in German Patients with MUTYH
Associated Polyposis (MAP)
Aretz S.(1), Uhlhaas S.(1), Sutter C.(2),
Pagenstecher C.(1), Mangold E.(1), Caspari
R.(3), Propping P.(1), Friedl W.(1)
1) University of Bonn, Institute of Human
Genetics, Bonn
2) University of Heidelberg, Institute of
Human Genetics, Heidelberg
3) University of Bonn, Department of
Medicine, Bonn
Background: MUTYHassociated polyposis
(MAP) is a recently described precancerous ade
nomatous polyposis syndrome of the colorectum
(MIM 608456) that is caused by germline muta
tions in the base excision repair gene MUTYH
(MYH). In contrast to familial adenomatous poly
posis (FAP), the most important differential diag
nosis, MAP is inherited in an autosomal reces
sive way.
Methods: We performed a systematic search for
MUTYH mutations by sequencing the complete
coding region of the gene in 96 unrelated pa
tients with multiple colorectal adenomas (63 at
tenuated FAP, 14 typical FAP, 16 unknown phe
notype), in whom no mutation in the APC gene
had been detected by conventional mutation
analysis (PTT, DHPLC, MLPA).
Results: Biallelic germline mutations in MUTYH
were identified in 12 of 96 patients (12.5%). In 7
patients biallelic mutations for the hotspot mis
sense changes Y165C and/or G382D were iden
tified, in one proband a stop mutation (Q377X)
in homozygous state was found, 4 more patients
were either homozygous or compoundheterozy
gous for yet unclear variants (P143L; P281L;
R168H; c.1395_1397delGGA). In 9 of the 12 pa
tients with biallelic mutations an attenuated phe
notype is described, in 3 patients the phenotype
was unknown. In 8 patients the family history
was compatible with autosomal recessive inher

Abstracts
itance, in 2 cases vertical segregation was sus
pected. Monoallelic mutations were found in 7
probands (7.3%).
Conclusions: MAP should be considered in ge
netic counselling and followup since biallelic
mutations of the MUTYH gene are the underly
ing genetic basis in a substantial fraction of pa
tients with multiple colorectal adenomas. Muta
tion analysis in the MUTYH gene should be im
plemented in routine mutation detection proto
cols, possibly restricted to patients with a more
attenuated adenomatous polyposis and to seg
regation pattern consistent with autosomal re
cessive inheritance.
The study was supported by the Deutsche Kreb
shilfe

W05 05
Genetic alterations in desmoplastic
medulloblastomas: Evidence for monoclonal
tumor origin and identification of novel
amplified and overexpressed proto
oncogenes
Ehrbrecht A.(1), Mueller U.(2), Wolter M.(3),
Hoischen A.(1), Radlwimmer B.(2), Pietsch
T.(4), Lichter P.(2), Reifenberger G.(3), Weber
R.G.(1)
1) Rheinische FriedrichWilhelmsUniversity,
Institute of Human Genetics, Bonn
2) German Cancer Research Center,
Department of Molecular Genetics,
Heidelberg
3) HeinrichHeineUniversity, Department of
Neuropathology, Duesseldorf
4) Rheinische FriedrichWilhelmsUniversity,
Department of Neuropathology, Bonn
Desmoplastic medulloblastomas (dMBs) are his
tologically characterized by two distinct tumor
components, the socalled pale islands and the
desmoplastic areas. Previous molecular studies
have shown that dMBs frequently carry PTCH
mutations. However, little is known about other
genetic and chromosomal aberrations associat
ed with these tumors. We investigated total tu
mor DNA of 23 sporadic dMBs using compara
tive genomic hybridization (CGH). Chromosomal
imbalances were identified in 17 tumors (74%).
The number of aberrations detected per tumor
varied from 1 to 12, with an average of 4.61 ±
0.73 (mean ± SEM). Recurrent chromosomal
gains were detected on chromosomes 3, 9
(6/23); 2, 20 (5/23); 6, 7, 17, 22 (4/23 each) and
1 (3/23). Recurrent losses were found on chro
mosomes X (8/23); Y (6/13 male patients); 9, 12
(4/23 each) as well as 10, 13 and 17 (3/23 each).
Amplifications were detected in 4 tumors and
mapped to 1p22, 5p15, 9p, 12p13, 13q33q34
and 17q22q24. To address the question of clon
ality of the two components in dMBs, we per
formed CGH analysis on microdissected pale is
lands and desmoplastic areas. In 5/6 informative
tumors both histological components shared
common chromosomal imbalances, indicating
an origin from a single progenitor cell. We addi
tionally characterized the amplicons detected on
5p15, 9p and 17q22q24 in 2 dMBs using ma
trixCGH on genomic arrays of 6.000 large insert
clones. Subsequent molecular analyses of am
plified candidate genes identified by matrixCGH
confirmed amplification of several genes on
17q23 in three dMBs and the JMJD2C gene on
9p24 in one dMB, respectively. Expression
analysis suggested RPS6KB1 as the most im
portant target on 17q23, which was found to be

markedly overexpressed in 10/11 medulloblas
tomas investigated. Taken together, our study
provides strong genetic evidence for a mono
clonal origin of dMBs and implicates RPS6KB1
and JMJD2C as novel protooncogenes that are
aberrantly activated in these tumors.

W05 06
Leupaxin plays a role in adhesion and
invasion of prostate carcinoma cells
Kaulfuß S.(1), Grzmil M.(1), Thelen P.(2),
Hemmerlein B.(3), Schweyer S.(3), Herr A.
M.(1), Burfeind P.(1)
1) University of Göttingen, Institute of
Human Genetics, Göttingen
2) University of Göttingen, Department of
Urology, Göttingen
3) University of Göttingen, Department of
Pathology, Göttingen
We analyzed the expression levels of more than
400 cancerrelated genes using the cDNA array
technique in a set of capsuleinvasive prostate
tumor, central tumor and matched normal
prostate tissue. The overexpression of the leu
paxin gene in capsuleinvasive tumor cells was
confirmed using quantitative realtime RTPCR.
Leupaxin is a cytoskeleton adaptor protein be
longing to the paxillin protein family of LIMdo
main containing proteins and here we demon
strate that leupaxin is expressed in several
prostate carcinoma (PCa) cell lines. Furthermore,
downregulation of leupaxin expression using
small interfering doublestranded RNA (siRNA)
oligonucleotides in different PCa cell lines result
ed in morphological changes and detachment of
androgendependent, noninvasive LNCaP cells.
More than 50% of the LNCaP cells underwent
apoptosis 5 days after transfection with siRNA
against leupaxin, whereas control transfected
LNCaP cells, leupaxinsiRNA transfected PC3
and DU 145 cells did not show apoptotic effects.
By using the Matrigel invasion assay we could
demonstrate that downregulation of leupaxin
expression in invasive PC3 and DU 145
prostate carcinoma cells leads to a 70% reduc
tion of PCa cell invasiveness in vitro. Immuno
histochemical staining of PCa cells using a leu
paxinspecific antibody showed that leupaxin is
localized in focal adhesion sites of PCa cells. In
addition, the expression of leupaxin was inves
tigated on tissue sections from 64 different hu
man prostate carcinomas. In 21% of prostate
carcinomas analyzed expression of leupaxin in
prostate carcinoma cells was detected. Taken
together, our results indicate that leupaxin could
serve as a putative candidate gene involved in
invasive properties of prostate carcinoma cells.

W06 Cytogenetics

W06 01
The pericentromeric region of the human Y
chromosome: comparative FISH analysis of
a segmental duplication cluster in human
and higher primates
Münch C.(1), Kirsch S.(2), Rappold G.(2),
Schempp W.(1)
1) Institute of Human Genetics and
Anthropology, Freiburg
2) Institute of Human Genetics, Heidelberg
We have identified an euchromatic island with
in the pericentromeric repeats on the long arm
of the human Y chromosome which is not part of
the male specific sequence published by Skalet
sky and colleagues (2003). This 450 kb region is
covered by four overlapping BAC/PAC clones
and is embedded within satellite 3 sequences.
FISH analyses of the clones revealed that these
sequences are not restricted to the Y chromo
some. Signals were detected on 15 different
chromosomes and 18 different loci. All four
clones hybridized most prevalently to pericen
tromeric and subtelomeric regions. Furthermore,
sequence homologies to two ancestral pericen
tromeric regions could be detected. Striking sig
nals were also found on all acrocentric short
arms. Thus, this 450 kb interval on human Yq
represents a segmental duplication cluster that
is widely distributed over the human genome.
To elucidate the evolutionary fate of this dupli
con cluster we hybridised all four clones to
metaphase spreads of chimpanzee, bonobo or
pygmy chimpanzee, gorilla, orangutan and gib
bon as well as the macaque as an “outgroup”
species. In all great apes a human like distribu
tion of the sequences was found especially on
their autosomes, while the hybridisation patterns
on the different Y chromosomes point to the well
known speciesspecific Y chromosomal re
arrangements in human and great apes. In con
trast, signals were found mainly on the rDNA
containing marker chromosome pair in macaque
and only on a few autosomal pairs in gibbon. No
signals could be detected on their Y chromo
somes.
Investigating this euchromatic island encom
passed by satellite sequences has illuminated its
complex structure and the dynamic history of
sequences located in this region.

W5
W6

W06 02
Reevaluation of probability estimates for
the occurrence of unfavourable pregnancy
outcomes in families of Robertsonian
der(13;14) carriers
Midro A.T.(1), Jelska A.(1), Schubert R.(2),
Eggermann T.(3), Panasiuk B.(1),
Schwanitz G.(2)
1) Department of Clinical Genetics Medical
Academy, Bia‡ystok
2) Institute of Human Genetics, Bonn
3) Institute of Human Genetics, Aachen
Robertsonian chromosomal translocations
(RobCT) families are asking for the occurrence
probability rate for unfavorable pregnancies out
comes and infertility. Data of 473 pregnancies
from 165 families of 90 der(13;14) smaller and
larger pedigrees were collected from the con
tributing centers and from the literature to re
evaluate probability rates of occurrence for un
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balanced progeny at birth as well as at prenatal
diagnosis of second trimester pregnancy and for
other types of unfavorable pregnancy outcomes
(unkaryotyped miscarriages and stillbirths/early
newborn death).To improve the cytogenetic
characterization of der(13;14) the distinction
among dicentric and monocentric translocations
was introduced. Additionally we performed UPD
studies in a selected group of children/fetuses
with abnormal phenotypes and balanced
der(13;14). Probabilities rates for occurrence of
the unfavourable pregnancy outcomes were per
formed according to the method of Stengel
Rutkowski et al (1988) with ascertainment cor
rection according to Stene (1970). It was found,
that probability rate for a child’s birth with
translocation trisomy 13 for total group of preg
nancies after ascertainment correction is 0/365,
i.e.<0.1 %. In addition rate for unbalanced foe
tuses at second trimester prenatal diagnosis is
estimated as 2/24 i.e. 8.3±5.6%, for a stillbirth
as 8/301 i.e. 2.7 0.9% and for miscarriages as
52/365 i.e. 14.2±1.8%. Slightly higher rates for
maternal carriers have been obtained at prena
tal diagnosis and for miscarriages in comparison
to paternal carriers. Interestingly, the probabili
ty rate for miscarriages were similar for the cou
ples with dicentric translocations carriers com
paring to monocentric ones and to the group of
carriers with unclassified centromeric region,
namely 16.4±3.5% (18/110) 14.1±4.3%
(9/64)and 13.0±2.4% respectively. No case with
the UPD 14 syndrome was identified. It sup
ports, that parental UPD responsible for clinical
effect in abnormal progeny of der(13;14) are ex
tremely rare findings. In addition we found nine
cases of der(13;14) with coexistent trisomy 21
among 473 pregnancies.
(Project BMBF POL 03/02)

W06 03
Genomewide arrayCGH screening of 11
patients with mental retardation of unknown
etiology – Detection of a case with cryptic
interstitial deletion 1q24
Engels H.(1), Segraves R.(2), Hollox E.J.(3),
Ehrbrecht A.(1), Zahn S.(1), Hoischen A.(1),
Pagenstecher C.(1), Bosse K.(1), Barber J.(4),
Armour J.(3), Albertson D.(2), Lichter P.(5),
Weber R.G.(1), Pinkel D.(2)
1) Institute of Human Genetics, University of
Bonn, Bonn, Germany
2) UCSF, Comprehensive Cancer Center,
San Francisco, CA, USA
3) Institute of Genetics, University of
Nottingham, Queen’s Medical Centre,
Nottingham, GB
4) Wessex Regional Genetics Laboratory,
Salisbury District Hospital, Wiltshire, GB
5) German Cancer Research Center,
Heidelberg, Germany
Microdeletions and microduplications of the
subtelomeres and certain interstitial chromo
some regions are a major cause of mental retar
dation (MR). With the advent of genomewide ar
raybased comparative genomic hybridization
(array CGH / matrix CGH), highresolution
screening for such microdeletions and –duplica
tions in mentally retarded patients is possible by
hybridizing differentially labelled patient and ref
erence DNAs to arrays consisting of thousands
of genomic clones.
We analyzed 11 well characterized patients with
MR of unknown etiology (n=3 with mild MR, n=8
with moderate to severe MR) with a genome
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wide array of approximately 2,400 BAC clones.
Five patients additionally displayed dysmor
phisms as well as malformations, 1 had malfor
mations only, 4 had dysmorphisms only and 1
had isolated MR.
We detected one de novo interstitial deletion,
one familial polymorphism (a paternally inherit
ed copy number gain of the betadefensin clus
ter in 8p23.1) and one deletionpolymorphism or
polymorphismrelated artefact (identical in three
patients). All findings were verified with inde
pendent methods (metaphase FISH, semiquan
titative FISH, MAPH) on patient material and,
where appropriate, on parental material. Four
patients were reanalyzed with an array of 6.000
large insert clones and no copy number changes
were detected.
The de novo interstitial deletion 1q24 was de
tected in a 6 year old girl with a severely delayed
language development, several dysmorphic
signs, flat occiput, hyperextensibility of joints,
muscular hypotonia, seizures and reduced sense
of pain. The size of the deletion was determined
to be approximately 4 megabases by matrix
CGH with an array of 7.000 clones and with a
panel of FISH clones. Its de novo occurrence
was demonstrated by corresponding metaphase
FISH experiments in both parents.
Our study shows that matrix CGH is a powerful
tool for the investigation of cryptic chromosomal
changes associated with mental disability and
dysmorphism.

W06 04
L1 elements facilitate Xinactivation
spreading onto trisomic chromosome 15q in
an unbalanced translocation
t(X;15)(q22.3;q11.2) stimulated by lowcopy
repeats.
Hansmann I.(1), Eller C.D.(2), Küchler A.(3),
Sahoo T.(4), Baldermann C.(1), Lieser U.(5),
Hesse M.(6), Thiele H.(1), Hagemann M.(1),
Fiedler E.(1), Yatsenko S.A.(4), Liehr T.(3),
Horsthemke B.(7), Claussen U.(3), Marahrens
Y.(2), Lupski J.R.(4), Stankiewicz P.(4)
1) Institut für Humangenetik & Medizinische
Biologie, Halle/Saale
2) UCLA Department of Human Genetics,
Gonda Center, Los Angeles, CA
3) Institut für Humangenetik & Anthroplogie,
Jena
4) Department of Molecular & Human
Genetics, Baylor College of Medicine,
Houston, TX
5) Universitätskinderklinik, Halle/Saale
6) Südharzkrankenhaus, Nordhausen
7) Institut für Humangenetik, Essen
Few cases of de novo unbalanced X;autosome
translocations associated with a normal pheno
type have been described. We report a now 3
yearold dizygotic female twin with prenatally as
certained nuchal translucency and growth retar
dation, in whom prenatal chromosome studies
revealed a de novo unbalanced translocation
46,X,der(X)t(X;15)(q22;q11.2) with nearly com
plete trisomy 15 and a normal karyotype in her
male twin. Karyotyping after birth confirmed the
initial diagnosis. Replication timing studies
showed that the der(X) chromosome was late
replicating with variable spreading of inactiva
tion onto the translocated 15q segment. The
der(X) was determined to be of paternal origin by
both CGGrepeat analysis of FMR1 and an AR
methylation assay. Methylation analysis at the
SNRPN locus and analysis of microsatellites on

15q revealed paternal isodisomy with double
dosage for all markers and the unmethylated
SNRPN gene. The Xq breakpoint was mapped to
within two overlapping BAC clones RP11
575K24 and RP13483F6 and the 15q break
point within overlapping clones RP11509A17
and RP11382A4 that are all significantly en
riched for LINE1 elements (36.6%, 43.0%,
26.6%, 22.0%, respectively). It has been pro
posed that L1 elements may serve as DNA sig
nals for Xinactivation propagation along the
normal X. We hypothesize that in X;autosome
translocations, efficient spreading of Xinactiva
tion may be mediated only from specific regions
of the X chromosome. In addition, in silico analy
sis of breakpoint regions revealed the presence
of highly identical lowcopy repeats at both
breakpoints, suggesting that they may be re
sponsible for the formation of the translocation.

W06 05
Analysis of the classical morphological
mitotic transitions in cells of patients with
premature chromosome condensation
syndrome
Richter R.(1), Trimborn M.(1), Neitzel H.(1)
1) Institute of Human Genetics, Charité 
Universitätsmedizin, Berlin
Mitosis is a fundamental and tightly regulated
process ensuring the proper segregation of repli
cated chromatids to the daughter cells. Prereq
uisite is the chromosome condensation, the ac
tive and complex folding of interphase chromatin
to metaphase chromosomes. Recently, we de
scribed the first congenital disorder in man
which is associated with a chromosome conden
sation defect (OMIM 606858). Patients with the
PCC syndrome (premature chromosome con
densation), an autosomal recessive disorder,
show primary microcephaly and mental retarda
tion. Chromosome condensation is remarkably
affected in all patients cells. In dividing tissues
an increased proportion of prophaselike cells
can be detected by conventionalcytogenetic
techniques. These cells exhibit premature chro
mosome condensation in G2 and delayed de
condensation in the G1phases of the cell cycle.
Classically, observation of distinct changes in
the cell morphology, apart from the condensa
tion state of the chromatin, are used to subdi
vide different stages of mitosis: assembly or
breakdown of the nuclear envelope, number and
distribution of the centrosomes and formation of
the mitotic spindle, number of nucleoli and their
disintegration. These changes are cell cyclede
pendent. Our analyses of these classical mitot
ic transitions with conventional staining methods
(Giemsa and silverstaining), FISH and immuno
cytological techniques did not reveal any further
misregulations or disturbances of chromosome
segregation in the cells with the chromosome
condensation defect. Regarding these results we
suppose that only the chromosome cycle is af
fected, while the remaining morphological
changes of mitosis do not show detectable mis
regulations – obviously they are not influenced
by the condensation defect. Thus, the regulation
of chromosome condensation in the patient cells
seems to be autonomous from the other major
morphological changes during mitotic cell divi
sion.
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Sequential application of interphaseFISH
and CGH to single cells
Geigl J.B.(1), Langer S.(1), Gangnus R.(2),
Speicher M.R.(1)
1) Institut für Humangenetik, Technische
Universität München, München
2) PALM Microlaser Technologies, Bernried
A comprehensive genomic analysis of single
cells is needed for numerous scenarios in tumor
genetics, clinical diagnostics and forensic appli
cation. PCR protocols were developed which al
low an unbiased amplification of the whole
genome of a single cell for subsequent analyses
by comparative genomic hybridization (CGH).
However, verification of single cell CGH results
has been impossible as the procedure naturally
involves the destruction of the respective cell.
Here we show that the genome of individual
cells can be analyzed by two different single cell
techniques applied sequentially to the same cell.
In a first step, interphase FISH is applied. After
evaluation of the interphaseFISH signals, cells
of interest can be selected for a further analysis.
Single cells are collected by laser microdissec
tion, the DNA is amplified by linkeradaptor PCR
and subjected to CGHanalysis. This strategy of
fers new opportunities for a sophisticated selec
tion of cells based on interphase FISH signals.
Furthermore, the sequential application of two
different single cell approaches to the same sin
gle cell represents the only option to control and
verify the single cell CGH results. We demon
strate the feasibility of this approach with a se
ries of experiments including cells from pre and
postnatal diagnostics, e.g. cells with trisomies
13, 18, or 21, respectively, leukemia and tumor
cells and tissue sections.

W07 Genotype and Phenotype

W07 01
A mouse model for the study of craniofacial
defects seen in patients with campomelic
dysplasia
Barrionuevo F.(1), BagheriFam S.(1), Taketo
M.(2), Scherer G.(1)
1) Institute of Human Genetics and
Anthropology, University of Freiburg,
Freiburg, Germany
2) Department of Pharmacology, Graduate
School of Medicine, Kyoto University, Kyoto,
Japan
Campomelic dysplasia (CD) is a rare skeletal dis
order characterised by bowing of the lower
limbs, severe respiratory distress and XY sex re
versal. CD patients also present with craniofa
cial abnormalities including a large dolicho
cephalic skull and a dysmorphic face with low
set ears, flat nasal bridge, hypertelorism, a long
philtrum, micrognathia and midline posterior
cleft palate. CD is caused by heterozygous mu
tations in and around the SOX9 gene which en
codes a transcription factor essential for chon
drocyte and testis differentiation. In addition to
these and other tissues, Sox9 is also expressed
in cranial neural crest cells (CNCCs), embryonic
multipotent cells which delaminate from the neu
ral tube, migrate dorsoventrally, and contribute
to a variety of craniofacial tissues including the

sensory and parasympathetic ganglia, cartilage,
bone, muscles and connective tissue. It is
known that Sox9 is necessary for CNCC devel
opment in frog and chicken. In mice, Sox9 has
so far been shown to be necessary for the
CNCCderived chondrogenic lineages.We have
used the Cre/loxP recombination system to ho
mozygously inactivate Sox9 during early CNCC
development. In contrast to previous studies, in
our mutant embryos, CNCC differentiation is af
fected already at a very early stage, so that not
only the CNCCderived chondrogenic but also
other lineages are affected. Thus, our mutants
have a phenotype already at E9.5 before chon
drocyte differentiation, revealing severely hy
poplastic branchial arches. At E15.5, mutant em
bryos show complete exencephaly and deformi
ties in the development of all craniofacial struc
tures. Analysis of early CNCC molecular mark
ers (Sox10, Ap2, Dlx5, Alx3, Alx4) in E8.5 and
E9.5 mutant embryos revealed a drastic reduc
tion in the number of CNCCs. These results in
dicate an essential role for Sox9 in early CNCC
development, providing a molecular basis for the
understanding of the various craniofacial abnor
malities seen in CD patients.

W07 02
Trimethylaminuria, an important cause of
body malodour
Zschocke J.(1), Guldberg P.(2), Wevers R.(3),
Santer R.(4), Leonard J.(5), Hoffmann G.(6),
Kohlmüller D.(6), Mayatepek E.(7)
1) RuprechtKarlsUniversität, Institut für
Humangenetik, Heidelberg
2) Institute of Cancer Biology, Dept of
Tumor Cell Biology, Copenhagen
3) University Medical Centre Nijmegen,
Institute of Neurology, Nijmegen
4) UniversitäsKinderklinik, Hamburg
5) Institute of Child Health, Nutrition and
Metabolism Unit, London
6) RuprechtKarlsUniversität, Kinderklinik,
Heidelberg
7) HeinrichHeineUniversität, Kinderklinik,
Düsseldorf
Trimethylaminuria (TMAuria) is an autosomal re
cessive disorder caused by a deficiency of
flavincontaining monooxygenase isoform 3
(FMO3), a hepatic enzyme required for Noxida
tion and detoxification of many endogenous and
exogenous compounds including biogenic
amines and common drugs. Individuals with se
vere FMO3 deficiency display a constant fish
like body malodour (fish odour syndrome) due to
a reduced capacity to oxidize dietaryderived,
malodourous trimethylamine (TMA) to its non
volatile, nonodourous Noxide (TMAO). So far,
29 mutations or amino acid variants in the FMO3
gene have been identified in a limited number of
patients. We previously showed that a common
FMO3 variant [E158K,E308G], homozygous in 4
% of the German population, is associated with
reduced FMO3 function and mild trimethylamin
uria. We now report the result of extensive mo
lecular studies, using DGGE and sequencing, in
individuals with constant or intermittent mal
odour from 38 independent families. We found a
total of 18 different mutations, 13 of which are
novel. Malodour in two of the investigated pa
tients was related to carnitine treatment, a well
known but previously unexplained side effect.
Mild genetic variants were identified in combina
tion with severe mutations in patients with mild
trimethylaminuria as well as patients with mal

odour related to carnitine treatment. Mutations
in the FMO3 gene thus cause a broad spectrum
of phenotypes ranging from severe fish odour
syndrome to mild enzyme deficiency that is
common in the general population but only in
termittently associated with malodour. Consid
ering additional functions of this enzyme, mild
FMO3 deficiency may play a role as susceptibil
ity factor in pharmacological and other patho
physiological conditions.

W07 03
Infantilelethal nonlysosomal heart
glycogenosis caused by a recurrent
activating mutation in the γ2 subunit of
AMPactivated protein kinase (PRKAG2), not
by phosphorylase kinase deficiency
Burwinkel B.(1), Scott J.W.(2), Bührer C.(3), van
Landeghem F.(4), Cox G.F.(5), Wilson C.(6),
Hardie D.G.(2), Kilimann M.(7)
1) German Cancer Research Centre, DKFZ,
Molecular Genetic Epidemiology, Heidelberg
2) Wellcome Trust Biocentre, Division of
Molecular Physiology, Dundee, Scotland
3) Charite Campus VirchowKlinikum, Klinik
für Neonatologie, Berlin
4) Institut für Neuropathologie, Charite,
Berlin
5) Clinical Genetics Program, Children’s
Hospital, Boston, USA
6) University College London Medical
School, Hospital for Children, London, UK
7) Uppsala University, Department of Cell
and Molecular Biology, Uppsala, Sweden
Massive,
infantilelethal,
nonlysosomal
glycogenosis of the heart is a very rare form of
glycogen storage disease. It has been attributed
to a subtype of phosphorylase kinase deficien
cy, but the underlying genes and mutations have
not been identified. Analyzing four unrelated pa
tients, we found no mutations in the eight genes
encoding phosphorylase kinase subunits, and in
the two genes encoding the muscle and brain
isoforms of glycogen phosphorylase. We then
analysed the PRKAG2 gene, encoding the γ2
subunit of AMPactivated protein kinase and
identified in three patients identical, recurrent,
heterozygous R531Q missense mutations. AMP
activated protein kinase is a key regulator of en
ergy balance. Other PRKAG2 missense muta
tions were previously identified in familial hyper
trophic cardiomyopathy with WolffParkinson
White syndrome, a mild cardiac glycogenosis of
autosomaldominant inheritance with juvenile or
adult clinical onset, characteristic disturbances
of excitation conduction, and enhanced risk of
sudden cardiac death in middle life. Biochemi
cal characterization of the recombinant R531Q
mutant protein shows >100fold reduction of
binding affinities for the regulatory ligands AMP
and ATP but an enhanced basal activity and in
creased phosphorylation of the γ 2 subunit.
These perturbations of molecular function are
much more severe than those observed with any
other PRKAG2 mutations analysed to date, in
accordance with the particularly severe clinical
phenotype of the R531Q mutation.In conclusion,
recurrent, heterozygous R531Q missense muta
tions in PRKAG2 give rise to a massive, infantile
lethal nonlysosomal cardiac glycogenosis which
can hence be seen as a clinically distinct, par
ticularly severe variant of hypertrophic cardiomy
opathy with WolffParkinsonWhite syndrome.
The existence of a heartspecific primary phos
phorylase kinase deficiency is questionable. The
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R531Q mutations enhance the basal activity of
AMPactivated protein kinase.

W07 04
Shox2 acts upstream of Bmp4 in regulation
of sinus venosus and venous valve
development
Blaschke R.(1), Kuijper S.(2), Hubert A.(1), Just
S.(3), Anastassiadis K.(4), Spitzer J.(1), Schöler
H.(5), Korving J.(2), Feitsma H.(2), Rottbauer
W.(3), Wisse L.(6), Gittenbergerde Groot A.(6),
Meijlink F.(2), Rappold G.(1)
1) University of Heidelberg, Institute of
Human Genetics, Heidelberg
2) The Netherlands Institute of
Developmental Biology, Hubrecht
Laboratory, Utrecht
3) University of Heidelberg, Department of
Internal Medicine III, Heidelberg
4) MaxPlanckInstitute for Molecular Cell
Biology and Genetics, BIOTEC, Dresden
5) MaxPlanckInstitute of Molecular
Biomedicine, Münster
6) Leiden University Medical Center,
Department of Anatomy and Embryol
The striking expression pattern of the home
odomain transcription factor SHOX2 in the heart
of human and mouse embryos suggests its in
volvement in the early stages of heart develop
ment. We have created a null allele of the Shox2
gene by targeted mutation and here report on fa
tal heart malformations in Shox2 homozygous
mutant embryos. Shox2/ mouse embryos ex
hibit retarded development of the sinus venosus
region, lack the sinoatrial valves, and develop
atrial dilation and thoracic oedema. They die
from heart failure between embryonic day 11
and 13. In situ hybridization revealed a dramat
ic down regulation of Bmp4 expression in the
myocardial wall of the sinus venosus and in the
proepicardial organ. Interestingly, Zebrafish em
bryos injected with Shox2 specific antisense
morpholino oligonucleotides exhibit cardiac con
duction failure leading to bradycardia and even
tually to cardiac arrest. These observations
demonstrate an essential function of Shox2 up
stream of Bmp4 in the development of the inflow
tract region and suggest an involvement in the
formation of the cardiac conduction system.

W07 05
THE NEUROLOGICAL PHENOTYPE OF
HUMAN LAMININ β2 DEFICIENCY 
EVIDENCE OF GENOTYPEPHENOTYPE
CORRELATIONS IN PIERSON SYNDROME
Zenker M.(1), Wuehl E.(2), Reis A.(1), Cochat
P.(3)
1) Institute of Human Genetics, FAU,
Erlangen
2) University Children’s Hospital, Pediatric
Nephrology, Heidelberg
3) University Hospital Edouard Herriot, Dept.
of Pediatrics, Lyon
Pierson syndrome (PS; OMIM 609049) is a new
autosomalrecessive oculorenal syndrome
caused by LAMB2 mutations leading to laminin
β2 deficiency. Previously reported patients died
in the newborn period or early infancy due to re
nal failure. Aside from its renal and ocular ex
pression, laminin β2 is thought to play an impor
tant role at the neuromuscular synapse and is
present in certain regions of the brain. This rais
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es concerns about a neurological phenotype of
PS which may be obscured by early lethality but
become evident in longterm survivors. Herein
we first report on PS patients surviving beyond
infancy.
Patient 1 is the product of a German couple
originating from an isolate in Romania. She had
congenital nephrotic syndrome and developed
end stage renal failure in the newborn period re
quiring chronic dialysis. She died at age 1.5
years after kidney transplantation. By that age
she was found to have severe muscular hypoto
nia, did not achieve sitting and speech abilities,
and was apparently blind. The patient was ho
mozygous for a truncating LAMB2 mutation,
5259insA. Immunohistochemistry for laminin β2
on kidney tissue was negative.
Patient 2 was born to unrelated French parents.
She had typical ocular features of PS, earlyon
set nephrosis (age 2 months), and required peri
toneal dialysis from age 3. She is now 3.5 years
old, has a normal psychomotor development
and moderate vision impairment. She was found
to be compoundheterozygous for a truncating
LAMB2 mutation, 1477delT, and a splice site
mutation IVS22+2T>G which may retain some
residual protein function.
Objectives: Our observations suggest that com
plete laminin β2 deficiency is associated with a
severe neurological phenotype. In the presence
of specific (milder) LAMB2 mutations, however,
PS might be associated with milder neurological
features and even lack a neurological pheno
type. These issues are important for the coun
selling of affected families and therapeutic deci
sions.

W07 06
The mutational spectrum of NSDHL in
CHILD syndrome: Functional implications
Leveleki L.(1), König A.(2), Bornholdt D.(1),
Rölle P.(1), Happle R.(2), Grzeschik K.H.(1)
1) PhilippsUniversität Marburg, Institut für
Allgemeine Humangenetik, Marburg,
Deutschland
2) PhilippsUniversität Marburg, Klinik für
Dermatologie und Allergologie, Marburg,
Deutschland
CHILD syndrome (Congenital Hemidysplasia
with Ichthyosiform Nevus and Limb Defects,
MIM 308050), is an Xlinked dominant, male
lethal trait characterized by an inflammatory ne
vus that usually shows striking lateralization with
strict midline demarcation as well as ipsilateral
hypoplasia of the body. Recently, we were able
to demonstrate that this trait is caused by muta
tions in the gene NSDHL (NAD(P)H steroid dehy
drogenaselike protein) encoding a 3ßhydroxy
steroid dehydrogenase functioning in the cho
lesterol biosynthetic pathway. NSDHL maps to
Xq28.
We report the results of mutational analysis in
more than 30 familial and sporadic cases. The
phenotype appears to be caused by loss of
function because it can be associated with non
sense and missense mutations as well as with
deletions eliminating several exons or the com
plete gene. Amino acids of NSDHL located out
side the predicted functional domains (cofactor
binding site, catalytically active site, transmem
brane helix) which are highly conserved in evo
lution may pinpoint positions of potential func
tional importance. We generated by mutagene
sis human NSDHL transgenes reflecting mis
sensemutations observed in CHILD patients or

having altered other potentially functionally im
portant sites. GFPNSDHL fusion protein con
structs with wild type or mutated NSDHL were
transiently expressed in different cell lines. By
comparing the localization of GFPNSDHL with
the sites taken by different cellular compart
ments (identified by immunohistochemistry) we
demonstrate that the wild type protein primarily
localises to the surface of lipid storage droplets
(LDs) and to the ER. In contrast, most of the mu
tant NSDHL variants show disturbed subcellular
distribution. Complementation analysis by trans
fer of mutated human NSDHL into the erg26ts
yeast strain, which is mutated in the orthologous
gene, ERG26, suggests functional differences
between mutants, which are not reflected in the
human phenotype.

W08 Neurogenetics

W08 01
The possible role of Ca2+ in the
pathophysiology of BSCL2 resulting in
autosomal dominant Silver syndrome
Ofner L.(1), Windpassinger C.(1), Malli R.(2),
Graier W.(2), Schwarzbraun T.(1), Jud D.(1),
Weiß S.(1), Petek E.(1), Kroisel P.(3), Wagner
K.(1)
1) Medical University Graz, Institute of
Medical Biology and Human Genetics, Graz
2) Medical University Graz, Institute of
Molecular Biology & Biochemistry, Graz
3) Institute of Human Genetics, University
Greifswald, Graz
Silver syndrome is a complicated hereditary
spastic paraplegia associated with amyotrophy
of small hand muscles. Recently two heterozy
gous missense mutations in the BerardinelliSeip
congenital lipodystrophy gene (BSCL2), causing
Silver syndrome, were found. In this study we in
vestigated the function of the protein seipin.
Colocalisation studies with calreticulin showed
that seipin and seipinmutants are located in the
ER and ERmembrane respectively. Therefore it
is tempting to speculate that these proteins are
involved in the control of the Ca2+ concentration
within the ER. Furthermore involvement of Ca2+
in neurodegenerative diseases is well estab
lished. We determined intracellular [Ca2+] in hu
man umbilical vein endothelial cells transfected
with wild type and mutant seipinEGFP con
structs. Subsequently we quantified the Ca2+
concentration in the cytoplasm of single cells
with the Fura2 technique in time laps experi
ments. Changes of intracellular [Ca2+] were
measured by a variation in the fluorescence in
tensity of Fura2. Differences in Ca2+ concen
tration were observed between cells transiently
transfected with wildtype and mutations N88S
and S90L. Upon stimulation with an IP3 gener
ating agonist (histamine 100 M) initial cytosolic
[Ca2+] elevation was significantly reduced in
cells expressing N88S mutant compared to con
trol (WT mutant or not transfected cells). In ad
dition the cytosolic [Ca2+] during stimulation
with histamine in the absence of extracellular
[Ca2+] was not transient in contrast to control
cells. Due to the observed decelerated [Ca2+]
release out of endoplasmic reticulum further in
vestigations of calcium pumps will be carried
out.
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JARID1C, a novel gene involved in Xlinked
mental retardation, is frequently mutated
Jensen L.R.(1), Amende M.(1), Gurok U.(1),
Moser B.(1), Gimmel V.(1), Tzschach A.(1),
Janecke A.(2), Tariverdian G.(3), Chelly J.(4),
Fryns J.P.(5), Van Esch H.(5), Kleefstra T.(6),
Hamel B.(6), Moraine C.(7), Gécz J.(8), Turner
G.(9), Reinhardt R.(1), Kalscheuer V.(1), Ropers
H.H.(1), Lenzner S.(1)
1) Max Planck Institute for Molecular
Genetics, Berlin
2) Innsbruck Medical University, Innsbruck
3) University Heidelberg, Heidelberg
4) Institut Cochin de Génétique Moleculaire,
Paris
5) Center for Human Genetics, Leuven
6) University Medical Centre, Nijmegen
7) CHU Bretonneau, Tours
8) Women’s and Children’s Hospital and The
University of Adelaide, Adelaide
9) University of Newcastle, New South
Wales
More than 30% of mutations in families with
nonsyndromic Xlinked mental retardation (NS
XLMR) seem to cluster on proximal Xp and in the
pericentric region. In a systematic screen of
brainexpressed genes from this region in 354
families with XLMR, we have identified 12 differ
ent mutations in JARID1C, including one
frameshift and three nonsense mutations intro
ducing premature stop codons as well as eight
missense mutations changing evolutionarily con
served amino acids. In two of these families, ex
pression studies revealed an almost complete
absence of the mutated JARID1C transcript,
suggesting that the phenotype in these families
results from a loss of JARID1C function.
JARID1C belongs to the highly conserved ARID
protein family. It contains several DNA binding
motifs linking it to transcriptional regulation and
chromatin remodeling, a process, which is de
fective in various other forms of mental retarda
tion. The mutation frequency of 3.4% in our pa
tient cohort suggests that mutations in JARID1C
are a relatively common cause of XLMR, and
that this gene might play an important role in hu
man brain function. Further studies will include
the characterization of mice deficient in Jarid1c
and expression profiling of the respective brain
tissues. These investigations should shed more
light on the pathogenesis of mental retardation.

W08 03
Identification of potential gene modifiers in
SMA discordant families
Oprea G.(1), Wirth B.(1)
1) Institut of Human Genetics, Kerpener
Strasse 34, Cologne
Spinal muscular atrophy (SMA) is an autosomal
recessive disorder which affects the alpha mo
tor neurons of the spinal cord. SMA is caused by
deletions and/or mutations in the survival motor
neuron gene 1 (SMN1).The SMN gene is dupli
cated on chromosome 5q13 and the second
copy (SMN2) differs in only 5 bp. Most of the
SMN2 transcripts undergo alternative splicing of
exon 7, which encode in a truncated and unsta
ble SMN protein. SMN protein interacts with
multiple proteins with functions in snRNPs bio
genesis, premRNA splicing, gene repression
and presumably neural transport. In rare cases,
sibs with identical SMN1 mutations and identi
cal SMN2 copies can show variable phenotypes

from unaffected to affected indicating the exis
tence of SMA modifying factor(s). Recently, we
showed that the modifier is influencing the SMN
protein level. The expression profiling of EBV
transformed cell lines belonging to one discor
dant family (2 sibs unaffected and 2 sibs affect
ed), 2 type I and 2 type III SMA patients revealed
upregulation of 6 genes differentially expressed
above 2fold threshold. All the candidate genes
were found to be expressed in brain, spinal cord
and muscle, tissues which are involved in the
development and the progression of the disease.
After statistical evaluation and further validation
on RTPCR in all discordant families, two prom
ising transcripts were identified. These showed
in 4 additional discordant families the same sig
nificant difference between affected and unaf
fected siblings. So far, no mutation within the
coding region and no association with a certain
SNP were found. The analysis of the promoter
region is in progress. However, an in vivo protein
interaction with SMN was shown for one candi
date so far. These interesting findings open new
prospects to better understand the mechanism
of pathology and the regulation of the SMN pro
tein, as well as to develop additional therapies
for SMA.

W08 04
Morphological and functional changes in
motoneurons from an animal model for
Spinal Muscular Atrophy (SMA)
Jablonka S.(1), Beck M.(1), Rossoll W.(1),
Andreassi C.(1), Sendtner M.(1)
1) Institute for Clinical Neurobiology,
University of Wuerzburg, Wuerzburg
The most common form of childhood spinal
muscular atrophy (SMA) is caused by a defect in
the survival motoneuron 1 (SMN1) gene. We
have previously shown that mice which lack
Smn protein, either as Smn heterozygous
(Smn+/) or Smn/ mice with two transgenic
copies of the SMN2 gene (Smn/;SMN2), devel
op postnatal motoneuron degeneration. Cell loss
and severity of the motoneuron degeneration
depend on Smn protein levels. However, it is still
unknown why specifically motoneurons are so
vulnerable to Smn loss.
We have observed that cultivated embryonic
spinal motoneurons from Smndeficient mice ex
hibit normal survival in cell culture, but show re
duced axon growth. Reduced axon growth of
Smndeficient motoneurons is associated with
reduced betaactin protein and betaactin mRNA
accumulation in the distal part of the axons. This
correlates with reduced betaactin mRNA levels
in axon terminals of Smn/;SMN2 motoneurons.
We have also found that the 3‘UTR of the beta
actin mRNA specifically interacts with a complex
of Smn and hnRNPR, suggesting that Smn
plays a role in the axonal translocation of beta
actin mRNA.
In order to investigate the consequences of dis
turbed betaactin distribution along the axon
and the mechanisms leading to reduced axon
length, we have analyzed the excitability of Smn
deficient motoneurons using Calcium imaging
techniques. Spontaneous excitability was test
ed by spike frequency of intracellular Ca2+ tran
sients, caused by opening of voltagegated
Ca2+ channels. Our experiments show that
Smndeficient motoneurons, in comparison to
wildtype controls, exhibit reduced frequency of
spikes. The reduced frequency of Ca2+ tran
sients indicates that motoneurons in SMA

mouse models and patients are functionally im
paired by a reduced capacity to depolarize and
thus to release neurotransmitters at the motor
endplate. This might significantly contribute to
the disease phenotype, and muscle weakness
might occur before motoneurons start to degen
erate.

W08 05
Periphilin maps to the PARK8 region and is
a new interactor of Synphilin1, a protein
involved in Parkinson’s disease
Glass A.S.(1), Franck T.(1), Zimprich A.(2), Marx
F.P.(2), Strauss K.M.(2), Berg D.(1,2),
Bichelmeier U.(1), Floss T.(3), Wurst W.(3), Aho
S.(4), Krüger R. (2), Gasser T.(2), Riess O.(1)
1) Department of Medical Genetics,
University of Tübingen, Tübingen, Germany
2) Neurodegeneration Laboratory, Center of
Neurology, Hertie Institute of Clinical Brain
Research, University of Tübingen, Germany
3) GSF Research Center, Munich, Germany
4) Department of Dermatology and
Cutaneous Biology, Thomas Jefferson
University, Philadelphia, Pennsylvania, USA
Parkinson’s disease (PD) is neuropathologically
characterized by the loss of dopaminergic neu
rons and the presence of intracytoplasmic inclu
sions (Lewy bodies, LB). Alphasynuclein, a
presynaptic protein, and synphilin1, a synucle
ininteracting protein, were found to be major
components of the LB. We recently identified a
mutation in the synphilin1 gene in two PD pa
tients. In order to further elucidate the role of
synphilin1 in the pathogenesis of PD, we
searched for novel interacting proteins of syn
philin1 and isolated the highly insoluble protein
periphilin by yeasttwo hybrid screening. Im
munohistochemical studies identified periphilin
as a component of LB in brains of PD patients.
Interestingly, the periphilin gene maps to the
PARK8 region. A mutation search identified a
missense mutation in two PD patients of one
pedigree. However, immunocytochemistry data
provide no indication of colocalization of the
nuclear periphilin with synphilin1. The mutation
does neither affect the cellular distribution nor
the susceptibility to cellular stressors such as
the proteasome inhibitor MG132 or H2O2. How
ever, HEK cells stably expressing mutant pe
riphilin appeared to be more susceptible to the
nitric oxide donor SnitrosoNacetylpenicillamin
(SNAP). Since periphilin accumulates under pro
teasomal inhibition with MG132, it seems likely
that this protein is degraded by the proteasome,
fitting periphilin in the ubiquitinproteasome
degradation pathway. In summary, our results
link periphilin with synphilin1 and open up new
vistas for periphilin as a novel potential patho
genesis factor in PD.

W8

W08 06
A novel mouse model for Spinocerebellar
Ataxia Type 3 containing 148 polyglutamine
repeats
Bichelmeier U.(1), Schmidt T.(1), Hübener J.(1),
Boy J.(1), Preuß A.(1), Schmitt I.(2),
Wilbertz J.(3), Ibrahim S.(4), Laccone F.(5),
Rieß O.(1)
1) University of Tübingen, Department of
Medical Genetics, Tübingen
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2) University of Bonn, Department of
Neurology, Bonn
3) Karolinska Institute, Stockholm
4) University of Rostock, Department of
Immunology, Rostock
5) University of Göttingen, Institute of
Human Genetics, Göttingen
Spinocerebellar Ataxia Type 3 (SCA3) or Macha
doJosephDisease (MJD) is an autosomal dom
inantly inherited neurodegenerative disorder
caused by the expansion of a CAG stretch in the
MJD1 gene encoding a polyglutamine repeat in
the respective Ataxin3 protein. SCA3 therefore
belongs to the group of the so called polyglut
amine diseases. In order to study the course of
the disease we generated transgenic mouse
models for this disorder. We used the prion pro
tein (PrP) promotor to control the expression of
the full length Ataxin3 gene containing 70 or
148 CAG repeats, respectively. As controls
transgenic mice expressing ataxin3 with 15
CAG repeats were used. Western blot analyses
confirmed the expression of the transgenic Atax
in3 proteins in the brain. The mice carrying 148
polyglutamine repeats were severely affected by
a remarkable neurological phenotype with aber
rant behaviour, conspicuous footprint pattern as
well as poor rotarod performance. 148 polyglu
tamine repeats in the Ataxin3 protein lead to
early death at about 15 weeks of age. Neu
ropathological examination by immunohisto
chemical stainings revealed Ubiquitin and Atax
in3positive intranuclear inclusion bodies in a
multitude of neurons. The transgene containing
70 polyglutamine repeats give rise to a compa
rable but significant milder phenotype resulting
in death at about 30 weeks of age. The pheno
typical observations as well as the neuropatho
logical results correspond to the mouse model
with 148 CAG repeats. On the other hand mice
carrying the Ataxin3 transgene with a normal re
peat length (15 CAG repeats) were phenotypical
ly normal with no neuropathological findings. We
believe that our mouse models will be a very
helpful tool to study the progression of patholo
gy in SCA3. In addition the different repeat num
bers allow choosing from a more severe (148 re
peats) or milder (77 repeats) phenotype.

5) University of Michigan Medical School,
Department of Ophthalmology and Visual
Sciences, Ann Arbor, Michigan USA
We recently identified RDH12 (14q23.3q24.1) as
a novel disease gene finding 5 most likely path
ogenic changes (T49M, R62X, Q189X, 806delC
CCTG, Y226C) in homozygous or compound
heterozygous form in patients with childhood
onset severe retinal dystrophy (Janecke et al.
Nature Genet. 36, 850, 2004). Retinol dehydro
genase12 (RDH12) is a photoreceptor enzyme
proposed to function in the visual cycle to con
vert alltrans retinal (released from bleached vi
sual pigments) to vitamin A that is used by the
RPE to reform the chromophore 11cis retinal.
The purpose of the current study is to determine
the mutation spectrum and prevalence of RDH12
mutations in autosomal recessive retinal dystro
phy (arRD). We performed RDH12 mutation
screening in 990 patients with arRD. Patient mis
sense mutations were introduced into
RDH12.pcDNA3.1 constructs that were used to
transfect COS7 cells, and the enzyme activity
of the recombinant proteins was assayed using
HPLC analysis. We have now identified 17 addi
tional RDH12 mutations in patients with arRD:
M1?, A47T, N34fsX62, T55M, R65X, L99I,
G127X,
[c.429C>G;c.430C>G;c.432delG],
G145E, H151D, T155I, Y195X, A206D, R239W,
L274P, C285Y, and R295X. Each of the missense
variants tested exhibited decreased or aberrant
activity relative to wildtype when assayed for
their ability to catalyze the interconversion all
trans retinol and alltrans retinal. In all patients
with RDH12 mutations, the disease affected
both rods and cones with onset of symptoms in
early childhood (24 y) and progression to legal
blindness in early adulthood (1825 y). Our stud
ies suggest that RDH12 mutations account for
about 5% of cases of severe, childhoodonset
arRD, and for 1.5% of arRD cases in total. Our
studies identify a cohort of patients whose dis
ease may be amenable to therapies effective for
visual cycle defects currently under development
by the vision research community.
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W09 01
Mutations in RDH12, encoding a
photoreceptor cell retinol dehydrogenase, in
autosomal recessive retinal dystrophy
Janecke A.R.(1), Thompson D.A.(2), Lange
J.(3), Wissinger B.(4), McHenry C.L.(5),
Feathers K.L.(5), Hübner C.A.(3), Utermann
G.(1), Gal A.(3)
1) Innsbruck Medical University, Department
of Medical Biology and Human Genetics,
Innsbruck, Austria
2) University of Michigan Medical School,
Department of Ophthalmology and Visual
Sciences, and Department of Biological
Chemistry, Ann Arbor, Michigan USA
3) Universitätsklinikum Hamburg
Eppendorf, Institut für Humangenetik,
Hamburg, Germany
4) UniversityHospital Tübingen,
Department of Ophthalmology, Tübingen,
Germany
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A two step imprinting defect involving CTCF
binding sites results in Beckwith
Wiedemann syndrome and Wilms’tumor
Prawitt D.(1), Enklaar T.(1), GaertnerRupprecht
B.(1), Spangenberg C.(1), Oswald M.(1),
Reutzel D.(1), Fees S.(1), Brixel L.(1), Lausch
E.(1), Korzon M.(2), Brozek I.(3), Limon J.(3),
Pelletier J.(4), Zabel B.(1)
1) Children’s Hospital, University of Mainz,
Mainz
2) Medical University of Gdansk,
Department of Pediatrics, Gastroenterology
and Oncology, Danzig
3) Medical University of Gdansk,
Department of Biology and Genetics, Danzig
4) McGill University, Dept. of Biochemistry
and McGill Cancer Center, Montreal
Genetic diseases can be caused by incorrect
genomic imprinting, a mechanism that normally
leads to epigenetic silencing of one parental al
lele. A developmental disorder associated with
imprinting defects in the chromosomal region
11p15.5 is Beckwith Wiedemann syndrome
(BWS), a congenital overgrowth condition, with
about 5% of children developing embryonal tu
mors, most frequently Wilms’tumor (WT). The
disease causing epigenetic alterations described
to date cluster in two regions, that are coordi

nated by imprintingcenters (ICs), termed
KvDMR1 (or IC2) and IC1. The latter is posi
tioned between H19 and IGF2 and harbors dif
ferentially methylated target sites for the insula
tor protein CTCF. Based on an extraordinary fa
milial case of BWS with WT we describe a mi
crodeletion in IC1, associated with IGF2loss of
imprinting and upregulation of IGF2 mRNA. A
second genetic lesion  a duplication of mater
nal 11p15.5  was found to be restricted to clin
ically affected family members. The BWSWT
phenotype is associated with/characterized by
a further increase of IGF2 levels resulting in crit
ical activation of a receptor signaling cascade
(PI3KAKTmTOR4EBP1/S6K). Activation of this
cascade seems to be a tumor predisposition
marker of BWS with various predictive and even
therapeutic implications.

W09 03
An inversion involving the Sonic Hedgehog
locus results in the mouse Short Digits (Dsh)
phenotype through dysregulation of Shh
expression
Schwabe G.(1), Niedermaier M.(1), Fees S.(2),
Helmrich A.(3), Seemann P.(1), Hecht J.(1),
Seitz V.(1), Schröck E.(3), Selby P.(4), Mundlos
S.(1)
1) MPIMG, Berlin
2) Children’s Hospital, Mainz
3) Institute for Clinical Genetics, Dresden
4) RiskMuTox, Oak Ridge
Short digits (Dsh) is a radiation induced semi
dominant mouse mutant. Dsh/Dsh mice exhibit
multiple internal and skeletal defects strongly re
sembling the Shh/ mouse. In contrast to Shh
+/ mice, Dsh/+ mutants are characterized by a
limb reduction phenotype with fusion of proxi
mal and middle phalanges in all digits, reminis
cent of human brachydactyly type A1. We
mapped Dsh to mouse chromosome 5 in a re
gion harboring the Shh gene. We were able to
demonstrate an inversion comprising 11.7 Mb
and identified both breakpoints. The distal
breakpoint resides 13.298 kb upstream of Shh
and separates the gene from several conserved
noncoding elements, that may represent cisreg
ulatory enhancers. Using extensive in situ hy
bridization analysis and quantitative RTPCR we
were able to show an almost complete downreg
ulation of Shh expression during developmental
stages E9.5 to E12.5 in Dsh/Dsh mice, leading
to the Shh / like phenotype. However, in Dsh/+
mice Shh is upregulated at stages E13.5 and
E14.5 and ectopically expressed in the pha
langes, at a time point when Shh has normally
been turned off in the limb. As a consequence of
local Shh upregulation and misexpression,
hedgehog target genes, as Gli13, Patched and
Pthlh are overexpressed, and Ihh and Gdf5 are
downregulated. This results in the disruption of
digit growth and joint formation explaining the
brachydactyly phenotype. The Dsh mutant rep
resents a so far undescribed example for the
temporal and spatial misregulation of gene ex
pression due to a chromosomal rearrangement.
The developmental pathology associated with
this misexpression extends our understanding of
normal and abnormal limb development.

Abstracts
W09 04
Microarray analysis combined with
microdissection of fetal human neocortex
identifies candidate genes for brain
development and function
Chotewutmontri S.(1), Zecher U.(1), Tralau T.(2),
Bohl J.(3), Haaf T.(1), Galetzka D.(1)
1) Johannes Gutenberg University, Institut
of Human Genetics, Mainz
2) Johannes Gutenberg University,
Department of Pediatric Pathology, Mainz
3) Johannes Gutenberg University,
Department of Neuropathology, Mainz
Development of the human neocortex depends
on spatially and temporally correct expression of
numerous genes. Disturbances of this highly co
ordinated process are an important cause of
mental retardation and many other brain disor
ders. It is plausible that the same set of genes
also contributes to cognitive variation. Identifi
cation of genes involved in human brain devel
opment and characterization of their expression
patterns may provide a better understanding of
cognitive processes. To this end we have devel
oped a cDNA chip with approximately 600 genes
that are known to influence some aspect of cog
nition in humans, mice and/or Drosophila, along
with 100 control house keeping genes. This cus
tomized gene chip was used to quantify the
mRNA expression levels in fetal (weeks 1525 of
gestation) brain samples from frontal cortex
(prospective area A10 ). Approximately 300
genes on the chip displayed detectable expres
sion levels. A subset was expressed differential
ly at different time points of gestation. Approxi
mately 50 genes showed at least twofold ex
pression differences between normal and tri
somy 21 brain samples of the same gestational
weeks and/or changes in their temporal expres
sion patterns. Some of these genes were report
ed previously to be expressed differentially in tri
somy 21 brains. However, most identified genes,
including genes of the MAPK signaling and the
Alzheimer disease pathways, have not been as
sociated with trisomy 21 in the literature. Mi
croarray results were validated with reverse
Northern blots and real time PCR. Because the
topography of gene expression during early hu
man cortical development is largely unknown,
we have microdissected the six neuronal cell
layers from normal and trisomy 21 neocortex.
The extracted and amplified RNA samples will
be hybridized on our microarray chip. Collective
ly, our results will provide new insights into the
genetics of human brain development (cortico
genesis) and cognitive processes

W09 05
Nijmegen Breakage Syndrome: Proteomic
analysis of Nbn nullmutant mice.
Stöckl L.(1), Melchers A.(1), Klose J.(1),
Sperling K.(1), Digweed M.(1)
1) Charité  Universitätsmedizin Berlin,
Institut für Humangenetik, Berlin
Nijmegen breakage syndrome (NBS, MIM
251260) is a rare autosomal recessive genetic
disease belonging to a group of disorders
termed chromosome instability syndromes. Pa
tients affected by NBS have a range of symp
toms including microcephaly, growth retardation,
radiosensitivity, immunodeficiency and an in
creased cancer risk, particularly for Bcell lym
phoma. Over 90% of all NBS patients are ho

mozygous for a 5 bp deletion (657D5) in exon 6
of the NBS1 gene.
To circumvent the embryonic lethality of null mu
tation of the murine NBS1 homologue, Nbn, we
have generated mice with an inducible null mu
tation. LoxPsites were introduced into the
murine genome either side of Nbn exon 6. Ex
pression of crerecombinase leads to exon 6
deletion: a lethal mutation. Mice were crossed
with transgenic mice expressing Cre recombi
nase under the control of the interferon respon
sive promoter, Mx1, allowing induction of Cre
mediated exon 6deletion by injection of
polyI:polyC. A semi quantitative PCR on DNA
extracted from various organs revealed the high
est deletion efficiency in the liver of treated mice
(ca. 90 %) suggesting that this organ is most
suitable for identification of proteins that are af
fected by the absence of nibrin.
In order to identify such proteins, we performed
2 dimensional gel electrophoresis on liver pro
teins isolated from mice at various times after
ionising irradiation. Already in unirradiated livers,
11 proteins were aberrantly expressed in the ab
sence of nibrin. The number of proteins with al
tered expression increased dramatically to 123
24h after irradiation. The proteins were isolated
and identified by mass spectrometry, they can
be classified into several ontologic categories
such as cell cycle regulation, translation/tran
scription and protein folding. These data demon
strate that the mutagenised cell is strongly af
fected by the absence of nibrin reflecting its
central role in the cellular response to DNA dam
age.

W09 06
The impact of ovarian stimulation on
imprinted gene methylation in
preimplantation stage mouse embryos
Alexandridis A.(1), Großmann B.(1),
Konersmann M.(1), Haaf T.(1), Zechner U.(1)
1) Johannes Gutenberg University Mainz,
Institute of Human Genetics, Mainz
Several lines of evidence suggest a relationship
between assisted reproductive technology (ART)
and genomic imprinting disorders. Recent stud
ies reported an increased incidence of Angelman
syndrome and BeckwithWiedemann syndrome
associated with methylation imprinting defects
in children conceived through in vitro fertilization
(IVF) and/or intracytoplasmatic sperm injection
(ICSI). Several animal studies showed that em
bryo culture conditions during ART affect the ex
pression and methylation of imprinted genes.
Ovarian stimulation, i.e. superovulation with go
nadotrophins, which is used to increase the
number of oocytes that can be retrieved for ART
is known to impair implantation and fetal devel
opment in mice. These data prompted us to an
alyze the effects of ovarian stimulation on
methylation of the imprinted genes <H19>,
<Snrpn>, <Igf2r>, <Lit1>, <Mest> and <Peg3>
in preimplantation mouse embryos. Stimulated
(by i.p. injection with 7.5 IU pregnant mare’s
serum gonadotrophin followed 44–48 h later by
an injection of 7.5 IU human chorionic go
nadotrophin) and nonstimulated C57BL/6J fe
males were mated with C57BL/6J or <Mus mus
culus castaneus> males. Morula stage embryos
were recovered from oviducts on gestational day
2.5. DNA was isolated from single embryos or
pools of 512 embryos and subjected to bisul
phite modification, PCR amplification, sub
cloning and sequencing. Preliminary evidence

suggests that morula stage embryos from stim
ulated females exhibit a loss of DNA methylation
at the imprinting control regions of the <Snprn>
and <H19> genes. These preliminary findings
support the hypothesis that developmental ab
normalities associated with ovarian stimulation
are due to impaired imprinted gene methylation.

W10 Genetics of Mendelian Traits

W10 01
Arrhythmogenic right ventricular
cardiomyopathy (ARVC) is caused by a
mutation in the calciumbinding protein
calsequestrin 2
Wollnik B.(1), Sahin E.S.(2), Uyguner O.(2),
Uzumcu A.(2), Dindar A.(3), Adalet K.(4),
Yekeler E.(5), Olender T.(6), YukselApak M.(2)
1) University of Cologne, Institute of Human
Genetics and Center for Molecular Medicine
Cologne (CMMC), Cologne
2) Istanbul University, Child Health Institute,
Division of Medical Genetics, Istanbul
3) Istanbul University, Medical Faculty,
Department of Pediatric Cardiology,
Istanbul
4) Istanbul University, Medical Faculty,
Department of Cardiology, Istanbul
5) Istanbul University, Medical Faculty,
Department of Radiology, Istanbul
6) Weizmann Institute of Science, The
Crown Human Genome Center, Rehovot
Arrhythmogenic right ventricular cardiomyopa
thy (ARVC) is a heart muscle disease that caus
es arrhythmias, heart failure, and sudden cardiac
death. A specific form of ARVC (named ARVD2)
is associated with catecholamineinduced poly
morphic ventricular tachycardia (CPVT) and
caused by dominant mutations in the cardiac
ryanodine receptor 2 gene (RYR2).
We now clinically characterized a family with an
ARVD2 similar phenotype. The 26 yearold index
patient presented with recurrent syncopes,
structural changes of the right ventricular wall
due to fibrofatty replacement of the myocardi
um, and CPVT. A sister of the index patient,
showing the same phenotype, suddenly died at
the age of 15. Mutation screening of the cardiac
calciumbinding protein calsequestrin 2 (CASQ2)
gene, which was recently identified to cause
CPVT without any structural abnormality, re
vealed a heterozygous missense mutation in
exon 5 of the CASQ2 gene. The mutation, that
was not present in 322 control chromosomes, is
located in the highly conserved core domain II of
the protein. Threedimensional modeling of the
mutant protein suggested that the hydrophobic
ity of the acidic core of the protein might be
changed, which could lead to a calcium distur
bance in cardiac myocytes. Functional analysis
of the mutation is currently performed to under
stand the pathophysiological mechanism of this
specific phenotype.
Our study shows for the first time that mutations
in CASQ2 cause the ARVC/CPVT phenotype,
most likely by a calcium disturbance of the sar
coplasmic reticulum.
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W10 02
Extended heterogeneity in hemophagocytic
lymphohistiocytosis: UNC13D and PRF1
mutations in childhood patients
Hennies H.C.(1,2), Beutel K.(3), Kolberg S.(1),
Oyen F.(3), Diler A.S.(4), Kabisch H.(3),
Schneppenheim R.(3), Nürnberg P.(1,2), Janka
G.(3), zur Stadt U.(3)
1) Max Delbrück Center for Molecular
Medicine, Dept. of Molecular Genetics and
Gene Mapping Center, Berlin, Germany
2) University of Cologne, Cologne Center for
Genomics, Köln, Germany
3) Children’s University Hospital, Dept. of
Pediatric Hematology and Oncology,
Hamburg, Germany
4) University of Istanbul, Dept. of Medical
Biology and Bone Marrow Bank, Istanbul,
Turkey
Familial hemophagocytic lymphohistiocytosis
(FHL) is an autosomal recessive disease affect
ing young children. It presents as a severe hy
perinflammatory syndrome with activated
macrophages and T lymphocytes. Mutations in
the perforin 1 gene (PRF1) were reported in FHL
2 in 15–50% of all cases. Defective granule ex
ocytosis caused by mutations in UNC13D has
recently been described as the defect underly
ing FHL3. Both types are phenotypically indis
tinguishable. We have analyzed a large cohort of
61 patients with hemophagocytic lymphohistio
cytosis from different geographic origins by link
age analysis and direct sequencing. We identi
fied mutations in 28 samples investigated, 18 in
PRF1 (30%) and 10 in UNC13D (16%). Besides
several known mutations, novel deletions, mis
sense and nonsense mutations were detected in
both genes throughout the coding regions. In 24
patients from Turkey, 13 had mutations in PRF1
(54%) and 4 had mutations in UNC13D (17%).
The mutation Trp374X, found in 11/13 patients
with PRF1 mutation from Turkey, was the only
mutation observed repeatedly in patients from a
common geographic origin. Surprisingly, only
7/28 patients from Germany showed mutations
in either PRF1 (3; 11%) or UNC13D (4; 14%).
Furthermore, 4 out of 9 patients from other
countries showed mutations in one of these
genes. We detected only one mutation in
UNC13D repeatedly in 10 heterozygous patients
so far. Moreover, a genomewide scan for a nov
el locus for FHL is under way using homozygos
ity mapping in a large consanguineous family
from Turkey. Our results indicate that FHL2 and
FHL3 account for more than 70% of FHL cases
from Turkish origin, however, mutations were
identified in only 25% of cases from German de
scent. Our data demonstrate extensive genetic
heterogeneity in FHL, differences in epidemiolo
gy depending on ethnicity, and the importance
of further, yet unknown loci for the etiology of
FHL.

W10 03
The Role of Common SingleNucleotide
Polymorphisms on Exon 9 and Exon 12
Skipping in Nonmutated CFTR Alleles
Steiner B.(1), Truninger K.(2), Sanz J.(1),
Schaller A.(1), Gallati S.(1)
1) Division of Human Genetics, Department
of Pediatrics, Bern
2) Division of Gastroenterology, Cantonal
Hospital, Aarau
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Classic cystic fibrosis (CF) is caused by two
lossoffunction mutations in the cystic fibrosis
transmembrane conductance regulator (CFTR)
gene, whereas patients with nonclassic CF have
at least one copy of a mutant gene that retains
partial function of the CFTR protein. In addition,
there are several other phenotypes associated
with CFTR gene mutations, such as idiopathic
chronic pancreatitis. In CFTRassociated disor
ders and in nonclassic CF, often only one CFTR
mutation or no CFTR mutations can be detect
ed. In this study, we screened 23 patients with
CFTRassociated disorders for CFTR mutations
by complete gene testing and quantitative tran
script analysis. Mutations were found in 10 pa
tients. In cells from respiratory epithelium, we
detected aberrant splicing of CFTR mRNA in all
investigated individuals. We observed a highly
significant association between the presence of
coding singlenucleotide polymorphisms (cod
ing SNPs, or cSNPs) and increased skipping of
exon 9 and 12. This association was found both
in patients and in normal individuals carrying the
same cSNPs. The cSNPs c.1540A/G, c.2694T/G,
and c.4521G/A may have affected premRNA
splicing by changing regulatory sequence motifs
of exonic splice enhancers, leading to lower
amounts of normal transcripts. The analysis of
CFTR exons indicated that less frequent and
weak exonic splicing enhancer (ESE) motifs
make exon 12 vulnerable to skipping. The num
ber of splice variants in individuals with cSNPs
was similar to previously reported values for the
T5 allele, suggesting that cSNPs may enhance
susceptibility to CFTR related diseases. In addi
tion, cSNPs may be responsible for variation in
the phenotypic expression of CFTR mutations.
Quantitative approaches rather than convention
al genomic analysis are required to interpret the
role of cSNPs.

W10 04
Mutation in the Transcriptional Coactivator
Eya4 Causes Dilated Cardiomyopathy and
Sensorineural Hearing Loss
Schönberger J.(1), Wang L.(2), Shin J.(3),
Depreux F.(2), Kim S.D.(2), Zhu H.(4), Zon L.(4),
Pizard A.(2), Kim J.B.(2), MacRae C.(3),
Mungall A.(5), Seidman C.(2), Seidman J.(2)
1) University of Würzburg, Dep. of Medicine
and Institute of Clinical Biochemistry and
Pathobiochemistry, Würzburg
2) Harvard Medical School, Dep. of
Genetics, Boston, MA
3) Massachussetts General Hospital,
Developmental Biology Laboratory and
Cardiovascular Research Center, Boston,
MA
4) Children’s Hospital, Boston, MA
5) The Wellcome Trust, Sanger Institute,
Hinxton, GB
Background: The pathophysiology of heart fail
ure is complex and not fully understood. Dilated
cardiomyopathy (DCM) is an important form of
heart failure and appears familial in 2530% of
cases. Mutations in several cytoskeletal proteins
have already been identified.
Results: We identified a four generation pedi
gree with a novel syndrome characterized by au
tosomaldominant coinheritance of DCM and
sensoneural hearing loss (DCM/SNHL). Hearing
loss was evident by late adolescence, whereas
congestive heart failure appeared later. A linkage
study demonstrated that polymorphic loci on
chromosome 6q23 to 24 were coinherited with

the disease (maximum LOD=4.88 at D6S2411).
The minimal disease interval measures 2.0Mb
and is defined between loci D6S975 and a CA
repeat on BAC RP132B1. The locus contains 8
known genes. Epicardin, SGK and EYA4 could
be detected in cDNA libraries from both heart
and cochlea. Screening of all three genes iden
tified a mutation in EYA4, a transcriptional co
activator that has recently been described in au
tosomaldominant hearing loss DFNA10. A dele
tion of 4846 bp affecting exons 9 and 10 leads
to a frameshift with a premature stop codon at
aminoacid 193 in DCM/SNHL. To elucidate the
role of Eya4 in heart function, antisense mor
pholino oligoinjected zebrafish embryos were
studied; attenuated Eya4 transcript levels pro
duced morphologic and hemodynamic features
of heart failure. To understand why previously
described mutant Eya4 alleles cause hearing
loss without heart disease, biochemical interac
tions of mutant Eya4 peptides were examined.
Hearing lossassociated Eya4 peptides, but not
the foreshortened 193 amino acid peptide en
coded by the DCM/SNHL Eya4 allele, bound
wildtype Eya4 and associated with Six proteins.
Conclusions: These data define unrecognized
and critical roles for Eya4Six mediated tran
scriptional regulation for normal heart function
and thereby provide novel insights into the
pathophysiological pathways of heart failure.

W10 05
Very high prevalence of hereditary
prosopagnosia  a first report
Kennerknecht I.(1), Grüter T.(2), Welling B.(1),
Horst J.(1), Grüter M.(1)
1) Westfälische WilhelmsUniversität,
Institut für Humangenetik, Münster
2) Nottulner Landweg 2, Münster
Prosopagnosia (syn. face blindness) is defined
as the inability to associate a face with a person,
while faces as such and facial expressions are
recognized. Acquired prosopagnosia is a rare
condition after a right hemispheric stroke or
brain injury. Until recently, the congenital form of
prosopagnosia, was generally considered to be
even less common. Until 2001 only 11 cases in
seven single case studies and one family with
three affected members have been published. In
our recent examinations of more than 180
prosopagnosics and more than 30 families we
could show that this cognitive disorder is hered
itary and compatible with simple autosomal
dominant inheritance. We therefore introduced
the term “hereditary prosopagnosia” (Ken
nerknecht et al. 2002, Grüter et al. 2005).
Here, we present evidence that hereditary
prosopagnosia is a very common cognitive dis
order. Probands were recruited by questionnaire
based screening in local secondary schools and
among medical students of our university. 28 out
of 571 probands, who were highly suspicious of
a possible visual recognition impairment were in
terviewed in detail for symptoms of prosopag
nosia, i.e. (1) recognition of a familiar face or of
faces outside the normal context is significantly
reduced or nearly impossible; (2) not possible to
say whether a face is familiar or not results in
false positive and negative decisions; (3) deci
sion time is prolonged; (4) no recognition after
only a short contact; (5) development of adap
tive strategies (Grüter et al. 2005). A diagnosis
of hereditary prosopagnosia was established in
13 individuals. This gives a prevalence of 2.6 %
at least in this population. This frequency is
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among the highest known for a monogenic dis
order.

SALL4 haploinsufficiency. Furthermore, we will
discuss the influence of haploinsufficiency of
flanking genes on the phenotype in the patient
with a larger deletion.

W10 06
Whole gene deletions of SALL4 as well as
deletions of single exons are a common
cause of Okihiro and acrorenalocular
syndromes and confirm haploinsufficiency
as the pathogenetic mechanism
Borozdin W.(1), Boehm D.(2), Leipoldt M.(1),
Wilhelm C.(1), Graham Jr J.M.(3),
Reardon W.(4), ClaytonSmith J.(5),
Becker K.(6), Muehlendyck M.(7), Winter R.(8),
Giray O.(9), Silan F.(10), Kohlhase J.(1)
1) University of Freiburg, Institute for
Human Genetics and Anthropology,
Freiburg, Germany
2) University of Göttingen, Institute for
Human Genetics, Göttingen, Germany
3) University of California, Cedars Sinai
Medical Center, Los Angeles, USA
4) Our Lady’s Hospital for Sick Children,
National Centre for Medical Genetics,
Crumlin, Dublin, Ireland
5) St Marys Hospital, Department of Clinical
Genetics, Manchester, UK
6) Northwick Park Hospital, KennedyGalton
Centre, Harrow, UK
7) University of Göttingen, Department of
Neuroophthalmology, Göttingen, Germany
8) University College London Medical
School, Institute for Child Health, London,
UK
9) Dokuz Eylul University, Department of
Pediatrics, Izmir, Turkey
10) Abant Izzet Baysal University Medical
School, Medical Biology and Genetics
Department, Duzce, Turkey
Okihiro (Duane RadialRay) syndrome is an au
tosomal dominantly inherited malformation syn
drome characterized by radial malformations of
upper limbs in combination with Duane anomaly.
Previously, mutations in the putative zinc finger
transcription factor gene SALL4 were reported
to cause Okihiro and acrorenalocular syn
drome. However, in a substantial proportion of
patients with such phenotypes no SALL4 muta
tion was found. Segregation analysis of five in
tragenic SNPs was informative in four out of
seven families and suggested a heterozygous
SALL4 deletion of at least exon 2. To confirm
these findings and establish the deletion size,
quantitative real time PCR was applied. In this
way, we identified three families with deletions
of all four exons as well as two families with
deletions of exons 13. In one family uninforma
tive for the five intragenic SNPs, a heterozygous
deletion of exon 4 was detected, and in a further
family, a heterozygous exon 1 deletion of 8.9 kb
in size was determined with one breakpoint re
siding within an Aluelement. In another family,
the deletion size was 59.4 kb with both break
points within Aluelements, suggesting that Alu
mediated recombination is responsible for at
least some of the deletions. In a further patient
who had developmental delay and some other
features not associated with Okihiro syndrome,
a heterozygous deletion of approximately 2  3.5
Mb was detected by real time PCR. In addition
to the SALL4 locus the deletion was found to
harbor at least 15 genes flanking SALL4. These
results show that, in contrast to the likely domi
nantnegative action of SALL1 mutations caus
ing TownesBrocks syndrome, Okihiro and acro
renalocular syndromes are clearly resulting from
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W11 01
Stem cells in human amniotic fluid
Hengstschläger M.(1)
1) Medical University of Vienna, Obstetrics
and Gynecology, Medical Genetics, Vienna
Currently it is the hope of both patients and in
vestigators that human progenitor cells and
stem cells can be widely used to replace dys
functional cells within tissue. It is speculated
that such cells may prove to have the potential
to treat or cure a myriad of diseases. A major
aim in this respect is the identification of new
sources for pluripotent stem cells. Oct4 is a
marker for pluripotent human stem cells so far
known to be expressed in embryonal carcinoma
cells, embryonic stem cells and embryonic germ
cells. We provided evidence that human amniot
ic fluid may represent a new source for the iso
lation of human Oct4positive stem cells with
out raising the ethical concerns associated with
human embryonic research. In addition, we used
proteomic approaches to provide new insights
into the spectrum of cells contained in human
amniotic fluid. Recently, we also described that
human amniotic fluid contains cells that express
markers for neuronal stem and progenitor cells,
which harbour the potential to differentiate into
neurogenic cells. Using constructs harboring
GFP or a neomycin resistance gene under the
control of the Oct4 promoter or the Rex1 pro
moter we a currently isolating Oct4/Rex1pos
itive populations of human amniotic fluid cells.
These cells will be treated with differentiation
media to analyse their potency to differentiate
into neurogenic, chondrogenic, osteogenic,
myogenic and adipogenic lineages.

W11 02
Attitudes of parents towards their child with
Down syndrome before and after the
introduction of prenatal diagnosis:
Comparison 1970 vs. 2003
Lenhard W.(1), Breitenbach E.(1), Ebert H.(1),
SchindelhauerDeutscher H.J.(2), Zang K.D.(2),
Henn W.(2)
1) Wuerzburg University, Institute of Special
Education, Wuerzburg, Germany
2) Saarland University, Institute of Human
Genetics, Homburg/Saar, Germany
In 1970, a questionnaire study concerning the
social and emotional situation of mothers of chil
dren with Down syndrome was carried through
in Bavaria, at a time when the chromosomal
cause of Down syndrome had been discovered
but prenatal diagnosis was not yet feasible. In
the meantime, prenatal diagnosis of Down syn
drome has been firmly established in medicine
and society, and nowadays parents frequently
complain about being held socially responsible
for not having “avoided” their child.

To assess the psychosocial impact of the avail
ability of prenatal diagnosis on parents of genet
ically handicapped children, the 1970 study was
repeated over thirty years later, using the same
questionnaire plus questions concerning atti
tudes towards prenatal diagnosis (participants
1970 = 282 mothers; 2003 = 410 mothers).
The results reflect the mixed blessings of med
ical and societal progress for families affected
from genetically diagnosable conditions:
While mothers’ feelings of guilt for having a dis
abled child stayed on a low level, today mothers
have a stronger feeling of being segregated in
society. On the other hand, they more often ex
perience support and respect through others to
day, in particular through selfsupport groups;
moreover, tendencies of withdrawal from social
life have decreased.
Overall, the emotional situation of mothers of
children with Down syndrome has considerably
improved, despite adverse societal effects of
prenatal diagnosis being misunderstood as a
‘tool’ to guarantee the birth of healthy children.
Consequently, the vast majority of the mothers
support the general availability of prenatal diag
nosis, although their wish to use it for them
selves is lower than in the general population.

W11 03
Knowledge about the risks for congenital
malformations and Down syndrome in
general population.
Zerres K. (1), RudnikSchöneborn S. (1),
Heussen N. (1), Huneus A. (1), Poensgen K. (1)
1) Institute for Human Genetics and Medical
Statistics, University of Technology, Aachen
Knowledge about risks for congenital malforma
tions (CM) and Down syndrome (DS) is poor in
the general population. In order to assess the
knowledge about the etiology and risks for CM
and DS, 3000 questionnaires comprising 60
questions were distributed, of which 66,8% were
returned for analysis (mean age: 30.6±16,3y, m:f:
32:68%). Incidence of CM: 46,4% agreed with
the given categories: 12% or 35%, while the
majority presumed higher risks. The risk was
overestimated by younger participants (< 20
years (OR 1,7) as well as by women (OR 0,5).
There was a significant correlation between the
number of correct answers and the level of ed
ucation. DS: 81,6 % knew that DS is a chromo
somal disorder. Adolescents < 20 years and
women gave significantly more correct answers.
10,5% believe that perinatal asphyxia is a cause
of DS, while 33,1% indicated ‘I don’t know’.
Women, subjects with a medical background
and those with a higher education were more of
ten correct. Those with a history of miscarriages
and with personal experience regarding malfor
mations and those at an reproductive age were
more likely to give correct answers. 10% of par
ticipants thought that alcohol consumption
causes DS, and at least 36% were not sure
about a relationship between drinking and DS
The key question ‘What is the risk for a 40year
old woman to bear a child with DS?’ indicates a
dramatic overestimation with answers according
to the given categories: <1%:3,8%; about
1%:9,9%; 25%:23%; 610%:17,7%; 11
15%:12,0%; 1620%:11,0%; 2130%:8,8%; 31
40%:8,5%; >41%:5,3%. Thus 86,9% overesti
mated this risk. Participants < 20 years and
women significantly overestimated this risk as
well as those with a lower educational level. A
dramatic overestimation of the risk for DS leads
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to an increasing demand for prenatal diagnosis.
Our data show that information about genetic
risks should be given in a much broader context,
possibly starting at school which has been
recognised in the Netherlands since many years.

W11 04
Polar body diagnosis for monogenic
disorders by one stepmultiplex
fluorescence PCR
Hehr A.(1), Gross C.(1), Paulmann B.(1), Seifert
B.(1), Hehr U.(1)
1) Center for Gynecological Endocrinology,
Reproductive Medicine and Human
Genetics, Regensburg
Under the German Embryo protection law preim
plantation genetic testing for monogenic disor
ders can only be performed as polar body diag
nosis and thus is restricted to female mutation
carriers. In order to select against pronuclear
stages with the respective mutation, the diagno
sis in Germany has to be performed within 24
hours after oocyte biopsy. Here we report about
the experimental design and the results of three
different assays to analyze both a particular mu
tation and two closely linked informative mark
ers in first and second polar bodies of oocytes
from female carriers of the characteristic repeat
expansion in the Huntingtin gene, the ∆F508 mu
tation in the CFTR gene and a missense muta
tion in the Norrie disease (ND) gene, respective
ly. The CAG repeat in the Huntingtin gene as well
as the 3bp deletion were directly detected by
separation of fluorescently labeled PCR prod
ucts on an ABI310. Minisequencing was used to
detect the disease causing missense mutation
in the ND gene.
Transfer of 14 embryos in 9 ICSI cycles at our
center so far resulted in 4 biochemical pregnan
cies, two of them with early abortion. After trans
fer of 2 embryos in the fourth cycle in the family
with the ND mutation carrier prenatal diagnosis
confirmed that the male fetus with normal 46,XY
karyotype had inherited the ND wildtype allele
from his mother. In August 2004 a healthy boy
was delivered at term as the first child born af
ter polar body diagnosis for a monogenic disor
der in Germany. In the family with the CFTR mu
tation carrier transfer of 2 embryos in the first
ICSI cycle resulted in an ongoing clinical single
ton pregnancy.
The experimental setup of single cell assays for
polar body diagnosis requires the implementa
tion of a wide variety of safety measures, which
has to be complemented by a close interdisci
plinary care for the couple during the entire
process of pretreatment counseling, assisted
reproduction with polar body diagnosis and the
subsequent pregnancy.

W11 05
Prenatal exclusion/confirmation of Fanconi
Anemia
Bechtold A.(1), Friedl R.(1), Kalb R.(1),
Gottwald B.(1), Neveling K.(1), Gavvovidis J.(1),
Herterich S.(2), Schindler D.(1), Hoehn H.(1)
1) University of Wurzburg, Human Genetics,
Wurzburg
2) University of Wurzburg, Laboratory
Medicine, Wurzburg
Objectives: There are three main indications for
prenatal exclusion/confirmation of Fanconi ane
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mia (FA): (1) FAnegative family history, but sus
picious ultrasound findings such as radial ray
aplasia, (2) FApositive family history, but lack of
information about the affected gene and/or mu
tation. (3) FApositive family history and knowl
edge of the affected gene and/or mutation per
mitting either indirect or direct molecular testing.
Methods: Molecular testing is the method of
choice, but, in our experience, applicable in less
than 50% of requests for prenatal diagnosis. The
first two indication groups require functional
testing of prenatal cell cultures which our lab as
says for typical cell cycle changes (G2phase
accumulations) without and with Mitomycin C
treatments using single and dual parameter
(BrdUHoechst) flowcytometry.
Results: Single parameter flowcytometry cor
rectly identified 2 positive and 9 negative cases
on the basis of MMCsensitivity of cultivated
amniotic fluid (AF) cells. Likewise, 8 negative
cases and 2 positive cases were correctly pre
dicted using bivariate flowcytometry of 72 h um
bilical cord (UC) blood cultures. In contrast, bi
variate flowcytometry applied to AF cells grown
in the presence of bromodesoxyuridine (BrdU)
yielded false positive and false negative results.
Conclusion: Single parameter flowcytometry of
AFcell cultures and bivariate flowcytometry of
UCcell cultures have the potential to correctly
predict the affected status in cases at risk for
FA, whereas bivariate flow cytometry proved un
reliable when applied to BrdUsubstituted AF
cell cultures. Cases with a low a priori risk (e.g.
sonographic finding of radial ray abnormalities
and negative family history) would benefit most
from cell cycle testing as a prenatal screening
procedure.

W12 Complex Disease

W12 01
Systematic linkage disequilibrium analysis
of SLC12A8 at PSORS5 confirms a role in
susceptibility to psoriasis vulgaris
Lascorz J.(1), Hüffmeier U.(1), Böhm B.(2),
Burkhardt H.(2), Reis A.(1)
1) Institute of Human Genetics, University
ErlangenNuremberg, Erlangen
2) Department of Internal Medicine III
(Rheumatology) and Institute of Clinical
Immunology, University Erlangen
Nuremberg, Erlangen
The gene for the solute carrier family 12 member
A8 has recently been proposed as a candidate
gene for psoriasis susceptibility (PSORS5) on
chromosome 3q based on association of five in
tronic SNPs in a Swedish psoriasis cohort. To in
vestigate whether this susceptibility locus is also
relevant for German patients suffering from pso
riasis vulgaris we analysed two samples of pso
riasis patients: the previously recruited group of
210 parentoffspring trios as well as new sam
ples of 375 single patients with psoriasis vulgaris
and of 376 controls for a casecontrol study.
Based on our systematic investigation of the
linkage disequilibrium (LD) haplotype structure
of SLC12A8 we assayed a total of 35 tag SNPs,
which we grouped into nine LDblocks of 320
kb size each. In the casecontrol samples we
detected significant association of six different
SNPs for psoriasis vulgaris at single SNP level,
while three LDbased haplotypes showed asso

ciation. Association was strongest for SNP 34
( 2 = 11.224, p = 0.0008) and haplotype E2 ( 2
= 11.788, p = 0.00059) and was independent of
the presence of an HLAassociated PSORS1 risk
allele. Through extended haplotype analysis we
could show, that at least two independent asso
ciation signals exist in SLC12A8, indicating the
existence of allelic heterogeneity. None of the
SNPs showed association in the parentoffspring
trios, apart from a weak association of SNP 68
(TDT statistics p = 0.048), probably due to lack
of power in that group. We conclude that
SLC12A8 is a susceptibility locus for psoriasis
vulgaris. In order to establish the exact nature of
this association, efforts to identify the disease
causing variants are ongoing.

W12 02
Supportive evidence for a relationship
between genetic variants at the brain
derived neurotrophic factor (BDNF) locus
and depressive symptoms in affective
disorder and schizophrenia
Cichon S.(1), Schumacher J.(2), Abou
Jamra R.(2), Becker T.(3), Ohlraun S.(4),
Klopp N.(5), Binder E.(6), Schulze T.G.(4),
Maier W.(7), Van Den Bogaert A.(8), Illig T.(5),
Propping P.(2), Holsboer F.(6), Rietschel M.(4),
Nöthen M.M.(1)
1) University of Bonn, Life& Brain Center,
Bonn
2) University of Bonn, Institute of Human
Genetics, Bonn
3) University of Bonn, Institute of Medical
Biometry, Informatics and Epidemiology
(IMBIE), Bonn
4) Central Institute of Mental Health,
Division Genetic Epidemiology in Psychiatry,
Mannheim
5) GSFNational Research Center for
Environment and Health, Genome Analysis
Center (GAC), Neuherberg
6) MaxPlanckInstitute of Psychiatry,
München
7) University of Bonn, Department of
Psychiatry, Bonn
8) University of Antwerp, VIB 8, Department
of Molecular Genetics, Antwerp, Belgium
Objectives: There is evidence from clinical,
pharmacological, animal, and genetic studies
that the brain derived neurotrophic factor (BDNF)
is involved in the pathogenesis of neuropsychi
atric disorders and in the therapeutic action of
at least some effective drugs. The aim of this
study was to investigate the potential influence
of genetic variation at the BDNF locus on the de
velopment of major depressive disorder (MDD),
bipolar affective disorder (BPAD), and schizo
phrenia.
Material and Methods: We genotyped three
polymorphisms at BDNF (rs6265 leading to
Val66Met, rs988748, and a (GT) n repeat) in
DSMIV diagnosed patients with major depres
sion (MDD), schizophrenia, bipolar affective dis
order (BPAD), and in healthy controls. There
were 465 MDD patients, 533 schizophrenia pa
tients, 281 BPAD patients, and 1,097 controls of
German origin (Bonn sample). A second sample
(312 MDD patients, 444 controls) was recruited
in Bavaria (Munich sample). Singlemarker and
haplotype analysis for association with the phe
notype was performed.
Results: Threemarker haplotype rs988748
(GT)n rs6265 produced significant associations
with all phenotypes under investigation
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(p=0.00006 for Bonn MDD, p=0.0092 for Munich
MDD, p=0.0057 for BPAD, p=0.016 for schizo
phrenia). To explore the effect of BDNF variants
on the development of depressive symptoms,
we stratified the schizophrenia sample accord
ing to the presence or absence of comorbid
mood or depressive disorder. The pvalue for
schizophrenia with comorbid depression be
came much smaller (p=0.0011) in comparison
with the complete sample.
Conclusions: In conclusion, we find supportive
evidence for a relationship between genetic vari
ants at the BDNF locus and depressive symp
toms in affective disorder and schizophrenia.

W12 03
A common haplotype in the 5 region of the
SCN5A gene is associated with ventricular
conduction impairment
Pfeufer A.(1), Bezzina C.(2), Jalilzadeh S.(1),
Koopmann T.(2), Perz S.(3), Müller J.(3), Yang
P.(4), Roden D.(4), Wilde A.(2), Wichmann H.
E.(3), Kääb S.(5), Meitinger T.(3)
1) TU Munich and GSF National Research
Center, Munich
2) Experimental and Molecular Cardiology
Group, Academic Medical Center,
Amsterdam, NL
3) GSF National Research Center, Munich
4) Vanderbilt University School of Medicine,
Nashville, TN, USA
5) LMU Munich, Med. Klinik I Grosshadern,
Munich
Background: The SCN5A gene encodes the α
subunit of the cardiac voltage dependent sodi
um channel. Coding region mutations cause
Brugada Syndrome and other familial conduc
tion disturbances. Recent studies have suggest
ed SCN5A promoter mutations may also con
tribute to arrythmias.
Aim: We investigated the influence of common
SCN5A promoter and gene variants on ECG pa
rameters in a central European general popula
tion sample. Methods: We genotyped 702 indi
viduals from the population based KORA S2000
survey for 55 SNP markers. Haplotypes were in
ferred by the Haploview software package.
Results: We identified a block of high linkage
disequilibrium extending from 10 kb upstream of
noncoding exon 1 to 10 kb into intron 1. Within
the block the third most frequent haplotype
(hap3, AF= 16.8%) was significantly associated
with the width of the QRS complex (p=0.0075;
QRS 93.4 ms in wt/wt (n=474), 96.3 ms in
wt/hap3 (n=201) and 100.8 ms in hap3/hap3
(n=18)). The association was confirmed in the
entire sample of the KORA S2000 survey
(p=0.0021). Is was stronger in older individuals
and in those with preexisting cardiac and cardio
vascular disease. These data support the con
cept that variability in channel expression by
polymorphisms in the regulatory region of the
gene influences cardiac conduction even in un
selected individuals from the general population.

W12 04
Sarcoidosis is associated with a truncating
splice site mutation in the BTNL2 gene
Schürmann M.(1)
1) Institute of Human Genetics, University of
Lübeck, Lübeck

Objectives: Sarcoidosis is a polygenic immune
disorder with predominant manifestation in the
lung and the lymph system. A previous genome
wide linkage analysis identified the extended
MHC region on chromosome 6p as a suscepti
bility region.
Material and Methods: A systematic three
stage single nucleotide polymorphism (SNP)
scan of 16.4Mb on chromosome 6p21 was per
formed in up to 947 independent cases of famil
ial and sporadic sarcoidosis.
Results: This strategy identified a 15kb disease
associated segment of the butyrophilinlike 2
(BTNL2) gene. The major disease variant (provi
sional designation “BTNL2_SAR”, p TDT = 3*10
6, p case/control = 1.1*108, replication p TDT =
0.0018; p case/control = 1.8*106) represents an
independent risk factor from DRB1.
Conclusions: BTNL2 is a member of the im
munoglobulin superfamily and has been impli
cated as a costimulatory molecule involved in
Tcell activation on the basis of its homology to
B71. The G to A transition at “BTNL2_SAR”
leads to an alteration of the splice site anatomy
and unmasks a splice site 4 base pairs upstream
from the wild type donor site. Thus, transcripts
of the risk allele include a premature stop in the
spliced mRNA. The resulting protein lacks the C
terminal IgC domain and transmembrane helix,
thereby disrupting the membrane localization of
the protein as shown by GFP and V5tag fusion
protein experiments.

W12 05
Genetic association of psoriatic arthritis but
also of psoriasis vulgaris with haplotypes at
PTPN22 and evidence for epistasis with the
HLAC associated risk factor at PSORS1
Hüffmeier U.(1), Lascorz J.(1), Steffens M.(2),
SchürmeierHorst F.(3), Böhm B.(4), Lohmann
J.(5), Ständer M.(5), Wendler J.(6), Kelsch R.(7),
Baumann C.(7), Küster W.(8), Traupe H.(3),
Burkhardt H.(4), Reis A.(1)
1) Institute of Human Genetics, University
ErlangenNuremberg, Erlangen
2) Institute of Medical Biometry, Informatics
and Epidemiology, University of Bonn, Bonn
3) Department of Dermatology, University of
Münster, Münster
4) Department of Internal Medicine III
(Rheumatology), University Erlangen
Nuremberg, Erlangen
5) Psoriasis rehabilitation hospital, Bad
Bentheim
6) Rheumatologische Schwerpunktpraxis,
Erlangen
7) Institute for Transfusion Medicine,
University Clinics of Münster, Münster
8) TOMESA Clinics, Bad Salzschlirf
We investigated whether variant R620W in
PTPN22, which was previously described to be
associated to rheumatoid arthritis, systemic lu
pus erythematodes and diabetes mellitus type I,
is also associated with psoriatic arthritis. Three
independent cohorts of Caucasians patients
with either psoriatic arthritis, psoriasis vulgaris
without joint manifestation or rheumatoid arthri
tis were analysed for this variant as well as for
linkage disequilibrimbased haplotypes. All three
patient cohorts showed association to same
PTPN22 haplotype. In contrast, polymorphism
R620W was only associated in the rheumatoid
arthritis group (OR=1.606, p=0.003). The same
frequent haplotype but without variant R620W
conferred risk to psoriasis vulgaris (OR=1.378,

p=0.011) as well as psoriatic arthritis (OR=1.331,
p=0.024) suggesting the existence of a different,
yet unknown variant within this haplotype and
presumably within the PTPN22 gene. Regression
analyses between the PTPN22 risk haplotype in
both psoriasis cohorts with the major risk allele
for psoriasis at HLAC (PSORS1) revealed evi
dence for epistasis in both the psoriasis vulgaris
(p=1.27 E09) and the psoriatic arthritis cohorts
(p=3.78 E05). While the PTPN22 risk haplotype
has no measurable effect on its own, it enhances
the risk conferred by PSORS1 alone, indicating
that PTPN22 is a subsidiary partner that may in
teract with the HLAC associated risk factor in a
common pathway.

W12 06
Molecular Genetic Dissection of
Photosensitivity and its Relationship to
Idiopathic Generalised Epilepsy
Lorenz S.(1), Tauer U.(2), Hempelmann A.(1),
Heils A.(3), Lenzen K.(1), Muhle H.(2),
Mattheisen M.(4), Strauch K.(4), Nürnberg P.(1),
Sander T.(1), Stephnie U.(2)
1) MaxDelbrückCentrum for Molecular
Medicine, Gene Mapping Center, Berlin
2) ChristianAlbrechts University of Kiel,
Clinic for Neuropaediatrics, Kiel
3) University of Bonn, Clinic of Epileptology,
Bonn
4) University of Bonn, Institutes of Biometry,
Informatics and Epidemiology, Bonn
Photosensitivity or photoparoxysmal response
(PPR) is a common and highly heritable elec
troencephalographic trait characterised by an
abnormal visual sensitivity of the brain in reac
tion to intermittent photic stimulation (IPS). The
evoked cortical response ranges from occipital
spikes only to generalised spikeandwave dis
charges (PPR type I–IV). Family and twin studies
provide unequivocal evidence that PPR is genet
ically determined. The familial clustering of the
different PPR types suggests that they share a
common genetic predisposition. PPR occurs fre
quently associated with idiopathic generalised
epilepsies (IGEs). Using a standard IPS proce
dure, PPR is found in 1318% of idiopathic ab
sence epilepsies, and in 3035% of patients with
juvenile myoclonic epilepsy. The present
genomewide linkage scan was designed to map
susceptibility loci for PPR and to explore its ge
netic relationship with IGE. The study sample in
cluded 60 families with at least two siblings dis
playing PPR. To dissect PPRspecific and IGE
related susceptibility loci, two distinct family
subgroups were defined, comprising 19 families
with predominantly pure PPR and photosensitive
seizures (PPRfamilies), and 25 families, in which
PPR was strongly associated with IGE
(PPR/IGEfamilies). MODscore analyses provid
ed significant evidence for linkage to the region
6p21.2 in the PPRfamilies (pointwise empirical
P = 0.00004), and suggestive evidence for link
age to the region 13q31.3 in the PPR/IGE fami
lies (P = 0.00015), both with a bestfitting reces
sive mode of inheritance. Our study reveals two
PPRrelated susceptibility loci, depending on the
familial background of IGE. The locus on 6p21.2
seems to predispose to PPR itself, whereas the
locus on 13q31.3 also confers susceptibility to
IGE.
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P001
Deciphering the pathogenetic importance of
t(8;14)(q24;q32) and variants in
lymphomagenesis by comprehensive
morphologic, genetic and expression
analyses within the Deutsche Krebshilfe
Verbundprojekt „Molekulare Mechanismen
bei Malignen Lymphomen“
Siebert R.(1), on behalf of the Verbundprojekt
MMM L.(2)
1) Universitätsklinikum SchleswigHolstein,
Campus Kiel, Institut für Humangenetik,
Kiel
2) Studienzentrale, Verbundprojekt der
Deutschen Krebshilfe e.V. ‘Molekulare
Mechanismen bei malignen Lymphomen
(MMML)’, Universitätsklinikum Göttingen
(Hämatologie und Onkologie), Göttingen
The Burkitt translocation t(8;14)(q24;q32) has
been the first recurrent chromosomal change
identified in a human lymphoma entity. Mean
while, the t(8;14) and its variants are supposed
to be the hallmark of Burkitt’s lymphoma (BL).
Nevertheless, chromosomal translocations jux
taposing the MYC gene next to an IG or non
IGlocus are recurrent in lymphomas other than
BL, too. The Deutsche Krebshilfe Verbundpro
jekt „Molekulare Mechanismen bei Malignen
Lymphomen“ offers for the first time the possi
bility of a comprehensive interdisciplinary char
acterization of these MYCpositive highgrade
lymphomas. Conventional morphologic, molec
ular genetic and cytogenetic approaches along
with novel genome wide highresolution tech
niques including matrixCGH and gene expres
sion profiling are being applied. Currently, gene
expression profiling using the Affymetrix U133A
GeneChip has been performed in 166 high grade
Bcell lymphomas, which have been morpholog
ically classified by a panel of seven expert refer
ence pathologists. Of these, 155 lymphomas
have already been analyzed by interphaseFISH
using probes for the detection of chromosomal
aberrations affecting the IGH, MYC, BCL2,
BCL6, MALT1 and REL loci. Moreover, genome
wide matrixCGH has been performed in 106 of
these cases. The BCL6 and IGHV mutation sta
tus has been determined in 114 and 63 lym
phomas, respectively. The presence of a break
point affecting the MYC locus separates the
study population into two groups of nearly iden
tical size. Supervised bioinformatic analyses
identified gene expression patterns associated
with these groups. The group of MYCpositive
lymphomas was heterogeneous with regard to
morphology, chromosomal aberrations and gene
expression patterns. Ongoing analyses suggest
the existence of at least two subgroups of MYC
positive highgrade Bcell lymphomas associat
ed with particular gene expression profiles and
recurrent genomic imbalances.
Supported by the Deutsche Krebshilfe (703173
Tr3)
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P002
Detection of telomeric repeats using the
single cell gel electrophoresisFISH
technique in DNA damaged by cytostatics
Gebhart E.(1), Hovhannisyan G.(2),
Greulich K.(3), Rapp A.(3), Arutyunyan R.(2)
1) Institut für Humangenetik, Erlangen
2) State University of Yerevan, Genetics &
Cytology, Yerevan, Armenia
3) Institute for Molecular Biotechnology,
Singlecell & Singlemolecule techniques,
Jena
Objectives: The involvement of telomeric re
peats in DNA damage induced by cytostatics
was determined.
Material and Methods: Directly labeled telom
erespecific PNA probes were applied in Comet
FISH to detect DNA fragmentation. The effect of
bleomycin (BLM) and mitomycin C (MMC) was
measured in normal human peripheral leuko
cytes, and in three transformed cell lines
(HT1080, CCRFCEM and CHO).
Results: Involvement of telomere repeats in
DNA fragmentation by BLM was highly specifi
cally detected by the assay. With respect to to
tal DNA damage CHO cells reacted most sensi
tively just at low doses, in human leukocytes the
highest doserelated effect was found. A rather
linear dose response characterized the HT1080
cells while the lowest effect was seen in CCRF
CEM cells. MMC at lower doses increased the
percentage of migrating DNA dosedependent
ly, at higher doses its effect decreased in all cell
lines.
Obvious differences characterized the examined
cell types with respect to the “head/tail” distri
bution of telomeric signals after BLM exposure.
A large number of signal spots of various sizes
were found in CHO cells, very small signals
could be detected in the “comets” of both neo
plastic cell lines. Dose dependence of telomeres
in the“tail” was most pronounced in CCRFCEM
and normal leukocytes,less in HT1080. The
steepest doserelated increase of telomeric sig
nals in the tail was found in CHO cells. The ratio
between the telomeric signals in the tail and the
migrated DNA varied distinctly between the ex
amined cell types. In normal human lymphocytes
the breakage frequency for telomere associated
DNA was proportional to that of the total DNA,
pointing to a random induction of the DNA
breaks by BLM and MMC.
Conclusions: The finding that CometFISH can
detect mutagenic effects on specific DNA se
quences may be of high practical meaning if, for
instance, amplified DNA sequences will be ad
dressed by those examinations in future.
Supported by grants of DFG, DAAD and ISTC.

P003
Detection of cryptic chromosomal
aberrations in acute lymphoblastic
leukaemia (ALL)
Karst C.(1), Mkrtchyan H.(2), Weise A.(1),
Claussen U.(1), Kearney L.(3), Liehr T.(1)
1) Institut für Humangenetik und
Anthropologie, Jena
2) Department of Genetic and Laboratory of
Cytogenetics, Yerivan, Armenien
3) Institute of Cancer Research, Leukaemia
Research Fund Centre, London, UK
Bone marrow samples of 16 (according to rou
tine banding cytogenetics) karyotypically normal
patients with ALL were studied applying mMCB

(Weise et al., 2003, Cytogenet Genome Res
103:3439) and subCTMFISH (i.e. 24 chromo
somespecific probe sets consisting of subcen
tromeric, subtelomeric and whole chromosome
painting probes). Using the mMCB approach, it
was possible to identify in six cases cryptic
chromosomal aberrations like del(4)(q31),
der(4)t(4;18), del(5)(q21)/del(5)(q11.2)/r(5q), ins
(5;7)(q21;p14p22)/t(3;7)(p21;q11.23) and t(7;17)
(p22;q22). Application of the subCTM probe set
confirmed and characterized the mentioned
chromosomal aberrations in more detail. Fur
thermore, additional chromosomal aberrations
including a cryptic del(7)(q11.23), del(9)(p24),
del(11)(q25), del(11)(p15.5), del(12)(p13.33) in 3
cases, del(12)(p12), del(13)(q34), t/del(17)(q25)
and del(18)(p)/dup(18)(q11) were recognized. The
most frequent abnormalities were subtelomeric
deletions of the short arm of chromosome 11 (2
cases) and chromosome 12 (4 cases). As allelic
losses of chromosome 12p is associated with
childhood ALL and several solid neoplasias this
suggests the presence of a tumour suppressor
locus there. This pilotstudy demonstrate an un
expected high rate of cryptic chromosomal aber
rations of 75 % of ALLcases.
Supported in parts by the DFG (436 ARM
17/2/04), the Deutsche Krebshilfe/Mildred
Scheel Stiftung für Krebsforschung (703125
Li1), the IZKF together with the TMWFK (TP 3.7
and B30704004) and the UICC.

P004
Chromosometorsions detected in
cytogenetic preparations of bonemarrow –
preparation induced artifacts or something
leukemiaspecific?
Glaser M.(1), Roth A.(2), Karst C.(1), Gross
M.(1), Claussen U.(1), Liehr T.(1)
1) Institut für Humangenetik und
Anthropologie, Jena
2) Orthopädische Universitätsklinik Jena am
RudolfElleKrankenhaus, Eisenberg
Multitude multicolor banding (mMCB) studies
were performed on, according to routine cytoge
netics, karyotypically normal cases with AML. In
one of the studied cases with an AMLM6 in
4/18 of the analyzed metaphase plates (mpp) an
unusual condition of one chromosome #1, each,
was noted. Instead of an alignment of the chro
matides as expected, the chromatides of the p
and the qarm of one #1 were located side by
side. This condition was called a ‘torsion’, as it
can be explained by a rotation of 180° within the
centromere. To study this phenomenon in more
detail twocolorFISH studies using probes for
1p and 1q were applied to in summary eight
cases with AMLM6. For the initial case the tor
sion of #1 was detected in 10/70 mpp (14%), in
the other seven cases torsions of #1 were de
tected in 2.4 to 6%. For the same cases torsions
of #9 and #16 were detectable in 2 to 10% and
4 to 10%, respectively. In one case each of
AMLM2, AML out of MDS and AMLM5 torsions
of #1, #9 and #16 were also detected in compa
rable rates. In contrary, they were (almost) ab
sent in bone marrow samples derived from one
case each with leukopenia, unclear autoimmune
disease and thrombocytemia and completely un
detectable in samples of peripheral blood lym
phocytes (6 cases), fibroblasts and amniocytes
(3 cases, each) and in 1 chorionsample. Such
torsions have been observed previously during
leukemia banding cytogenetic diagnostics (pers.
com.: Dr. E. Gebhart, Erlangen), however, to the

best of our knowledge have never been analyzed
in detail for their biological significance. It still
has to be tested in further studies if this phe
nomenon of torsions is something associated
with (acute myelogenous) leukemia only, or if
torsions are tissuespecific preparation induced
artifacts. Studies on bone marrow samples de
rived from patients with rheumatoid arthritis are
planned to be done.
Supported by the Deutsche Krebshilfe (703125
Li1) and the IZKF together with the TMWFK (TP
3.7 and B30704004).

P005
A novel t(14;19)(q32;q12) juxtaposes the
CCNE1 candidate oncogene to the IGH
locus in a leukemic Bcell lymphoma
Nagel I.(1), MartinSubero J.(1), Harder L.(1),
Ritgen M.(2), Böttcher S.(2), Pott C.(2), Grote
W.(1), Kneba M.(2), Siebert R.(1)
1) University Hospital SchleswigHolstein,
Campus Kiel, Institute of Human Genetics,
Kiel
2) University of Kiel, Second Department of
Medicine, Kiel
Translocations juxtaposing oncogenes next to
the immunoglobulin heavy chain (IGH) locus in
chromosomal region 14q32 are the hallmark of
various Bcell malignancies. These lead to
deregulation of the oncogenes by IGH en
hancers resulting in cell proliferation and trans
formation. Here we have characterized a novel
translocation, t(14;19)(q32;q12), in a case of
leukemic Bcell lymphoma. The immunopheno
type of the tumor revealed expression of CD19,
CD20, CD38, IgKappa, and partially CD5, but
lacked CD23, which is the typical profile for
mantle cell lymphoma (MCL). The IGVH locus
showed a 5% hypermutation rate and used the
VH434 segment. In addition to the t(14;19), the
tumor cells show a complex karyotype including
a t(8;14)(q24;q32). By fluorescence in situ hy
bridization (FISH) the two IGH alleles were
shown to be translocated, one to MYC in 8q24,
and the second to 19q12. Using BACclones lo
cated in 19q12, the breakpoint region was nar
rowed down to 100kb. Among the genes locat
ed near the breakpoint we identified the CCNE1
locus, that encodes for Cyclin E1. Cyclin E1 en
hances transition from G1 to S phase of the cell
cycle and subsequently promotes cell prolifer
ation. Genomic amplifications of CCNE1 are re
current in solid tumors, and overexpression of
Cyclin E1 leads to chromosomal instability.
These facts qualify CCNE1 as a good candidate
oncogene to play a role in the present t(14;19).
Besides, the lymphoma reported here shares
common features with a MCL, but lacks the
characteristic t(11;14)(q13;q32), leading to
deregulation of Cyclin D1. Thus, it is tempting to
speculate that overexpression of Cyclin E1 re
places that of Cyclin D1 in this MCLlike lym
phoma. Western Blot analyses are underway to
determine whether the Cyclin E1 protein is over
expressed in the tumor material.
Supported by the Deutsche Krebshilfe (Verbund
projekt “Molekulare Mechanismen bei malignen
Lymphomen”, 703173Tr3/B2)

P006
Characterization of chromosomal
aberrations in glioblastoma multiforme
Köhler L.(1), Kujat A.(1), Krupp W.(2),
Meixensberger J.(2), Froster U.(1)
1) University of Leipzig, Medical Faculty,
Institute of Human Genetics, Leipzig
2) University of Leipzig, Department of
Neurosurgery, Leipzig
Gliomas are variable central nervous system
neoplasms derived from glial cells, including as
trocytomas, ependymomas, oligodendrogliomas
and glioblastoma multiforme. Among these tu
mors Glioblastoma multiforme shows the high
est grade of malignancy. It occurs with an inci
dence of 7:100.000. In spite of chemotherapy
and radiotherapy the prognosis is poor. For en
hancement of the treatment the classification of
gliomas should be improved based on genetic
findings. Earlier studies described an associa
tion of gliomas to specific chromosomal regions
or single genes.
Therefore we carried out cytogenetic and molec
ular cytogenetic investigations in cultured lym
phocytes as well as in cultured tumor cell from
15 glioblastoma patients. We performed routine
cytogenetic analysis from both cultures. For
identification of cryptic translocations we com
pleted the analysis with Spectral Karyotyping
(SKYÔ, ASI Ltd., Israel) in tumor cell lines.
The most common numerous chromosome ab
normalities were the loss of one sex chromo
some  X,  Y, and autosomal imbalances + 7, 
7,  11 and  8. Furthermore this study confirmed
various structural aberrations like deletions and
translocations in single cells. With this methods
we could not identify clonal structural anomalies,
especially translocations or deletions of specif
ic chromosomal regions like 10p or 10q. Further
studies are needed to determine quantitative
aberrations in consequence of duplications or
interstitial deletions to identify gene loci which
play a potential role in tumor progression.

P007
Identification of genetic subgroups and
progression markers of oligodendrogliomas
by metaanalysis of comparative genomic
hybridization (CGH) results
Holland H.(1), Koschny R.(2), Koschny T.(3),
Vitzthum H.E.(4)
1) Institute of Human Genetics, Univ. of
Leipzig, Leipzig
2) German Cancer Research Center (DKFZ),
Dept. D040, Heidelberg, Univ. of Heidelberg,
Dept. of Internal Medicine, Heidelberg
3) Institute of Electronic Structure and
Laser, FORTH, Heraklion, Greece, Iowa
State Univ., Ames Laboratory and Dept.
Phys. and Astronomy, Ames, USA
4) Clinic of Neurosurgery, Univ. of Leipzig,
Leipzig
In order to characterize the molecular basis of
oligodendroglioma (ODG) formation and to iden
tify the genetic events at the transition from low
to high grade ODG many nonanaplastic and
anaplastic ODGs have been investigated by
CGH. The loss of 1p and 19q has been identified
as the most characteristic pattern of genomic
imbalances in these tissues. However, the exis
tence of genetically distinct subgroups and pro
gression markers of ODGs is still a matter of de
bate.

Analysing the detailed CGH results of the 89
ODGs published between 1992 and 2004, in a
metaanalysis we could confirm the existence of
three disjunct subgroups of ODGs, characterized
by the existence of the aberration pattern 1p/
19q (n=58, 65%, group A), +7/10 (n=6, 7%,
group B) or the absence of either of the two pat
tern (n=25, 28%, group C). The distinct aberra
tion pattern of group C (1p31, 4q, 11p15, 
18q, 22q, +17p, +17q) could indicate an alter
native pathway of ODG formation. Another pre
viously proposed subgroup, 9p (n=19, 21%),
showed a considerable overlap with both the
group A (overlap n=15) and group B (overlap
n=3). Many genomic imbalances have been
claimed to be associated with a progression of
the histopathological grade of malignancy. How
ever, analysing our database, we found that only
the individual events 10, 15q and +7 were sig
nificantly correlated with a higher grade of ma
lignancy in the total group of ODG. Within the
group A only the additional loss of 15q was sig
nificantly associated with tumor progression. No
statistically significant progression markers were
found in group B or C.
Our data clearly demonstate the urgend demand
for the establishment and statistical analysis of
CGH databases for the reliable prediction of mo
lecular pathways of ODG development and iden
tification of progression markers.

P008
Identification of chromosomal imbalances in
a large series of human oligodendrogliomas
and oligoastrocytomas: Loss on 9p and 14q
are associated with tumor progression
Trost D.(1), Ehrler M.(1), Felsberg J.(2), Sabel
M.(3), Fimmers R.(4), Schramm J.(5),
Reifenberger G.(6), Weber R.(1)
1) Institute of Human Genetics, Rheinische
FriedrichWilhelmsUniversity, Bonn
2) Department of Neuropathology,
Rheinische FriedrichWilhelmsUniversity,
Bonn
3) Department of Neurosurgery, Heinrich
HeineUniversity, Düsseldorf
4) Department of Biometrics, Informatics
and Epidemiology, Rheinische Friedrich
WilhelmsUniversity, Bonn
5) Department of Neurosurgery, Rheinische
FriedrichWilhelmsUniversity, Bonn
6) Department of Neuropathology, Heinrich
HeineUniversity, Düsseldorf
Genomic losses on the short arm of chromo
some 1 and the long arm of chromosome 19 are
well established as frequent alterations in oligo
dendrogliomas. To identify other chromosomal
regions of importance particularly for tumor pro
gression, we studied 70 oligodendrogliomas and
oligoastrocytomas using chromosomal compar
ative genomic hybridization (CGH). Of these tu
mors, 21 were classified as WHO grade II (16
oligodendrogliomas and 5 oligoastrocytomas)
and 49 as WHO grade III (25 anaplastic oligo
dendrogliomas and 24 anaplastic oligoastrocy
tomas).
Most frequent genomic gains were identified on
7q (24 %), 19p (19 %) and 7p (17 %). Genomic
losses were most frequently found on 19q (64 %),
1p (59 %), combined loss 1p/19q (59 %), 9p (26
%), 4q (21 %), 10q (19 %), 18q (17 %), 4p, 13q,
14q (16 % each). Amplifications were found in 8
tumors and mapped to 1q21, 1q31q32, 3p24
p26, 4q12q13, 5q14, 6p12p21.1, 7p12, 8q23
q24, 10p12p13, 12p12p13, 12p, 21q11.2q21.

medgen 17 (2005)

P1

27

Abstracts
GfH ÖGH SGMG Tagungsband 2005
28

Statistical analyses showed that gain on 7p is as
sociated with WHO grade II tumors (p= 0.03)
whereas loss on 14q is significantly more com
mon in WHO grade III tumors (p= 0.03). When
comparing only oligodendroglial tumors of differ
ent grades, loss on 9p is associated with WHO
grade III tumors (p=0.03). Loss on 12q is prefer
entially found in mixed oligoastrocytomas versus
oligodendrogliomas (p=0.02).
The ongoing correlation of longterm patient sur
vival with chromosomal imbalances aims at the
identification of genomic alterations with predic
tive value for disease outcome.

P009
Molecular cytogenetic investigation of
t(11;14)(q13;q32)positive Bcell NHL cell
lines increases the suspicion of tumor
associated genes on chromosome 1
Rudolph C.(1), Wingen L.U.(1), Emura M.(1),
Schlegelberger B.(1), Daibata M.(2), Matsuo
Y.(3), Emi N.(4), Abe M.(5), Lai R.(6), Mrasek
K.(7), Claussen U.(7), Liehr T.(7)
1) Hannover Medical School, Inst. of Cell
and Molecular Pathology, Hannover,
Germany
2) Kochi Medical School, Dept. of Medicine,
Kochi, Japan
3) Hayashibara Biochemical Labs, Inc.,
Fujisaki Cell Center, Okayama, Japan
4) Nagoya University Graduate School of
Medicine, Dept. of Hematology, Nagoya,
Japan
5) Fukushima Medical University, Dept. of
Pathology, Fukushima, Japan
6) University of Alberta Hospitals, Cross
Cancer Institute, Edmonton, Canada
7) Friedrich Schiller University, Inst. of
Human Genetics and Anthropology, Jena,
Germany
Introduction: Translocation t(11;14)(q13;q32)
has been considered to be the initial step in tu
mor development in a subset of Bcell non
Hodgkin lymphomas (NHL). The juxtaposition of
CCND1/BCL1/PRRAD1 on 11q13 to the IgH en
hancer on 14q32 leads to the overexpression of
cyclin D1 and loss of cell cycle control. Where
as the IgH/CCND1 rearrangement has been de
tectable in nearly all mantle cell lymphoma
(MCL) cases, translocation t(11;14)(q13;q32) oc
curs in only 1520% of multiple myelomas (MM).
Experimental data have shown that secondary
genetic changes are required for the malignant
transformation in MCL. As secondary events, al
terations of chromosome 1 have been observed
with a high incidence but relevant genes remain
unknown. The aim of this study was to better
characterize aberrations of chromosome 1 in
t(11;14)(q13;q32)positive Bcell NHL cell lines.
Methods: Eleven t(11;14)(q13;q32)positive B
cell NHL cell lines, including 6 MCL and 4 MM
cell lines were analyzed using spectral karyotyp
ing (SKY), Rbanding, fluorescence in situ hy
bridization (FISH), and multicolor banding (MCB)
analysis of chromosome 1.
Results: Our data show that chromosome re
gions 1p31 and 1p21 are the most frequently al
tered and deletionprone loci in MCL cell lines.
In contrast, in MM cell lines breakpoints most of
ten involved the heterochromatic regions 1p11
12, 1q12, and 1q21.
Conclusions: These data show that different
mechanisms inducing the chromosomal instabil
ity act in t(11;14)(q13;q32)positive MCL and MM
cell lines. These data are in accordance to alter
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ations found by Au et al. (2002) and Nilsson et
al. (2003) and we are confident that the detailed
cytogenetic analysis of established cell lines is
a useful tool for the identification and character
ization of genes like PDZK1 that might be in
volved in the pathogenesis of Bcell NHL.
Project funded by the European Union (contract
no. QLG 1200000687) and in part by the
Deutsche Krebshilfe (project no. 703125Li1)

P010
Genomic profiling of pleomorphic
xanthoastrocytomas by chromosomalCGH
and matrixCGH
Hoischen A.(1), Ehrler M.(1), Radlwimmer B.(2),
Reifenberger G.(3), Lichter P.(2), Weber R.G.(1)
1) Rheinische FriedrichWilhelmsUniversity,
Institute of Human Genetics, Bonn
2) German Cancer Research Center,
Department of Molecular Genetics,
Heidelberg
3) HeinrichHeineUniversity, Department of
Neuropathology, Duesseldorf
Pleomorphic xanthoastrocytomas (PXAs) are
rare astrocytic neoplasms corresponding histo
logically to WHO grade II. They usually show cir
cumscribed growth and favourable prognosis
despite exhibiting a high degree of cellular pleo
morphism. PXAs mainly affect children and
young adults.
Here we present genomic profiling experiments
of 50 PXAs. ChromosomalCGH revealed a dis
tinct pattern of chromosomal imbalances. The
hallmark alteration detected in 50% of PXAs was
loss on chromosome 9. Less common recurrent
losses were on chromosome 17 (10%); 8, 18 and
22 (4% each) as well as a loss of the Y chromo
some in 7.7% of tumors from male patients. Re
current gains were identified on chromosome X
(16%); 7, 9q and 20 (8% each) as well as 4, 5
and 19 (4% each). Amplifications were found in
2 tumors and mapped to 2p23p25, 4p15,
12q13, 12q21, 21q21 and 21q22. To achieve a
higher resolution, 7 PXAs were analyzed with a
whole genome microarray of 6.000 large insert
clones resulting in a resolution of at least 1Mb.
In each of these cases, the results obtained by
chromosomalCGH could also be detected by
the matrixCGH experiments. In 3 of the 7 PXAs,
additional aberrations were found by matrix
CGH. Imbalances detected by matrixCGH were
verified by interphaseFISH on tumor tissue sec
tions. In particular, breakpoints were confirmed
in one case with partial deletions on 9p and 18p.
In conclusion, our study provides a comprehen
sive overview of DNA copy number changes in
PXAs at a high genomic resolution and indicates
that chromosome 9 carries one or more not yet
identified tumor suppressor gene(s) with rele
vance to the molecular pathogenesis of these
tumors.

P011
Recurring Pattern of Genomic Imbalances in
Retinoblastoma
Schneider S.(1), Lohmann D.(2), Hehn L.(1),
Lieth E.(1), Rieder H.(3)
1) Universitätsklinikum Marburg, Institut für
Humangenetik, Marburg
2) Universitätsklinikum Essen, Institut für
Humangenetik, Essen

3) Universitätsklinikum Marburg, Institut für
Humangenetik, Marburg,
Universitätsklinikum Düsseldorf, Institut für
Humangenetik und Anthropologie,
Düsseldorf
Retinoblastoma (Rb) is the most common pri
mary intraocular tumor in childhood. It has been
shown that genetic abnormalities in addition to
biallelic RB1 are necessary for tumor progres
sion in Rb. We studied genomic imbalances of
tumors of 103 patients with non hereditary
(nhRb) and of 65 patients with hereditary (hRb)
Rb using comparative genomic hybridization
(CGH). Ages at operation of nhRb patients were
297.7 months, and of hRb cases 1.267.7
months, and included 96 male and 72 female
patients. To investigate genetic pathways of tu
morprogression, the genomic imbalances of 106
abnormal cases were analysed with respect to
the time and the order of the appearance, as
well as to the nonrandom joint occurrence of re
curring changes using the cytogenetic data
analysis system CyDAS (http://www.cydas.org).
The copy number changes were summarized on
chromosome arm level. Gains at 6p (68.9%) and
1q (44.3%) were most frequent. Both aberrations
were observed in 58% and 6.5% of 31 case with
a single genomic imbalance, respectively. Loss
at 16q was observed in 31.1% of the abnormal
cases and was never seen as a single aberra
tion. This indicates that 6p gains represent pri
mary aberrations whereas +1q and 16q occur
later in tumor evolution. Among different combi
nations of copy number changes (CNC), +6p,
+1q and 16q were most frequently observed
(18.9%) and may, therefore, represent a common
pattern of genomic changes in Rb. The nonran
dom joint occurrence of +1q and 16q (24 cas
es, 22.6%), and of +2p and +17q (5 cases;
4.7%) was demonstrated (p<0,05). Whereas a
der(16)t(1;16)(q11:q11) resulting in +1q and –16q
has been described in Rb, the cause of a joint
gain of 2p and 17q remains unclear. Overall, we
observed a recurring pattern of CNCs which may
point to the localization of genes which may
have a synergistic effect on the tumor progres
sion in Rb. Funded by the DFG, Ri1123/11

P012
Assessment of the reliability of conventional
chromosome analysis based of R and G
banding and MFISH for the detection of
chromosomal changes in high grade Bcell
lymphomas
Harder L.(1), Ott G.(2), Behrmann P.(3), Haase
D.(4), MartinSubero J.I.(1), Siebert R.(1),
Dierlamm J.(3), on behalf of the Verbundprojekt
MMM L.(5)
1) University Hospital SchleswigHolstein,
Campus Kiel, Germany, Institute of Human
Genetics, Kiel
2) University of Wuerzburg, Germany,
Department of Pathology, Wuerzburg
3) University Hospital HamburgEppendorf,
Hamburg, Germany, Department of
Hematology/Oncology, Hamburg
4) University Hospital Goettingen, Germany,
Section of Hematology/Oncology,
Goettingen
5) Studienzentrale, Deutsche Krebshilfe
Verbundprojekt ‘Molekulare Mechanismen
bei malignen Lymphomen’, University
Hospital Goettingen, Section of
Hematology/Oncology, Goettingen

Abstracts
The importance of the cytogenetic analysis for
the diagnosis and prognosis of malignant lym
phomas is irrefutable, as highlighted in the nov
el WHO classification for hematological neo
plasias. R or Gbanding chromosome analyses
are conventionally used, but other more ad
vanced techniques like multiplex fluorescence in
situ hybridization (MFISH) are gaining impor
tance. Here, we aimed to determine the power
of MFISH as compared to conventional cytoge
netics to detect chromosomal changes in high
grade Bcell lymphomas. To that purpose, 17
diffuse large Bcell lymphomas (DLBCL) were
systematically studied by MFISH, R and G
banding (group A), 10 DLBCLs by MFISH and
Gbanding (group B), and 2 DLBCLs and 2
Burkitt lymphomas (BL) by MFISH and Rband
ing (group C). All cases were selected due to the
presence of an aberrant clone. Both R and G
banding chromosome analysis proved to be lim
ited to fully resolve complex changes, which
were described as „add“ (additional material of
unknown origin) or marker chromosomes. By M
FISH, new findings (mostly identification of un
resolved changes) were detected in 11 (64%), 8
(80%), and 1 (25%) case in groups A, B, and C,
respectively. In group A, MFISH and Rbanding
showed identical chromosomal changes in 5
(30%) cases, which were not detected by G
banding. R and Gbanding showed discrepant
results in 16 (94%) cases. MFISH was in 22
(71%) cases unable to precisely define break
points or small deletions, and the help of con
ventional cytogenetics was required. Although a
more detailed technical comparison is underway,
our preliminary results show that conventional
chromosome analysis and MFISH are comple
mentary for the cytogenetic characterization of
high grade Bcell lymphomas. The application of
both approaches leads to a more complete cy
togenetic description, but the high cost of M
FISH has to be considered.
Supported by the Deutsche Krebshilfe (Verbund
projekt “Molekulare Mechanismen bei malignen
Lymphomen”, 703173Tr3)

P013
INTERPHASE CYTOGENETICS IN 174
PATIENTS WITH CHRONIC LYMPHOCYTIC
LEUKEMIA
Krömer E.(1), Jäger U.(2), Heintel D.(2),
Fonatsch C.(1)
1) Abteilung für Humangenetik des
Klinischen Instituts für Medizinische und
Chemische Labordiagnostik (KIMCL),
Medizinische Universität, Wien
2) Universitätsklinik für Innere Medizin 1,
Wien
Objectives: Chromosome aberrations in CLL
have proven to be important predictors of dis
ease progression and survival time (Döhner et
al., 2000). In contrast to classical cytogenetics,
fluorescence in situ hybridization (FISH) on inter
phase nuclei allows the detection of genomic
anomalies in up to 80% of patients with Bcell
chronic lymphocytic leukemia (CLL).
Results: In our study peripheral blood mononu
clear cells of 174 patients with CLL were tested
at time of diagnosis, about 25 cases were addi
tionaly monitored for up to 3 years. FISHanaly
ses were done for deletions in chromosome
bands 11q22~23 (ATM locus), 13q14 (D13S272
probe) and 17p13 (p53 gene), for trisomy of
chromosome 12 and for translocations involving
band 14q32 (IgH gene). With this DNA probe

panel we could detect at least one chromosome
aberration in more than 70% of the blood sam
ples, two changes were observed in about 27%
of the aberrant cases. Consistent with data from
other studies, the most frequent anomaly was a
deletion in 13q14 followed by trisomy of 12q13
and the loss of one 11q22~23 signal.
Furthermore it could be demonstrated that
mRNA expression of ZAP70 and AID (activa
tioninduced cytidine deaminase) is significant
ly associated with cytogenetic aberrations indi
cating good or poor prognosis, respectively.

P014
Radiosensitivity detected by the
Micronucleus Test is not generally increased
in Sporadic Prostate Cancer Patients
Varga D.(1), Michel I.(2), PatinoGarcia B.(2),
Paiss T.(3), Maier C.(2), Vogel W.(2)
1) University of Freiburg, Department of
Gynaecology and Obstetrics, Freiburg
2) University of Ulm, Department of Human
Genetics, Ulm
3) University of Ulm, Department of Urology,
Ulm
The micronucleus test (MNT) has shown in
creased micronuclei (MN) frequencies in BRCA
associated and sporadic breast cancer patients,
Ataxia teleangiectasia and Nijmegen Breakage
Syndrome patients, demonstrating a common
cellular phenotype of increased radiosensitivity.
Some genes causative of these diseases have
recently been associated also with prostate can
cer. In order to investigate if prostate cancer ex
hibits the cellular phenotype of increased ra
diosensitivity, we performed MNT analysis on 22
sporadic prostate cancer patients and 43 male
controls. We determined the baseline MN fre
quency, in order to see invivo chromosomal
damage without radiation, and induced (after ir
radiation with 2 Gy) frequency of MN, both in
binucleated cells (BNC) obtained from cultured
peripheral blood lymphocytes. An automated im
age analysis system was used to score the MN
employing two different classifiers (Classifier A
and B) for detection of BNC. The mean baseline
frequencies were 48/43 (A/B) MN/1000 BNC for
the controls and 42/50 (A/B) for prostate cancer
patients. The induced MN frequencies amount
ed to 107/111 (A/B) MN/1000 BNC for controls
and 111/114 (A/B) MN/1000 BNC for prostate
cancer patients. The obtained MN frequencies
did not result in a statistically significant differ
ence between unselected cases and controls.
However, restricting the analysis to young pa
tients (5060 years, N=7) and age matched con
trols (N=7) revealed marginally significant high
er MN frequencies in patients. We conclude that
increased radiosensitivity is not a property of
prostate cancer patients in general.

P015
Recurrent tumor arising in a pleomorphic
adenoma characterized by karyotypic
rearrangements besides the t(3;8)(p13;q12)
Belge G.(1), Röser K.(2), Wiedhahn C.(2),
Bartnitzke S.(1), Bullerdiek J.(1)
1) Center for Human Genetics, University of
Bremen, Bremen
2) Department of Oralpathology, Institute of
Pathology University Hospital Eppendorf,
Hamburg

Pleomorphic adenomas are the most frequent
tumors originating from the major and minor sali
vary glands. Extensive cytogenetic studies of
these tumors have shown that besides cases
with an apparently normal karyotype two differ
ent groups of cytogenetic abnormalities exist.
The first subgroup is characterized by structur
al aberrations involving chromosomal band
12q1315 and the second subgroup by alter
ations of the chromosomal region 8q12. In pleo
morphic adenomas with 12q1315 aberrations,
fusion genes involving the HMGA2 have been
described, whereas tumors with 8q12 transloca
tions are affected by PLAG1. Here, we describe
the results of cytogenetic investigations of a re
current tumor (12th recurrence) with the kary
otype
47,XX,der(3)t(3;8)(p13;q12),
4,+5,der(5)t(3;5)(p13;p14),der(6)t(4;6)(q12;q13),
+7,inv(7)(p12q31.2),del(8)(q12) arising in a pleo
morphic adenoma. Though the tumor did not
display histologically clear signs of malignancy,
its high tendency to recur and its locally aggres
sive growth may be associated with the addi
tional karyotypic abnormalities besides the com
plex translocation involving 8q12 and 3p13.

P02 Clinical Genetics

P016
Clinical and molecular analyses in patients
with Cornelia de Lange syndrome
GillessenKaesbach G.(1), Meinecke P.(2), Van
Wees C.(3), Lohmann D.(1)
1) Institut für Humangenetik,
Universitätsklinikum Essen, Essen
2) Medizinische Genetik, Altonaer
Kinderkrankenhaus, Hamburg
3) EdvardMunchStr. 21, Lübeck
Cornelia de Lange syndrome (CdLS) is a clinical
ly heterogeneous disorder characterized by dis
tinct facial dysmorphism, short stature, micro
cephaly, limb reduction defects, a variety of in
ternal abnormalities, and mental retardation. The
distinctive facial features include synophrys,
long eyelashes, depressed nasal bridge, an up
turned nasal tip with anteverted nares, and a thin
upper lip.
In many patients, diagnosis is easily made on
the basis of the characteristic facial gestalt co
occurring with limb reduction defects. However,
mild cases are challenging. To explore the range
of phenotypic expression of CdLS we evaluated
clinical data from 51 patients. One of the most
interesting findings of this analysis is the diag
nostic value of the metacarpophalangeal pat
tern profile (MCPP): patients with CdLS have a
distinct pattern characterized by very short first
metacarpal, brachymesophalangy V and less se
vere shortening of terminal phalanges. Especial
ly in patients with mild facial signs of CdLS, this
distinct MCPP pattern can be of high diagnostic
value.
Recently, patients with CdLS were found to be
heterozygous for mutations in NIPBL. This gene
codes for a protein that is a homolog of the
Drosophila melanogaster NippedB that facili
tates enhancerpromoter communication of re
mote enhancers and plays a role in developmen
tal regulation. It is also homologous to a family
of chromosomal adherins which have roles in
sister chromatid cohesion, chromosome con
densation, and DNA repair. In order to confirm
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the diagnosis of CdLS on the molecular level we
started mutation analysis in 14 patients with
variable clinical expression of CdLS. We current
ly perform sequence analysis of all exons of the
NIPBL gene and will establish quantitative as
says for detection of gross alterations. Identifi
cation of mutations in patients with variable phe
notypic expression will help to determine the re
lations between genotype and phenotype which
would be of importance for genetic counseling.

P017
EFNB1 gene mutations in familial and
sporadic Craniofrontonasal syndrome
(CFNS)
Wieland I.(1), Reardon W.(2), Jakubiczka S.(1),
Kress W.(3), VincentDelorme C.(4), Thierry
P.(5), König R.(6), Tinschert S.(7), Wieacker
P.(1)
1) OttovonGuerickeUniversität, Institut
für Humangenetik, Magdeburg
2) NC for Medical Genetics, Our Lady’s
Hospital for Sick Children, Dublin
3) Universität Würzburg, Med. Genetik,
Würzburg
4) Centre Hospitalier, Génét. Méd., Arras
5) Centre Hospitalier I. HauteSaône, Serv.
Pediatrie, Vesoul
6) JohannWolfgangGoetheUniversität,
Institut für Humangenetik, Frankfurt
7) TU Dresden, Institut für Klinische
Genetik, Dresden
Craniofrontonasal syndrome (CFNS [OMIM
304110]) is an Xlinked disorder characterized by
a more severe manifestation in heterozygous fe
males than in hemizygous males. Heterozyous
females have frontonasal dysplasia and ex
tracranial manifestations including skeletal ab
normalities and body asymmetry. Manifestation
in hemizygous males includes hypertelorism and
occasionally cleft lip and palate. Recently, we
identified a deletion and two missense mutations
in the EFNB1 gene (OMIM 300035) in three fam
ilies with CFNS (Wieland et al. 2004, AJHG 74,
12091215). We now report on mutation analy
sis in 9 families and 29 sporadic patients with
CFNS. DNA sequencing revealed mutations in
33 (87%) cases including 26 distinct novel mu
tations. A recurrent mutation, R66X, was detect
ed in one family and 4 sporadic patients. The
majority of mutations (26/33) were located in ex
ons 2 and 3 of the EFNB1 gene encoding the ex
tracellular ephrin domain. The mutation spec
trum includes frameshift, nonsense, missense
and splice site mutations with a predominance
of frameshift and stop mutations resulting in pre
mature termination codons. Of particular inter
est are frameshift mutations located in the last
25 codons of EFNB1 encoding the carboxyter
minal end of ephrinB1. These mutations disrupt
the intracellular binding sites for Grb4 and PDZ
effector proteins involved in reverse ephrinB1
signaling. Comparing the mutations and pheno
types no phenotype/genotype correlation could
be deduced. We conclude that the major cause
for familial and sporadic CFNS are loss of func
tion mutations in the EFNB1 gene. We proposed
cellular interference as a mechanism for the sex
dependent manifestation of CFNS. Accordingly,
the severity and variable expression of the dis
ease may be explained in the context of cellular
interference by the stochastic event of X inacti
vation and the following degree of mosaicsm in
the affected tissues.
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Valproic acid treatment of spinal muscular
atrophy patients as a chance to increase
SMN2 gene expression and improve motor
abilities
Brichta L.(1), Holker I.(1), Wirth B.(1)
1) Institute of Human Genetics, University of
Cologne, Cologne, Germany
Spinal muscular atrophy (SMA) is an autosomal
recessively inherited motoneuron disease repre
senting one of the most common genetic disor
ders leading to death in childhood. The disease
determining survival motor neuron gene (SMN)
is present in a telomeric and a centromeric ver
sion on chromosome 5q13. While SMA is
caused by homozygous deletion or mutation of
the telomeric copy (SMN1), each patient retains
at least one almost identical centromeric copy
(SMN2). However, SMN2 fails to compensate for
the loss of SMN1 due to a silent mutation lead
ing to exon 7 skipping in the majority of SMN2
transcripts encoding a protein that is not func
tionable.
Using fibroblasts from SMA patients, our lab
demonstrated that valproic acid (VPA), a well
known drug successfully used in epilepsy treat
ment, increases fulllength (FL) SMN2 mRNA/
protein levels via stimulating transcription of
SMN2 and promoting exon 7 inclusion. In a first
clinical trial enrolling SMA carriers, we showed
that under therapeutic serum levels of VPA 6/10
carriers revealed increased FL SMN mRNA lev
els.
Meanwhile, we collected blood from SMA type
IIII patients treated with VPA in individual at
tempts of healing. From each of the patients, 2
blood samples have been taken before VPA
treatment to detect baseline levels of FL and
truncated SMN2 transcripts. After reaching
serum levels of 70100 mg VPA/l (common in
epilepsy therapy), another 3 blood samples have
been collected within a time period of several
weeks. Levels of FL and truncated SMN2 mRNA
are analyzed by real time quantitative PCR and
compared to baseline values before VPA treat
ment. Data will be presented to evaluate the
suitability of that approach for monitoring the
potential success of a VPA therapy in SMA pa
tients. Moreover, a comparison of FL and trun
cated SMN mRNA baseline levels in freshly iso
lated blood cells from patients, carriers and con
trols will be shown to further characterize the
value of these parameters for clinical study mon
itoring.

P019
Molecular support for MEHMO (mental
retardation, epileptic seizures,
hypogonadism and –genitalism,
microcephaly, obesity) as a distinct
nosologic entity
Nolte D.(1), Müller U.(1)
1) JustusLiebigUniversität, Institut für
Humangenetik, Giessen
MEHMO syndrome (OMIM #300148) is a rare X
linked recessive disorder characterized by men
tal retardation, epileptic seizures, hypogonadism
and –genitalism, microcephaly, and obesity. Pa
tients usually die within the first two years of life.
The disease gene has been assigned to Xp21.1
p22.13 by linkage analysis [Steinmüller et al.,
1998].
During the last few years mutations were found
in the gene ARX, located within the MEHMO crit

ical interval, in a wide spectrum of Xlinked men
tal retardation syndromes, including ISSX (infan
tile spasm syndrome, Xlinked), Partington syn
drome (dystonia, ataxia, mental retardation,
seizures), West syndrome (infantile spasms,
epileptic seizures, arrest of psychomotor devel
opment), and in nonsyndromic intellectual dis
ability with myoclonic epilepsy and generalized
spasticity, with or without hyptonia and macro
or microcephaly. Furthermore, ARX mutations
were described in Xlinked lissencephaly with
abnormal genitalia (XLAG).
Given the location of ARX in Xp22.13, its func
tion, the wide spectrum of phenotypic variation
in mutation carriers, and the pronounced over
lap of signs and symptoms with those observed
in MEHMO, ARX mutations might also underlie
MEHMO syndrome. Sequencing of all exons, in
tronexon boundaries and of the promoter region
of ARX in a MEHMO patient did not reveal a mu
tation in any portion of the gene. These findings
provide strong molecular evidence for MEHMO
being a nosologic entity independent of the wide
spectrum of mental retardation syndromes
caused by ARX within the MEHMO critical inter
val.
Literature: Steinmüller R, Steinberger D, Müller
U. Eur J Hum Genet 1998; 6:201206

P020
A FISH study of supernumerary marker
chromosomes (SMCs) identifies a novel type
of bisatellited SMC(22) predicting
chromosome 22q duplication syndrome, not
CES, and six intervals on chromosome 22q
that are relevant for diagnostics
Bartsch O.(1), Rasi S.(1), Hoffmann K.(2), Blin
N.(3)
1) Technische Universität Dresden, Institut
für Klinische Genetik, Dresden
2) Heartbiosystems, Heidelberg
3) Universität Tübingen, Institut für
Humangenetik und Anthropologie, Tübingen
Supernumerary marker chromosomes (SMCs)
are frequently found at pre and postnatal cyto
genetic diagnosis and require identification by
FISH. An overproportionally large subset of
SMCs is derived from the human chromosome
22 and confers tri or tetrasomy for the cat eye
chromosomal region (CECR, the first 2 Mb of
22q) and/or other segments of 22q. Using FISH
and 15 different DNA probes, we studied 9 un
related patients with a SMC(22) that contained
the CECR. Five patients showed the small (type
I) cat eye syndrome (CES) chromosome and
each one had the larger (type II) CES chromo
some, a novel type of bisatellited SMC(22), small
ring extrachromosome 22, or der(22)t(11;22) ex
trachromosome. By size and morphology, the
novel bisatellited SMC(22) resembled the typical
(type I and II) CES chromosomes, but it predict
ed the chromosome 22q duplication syndrome,
not CES. This SMC included a marker from band
22q12.3 and conferred only one extra copy each
of the 22 centromere, CECR, and common
22q11 deletion area. There has been no previous
report of a bisatellited SMC(22) predicting the
chromosome 22q duplication syndrome. Ac
counting for the cytogenetic resemblance to
CES chromosomes but different makeup and
prognosis we propose naming this an atypical
(type III) CES chromosome. In this study, six dis
tinct intervals on 22q were found to be relevant
for FISH diagnostics. We propose to identify

Abstracts
SMCs(22) using DNA probes corresponding to
these intervals.

P021
Narrowing the candidate region of Albright
Hereditary Osteodystrophylike syndrome
by quantitative realtime PCR in seven
patients with a deletion of chromosome 2q
Auber B.(1), Zuther K.(1), Herold S.(1), Boehm
D.(1)
1) University of Göttingen, Institute of
Human Genetics, Göttingen
There have been a number of reports concern
ing patients who present with an Albright Hered
itary Osteodystrophy (AHO)like syndrome con
comitant with a deletion of chromosome 2q, an
entity that is also called brachydactylymental
retardationsyndrome. The AHOlike syndrome
has certain features, like short stature, mental
retardation, short hands and feet due to an ab
normal shortening of one or more metacarpals
or –tarsals, especially the IVth and Vth. We
analysed 7 patients with a deletion of various
sizes of chromosome 2q with a real timePCR
based aproach. The smallest deletion found in a
patient with AHOlike syndrom has a size of 2.5
Mb, together with a duplication of chromosome
10qter, another patient suffering from mild men
tal retardation and autism but not affected by
AHOlike syndrome has a deletion of 1.5 Mb and
additionally a duplication of chromosome 18pter.
Our data indicate, that the „AHOlike syndrome
critical region“ thus has a size of about 1.0 Mb
and contains several genes, for e.g. glypican1,
that was already suggested as a candidate gene
in other studies. To elucidate the role of glypi
can1 in the AHOlike syndrome, a knockout ap
proach in mice is planned.

P022
α and TNFβ
β and
Genomic variants of TNFα
α gene and protein
their impact on TNFα
expression in vivo
Schulz S.(1), Rehfeld D.(1), Süß T.(1), Rehfeld
D.(1), Schagdarsurengin U.(1), Hansmann I.(1),
Werdan K.(2), MüllerWerdan U.(2)
1) Inst. of Human Genetics & Med. Biol.,
Halle
2) Univ. Halle, Dep. Intern. Med., Halle
TNFα and β are important cytokines in the com
plex signalling pathway involved in the develop
ment of CAD. Methods: Influence of 2 polymor
phisms (PM) of TNFα(c.238G>A) and TNFβ
(T60N) on the in vivo TNFαexpression in the
context of CAD(176 age matched patients with
angiographically confirmed diagnosis: 88 pa
tients with severe CAD and 88 patients without
any coronary symptoms as controls). Results:
The c.238G>APM is influencing TNFα mRNA
expression significantly in the whole patient
group (GG: 6.2+5.9ag/cell; AG: 8.8+6.2ag/cell;
p=0.019). This influence is mainly due to varia
tion in the CADpatients (p=0.013). A significant
effect of the T60N PM on TNFα gene expression
in the whole patient group (AA: 4.3+4; AC:
7.7+6.7; CC: 5.7+5.4ag/cell; p=0.007). However,
this regulation was more pronounced in the con
trol group (p=0.011) than in the CADgroup
(p=0.079). A haplotypeanalysis revealed that the
c.238G>A PM is a stronger predictor for an el
evated TNFα mRNAexpression. The heterozy
gous variant ACAG (T60Nc.238G>A) causes

the highest expression (9+7.6ag/cell) followed by
the variant CCAG (8.4+2.8ag/cell). All other
combinations showed significant lower expres
sion rates (ACGG: 7.5+6.6; CCGG: 5.5+5.5;
AAGG: 4.3+4ag/cell; p=0.002). On translation
al level only the T60NPM, could be referred as
a predictor of TNFα proteinexpression in the
group of CADpatients but not in the whole pa
tient group: Aallele carriers showed a signifi
cantly
increased
TNFαproteinexpression
(p=0.045). Conclusions: genomic variants in both
TNFα and TNFβ gene are proven to affect in vivo
TNFα geneexpression. Especially in CAD, an
effect of the TNFαPM c.238G>A and the
TNFβPM T60N on gene and protein expression,
respectively, could be proven.

P023
Novel and Recurrent Mutations in Patients
with Androgen Insensitivity Syndromes
Ledig S.(1), Jakubiczka S.(1), Aulepp U.(2),
BurckLehmann U.(3), Zierler H.(4), Wieacker
P.(1)
1) OttovonGuerickeUniversität, Institut
für Humangenetik, Magdeburg
2) Universität Gießen, Institut für
Humangenetik, Gießen
3) Praxis PD Dr. BurckLehmann, Köln
4) Medizinische Universität Graz, Institut für
Medizinische Biologie und Humangenetik,
Graz
Objectives: Androgen insensitivity syndrome
caused by mutations within the androgen recep
tor gene represents a variety of phenotypes from
females with 46,XYkaryotype over individuals
with ambiguous genitalia to infertile males. The
majority of mutations consists of individual mu
tations, while only few mutational hot spots are
known. In comparison to missense mutations
only few nonsense mutations, deletions, dupli
cations, or insertions have been reported.
Material and Methods: We studied 18 patients
with androgen insensitivity syndromes by se
quencing. 14 of the investigated patients were
affected by complete androgen insensitivity syn
drome (CAIS) and 4 suffered from partial andro
gen insensitivity syndrome (PAIS).
Results: We detected 6 so far unreported muta
tions as well as 9 recurrent mutations (three re
current mutations were detected twice) in exons
28 of the androgen receptor gene. Three of the
novel mutations cause a frameshift with subse
quent premature termination and were found in
patients with CAIS. These frameshifts were in
duced by single nucleotide deletion or insertion
or in one case by a 4 bpduplication, respective
ly. Another premature stop codon found in a
CAISpatient results from an already reported
nucleotide substitution in exon 5. All other mu
tations caused single base substitutions spread
through exons 28 and were associated with
CAIS or PAIS.
Conclusions: We report a broad spectrum of
different mutations within the AR gene leading
to various manifestations of AIS. Apart from
truncating mutations, a reliable genotype/phe
notype correlation can not be established.
Therefore, modifying factors must be effective.

P024
THREE UNRELATED PATIENTS WITH
NICOLAIDESBARAITSER SYNDROME
Kuechler A.(1), Kratzsch W.(2), Hinkel G.(3),
Verloes A.(4), GillessenKaesbach G.(5)
1) Institut für Humangenetik und
Anthropologie, FriedrichSchiller
Universität, Jena
2) Kinderneurologisches Zentrum,
Krankenhaus Gerresheim, Düsseldorf
3) Institut für Klinische Genetik, Technische
Universität, Dresden
4) Unité de Génétique Clinique, Hôpital
Robert Debré, Paris, France
5) Institut für Humangenetik,
Universitätsklinikum, Essen
We report on three unrelated boys with concor
dant medical histories and consistent phenotyp
ic and clinical findings  similar facial dysmor
phic signs, sparse scalp hair, short stature, se
vere mental retardation and an idiopathic epilep
sy resistant to pharmacotherapy.
All three boys were born to healthy nonconsan
guineous parents. Measurements at birth were
in the lower range, especially for length and
weight. Motor development was retarded (walk
ing at 2 to 3 years). All three had no speech de
velopment. At the age of about 2 years, they de
veloped grand mal seizures which are difficult to
treat. Clinical examination at the age of 16 (pa
tient 1), 13 (patient 2), and 18 years (patient 3)
revealed short statures (about – 4 SD), dystro
phy, and small head circumferences (about – 2
SD). There was severe mental retardation and no
speech. Concordant facial dysmorphic signs in
all three were a coarse triangular face with flat
philtrum, prominent lower lip, large mouth and
low set ears. Beside this, sparse scalp hair with
normal texture was another characteristic find
ing. Hands were short, with enlarged, non in
flammatory interphalangeal joints. Xrays of the
hands showed a retarded bone age and brachy
dactyly. Patient 3 additionally developed a se
vere thoracolumbar scoliosis.
In all three boys, chromosome analysis showed
normal male karyotypes. Subtelomeric screen
ing, metabolic screening, thyroid hormone lev
els, brain CT/MRI scans as well as ophthalmo
logic and audiologic investigation were normal
where performed.
Based on the characteristic dysmorphic facial
features, sparse hair, epilepsy, mental retarda
tion and short stature we diagnosed Nicolaides
Baraitser syndrome. After the initial delineation
of this syndrome by Nicolaides and Baraitser in
1993, only four more patients were published in
the literature up to now. We review the literature
of NicolaidesBaraitser syndrome and propose
the important clinical features necessary for di
agnosis.

P2

P025
Screening of NSD1 mutations by DGGE and
MLPA in Sotos patients.
Gabriel H.(1), Lott A.(1), Gencik A.(1)
1) Zentrum f. Medizinische Genetik,
Osnabrueck
Sotossyndrome is an autosomal dominant over
growth syndrom with distinctive craniofacial fea
tures, advanced bone age and various degree of
mental retardation.
It was shown that haploinsufficiency of the
NSD1 gene is the major cause of Sotos syn
drome. Interestingly, in the caucasian population
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point mutations of the NSD1 gene are found in
most patients, whereas submicroscopic dele
tions have been found in the majority of Japan
ese Sotos patients.
The NSD1 gene consist of 23 exons. Point mu
tations are scattered through almost all exons.
Therefore we established a DGGE (denaturing
gradient gel electrophoresis) screening protocol
for the detection of mutations in all exons of the
NSD1 gene. Additionally, we have utilized MLPA
(multiplex ligationdependent probe amplifica
tion) to identify submicroscopic deletions of
NSD1 exons.
Till now there have been 12 patients with sus
pected Sotossyndrome genotyped in our lab
oratory. We were able to detect 10 different se
quence alterations in our ongoing study demon
strating that DGGE is a reliable technique.
In a 12 year old boy with classical Sotos symp
toms a novel nonsense mutation (Q925X) was
detected.
No deletions were found in our patients. Our first
data confirm the observation that haploinsuffi
ciency in caucasian patients is mostly the result
of nonsense mutations rather then the result of
deletions. Furthermore, we could demonstrate
that DGGEanalysis is a reliable and easy to per
form technique for the detection of mutations in
the NSD1Gen.

P026
Bloom Syndrome  The Extended Phenotype
Passarge E.(1), Löser H.(1)
1) Institut für Humangenetik,
Universitätsklinikum Essen, Essen
Bloom syndrome (MIM 210900) is a unique hu
man hereditary disorder with a distinctive clini
cal and cellular phenotype, first described 50
years ago. Its main manifestations are (i) pre
and postnatal growth retardation, (ii) character
istic facial features consisting of dolichocephaly
and a narrow face, (iii) lightsensitive facial
telangiectasia in most patients, (iv) extensive
signs of genomic instability as revealed by a 10
fold increase of spontaneous sister chromatid
exchanges, chromosomal breaks and exchanges
between homologous chromosomes, evident at
metaphase, and an increased rate of somatic
mutations. The underlying molecular defect is a
wide range of mutations of different types in the
BLM gene encoding a DNA helicase with homol
ogy to RecQ in E. coli at human chromosome
15q26.1. Individuals with Bloom syndrome are
at increased risk to develop different forms of
cancer at a greatly advanced age (about 1 in 4).
We have followed the natural history of this dis
order for 35 years in 14 patients in Germany. We
will document that, as adults, individuals with
Bloom syndrome change their characteristic
phenotype. Their facial features become less
destinct than in young patients. In addition, most
develop learning difficulties and exhibit a re
duced attention span. Furthermore, in an ongo
ing investigation with J. German and M. Sanz,
New York, we find an increased risk for diabetes
mellitus of both type 1 and type 2 (in 27 of 117
patients, 23%). The main clinical, cellular, and
molecular aspects in the light of new findings
will be reviewed. In addition, the inconspicuous
phenotype of a patient will be described who
was diagnosed prenatally and subsequently fol
lowed after birth.
Bloom syndrome has been recognized in differ
ent parts of the world. One particular mutation,
a 6 base pair deletion/7 bp insertion at nu
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cleotide position 2281 occurs in Ashkenazi Jew
ish populations as a result of founder effect.

P027
Xq28 submicroscopic duplication causes
increased expression of the MECP2 gene in
a boy with severe mental retardation and
features of Rett syndrome
Meins M.(1), Stein J.(2), Herchenbach J.(1),
Hagedorn M.(1), Gerresheim F.(1), Hameister
K.(2), Epplen J.(1)
1) RuhrUniversity Bochum, Department of
Human Genetics, Bochum
2) Fachklinik für Kinderneurologie und
Sozialpädiatrie Königsborn, Unna
Rett syndrome has been recognized as one of
the major causes of mental retardation in girls.
Over the last years, numerous point mutations
and deletions affecting the MECP2 gene have
been identified in girls with this neurodevelop
mental disorder. In contrast, only few boys with
missense mutations of MECP2 have been de
scribed, most of these with a severe neonatal
encephalopathy. We describe an 8 year old boy
with severe mental retardation, autistic features,
and other signs of Rett syndrome. Retardation
of psychomotor development became apparent
within the first year of life. Stereotypic hand
movements were noted around the age of 4
years. At the age of 6 years, the patient had
learned to walk a few steps assistedly and could
hold toys, but the parents then observed a grad
ual loss of purposeful hand use. At the same
time, the boy developed complex seizures.
Molecular genetic diagnostics revealed no mu
tations within exons 1 to 4 of MECP2, but a
complete duplication of MECP2 due to a submi
croscopic duplication of approximately 430 kb
in Xq28. The size of the duplication was ana
lyzed by quantitative PCR. No other genes than
MECP2 known to be involved in mental retarda
tion or essential for neural development were
found completely duplicated or disrupted. The
proximal border of the duplicated segment was
located to a region at least 8.4 kb 5’ from the
first exon of L1CAM. The distal border lies with
in the FLNA gene, but leaving the functional
gene copy intact. Quantitative RTPCR analyses
show that the duplication leads to elevated
MECP2 transcript levels in lymphoblastoid cells.
The mother of the patient carries the same du
plication but is asymptomatic, which may be at
tributed to extremely skewed Xinactivation. We
are currently analyzing another male patient with
MECP2 duplication in order to compare the
breakpoints.

P028
Ring chromosome 4 with complex
karyotypes in two patients
Zoll B.(1), Polityko A.(2), Mrasek K.(3), Liehr
T.(3), Kohlhase J.(4), Bartels I.(1), Starke H.(3)
1) Institute of Human Genetics, Goettingen
2) Institute of Hereditary Diseases, Minsk
3) Institute of Human Genetics and
Anthropology, Jena
4) Institute of Human Genetics and
Anthropology, Freiburg
Ring chromosomes are usually the result of two
breakages at the p and q arm of a chromo
some and a subsequent fusion of both ends.
They often show a mitotic instability which re

sults in a mosaicism of different karyotypes.
Ring chromosome 4 has been described in sev
eral patients showing variable clinical features
depending on the amount of lost material of
chromosome 4. There have been some reports
on patients with ring chromosome 4, normal in
telligence, some dysmorphic facial features but
severe growth retardation. These patients have
no visible loss of genetic material. Some other
reports on ring chromosome 4 with remarkable
loss of chromosome 4p and 4q material exist.
These patients show profound psychomotoric
delay, malformations, and dysmorphic features
corresponding to the amount of the lost chromo
somal fragment and usually including the critical
WHS ( Wolf Hirschhorn syndrome )  region.
We focus on two patients with predominantly
ring (4) karyotypes but also many metaphases
with complex aberrant karyotypes showing frag
mentations of the ring chromosome 4. The
analysis was done with conventional Giemsa
banding and multicolour banding according to
Liehr et al. 2002. Using the subtelomeric local
ized probes of chromosome 4p and 4q it was
shown that the derivative chromosome 4 lost the
terminal regions of the 4p and 4q arms. Both pa
tients are deeply retarded with microcephaly,
muscular hypotonia, and craniofacial dysmor
phic features. No internal malformations were
found, only an anal stenosis was present in one
patient.
We will discuss the patients phenotypes and
their chromosomal findings in regard to previ
ously published cases.
Supported in parts by the DFG (436 WER
17/1/04) and the DAAD

P029
Genetic information in the workplace 
Results of a survey of German occupational
health physicians
Schmitz D.(1)
1) Universität Tübingen, Institut für Ethik
und Geschichte der Medizin, Tübingen
Objectives: The German government currently
is discussing draft legislation to regulate genet
ic testing in the workplace. Mainly by prohibiting
DNA  and chromosomal analysis, genetic dis
crimination in this field should be prevented.
However, the actual usage of personal genetic
information in or before employment has not
been investigated for Germany so far. With our
study we are aiming to elucidate the relevance
of the different methods of genetic testing in the
workplace.
Material and Methods: A postal questionnaire
was sent to the 3300 members of the profes
sional organization of German occupational
health physicians (Verband Deutscher Betriebs
und Werksärzte e.V., VDBW). It contained twelve
questions on the usage of methods, which pro
vide personal genetic information, in the compa
nies, they are in charge of. The questionnaire
was designed to be returned anonymously.
Results: Completed questionnaires were ob
tained from 304 physicians, 78,9% (240) of
whom were in charge of large companies (more
than 500 employees). The majority of physicians
stated, that neither for occupational health safe
ty (94,7%) nor in preemployment medical ex
aminations (96,7%) genetic laboratory testing is
performed in their companies. Family medical
histories are part of 86% of preemployment
medical examinations though, which most of the
companies surveyed (90%)routinely ask for.
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Conclusions: Our results indicate that (1) in ac
cordance with results from other European
countries genetic laboratory testing still is of mi
nor importance for preemployment medical ex
aminations as well as for occupational health
safety. Family medical histories, which also can
provide significant information (of sometimes
predictive value) on the genetic status of a per
son, seem (2) to be performed routinely espe
cially in the preemployment situation. Legisla
tive action on this issue should deal with the us
age of personal genetic information in general 
irrespective of its origin  to prevent genetic dis
crimination.

P030
A new patient with Shprintzen Omphalocele
Syndrome?
Strenge S.(1), Froster U.(1)
1) Institute of Human Genetics, Faculty of
Medicine, University of Leipzig, Leipzig
We report on a boy with short stature, facial dys
morphism, laryngeal abnormality, renal agenesis
on the left and a large umbilical hernia. Dysmor
phic features include brachycephaly, round face,
frontal bossing, hypertelorism, epicanthal folds,
broad nasal bridge, downturned mouth, thin lips,
microgenia and malformed deeply set ears. The
voice is abnormal. The boy has a weak cry and
high pitched voice. Bronchoscopy showed a la
ryngeal abnormality. Motor and mental develop
ment are retarded.
The boy is the second child of nonconsan
guineous parents. Family history is unremark
able. He was born in the 40th gestational week
with a length of 44 cm (< 3rd centile), a birth
weight of 2700g (< 3rd centile), and a head cir
cumference of 34 cm (15th centile). Length at
age 10 months was 67,5 cm (< 3rd centile), and
head circumference 46 cm (50th centile).
Cytogenetic analysis was performed on periph
eral blood lymphocytes. The analysis of Gband
ed chromosomes revealed a normal male kary
otype 46,XY. Fluorescence in situ hybridization
analysis excluded a microdeletion of the short
arm of chromosome 5 (5p15.2) and a microdele
tion of the short arm of chromosome 4 (4p16.3).
Shprintzen and Goldberg [Birth Defects Orig Ar
tic Ser. 1979; 15(5B): 34753] described a mal
formation syndrome which includes dysmorphic
facies, omphalocele, laryngeal and pharyngeal
hypoplasia, scoliosis and learning disabilities.
Our patient resembles the clinical features of this
syndrome. This condition was only published
once. Therefore we want to contribute this pa
tient as a possibly second observation of this
rare entity.

P031
High intrafamilial variability of BOR
syndrome and a newly recognized EYA1
Mutation.
Neumann T.(1), Rump A.(2), Thielke I.(2),
Kennerknecht I.(1), Horst J.(1)
1) Westf. WilhelmsUniversität Münster,
Institut für Humangenetik, Münster
2) Technische Universität Dresden, Institut
für Klinische Genetik, Dresden
BranchioOtoRenal (BOR) syndrome is an auto
somal dominantly inherited disorder, character
ized by the association of branchial fistulae and
cysts, ear and kidney malformations and hear

ing impairment. Exceeding clinical variability is
known, even within a family. Mutations in the
EYA1 gene are detected in up to 40% of persons
with BOR syndrome.
We present the variable expression of clinical
features in a family with BOR syndrome: Our fe
male index patient was born with bilateral
branchial fistulae. Progressive hearing loss de
veloped in her infancy. Ultrasound examination
showed kidneys of normal size, shape and
structure on both sides. Two of her pregnancies
were complicated by oligohydramnion. The chil
dren were stillborn after 18 and 24 weeks of
gestation. Postmortem examination revealed bi
lateral renal agenesis in both. ‘Potter facies’ but
no further malformations could be detected.
We assumed BOR syndrome as the cause of the
malformations in this family. Genomic sequenc
ing of the EYA1 gene showed an up to now un
described splice site mutation of exon 10:
c.1041+2 T>G. The mutation was detected in
DNA from the mother and subsequently in a
stored DNA probe from one fetus. This mutation
disrupts the splicedonor site of intron 10.
Our observations confirm previous studies of
BOR syndrome families that could show a high
ly variable expressivity ranging from mild to
lethal phenotypes. Phenotype cannot be predict
ed from mutation analyses results, not even in a
single family. BOR syndrome should be remind
ed in differential diagnosis of hearing loss and of
renal anomalies. In many cases DNA analysis of
the EYA1 gene detects mutations, thus confirm
ing BOR syndrome.

P032
High intrafamilial variability in a family with
Opitz GBBB syndrome
Albrecht B.(1), Schweiger S.(2), Gillessen
Kaesbach G.(1)
1) Institut fuer Humangenetik, Essen
2) MaxPlanckInstitut fuer Molekulare
Genetik, Berlin
We report on two brothers with Opitz GBBB syn
drome, their unaffected mother and their mildly
affected maternal grandfather.
The propositus is the first child of a healthy, non
consanguineous German couple. The pregnan
cy was complicated by polyhydramnios begin
ning at 32nd week of pregnancy. The boy was
born at 42nd week of pregnancy with normal
birth measurements (weight 3959 g, length 56
cm, OFC 34,5 cm). Hypertelorism, laryngotra
cheomalacia and penoscrotal hypospadias with
bifid scrotum were noted and led to the diagno
sis of Opitz GBBB syndrome.
His brother was born at 39th week of pregnan
cy after an uneventful pregnancy. Birth measure
ments were normal (weight 3140 g, length 51
cm, OFC 34 cm). In addition to hypertelorism
and hypospadias with bifid scrotum he had a
complex heart defect with ASD, several VSDs,
coarctation of the aorta and persistence of the
left vena cava superior as well as anal atresia.
Surgical corrections of the heart defect and the
anal atresia were successful. Both patients show
normal mental and motor development.
The mother of the boys is healthy and has no
hypertelorism or other midline defects. Her fa
ther however has hypertelorism and hypospa
dias, but no further problems are reported.
Chromosomal analysis in the propositus was
normal, as were FISH 22q11.2 investigations.

Mutation analysis in MID1 gene, presuming an
Xlinked recessive mode of inheritance, showed
no mutation, but RNA studies will be performed.
This family demonstrates the high intrafamilial
variability of the phenotype in Opitz GBBB syn
drome and might help to identify both, Xchro
mosomal sequences that, in addition to the
known parts of MID1 are involved in the devel
opment of the ventral midline and second of fac
tors that modify the development of an Opitz
GBBB phenotype.

P033
Dispermic chimerism in a female blood
donor
Jakubiczka S.(1), Mosebach M.(2), Heim M.(2),
Wieacker P.(1)
1) Institut für Humangenetik, Ottovon
GuerickeUniversität, Magdeburg
2) Institut für Transfusionsmedizin, Otto
vonGuerickeUniversität, Magdeburg
Here, we report on chimerism in a phenotypical
ly normal individual. The 19 year old healthy
woman is mother of a now 3 year old child.
Blood group typing revealed three alleles
(AB0*A2, AB0*01 and AB0*B). Following molec
ular HLAgenotyping using peripheral blood
samples and skin fibroblasts confirmed these re
sults. Also three HLAalleles for HLAA and HLA
DRB1 loci could be demonstrated. In all these
cases the third allele was of paternal origin. For
further evaluation microsatellite markers were
examined. Therefore, DNA from the probands
lymphocytes and skin fibroblasts together with
DNA of the parents was amplified with primers
for ten markers from nine different chromo
somes. A third allele of paternal origin was pres
ent for two markers while a third maternal allele
never was observed. Y chromosomal sequences
could not be detected. No difference could be
seen between DNA isolated from lymphocytes
and skin fibroblasts. Blood group typing, HLA
typing and microsatellite analysis together,
demonstrate that the third allele being present in
the proband is exclusively of paternal origin.
Therefore dispermic chimerism in the proband is
suggested. The most likely explanation is fertil
ization of one oocyte and the corresponding po
lar body after meiosis II with two different
sperms.

P2

P034
Atypical tuberous sclerosis with NF1like
multiple hyperintense (T1) lesions in MRI
caused by TSC2 missense mutation
Hoyer J.(1), Huk W.(2), Mayer K.(3), Rauch A.(1)
1) FriedrichAlexander University Erlangen
Nuremberg, Institute of Human Genetics,
Erlangen
2) FriedrichAlexander University Erlangen
Nuremberg, Division of Neuroradiology,
Erlangen
3) Laboratory for Medical Genetics,
Martinsried
Tuberous sclerosis is an underdiagnosed multi
system genetic disorder because of its variable
expressivity. The classical triad of clinical fea
tures is mental retardation, epilepsy and skin le
sions as angiofibromas, hypomelanotic macules
and Shagreen patches. Nevertheless, these fea
tures are not always present.
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Therefore we present a 9year old boy who was
referred with the temptative diagnosis of Neu
rofibromatosis due to multiple hyperintense (T1)
lesions in MRI and who turned out to suffer from
an atypical form of tuberous sclerosis.
The boy had developmental delay, especially re
garding speech development. He attends normal
school but had to repeat the first school year be
cause of difficulties in calculating.
Clinical examination revealed most notably
auburn, but also partly scarred looking skin le
sions, neither typical for Neurofibromatosis nor
for tuberous sclerosis. Skin biopsy revealed fi
bromatous naevus like changes. He showed an
intermitted anankasting winking which was sus
pected to be a kind of epilepsy but EEG studies
revealed normal results.
While sequence analysis in the NF1 gene
showed normal results, sequencing of all coding
exons of both TSC genes revealed a 3230C/T
(Thr1071Ile) mutation in exon 27. This missense
mutation leads to a substitution of Threonine
with Isoleucine and is not described in literature
but concerns a conserved amino acid.
Both parents of the boy were initially unconspici
uos and did not have any difficulties in school or
signs of epilepsy. However, in the father clinical
investigation showed little areas with scarred
looking skin lesions as well as areas of netlike
hypopigmentation on both thighs which were
only visible by woodlight examination. Molecu
lar genetic testing confirmed the same mutation
in the boy’s father.

P035
Defining the heterochromatin localization
and repression domains of SALL1
Chen Y.(1), Netzer C.(2), Hinzke M.(3), Kohlhase
J.(4), Bohlander S.(1)
1) CCG Leukemia Grosshadern, Med. III
Klinikum Grosshadern, Munich
2) University of Bonn, Institute of Human
Genetics, Bonn
3) University of Goettingen, Institute of
Human Genetics, Goettingen
4) University of Freiburg, Institute of Human
Genetics and Anthropology, Freiburg
SALL1 has been identified as one of four human
homologues of the Drosophila regionspecific
homeotic gene spalt (sal), encoding a zinc finger
protein of characteristic structure. Mutations of
SALL1 on chromosome 16q12.1 were demon
strated to cause TownesBrocks syndrome (TBS,
OMIM# 107480). We have reported previously
that SALL1 acts as a strong transcriptional re
pressor in mammalian cells when fused to a het
erologous DNAbinding domain. Here we report
that SALL1 contains two repression domains,
one located at the extreme Nterminus of the
protein and the other in the central region. We
further identified a domain which mediates the
heterochromatic localization of the protein. For
this purpose, we transiently transfected NIH3T3
cells with the SALL1 deletion constructs used
for mapping the repression domains. Indirect im
munofluorescence staining with a primary anti
body directed against the heterologous GAL4
DNAbinding domain revealed that a fusion pro
tein covering amino acids 618 to 690 of SALL1
(and any other SALL1 fragment containing this
region) localizes to chromocenters in interphase
nuclei. The fulllength SALL1 protein is known to
display a similar punctate distribution pattern at
these DAPIbright sites of clustered pericen
tromeric heterochromatin in murine fibroblasts.
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The data presented shed light on the possible
connection between heterochromatin localiza
tion and repression.

P036
Oesophageal atresia, hypoplasia of
zygomatic complex and mandibula,
microcephaly, microtia, and congenital heart
defect  new syndrome in two affected sibs
and a mildly affected mother?
Wieczorek D.(1), Schmitt W.(2), Hehr U.(3),
GillessenKaesbach G.(1)
1) Institut für Humangenetik,
Universitätsklinikum, Essen
2) Klinik für Kiefer und Plastische
Gesichtschirurgie, HeinrichHeine
Universität, Düsseldorf
3) Zentrum für Gynäkologische
Endokrinologie, Reproduktionsmedizin und
Humangenetik, Regensburg
Treacher Collins syndrome (TCS) was suspect
ed in two siblings with hypoplasia of the zygo
matic complex, hypoplasia of mandibula, micro
tia, microcephaly, and oesophageal atresia, but
screening of the TCOF1 gene revealed no path
ogenic mutation. The facial phenotype is differ
ent from TCS and the association with oe
sophageal atresia and congenital heart defect is
uncommon. Therefore a new syndrome is con
sidered.
The 12yearold girl was the first child of appar
ently healthy parents. Pregnancy was complicat
ed by polyhydramnios due to oesophageal atre
sia and birth occurred at term with normal meas
urements. She developed postnatal micro
cephaly, had hypoplastic zygomatic bones, cup
shaped ears and conductive hearing loss, a mild
global developmental delay, slightly reduced
mouth opening, and an atrial septal defect.
After birth of two healthy sisters, a more severe
ly affected brother was born. Pregnancy was
again complicated by polyhydramnios due to
oesophageal atresia. Birth occurred after prema
ture rupture of membranes at 34 weeks of ges
tation with normal measurement apart from OCF.
He presents with microcephaly with prenatal on
set, postnatal dystrophy and short stature, cup
shaped ears associated with conductive hearing
loss, severe developmental delay, and a reduced
mouth opening (10 mm). Due to upper airway
obstruction he required a tracheostoma at the
age of eight months. In addition, he has a medi
an cleft palate and a ventricular septal defect. A
3D MRI scan of the head showed bilateral apla
sia of the zygomatic arches.
The mother presented with a scar on her right
cheek. A radiograph confirmed the clinical sus
picion of aplasia of the zygomatic arch on this
side of her face. In addition, she has a reduced
mouth opening. No further anomalies or dysmor
phic signs were present.
We suggest that this previously unreported com
bination of clinical findings is a new hitherto un
described syndrome with autosomal dominant
inheritance and reduced penetrance.

P037
Dissecting the pathogenesis of dilated
cardiomyopathy due to a heterozygous Arg
9 Cys mutation in phospholamban
Schmitt J.P.(1), Hein L.(1), Seidman J.G.(2),
Seidman C.E.(2)
1) Department of Pharmacology and
Toxicology, JuliusMaximilian University,
Wuerzburg
2) Department of Genetics, Harvard Medical
School, Boston, USA
We recently identified a heterozygous Arg 9 Cys
mutation in phospholamban (PLNR9C) in a fam
ily with autosomal dominant inheritance of dilat
ed cardiomyopathy (DCM) (Schmitt et al., 2003).
Phospholamban (PLN) is a cardiacspecific
transmembrane protein of the sarcoplasmic
reticulum (SR) that inhibits the Ca 2+ ATPase
SERCA2a.
Our investigations using transgenic mice (Tg
PLN R9C ) and human cell lines revealed that
PLN R9C blocked protein kinase A (PKA)medi
ated phosphorylation of both PLNR9C and wild
type PLN resulting in constitutive inhibition of
SERCA2a and reduced SR Ca 2+ uptake rates.
To better understand the dominant acting mech
anism of the heterozygous mutation we ablated
wild type PLN from TgPLN R9C mice (Tg
PLN R9C,PLN/ ). Surprisingly, these mice lived
for longer than 1 year, while TgPLN R9C mice
died of heart failure at the age of 21±6 weeks.
TgPLNR9C,PLN/—myocytes demonstrated res
cued kinetics of SR Ca 2+ uptake and myocyte
relaxation. The findings were explained by in vit
ro experiments showing that PLN R9C exhibited
only about 25% of wild type PLN function.
We further wanted to analyze the mechanism of
PKA inhibition due to PLN R9C . Different
aminoacid substitutions were introduced in po
sition 9 of PLN and expressed in HEK 293 cells.
Intriguingly, the phosphorylation patterns of
PLNR9A and PLNR9S turned out to be indistin
guishable from wild type PLN. Only the PLNR9C
mutant demonstrated a clear reduction of 32 P
incorporation.
We conclude that (i) specific changes in myocyte
Ca2+ cycling can lead to DCM, (ii) heterozygous
PLNR9C can exhibit its detrimental effects only
in the presence of wild type PLN and (iii)
malphosphorylation of PLNR9C is not caused by
the loss of an arginine residue or a change in
charge, but by the gain of a cysteine residue.

P038
De novo interstitial deletion of
4q[46,XY,del(4)(q25q31.1)] in a 35 year old
patient with multiple congenital anomalies
but without Rieger anomaly.
Muck S.(1), Wand D.(1), Thiele H.(1), Schlote
D.(1), Hansmann I.(1)
1) Martin Luther Universität Halle
Wittenberg, Institut für Humangenetik, Halle
Interstitial deletions of the long arm of chromo
some 4 involving the region of 4q25q31.1 are
rare. Previous reported cases mostly involve ei
ther the region 4q25q27 often associated with
Rieger syndrome, or the region 4q31qter which
has been suggested to lead to a characteristic
syndrome of facial dysmorphism, cardiac de
fects and developmental delay. Here we report
clinical and chromosomal findings in a 35 year
old patient with a de novo interstitial deletion
del(4)(q25q31.1). The clinical findings include
mental retardation, membranous aortic stenosis
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and subaortal ventricular septal defect, cranio
facial and skeletal anomalies including microg
nathia and dental crowding and mild iris hy
poplasia but no Rieger anomaly. Using peripher
al lymphocytes the deletion was cytogeneticaly
chrarterized by Gbanding and further fluores
cent in situ hybridisation (FISH) has been per
formed to narrow the breakpoints of the deletion
of the abberant chromosome 4. Alltogether 21
Bacclones were ordered from the RZPD
(Deutsches Ressourcenzentrum für Genom
forschung) characterized by molecular means
and hybridized to chromosomal metaphases us
ing standard FISH protocols. 7 of these isolated
Bac clones could be mapped to the region of the
proximal breakpoint, 9 Bacs did neither show a
signal on the derivative chromosome 4 nor on
any other chromosome besides the normal chro
mosome 4 and were considered to bind within
the deleted region. 3 Bac clones could be locat
ed distal to the telomeric breakpoint, whereas 2
clones did not show specific signals. In an effort
to characterize the deletion breakpoints the
proximal one could be defined between Bac
clones RP11265M21 and RP11326N15 and the
distal breakpoint between RP11435P6 and
RP111062K20. The phenotypic expression not
ed in patients with specific 4q25q33 deletions
seems to be highly variable. This case could
therefore contribute to delineate phenotypes and
specific malformations compared to other cas
es reported in the literature.

P039
Genetic counseling from the clients’
perspective
Vlasak I.(1), Amann G.(2)
1) Landeskliniken Salzburg, Clinical
genetics, Salzburg
2) Salzburg University, Psychology, Salzburg
Objectives: Given the rapidly growing human
genetic knowledge and diagnostic options today
genetic counseling must respond dynamically to
these developments. We wanted to see what ge
netic counseling clients expect from this service,
how their expectations are met, how ‘success
ful’ they perceive the counseling and what they
like and dislike about it.
Methods: In a prospective exploratory study 56
clients of 4 middle European genetic counseling
centers were asked to answer anonymous ques
tionnaires before and after the counseling ses
sion. Those included scale ratings and multiple
choice and open questions.
Results: The most frequently stated expecta
tions are ‘certainty’ and ‘a good result’, followed
by ‘information’. 30% said they did not have any
specific expectations. Realistic expectations like
information, psychologic support and practical
help were adequately met. Also the other out
comes measured quantitatively (gain of knowl
edge, gain of control, perception of counsellors
and satisfaction) were evaluated quite positive
ly with an overall grade point average of 1,7 (1
being ‘very good’ on a 5point scale). However,
answers to the open questions revealed a num
ber of things clients disliked about the counsel
ing.
Conclusions: 1. Unrealistic or missing expecta
tions in so many clients show deficits in the
preparatory stage of the counseling process. 2.
The quantitative measurement of currently used
quality criteria of genetic counseling like gain of
knowledge or satisfaction is not sufficient to
evaluate the ‘success’ of genetic counseling

from the clients’ perspective. Unless it is sup
plenmented by open questions it may fail to
show the ‘real’ picture and thus to serve as a
valuable means of feedback and quality control.

P040
A new locus for brachydactyly type A2 maps
to chromosome 20p
Kjaer K.W.(1), Lehmann K.(2), Nürnberg P.(3),
Mundlos S.(2)
1) Department of Medical Genetics,
University of Copenhagen, Wilhelm
Johannsen Centre for Functional Genome
Research, Copenhagen
2) Department of Medical Genetics, Charité
Universitary Medicine Berlin (Campus
Virchow), Berlin
3) Molecular Genetics and Gene Mapping
Center, MaxDelbrueckCenter for
Molecular Medicine, Berlin
Brachydactyly type A2, an autosomal dominant
hand malformation, is characterized by short
and laterally deviated second and fifth fingers.
Also, the first and second toes can be affected
in a similar way. Heterozygous missense muta
tions in the gene coding for bone morphogenet
ic protein receptor 1b (BMPR1B) were shown to
cause brachydactyly type A2 in some cases by
acting in a dominant negative manner. Recently,
we performed a linkage analysis in a large Brazil
ian pedigree presenting with brachydactyly type
A2 using the SNPGeneChip Human Mapping
10K Array/Assay Kit from Affymetrix. Additional
polymorphic microsatellite markers were used
for the fine mapping to narrow the defined re
gion. Using this approach, we mapped a new lo
cus for brachydactyly A2 to a 17 cM region on
chromosome 20p. As a candidate gene located
within this new locus, we first sequenced the
coding region of BMP2, known as an important
ligand of the BMPRs that mediates essential
functions in chondrocyte differentiation and
bone formation, but no mutation was found.
Several other candidate genes located within the
disease locus will now be sequenced.

P041
Clinically atypical Brachydactyly A2 with a
missense mutation in BMPR1B
Reif S.(1), Wand D.(1), Mundlos S.(2),
Hansmann I.(1), Lehmann K.(2)
1) Institut für Humangenetik und
Medizinische Biologie, MLU Halle
Wittenberg, Halle/Saale
2) Institut für Medizinische Genetik, Charité
Campus VirchowKlinikum, Berlin
Isolated brachydactylies (BD) are phenotypical
ly and genetically heterogeneous and have been
classified into at least 5 different groups AE
(Bell 1951). Subgroups BDA1A3 are considered
as autosomal dominant traits. Linkage analysis
in 2 unrelated German families mapped the
BDA2 locus to 4q21q25. Mutation analysis of
the positional candidate gene BMPR1B identi
fied the first 2 BDA2 causing missense muta
tions, considered to act in a dominant negative
manner (Lehmann K et al. 2003). We describe a
34yearold woman with isolated brachydactyly
of fingers II and III. In contrast to the affected
members of the two BDA2 families, fingers III on
both hands instead of fingers II are severely af
fected in our patient. She also has preferential

involvement of the right foot with deviation of the
first toe, cutaneous syndactyly between 2nd and
3rd toes as well as shortening of toes III to V in
stead of I and II. X rays of both hands and feet
at an age of 10 yrs. documented brachydactyly
of fingers II and III. Both parents and her sister
appear to be not affected by BDA2. Mutation
analysis identified a transition 1457G>A result
ing in a missense mutation R486Q in exon 10 of
BMPR1 by which arginine is being replaced by
glutamin. This is the 2nd mutation affecting the
identical amino acid position 486 within the in
tracellular NANDOR domain of BMPR1B. The
other mutation described once before at posi
tion 486 is due to a 1456C>T transition resulting
in an arginine to tryptophan replacement. It ap
pears that in our patient the argininetoglutamin
substitution is related with a slightly different
manifestation compared with the arginineto
tryptophan substitution. Functional analysis of
the 2 missense mutations within the highly con
served NANDOR box may help to elucidate the
mechanism of BMPR1B function.

P042
Two different chromosomal aberrations, of
17q11.2 and 7qter, in a child with
neurofibromatosis von Recklinghausen,
developmental delay, facial dysmorphy, and
mild overgrowth
Seemanova E.(1), Vlckova Z.(2), Bartsch O.(3),
Spiegel M.(4), Peters H.(4), Beyer V.(5),
Novotna D.(6)
1) Institute of Medical Biology and Genetics,
2nd Medical School, Charles University
Prague, Department of Clinical Genetics,
Prague, Czech Republic
2) University Hospital Motol, Department of
Cytogenetics, Prague, Czech Republic
3) Institute of Clinical Genetics, Dresden
University of Technology, Dresden, Germany
4) Institute for Medical Genetics, Charite
Campus Virchow Klinikum, Berlin, Germany
5) Institute of Human Genetics, University of
Mainz, Mainz, Germany
6) University Hospital Motol, Department of
Cytogenetic, Prague, Czech Republic
Most cases of Neurofibromatosis type I result
from a point mutation and some represent chro
mosomal microdeletions at NF1. Patient was
born from the 2nd pregnancy to young, healthy,
nonconsanguineous but endogamic parents (no
contact to mutagenes, teratogenes). There are
no relatives with a similar phenotype. The preg
nancy, delivery and newborn period were nor
mal. At the age of 1 month a large cafeaulait
spot was noted, later numerous pigmented
spots were apparent. At the age of 1 year she
showed a coarse face and was not yet able to
walk and speak. At the age of 3 years (first seen
by E.S.) she was eutrophic, eutonic, and tall
(97th percentile) with mild thoracal scoliosis. The
face was elongated with relative microcephaly
(25th percentile), prominent supraorbital arches,
convergent strabism, long nose, crowded teeth,
and retromandibula. She had several large cafe
aulait spots, numerous pigmented lesions, and
axillary freckling. She also had mild develop
mental delay, a hoarse voice, and poor and dys
lalic speech. A presumptive diagnosis of NF1
was made, but the molecular analysis of the NF1
gene was normal. Because of the retardation, fa
cial dysmorphy, and mild overgrowth, FISH was
performed and revealed a deletion of 17q11.2
between BACs 271K11 and 640N20, which
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yielded diminished signals: ish del(17)
(q11.2q11.2)(tp53+,RH65670/RH71187+dim,RH
71187,NF1/RH106225,RH78003/ RH26307
,RH55147/RH26307+dim). During the introduc
tion of the FISH subtelomere screen at the cyto
genetic laboratory in Prague, random samples
were chosen for training and one indicated a
distal chromosome 7q trisomy, karyotype ish
der(?14)t(7;?14)(q36;?p12)(G31340+). The sam
ple was traced back to this child with 17q11.2
microdeletion, and further studies for confirma
tion are pending. The finding of two seemingly
unrelated chromosomal micromutations raises
mainly two issues: the contribution of the indi
vidual mutations to the phenotype and the un
derlying cytogenetic mechanism.

P043
Progeroid syndrome in a 26 years old male
patient
Muschke P.(1), Brune T.(2), Volleth M.(1),
Jakubiczka S.(1), Wieacker P.(1)
1) OttovonGuericke University, Institute of
Human Genetics, Magdeburg
2) OttovonGuericke University, Childrens
Hospital, Magdeburg
Progeroid syndromes are a heterogeneous group
of disorders including HutchinsonGilfordProg
eria syndrome and other lamin A/C related dis
orders, some chromosome instability syn
dromes, Werner syndrome, WiedemannRauten
strauch syndrome, some types of EhlersDanlos
syndrome, Geroderma osteodysplasticum and
further very rare entities.
We report on a 26 years old male patient affect
ed by growth retardation (< 3 centile), micro
cephaly, alopecia, hyperpigmentation, multiple
lentigines, muscle atrophy, osteolysis and mul
tiple contractures. Mental development is nor
mal.
Chromosome analysis revealed a 46,XY,
inv(2)(p11.2q13) karyotype. This inversion is a
common rearrangement so far not associated
with a disease phenotype. There was no elevat
ed rate of spontaneous or induced chromosome
breakage or SCE. DNA analysis of the coding
sequence of LMNA revealed no mutation.

P044
Atypical 22q11.2 deletions in two patients
with palmoplantar hyperkeratosis and
unusual clinical features
Nimmakayalu M.A.(1), Neumann L.M.(2), Thiele
H.(3), SchrankHacker A.(1), Emanuel B.S.(1),
Hansmann I.(3)
1) Department of Human Genetics,
Children’s Hospital, Philadelphia, USA
2) Institut für Humangenetik, Charité,
Campus Virchow Klinikum, Berlin
3) Institut für Humangenetik und
Medizinische Biologie, Halle/Saale
The occurrence of frequent deletions and other
chromosomal rearrangements at 22q11.2 makes
it one of the most extensively studied regions in
the human genome. The 22q11.2 deletions are
estimated to occur at a frequency of 1/3000
4000 live births. Deletions are found in 90% of
patients presenting with DiGeorge/Velocardiofa
cial syndrome. The presence of chromosome
specific low copy repeats LCR (LCRs) predis
pose the region to genomic rearrangement.
Eight copies of such LCR’s have been identified

36

medgen 17 (2005)

in 22q (named AH). Of the microdeletions asso
ciated with DGS/VCFS, deletions flanked by
LCR’s A and D are the most common (85%). The
less frequent rearrangements are those flanked
by LCRs A and B (8%), by A and C (2%) and
some atypical deletions. We examined two male
patients with features of DGS. They both pre
sented with significant hyperkeratosis on their
hands and feet as well as some unusual fea
tures. Cytogenetic and FISH analysis using the
TUPLE 1 probe revealed a de novo deletion of
22q11.2 in both patients. To further assess the
size of the deletion in these patients several cos
mid and BAC probes mapping to the 22q11 re
gion were used. FISH mapping in the first patient
showed that probes flanking LCR B extending to
LCR D were deleted. The deletion breakpoints
were placed between LCR A and B on the cen
tromeric side and between LCR D and E on the
telomeric side suggesting a large deletion that
extends distally beyond LCRD, the distal BP of
the common large 3 Mb deletion. In the second
patient the deletion involved LCRA and extend
ed beyond LCRC where probes flanking LCRD
were not deleted suggesting that this patient
falls into a group of atypical deletions. Accord
ing to our knowledge palmoplantar hyperkerato
sis has not been reported so far in association
with 22q11 deletions. Further cases are required
to evaluate how frequent this feature is being
found with atypical 22q11 deletions.

P045
A novel HRPT2 mutation segregating in a
multigeneration family with
hyperparathyroidismjaw tumor syndrome
(HPRJT)
Hagemann M.(1), Schneyer U.(2), Wagner U.(3),
Schubert J.(3), Wand D.(1), Hansmann I.(1),
Thiele H.(1)
1) Institut für Humangenetik und
Medizinische Biologie, Halle/Saale
2) Universitätsklinik und Poliklinik für Innere
Medizin I, Halle/Saale
3) Universitätsklinik und Poliklinik für Mund
, Kiefer und Plastische Gesichtschirurgie,
Halle/Saale
Hyperparathyroidismjaw tumor syndrome (HPR
JT) (OMIM *145001, an autosomal dominant dis
order, is caused by mutations in the gene HRPT2
(Carpten et al., 2002) mapped to the chromoso
mal region 1q25q32. HRPT2 is suggested to
function as a tumorsuppressor gene supported
by the identification of loss of heterozygosity
(LOH) in some tumors and inactivating somatic
mutations in parathyroid adenomas with cystic
features. Individuals with HPRJT demonstrate
recurring pancreatitis, renal lesions, ossifying fi
bromas of the mandible and maxilla as well as
hyperparathyroidism. The risk for development
of tumors such as parathyroid carcinomas is
greatly increased in individuals with HPRJT. We
report on a multigeneration family with the hy
perparathyroidismjaw tumor syndrome (HPR
JT) segregating with a novel point mutation with
in HRPT2. Sequencing of genomic DNA pre
pared from peripheral blood of our index
proband identified a heterozygous deletion
76delA in exon 1. The deletion results in a
frameshift mutation leading to a premature ter
mination signal at amino acid position 36 (V36X).
HRPT2 encodes a ubiquitously expressed pro
tein called parafibromin consisting of 531 amino
acids; its functional role remains to be elucidat
ed. By sequencing we also detected an RFLP

(Sau3AI) closely linked with the 76delA mutation.
Analysing DNA from thirteen additional family
members, some of them affected by tumors, re
vealed 4 additional mutation carriers. Individu
als without the mutation do not show any tumor
so far. Thus heterozygosity for the 76delA muta
tion correlates with the clinical phenotype in our
family.

P046
Analysis of Intrachromosomal Aberrations
Using High Resolution Multicolour Banding 
Advantages and Limitations
Zimmermann I.(1), Kornmann E.(1), Raabe
Meyer G.(2), Latta E.(1), Rehder H.(1),
Fritz B.(1)
1) Institut für Klinische Genetik im Zentrum
für Humangenetik, PhilippsUniversität
Marburg, Marburg
2) Praxis für Humangenetik Dr. med.
Schulze & PD Dr. med. Schmidt, Hannover
The multicolour banding (MCB) technique uses
region specific partial chromosome paints
(RPCPs) which are generated by microdissec
tion.Theses probes that partially overlap with the
adjacent regions are tagged with different fluo
rochromes thus resulting in a colour banded
chromosome with a greater number of pseudo
colour bands than the number of libraries used.
In order to illustrate the advantages and limita
tions of MCB, we reinvestigated ten clinical cas
es with different aberrations previously identified
by conventional banding techniques;these in
cluded deletions (three cases), duplications (four
cases), inversions (two case), and complex re
arrangement (one case).
MCB redefined breakpoints of Gbanded chro
mosomes in five cases, in two it merely con
firmed previous cytogenetic results.
In two other cases in which conventional cyto
genetics and fluorescence in situ hybridisation
(FISH) failed to reveal the precise karyotype,
MCB was able to resolve the structural aberra
tions in detail. One of these cases was an insert
ed duplication in the p arm of chromosome 4.
Another was a complex rearranged Xchromo
some showing a terminal deletion of Xp and an
inverted duplication of the terminal Xq region
translocated to the tip of Xp, thus resulting in a
partial monosomy Xp as well as a partial trisomy
Xq.
In one case MCB gave no hint of an intrachro
mosomal aberration although Gbanding of the
chromosomes suggested an inversion and also
a small deletion in the p arm of chromosome 17.
The results of MCB were successfully confirmed
with other molecular cytogenetic techniques.
MCB allows high resolution analysis of the fine
structure of chromosomes at various band lev
els. The highly reproducible MCB pattern can be
used to characterise abnormalities that remain
unresolvable by Gbanding analysis. We can
therefore say that high resolution multicolour
banding is a helpful additional method in clinical
genetics which is especially useful for the analy
sis of intrachromosomal aberration.

P047
Third Case of Carnevale Syndrome
Sauter S.M.(1), Zoll B.(1)
1) GeorgAugustUniversität, Institut für
Humangenetik, Göttingen

Abstracts
We report on a 14yearold boy who was re
ferred to us because of an unclear dysmorphism
syndrome with mild mental retardation. Y is the
child of healthy, consanguineous parents. He
has one healthy brother. Y showed the following
dysmorphisms: bilateral ptosis, hypertelorism,
downslanting palpebral fissures, prominent
nose, left half of face is more prominent than the
right one, head slightly inclined to the right, high
arched palate, clinodactyly. Y is shortsighted.
Besides, there is a profound hearing impairment
at the left ear due to recurrent infections. At the
age of one year a pelvis kidney was detected by
ultrasound. At the age of two weeks an om
phalocele and at the age of two months bilater
al inguinal hernias were operated.
Pregnancy and birth were uneventful. Milestones
of development were achieved at the following
ages: crawling at 78 months, free walking at 1
½ years, speaking at 3 years. Y is mildly mental
ly retarded and attends a school for children with
hearing impairment.
Conventional cytogenetic analysis revealed a nu
merically and structurally normal male karyotype
of 46,XY. Screening for metabolic disorders was
without pathological findings.
Y’s facial dysmorphisms such as bilateral ptosis,
hypertelorism, downslanting palpebral fissures
and a head slightly inclined to the right are in ac
cordance with the facial dysmorphisms report
ed by Carnevale et al. (1989) as part of a new
syndrome. The predominant symptoms of this
new syndrome, found in two brothers of consan
guineous parents, are bilateral ptosis, strabis
mus, diastasis recti, hip dysplasia, crypto
chidism and mild mental retardation. We will dis
cuss the clinical features of our patient and the
two brothers described by Carnevale et al.

P048
Late diagnosis of MarshallSmith Syndrome
(MSS)
Ehresmann T.(1), GillessenKaesbach G.(2),
Koenig R.(1)
1) Institut für Humangenetik, Frankfurt am
Main
2) Institut für Humangenetik, Essen
MarshallSmith Syndrome is a rare condition
characterised by facial dysmorphism, failure to
thrive and advanced bone age. The syndrome
was first described in 1971 by Marshall et al.
and until now about 30 patients were published.
Most patients die in early infancy because of
respiratory failure. Our female patient was born
in 1995 as the second child of healthy, non con
sanguineous parents. After an uneventful preg
nancy caesarean section was performed be
cause of premature labour. The newborn expe
rienced repiratory distress and needed intuba
tion. Recurrend apneas and infections as well as
a abnormal epiglottis required tracheotomy. Fail
ure to thrive make a PEG necessary. Later on
she developed seizures. Examination at the age
of 6 years showed turricephaly and a coarse
face with high forehead, shallow orbits with oc
ular proptosis, small, upturned nose with antev
erted nostrils, large mouth with full lips, glossop
tosis and micrognathia. Psychomotor develop
mental was severely delayed. She couldn’t walk
alone, and was unable to speak, but she under
stood simple orders. Despite her remarkable
phenotype, which suggests a storage disease, it
was quite difficult to make a diagnosis. Unfortu
nately, there were no xrays available from the
neonatal period. However, the combination of

the mildly accelerated bone age at 6 years and
the facial dysmorphism may well suggest the di
agnosis of Marshall Smith syndrome. The re
cently published 7 year old patient of Diab et al
(2003) shows an surprising facial similarity. In
this report we wish to emphasise the phenotyp
ic aspects of older patients with MMS.

P049
Duplication of 17p11.2 in two patients
identified by cytogenetic and molecular
genetic analyses  is the duplication of the
SmithMagenis region underdiagnosed?
Hager K.(1), Ehlers C.(1), Fahsold R.(1),
Kelbova C.(1), Reichenbach H.(2),
Küpferling P.(3), Dietz H.(4)
1) Institut für Medizinische Genetik,
Dresden
2) Praxis für Humangenetik, Halle
3) Praxis für Humangenetik, Cottbus
4) Sozialpädiatrisches Zentrum (CA
Dr.Fritzsch), Halle
The molecular mechanism of a number of con
tiguous gene syndromes can be explained only
recently. Most of these recurrent chromosomal
rearrangements are caused by nonallelic homol
ogous recombination within regionspecific low
copy repeats (LCRs). The proximal short arm of
chromosome 17 is rich of such LCRs and thus
disposed to deletions and duplications. Genom
ic disorders mapped within this region include
SmithMagenis syndrome, dup(17)(p11.2p11.2)
syndrome, CharcotMarieTooth disease type 1A
(CMT1A) and hereditary neuropathy with liabili
ty to pressure palsies (HNPP).
Whereas SmithMagenis syndrome (SMS) results
from a ~4Mb deletion of 17p11.2, the duplica
tion of the same region leads to dup(17)
(p11.2p11.2) syndrome. In both, the deletion and
the reciprocal duplication, these repeats act as
substrates for recombination in approximately
8090 % of the patients. Although the duplica
tion is predicted to occur at the same frequency
as the SMS deletion (1:20.000), only a few pa
tients with dup(17)(p11.2p11.2) have been de
scribed to date. Because the clinical findings of
this syndrome are less severe and more incon
sistent than those associated with deficiency of
the
same
genomic
region,
the
dup(17)(p11.2p11.2) syndrome seems to be un
derdiagnosed.
Here, we report two further cases with a dupli
cation of 17p11.2 initially identified by chromo
some analysis and FISH. The duplication could
be confirmed subsequently by using MLPA. The
comparison of the clinical features of our pa
tients with the cases previously described
demostrates the variable phenotypical expres
sion and the difficulties in clinical diagnosis of
this syndrome.

P050
A novel nonsense mutation in LMNA leads
to nonsensemediated decay and causes
early atrial fibrillation, stroke, AV block,
dilated cardiomyopathy and limb girdle
musculat dystrophy through
haploinsufficiency
Kühler L.(1), Schönberger J.(1), Bayas A.(2),
Reiners K.(2), Nessmann L.(1), Angermann
C.(3), Ertl G.(4), Zimmer M.(1)
1) Universität Würzburg, Institut für
Klinische Biochemie und Pathobiochemie,
Würzburg
2) Universität Würzburg, Neurologische
Klinik, Würzburg
3) Universität Würzburg, Medizinische
Poliklinik, Würzburg
4) Universität Würzburg, Medizinische
Klinik, Würzburg
Mutations in the lamin A/C gene (LMNA) lead to
a variety of phenotypes including EmeryDrei
fussmuscular dystrophy (EDMD2), limbgirdle
muscular dystrophy (LGMD1B), partial lipodys
trophy type 2 (FPLD2), and mandibuloacral dys
plasia type A with partial lipodystrophy (MADA).
In addition, familial dilated cardiomyopathy as
sociated with conduction system disease
(CMD1A) and atrial fibrillation has been related
with mutations in LMNA. A clear genotypephe
notype correlation for LMNA mutations has not
been established. More than 90 % of LMNA mu
tations represent missense mutations. It has
been proposed that the disease causing mech
anism would primarily be a dominant negative
effect of mutated “poison polypeptides” that dis
rupt the three dimensional structure of the fila
ments.
Here we report a four generation pedigree of a
german family with varying degrees of early atri
al fibrillation, subsequent stroke, AVBlock, car
diomyopathy and limb girdle muscular dystro
phy. Sequence analysis of coding exons of
LMNA identified a C to T transition in exon 4 at
nucleotide position 700 (C700T) that cosegre
gates with the phenotype in an autosomaldom
inant pattern. The mutation was not found in 180
control DNAs. The C to T transition introduces a
stop codon at amino acid position 234 (Q234X)
of lamins A/C, presumably leading to a protein
that is truncated in coil 1b of the alphahelical
rod domain.
However, RTPCR of lymphocyte RNA from an
affected individual failed to detect the mutant al
lele but not the transcript from the unaffected al
lele, indicating that the mutated transcript is
subject to nonsensemediated decay. Hence the
DCM in this family would be caused by lamin
A/C haploinsufficiency and not by a dominant
negative effect of “poison peptides”.

P2

P051
Molecular cytogenetic characterisation of a
terminal 2q37 microdeletion
Weiss S.(1), Wagner K.(1), Mach M.(1), Renner
A.(1), Jud D.(1), Ofner L.(1), Schwarzbraun
T.(1), Windpassinger C.(1), Kordass U.(2),
Fusch C.(3), Kroisel P.(1), Petek E.(1)
1) Medical University of Graz, Institute for
Medical Biology and Human Genetics, Graz
2) ErnstMoritzArndtUniversität
Greifswald, Institute of Human Genetics,
Greifswald
3) ErnstMoritzArndtUniversität
Greifswald, Pediatrics Clinic, Greifswald
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We report a 18 month old boy with deep set
ears, congenital abnormalities of the brain, and
minor facial anomalies. The sister of the patient
is autistic. The patient’s chromosomes were ex
amined by routine cytogenetics and fluores
cence in situ hybridisation analyses, using com
mercial whole chromosome painting and telom
erspecific probes as well as mapped BAC
clones from the genomic region of 2q37. Mole
cularcytogenetic analysis defined a deleted re
gion of about 300 kb at the telomer of the long
arm of chromosome 2. Only 2 known genes
were found to map within this region. GAL3ST2
(Galactose3Osulfotransferase 2), coding for a
ubiquitous protein which takes part in the
biosynthesis of sulfated glycoproteins and NEU4
(sialidase 4), coding for a glycohydrolytic en
zymes which remove sialic acid residues from
glycoproteins and glycolipids. Further transcripts
close or within the deleted region will be inves
tigated for their contribution to the phenotypic
anomalies in our patient.

P052
Partial deletions of chromosomes 9 and 22
in a child with distinct morphological
phenotype
Pabst B.(1), Miller K.(1), Schmidtke J.(1),
Kalscheuer V.(2), ArslanKirchner M.(1)
1) Institute of Human Genetics, Hannover
Medical School, Hannover
2) MaxPlanckInstitute for Molecular
Genetics, Berlin
We report on a child with a de novo combined
deletion of del(9)(pter>p22) and del(22)(pter
>q11.2). The girl presented clinical signs consis
tent with DiGeorge syndrome and was referred
for molecular cytogenetic diagnosis at the age
of 8 days.
Cytogenetic and molecular cytogenetic analyses
identified a numerical and structural aberrant
karyotype with loss of one normal chromosome
22 and translocation of the distal part of chro
mosome 22 to the short arm of chromosome 9.
Hybridization with the probe TUPLE1 specific for
the DiGeorge critical region showed only one
signal on the normal chromosome 22. FISH
analyses with probes assigned to q11.2 and q13
revealed the translocation of part of the long arm
of chromosome 22 on the derivative chromo
some 9. Hybridization with chromosome 9 and
chromosome 22 specific painting probes con
firmed the unbalanced karyotype. Based on
these
studies
the
karyotype
is
45,XX,der(9)t(9;22)(p22;q11.2),22. Chromosome
analyses of lymphocytes from the parents re
vealed normal karyotypes.
The girl is the second child of a 34yearold
woman and a 36yearold man. After an un
eventful pregnancy the girl was delivered spon
taneously at term, being small for gestational
age. The child presented with a conotruncal
heart defect (truncus arteriosus communis type
II), cleft palate and thymus aplasia, a condition
consistent with DiGeorge Syndrome. Most of the
dysmorphic features seen in our patient like hy
pertelorism, small eyes, retrognathia, and abnor
mal auricles are reported in both, 9p and
22q11.2 deletion syndrome. Some distinct
anomalies were present as short, broad distal
phalanges with square shaped nails and flat
nasal root which are likely to be attributed to
chromosome 9p syndrome, whereas trigono
cephaly, a characteristic symptom of 9p syn
drome was not observed.

38

medgen 17 (2005)

P053
Genetic analysis of familial DIDMOAD
Kunz J.(1), Schönfeld K.(2), Schnabel K.(1),
Berger R.(3), Rausch P.(3)
1) PhilippsUniversität Marburg, Zentrum für
Humangenetik, Marburg
2) Ev. Krankenhaus Oldenburg, Klinik für
Phoniatrie, Pädaudiologie und spezielle
Neurootologie, Oldenburg
3) PhilippsUniversität Marburg, Klinik für
Phoniatrie und Pädaudiologie, Marburg
We report on a German family affected by the
rare autosomalrecessive DIDMOAD syndrome.
DIDMOAD, a neurodegenerative disorder is
characterized by diabetes insipidus, early onset
diabetes mellitus, progressive optic atrophy and
deafness.
The family history shows two affected children
of healthy parents. The 30 years old daughter
suffers on insulin dependent diabetes mellitus,
a severe vision impairment and a profound bilat
eral sensorineural hearing loss of the higher fre
quencies. Her 20 years old brother shows a se
vere bilateral high frequency hearing loss. Audi
ological evaluation of the parents resulted in nor
mal findings.
The gene responsible for DIDMOAD was identi
fied on 4p16.1 (WFS1). It encodes a putative 890
amino acid transmembrane glycoprotein local
ized in the membrane of the endoplasmic retic
ulum (ER).
The mutational screening of the family revealed
in the identification of a c.579594ins16 and a
c.1266 C>T mutation resulting in a frameshift
V142fsX251 and a nonsense mutation Q366X.
Both mutations lead to a termination before or
after the 1st transmembrane domain leading to
a non functional protein product. Because of the
combination of two severe mutations in the chil
dren of this family, we will present further data
of the patients phenotype.

P054
Molecular analysis of a translocation t
(17;20) (q25;q13) in a patient with Silver
Russell syndrome
Matthes F.(1), AyalaMadrigal M.L.(1),
Hansmann I.(1), Schlote D.(1)
1) Institut für Humangenetik und
Medizinische Biologie, Halle (Saale)
In 1992 RamirezDueñas et al. reported an auto
somal translocation t(17;20)(q25;q13) in a patient
with SilverRussell syndrome (SRS), a heteroge
nous disorder characterised by pre and postna
tal growth retardation, lateral asymmetry and
other dysmorphologies.
Here we report the molecular analysis of both
breakpoint regions based on specific PAC and
BAC clone contigs. Several clones could be
identified giving signals on chromosomes 17,
der17 and der20 in FISH analysis using proband
metaphase chromosomes so establishing a re
fined clone contig for the 17q25 region. Accord
ing to the mutation analysis of the candidate re
gion for hereditary neuralgic amyotrophy (HNA)
we could localise the gene SEC14L1 nearby the
region of interest by PCR approach. STS content
mapping and sequencing of the clone insert
ends resulted in locating the breakpoint within
81,5 kb in the 5’ region of SEC14L1.
Corresponding FISH analysis resulted in the
identification of a PAC clone RP1232n11 span
ning the breakpoint on chromosome 20 includ
ing parts of the Receptor Protein Tyrosine Phos

phatase Rho gene (PTPRT) considered to be an
other SRS candidate gene. In order to establish
a precise physical map of the region of interest
we located one XhoI fragment of RP1232n11
distal to the 20q13 breakpoint. Several BamHI
fragments of the same PAC clone are now being
subcloned and used as FISH probes, thus lead
ing to a high resolution map of the 20q break
point region and giving more insight into the ge
netic background of SRS.

P055
First report on a child with partial
monosomy 4q33>qter and partial trisomy
20p13>pter.
Krueger G.(1), Bauer I.(1), Lenschow U.(2)
1) University of Rostock, Children’s
Hospital, Medical Genetics, Rostock
2) University of Rostock, Children’s
Hospital, Pediatric Cardiology, Rostock
We report on a female infant with mild dysmor
phisms, congenital heart defect, and mild devel
opmental delay through partial monosomy 4q33
>qter combined with partial trisomy 20p13
>pter. Prenatally, tetralogy of Fallot was diag
nosed by ultrasonographic investigations, the
parents refused prenatal cytogenetic analysis.
The female infant was born to a 28yearold
mother and a 32yearold father, both healthy
and nonconsanguineous, at 36 weeks of gesta
tion by cesarean section after premature rupture
of the amnion, birth weight 2120 g. Artificial res
piration was necessary because of respiratory
insufficiency.
Clinical findings of the index patient: craniofacial
anomalies with telecanthus and PierreRobin se
quence, tetralogy of Fallot, pes calcaneovalgus
with irregular toes; at the age of six months mild
statomotoric retardation, body weight and length
above 10th centile.
The unbalanced translocation of our patient was
due to a balanced paternal rearrangement as
shown by GTG banding technique and FISH.

P056
Spondylocostal Dysostosis with anal atresia
and urogenital anomalies (Casamassima
MortonNanceSyndrome) in a newborn
Fiebig B.(1), Horn D.(1), Schwabe M.(2),
Mundlos S.(1)
1) Institut für Medizinische Genetik, Charité,
Berlin
2) Institut für Pathologie, Charité, Berlin
The Spondylocostal dysostoses (SCD) are a het
erogenous group of disorders characterised by
multiple vertebral segmentation defects and rib
anomalies. DLL3 is the most commonly mutated
gene in autosomal recessive SCD1. Even though
additional malformations can be found in SCD1,
the association with urogenital malformation is
rare and has been described as a distinct enti
ty by Casamassima et al. in 1981: “Spondylo
costal Dysostosis with anal and urogenital
anomalies (OMIM 271520)”.
We report on a female newborn (36 weeks of
gestation) who died shortly after birth because
of respiratory insufficiency. The parents are from
the same Turkish village, consanguinity was de
nied. The pregnancy was the sixt in this partner
ship: there are three healthy daughters, two
pregnancies resulted in an abortion. In the 22.
week of gestation of this pregnancy a maternal
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glucosuria occurred. Mild gestational diabetes
mellitus was not treated.
Radiographic examination of the affected new
born revealed multiple vertebral segmentation
defects in the thoracical and upper lumbar spine
(hemivertebrae, wedge shaped vertebrae), age
nesis of sacral vertebrae and fusion of ribs. Ad
ditionally bilateral club foot deformation and
dolichocephaly were found.
Multicystic renal dysplasia and anhydramnia
were detected prenatally by ultrasound. Post
mortal examination showed additionaly severe
urogenital malformation: no definable ureteres,
streakshaped urinary bladder, uterus bicornus
with rudimentary cornu left and right, cervical
and vaginal atresia, anal atresia, rectocloacal
fistula.
Chromosomal analysis of the newborn and the
parents were normal. A mutation in DLL3 was
excluded by direct sequencing. On the basis of
distinct pattern of malformations the diagnosis
of “Spondylocostal Dysostosis with anal atresia
and urogenital anomalies” is suggested in this
presented case.

P057
Analysis of skeletal phenotype and
exclusion of mutation in BMP7 gene in two
cases of short rib polydactyly syndrome
type Majewski
Thiel C.T.(1), Dimmler A.(2), Stoess H.(3),
Zenker M.(1), Beinder E.(4), Aigner T.(2), Reis
A.(1), Rauch A.(1)
1) Institute of Human Genetics, University of
ErlangenNuremberg, Erlangen
2) Institute of Pathology, University of
ErlangenNuremberg, Erlangen
3) Institute of Pathology, St. Johannisstift,
Paderborn
4) University Hospital of Gynaecology and
Obstetrics, University of Erlangen
Nuremberg, Erlangen
The shortribpolydactyly syndromes (SRPSs)
are a heterogenous group of skeletal dysplasias
characterized by shortlimb dysplasia, narrow
hypoplastic thorax with short ribs, polydactyly
and associated visceral abnormalities, mainly
polycystic kidneys. To date a responsible muta
tion in a defined gene could be identified only for
the EllisvanCreveld syndrome (EVC). This EVC
gene was excluded as causative for other SRPS,
as demonstrated by linkage analysis. In order to
further elucidate the genetic background of
SRPSs we compared phenotypic features of af
fected individuals with developmental defects of
knockout models in mice. Previous studies ana
lyzed the histological changes in endochondral
ossification in SRPS, mentioning mainly a disor
ganization and irregularity of the growth plate in
long bones.
Our studie showed that changes in endochon
dral ossification represent a partly arrested or
thotopic ossification at the stage of the hyper
trophic chondroblast and heterotopic perichon
dral ossification with accessory ossicles in the
lower leg of one case. Impaired renal develop
ment is indicated by polycystic kidney disease
with dilated collecting tubules and glomerulo
cystic changes in the other case. Excessive
polysyndactyly and median cleft palate was ap
parent in both cases. Due to apparent phenotyp
ic analogies to the knockout mouse model for
BMP7 we excluded impaired expression or mu
tation of this morphogen as a causative factor
for SRPS in the two clinical cases by immuno

histochemical methods and analysis of genom
ic sequence.

P058
Clinical and Mutational Spectrum of Mowat
Wilson Syndrome
Zweier C.(1), Thiel C.(1), Dufke A.(2), Rauch
A.(1)
1) Institute of Human Genetics, University
ErlangenNuremberg, Erlangen
2) Department of Medical Genetics,
University of Tübingen, Tübingen
MowatWilson syndrome is a recently delineat
ed mental retardation syndrome usually associ
ated with multiple malformations and a recogniz
able facial phenotype caused by defects of the
transcriptional repressor ZFHX1B. To address
the question of clinical and mutational variabili
ty, we analysed a large number of patients with
suspected MowatWilson syndrome (MWS).
Without prior knowledge of their mutational sta
tus, 70 patients were classified into “typical
MWS”, “ambiguous” and “atypical” groups ac
cording to their facial phenotype. Using FISH,
qPCR and sequencing, ZFHX1B deletions, splice
site or truncating mutations were detected in all
28 patients classified as typical MWS. No
ZFHX1B defect was apparent in the remaining
15 cases with ambiguous facial features or in the
27 atypical patients.
Genotypephenotype analysis confirmed that
ZFHX1B deletions and stop mutations result in
a recognizable facial dysmorphism with associ
ated severe mental retardation and variable mal
formations such as Hirschsprung disease and
congenital heart defects. Our findings indicate
that structural eye anomalies such as microph
thalmia should be considered as part of the
MWS spectrum. We also show that agenesis of
the corpus callosum and urogenital anomalies
(especially hypospadias) are significant positive
predictors of a ZFHX1B defect. Based on our
observation of affected siblings and the number
of MWS cases previously reported, we suggest
a recurrence risk of around 1%. The lack of mis
sense mutations in MWS and MWSlike patients
suggests there may be other, as yet unrecog
nised phenotypes, associated with missense
mutations of this transcription factor.

P059
Extremely high load of internal tumors
determined by whole body MRI scanning in
a patient with neurofibromatosis type 1 and
a nonLCRmediated 2Mb deletion in
17q11.2
KehrerSawatzki H.(1), Luwe L.(2), Fünsterer
C.(3), Mautner V.F.(2)
1) University of Ulm, Department of Human
Genetics, Ulm
2) University Hospital HamburgEppendorf,
Laboratory for Tumor Biology and
Development Disorders, Department of
Maxillofacial Surgery, Hamburg
3) MRI Institute, HamburgEppendorf,
Hamburg
Large deletions in 17q11.2 occur in 5% of pa
tients with NF1. The two major types of NF1
deletions encompass 1.4 and 1.2Mb, respec
tively, and have breakpoints in the NF1 LCRs or
in the JJAZ gene. Deletions larger than 1.4Mb
are rare and only few cases have been reported

so far. Here, we describe an NF1 patient with an
“atypical” NF1 deletion of 2Mb. In contrast to
the common 1.4Mb deletions, which preferen
tially occur on the maternal allele, the deletion
described here affects the paternally inherited
chromosome. Precise breakpoint mapping re
vealed that the proximal deletion breakpoint oc
curred in an L1element located 1.3Mb proxi
mal to the NF1 gene. The distal deletion bound
ary is located in a single copy segment between
an ATrich segment and an AluSxelement in in
tron 15 of the JJAZ1 gene. Structural analyses
imply that nonB DNA conformations at the
breakpoints destabilized the duplex DNA and
caused doublestrand breaks. Although the
breakpoints of this 2Mb deletion are not recur
rent, it is conspicuous that one breakpoint is lo
cated in the JJAZ1 gene. Paralogous recombi
nation between the JJAZ1 gene and its pseudo
gene is causing the recurrent 1.2Mb deletions.
We conclude that the genomic architecture of
the NF1 gene region, influenced by paralogous
sequences like the JJAZ1 gene and its pseudo
gene also stimulates the occurrence of nonre
current deletions mediated by nonhomologous
end joining. In addition to mental retardation, the
patient with the 2Mb deletion suffers from an
extremely high burden of subdermal neurofibro
mas. Magnetic resonance imaging scanning of
the whole body further revealed numerous inter
nal plexiform neurofibromas and spinal tumors
suggesting that deletions larger than the com
mon 1.4Mb deletions lead to extremely severe
phenotypes. We further demonstrate the value
of wholebody magnetic resonance imaging in
determining total tumor load which is an impor
tant aspect in genotype/phenotype correlations
regarding large NF1 deletions.

P060
FREQUENCY OF A TGT INSERTION AND
ADDITIONAL NUCLEOTIDE
POLYMORPHISMS IN A FAR UPSTREAM
ENHANCER OF THE CYP3A4 GENE IN
CAUCASIANS
Reinecke M.(1), Eschenhagen T.(1), Rau T.(1)
1) University Hospital Hamburg Eppendorf,
Institute of Clinical and Experimental
Pharmacology, Hamburg
Objectives: Cytochrome P4503A4 enzymes are
involved in the metabolism of more than 50% of
all drugs. Genetic polymorphisms lead to a dif
ference in metabolic capacity and, therefore,
might contribute to therapeutic failure. The vari
ability of the CYP3A4 activity has been de
scribed as a fivefold interindividual variability in
the oral clearance of midazolam. A TGT insertion
in the far upstream enhancer of the CYP3A4
gene has been described (11,129_1,128insT
GT). In vitro, the TGT insertion results in a 36%
reduction of the enhancer activity in French lung
cancer patients. We tested the DNA of a group
of 122 Caucasians for this and additional poly
morphisms.
Material and Methods: DNA has been isolated
from whole blood or mouth swabs of healthy
volunteers. Four allelespecific PCRs were de
veloped which allowed for specific amplification
of the wildtype or the TGTins allele. Further
more, 900bps flanking the polymorphic site were
sequenced in order to characterize the genetic
variability of this region.
Results: Allelespecific PCR allows fast, reliable
and cost efficient detection of polymorphic sites.
Seven DNA samples out of 122 have been test
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ed positive for the mutant allel (5.7%). The allele
frequency of the INSpolymorphism was esti
mated at 2.85% (95% confidence interval: 1.4
5.8%) which is in good accordance with a 3.1%
frequency found in the large group of French
lung cancer patients. So far, the enhancer region
surrounding the polymorphic site of thirty DNA
samples has been tested for additional polymor
phisms. No further nucleotide polymorphisms
were found.
Conclusions: The presence of a functional TGT
insertion polymorphism in the farupstream en
hancer of CYP3A4 was confirmed in Caucasian
healthy subjects predominantly of German de
scent. The functional significance of the poly
morphism in vivo remains to be determined.

P061
TownesBrocks syndrome due to a novel
SALL1 mutation and trisomy 8 mosaicism in
one patient
Walter K.N.(1), Grennhalgh L.(2), Newbury
Ecob R.(2), Kohlhase J.(1)
1) Institut für Humangenetik und
Anthropologie, Freiburg
2) St Michael’s Hospital, Level B, Clinical
Genetics, Bristol, United Kingdom
TownesBrocks syndrome (TBS) is an autoso
maldominant malformation syndrome caused
by SALL1 mutations. The three major criteria for
TBS are malformations of the thumbs, dysplas
tic ears and imperforate anus. A strong inter
and intrafamilial variability in expression is
known. Here we report a nonconsanguineous
English family. The index patient is a 14 years
old girl presenting with a macrocephaly, distinc
tive facial features, normal ears, bilateral tripha
langeal thumbs, arachnodactyly, bilateral pes
cavus, very long and clawed toes and learning
difficulties. She has had an anorectal malforma
tion and ureteric stenosis. Karyotyping revealed
a trisomy 8 mosaicism. As triphalangeal thumbs
do not fit into the picture of trisomy 8 mo
saicism, TBS was suspected, too. Mutation
analysis showed the novel SALL1 mutation
c.2779C>T (Q927X). Four other family members
show some clinical features of TBS but not the
typical phenotype. The mother carries the muta
tion but has no signs of TBS but a scoliosis. In
three other family members TBS can suspected
due to anorectal malformation, hearing loss and
learning difficulties, respectively. The mutation
Q927X is the most 3’ positioned nonsense mu
tation found in SALL1 up to now. It is localized
in exon 2 and creates a preterminal stop codon
5’ to the region encoding the third double zinc
finger motif. So far all known TBScausing mu
tations are truncating, so this mutation is most
likely responsible for the TBS features in the in
dex patient. Since more zinc finger domains will
be present in the truncated Q927X protein as
compared to hotspot mutations, it might have a
preserved residual function. This could explain
the mild phenotypes or reduced penetrance in
the other family members. In that respect, one
could assume that the mosaic trisomy 8 has ag
gravated the effect of the SALL1 mutation. Some
features of the index patient are not reported for
either SALL1 mutations or trisomy 8 mosaicism
and may result from a combination of both.
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Extended clinical spectrum of patients with
Cohen syndrome caused by novel mutations
in COH1
Horn D.(1), Seifert W.(2), Holder M.(3),
Spranger S.(4), Hoeltzenbein M.(5), Rossier
E.(6), Chitayat D.(7), Dollfus H.(8), Chrzanowska
K.H.(9), Hennies H.C.(10)
1) Inst. of Medical Genetics, Berlin
2) Dept. of Molecular Genetics and Gene
Mapping Center, Max Delbrück Center for
Molecular Medicine, Berlin
3) Hopital Jeanne de Flandre, Génétique
médicale, CHRU, Lille
4) Practice for Human Genetics, Bremen
5) Max Planck Institute for Molecular
Genetics, Berlin
6) Dept. of Human Genetics, University of
Ulm, Ulm
7) Hospital for Sick Children, Prenatal
Diagnosis and Medical Genetics Program,
Mount Sinai Hospital, Toronto
8) Hopital de Hautepierre, Service de
Génétique Medicale, Strasbourg
9) Children’s Memorial Health Institute,
Dept. of Medical Genetics, Warsaw
10) Cologne Center for Genomics, University
of Cologne, Cologne
Cohen syndrome is an uncommon autosomal re
cessive disorder whose diagnosis is based on a
variable clinical picture of psychomotor retarda
tion, microcephaly, typical facial dysmorphism,
progressive pigmentary retinopathy, early onset
of severe myopia, and intermittent neutropenia.
Recently, mutations of the gene COH1 were
shown to be responsible for the Cohen syn
drome phenotype in different populations. In or
der to investigate the clinical and mutational
spectrum, the present study included the analy
sis of 12 patients with Cohen syndrome from 7
families, originating from a wide geographical
distribution. All patients were compound het
erozygous for different mutations in COH1 in
cluding 9 novel mutations. The families investi
gated comprised a German family with 5 male
patients, in which an Xlinked mode of inheri
tance of an unknown mental retardation syn
drome was initially assumed based on the pedi
gree. However, the facial gestalt of these broth
ers affected with pigmentary retinopathy was
consistent with Cohen syndrome, which was
subsequently confirmed by mutational analysis.
In our series of patients with Cohen syndrome,
the degree of mental retardation was remarkably
variable. Although all patients had visual abnor
malities, myopia, which is usually of early onset,
was absent in a 9yearold patient. Typical cran
iofacial features were evident in all patients,
however, facial dysmorphism was very subtle in
a 17yearold patient who presented with bul
bous nasal tip, everted lips, and a normal ap
pearing philtrum. Other findings of the patients
studied here indicate high variability of growth
parameters such as head circumference and
height. The present study confirms that absence
of microcephaly and neutropenia does not rule
out the diagnosis. A comparison of clinical signs
among our patients with COH1 mutations facili
tated the determination of improved clinical cri
teria, upon which the diagnosis of Cohen syn
drome can be established.

The concept of German skeletal dysplasia
network SKELNET  an interactive
telemedical research and diagnostic
approach to rare diseases
Després S.(1), Hiort O.(2), Klingebiel K.H.(2),
Rauch A.(2), Reis A.(2), Winterpacht A.(2), von
der Mark K.(2), Vortkamp A.(2), Haas D.(3),
SupertiFurga A.(3), Hrabe de Angelis M.(3),
Briggs M.(3), Schumacher R.(1), Spranger J.(1),
Lösow J.(1), Sontowski S.(1), Engel M.(1),
Zabel B.(1)
1) University of Mainz, Children’s Hospital,
Mainz
2) SKELNET, network, member
3) SKELNET, network, assoc. member
Skeletal dysplasias represent a large, very het
erogenous group of rare genetic diseases with
patients located all across Germany. Due to the
rare appearance of these conditions, only a few
experts in the field exist, lacking a forum for the
exchange of scientific knowledge or the consul
tation of colleagues on controversial cases. In
consequence, patients suffer from low efficien
cy in diagnosis, treatment and aftercare. The
current situation often results in extremely pro
longed intervals between upcoming symptoms
and correct diagnosis, and probably in a high
number of unknown and insufficiently treated
cases.
By collecting patient related data in an internet
based database and establishing an infrastruc
ture for data exchange and discussion, we are
implementing a network of actively participating
experts. This will contribute to better scientific
knowledge on the nature of skeletal dysplasias.
As the physicians, who contribute their knowl
edge to the Xray focused PACSlike RDEsys
tem, are often not acquainted with the others’
field of practice, one of our major efforts will be
to join the different areas of clinical and research
information, making data accessible and trans
parent to the specialists. Thus we target the de
velopment of new strategies resulting in high
level patient care, where physicians have access
to cuttingedge research results and researchers
use current patient data and medical expertise.
The database is currently in development and lo
cated in Mainz, Germany, at http://www.skel
net.de, providing access to the SKELNET mem
bers located at various centres in Germany. Pa
tient’s data privacy policies are as strictly ap
plied as recommended by BMBF and TMF for
telemedical networks and data exchange (e.g.
regarding pseudonymization, data separation,
encryption within a public key environment, se
cure DICOM/SSL transport mechanisms through
firewalls for the immediate collection of Xrays).

P064
A severe congenital muscular nemaline
myopathy associated with a de novo
missense mutation in the skeletal alpha
actin gene (ACTA 1)
Wand D.(1), Neudecker S.(2), Laing N.G.(3),
Lamont P.J.(3), Hansmann I.(1)
1) Institut für Humangenetik und
Medizinische Biologie, Halle/Saale
2) Universitätsklinik und Poliklinik für
Neurologie, Halle/Saale
3) Department of Anatomical Pathology,
Royal Perth Hospital, Perth, Australia
Nemaline myopathy constitutes a clinically and
genetically heterogeneous group of congenital
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myopathy. The disease is characterized by a
variable degree of generalized muscle weakness
and presence of nemaline bodies in muscle
fibers. The majority of mutations associated with
nemaline myopathy have been identified in the
gene encoding nebulin (NEB) and skeletal mus
cle alphaactin (ACTA1). Only in rare cases mu
tations of tropomyosin 2 and 3 (TMP2, TMP3)
and troponin T1 have been detected. ACTA1
gene mutations are most often associated with
a more severe form of nemaline myopathy. The
majority of cases are sporadic. Segregation in
some families indicate both an autosomal dom
inant and an autosomal recessive mode of inher
itance. Our female patient was born at week 37
after an uncomplicated pregnancy. She is the
second child of nonconsanguineous healthy
parents. After birth the clinical features were
characterized by severe hypotonia, generalized
muscle weakness, lack of spontaneous move
ment, feeding difficulties and respiratory insuffi
ciency. Both myotonia congenita and spinal
muscular atrophy had been excluded following
molecular analysis. Muscle biopsy showed in
tranuclear nemaline (rod) bodies. Mutation
analysis was performed by direct sequencing of
the ACTA1 gene mapped to chromosome
1q42.1. A CGC<TGC (Arg372Cys) heterozygous
missense mutation in exon 7 was disclosed.
Molecular analysis of both parents using DNA
from peripheral blood did not reveal the same
mutation. This missense mutation has not been
seen in > 600 sequenced chromosomes of con
trols. Though the mutation R372C has not been
described previously, it is consistent with being
the cause for the severe form of nemaline my
opathy in the patient. Our patient is now 1 year
and 14 months old and requires assisted respi
ration in a domiciliary service.

P065
Four novel mutations in hereditary motor
and sensory neuropathies
MiltenbergerMiltenyi G.(1), Löscher W.(2),
Wanschitz J.(2), Utermann G.(1), Janecke
A.R.(1)
1) Innsbruck Medical University, Dept. of
Medical Biology and Human Genetics,
Innsbruck
2) Innsbruck Medical University, University
Clinic of Neurology, Innsbruck
Hereditary motor and sensory neuropathies
(HMSN; CMT) are the most common inherited
peripheral neuropathies in humans. In most of
the cases a duplication of chromosome
17p11.212 (containing the peripheral myelin
protein22 gene; PMP22) is associated with the
disease. In other cases of HMSN mutations in
ca. 30 genes (e.g. the PMP22, MPZ and GJB1 or
Connexin 32), causing a variety of HMSN phe
notypes have been described.
Here we report on four novel mutations found in
HMSN cases after excluding the dup17p11.212.
Using the denaturing high pressure liquid chro
matography method and sequencing, we found
novel mutations in the PMP22, MPZ and Cx32
genes. These mutations were confirmed by co
segregation analysis and excluded in healthy
controls.

P066
Pregnancy and delivery in women with
myotonic dystrophy type 2/proximal
myotonic myopathy
RudnikSchöneborn S.(1), SchneiderGold
C.(2), Raabe U.(1), Kress W.(3), Zerres K.(1),
Schoser B.(4)
1) Institute for Human Genetics, University
of Technology, Aachen
2) University of Göttingen, Department of
Neurology, Göttingen
3) Institute for Human Genetics, University
of Würzburg, Würzburg
4) FriedrichBaurInstitut, LMU München,
München
The myotonic dystrophies (DM) subdivided into
DM1 and DM2/PROMM share common patho
genic mechanisms and result in abnormal RNA
splicing. DM1 women face a considerable risk in
pregnancy which can partly be attributed to con
genitally affected fetuses, but is also related to
uterine and placental dysfunction. The question,
whether reproductive risks are also increased in
DM2, has so far not been systematically ad
dressed.
We recruited 33 women with genetically con
firmed DM2 for a retrospective evaluation of
their obstetric history. The participants complet
ed different questionnaires and gave their con
sent to review the medical reports.
The 33 patients had a median age at onset of 35
years, most of them being unaware of their dis
ease when becoming pregnant. First symptoms
were proximal pareses, myalgia, myotonia and
cataracts. Seven women (30%) had an onset
<30 years and mostly had symptoms prior to at
least one pregnancy (early onset = EO group). A
total of 80 pregnancies were recorded, 10 (13%)
resulted in 1st trimester miscarriages. Five 2nd
trimester fetuses, including a twin pregnancy,
were lost to 3 women, exclusively from the EO
group. Of the 66 children delivered (62 single
tons, 4 twins), 8 (12%) were born preterm (<36
weeks), 6 of whom were born in the EO group.
Further 3 children were small for gestational age
(2 in the EO group). Altogether, 11 out of 30 ges
tations >12 weeks (37%) in the EO group were
complicated by fetal loss, prematurity or in
trauterine growth restriction (IUGR). Most
women coped well with their pregnancies and
tasks as a mother, however, 9 patients (27%)
noted first signs of DM2 associated with gesta
tion.
To conclude, there was no significantly in
creased risk for obstetric complications or ad
verse neonatal outcome in the overall group. In
contrast to most DM1 study groups, DM2 pres
ents later in life and rarely affects family plan
ning. Although based on a few cases only, our
data suggest a higher fetal risk to women with
early onset DM2.

P067
Mutations in the glucokinase gene (GCK) in
gestational diabetic women
flurawek M.(1), Wender-O¿egowska E.(1),
Januszkiewicz-Lewandowska D.(1), Zawiejska
A.(1), Nowak J.(1)
1) University of Medical Sciences, Institute
of Human Genetics Polish Academy of
Sciences, Poznan, Poland
MaturityOnset Diabetes of the Young (MODY) is
a genetically and clinically heterogeneous form
of non insulin dependent diabetes mellitus,

characterized by early onset, usually before 25
years of age and primary defect in insulin secre
tion. Glucokinaserelated MODY 2, autosomal
dominant disorder, is detected in children with
mild hyperglycemia and in women with gesta
tional diabetes and positive family history. Glu
cokinase mutations resulted in reduction of the
beta cells sensitivity to glucose and in distur
bance of glycogen synthesis in the liver. The aim
of this study was to estimate the prevalance of
MODY 2 in Polish gestational diabetic patients.
Selected gestational diabetic women fulfilled the
following criteria: age<35 years, BMI< 25, a
small increment (<3 mmol/l) during 2h oral glu
cose tolerant test and a family history of type II
or gestational diabetes in a first or secondde
gree relatives. The analysis involved the coding
regions of the 12 exons and the intronexons
boundaries of the GCK gene, which were ampli
fied by PCR and electrophoresed on glycerol
containing and glycerol free nondenaturing
polyacrylamide gel at room temperature or 4ºC.
Abnormally migrated PCR products were se
quenced directly using a dideoxynucleotide cy
cle sequencing method. In 9 (~8%) of the 119
patients three novel GCK mutations: Y215Y
(exon 6), E312Q (exon 8), GfsinsG (exon 10)
have been detected. In addition three previous
ly unreported intronic variants: IVS212C>T,
IVS38G>A, IVS713A>G have been identified.
The obtained results indicated on relatively low
prevalance of MODY 2 in Polish gestational dia
betic patients.
This work is supported by Ministry of Sciences
and Informatics grant no PPO5E09326.

P03 Genetic Epidemiology

P068
Die Analyse des OberflächenEKGs in
Familien einer Isolatpopulation offenbart
hohe Heritabilitäten
Pfeufer A.(1), Bracco S.(2), Speth B.(1),
Jalilzadeh S.(1), DeGrandi A.(2), Hinterseer
M.(3), Vogl F.(2), Meyer T.(1), Pichler I.(2),
Pramstaller P.(2), Kääb S.(3), Meitinger T.(1)
1) TU München und GSF
Forschungszentrum, München
2) EURAC Akademie, Bozen, IT
3) LMU München  Grosshadern, München
Die Signaturen des OberflächenEKGs (QT,
QRSIntervall etc.) widerspiegeln den Ablauf der
kardialen Elektrophysiologie in physiologischen
und pathologischen Zuständen. Die Bedeutung
einzelner Signaturen für die nichtinvasive
Risikostratifizierung ist, nach anfänglichen Über
bewertungen, in den letzten Jahren genauer ver
standen und definiert worden, z.B. der prädik
tive Aussagegehalt der QRSVerbreiterung für
Tachycardien und Mortalität in der MUSTT
Studie (Zimetbaum et al., 2004). Viele dieser Sig
naturen weisen neben bekannten exogenen Ein
flußfaktoren hohe Heritabilitäten auf. Um zugrun
deliegende Gene zu identizfizieren und Genvari
anten auf ihre potentielle Bedeutung als genetis
che Risikomarker zu testen, sind Familienstudi
en von zentraler Bedeutung. Wir haben in einer
familienbasierten Studie mit 500 Personen die
Heritabilitäten vieler dieser Signaturen, darunter
auch innovativer Signaturen aus dem signalver
stärkten EKG mit Hilfe der Varianzkomonenten
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analyse bestimmt. Die Familen entstammen ein
er isolierten Population. Die Standardabwe
ichungen waren im Vergleich zu nichtisolierten
Populationen nicht signifikant vermindert
(QT:±27.9ms in der isolierten vs. ±28.1ms in ein
er nichtisolierten Population; QRS:±13.8ms vs.
±12.5ms), die Heritabilitäten für einige der
analysierten Signaturen jedoch signifikant(QT:
47±12%,p=0.00004, QRS: 21±11%, p=0.0159).
Mit Hilfe von Kopplungsuntersuchungen lassen
sich die zugrundeliegenden häufigen Genvari
anten chromosomal lokalisieren und in einem
nächsten Schritt auf ihren Effekt in der Normal
bevölkerung und auf ihre Eignung für eine
molekulargenetische Risikostratifizierung von ar
rhythmogen prädisponierten kardiologischen Pa
tienten untersuchen.

P04 Functional Genomics, New
Technologies

P069
CGHPRO  A software tool for array CGH
data analysis
Chen W.(1), Erdogan F.(1), Ropers H.(1),
Lenzner S.(1), Ullmann R.(1)
1) Max Planck Institute for Molecular
Genetics, Human Molecular Genetics, Berlin
Array based comparative genomic hybridisation
(array CGH) is a high resolution screening tool
for the genome wide detection of chromosomal
imbalances. The exponential growth of array
CGH data necessitates the availability of a user
friendly data analysis software.
We have developed an easytouse and versa
tile tool for the normalization, visualization,
breakpoint detection and comparative analysis
of array CGH data. CGHPRO is a standalone
JAVA application that guides the user through
the whole process of data analysis. Several im
age analysis data formats are covered by the im
port option, but users can also customize their
own data formats. Graphical representation tools
assist in the selection of the appropriate normal
ization method. Intensity ratios of each clone
can be plotted in a sizedependent manner
along the chromosome ideograms. The interac
tive graphical interface offers the chance to ex
plore the characteristics of each clone, such as
the involvement of the clones sequence in seg
mental duplications. Circular Binary Segmenta
tion and unsupervised Hidden Markov Model al
gorithms facilitate objective detection of chro
mosomal breakpoints. The storage of all essen
tial data in a backend database allows the si
multaneously comparative analysis of different
cases. The various display options facilitate also
the definition of shortest regions of overlap and
simplify the identification of “weird” clones. By
providing all of its features offline, CGHPRO is
particularly suitable for clinical application where
protection of sensitive patient data is an issue.
Array CGH in conjunction with CGHPRO will be
come an important tool in clinical genetics.
We will give a demonstration of the software by
analysing a maletofemale cohybridisation
onto a 14000 BAC array.
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P070
easyLINKAGE  A Windows based program
for rapid and automated single and
multipoint linkage analyses
Hoffmann K.(1), Mundlos S.(1), Lindner T.(2)
1) Institute of Medical Genetics, Charité,
Humboldt University Berlin, Berlin
2) Department of Medicine, Clinical
Biochemistry, and Pathobiochemistry,
Medical University Clinic at the University of
Würzburg, Würzburg
Most of linkage analyses software was tradition
ally developed for UNIX environments restricting
calculations to a limited number of experienced
users. The timeconsuming generation of input
files as well as missing/restricted graphical out
puts were further limits of those programs.
Nowadays, scientists prefer to perform their own
analyses right after generating the genotypes.
However, a tool for performing linkage analyses
under the same operating environment where
scientists get their daily PC work done was not
available so far.
We have developed the program easyLINKAGE
that combines an automated setup and perform
ance of linkage/simulation analyses under a
graphical user interface for Windows 2000/XP.
The program supports FastLink, SuperLink,
SPLink, GeneHunter/Plus, Allegro, and SLink.
easyLINKAGE provides genomewide as well as
chromosomal postscript plots of LOD scores,
NPL scores, P values, and other parameters.
The program generates input files for
pedigree/haplotype drawing software such as
HaploPainter. We also implemented the program
PedCheck, which does an automated Mendel
check prior performing linkage analyses.
To run the program, the user must provide mark
er files containing subject IDs and genotypes, a
pedigree structure information file, and a mark
er database with chromosomal positions. Geno
types will be automatically assembled to the
pedigree file, therefore allowing rapid and fully
automated linkage analyses of whole genome
scans in a few minutes. Markers will be analyzed
according to their positions on either autosomes
or the X chromosome. All options for the cov
ered linkage programs can be set interactively.
easyLINKAGE boosts the use of most known
linkage programs under a Windows environment
and enables to perform analyses for a wide au
dience. All windows binaries including instruc
tions and recompiled runtimes for the linkage
programs can be found at http://www.uni
wuerzburg.de/nephrologie/molecular_genetics/d
ownload.htm.

P071
NGFN 2 Platform ‘Models’ Subproject 13:
Chemical mutagenesis of mouse ES cells
Himmelbauer H.(1), Wurst W.(2)
1) MaxPlanckInstitute of molecular
Genetics, Vertebrate Genomics, Berlin
Dahlem
2) GSFNational Research Center for
Environment and Health, Developmental
Genetics, Neuherberg
The sequencing of the genomes of man and
mouse has lead to the identification of about
30.000 genes coding for proteins. The function
of most of these genes has remained elusive.
Mutations are the key for an understanding of
gene function, when the phenotype that is pro
duced by a mutation is analysed in comparison

to the wildtype situation. Many genes have not
been targeted in collections of mutants that
arose spontaneously (termed the ‘phenotype
gap’ by Steve Brown). Therefore, mutations have
to be created artificially, either by random muta
genesis, or be gene targeting. Chemical muta
genesis of mouse embryonic stem (ES) cells
combines the random approach with gene tar
geting. The exposure of ES cells to a mutagen
(e.g. ethylnitrosourea; ENU), randomly intro
duces mutations in the genome of ES cells. Dur
ing NGFN1, we have established libraries of
chemically mutagenised ES cells. Currently, li
braries of 40,000 clones in pooles (MPI) and
10,000 single clones (GSF) are available. In par
allel, we have developed and optimised screen
ing strategies to retrieve mutant clones harbour
ing specific gene defects from our libraries.
Screening of ES cell libraries is carried out using
either cDNA or genomic DNA as template. These
two complementing screening strategies allow
the identification of different types of mutations,
i.e. missense, nonsense, as well as splice site
mutations, the phenotypic effects of which will
vary depending on which domain(s) of the pro
tein are affected. The clones that contain inter
esting mutations within the gene under study
can be used to generate a mouse mutant. Li
braries of chemically mutagenised ES cells are
therefore valuable tools for the analysis of
genes, and in particular so in a biomedical con
text.

P072
Analysis of a conserved longrange sox9
notochord enhancer in zebrafish
Heß I.(1), Rastegar S.(2), Dohrmann U.(1),
Strähle U.(2), Scherer G.(1)
1) Institute of Human Genetics and
Anthropology, University of Freiburg,
Freiburg, Germany
2) Institut de Génétique et de Biologie
Moléculaire et Cellulaire,
CNRS/INSERM/ULP, C.U. de Strasbourg,
Illkirch, France
Heterozygous de novo mutations in and around
the human SOX9 gene on 17q cause campomel
ic dysplasia (CD; MIM 114290), an autosomal
dominant skeletal malformation syndrome with
XY sex reversal. About 90% of the classical CD
cases have mutations in the open reading frame,
while the minority of patients exhibit chromo
some rearrangements in the vicinity of SOX9.
The large 5’ intergenic region of SOX9 contains
several sequence elements highly conserved be
tween human, mouse, and Fugu (BagheriFam
et al. 2001). In CD translocation and inversion
cases, some or all of these elements are sepa
rated from SOX9. A 516 bp fragment containing
the 130 bp conserved element E1, located 28 kb
5’to human SOX9, directs expression of a re
porter gene to the notochord in mice (Bagheri
Fam and Scherer, unpublished). To define the
sequences and transcription factors responsible
for this E1directed expression more precisely,
we have started to use zebrafish as a model sys
tem. Because of a largescale duplication event
in ray fin fish phylogeny, zebrafish has two sox9
homologues, termed sox9a and sox9b, both of
which contain the conserved element E1. We as
sayed the regulatory potential of the 130 bp core
sequence of the sox9a E1 element, located 7.8
kb 5’ to the gene, in transient transgenic ze
brafish embryos, using a gfp reporter gene driv
en by the sonic hedgehog (shh) promoter. We
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observed specific expression in the notochord
and, in contrast to mouse, also in the floor plate
in 24 hold embryos. E1 contains an evolution
arily conserved binding site for the wingedhelix
transcription factor FoxA2 (Hnf3b). Mutations in
and around this binding site caused a simulta
neous loss of notochord and floor plate expres
sion, indicating that sox9a might be a direct tar
get of this transcription factor. To test this hy
pothesis, binding assays of FoxA2 to the E1 el
ement will be performed, as well as knockdown
of FoxA2 by coinjection of morpholinos togeth
er with the E1shhgfp construct.

P073
Localization of novel binding partners via
retroviral targeting
Neumann T.(1), Felbor U.(1)
1) Department of Human Genetics,
University of Würzburg, Würzburg
Endostatin is an inhibitor of angiogenesis and
tumour growth mutated in Knobloch syndrome.
The fact that a high affinity endostatin cell mem
brane receptor has thus far not been identified
may be due to very low expression on endothe
lial cells. In order to circumvent the problem of
low receptor expression, we have started to de
velop a sensitive retroviral targeting approach. It
has been demonstrated that bridge proteins
comprised of avian leukosis virus (ALV) recep
tors fused to epidermal growth factor (EGF) can
be used to selectively target retroviral vectors
with ALV envelope proteins to cells expressing
EGF receptors. In analogy to these experiments,
we have generated a set of receptor ligand
bridge proteins containing the extracellular do
main of the TVA receptor for subgroup A avian
leukosis virus (ALVA) fused to various endo
statins via a prolinerich linker. Flow cytometric
analyses are used to assay for specific binding
of TVAEndostatins to endothelial cells. Binding
is detected with the fusion protein SUArIgG
which contains the ALVA surface protein (SUA)
of the viral glycoprotein and is recognized by a
secondary antibody (antirabbit FITC). To deter
mine whether bound TVAEndostatins can also
mediate ALVA entry, cells are infected with ALV
A encoding the enhanced green fluorescent pro
tein. Approximately 72 hours after viral chal
lenge, the cells are either visualized under an in
verted fluorescence microscope or removed
from plates and identified by flow cytometry.
Once a cell line expressing an endostatin recep
tor has been identified, the viral targeting strat
egy can be used to expression clone a novel re
ceptor.

P074
Mutations in the Gene encoding Neutrophil
Elastase cause Alteration of Intracellular
Trafficking and Proteolytic Function of NE
Protein in Congenital Neutropenia
Beger C.(1), Koellner I.(1), Zeidler C.(2),
Germeshausen M.(2), von Neuhoff N.(1),
Schlegelberger B.(1), Welte K.(2)
1) Hannover Medical School, Institute of Cell
and Molecular Pathology, Hannover
2) Hannover Medical School, Dept. of
Pediatric Hematology and Oncology,
Hannover
Severe congenital (SCN) and cyclic neutropenia
(CyN) are characterized by earlystage matura

tion arrest of myelopoiesis and often are found
associated with different heterozygous muta
tions in the gene encoding neutrophil elastase
(ELA2). Neutrophil elastase (NE) is a serin pro
tease stored mainly in azurophilic granules.
However, the consequences of ELA2 mutations
are not clear. Recent studies suggest a correla
tion with incorrect intracellular transport leading
to mislocalization of the mutant protein. In the
present study, we have generated an ELA2in
ducible expression system based on the
monoblastlike cell line U937. This system al
lows controlled expression of the transgene to
study functional correlations with specific muta
tions of ELA2. Applying this system, we have
studied intracellular processing and proteolytic
activities of ten different mutations of ELA2 that
are typically detected in patients suffering from
SCN or CyN. We detected two clusters within
the neutrophil elastase protein, in which muta
tions caused alteration of protein glycosylation,
associated with prevention of membrane local
ization of the mutant protein. Instead, the mutant
protein was incorrectly directed to the nuclear
region. Consequently, NE protein also was not
secreted in these mutants as it is the case for
wildtype NE protein. Additionally, proteolytic ac
tivities of NE protein against different substrates
were measured. NE activities were suppressed
in most but not all mutations tested. In summa
ry, our data suggest that intracellular processing
and localization is altered due to specific muta
tions of ELA2, which may be crucial for the mo
lecular mechanisms resulting in the neutropenic
phenotype.

P075
Extensive amplification of exonic sequences
of a fetal brainspecific ROBO2 isoform
during hominoid evolution
Yue Y.(1), Grossmann B.(1), Zechner U.(1), Haaf
T.(1)
1) Johannes Gutenberg University Mainz,
Institute of Human Genetics, Mainz
Human homologs of the Drosophila roundabout
(Robo) gene function as transmembrane proteins
that have been implicated in the guidance and
migration of axons, myoblasts, and leukocytes
and also may have a role as tumor suppressors.
The human ROBO2 gene lies 400500 kb proxi
mal to an evolutionary breakpoint that distin
guishes human chromosome 3p12.3 and orang
utan chromosome 2. In the course of positional
breakpoint cloning we have identified two new
exons in the 5’ region of ROBO2. By RTPCR the
newly discovered isoform of ROBO2 was ex
pressed abundantly in the developing fetal hu
man brain, whereas the known isoform was ex
pressed in multiple human tissues, most highly
in fetal and adult brain. The two different ROBO2
isoforms have been conserved between humans
and mice, indicating their functional significance.
Sequences syntenic to the evolutionarily re
arranged chromosome region appear to be spe
cific for the 3p12.3syntenic region in humans
and chimpanzees, but were duplicatively trans
posed to numerous pericentromeric and sub
telomeric sites in the orangutan and siamang
genomes. The amplified DNA segments contain
the first two exons of ROBO2, which may confer
a fetal brainspecific expression pattern, where
as the remaining exons were not amplified. In
terestingly, the amplicon size is smaller but the
copy number is much higher in siamang gibbon
than in orangutan. The amplified sequences

which are paralogous to ROBO2 exons account
for several percent of siamang genomic DNA.
Northern blotting, cDNA library screening, and
RACE experiments are underway to identify new
transcripts containing exons 1 and/or 2 of
ROBO2 in the orangutan and siamang genomes.
We propose that regions that have been involved
in evolutionary chromosome rearrangements
have served as acceptor and/or donor sites of
duplicated genic DNA segments for the forma
tion of new transcripts.

P076
Genetargeted mouse models
Timp3(S156C), Timp3(S156M), Timp3(/) to
investigate the role of TIMP3 in
angiogenesis
Janssen A.(1), Fogarasi M.(1), Bathke B.(1),
Weber B.H.F.(2)
1) University of Wuerzburg, Institute of
Human Genetics, Wuerzburg, Germany
2) University of Regensburg, Institute of
Human Genetics, Regensburg, Germany
Objectives: Sorsby fundus dystrophy (SFD) is a
progressive disease of the macula caused by
mutations in the tissue inhibitor of metallopro
teinases3 (TIMP3). Choroidal neovascularization
is a hallmark closely resembling the exudative
form of agerelated macular degeneration
(AMD), a prevalent blinding condition of multi
factorial etiology. To study the mechanism by
which TIMP3 mutations lead to SFDtypical le
sions, we have generated three Timp3targeted
mouse models including two knockins
(Ser156Cys; Ser156Met) and one knockout (del
exon 3). Here, we are interested in the role of
TIMP3 as a potent inhibitor of angiogenesis.
Material and Methods: A number of in vitro and
in vivo assays are used including the tube for
mation, the mouse aortic ring and the chick
chorioallantoic membrane assays. Protein analy
sis is done by Western blotting and immunopre
cipitation.
Results: In vitro and in vivo assays allow us to
quantitate a vascular response subject to (i) a
complete lack of Timp3 (knockout), (ii) the SFD
related mutation Ser156Cys and (iii) the mis
sense mutation Ser156Cys which so far has un
clear consequences on the human phenotype.
Further, we are addressing the ramifications of
Timp3 mutations Ser156Cys and Ser156Met on
binding of the vascular endothelial growth fac
tor (VEGF) to its receptor, VEGFR2 and the
downstream effects on angiogenesis. In partic
ular, we are investigating VEGFR2 autophospho
rylation as well as downstream signalling mole
cules of VEGFR2. Additionally, we are evaluating
the AKT/NO pathway critical for VEGFinduced
endothelial cell migration, proliferation and tube
formation.
Conclusions: The analysis of TIMP3 mutant pro
tein in tissue explants and cell lines derived from
genetargeted mice allows an unbiased assess
ment free of artefacts often encountered with
overexpressed protein. Understanding the an
giogenic properties of TIMP3 may contribute to
develop novel therapies in retinal diseases with
sightthreatening complications such as
choroidal neovascularization
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P077
Analysis of subunit assembly in bestrophin,
the protein mutated in Best vitelliform
macular dystrophy
Rauscher F.R.(1), Milenkovic V.(1), Weber
B.H.F.(2)
1) University of Wuerzburg, Institute of
Human Genetics, Wuerzburg, Germany
2) University of Regensburg, Institute of
Human Genetics, Regensburg, Germany
Objectives: The VMD2 gene is mutated in Best
vitelliform macular dystrophy (BMD), an early
onset autosomal dominant disorder character
ized by deposits of lipofuscinlike material in the
subretinal space. Functionally, VMD2 has been
suggested to encode a putative Ca2+depend
ent chloride channel, termed bestrophin. The
number of subunits forming the Clchannel are
estimated at 4 or 5. With the first Nterminal half
of bestrophin there is a high sequence identity
to the three family members VMD2L1, VMD2L2
and VMD2L3 suggesting similar functional prop
erties for this recently identified protein family.
Little is known about the molecular mechanism
underlying the more than 90 distinct mutations
associated with BMD. With this study, we aim to
identify the structural properties of bestrophin
required for oligomerization and functional chan
nel formation in wild type and mutated protein.
Material and Methods: Cterminal truncated
wildtype and mutant VMD2 constructs includ
ing tagged epitope sequences were cloned and
cotransfected with wt VMD2 in EBNA cells. Sim
ilarly, constructs containing tagged proteins of
the bestrophin family members were generated.
Solubilized protein was coimmunoprecipitated
with a polyclonal VMD2 antibody.
Results: The oligomerization complexes ob
tained by coimmunoprecipitation were analyzed
for their ability to bind the respective mutant and
wild type subunits. The bestrophinlike family
members were analyzed similarly. Distinction of
the protein subfragments was achieved by West
ern blotting using the different tag epitopes. We
show that the fulllength but also Cterminally
truncated bestrophin coprecipitates with itself
but also with its family members.
Conclusions: Our results demonstrate that the
Nterminus of bestrophin may be critical for sub
unit binding. Channel formation may also include
family members. Subsequent analyses of mutant
bestrophin species will address a possible influ
ence of the mutations on functional subunit as
sembly.

P078
Transgenic studies on physiological function
of testicular insulin
Shirneshan K.(1), Binder S.(1), Meinhardt A.(2),
Sancken U.(1), Engel W.(1), Adham I.(1)
1) University of Göttingen, Institute of
Human Genetics, Göttingen
2) University of Gießen, Department of
Anatomy and Cell Biology, Gießen
Transgenic studies in our group revealed that the
Leydig insulinlike hormone (Insl3) produced in
pancreatic βcells is able to restore the cryp
torchidism phenotype in Insl3 deficient mice.
These results demonstrate regulated secretory
mechanisms of processed proInsl3 to mature
Insl3 by proteolytic cleavage of Cpeptide in β
cells of the pancreas. In this report, we investi
gated the efficiency of testicular Leydig cells to
secrete mature insulin and the functional conse
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quences of overexpression of human insulin in
Leydig cells. To address that, we have generat
ed three transgenic mouse lines expressing the
human insulin gene under the control of the Insl3
promoter (I3I2). Northern blot analysis showed
that more than ten times insulin mRNA is pres
ent in testis than in pancreas of transgenic mice.
Immunhistochemical analysis revealed that the
translation of the human insulin is restricted to
Leydig cells. To determine the efficiency of the
testicular human insulin to rescue diabetes de
velopment in Pax4deficient mice resulting from
the developmental impairment of βcells, we in
troduced the I3I2transgenic allele in the
genome of Pax4/ mice. Analyses of I3I2: Pax4
double transgenic mice revealed that testicular
human insulin failed to compensate the deficien
cy of pancreatic insulin. We have then deter
mined the level of the human proinsulin in testis
and pancreas and the level of human Cpeptide
in serum of transgenic mice. The level of secret
ed human Cpeptide in serum was found to be
significantly lower than that of murine Cpeptide
in serum of wildtype mice. These results sug
gest that Leydig cells are not able to process the
proinsulin efficiently and/or to regulate insulin
secretion. The analysis of underlying factors is
in progress.

P079
Identification of a ßintercalated cell
specific promoter
Hentschke M.(1), Celebcioglu S.(1), Kurth I.(1),
HermansBorgmeyer I.(2), Gal A.(1), Hübner
C.A.(1)
1) University Hospital HamburgEppendorf,
Department of Human Genetics, Hamburg
2) Zentrum für Molekulare Neurobiologie,
Hamburg
AE4 is an anionexchanger located in ßinterca
lated cells of renal collecting ducts, which are
specialized for the secretion of HCO3 into the
urine. It was suggested that AE4 serves as api
cal anionexchanger. We report cloning and tran
scription analysis of the mouse homologue of
AE4. Northern analysis showed expression of
Ae4 exclusively in kidney. With a 5’RACE ap
proach 4 additional transcription start points
were identified and subsequently verified by
Northern analysis. Constructs with genomic se
quences located immediately 5’ of the individual
transcriptional start sites displayed transcription
activation properties in a cellbased reporter
geneassay. A ßgalactosidase (lacZ) cassette
driven by the promoter of fulllength Ae4 cDNA
was introduced into the mouse genome by
pronucleus injection. In transgenic mice, lacZ
expression was confined to the kidney. Histo
chemical analysis showed expression of the re
porter gene exclusively in ßintercalated cells in
dicating that the promoter construct reproduces
endogenous Ae4 expression. To our knowledge
this is the first promoter identified with specifici
ty for ßintercalated cells, thus providing a tool
for expression of transgenes specifically in ßin
tercalated cells.

P080
The forkhead transcription factor Foxi1
regulates AE4 expression
Kurth I.(1), Hentschke M.(1), Borgmeyer U.(2),
Gal A.(1), Hübner C.A.(1)
1) University Hospital HamburgEppendorf,
Department of Human Genetics, Hamburg
2) ZMNH, Hamburg
AE4 belongs to the gene family of sodiuminde
pendent anionexchangers, which transport in
tracellular chloride out of the cell in exchange of
extracellular bicarbonate, thereby functioning as
acidloaders. The expression of AE4 is restrict
ed to ßintercalated cells in the kidney. The
knockout mouse of the forkhead transcription
factor Foxi1 shows a disturbed differentiation of
intercalated cells with the absence of several in
tercalated cell markers, including AE4. We ad
dressed the question whether AE4 is a direct tar
get gene of Foxi1. Compared to a control plas
mid, cotransfection of Foxi1 cDNA and an Ae4
promoter construct resulted in a more than 100
fold activation in a cellbased reporter–gene as
say. Truncation of the Ae4 promoter at the 5’
end revealed that a fragment of about 450 bp
upstream the transcription start point is suffi
cient to mediate activation by Foxi1. Sequence
analysis identified a total of 9 potential binding
sites for Foxi1 in this region in both sense and
antisense orientation. Only one element was
bound by recombinant Foxi1 protein in bandshift
assays. Mutation of this binding site abolished
both binding in bandshift assays and transcrip
tional activation by cotransfection of Foxi1 in
the reporter–gene assay. We thus identified Ae4
as a direct target gene of Foxi1.

P081
Microarraybased comparative genomic
hybridization with microdissection derived
DNAprobes
Heller A.(1), Hahnemann V.(2), Möller E.(2),
Liehr T.(1), Claussen U.(1), Loncarevic I.(1)
1) Friedrich Schiller University, Institute of
Human Genetics and Anthropology, Jena
2) SIRSLab GmbH, Jena
Comparative genomic hybridization (CGH) is a
well established technique in molecular cytoge
netics for the identification of chromosomal copy
number changes. This approach is used mainly
in the field of tumor cytogenetics but also to
study imbalances in pre and postnatal
genomes. In array CGH the metaphase chromo
somes are replaced by immobilized DNA frag
ments (e.g., BAC, PAC, YACclones, oligonu
cleotids, cosmid, or cDNA probes) leading to a
high genomic resolution. Gains and losses of
larger genomic regions do have clinical rele
vance as shown by conventional CGH. To create
a routinely applicable CGHarray for a fast de
tection of chromosomal imbalancies (e.g., in tu
mor samples) we used microdissection derived
chromosome fragments as probes covering the
whole human genome. So far 120 DNAprobes
are spotted on Epoxyslides (Nexterion slide E,
SCHOTT Nexterion) after the amplification by
DOPPCR. In first experiments we could demon
strate loss of chromosome 7 in a tumor sample
and the imbalances in chromosome X between
male and female genomic DNA. Current work fo
cus on optimization of signal to background ra
tio, data calculation and extension of the probe
number on the array. The sensitivity of this rou
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tinely applicable CGHarray is being investigat
ed.
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P083
P082
Sensitivity and specificity of a MAPH assay
for the detection of subtelomeric copy
number changes  Retrospective and
prospective studies of patients with mental
retardation of unknown aetiology
Zahn S.(1), Ehrbrecht A.(2), Bosse K.(2),
Schwanitz G.(2), den Dunnen J.(3), Kriek M.(3),
White S.(3), Engels H.(2)
1) Clinic of Paediatric Oncology,
Haematology and Immunology, University of
Düsseldorf, Düsseldorf
2) Institute of Human Genetics, University of
Bonn, Bonn
3) Center for Human and Clinical Genetics,
Leiden University Medical Center, Leiden
Subtelomeric chromosome rearrangements are
an important cause of mental retardation. Since
the most common detection method, fluores
cence in situ hybridisation / FISH, is expensive
and time consuming, alternative testing methods
have been pursued. Here, we tested a multiplex
amplifiable probe hybridisation (MAPH) assay as
a high throughput technique for the detection of
copy number changes of all euchromatic chro
mosome ends.
The probe set consisted of 42 probes for all rel
evant subtelomeres except 16q. The sensitivity
and probe reliability were determined in a retro
spective analysis of 59 negative and 7 positive
controls (4 deletions, 1 duplicationpolymor
phism, 2 unbalanced translocations) previously
ascertained by FISH as well as prospectively on
10 samples. Each sample was tested in dupli
cate and the standard deviation (SD) of “normal”
probes (normalised ratios between 0.8 and 1.2)
within each patient was calculated. In order to
combine reliable detection with low numbers of
false positive results, we simultaneously applied
two thresholds (SD times two and three, respec
tively  “2SD”,”3SD”) of different stringency for
calling a potential aberration.
5 probes were excluded from the analysis be
cause of an SD >0.15 in more than 30% of the
experiments (1p, 5p, 22q), undefined peaks
(20q) or undetected copy number differences
between males and females (Xp).
No false negative results were observed using
both 2SD and 3SD, demonstrating the high sen
sitivity of the method. The false positive rates
were 1.01% (2SD) and 0.05% (3SD). The num
ber of retests (e. g. because a single probe’s SD
was >0.15 in one of the duplicate assays) was
0.32% / 0.05%, respectively. Thus, only 0.5 sub
telomeric regions per sample (2SD) or 0.04 re
gions per sample (3SD) had to be verified by
FISH.
Our results demonstrate that MAPH is a highly
sensitive method suitable for high throughput
screening of subtelomeric copy numbers and
can be useful in reducing the FISH workload by
at least 98

Discovery and identification of a low
abundant tumor derived serum markers in
colorectal cancer by ProteinChip technology
(SELDI)
von Eggeling F.(1), Ernst G.(1), Schimmel B.(1),
Bleul A.(1), Thieme H.(1), Kaufmann R.(2),
Mothes H.(3), Settmacher U.(2), Claussen U.(4),
Halbhuber K.J.(5), Melle C.(1)
1) Institute of Human Genetics and
Anthropology, Core Unit Chip Application
(CUCA), Jena
2) University Hospital, Department of
General and Visceral Surgery, Jena
3) University Hospital, Department of
Traumatology, Jena
4) Institute of Human Genetics and
Anthropology, Jena
5) Institute od Anatomy II, Jena
Although colorectal cancer is one of the best
characterized tumors with regard to the multi
step genetic progression it remains one of the
most frequent and deadly neoplasms in the
western countries. This is mainly due to the fact
that up to clinically relevant serum markers
could not be established at all in an early routine
diagnostic.
In our study, we comparatively analysed mi
crodissected normal and tumorous colonic ep
ithelium by ProteinChip technology to detect
and localize proteins specific for the tumor di
rectly in the tissue which would certainly be of a
very low concentration in serum. By this ap
proach we found and identified one protein
which was more highly expressed in the tumor
than in normal epithelium and one protein ex
pressed more highly in normal colonic epitheli
um, which could also be confirmed by immuno
histochemistry (IHC). Detection of these pep
tides in the corresponding serum samples was
subsequently performed with ELISA resulting in
a high sensitivity and specificity for diagnosis.
The direct analysis of microdissected tissue for
the discovery of tumor specific markers followed
by the specific detection of those markers by
antibody based methods proved to be a suc
cessful strategy in this study. So we can con
clude that these promising markers would not
have been found in serum without the informa
tion gained through the analysis of microdissect
ed tissue by ProteinChip technology.
This work was supported by the IZKF Jena and
the BMBF

P084
Differential sensitivity to doxorubicin
induced cardiotoxicity in two inbred mouse
strains
Seifert S.(1), Schmidt A.(2), Kulle B.(3),
Brockmöller J.(4), Tzvetkov M.(4),
Wojnowski L.(5), Hahn H.(1)
1) University of Göttingen, Institute of
Human Genetics, Göttingen
2) University of Göttingen, Department of
Cardiology, Göttingen
3) University of Göttingen, Department of
Epidemiology, Göttingen
4) University of Göttingen, Department of
Pharmacology, Göttingen

5) University of Mainz, Department of
Pharmacology, Mainz
Anthracyclines are well established as highly ef
ficacious antineoplastic agents for various
haematopoietic and solid tumours. Heart failure
following anthracycline therapy is a major clini
cal problem in cancer treatment. Several lines of
evidence indicate that the individual genetic
makeup may be a major determinant of the in
dividual sensitivity to anthracyclinesinduced
cardiotoxicity. However, nothing is known about
the identity of the underlying genes and variants
thereof. We investigated doxorubicininduced
cardiotoxicity in inbred mouse strains by means
of echocardiography. We confirmed C57Bl/6
mice as doxorubicinesensitive whereas Balb/c
mice turned out to be essentially insensitive.
Gene expression analyses in the hearts of dox
orubicintreated mice revealed differentially ex
pressed genes. Among them was Carp (cardiac
adriamycinresponsive protein), which had been
previously implicated in doxorubicininduced
heart failure. Doxorubicin accumulation was
higher in hearts of C57BL/6 mice in comparison
to Balb/c mice, which may have contributed to
cardiotoxicity observed in this strain. F1 animals
from a C57Bl/6xBalb/c cross were insensitive to
doxorubicin, indicating that the sensitivity of
C57Bl/6 mice is caused by a recessive locus (or
loci). This data provide a basis for the identifica
tion by means of QTL of the locus/loci underly
ing doxorubicin sensitivity, currently in progress.
The identification of these loci may allow in the
long term for development of less toxic treat
ments with anthracyclines.

P085
Evaluation einer unklassifizierten Variante
des BRCA1Genes in einer Hochrisikofamilie
für Mamma und Ovarialkarzinom durch
LOH und Segregationsanalyse
Kast K.(1), Meindl A.(2), Engert S.(2), Distler
W.(1)
1) Universitätsklinikum Dresden, Klinik und
Poliklinik für Frauenheilkunde und
Geburtshilfe, Dresden
2) TU München, Klinikum rechts der Isar,
Frauenklinik und Poliklinik, München
Thema: In einer Hochrisikofamilie für Mamma
und Ovarialkarzinom identifizierten wir im
BRCA1Gen die unklassifizierte Variante 5628
T>C, W1837R. Zur Differenzierung zwischen
einem Polymorphismus und einer pathogenen
Mutation führten wir LOH und Segregations
analysen durch.
Methoden: Zur Mutationssuche in den Genen
BRCA1 und BRCA2 erfolgte ein Vorscreening
mittels DHPLCMethode mit anschließender di
rekter Sequenzierung der auffälligen PCRFrag
mente. Blutproben wurden von der Indexpati
entin, ihrer ebenfalls erkrankten Tochter und ein
er nicht erkrankten, erstgradigen Verwandten mit
fortgeschrittenem Lebensalter zur Durchführung
einer Segregationsanalyse abgenommen. Es
standen zusätzlich Paraffinblöcke von Tu
morgewebe zweier Mammakarzinome und eines
Ovarialkarzinoms zur Verfügung. Im Anschluß an
die DNAPräparation wurde die LOHAnalyse
mittels Fragmentanalye durchgeführt.
Ergebnisse: Die Segregationsanalyse zeigte das
Voliegen der unklassifizierten Variante bei beiden
der an Mamma und/oder Ovarialkarzinom
erkrankten Frauen, während bei der gesunden,
76jährigen Verwandten die Genveränderung
nicht nachweisbar war. Das Ergebnis der LOH
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Analyse demonstrierte in zwei der Tumore einen
Heterozyotieverlust im Bereich des Aminosäure
naustausches. Der Befund des zweiten Mam
makarzinoms der Tochter der Indexpatientin war
mit Normalgewebe vergleichbar.
Diskussion: Studien über die Häufigkeit der
Genvariante in der Allgemeinbevölkerung und
biochemische Tests weisen bereits auf eine
pathogene Rolle der untersuchten unklassi
fizierten Variante W1837R hin. Der beschriebene
Aminosäureaustausch erfolgt in einem funk
tionell bedeutsamen Bereich am Cterminalen
Ende des BRCA1Proteins. Unsere Ergebnisse
unterstützen den Verdacht auf das Vorliegen ein
er prädisponierenden Mutation. Der fehlende
Heterozygotieverlust des zweiten Mammakarzi
noms könnte auf eine durch LOH nicht erfaßbare
Tumorgenese, z.B. Methylierung zurückgeführt
werden.

P086
Downregulation of the DICE1 gene by CpG
hypermethylation in the promoter region
Röpke A.(1), Wieacker P.(1), Wieland I.(1)
1) Institut für Humangenetik, Universität
Magdeburg, Magdeburg
The critical region of loss of heterozygosity on
human chromosome 13q14 harbors the tumor
suppressor gene DICE1 (DDX26). To elucidate
the reduced DICE1 expression in tumor cells the
putative promoter sequence upstream of the
DICE1 transcription start site was analyzed. This
sequence shows a high GC content and is rich
in CpG sites. Promoter activity was identified
within three overlapping fragments of the 800 bp
sequence upstream of the DICE1 gene using a
βgalactosidase reporter assay. This DICE1 pro
moter binds proteins from HeLa nuclear extract
enriched for transcriptional factors as could be
shown by retardation in a gel shift assay. A 13
bp deletion polymorphism detected in a variant
DICE1 promoter exhibited a decreased activity
compared with the undeleted promoter. This 13
bp deletion was detected in healthy control sam
ples and patients with prostate cancer in similar
frequencies. A reduced DICE1 expression was
observed in prostate cancer cell lines DU145
and LNCaP. This downregulation of DICE1 is as
sociated with hypermethylation of the promoter
region. Treatment of both prostate cancer cell
lines with 5azacytidine leads to upregulation of
DICE1 expression. From these results we con
clude that transcriptional repression of DICE1 is
caused by promoter hypermethylation of the
DICE1 promoter region in prostate cancer cells.
These results emphasize the significance of
DICE1 inactivation in the pathogenesis of
prostate cancer.

P087
The CALM/AF10 Fusion: Molecular Analysis
of the Fusion Transcripts in 16 Cases of
AML and ALL; Gene Expression Profiling
Reveals HOX Gene Deregulation
Krause A.(1), Kohlmann A.(2), Haferlach T.(2),
Schock C.(2), Schnittger S.(2), Mecucci C.(3),
Ludwig W.(4), Bohlander S.(1)
1) GSF, Clinical Cooperative Group
„Leukemia“, Dept of Med III, LMU, Munich
2) Laboratory for Leukemia Diagnostics,
Medicine III, LMU, Munich
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3) Policlinico Monteluce, Ematologia,
Perugia
4) Charite University Hospital, Immunologic
Marker Laboratory, Berlin
The t(10;11)(p13;q14) is a recurring translocation
associated with the CALM/AF10 fusion gene
which is found in undifferentiated leukemia,
acute myeloid leukemia, acute lymphoblastic
leukemia and malignant lymphoma with poor
prognosis. The CALM/AF10 fusion protein was
reported to be the most common fusion protein
in TALL with TCR gd rearrangement. We have
analyzed samples from 12 patients with different
types of leukemia and a t(10;11) translocation
suggesting a CALM/AF10rearrangement. The
samples were analyzed for the presence of the
CALM/AF10 and AF10/CALM fusion mRNA by
RTPCR and sequence analysis. All these pa
tients were found positive for the CALM/AF10
fusion. In addition, we analyzed a series of twen
tynine patients with TALL with gd rearrange
ment. Among these patients, four were positive
for CALM/AF10 transcripts, indicating a high in
cidence of CALM/AF10 fusions in this group of
leukemia. We found three different breakpoints
in CALM at nucleotide 1926, 2091 and a new
exon, with 106 bases inserted after nt 2064 of
CALM. In AF10 four breakpoints were identified:
at nucleotide position 424, 589, 883 and 979. In
seven patients it was also possible to amplify
the reciprocal AF10/CALM fusion transcript.
There was no correlation between disease phe
notype and breakpoint location. Ten samples
were analyzed using oligonucleotide microarrays
representing 33,000 different genes (U133 set,
Affymetrix). Analysis of microarray gene expres
sion signatures revealed high expression levels
of the polycomb group gene BMI1, the home
obox gene MEIS1 and the HOXA cluster genes
HOXA4, HOXA5, HOXA7, HOXA9, and HOXA10.
The overexpression of HOX genes seen in these
CALM/AF10 positive leukemias is reminiscent of
the pattern seen in leukemias with rearrange
ments of the MLL gene, normal karyotypes and
complex aberrant karyotypes suggesting a com
mon effector pathway (i.e. HOX gene deregula
tion) for these diverse leukemias.

P088
Process of genetic diagnostics at cancer
patients  analysis of medical records
Wand D.(1), Weißflog G.(2)
1) MartinLutherUniversity Halle
Wittenberg, Institute of Human Genetic and
Medical Biology, Halle
2) University of Leipzig, Independent
Department of Social Medicine (Prof.
Schwarz), Leipzig
Purpose: Genetic factors are likely to be the pri
mary determinants of the cancer seen in around
510% of all cancer patients. For some of these
cases the possibility exists to accomplish mo
lecular genetic diagnostic (mutation analysis).
The detection of a mutation at a diseased per
son (diagnostic testing) is on the one hand pre
condition for offering special surveillance for this
person and on the other hand precondition for
genetic diagnostic in relatives (predictive test
ing). Therefore purpose of investigation was to
describe the implementation of genetic diagnos
tics in the clinical care of cancer patients.
Methods: In order to represent the real work
flows in the genetic care of cancer patients, a
non reactive method of measurement was used
– a retrospective analysis of medical records. In

doing so existing medical records from cancer
patients that frequented a human geneticist be
tween 2002 and 2004 in two settings were
analysed. So the total sample (n=96) consist out
of two sub samples: records from an office of a
human geneticist (n=57) and from a human ge
netic department at the university (n=39). Diag
nostic testing sub sample (n=61) contained dif
ferent cancer sites at the patients: mainly col
orectal cancers (FAP and HNPCC) and breast
cancer. 35 nonaffected relatives represent the
predictive testing sub sample.
Results: Data for waiting times, referral requests
to the geneticist and length of singular sessions
(first counselling, blood withdrawal and commu
nication of diagnostic findings) are available.
Further data of the involvement of psychosocial
professionals were presented.
Conclusion: First of all findings show that most
of the patients carry out the whole process of
genetic diagnostics (only a minor part of drop
outs). Reviewing the shown results it is to em
phasize that this study had an explorative char
acter. Further investigation is required e.g. in or
der to derive appropriate modes of cooperation
between primary care physicians and human ge
neticists.

P089
Molecularcytogenetic analysis of two cases
of leiomyosarcoma
Pelz A.(1), Weilepp G.(1), Meyer F.(2), Roessner
A.(3), Wieacker P.(1), SchneiderStock R.(3)
1) OttovonGuericke Universitaet
Magdeburg, Human Genetics, Magdeburg
2) OttovonGuericke Universitaet
Magdeburg, General Surgery, Magdeburg
3) OttovonGuericke Universitaet
Magdeburg, Pathology, Magdeburg
Leiomyosarcoma is a malignant tumour com
posed of cells showing distinct smooth muscle
features. Five to 10% of all soft tissue tumours
are leiomyosarcomas. The most common loca
tions are the gastrointestinal tract, retroperi
toneum and uterus. Children with leiomyosarco
ma are very rare.
Cytogenetic studies of this entity are rare. So far,
only about 100 patients with leiomyosarcomas
have been analysed by conventional cytogenet
ic methods. Most karyotypes are complex with
out consistent aberrations. We performed de
tailed karyotypic analysis with comparative ge
nomic hybridisation (CGH) of two patients with
leiomyosarcoma. Case 1 was a 61 years old
woman with a leiomyosarcoma of the vena cava,
grade III. Case 2 was a 6 years old girl with a
histological characterized epithelioid leiomyosar
coma of the jaw, grade III. She had three relaps
es localised in the jaw and the tongue and died
three years after primary diagnosis. In case 1 we
detected a very complex aberrant karyotype
with losses of the long arm of chromosome 2
and 13, gains of chromosome 1 and the short
arm of chromosome 17 as well as amplification
of the whole chromosome X, which are com
monly reported in leiomyosarcomas. Beside
these alterations case 1 revealed losses of the
whole chromosome 9, the long arms of chromo
somes 16 and 18 and the short arm of chromo
some 20 as well as gains of the long arm of
chromosome 11 and the short arm of chromo
some 18, which represent novel observations in
leiomyosarcomas. Although, case 2 had a very
fulminant course of disease, we could not detect
any cytogenetic aberration.

Abstracts
Our results of case 1 confirm that karyotypes of
adult leiomyosarcomas are very complex and in
dicate (case 2) that the pathogenesis between
children and adults may be different. Additional
ly, this is the first report of a girl with a
leiomyosarcoma of the jaw.

P090
The Codon 242 G/A polymorphism in the
CCND1 gene is not associated with age of
disease onset in mantle cell lymphoma with
IGH/CCND1 fusion
Nieländer I.(1), MartinSubero J.(1), Gascoyne
R.(2), Pott C.(3), Grote W.(1), Siebert R.(1)
1) University Hospital SchleswigHolstein,
Campus Kiel, Institute of Human Genetics,
Kiel
2) BC Cancer Agency, Department of
Pathology and Laboratory Medicine,
Vancouver, Canada
3) University of Kiel, Second Department of
Medicine, Kiel
The CCND1 gene encodes Cyclin D1, a major
regulator of the cell cycle transition from G1 to
S phase. A single nucleotide polymorphism (G
to A) at codon 242 of CCND1, the boundary of
exon 4 and intron 4, results in a splice variant of
Cyclin D1 with loss of exon 5 in the A allele.
Since exon 5 is involved in rapid turnover, the
variant cyclin D1 protein corresponding to the A
allele may have a longer halflife. Previous stud
ies have demonstrated that the age of onset of
both hereditary nonpolyposis colorectal cancer
and hepatoblastoma is associated with this
polymorphism. The present study aimed to find
out whether this CCND1 polymorphism influ
ences the development and progression of man
tle cell lymphoma (MCL) in a similar way. This
subtype of lymphoma is characterized by over
expression of Cyclin D1 resulting from a
t(11;14)(q13;q32), whereby the CCND1 gene is
juxtaposed to the IGH locus. We analyzed tumor
DNA of 98 patients with mantle cell lymphoma.
The age of diagnosis varied between 30 and 81
years. The codon 242 polymorphism was de
tected by PCRbased restriction fragment length
polymorphism (RFLP) analyses. The allele fre
quencies were 47% for the Aallele and 53% for
the Gallele. 22 cases showed the genotype AA,
27 cases the genotype GG and 49 samples were
heterozygous. Subsequent statistical analysis
failed to detect any association of one of the al
leles or genotypes of the described CCND1
polymorphism with the age of onset of MCL. In
summary, there was no evidence for the CCND1
SNP analyzed in the present study to influence
the age of onset of disease in mantle cell lym
phoma.
Supported by the Lymphoma Research Founda
tion (New York, USA)

P091
The Four and a Half LIM domain protein
FHL2 interats with CALM
Pasalic Z.(1), Tizazu B.(1), Bohlander S.(1)
1) CCG Leukemia, GSF Grosshadern, Med
III, Klinikum Grosshadern, Munich
The balanced t(10;11)(p13;q14) translocation re
sults in the CALM/AF10 fusion gene. This
translocation is found in acute myeloid leukemia
(AML), Tcell acute lymphoblastic leukemia (ALL)
and malignant lymphoma. CALM (Clathrin As

sembly Lymphoid Myeloid Leukemia Protein) is
a clathrin assembly protein which plays role in
clathrin mediated endocytosis and trans Golgi
network trafficking. CALM is a member of the
growing family of endocytic proteins which are
found altered in tumors. AF10 is a putative tran
scription factor that is probably involved in
processes related to chromatin organization and
appears to have polycomb group gene like prop
erties. To learn more about the function of
CALM, a yeast two hybrid assay was performed.
Seven putative protein interaction partners of
CALM were detected: FLNA (filamin A), FABP4
(fatty acid binding protein), PCBP1 (poly (rC)
binding protein 1), DPP7 (dipeptidylpeptidase
7), CALM, CATS (CALM interacting protein ex
pressed in Thymus and spleen) and FHL2 (Four
and a half LIM domain protein 2). The interac
tions were confirmed by cotransformation as
say in yeast. For both CALMCALM and CALM
FHL2 interactions the mapping of interaction do
mains using CALM deletion constructs is in
process. FHL2 was shown to interact with PLZF
(promyelocytic leukemia zinc finger protein) and
the protooncogene SKII that has a role in the
Wnt signalling pathway. FHL2 transmits Rho sig
nals from the cell membrane to the nucleus, and
is a coactivator for the CREM/CREB transcrip
tion factors (Fimia et al, 1999). Vecchi et al
.(2001) demonstrated that inhibition of CREM
mediated nuclear export leads to the accumula
tion of CALM in the nucleus and that CALM has
transcriptional activator properties, suggesting
participation of CALM in nuclear events, possi
bly including regulation of transcription via FHL2
interaction. We are currently performing colo
calization studies of CALM and FHL2 and are
testing whether FHL2 is a transcriptional activa
tor for CALM.

P092
LOH within the genomic region of the
pseudoautosomal protein phosphatase gene
PPP2R3B in breast cancer tissue
Reuland A.(1), Humeny A.(1), Magener A.(2),
Becker C.(1), Schiebel K.(1)
1) Institut f. Biochemie, EmilFischer
Zentrum, ErlangenNürnberg
2) PathologischAnatomisches Institut,
Erlangen
Breast cancer is the most common malignancy
to affect women. Roughly 5 % of all cases are
familial forms due to mutations in genes such as
BRCA1 and BRCA2, while up to 95 % of cases
are thought to be sporadic. Cytogenetic investi
gations and microsatellite loss of heterozygosi
tiy (LOH) analysis have revealed that mamma
carcinoma cells exhibit deletions in the terminal
part of Xp. We chose a MALDITOFMS ap
proach to analyze the genomic region of
PPP2R3B located in the terminal band Xp22.3.
Due to its potential function as a regulator of ini
tiation of replication and its localization in the
terminal part of the Xchromosome within the
pseudoautosomal region it is a potential tumor
suppressor gene. PPP2R3B has been character
ized as a variable regulatory subunit of the pro
tein phosphatase 2A (PP2A). PP2A is a trimeric
enzyme consisting of a catalytic, a constant reg
ulatory and a variable regulatory subunit. PP2A
has long been known as a tumor promoter, and
some of its subunit genes have been discussed
as potential tumor suppressor genes. SNPs are
very frequent in the genomic region of
PPP2R3B. The identification of 13 SNPs within

a genomic region of about 25 kbp therefore of
fered a set of polymorphic markers for analysis
of LOH. DNA analysis of 29 patients revealed
that three patients had lost one allele. Two pa
tients exhibited LOH at least in the region span
ning exon 11 to exon 12, the third one has a
deletion extending at least from exon 2 to the
3’flanking region of the PPP2R3B gene. Se
quencing of exons did not result in the identifi
cation of an aberration in the remaining allele as
it would be expected for a classical tumor sup
pressor gene. But recently, it was shown that
haploinsufficiency of tumor suppressor genes
may also lead to carcinogenesis.

P093
Frequent aberrant methylation of tumor
related genes in thyroid cancer
Schagdarsurengin U.(1), HoangVu C.(2),
Dammann R.(1)
1) Institut für Humangenetik und Med.
Biologie, AG Tumorgenetik, MLU Halle
Wittenberg, Halle
2) Institut für experimentelle Chirurgie und
Onkologie, MLU HalleWittenberg, Halle
Methylation profiling of tumorrelated gene pro
moter regions in thyroid cancer has not been re
ported. We assessed the methylation of 17 can
cerrelated genes by MSP in nine thyroid cancer
cell lines. 12 of 17 genes (RASSF1A, p16INK4A,
TSHR, MGMT, DAPK, ERa, ERß, RARß, PTEN,
CD26, SLC5A8 and UCHL1) showed frequent
hypermethylation (25100%) in the cancer cell
lines and were furthermore analyzed in 38 pri
mary thyroid carcinomas (6 medullary MTC, 10
follicular FTC, 13 papillary PTC, 8 undifferentiat
ed UTC and 1 poorly differentiated thyroid car
cinoma PDTC), 12 struma nodosa colloides, 10
follicular adenoma and 14 normal thyroid tissue
probes. UTC showed in several genes
(p16INK4A, TSHR, MGMT, DAPK and UCHL1) a
significant higher methylation rate compared to
MTC’s, FTC’s, PTC’s, struma nodosa colloides
and normal thyroid tissue (UTC vs. MTC, UTC
vs. FTC etc., p<0,05). Moreover, in 5 of 8 UTC’s
(62,5%) we found a simultaneous promoter
methylation among a great number of analyzed
candidate genes (5 to 9 genes), whereas only
15,3% (2/13) of PTC’s, 8,3% (1/12) of struma
nodosa colloides, 10% (1/10) of follicular adeno
mas and none of MTC’s, FTC’s and normal thy
roid showed such a high number of concurrent
methylated genes (UTC vs. PTC, UTC vs. stru
ma etc., p<0,03). In our study the partial methy
lated cases were additional semiquantified in
low methylated (<50%) and strong methylated
(=50%) probes. The primary thyroid carcinoma
had the highest rate of strong till complete
methylated probes (44/106, 41,5%) among all
analyzed genes. Compared to it normal thyroid
tissues showed in only 12% (3/25) of methylat
ed cases a strong pattern. For RASSF1A the
older tumor patients (>50 years) had significant
higher frequence of methylation than younger
one (83,3% vs. 50%, p=0,029). There was no
correlation of methylation rate in analyzed genes
to gender, tumor stage, local nodes and distant
metastasis of investigated patients. This work
was supported by the BMBF grant (NBL3FKZ
01ZZ0104).
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P094
Identification of a novel germline mutation
of the MEN1 gene in a family with MEN1
Groß U.(1), Jacobeit J.(1), Drexler H.(1), Calvi
J.(1), Schulte H.(1)
1) Endokrinologikum Hamburg, Center for
Hormonal and Metabolic Diseases,
Reproductive Endocrinology, Hamburg
Introduction: Multiple endocrine neoplasia type
1 (MEN1) is an autosomaldominant inherited
disease with over 95% penetrance. It is charac
terized by tumors of parathyroid glands, en
docrine pancreas and anterior pituitary gland.
Patient and family: The index case is a 36year
old patient from Turkey, suffered from bone pain,
nausea and emesis. An endocrine examination
confirmed a primary hyperparathyroidism
(pHPT).
His medical record showed that a transsphe
noidal adenomectomy was performed four years
ago (chromophobic adenoma, PRL immunopos
itive). Two years ago, multiple neuroendocrine
tumors of the pancreas were dissected and con
firmed as carcinoids. He also had a medical his
tory of bleeding gastric ulcers and elevated gas
trin levels.
The patient has two brothers and two sons, who
had shown no symptoms of MEN1 until then.
Genetic testing for the novel mutation was done
on these family members subsequent to the re
sults from the patient.
Methods: Genomic DNA was extracted from pe
ripheral blood leukocytes, followed by PCR am
plification of the coding exons (210 for the pa
tient, and 3 for the family members) of the MEN1
gene, including corresponding exonintron
boundaries. PCR products were sequenced di
rectly.
Results: Sequence analysis of the MEN1 gene
shows a novel heterozygous germline mutation
in exon 3, codon 199 of the patient and his 4
yearold son. This mutation, a 1bp deletion
(705delC), results in a truncated and inactive
menin protein due to a premature termination
codon at position 223.
Conclusion: Genetic counseling and careful ge
netic testing of the MEN1 gene should be done
in these families of sporadic MEN1 cases, to
confirm the diagnosis and define presympto
matic gene carriers. Periodic screening should
be carried out for endocrine tumor manifesta
tion, as we do with the son of the patient, for
whom pHPT was diagnosed in the meantime.

P095
Specific detection of Flt3 point mutations by
highly sensitive realtime PCR in acute
myeloid leukemia
Scholl S.(1), Krause C.(1), Loncarevic I.(2),
Müller R.(1), Kunert C.(1), Wedding U.(1), Sayer
H.(1), Clement J.(1), Höffken K.(1)
1) Friedrich Schiller University, Internal
Medicine II, Jena
2) Friedrich Schiller University, Human
Genetics and Anthropology, Jena
Among activating Flt3 mutations internal tandem
duplications of Flt3 (Flt3ITD) are detected in
about 25% of patients with acute myeloid
leukemia (AML). In contrast, mutations within the
tyrosine kinase domain of Flt3 (Flt3TKD muta
tions) are less frequent (approximately 7%) while
there are only few data on frequency of recently
demonstrated activating Flt3 point mutation at
codon 592 (Flt3V592A mutation).
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We evaluated a new approach for rapid screen
ing of Flt3TKD and Flt3V592A mutations using
the FRET (fluorescence resonance energy trans
fer) principle in 122 patients. Based on individ
ual Flt3TKD mutations we designed patient
specific primers to perform a highly sensitive
polymerase chain reaction (PCR) assay for rap
id detection minimal residual disease (MRD).Fur
thermore, a model system using MonoMac6
cells carrying the Flt3V592A mutation was used
to establish a mutation specific real timePCR
approach also for this molecular aberration. We
identified nine patients (8%) with Flt3TKD mu
tations (5 pts. D835Y, 3 pts. D835H, 1 pt.
Del836), while none of the 122 patients we in
vestigated had a Flt3V592A mutation. Screen
ing for Flt3TKD mutations with fluorescent
probes is equivalent with conventional screen
ing using standard PCR followed by EcoRV re
striction. Furthermore, we present a realtime
PCR protocol that can be used for MRD analy
ses based on individual Flt3TKD mutations. Ex
amples for MRD analyses are presented for all
three subtypes of Flt3TKD mutations that were
identified in this study. In summary, we demon
strate new methodological approaches for rap
id screening of Flt3 point mutations as well as
the detection of MRD based on patient specific
Flt3TKD mutations.

P096
Different molecular pathways in the
development of periocular sebaceous gland
carcinomas
Goldberg M.(1), Rummelt C.(2), Foja S.(1) Lärm
A.(1), Holbach L.(2), Ballhausen W.G(1)
1) Department of Internal Medicine, Section
of Molecular Gastroenterologic Oncology,
University of HalleWittenberg,
Germany(G.M., F.S., L.A., B.WG)
2) Department of Ophthalmology and Eye
Hospital, University ErlangenNürnberg,
Erlangen, Germany (R.C., H.L.)
Periocular sebaceous gland carcinomas (SGC)
are rare malignant skin tumors occurring sporad
ically or as a phenotypic feature of the Muir
Torre syndrome (OMIM #158320). The fragile his
tidine triad gene (FHIT) encompassing the most
active common human chromosomal fragile re
gion, FRA3B, was proposed as a tumor supres
sor gene for many human cancers. Fhit deficient
knockout mice develop MuirTorrelike symp
toms including SGC. In the current study, peri
ocular sebaceous gland carcinoma obtained
from three patients (male, * 1961; male *1960;
male *1944) were analyzed for FHIT, hMSH2,
hMLH1 and hMSH6 expression by immuno
chemistry (IHC). Polymerase chain reaction
(PCR)based analysis of the markers BAT25,
BAT26, BAT40, D2S123, D5S346 and D17S250
was performed for microsatellite instabilty (MSI).
FHIT expression was detectable in one SGC with
highgrade microsatellite instability (MSIH) ac
companied by loss of MSH2 immunostaining.
The two other tumors, which were negative for
FHIT as revealed by IHC, demonstrated mi
crosatellite stability (MSS). To explore the mech
anism responsible for loss of FHIT, we studied
loss of heterozygosity (LOH) at 3p14.2 by utiliza
tion of a panel of intragenic FHIT specific CA
markers, genomic multiplex PCRs for combina
tions of FHIT encoding exons and by methyla
tion specific analyses of the FHIT promoter in
cluding MSP and COBRA. Our data demonstrat
ed complete methylation of the FHIT transcrip

tion regulatory region in one case. In the other
SGC loss of FHIT protein appeared to be due to
intragenic deletions affecting coding exons.
Hence, either inactivation of the FHIT gene as
sociated with MSS or inactivation of the mis
matchrepair system resulting in microsatellite
instability may contribute to the development of
periocular sebaceous gland carcinomas.
Supported by WilhelmSanderStiftung (FKZ
2002.112.1Ba).

P097
Genetik and epigenetic alterations of tumor
related genes in soft tissue sarcoma
Seidel C.(1), Bartel F.(2), Taubert H.(2),
Dammann R.(1)
1) MartinLutherUniversity, AWG Tumor
Genetics, Halle
2) MartinLutherUniversity, Institute for
Pathology, Halle
A main mechanism of carcinogenesis is tumor
suppressor gene inactivation caused by aberrant
methylation of promoter CpG islands. In this
study, the methylation status of RASSF1A, p16,
MLH1, MSH2 and ERalpha was investigated in
84 primary soft tissue sarcomas (STSs), includ
ing 22 liposarcomas, 18 malignant fibrous histi
ocytomas (MFHs), 18 leiomyosarcomas, 6 rhab
domyosarcomas, 6 neurogenic sarcomas and
several other sarcoma entities. RASSF1A hyper
methylation was detected in 17 of 84 (20%)
STSs; however, methylation was more frequent
in leiomyosarcomas (39%) compared to MFHs
(6%; p < 0.015) and liposarcomas (18%). The
p16 CpG island was methylated in 22 out of 82
(27%) cases. In 7 out of 81 (9%) STS samples,
the promoter of MLH1 was methylated and in li
posarcoma the methylation frequency was high
er (14%). For MSH2, no hypermethylation was
detected. Methylation of ERalpha was detected
in 48 of 63 (76%) STSs, but also in 4 of 8 (50%)
normal tissue samples. Furthermore, we ana
lyzed mutational activation of Kras and BRAF.
In 4 out of 84 (5%) of STSs, a substitution at
codon 599 of BRAF was found; however, no al
teration of Kras was detected. The samples
have been analysed for the occurence of the
RASSF1A polymorphism 133 (GCT>TCT). 8 out
of 69 soft tissue samples showed this base
change. Interestingly this substitution was de
tected more frequently in liposarcomas (4 out of
15; 26,7 %) compared to leiomyosarcomas (1
out of 16; 6,3 %). In an univariate Cox propor
tionalhazards regression model, we found that
the risk of a tumorrelated death for STS pa
tients with methylated RASSF1A was significant
ly increased (RR = 2.9; p = 0.037). In summary,
our data indicate that inactivation of RASSF1A
is a common event in STS, especially in
leiomyosarcoma. Thus, the methylation status of
cancerrelated genes was distinct in different
STS and methylation of RASSF1A promoter can
serve as prognostic marker in STSs.
This work was supported by BMBF, Land Sach
senAnhalt and DFG.
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Communicating BRCA1 and BRCA2 test
results: Data from a telephone interview
with 332 women tested within the German
Consortium on Hereditary Breast and
Ovarian Cancer
Gadzicki D.(1), Nippert I.(2), Vogel C.(2),
Wingen L.(1), Schlegelberger B.(1)
1) Institute of Cell and Molecular Pathology,
Hannover Medical School, Hannover
2) Women’s Health Research Unit, Institute
of Human Genetics, Westfälische Wilhelms
Universität, Münster
Objectives: In order to promote safe and effec
tive testing for BRCA1 and BRCA2 mutations in
clinical practice the German Consortium on
Hereditary Breast and Ovarian Cancer (HBOC)
has been established. To improve practice, eval
uations based upon the views of patients who
have undergone testing concerning the impact
of the genetic diagnosis and the quality of the
services they receive and require are undertak
en.
Material and Methods: 332 women from HBOC
families who had obtained their test results at
least 6 months earlier were interviewed by tele
phone. The interview includes open and stan
dardised questions.
Results: Almost all women (91%) had consult
ed at least one family member before undergo
ing testing. 10% reported conflicts with at least
one family member about whether or not the test
should be taken. The communication process
about the test was characterized by selective
and preferential information of female family
members both before testing and after obtaining
the test result. Women with breast cancer
showed a greater tendency to inform their chil
dren than women without breast cancer. 10%
were asked by at least one family member not to
tell results. Mutation carriers reported more con
flicts with other family members in communicat
ing test results than noncarriers (22% vs. 3%,
p<0.05).
Conclusions: Genetic counselling needs to raise
awareness that both sexes may inherit the mu
tation and may benefit from information. Strate
gies need to be developed and evaluated re
garding how to facilitate the dissemination of in
formation within families without potentially
‘overstraining’ the ‘messenger patient’ at least
when a mutation has been found.

P099
Molecular characterization of gross
rearrangements in the BRCA1 and BRCA2
genes in a large cohort of hereditary breast
and ovarian cancer cases of German origin
Schoenbuchner I.(1), PreislerAdams S.P.A.(2),
Dworniczak B.(2), Weber B.H.F.(3)
1) University of Wuerzburg, Institute of
Human Genetics, Wuerzburg, Germany
2) University of Muenster, Institute of
Human Genetics, Muenster, Germany
3) University of Regensburg, Institute of
Human Genetics, Regensburg, Germany
Objectives: Diseaseassociated point mutations
and small insertions/deletions in the BRCA1 and
BRCA2 genes are found in up to 25 % of hered
itary breast and ovarian cancer (HBOC) families
in Germany. Thus far, the proportion of large ge
nomic rearrangements in both BRCA1 and
BRCA2 have not been determined in larger sam
ple sizes.

Material and Methods: The multiplex ligation
dependent probe amplification (MLPA) technique
was used to investigate 226 index patients. Pri
or to this analysis, HBOC families recruited with
in the setting of the Deutsche Krebshilfe Famil
ial Breast and Ovarian Cancer Centres at
Wuerzburg and Muenster, were tested negative
for small nucleotide alterations in BRCA1 and
BRCA2.
Results: Six genomic rearrangements were
identified in BRCA1 while no large alterations
were found in BRCA2. The 6 BRCA1 mutations
include two novel rearrangements with a dele
tion of exon 5 and a deletion comprising exons
5 to 7, as well as four previously described gross
alterations including a deletion encompassing
exons 1A, 1B and 2, two cases of duplications
of exon 13 and a deletion of exon 17. We have
defined the respective breakpoint regions on the
sequence level. In all cases, crossing over
events must have occurred between direct re
peat sequences flanking the deleted regions.
These direct repeat sequences range from 9bp
to 188bp of perfect base pair matches (del
exon 1 2, del exon 5) while the breakpoint re
gions of the exon 5 to 7 deletion, the exon 13
duplication and the exon 17 deletion are flanked
by Alu sequences.
Conclusions: The frequency of large genomic
rearrangements in BRCA1 accounts for up to
3% (6/226) of germline predisposition mutations
in our HBOC cohort of German ancestry. BRCA2
seems significantly less affected by gross dele
tions/insertions. We therefore recommend to in
clude screening for germline rearrangements in
the BRCA1 gene on a routine basis in high risk
HBOC families.

P100
Aberrant splicing in MLH1 and MSH2 genes
due to single base substitutions in exonic
sequences
Pagenstecher C.(1), Wehner M.(1), Friedl W.(1),
Siberg K.(1), Aretz S.(1), Friedrichs N.(2),
Propping P.(1), Mangold E.(1)
1) University of Bonn, Institute of Human
Genetics, Bonn
2) University of Bonn, Institute of Pathology,
Bonn
Germline mutations in DNA mismatch repair
genes, mainly MLH1 and MSH2, are the cause
of hereditary nonpolyposis colorectal cancer
(HNPCC, Lynch syndrome). While mutations
leading to truncated proteins are considered to
be pathogenic per se, the evaluation of single
base substitutions predicted to result in mis
sense or silent mutations or intronic variants out
side the highly conserved splicing region re
mains difficult. There is growing evidence that
some single base substitutions may have detri
mental effects due to influence on splicing.
We evaluated the effect of several variants of un
known relevance by examination of mRNA. As
our results show, the substitution
MLH1,c.2103G>C in the last position of exon 18
does not result in a missense mutation as theo
retically predicted (p.Gln701His), in fact it re
duces splice efficiency and leads to a loss of
exon 18. For the substitution MLH1,c.1731G>A
(p.Ser577) at the last position of exon 15, which
is predicted to be a silent mutation, our results
demonstrate a complete skipping of exon 15.
Thus, these two variants are pathogenic and al
low a clear statement about cancer risks in the
setting of predictive genetic testing for family

members. In contrast, the substitution
MSH2,c.1275A>G (p.Glu425) at the penultimate
position of exon 7 results in activation of a cryp
tic splice site and only partial deletion of the last
16 codons of exon 7. Therefore, this variant can
not be classified as definitely pathogenic.
By computer programs consequences of single
base substitutions on splicing can be predicted
by theoretical calculation. For the variant
MLH1,c.1731G>A (p.Ser577) only a slight influ
ence on splicing was predicted which is not ac
cording to our result of mRNAanalysis. In con
clusion RNA studies should be performed for
each variant of unknown relevance prior to oth
er functional tests at protein level in order to
evaluate the pathogenicity of a mutation.
Supported by Deutsche Krebshilfe

P101
Characterization of splice site mutations in
two patients with Hereditary NonPolyposis
Colorectal Cancer (HNPCC)
Wieland C.(1), Aktas M.(1), Konermann C.(2),
Schaal H.(2), RoyerPokora B.(1)
1) University of Düsseldorf, Institute of
Human Genetics and Anthropology,
Düsseldorf
2) University of Düsseldorf, Institute of
Virology, Düsseldorf
HNPCC represents the most common entity of
autosomaldominant inherited colon cancer dis
eases. Mutations in the mismatch repair genes
MLH1, MSH2, MSH6 and PMS2 lead to tumour
development. These genes are responsible for
the recognition and excision of mismatched
bases and mutations in these genes give rise to
a defect mismatch repair system (MMR) which is
recognized by changes in the length of mi
crosatellite loci (microsatellite instability, MSI).
This MMR defect leads to an accumulation of
mutations in several genes resulting in tumour
development. We have analyzed the effect of
5’splice site mutations in the splice donor site in
two HNPCCpatients. Sequencing revealed the
following sequence changes: a) in patient 1:
MSH2 c.1276+1G>A at the splice donor site of
exon 7 and b) in patient 2: MLH1 c.677+3A>G at
the splice donor site of exon 8. In order to char
acterize these two sequence changes the follow
ing experiments were performed: a) for patient
1: total RNA prepared from lymphocytes was re
verse transcribed into cDNA and a subsequent
RTPCR was performed using specific primers
of the adjacent exons. We could show that due
to the mutation +1G>A splicing does not occur
at this site, but another cryptic splice site in
exon 7 was activated leading to skipping of 16
codons of exon 7 (in frame deletion); b) for pa
tient 2: in this case we have designed minigene
constructs, which were analysed in transient
transfection assays using the cell line Hela T4+.
After transfection, the RNA was isolated and an
alyzed using RTPCR. We could show that due
to the sequence change +3A>G, splicing does
not occur at this site, leading to skipping of exon
8. Two further ±1 splice site mutations were also
analyzed with RTPCR of lymphocyte RNA or in
transient transfection assays. These mutations
resulted also in exon skipping. Seven missense
mutations located in or close to putative ESE el
ements studied, had no influence on splicing.
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P102
Association of a CAV1 Haplotype to
Familial Aggressive Prostate Cancer
Häusler J.(1), Högel J.(1), Bachmann N.(1),
Herkommer K.(2), Paiss T.(2), Vogel W.(1), Maier
C.(1)
1) University of Ulm, Department of Human
Genetics, Ulm
2) University of Ulm, Department of Urology,
Ulm
Objective: Multiple lines of evidence have impli
cated the CAV1 gene in prostate cancer pro
gression. CAV1 is located within the prostate
cancer aggressiveness locus at 7q3133, and
was identified as being overexpressed in
prostate tumors.
Mutation screening was performed as well as a
casecontrol study to examine if polymorphisms
in CAV1 are associated with prostate cancer
aggressiveness in a German population.
Methods: We sequenced the CAV1 promoter
region and its open reading frame in prostate
cancer families with linkage to chromosome
7q3133. Additionally, 105 unrelated familial
prostate cancer probands, 190 sporadic cases
and 191 controls were genotyped at four intron
ic single nucleotide polymorphisms. Resulting
haplotypes were tested for association using
age at diagnosis, tumor grade, TNM stage, and
follow up information to stratify for aggressive
disease.
Results: No mutation was found in the CAV1
coding region or in the promoter. One of the
eleven observed haplotypes showed an in
creased frequency in cases with high tumor
stage (p = 0.03).
Conclusion: This is the first report providing ev
idence for CAV1 being involved in predisposi
tion to aggressive prostate cancer. The associ
ation of a potential risk haplotype agrees well
with a role of CAV1 in tumor progression but
needs further confirmation.

P103
HNPCC based on MSH6 mutations is
characterized by later age of disease onset
and lower incidence of colorectal cancer
compared to MLH1 or MSH2 mutations: The
German HNPCCConsortium
Plaschke J.(1), Engel C.(2), Krüger S.(1),
HolinskiFeder E.(3), Pagenstecher C.(4),
Mangold E.(4), Moeslein G.(5), Schulmann
K.(6), Gebert J.(7), von Knebel Doeberitz M.(7),
Rüschoff J.(8), Loeffler M.(2), Schackert H.K.(1)
1) Surgical Research, University of Dresden
2) Institute for Medical Informatics,
Statistics and Epidemiology, University of
Leipzig
3) Medical Genetics, University of Munich
4) Institute of Human Genetics, University of
Bonn
5) Department of Surgery, University of
Düsseldorf
6) Department of Medicine, University of
Bochum
7) Molecular Pathology, University of
Heidelberg
8) Pathology, Klinikum Kassel
Germline mutations in the mismatch repair
(MMR) gene MSH6 predispose to hereditary
nonpolyposis colorectal cancer (HNPCC), but
detailed characterisation of the involvement and
phenotypic manifestations of MSH6 has been
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hampered by the limited number of identified
mutations.
Patients were preselected by microsatellite in
stability, loss of protein expression and/or exclu
sion of MLH1 or MSH2 mutations, and subject
ed to MSH6 analysis. Clinical and molecular
data of MSH6 mutation families were compared
to data from families with MLH1 and MSH2 mu
tations.
We identified 24 different MSH6 germline muta
tions in 27 families. These families represented
3.8% of the total of families (n=706), and 14.7%
of all families with MMR gene mutations (n=183).
The median age of onset of colorectal cancer (54
years) in putative MSH6 mutation carriers was
10 years higher than in MLH1 and MSH2 muta
tion carriers (44 years). Colorectal cancer was
statistically less frequent in MSH6 families com
pared to MLH1 and MSH2 families. In contrast,
the frequency of nonHNPCCassociated tumors
was increased.
Later age of disease onset and lower incidence
of colorectal cancer may contribute to a lower
proportion of identified MSH6 mutations in fam
ilies suspected of HNPCC. However, in about
half of these families at least one patient devel
oped colorectal or endometrial cancer in the
fourth decade of life. Therefore, a surveillance
program as stringent as that for families with
MLH1 or MSH2 mutations is recommended.
This work was supported by the Verbundprojekt
“Familiärer Darmkrebs” of the Deutsche Kreb
shilfe.

P104
MatrixCGH enables the identification of
genomic imbalances in childhood MDS with
monosomy 7
Steinemann D.(1), Michaelsen G.(1),
Tauscher M.(1), Kratz C.(2), Wingen L.(1),
Lichter P.(3), Niemeyer C.(2),
Schlegelberger B.(1)
1) Medizinische Hochschule Hannover,
Institut für Zell und Molekularpathologie,
Hannover
2) Universitätsklinikum Freiburg,
Pädiatrische Hämatologie und Onkologie,
Freiburg
3) DKFZ, Funktionelle und Strukturelle
Genomforschung, Heidelberg
Objectives: MDS is believed to originate from a
hematopoietic stem stell, but it is not known
which myeloid progenitor is targeted by genet
ic events leading to neoplastic transformation.
The most common cytogenetic abnormality in
MDS is monosomy 7 or del(7q). This is also true
for pediatric MDS developing in the context of
different inherited predispositions such as severe
congenital neutropenia. The aim of this study in
the context of the European working group on
MDS in childhood (EWOGMDS) is to clarify if
monosomy 7 is the only chromosomal aberration
or whether additional subtle chromosomal gains
or losses are present.
Methods: Genomic profiling by means of matrix
/arrayCGH, a molecular tool that allows the
genomewide screening of chromosomal imbal
ances was applied to ten cases of primary MDS.
DNA isolated from granulocytes and from
mononuclear cells (MNC) was compared to nor
mal blood cells. A genomewide resolution of 1
Mb and an even higher resolution of up to 100kb
for recurrently aberrant regions in cancer as well
as for regions containing known tumor suppres

sor genes and oncogenes was reached by the
selection of 6251 individual BAC/PAC clones.
Results: Three different groups were detected:
a first with the monosomy 7 solely, a second
with few additional alterations like 5, 17p, 6q,
+21, +22, +1p which were also detected by cy
togenetics and a third group displaying several
genomic abnormalities in addition to monosomy
7. Interestingly, the highly genomic instability ob
served in the third group was more extensive in
MNC compared to granulocytes.
Conclusions: MatrixCGH is a helpful tool to un
mask the subtle underlying genetic alterations
and to identify genes located in these regions
leading to the development of MDS. The differ
ent genomic profiles may reflect the clinical het
erogeneity of childhood MDS and have to be
correlated with clinical data.
Project funded
N°01GM0307

by

the

BMBF

Contract

P105
EGFR mutations in head and neck cancer
LoefflerRagg J.(1), WitschBaumgartner M.(2),
Berberich R.(2), Tzankov A.(3), Zwierzina H.(1),
Utermann G.(2)
1) Medical University Innsbruck, Department
of Internal Medicine, Innsbruck
2) Medical University Innsbruck, Department
of Medical Biology and Human Genetics,
Innsbruck
3) Medical University Innsbruck, Institute of
Pathology, Innsbruck
Objectives: Somatic mutations in the tyrosine
kinase domain of the epidermal growth factor re
ceptor (EGFR) gene are associated with sensi
tivity to gefitinib (Iressa®) and present in at least
10% of nonsmall cell lung carcinoma (NSCLC)
[LynchTL. et al., N Engl J Med 350, 2004; Paez
JG. et al., Science 304:14971500, 2004]. Inhi
bition of activated tyrosine kinases with target
ed small molecule drugs has emerged as an ef
fective approach to cancer therapy. It was also
observed in about 10% of head and neck squa
mous cell carcinoma (HNSCC) that gefitinib can
lead to a rapid and often dramatic clinical re
sponse [Cohen EE. et al., J Clin Oncol. 21:1980
7, 2004, Shintani S., et al., Oral Oncol. 40:4351,
2004]. Furthermore, EGFR is overexpressed in
about 90% of all oral cancers [Grandis JR. Can
cer Res 53, 1993].
Material and Methods: We searched for muta
tions in exons 19 and 21 of EGFR gene in the
DNA of tumor samples from 79 patients with
HNSCC. Among them, 6 patients are treated
with gefitinib in an ongoing study. Furthermore,
one patient with squamous cell carcinoma of the
skin and known response to gefitinib was includ
ed. The DNA was extracted from paraffin em
bedded tumor tissues. PCR and sequencing was
performed with primers already described in
[LynchTL. et al., N Engl J Med 350, 2004].
Results: None of the already published muta
tions described to be associated with a re
sponse to gefitinib had been detected in this co
hort of patients. In intron 19 two polymorphisms
IVS19+69GA with 0.06 and IVS19+96AG with 0.2
allele frequency were found. In one patient a 1
bp deletion in intron 18 (IVS1824delG) was ob
served. In exon 21 R836R occurred with 0.2 al
lele frequency.
Conclusions: In contrast to nonsmall cell lung
carcinoma activating EGFRmutations were not
found in head and neck squamous cell carcino
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ma. The relevance of the intron 18 mutation has
to be determined. Other molecular mechanisms
than EGFRmutations may influence the re
sponse to gefitinib in HNSCC.

P106
Protein profiling of Imatinib sensitive and
resistant leukemic cell lines with
ProteinChip technology (SELDI)
Rosenhahn J.(1), Melle C.(1), Loncarevic I.F.(2),
von Eggeling F.(1)
1) Institute of Human Genetics and
Anthropology, Core Unit Chip Application
(CUCA), Jena
2) Institute of Human Genetics and
Anthropology, Tumor Genetics, Jena
The development of resistance to the tyrosine ki
nase inhibitor Imatinib (STI571, Glivec) is a wide
ly spread problem during the therapy of chron
ic myeloid leukemia (CML). In many cases the
resistance is caused by a mutation of the ATP
binding site of BCRABL but also an overexpres
sion of BCRABL protein can be relevant. How
ever, there is a group of patients, where none of
the just named mechanisms seems to be re
sponsible for resistance. An experimental sys
tem for research of the background of such re
sistances is the cell line KCL22 R1, which is ini
tially drugresistant, and its sensitive counterpart
KCL22 S. The protein profiles of these two cell
lines were compared by ProteinChip technology
(SELDI). Protein lysates were fractionated by pH
gradient and eluats were bound to three differ
ent chemical surfaces (IMAC30 Copper, CM10,
H50). Fractionation allows the description of al
most all proteins of the cell lines. In first exper
iments approximately 16 differentially expressed
proteins were observed. Especially one protein
with a molecular weight of 19 kDa was very
prominent. This protein was only found in the
fractions two and three of the resistant cell line
and is potentially linked to the drugresistance
of KCL22 R1. Protein identification by trypsine
digestion is currently in progress to get closer to
function of the 19 kDa protein in the mechanism
of drugresistance to Imatinib.
This work is supported by the IZKF Jena and the
BMBF.

P107
Mutation screen and association study of
the EZH2 gene in PCa patients
Bachmann N.(1), Högel J.(1), Häusler J.(1),
Vogel W.(1), Maier C.(1)
1) University of Ulm, Department of Human
Genetics, Ulm
Several linkage studies have provided evidence
for a prostate cancer susceptibility gene on
chromosome 7q. EZH2 (enhancer of zeste ho
molog 2) is a potential candidate gene for the
development of aggressive prostate cancer be
cause its location at 7q35 and its increased ex
pression in metastatic prostate cancers. We
genotyped eleven polymorphisms, spanning the
entire EZH2 gene inclusively the promoter re
gion, in genomic samples of 96 unrelated famil
ial prostate cancer patients, 192 sporadic
prostate cancer probands and 96 unaffected
controls. We examined the polymorphisms indi
vidually for association with prostate cancer tak
ing into account the TNMG classification (tumor

staging, tumor grading) and the follow up of the
patients without detecting an association. In ad
dition, we analyzed the resulting haplotypes for
association with prostate cancer with or without
stratification according to clinical characteristics
of prostate cancer. Using the program FAMHAP9
statistical significance of the polymorphisms and
haplotypes was evaluated. Whereas no overall
differences between cases and controls could
be detected, two haplotypes showed an unequal
distribution: One has a higher frequency in con
trols (11.5% versus 6.4%, p=0.042) and the oth
er one that is mostly defined by complementary
alleles is more frequent in cases with a
favourable disease characteristic (e.g. GI/II or
NED) (7.3% versus 3.2%, p=0.037). EZH2 is a
polycomb group transcriptional repressor. Since
upregulation of wildtype EZH2 promotes aggres
sive prostate cancer a beneficial effect could be
expected from any genomic variant. We may
have identified haplotypes which mark such al
leles that reduce the transcriptional activity and
therefore affect the development of the disease.
This hypothesis can be tested by functional as
says.

P108
Characterization of secondary alterations in
mantle cell lymphomas using matrix/ array
CGH
Steinemann D.(1), Tauscher M.(1),
Rudolph C.(1), Emura M.(1), Abe M.(2),
Daibata M.(3), Matsuo Y.(4), Drexler H.G.(5),
Radlwimmer B.(6), Kestler H.(7), Lichter P.(6),
Schlegelberger B.(1)
1) Medical School Hannover, Institute of Cell
and Molecular Pathology, Hannover
2) Fukushima Medical College, Fukushima
3) Kochi Medical School, Kochi
4) Fujisaki Cell Center, Okayama
5) DSMZ, Braunschweig
6) DKFZ, Heidelberg
7) University of Ulm, Ulm
Overexpression of Cyclin D1 due to the chromo
somal translocation t(11;14)(q13;q32) alone is
not sufficient to induce the development of man
tle cell lymphoma (MCL). Secondary genetic al
terations seem to be necessary for the malignant
transformation and may determine the clinical
course of the disease. In order to define chromo
somal imbalances more precisely, we analyzed
six t(11;14)positive lymphoma cell lines (Gran
ta519, NCEB1, JeKo1, Rec1, SP53 and HBL
2) by means of matrix/arraybased comparative
genomic hybridization, a new molecular tool that
allows the genomewide screening of chromo
somal imbalances. A genomewide resolution of
1 Mb and an even higher resolution of up to
100kb for recurrently aberrant regions of MCL as
well as for regions containing known tumor sup
pressor genes and oncogenes was reached by
the selection of 6251 individual BAC/PAC
clones. Based on the normalized fluorescence
ratios computed as log2 values, we were able to
detect amplifications as well as single gains and
losses. The most frequent alterations were loss
es in 9p21.3, 2p11.2, 22q11.22, 1p21.1p31.2,
13q14, 11q22, 6q21, 6q27, 17p13 and gains in
7p14.1, 7q11.2, 2q37.1, 8q24, 12q13 and
18q21. These results are in agreement with the
recently published data from deLeeuw et al.
(HMG 2004 Sep 1;13):182737). Up to now, loss
es of 2p11.22 (all cell lines except for JeKo1)
and 22q11.22 (all cell lines except for Rec1)
have not been known as recurrent aberrations of

MCL. Selected chromosomal losses (p16, p53)
and the amplification of BCL2 in Granta519
were confirmed by means of fluorescence in situ
hybridization using commercially available
probes (Abbott Diagnostics). Matrix/array CGH
analyses enabled us to further delineate impor
tant regions of gain and loss like 13q14. In con
clusion, the cell lines are excellent model sys
tems which will facilitate the identification and
characterization of novel genes which play im
portant roles in the pathobiology of MCL.

P109
Haplotypebased analysis of BRCA1 and
BRCA2 in German high risk breast and/or
ovarian cancer families
Hofmann W.(1), Nothnagel M.(2), Rohde K.(2),
Scherneck S.(1)
1) Max Delbrück Center for Molecular
Medicine, Department of Tumor Genetics,
Berlin
2) Max Delbrück Center for Molecular
Medicine, Department of Bioinformatics,
Berlin
The ‘Berlin Center for Hereditary Breast and
Ovarian Cancer’ as one of twelve centers of the
‘German Consortium for Hereditary Breast and
Ovarian Cancer’ (GCHBOC) investigated about
220 German high risk breast and/or ovarian can
cer families for mutations in the breast cancer
susceptibility genes BRCA1 and BRCA2 from
19972004. By direct sequencing of all exons
and exon flanking regions of the introns of both
genes, 22 single nucleotide polymorphisms
(SNPs) spanning 80.78 kb of the BRCA1 gene
and 25 SNPs spanning 83.01kb of the BRCA2
gene were detected among our German breast
and/or ovarian cancer cases. We performed a
haplotypebased study of BRCA1 and BRCA2
based on SNPs that were genotyped in 149 in
vestigated index patients. Out of four different
BRCA1 haplotypes with a frequency of > 5%,
two common BRCA1 haplotypes accounted for
more than 67% of all chromosomes in our col
lective. In contrast, analysis of BRCA2 haplo
types revealed a higher haplotype diversity
where the most abundant haplotype reached a
frequency of 18%. We further estimated the pat
tern and extent of linkage disequilibrium (LD) be
tween the BRCA1/2SNPs. We also utilized var
ious methods based on pairwise and multilocus
LD measures to define block structures at each
genomic region. While most methods agreed on
two blocks of elevated LD that spanned most of
BRCA1, BRCA2 showed only low levels of LD in
general and only a single block with strong LD.
Our results on LD architecture and haplotype
tagging SNP definition of BRCA1 and BRCA2
will be presented and discussed with respect to
their relevance in BRCA1/2 diagnostic.

P5

P110
Gene expression analysis of clear cell and
chromophile renal cell carcinomas
Diegmann J.(1), Rosenhahn J.(1), Gerstmayer
B.(2), Junker K.(3), Hindermann W.(4), von
Eggeling F.(1)
1) Core Unit Chip Applications, Institute of
Human Genetics and Anthropology,
FriedrichSchiller University, Jena
2) Memorec biotech GmbH, Mediacal
Molcular Research Cologne, Cologne
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3) Institute of Urology, FriedrichSchiller
University, Jena
4) Institute of Pathology, FriedrichSchiller
University, Jena
The underlying molecular mechanisms of renal
cell carcinoma (RCC) are poorly understood and
more reliable diagnostic markers are needed.
Hence, alternative strategies for biomarker dis
covery with appropriate validation technologies
for the different subtypes must be pursued. To
elucidate the genesis and progression of RCC
we used high parallel chipbased gene expres
sion profiling comparing normal and tumour tis
sues of clearcell renal cell carcinoma and chro
mophile renal cell carcinoma. We analysed cor
responding nontumorous and tumour tissue
samples from 10 patients with clear cell RCC
and 12 corresponding nontumorous and tumour
tissue samples derived from patients with chro
mophile RCC. We isolated RNA from histologi
cally wellcharacterized tissue sections and per
formed reverse transcription, labelling, and a lin
ear RNA amplification. Samples were hybridized
on microarrays containing 642 human cDNAs.
We found several differentially expressed genes
for both tumour types, including genes previous
ly found as markers for renal cell carcinomas by
other groups. Furthermore, we found overex
pressed genes in the tumour samples, which
may provide a way to discriminate between nor
mal and tumour tissue. Those genes were se
lected for further evaluation by realtime RT
PCR. Increased mRNA expression of these
genes in tumour cells could be correlated to
their expression at the protein level by immuno
histochemistry (IHC), where at least one gene
showed very strong expression in all tumour
samples examined but no expression in adjacent
normal kidney tissue. Although the results are
pointing towards possible marker genes for di
agnostic purposes, more samples are needed to
validate the study.
This work was supported by the BMBF and the
IZKF, Jena.

breast cancer cell line. Data as to the gene ex
pression, structure of transcripts and ability of
the gene to retard tumor cell growth will be pre
sented with respect to their relevance in tumori
genesis of breast cancer.

P112
CpG island methylation and expression of
tumorassociated genes in lung carcinoma
Dammann R.(1), Strunnikova M.(1),
Schagdarsurengin U.(1), Rastetter M.(1),
Papritz M.(1), Hattenhorst U.(1), Hofmann S.(1),
Silber R.E.(1), Burdach S.(2), Hansen G.(1)
1) MartinLuther Universität, Halle
2) Technische Universität, München
In this study, we investigated the methylation of
promoters of tumorrelated genes, which were
downregulated in microarray analyses of 89
lung cancer patients by bisulfite methylation as
says. In 15 lung cancer cell lines, frequent CpG
island methylation was detected for SOX18
(73%), CD105 (71%), SEMA2 (55%), SLIT2
(100%), TIMP3 (29%), TIMP4 (64%), DLC1
(18%), p16 (66%), RASSF1A (71%) and EGFlike
domain 7 (56%), but methylation was rarely ob
served for SLIT3 (18%), DLC1 (18%), Purα
(10%). In primary lung tumor, methylation of
SOX18 (100%), CD105 (69%), SEMA2 (93%),
SLIT2 (100%), TIMP3 (13%), TIMP4 (94%), DLC1
(61%), p16 (41%), RASSF1A (44%) and EGFlike
domain 7 (100%) was detected. Methylation of
several promoters (SOX18, SLIT2, EGFlike do
main 7, CD105, SEMA2 and TIMP4) was fre
quently found in normal lung tissue of cancer
patients. In summary, frequent methylation of
several cancerrelated genes was observed in
lung carcinoma.
This work was supported by BMBF, DFG and
Land SachsenAnhalt.
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P111
AKAP12/Gravin is down regulated in breast
cancer
Blankenburg M.(1), Hofmann W.(1), Seitz S.(1),
Strissel J.(1), Hinzmann B.(2), Scherneck S.(1)
1) Max Delbrück Center for Molecular
Medicine, Department of Tumor Genetics,
Berlin
2) Signature diagnostics AG, Potsdam
We identified AKAP12 (Akinase anchoring pro
tein) as a candidate tumor suppressor gene in
breast cancer. AKAP12, also known as gravin,
has been mapped on chromosome 6q2425.2, a
hot spot region of loss of heterozygosity (LOH)
in breast cancer. AKAP12 is a scaffold protein in
volved in signalling pathways. Significant down
regulation of AKAP12 expression in breast tu
mors was shown by cancer profiling and chip ar
ray experiments. In different breast cancer cell
lines AKAP12 is also expressed at low levels as
demonstrated by RTPCR. Northern blot analy
sis and 5’/3’RACE were used to identify distinct
transcripts of AKAP12. To evaluate whether
down regulation of AKAP12 expression is due to
aberrant methylation in these transcripts we per
formed methylationspecific PCR and 5’AzadC
treatment. Based on the expression data we in
vestigated the effect of AKAP12 on breast can
cer cell growth by transient transfection into a
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Detection of translocations and
amplifications of the MLT/MALT1 gene in
NonHodgkin’s Lymphoma using
MLT/MALT1 specific FISH probes
Murga Penas E.(1), Becher C.(2), Ott G.(3),
Harder L.(2), Lampe W.(1), Hinz K.(1),
Zivkovi T.(1), R ser K.(4), CopieBergman C.(5), Pott C.(6), Cogliatti S.(7),
Feller A.(8), Hansmann M.(9), M ller P.(10),
M ller-Hermelink H.(3), Stein H.(11),
Gaulard P.(5), L ning T.(4), Parwaresch R.(12),
Hossfeld D.(1), Siebert R.(2), Dierlamm J.(1)
1) University Hospital HamburgEppendorf,
Department of Oncology and Hematology,
Hamburg
2) University Hospital Kiel, Institute of
Human Genetics, Kiel
3) University of Wuerzburg, Department of
Pathology, Wuerzburg
4) University Hospital HamburgEppendorf,
Department of Pathology, Hamburg
5) Hospital Henri Mondor, Department of
Pathology, Créteil
6) University Hospital Kiel, Department of
Oncology and Hematology, Kiel
7) Cantonal Hospital St. Gallen, Department
of Pathology, St. Gallen
8) University Hospital Lübeck, Department
of Pathology, Lübeck

9) University Hospital Frankfurt, Department
of Pathology, Frankfurt
10) University Hospital Ulm, Department of
Pathology, Ulm
11) ChariteUniversity Medicine Berlin,
Department of Pathology, Berlin
12) University Hospital Kiel, Department of
Pathology, Kiel
The t(11;18)(q21;q21) and the t(14;18)(q32;q21)
involving MLT are the main structural abnormal
ities in extranodal marginal zone lymphoma
(MZL). In addition to translocations, amplifica
tion of the MLT gene has been proposed as
pathogenetic mechanism in NHL. Amplifications
in the 18q21 region frequently involve the BCL2
gene, however, a recent study described ampli
fication of MLT without BCL2 involvement, sug
gesting that MLT and BCL2 are independent tar
gets of amplification in NHL. In order to screen
for translocations and amplifications of MLT, we
have analyzed 276 NHL with FISH assays using
probes flanking MLT (PACs 117B5 and 59N7 in
207 cases; MALT BAP Assay, Abbott Vysis, in 69
cases). These assays were applied to 91 MALT
lymphomas, 19 splenic MZL, 17 nodal MZL, 17
follicular lymphomas (FL), 8 mantle cell lym
phoma (MCL), 15 CLL, 3 PLL, 23 Burkitt’s lym
phomas (BL), 78 DLBCL, 5 Tcell NHL, and 10
cell lines. In 20 MALT lymphomas a translocation
involving MLT was detected. FISH analyses with
API2 and IGH specific probes revealed the
t(11;18) in 13 cases and the t(14;18) in 7 cases.
Amplification of MLT was observed in 4 DLBCL,
1 BL, the MZL cell line SSK41, and the BL cell
line NAMALWA. Further FISH analyses showed
a concomitant amplification of BCL2 in 2 DLB
CL; in the remaining cases (2 DLBCL, 1 BL,
SSK41 and NAMALWA) amplification of MLT
without BCL2 involvement was found. Aneu
ploidy of the 18q21 region was found in 43 cas
es from various NHL subtypes. In addition, a
heterozygous deletion of MLT was detected in 2
MALT lymphomas and 6 DLBCL.
We conclude, that MLT associated transloca
tions occur exclusively in MALT lymphomas and
represent either the t(11;18) or the t(14;18); true
amplifications of MLT occur in some aggressive
NHL and some transformed cell lines; and ane
uploidy of 18q21 is seen in different subtypes of
NHL.

P114
Multicolor fluorescence in situ hybridization
(MFISH) identifies novel chromosomal
abnormalities in t(8;14)positive high grade
NonHodgkin’s Lymphomas
Zivkovi T.(1), Harder L.(2), Ott G.(3),
Behrmann P.(1), Hinz K.(1), Murga Penas E.(1),
Pott C.(4), Cogliatti S.(5), Feller A.(6),
Hansmann M.(7), Möller P.(8), MüllerHermelink
H.(3), Parwaresch R.(9), Stein H.(10), Hossfeld
D.(1), Siebert R.(2), Dierlamm J.(1)
1) University Hospital HamburgEppendorf,
Department of Oncology and Hematology,
Hamburg
2) University Hospital Kiel, Institute of
Human Genetics, Kiel
3) University of Wuerzburg, Department of
Pathology, Wuerzburg
4) University Hospital Kiel, Department of
Oncology and Hematology, Kiel
5) Cantonal Hospital St. Gallen, Department
of Pathology, St. Gallen
6) University Hospital Lübeck, Department
of Pathology, Lübeck
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7) University Hospital Frankfurt, Department
of Pathology, Frankfurt
8) University Hospital Ulm, Department of
Pathology, Ulm
9) University Hospital Kiel, Department of
Pathology, Kiel
10) ChariteUniversity Medicine Berlin,
Department of Pathology, Berlin
The chromosomal translocation t(8;14)(q24;q32)
and
its
variants
t(2;8)(p12;q24)
and
t(8;22)(q24;q11) involve the CMYC gene on 8q24
and are consistently present in Burkitt’s lym
phomas (BL) and acute lymphoblastic leukemia
(ALL), subtype L3. Secondary chromosomal ab
normalities occur in about 70% of the cases, but
their spectrum, incidence and prognostic rele
vance are not well known. In order to better
characterize primary and secondary chromoso
mal abnormalities and to screen for new aberra
tions, we applied multicolor fluorescence in situ
hybridization (MFISH) to 8 BL cell lines and 11
patients with t(8;14)positive high grade lym
phoma. MFISH allows the identification of each
individual chromosome by its fluorescence pat
tern and hereby greatly enhances the resolution
of conventional cytogenetic analysis, like the ac
curacy of characterization of marker chromo
somes or complex chromosomal rearrange
ments.
All cases revealed the t(8;14) or its variants. In
two cases, one additional abnormality was de
tected, whereas the remaining 17 cases revealed
a complex karyotype. In all of the latter cases,
MFISH could specify the results obtained by
conventional cytogenetic analysis or add new
data. Interestingly, 4 cases revealed cytogenet
ically unrecognized threewaytranslocations in
volving 8q24/CMYC, 14q32 and unknown part
ner genes on 4q12 and 18q21 (3 cases), respec
tively. In addition, a novel chromosomal re
arrangement involving the immunoglobulin heavy
chain locus in 14q32 was detected in one case:
der(14)t(X;14)(p11;q32).
The most frequent secondary abnormalities were
duplications (5 cases, 26%) and structural ab
normalities (4 cases, 21%) of 1q, trisomy 7 (8
cases, 42%), as well as deletions and structural
aberrations of 17p (4 cases, 21%) and 6q (3 cas
es, 16%).
Our study underlines the importance of MFISH
in the detection of novel chromosomal abnor
malities and cryptic translocations, which are the
basis for further molecular analyses.

P115
Frequent loss of differential methylation at
the imprinted ARHI locus in uveal melanoma
Zeschnigk M.(1), Häusler T.(1), Eggert A.(2),
Nareyeck G.(3), Horsthemke B.(1), Lohmann
D.(1)
1) Universitätsklinikum Essen, Institut für
Humangenetik, Essen
2) Universitätsklinikum Essen, Kinderklinik,
Essen
3) Universitätsklinikum Essen,
Zellkulturlabor der Augenklinik, Essen
Uveal melanoma is the most common primary
ocular tumor of the eye. Approximately 50% of
the patients die of metastases, which mainly
arise from primary tumors that show loss of an
entire chromosome 3 (monosomy 3). Loss of the
entire short arm of chromosome 1 is another fre
quent alteration only observed in tumors with
monosomy 3. This indicates a potential role of
genes located in this region in tumor progres

sion. The imprinted putative tumor suppressor
gene ARHI (Ras homolog member I), which fre
quently shows loss of imprinting (LOI) in breast
and ovarian cancer cells, is located within this
region. We compared the ARHI mRNA levels in
uveal melanomas and cultured melanocytes and
found that the ARHI expression is strongly re
duced in all primary tumors. We next analyzed
the ARHI methylation pattern in DNA from 41
primary uveal melanomas. Among 32 uveal
melanomas with retention of heterozygosity of
1p we found loss of differential methylation in
50% of tumors, which was irrespective of the
chromosome 3 status. In five of nine tumors
showing loss of heterozygosity of 1p the remain
ing allele was methylated and in four tumors
ARHI was unmethylated. As we could not detect
any aberrant methylation pattern of the imprint
ed SNRPN promoter/exon 1 region on chromo
some 15, it is unlikely that LOI is due to a gen
eral impairment of the imprinting/methylation
process. Based on the observation of hy
pomethylated as well as hypermethylated ARHI
alleles in primary tumors we conclude that LOI
of ARHI is a random rather than specific alter
ation in uveal melanomas. Furthermore, a spe
cific role of ARHI in metastatic progression of
disease is unlikely as tumors with disomy 3 and
monosomy 3 are similarly affected by LOI. We
also determined the ARHI methylation status in
six neuroblastomas and thirteen retinoblas
tomas, which are early childhood tumors, and
could not find altered methylation in any of these
tumors. This suggests that LOI of ARHI might be
related to the age of the patients.

P116
The translocations t(6;18;11)(q24;q21;21)
and t(11;14;18)(q21;q32;q21) represent two
novel variant translocations of the
t(11;18)(q21;q21) associated with extranodal
MALT lymphomas
Murga Penas E.(1), Callet-Bauchu E.(2), Hinz
K.(1), Zivkovi T.(1), Copie-Bergman C.(3),
Gazzo S.(2), Berger F.(2), Salles G.(2),
Hossfeld D.(1), Dierlamm J.(1)
1) University Hospital HamburgEppendorf,
Hamburg, Germany
2) Centre Hospitalier Lyon Sud, Lyon,
France
3) Hospital Henri Mondor, Créteil, France
The translocation t(11;18)(q21;q21) represents
the most frequent structural abnormality in MALT
lymphomas. The t(11;18) leads to a fusion of the
API2 gene on 11q21 and the MLT gene on
18q21 resulting in activation of NFκB. Recent
ly, we reported the first variant translocation of
the t(11;18), a t(11;12;18)(q21;q13;q21) in a
MALT lymphoma. The cloning of the t(11;12;18)
showed that the pathological relevant event was,
similar to the standard t(11;18), the fusion of
API2 to MLT.
We herein describe two new variant transloca
tions of the t(11;18), the t(6;18;11)(q24;q21;q21)
and the t(11;14;18)(q21;q32;q21), occurring in
MALT lymphomas of the stomach and the lung,
respectively. Conventional cytogenetic analysis
revealed: I.46,XY,t(6;18;11)(q24;q21;q21)[7],
II.46,idem,del(1)(q43)[10], III.46,XY[3] in the first
case; and 46,XY,t(11;14;18)(q21;q32;q21)[23] in
the second case. In both cases, fluorescence in
situ hybridization (FISH) with API2 (PAC166G16)
and MLT (PAC59N7) specific probes showed
API2MLT fusion encoded on the der(11) as in
the standard t(11;18). Split hybridization signals

of API2 were located on the der(6) and the
der(14), indicating the presence of a threeway
translocation. Further FISH analyses demon
strated a colocalization of genomic sequences
derived immediately upstream of MLT
(PAC117B5) and sequences of the variable re
gion of the IGH locus on 14q32 (YAC Y6) in the
t(11;14;18). For the t(6;18;11), painting probes
for chromosomes 6, 11, and 18 were applied to
confirm the threewaytranslocation.
We conclude that, analogously to the standard
t(11;18) and the t(11;12;18), the new variant
translocations t(6;18;11) and t(11;14;18) lead to
an API2MLT fusion and that due to an addition
al translocation event the expression of the re
ciprocal MLTAPI2 is excluded. Further molecu
lar analyses to determine the translocation part
ners on chromosome 6 and 14 are in progress.

P117
The translocation t(8;14) distinguishes two
groups of aggressive lymphoma with
different IGVH and BCL6 mutational status
Pott C.(1), Trautmann H.(1), Harder L.(2), Kneba
M.(1), Siebert R.(2), on behalf of the
Verbundprojekt MMM L.(3)
1) University of Kiel, Germany, 1. Second
Department of Medicine, Kiel
2) University Hospital SchleswigHolstein,
Campus Kiel, Germany, Institute of Human
Genetics, Kiel
3) Studienzentrale, Deutsche Krebshilfe
Verbundprojekt ‘Molekulare Mechanismen
bei malignen Lymphomen (MMML)’,
University Hospital Goettingen, Section of
Hematology/Oncology, Goettingen
During lymphomagenesis, oncogenes can be ac
tivated through chromosomal aberrations, like
MYC through the t(8;14)(q24;q32), or somatic
hypermutation (SHM), as is the case for BCL6 in
75% of diffuse large Bcell lymphomas (DLBCL).
Moreover, somatically mutated IGVH genes are
a hallmark of germinal center (GC) Bcells and
allow to trace the developmental stage at which
neoplastic transformation occurred. The SHM
status of IGVH differs between the histologic
lymphoma entities.
We investigated 116 Bcell lymphomas for their
IGVH SHM status and aberrant BCL6 hypermu
tation within the Deutsche Krebshilfe Verbund
projekt „Molekulare Mechanismen bei Malignen
Lymphomen“. 43 Bcell lymphomas possessed
a t(8;14) by FISH analysis, 73 were t(8;14) nega
tive.
Interestingly, t(8;14)positive Bcell lymphomas
carried VH genes with a considerably lower mu
tation frequency (range 0,4411%, median
4,44%) than t(8;14)negative Bcell lymphomas
(range 025%, median 12,23%). The IGHV mu
tation status was independent of the histologic
diagnosis. In contrast to published results
demonstrating an unbiased usage of VH genes
in DLBCL we observed a strong bias in VH gene
usage in both groups with and without t(8;14) to
wards overrepresentation of the VH4 (50% in
t(8;14)+, 40% in t(8;14)) and VH3 genes (26% in
t(8;14)+, 49% in t(8;14)). Furthermore, the inci
dence of SHM of BCL6 was significantly differ
ent: in the t(8;14) positive group only 11/43
(25%) were mutated (median mutation frequen
cy 0,13%) compared to 31/73 (42%) of the cas
es lacking a t(8;14) (median mutation frequency
0,22%).
Our results reveal that within aggressive lym
phomas the t(8;14) identifies groups with differ
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ent VH and BCL6 mutation status independent
from the histologic subtype. Ongoing studies in
vestigate whether hypermutation patterns can
also identify different subgroups within the
t(8;14) positive lymphomas.
Supported by the Deutsche Krebshilfe (Verbund
projekt “Molekulare Mechanismen bei malignen
Lymphomen” 703173Tr)
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Amplification of the MLT/MALT1 gene in a
hsr(18) occurring in a case of diffuse large
Bcell lymphoma of the tonsil evolving from
an extranodal MALT lymphoma
Murga Penas E.(1), Callet-Bauchu E.(2), Hinz
K.(1), Zivkovi T.(1), Gazzo S.(2), Berger F.(2),
Salles G.(2), Hossfeld D.(1), Dierlamm J.(1)
1) University Hospital HamburgEppendorf,
Hamburg, Germany
2) Centre Hospitalier Lyon Sud, Lyon,
France
The t(11;18)(q21;q21) and the t(14;18)(q32;q21)
involving the MLT gene are the main structural
abnormalities in extranodal MALT lymphomas. In
addition, amplification of MLT was proposed as
pathogenetic mechanism in nonHodgkin’s lym
phomas (NHL). Amplifications in 18q21 frequent
ly involve the BCL2 gene, which lies about 5Mb
telomeric to MLT. However, a recent study de
scribed amplification of MLT without BCL2
coamplification, suggesting that MLT and BCL2
are independent targets of amplification in NHL.
We herein report the first case of a MALT lym
phoma in transformation to diffuse large Bcell
lymphoma with a MLT amplification. In August
1999, this 60yearold male presented with ton
sil enlargement without other organomegalies
and normal levels of lactate dehydrogenase.
Bone marrow aspiration revealed an infiltration
of around 20% leading to stage IV disease. The
patient achieved complete remission after 8
courses of intensive chemotherapy. The MALT
lymphoma of the tonsil was cytogenetically char
acterized by a complex karyotype including a
homogeneously staining region in chromosome
18p (hsr(18)(p11)). The karyotype was described
as
follows:
47,XY,add(1)(p35
36),add(2)(p2?1),add(4)(q25
26),del(6)(q21q25)x2,8,
12,del(13)(q2?1),hsr(18)(p11),+3mar[20],
II.46,XY[2]. To determine the origin of the ge
nomic material of the region described as
hsr(18), fluorescence in situ hybridization (FISH)
with PAC clones (117B5 and 59N7) flanking MLT
was performed. FISH analysis revealed a 4fold
amplification of MLT in the region previously
identified as hsr(18). Further FISH experiments
showed a concomitant overrepresentation of
BCL2.
We conclude that given the importance of MLT
in the pathogenesis of MALT lymphomas and the
absence of a translocation involving MLT in this
case, the described MLT amplification likely rep
resents the pathogenetic relevant abnormality in
this case.
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The p53 codon 72 variation is associated
with the age of onset of hereditary non
polyposis colorectal cancer (HNPCC)
Krüger S.(1), Bier A.(2), Engel C.(3), Mangold
E.(4), Pagenstecher C.(4), von Knebel Doeberitz
M.(5), HolinskiFeder E.(6), Moeslein G.(7),
Schulmann K.(8), Plaschke J.(1), Rüschoff J.(9),
Schackert H.K.(1), The German HNPCC
Consortium(10)
1) Dresden University of Technology,
Department of Surgical Research, Dresden
2) Dresden University of Technology,
Institute of Clinical Genetics, Dresden
3) University of Leipzig, Institute for Medical
Informatics, Statistics and Epidemiology,
Leipzig
4) University Hospital Bonn, Institute of
Human Genetics, Bonn
5) University of Heidelberg, Institute of
Molecular Pathology, Heidelberg
6) University of Munich, Department of
Medical Genetics, Munich
7) HeinrichHeineUniversity Duesseldorf,
Department of Surgery, Duesseldorf
8) Ruhr University Bochum, Medical
Department, Knappschaftskrankenhaus,
Bochum
9) Klinikum Kassel, Institute of Pathology,
Kassel
10) Deutsche Krebshilfe, German Cancer
Aid, Germany
Background: The polymorphic variants at
codon 72 of the p53 gene were shown to be
functionally distinct in vitro, whereby the arginine
(arg) variant induces apoptosis more efficiently
than the proline (pro) variant. Due to the evi
dence that the DNA mismatch repair system and
p53 interact to maintain genomic integrity, we
hypothesized that the codon 72 variation may in
fluence the age of onset of disease in HNPCC
patients.
Methods: 538 patients were tested for p53
codon 72 variants. These included 167 unrelat
ed patients with pathogenic germline mutations
in MSH2 or MLH1 and colorectal carcinoma as
first tumour, 126 patients with sporadic mi
crosatellite stable colorectal cancers and 245
healthy controls.
Results: The median age of onset was 41, 36
and 32 years in MSH2 or MLH1 mutation carri
ers with arg/arg, arg/pro and pro/pro genotypes,
respectively. The logrank test revealed signifi
cant differences in the age of onset between
arg/arg and pro/pro individuals (P=0.0002) and
arg/pro versus arg/arg and pro/pro individuals
(P=0.0026 and P=0.0217, respectively). A Cox
regression model indicated an additive mode of
inheritance. No significant differences in age of
onset were observed among different genotype
carriers with microsatellite stable tumours.
Conclusions: Our results suggest that p53
codon 72 genotypes are associated with the age
of onset of colorectal carcinoma in a mismatch
repair deficient background in a dosedepend
ent manner. These findings may be relevant for
preventive strategies in HNPCC.

Do histological stains affect the analysis of
microdissected tissue by ProteinChip
technology
Bleul A.(1), Schimmel B.(1), Ehnle S.(2),
Burgemeister R.(2), Ernst G.(1), Melle C.(1), von
Eggeling F.(1)
1) Institute of Human Genetics and
Anthropology, Core Unit Chip Application
(CUCA), Jena
2) P.A.L.M.Microlaser Technologies AG,
Bernried
ProteinChip array technology (SELDI; surface
enhanced laser desorption/ionisation  mass
spectrometry) allows to analyse protein extracts
from small amounts of cells (i.e. areas of mi
crodissected tissue) using affinity chromato
graphic surfaces. In connection with laser based
microdissection (LMPC; laser microdissection
and pressure catapulting) it therefore presents a
powerful tool for proteomic analysis of tumors.
To find out whether histological stains influence
the quality of SELDI analysis we microdissected
defined areas (about 5000 cells) of mouse liver
sections unstained or stained with different dyes
(cresyl violet, nuclear fast red, HE). All dyes were
additionally combined with different fixation pro
tocols.
Microdissected tissue areas were transferred in
a lysis buffer and proteins were applied to a
strong anion exchanger (SAX2) ProteinChip ar
rays with appropriate binding buffer. Spectra
were read out in a defined analysis mode on a
PBSII instrument (Ciphergen).
On this specific affinity chromatographic surface
the HEstained cells resulted in a poor spectra.
Nuclear fast red showed a better spectra. Only
the cresyl violet spectra showed a comparable
rich spectra as is was detectable for the un
stained cells.
This result is especially important for the mi
crodissection of tumor tissue which has to be
done presently on unstained sections, because
of the interference of HE. Further on it is a pre
requisite for an automated software aided laser
microdissection (Definiens) which is highly de
pendent on a histologically stained section.
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Alteration of βCatenin in Wilms Tumors
Uschkereit C.(1), von Harrach M.(1), Royer
Pokora B.(1)
1) Universität Düsseldorf, Institut für
Humangenetik und Anthropology,
Düsseldorf
Wilms tumors can be divided in two groups
based on the presence or absence of WT1 mu
tations. It has been described that Wilms tumors
have a high percentage of ßCatenin mutations.
We have analysed 106 tumors for ßCatenin mu
tations and found 23 mutations (22%). The mu
tation occurred in Ser45 in 16/23 cases, two
were in Thr41 and five in His36. Two of these
amino acids are targets for phosphorylation of
the ßCatenin protein (Thr41 and Ser45) and
His36 is next to Ser37, another phosphorylation
site in the protein. Previously the WT1 gene was
analysed in 97 of these tumors and 17 mutations
(16%) were identified, demonstrating that the
percentage of mutations in ßCatenin is higher
than in WT1. The analysed tumors belong to dif
ferent histologic subtypes and were from pa
tients either treated preoperatively with
chemotherapy or not. If the different histologic
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subtypes are viewed separately, we found that
64% of the stromal type tumors and 26% of the
triphasic tumors had ßCatenin mutations. Both
mutations were simultaneously present in 15, i.e.
88% of the tumors with WT1 mutations also had
a ßCatenin mutation. This extends and confirms
a previous observation of a significant correla
tion of WT1 and ßCatenin mutations, suggest
ing that the presence of both mutations is impor
tant for the development of a specific subtype of
Wilms tumors. ßcatenin mRNA expression was
studied using semiquantitative RTPCR analysis
and only a low amount of mRNA was detected
in the tumors with mutations. In contrast tumors
without WT1 and ßCatenin mutations of the
blastemal type had a higher expression of ß
Catenin mRNA. The immunohistochemical (IHC)
analysis of several Wilms tumors of the stromal
type, revealed a weak to moderate staining and
some staining in the nucleus was found in lim
ited areas of the tumor. Activation of the wnt sig
nalling pathway by mutations in ßCatenin does
not result in a nuclear localisation of this protein
in all cells.
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Fluorescence in situ hybridization reveals
new translocations involving the ETV6 gene
in myeloid malignancies
Murga Penas E.(1), Gorre H.(1), Hinz K.(1),
Behrmann P.(1), Zivkovi T.(1), Seeger D.(1),
Hossfeld D.(1), Dierlamm J.(1)
1) University Hospital HamburgEppendorf,
Department of Oncology and Hematology,
Hamburg, Germany
Rearrangements affecting band 12p13 are recur
ring aberrations in hematological malignancies.
The main target of these rearrangements is the
ETV6 gene, which has been involved in more
than 41 translocations.
In order to screen for new ETV6 rearrangements,
we analyzed 32 cases with structural abnormal
ities of 12p, using FISH. Conventional cytoge
netic analysis of the cases, referred to our cen
ter from 1990 to 2003, identified del(12)(p) in 19
cases, add(12)(p) in 5 cases, and translocations
in 8 cases.
FISH was performed using the cosmid clones
179A6, 50F4, 163E7, and 148B6 covering ETV6.
By FISH, heterozygous deletions of ETV6 were
detected in 16 cases. These results were in ac
cordance with our cytogenetic findings in 13
cases; 3 cases were described as add(12)(p12)
and t(X;12)(q28;p11), respectively. Of the 8 cyto
genetically shown del(12)(p), 3 were not con
firmed by FISH. 7 translocations of ETV6 were
shown by FISH, including the cytogenetically de
scribed t(3;12)(q26;p13), t(4;12)(q12;p13), and
t(5;12)(q33;p13). In addition, 4 cryptic transloca
tions involving ETV6 were seen: the
t(12;17)(p13;p1213) and 3 novel translocations
with unknown partner genes in 12q24, 2?q33,
and 17q25. Summarizing cytogenetic and FISH
results, the revised partial karyotypes were de
termined as follows: inv(12)(p13q24), previously
del(12p)(13);
t(2;12)(?q33;p13)
previously
del(12)(p12);
and
der(3)t(3;12)(p21;p13),der(12)del(12)(p13)t(3;12)(p
21;p13),der(17)t(12;17)(p13;q25),
previously
t(3;12)(p21;p13). The translocations occurred in
patients with acute myeloid leukemia and the
breakpoints within ETV6 were located as follows:
12q24 in intron 1, 2?q33 distal to exon 5, and
17q25 distal to exon 2. The molecular cloning of
these translocations is in progress.

Our study demonstrates the high frequency of
cryptic translocations involving ETV6 on 12p13
and underlines the importance of FISH to detect
and characterize these translocations.

P123
Poor response to preoperative
chemotherapy in Wilms’ tumors with WT1
mutations and rhabdomyomatous
differentiation
Schumacher V.(1), Leuschner I.(2), Weirich
A.(3), Graf N.(4), Beier M.(1), RoyerPokora
B.(1)
1) University of Duesseldorf, Institute of
Human Genetics, Duesseldorf
2) University of Kiel, Institute of Pediatric
Pathology, Kiel
3) University of Heidelberg, Children’s
Hospital, Heidelberg
4) University of the Saarland, Children’s
Hospital, Homburg/Saar
To evaluate the response to preoperative
chemotherapy and the clinical outcome in pa
tients with WT1 mutations and abundant rhab
domyomatous differentiation we have retrospec
tively reviewed 60 patients of the German SIOP
9/GPOH study. 16/60 patients (five bilateral and
11 unilateral tumors) had WT1 mutations.
Tumors with and without WT1 mutations differed
significantly in histopathological and clinical fea
tures. Tumors with WT1 mutations showed a
massive rhabdomyomatous differentiation in the
viable part of the tumor compared to tumors
without WT1 mutations (mean 63% vs. 8.6%;
p<0.01). Response to chemotherapy was poor
in 90% of tumors with WT1 mutations compared
to 40% of tumors without mutation (p=0.018)
and they showed only mild histopathological re
gressive changes (mean 20% vs. 52%; p<0.01).
None of the patients with WT1 mutations pre
sented with distant metastases compared to
11/45 (24,4%) of children without WT1 muta
tions (p=0.012), whereas most of the bilateral tu
mors (5/6) were found in children with WT1 mu
tations (p<0.01). The 5year relapsefree survival
for patients with WT1 mutations was 91.7%
(11/12) as opposed to 88.1% (37/42) in patients
without WT1 mutations. None of the 16 patients
with WT1 mutations died due to progressive dis
ease.
This study demonstrates that WT1 mutations
and a rhabdomyomatous differentiation are high
ly valuable prognostic markers in the identifica
tion of tumours which respond poorly to preop
erative chemotherapy but having a favourable
outcome at least in low stages. This data will
help to refine risk adapted and individualised
therapeutic strategies and to identify patients
who may benefit from reduced preoperative
chemotherapy.

P124
Fusion of the H4/D10S170 to the PDGFßR
gene in a patient with chronic
myelomonocytic leukemia (CMML) and
resposivness to Imatinib
Drechsler M.(1), Hildebrandt B.(1), Germing
U.(2), RoyerPokora B.(1)
1) Institute of Human Genetics and
Anthropology, Duesseldorf

2) HeinrichHeineUniversity, Department of
Hematology, Oncology and Clinical
Immunology, Duesseldorf
Cytogenetic analysis of a patient with CMML
showed a translocation t(5;10)(q33;q22).
The PDGFßR gene is located at chromosome
5q33 and is disrupted in some cases of hemato
logic malignancies producing different fusion
transcripts. To prove whether the PDGFßR gene
is affected by the translocation a FISH analysis
was performed and indeed the PDGFßR gene
was disrupted. A candidate gene as partner for
the fusion transcript is the H4/D10S170 gene
because of its location on chromosome 10q22.
The disruption of the H4/D10S170 gene was de
scribed for two cases of myeloproliferative dis
orders.
To test whether these two genes were involved
a RT PCR with specific primers for the possible
fusion transcript was performed. A PCR product
of the expected size was observed. Sequencing
of this product showed the presence of the fu
sion transcript with the identical breakpoints de
scribed previously in another case. It is of inter
est that the described breakpoints in the
PDGFßR gene occured at the same site in intron
9 resulting in a transcript starting with exon 10
of the PDGFßR gene.
Because of the involvement of the PDGFßR
gene the patient was treated with Imatinib, a
new drug which interacts specifically with the
function of the activated kinase. Hematologic re
mission of the patient was observed within one
week.

P125
Molecular and cytogenetic characteristics
of the Imatinibresistant cell line KCL22r
and its sensitive counterpart KCL22s
Schiefner J.(1), Rosenhahn J.(2), Weise A.(3),
Michel S.(4), Hennig K.(1), Loncarevic I.(1)
1) Institute of Human Genetics and
Anthropology of the FSU Jena, Tumor
Genetics, Jena
2) Institute of Human Genetics and
Anthropology of the FSU Jena, Core Unit
Chip Application (CUCA), Jena
3) Institute of Human Genetics and
Anthropology of the FSU Jena,
Cytogenetics, Jena
4) Institute of Human Genetics and
Anthropology of the FSU Jena, Jena
Tyrosine kinase inhibitor Imatinib ( STI571,
Glivec) is an effective drug in therapy of chronic
myeloid leukemia (CML). However, some pa
tients present an intrinsic resistance to Imatinib,
especially in advanced disease stage without an
overexpression or mutation of the BCRABL ki
nase. Blast crisis in CML is often accompanied
by karyotype changes like trisomy 8, +Ph,
isochromosome 17q and trisomy 19. To investi
gate whether KCL22r and KCL22s show diver
gent chromosomal aberrations, both cell lines
were analyzed by 24colour and interphase
FISH. KCL22r shows the same aberrations as
KCL22s plus a gain of the derivative chromo
some 8 and loss of chromosome 13. Additional
ly, KCL22r exhibit a translocation t(6;13). Inter
phaseFISH detected two cytogenetically diver
gent sub clones in KCL22s. Whether these
aberrations contribute to the Imatinibresistance
in KCL22r remain obscure. This data will be
compared with the protein profile determined by
protein chip technology (SELDI), to see whether
the differences in the protein profile can be
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linked to the chromosomal changes as the ge
netic basis for the resistance to Imatinib.

P126
Improving forclient letters in routine
genetic counseling
Schäfer D.(1), Stein C.(1), König R.(1), Kettner
M.(2)
1) Universitätsklinikum Frankfurt, Institut
für Humangenetik, Frankfurt/Main
2) Private Universität Witten/Herdecke,
Studium fundamentale, Witten/Herdecke
Genetic counseling should help clients to arrive
at valid decisions concerning healthrelated
problems with a genetic component. However,
maintaining continuity and coherence of the
counseling process becomes difficult, when this
process gets more and more cognitively com
plex, fragmented and scattered over time.
Therefore, supporting the dialogical phase by
means of communication media might be in
creasingly important.
Forclient letters are supposed to serve as a
medium, facilitating clients’ deliberations beyond
the temporal limitations and other constraints of
the actual counseling session. In a former study
we had investigated effectiveness, scope, and
ethical significance of enhancing the flow of
communication by such letters. An established
format (standard letter) had been enriched sys
tematically (enriched letter), based on a tape
recording of the counseling session. Standard
and enriched letters were randomly and double
blindedly given to clients and compared. Alto
gether we had counseled 142 families, 70 of
them because of suspected hereditary
breast/ovarian cancer (HBOC). The results had
proven that clients, who received enriched let
ters, had a significantly better and temporarily
sustained knowledge and comprehension of rel
evant facts.
However, prerequisite for employing “enriched”
letters in routine genetic counseling is a simple
and not time consuming procedure. Conse
quently, we simplified the process for writing en
riched letters and tested its usefulness in coun
seling clients with suspected HBOC: An estab
lished enriched letter for HBOC was modified
according to notes made by the counselor dur
ing the counseling session, avoiding any tape
recording. Analysis of now 30 families revealed
that clients receiving the “simplified enriched
format” had a significantly better knowledge and
comprehension of relevant facts. Therefore it
seems feasible to write communicatively en
riched forclient letters also in routine genetic
counseling.
Supported by BMBFFKZ01KU9904

P127
Investigation of alterations in fanconi
anemia genes FANCE,FANCL and FANCB in
human breast cancer.
Hellweg C.(1), Singh S.(1)
1) University of Hamburg, Institute of
Human Genetics, Hamburg
Breast cancer occurs at a relatively high fre
quency of 10% in the female population of the
western world. Only a small fraction of it mani
fests itself clustered in families mainly due to
germline mutations in the BRCA1 and BRCA2
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genes.The rest 95% of the breast cancers occur
spontaneously as somatic mutations of proba
bly polygenic origin and the underlying gene de
fects and mechanisms are not clear. The likely
candidates are defects in processes of cell cy
cle, DNA repair,and apoptosis including espe
cially the genes whose products interact or in
terfere with DNA repair functions of BRCA1 and
BRCA2 proteins. Recently a novel Fanconi ane
mia/BRCA pathway has been elucidated which
shows at least 8 of the 11 known FA proteins
(A,B,C,D1,D2,E,F,G,I,J,L) interacting with BRCA
proteins in a common signalling pathway in
volved in DNA repair. In order to evaluate the
contribution of the alterations in the FA genes
we started screening some of these genes at ge
nomic and expression level in our collective of
sporadic breast tumors. In this report we pres
ent the results of mutation screening in
FANCE,FANCL and FANCB gene(ongoing).
In a subcollective of 40 breast cancers and 5
breast cancer cell lines without mutations in
BRCA genes all exons and intron exon bound
aries of FANCE,FANCL and the newly discov
ered FANCB gene are investigated by PCR am
plification,SSCP and direct sequencing. Uptil
now only one mutation in exon 5 of FANCE gene
has been found.The work on FANCB gene is still
in progress. This would argue that mutations in
FANCE and FANCL genes are unlikely to be in
volved as frequent cause of defects in
Fanconi/BRCA pathway.

P128
Clinical manifestation of nonhereditary
retinoblastoma is influenced by a parentof
origin effect in a subset of patients
Lohmann D.(1), Schüler A.(2), Jurklies C.(2),
Markus N.(3), Lehnert T.(4), Weber S.(4)
1) Universitätsklinikum, Humangenetik,
Essen
2) Universitätsklinikum, Augenklinik, Essen
3) Universitätsklinikum, IMIBE, Essen
4) Universitätsklinikum, Klinische
Forschergruppe, Essen
Mutation analysis is part of routine management
in patients with isolated unilateral retinoblastoma
(RB). To date, we have identified both oncogenic
RB1 gene mutations in tumors from 230 of 263
of patients (87%). In 34 patients (13%), a muta
tion was also detected in constitutional DNA (pe
ripheral blood), including 14 with obvious muta
tional mosaicism. To identify any differences in
phenotypic expression between patients with
and without a constitutional mutation we ana
lyzed all relevant data including clinical data,
histopathology, and genetic findings. Data were
extracted from source systems (patient oriented
databases), transformed, and loaded into a data
mart using business intelligence software (COG
NOS). Datasets complete with all relevant data
on phenotypic expression were available from
237 of 263 patients. Among other findings we
found that the distribution of age at diagnosis in
patients with a constitutional mutation was not
significantly distinct from that of patients with
out a constitutional mutation. This contrasts the
findings in many hereditary cancers, where age
at diagnosis is earlier compared to that of spo
radic disease. To identify factors associated with
early diagnosis we compared distributions
grouped by certain attributes (drilling down).
Overall, multifocal RBs were diagnosed earlier
than unifocal RBs. However, in several patients
with multifocal RB both oncogenic mutations

were not detected in blood DNA. The distribu
tions of age at diagnosis of tumors with different
RB1 mutations were not distinct. Analysis of age
at diagnosis of tumors with LOH showed that
several patients with nonhereditary RB and re
tention of the paternal allele were diagnosed
early. This caused an extra peak early in the dis
tribution that was absent in nonhereditary pa
tients with retention of maternal alleles. Our find
ings suggest that in a subset of patients with
nonhereditary RB age at diagnosis of is influ
enced by a parentoforigin effect.

P129
Exhaustive mutation analysis of RNASEL in
a hereditary prostate cancer family with
high linkage to 1q25
Vesovic Z.(1), Herkommer K.(2), Paiss T.(2),
Vogel W.(1), Maier C.(1)
1) University of Ulm, Department of Human
Genetics, Ulm
2) University of Ulm, Department of Urology,
Ulm
Linkage analysis identified RNASEL at 1q25 as
a strong candidate for the hereditary prostate
cancer 1 (HPC1). The gene encodes an endori
bonuclease which is a member of the interferon
regulated 25A system. In vitro experiments sug
gested that the RNASEL gene may function as a
tumor suppressor gene. In our genome wide
linkage study for prostate cancer, the family with
the highest individual evidence (ZLR = 2.86, p=
0.002) to the locus of the RNASEL gene, includ
ed four affected brothers and an unaffected one.
In the course of a mutation screening, exon se
quencing did not identify nonsense mutation in
this pedigree. However, the common polymor
phism R462Q was found heterozygous in the af
fected brothers, while the unaffected one had
two Q alleles. Any mutation leading to prostate
cancer would be expected to alter either (1) the
peptide sequence, (2) splice pattern or (3) the
expression level of the gene. Since no deleteri
ous protein variant had been observed by se
quencing the coding region, we searched for
aberrant splicing. PCR products from cDNA did
not reveal any length variation in three affected
brothers, thus transcripts were spliced correct
ly. In order to test if both RNASEL alleles are ex
pressed we determined their presence in cDNA
compared to genomic DNA by SNaP Shot analy
sis for the R462Q variant. The result confirmed,
that in every proband both alleles were present
at equal amounts. The absence of RNASEL mu
tation in this significantly linked family may ask
for further candidate genes in 1q25.

P130
Deleterious germline mutations of the MSR1
gene in prostate cancer families from
Germany
Maier C.(1), Vesovic Z.(1), Bachmann N.(1),
Herkommer K.(2), Paiss T.(2), Vogel W.(1)
1) University of Ulm, Department of Human
Genetics, Ulm
2) University of Ulm, Department of Urology,
Ulm
The short arm of chromosom 8 was indicated by
linkage analyses to harbour a gene pedisposing
to hereditary prostate cancer. Germline muta
tions were found subsequently, in the gene en
coding the Macrophage Scavenger Receptor
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(MSR1) at 8p22. These variants include one non
sense (R293X) and several missense mutations
within the family collection that initially provided
evidence for linkage. To date however, the role
of MSR1, as of other suggested hereditary
prostate cancer genes, has remained unclear.
This is due to a pronounced heterogeneity,
which has been complicating the confirmation of
linked loci and candidate genes therein, on the
basis of an independent familiy collection. We
have gained evidence of linkage to 8p22 previ
ously in a genome wide scan in prostate cancer
families from Germany. These families have been
used in the present study in order to (1) clarify, if
MSR1 is the relevant gene at 8p, and (2) what
would be its impact for prostate cancer suscep
tibility in the German population. The candidate
gene approach included 139 prostate cancer
families with at least two affected relatives. Out
of each family the index case was selected for
sequencing of the 11 exons of the MSR1 open
reading frame. In the ongoing screenig we re
covered the known R293X variantion in two of
our familial prostate cancer cases. Moreover,
two further deleterious germline mutations were
identified each in a single family: a nonsense
mutation S84X, and a splice site mutation IVS5
1. Rare missense mutations include the variants
H235Y, P286S, P392R, A398G and K430R. To
our knowledge, our study is the first to provide
further deleterious variants of MSR1 apart from
the initially reported R293X. Genotyping of addi
tional nonfamilial (n = 380) cases and healthy
controls (n = 210) is in process, and will help to
evaluate the impact of the identified variants in
the development of prostate cancer.

P131
GenexpressionsProfile zur Prognose
Bestimmung beim Mammakarzinom
Wilke K.(1)
1) Agendia B.V., Amsterdam
Nach einer Umfrage ist die Möglichkeit einer in
dividualisierten adjuvanten systemischen Ther
apie die wichtigste Herausforderung bei der Be
handlung von Brustkrebs. Dabei sind die bish
erigen klassischen Kriterien nur unzureichend in
der Lage, Patientinnen zu identifizieren, die ohne
adjuvante Therapie Metastasen entwickeln wür
den und daher eine adjuvante Therapie benöti
gen. Um solche Patientinnen zu identifizieren, ist
eine genaue Bestimmung des MetastaseRisikos
notwendig. Die dazu durchgeführte Unter
suchung (MammaPrint) erfolgt anhand einer Tu
morprobe der Patientin mit Hilfe von Microar
rays. Dabei wird das GenexpressionsProfil von
70 PrognoseGenen bestimmt, sowie von 1.000
KontrollGenen. Die Untersuchung erlaubt eine
hohe PrognoseGenauigkeit: Bei Lymphknoten
negativen Patientinnen unter 55 Jahren im Tu
morstadium 1 oder 2 beträgt die Überlebensrate
nach 10 Jahren 97%, wenn eine gute Prognose
ermittelt wurde. Ein hoher Anteil von 40% der
Patientinnen wird aufgrund der Untersuchung
der Gruppe mit guter Prognose zugeordnet und
kann potenziell von einer systemischen Therapie
ausgespart werden. Die Zuverlässigkeit des
GenexpressionsProfils wurde in externen Vali
dierungsStudien bestätigt. Eine neue Heraus
forderung ist jetzt die Entwicklung von Profilen
für weitere Patientengruppen und die Erschlies
sung anderer Anwendungsgebiete, wie z.B. die
Vorhersage von lokalen Rezidiven oder die
Lokalisierung des Primärtumors bei CUPPatien
ten (carcinoma of unknown primary).

P132
Earlier age at diagnosis in patients with
MLH1 versus MSH2 mutations. Results of
the German HNPCC Consortium study
Goecke T.O.(1), Schulmann K.(2), Engel C.(3),
HolinskiFeder E.(4), Pagenstecher C.(5),
Schackert H.K.(6), Kloor M.(7), Kunstmann
E.(8), Vogelsang H.(9), Keller G.(10), Dietmaier
W.(11), Mangold E.(5), Friedrichs N.(5),
Propping P.(5), Krüger S.(6), Gebert J.(7),
Schmiegel W.(2), Rueschoff J.(12), Loeffler
M.(3), Moeslein G.(13)
1) University of Düsseldorf, Institute of
Human Genetics, Düsseldorf
2) Knappschaftskrankenhaus, Ruhr
University, Department of Medicine,
Bochum
3) University of Leipzig, Institute of Medical
Informatics, Statistics and Epidemiology,
Leipzig
4) LudwigMaximilianUniversity, Institute of
Human Genetics, Munich
5) University Hospital, Institute of Human
Genetics, Bonn
6) Dresden University of Technology,
Department of Surgical Research, Dresden
7) University of Heidelberg, Department of
Molecular Pathology, Heidelberg
8) RuhrUniversity, Institute of Human
Genetics, Bochum
9) Technical University, Department of
Surgery, Munich
10) Technical University, Institute of
Pathology, Munich
11) University Regensburg, Institute of
Pathology, Regensburg
12) Klinikum Kassel, Department of
Pathology, Kassel
13) University of Düsseldorf, Department of
Surgery, Düsseldorf
Hereditary nonpolyposis colorectal cancer (HN
PCC) accounts for 2%5% of the colorectal can
cer burden. This autosomal dominantly inherit
ed syndrome predisposes to colorectal cancers
(CRC), but also to endometrial, gastric, hepato
biliary, urinary tract, and ovarian cancers as well
as brain and skin tumours. Criteria (Amsterdam,
Bethesda) to identify patients and their families
have been deviced. Since the effectiveness of
surveillance programmes have been demonstrat
ed to reduce the incidence and mortality of CRC
in HNPCC patients early identification of cases
is mandatory. A large nationwide multicenter
study was started by the German HNPCC Con
sortium in 1999 aiming at establishing compe
tent clinical management and advice as well as
genetic counselling and testing in an interdisci
plinary approach.
We report on phenotypic aspects in patients with
deleterious mutations in MLH1 and MSH2 se
lected from families satisfying the Amsterdam
and Bethesda criteria. The frequency of CRCs
was 78% in patients with MLH1 and 65% with
MSH2 mutations. Rectal cancers were in 20%
the first colorectal tumor event. Gastric cancer
(4%5%) was the third most common cancer.
Urinary tract malignancies were seen more fre
quently in MSH2 mutation carriers. Skin tumours
were predominantly, and CNS tumours and
prostate cancer were exclusively seen in MSH2
patients. Syn/metachronous cancers occurred
in about 20% of cases. We detected significant
ly earlier age at diagnosis in MLH1 versus MSH2
mutation carriers both in regard to first cancer
(41 vs. 44 years, p=0.0042) and to first CRC (43
vs. 46 years, p<0.0001). There were no differ
ences between genes with respect to survival.

Age at death was significantly earlier in MLH1 as
compared to MSH2 mutation carriers.
The identification of genotypephenotype corre
lations could provide a basis for an enhanced ef
ficiency of surveillance taking the individual or
gan and age at risk into account.
Supported by the Deutsche Krebshilfe

P133
Germinal mutations of NBS1 gene as a risk
factor in childhood acute lymphoblastic
leukemia.
Mosor M.(1), Januszkiewicz-Lewandowska
D.(1), Zi ‡kowska I.(1), Nowak J.(1)
1) University of Medical Sciences, Institute
of Human Genetics Polish Academy of
Sciences, Poznan, Poland
Biallelic NBS1 gene mutation and chromosomal
abberrations are etiopathogeneticaly associated
with Nijmegen breakage syndrome (NBS) along
with high incidence of lymphoproliferative dis
eases. Product of NBS1 gene, nibrine is genome
guard and is functionally involved in DNA dou
ble strand breaks repair. Heterozygous germinal
mutations 657del5 and R215W have been as
sosciated with increase susceptibility to malig
nancies including breast and ovary cancer,
melanoma malignum and medulloblastoma. So
far reports on heterozygous NBS1 mutations in
lymphoproliferative diseases are rare and con
troversial. The aim of the present study was to
analyse the mutations in all 16 exons of NBS1
gene in children with acute lymphoblastic
leukemia (ALL). To discriminate between germi
nal and somatic mutations DNA was isolated
from either leukemic or normal oral epithelium
cells. The NBS1 mutations have been detected
by PCRsingle strand conformation polymor
phism and confirmed by direct sequencing. Out
of 113 ALL cases the following four NBS1 gene
mutations in 6 patients have been identified: in
exon 5 I171V (3 cases), in exon 6 R215W, V210F
and 657del5. In addition in 23 children novel in
tron variants: IVS1430A/T, IVS15+88C/G, IVS7
18G/A, and IVS842 G/C have been detected. In
100 controls (unused Guthrie card) none NBS1
gene mutation has been found. All the above
NBS1 mutations have been identified at the time
of diagnosis and during remission both in pe
ripheral blood and oral epithelium cells. This in
dicate that the observed mutations in NBS1
gene are of germinal origin. On the basis of ob
tained result NBS1 gene germinal mutations can
be considered as a risk factor in the develop
ment of acute lymphoblastic leukemia.

P5

This work is supported by Ministry of Sciences
and
Informatics
grant
no
PBZKBN
090/005/2003.

P134
hTERT and hTERC gene amplification in
selected childhood malignancies
Nowak J.(1), Januszkiewicz-Lewandowska
D.(1), Zawada M.(1), Pernak M.(1), Maækowski
P.(1), Nowicka K.(1), Rembowska J.(1),
Lewandowski K.(1)
1) University of Medical Sciences, Institute
of Human Genetics Polish Academy of
Sciences, Poznan, Poland
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Telomerase, a ribonucleoprotein complex, con
sists of reverse transcriptase (hTERT), telom
erase associated protein (TP1) and RNA tem
plate for telomeric DNA synthesis (hTERTC).
Telomerase allows cells to grow indefinitely and
it is believed that reactivation of telomerase
plays an important role in cell immortalization
and carcinogenesis. In this study high telom
erase activity in selected solid tumours (Wilms
tumour, neuroblastoma) and in acute leukemias
in children has been observed allowing to distin
guish neoplastic cells from normal ones. All
studied telomerase components were consis
tently expressed in cancer cells. Neoplastic RNA
produced consistently very strong amplification
signals either for hTERC, hTERT and TP1. The
expression of hTERC, TP1 and hTERT was also
observed in some normal bone marrow cells and
peripheral blood lymphocytes. The limiting dilu
tion experiments indicated that the cancer cells
have at least 100fold higher telomerase activi
ty and at least 25fold higher TP1 and hTERT ex
pression in comparison to normal cells. FISH
analysis revealed amplification of hTERT and
hTERC genes in malignant cells. It can be con
cluded that all cancer cells tested have higher
telomerase expression and activity, as compared
to normal cells. The high expression and activi
ty of telomerase in cancer cells can be explained
by amplified hTERT and hTERC genes.
This work is supported by Ministry of Sciences
and Informatics grant no PBZKBN090/
PO5/2003.

2) ErnstMoritzArndtUniverstity, Institute
of Pathology, Greifswald
Classic histological grading and molecular ge
netic analysis of epithelial hyperplastic laryngeal
lesions (EHLL) were correlated in an attempt to
elucidate, which classic marker reflects best the
gradual progression of laryngeal premalignant
lesions as determined by an increasing number
of molecular genetic aberrations. Thirtytwo
EHLL were grouped according to four grades of
nuclear atypia, four degrees of epithelial matu
ration and three groups of overall and
suprabasal mitotic activity. Overall and
suprabasal proliferative activity were measured
by MIB1 immunostaining. Allelic imbalance was
determined by PCR using 32 microsatellite loci
at nine chromosomal arms comprising 3p, 6p,
6q, 8p, 9p, 9q, 13q, 17p, and 18q. Of the six
classic criteria, only progressive mitotic indices
correlated with allelic alterations in a remarkable
variety of microsatellite markers, especially at
chromosome 17p. Using the number of allelic al
terations as standard for assessment, this pre
liminary study gives first evidence that certain
morphological criteria could reflect differently
the gradual progression of premalignant laryn
geal lesions with mitotic index being the most
promising marker. Further studies with longterm
followup are required to prove the predictive
value of these criteria in daily practice.

P06 Cytogenetics
P135
Cytogenetic and Molecular Cytogenetic
analysis of a 10;11 rearrangement in adult
acute leukaemia
Türkmen S.(1), Bommer C.(1), Rackwitz S.(2),
Robinson N.(1), Mundlos S.(1)
1) Institut für Medizinisiche Genetik,
Universitätsklinikum Charité Berlin, Berlin
2) Universitätsklinikum Charité Berlin, Klinik
für Innere Medizin mit Schwerpunkt
Hämatologie und Onkologie, Berlin
A recurrent chromosome aberration involving
11q23/MLL and the short arm of chromosome
10 is a wellrecognised but rare abnormality in
acute leukaemia. Molecular studies have shown
that the AF10 gene at 10p12 is consistently a
partner gene in cases with 10;11 rearrangement.
This rearrangement appears to fuse the 5’ end
of MLL and the 3’ region of AF10 through a
mechanism that is more complex than a recipro
cal translocation, implicating an inversion of one
of the two genes to permit the formation of the
MLL/AF10 transcript. Here we report the cyto
genetic and molecular cytogenetic analysis of a
57 year old patient with a clinical diagnosis of
AML M5 with inverted insertion of chromosome
11 in chromosome 10p12. In contrast to other
reported cases, in our patient this insertion is as
sociated with a 3’MLL deletion.

P136
Allelic alterations in comparison to
morphological grading characteristics in
premalignant laryngeal lesions
Poetsch M.(1), Kleist B.(2)
1) ErnstMoritzArndtUniversity, Institute fo
Forensic Medicine, Greifswald
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P137
Is SilverRussell syndrome associated with
maternal Duplication of 11p15?
Meyer E.(1), Obermann C.(1), Heil I.(1), Schüler
H.(1), Eggermann K.(1), Wollmann H.(2),
Eggermann T.(1)
1) RWTH Aachen, Institute of Human
Genetics, Aachen
2) University Tübingen, University Children’s
Hospital, Tübingen
SilverRussell syndrome (SRS) is a heteroge
neous malformation syndrome characterised by
intrauterine and postnatal growth retardation
(IUGR/PGR) (<3rd percentile). SRS patients
show numerous additional dysmorphisms such
as relative macrocephaly, small triangular face,
downturned corners of mouse, clinodactyly V,
and asymmetry of head, limbs and trunk. So far,
the cause of SRS remains unknown in most cas
es, however in approximately 10% of SRS pa
tients a maternal uniparental disomy (UPD) of
chromosome 7 or chromosomal aberrations can
be detected. Recent examinations reveal an in
volvement of genes in 11p15 in the aetiology of
SRS: In two different studies four growth retard
ed children associated with maternal duplication
of 11p15 have been described. Two of these
children showed SRSlike features. Interesting
ly the Beckwith Wiedemann syndrome (BWS)
critical region is located in this particular area. In
BWS patients paternal UPD11 and genomic dis
turbances within 11p15 can be observed. Giving
the involvement of this genomic region in BWS,
we postulated that SRS – with an opposite phe
notype to BWS – might also be caused by ge
nomic disturbances in 11p15. By short tandem
repeat typing we detected two SRS patients with
duplications of maternal 11p material in our
study population (n=46). In patient SR46, the du

plicated region covered at least 9 Mb; FISH
analysis revealed a translocation of 11p15 to
10q. In patient SR90, additional 11p15 material
(approximately 5 Mb) was translocated to the
short arm of chromosome 15. In conclusion, the
search for maternal duplication of 11p15 will
shed more light on the aetiology of SRS. Since
SRS is a heterogenous condition, we think that
carriers of 11p15 disturbances are a subgroup
of SRS. We suggest that a diagnostic testing for
duplication in 11p15 should be offered to pa
tients with severe IUGR and PGR in combination
with clinical signs reminiscent to SRS.

P138
Paleopathological diagnostic and ancient
DNA  molecular cytogenetic investigations
of teratological samples of the Meckel
Anatomical Collection (Halle/Saale,
Germany)
Göbbel L.(1), Schultka R.(1), Klunker R.(1),
Gerlach A.(2), Tönnies H.(2)
1) MartinLutherUniversität, Halle
Wittenberg, Institut für Anatomie und
Zellbiologie, Halle/Saale
2) Charité Universitätsmedizin Berlin,
Campus VirchowKlinikum, Institut für
Humangenetik, Berlin
Between the middle of the 18th to the early 19th
century, the study of human congenital malfor
mations, especially those dramatic examples
designated as ‘monsters’, attracted special at
tention. One of the finest European collection in
this field was the teratological section of the
Meckel Cabinet, the collection of Johann
Friedrich Meckel the Elder (17241774), his son
Philipp Friedrich Theodor Meckel (17551803)
and his grandson Johann Friedrich Meckel the
Younger (17811833). The collection increased
substantially during Meckel the Younger’s activ
ity as professor of anatomy and physiology
(18051833) at Halle University. Between 1812
and 1818, J. F. Meckel the Younger published a
threevolume ”Handbook of pathological anato
my”, which became the standard work on tera
tology in the 19th century. Most of the anom
alous samples of the Meckel Collection were de
scribed in his books and his articles as well as
in the medical doctor theses of Meckel’s stu
dents. These samples are still an integral part of
the Anatomical Collections of the Department of
Anatomy and Cell Biology in Halle an der Saale.
During the last years the collection of human
congenital anomalies was recatalogued. More
over, all dried specimens (i.e. pathological skele
tons, skulls) were redescribed according to
contemporary syndromological views. The col
lection contains also many alcohol or formalde
hyde preparations which represent rare samples
of human and animal congenital malformations.
In order to diagnose these rare anomalies, we
developed a research project in which molecu
lar cytogenetic investigations (CGH) as wells as
radiographical techniques, computed tomogra
phy (CT), spiral CT and magnetic resonance im
aging (MRI) play an important role. The value of
the comparative genomic hybridization(CGH)
based strategy for the analysis of ancient DNA
(aDNA) samples extracted from fetuses pre
served in the Meckel Anatomical Collection in
Halle is discussed in this paper.
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Situs inversus and heart defect in a girl with
a chromosome translocation t(X;1) and
involvement of ZIC3
Tzschach A.(1), Viertel P.(1), Hoffmann K.(1),
Beyer A.(2), Ocker V.(3), Wurster K.G.(4),
Kalscheuer V.(1), Ropers H.H.(1), Heilbronner
H.(5)
1) MaxPlanckInstitute for Molecular
Genetics, Berlin
2) Schöttlestr. 34C, Stuttgart
3) Olgahospital, Klinik für Kinder und
Jugendmedizin, Stuttgart
4) Gerokstr. 27, Stuttgart
5) Olgahospital, Institut für Klinische
Medizin, Stuttgart
We report on a girl of 2 years with situs inversus
and a complex heart defect. Apart from a slight
anal ectopia, no other abnormalities have been
detected. Chromosome analysis revealed a de
novo balanced chromosome translocation
46,X,t(X;1)(q26;p13.1). Molecular cytogenetic in
vestigations identified a breakpoint spanning X
chromosomal BAC clone containing the ZIC3
gene. Mutations in ZIC3 are known to cause si
tus inversus and heart defects in males. This is
the first report of a live born girl with an Xauto
some translocation involving the ZIC3 region.

Are there different ways to build
chromosomal inversions during evolution
and in socalled heteromorphisms in
human?
Mrasek K.(1), Schmidt S.(1), Starke H.(1),
Claussen U.(1), Liehr T.(1), Weise A.(1)
1) Institut für Humangenetik und
Anthropologie, Jena
To map the breakpoints of the wellknown con
stitutional pericentric inversions in human chro
mosomes 2 and 9 high resolution multicolor
banding (MCB) and human Bacterial Artificial
Chromosomes (BACs) located in the correspon
ding pericentric regions were applied. Four cas
es, each, were studied with, according to band
ing cytogenetics, the same inversions on chro
mosome 2 or 9. Applying the aforementioned
molecular cytogenetic methods we obtained ev
idence for the existence of 3 different break
points, each, for the pericentric inversions in hu
man chromosomes 2 and 9. Based on the mo
lecular cytogenetic data for the variants found in
2/4 cases sequence analysis were performed
using the NCBI database. Thus, the one
analysed breakpoint region, each, of the peri
centric inversion of human chromosomes 2 and
9 is characterized by gene destitution, multitude
repeats as well as pseudogenes and a high de
gree of homologous sequences to the break
point on the corresponding other chromosome
arm. In contrast, evolutionary inversion break
points usually do not have such extensive cross
hybridizing regions and are often associated
with known fragile sites of the (human) genome.
According to these molecular characteristics it
can be speculated, that evolutionary inversions
do not originate from constitutional inversions
like the here studied ones of human chromo
somes 2 and 9.
Supported by the Dr. Robert PflegerStiftung
and in parts by the Deutsche Krebshilfe/Mildred
Scheel Stiftung für Krebsforschung (703125
Li1) and the IZKF together with the TMWFK (TP
3.7 and B30704004).

P140
Towards a better understanding of the
heteromorphic patterns in chromosome 9
Starke H.(1), Claussen U.(1), Tönnies H.(2),
Liehr T.(1)
1) Institut für Humangenetik und
Anthropologie, Jena
2) Institut für Humangenetik, Charité, Berlin
Among the nonacrocentric human chromo
somes, chromosome 9 presents with the highest
degree of morphological variations. Variants, also
called heteromorphisms, like 9qh+, 9qh or
inv(9)(p11q13) are common findings in routine cy
togenetics. In a previous study we characterized
in summary thirteen molecularcytogenetically dif
ferent heteromorphic pattern of the pericentric
region of chromosome 9 (Starke et al., 2002; Eur
J Hum Genet 10:790800). In that study we used
a set of three fluorescence in situ hybridization
(FISH) probes: a chromosome 9 specific alpha
satellite probe, a chromosome 9 specific classi
cal satellite III DNA probe and a microdissection
probe specific for 9p12/9q1321.1. This probe
set was enlarged in the meantime by socalled
subcentromeric BACprobes located in 9p12 and
9q13, respectively (probes are specified in Starke
et al., 2003; Hum Genet 114:5167). Thus, we
were able to characterize 3 additional, previous
ly unreported heteromorphic pattern of chromo
some 9 and to describe variants like ‘9ph+’ (acc.
to Starke et al., 2002) in more detail. The biolog
ical and/or clinical significance of chromosome 9
heteromorphisms is still unclear. Connection with
reproductive failure, mentally retardation, schiz
ophrenia, the WalkerWarburg syndrome, the
oculoauriculovertebral (Goldenhar) spectrum
and even with cancer predisposition were sug
gested throughout the literature. The now avail
able possibility to distinguish by FISH between
the different heterochromatic patterns hidden be
hind the cytogenetic finding of a ‘heterochromat
ic variant of chromosome 9’ will lead to a clear
er genotypphenotype correlation of chromo
some 9 heteromorphisms in future.
Supported by the Dr. Robert PflegerStiftung.

P142
High resolution molecular cytogenetic
studies of chimpanzee chromosomes
Gross M.(1), Liehr T.(1), Claussen U.(1),
Trifonov V.(2), Weise A.(1)
1) Institut für Humangenetik und
Anthropologie, Jena
2) Institute of Cytology and Genetics,
Novosibirsk, Russia
We applied multitude multicolor banding (mMCB
– Weise et al., 2003 Cytogenet Genome Res
103:3439) in combination with a novel FISH
DNA probe set including subcentromeric, sub
telomeric and whole chromosome painting
probes (subCTM) to characterize a Pan paniscus
(PPA) cell line. These two high resolution FISH
techniques allowed to refine the breakpoints of
a pericentric inversion on chimpanzee chromo
some 4, and discovered a novel cryptic pericen
tric inversion in chimpanzee chromosome 11.
Additionally, we did the first high resolution
analysis of breakpoints on PPA chromosome 4,
which are within a long terminal repeat (LTR) and
surrounded by segmental duplications as well as
the integration/expansion sites of the interstitial
heterochromatin on chimpanzee chromosome 6
and 14. Furthermore, the pericentric inversion
breakpoints on PPA chromosomes 16 and 17

could be refined and a proposed pericentromer
ic inversion on PPA chromosome 18 could be
disproved. Moreover, by application of glass
neadle based microdissection, we found evi
dence for different types of heterochromatin in
the chimpanzee genome. Finally, karyotypes of
three chimpanzee subspecies were studied by
mMCB and no cytogenetic differences were
found although the phylogenetic distance be
tween these subspecies is suggested to be 2.5
million years.
Supported in parts by the DFG (17/135/03) and
the INTAS (2143).

P143
New centromerenear and subtelomeric
rearrangements detected in Pongo
pygmaeus supspec.
Weise A.(1), Starke H.(1), Claussen U.(1), Liehr
T.(1)
1) Institut für Humangenetik und
Anthropologie, Jena
The phylogeny of human and ape chromosomes
is not yet fully established, although previous
studies on that topic have been done by band
ing cytogenetics as well as molecular cytogenet
ics. To refine the established comparative maps
human probes specific for chromosomearms,
chromosome bar code, multicolor banding
(MCB), locusspecific YAC/BAC or cosmid
probes and microdissectionderived probes of
different species have been used. For the more
detailed molecularcytogenetic characterization
of Pongo pygmaeus pygmaeus (PPYp) in com
parison to Pongo pygmaeus abelii (PPYa) and
Homo sapiens (HSA) we applied a method called
subCTMFISH for which 24 human chromo
somespecific probe sets were created as fol
lows: a whole chromosome paint, the correspon
ding subcentromeric probes (as described in
Starke et al. 2003; Hum Genet 114:5167) and
subtelomeric probes (Knight and Flint, 2000; J
Med Genet 37:401409) were combined in a
fivecolorFISH approach. Applying all 24 sub
CTMFISH probe set, we found new cryptic re
arrangements in HSA compared to PPY. HSA
has a pericentric inversion in #1 compared to
PPY; PPY has a deletion of the subtelomeric
probe derived from HSA 17p13.3; the PPY chro
mosomes homologous to HSA #20 show a co
localization of subcen 20q and subtel 20p, which
suggests a possible double inversion. Addition
ally, hints on more complex events in regions ho
mologous to HSA 1p36.1, #3 and #17 can be
suggested. Moreover, PPYa seams to have an
additional inversion in the pericentromere of
chromosome 1 compared to PPYp. In summary,
the systematic application of subCTMFISH is
highly suitable to detect up to present over
looked cryptic rearrangements in Hominidae.
Supported in parts by INTAS (2143).

P6

P144
Multicolorbanding applied in 3Dpreserved
interphase and metaphase nuclei
Steinhaeuser U.(1), Starke H.(1), Ziegler M.(1),
Claussen U.(1), Liehr T.(1)
1) Institut für Humangenetik und
Anthropologie, Jena
Human cytogenetic preparations obtained by the
airdrying procedure of chromosome preparation
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are good targets for molecular cytogenetics, in
general. However, this standard procedure leads
to a flattening of the originally spherical inter
phase and metaphase nuclei. Thus, when inter
phase or metaphase architecture shall be stud
ied this flattening leads to questionable results.
Recently we reported an approach called sus
pensionFISH (SFISH) where the whole FISH
procedure is performed on cell suspension. We
proved that it is possible to do 3Danalyses on
totally spherical interphase nuclei or even on
threedimensional metaphases (Steinhaeuser et
al., J Histochem Cytochem 2002, 50:1697
1698). Here we present a revised SFISH proto
col that enables three major improvements com
pared to the published one: (i) the high loss of
cells (~70%) during the SFISH procedure was
reduced to ~30%, (ii) the cells are embedded
now as a final step of the protocol in a 0,5%
DAPIVectorshield agarosegel, thus, cells can
not move during fluorescence microscopic eval
uation and (iii) multicolorFISH experiments can
now be performed easily. We did 3Danalysis of
FISHbanded chromosomes X and 5 in
metaphase and interphase using multicolor
banding (MCB). This data, especially on the lo
calization of the Xchromosomes shall be com
pared with the localization of derivative Xchro
mosomes like der(X)t(X,12) or der(X)t(X;12).
Supported in parts by the “Förderverein des
Klinikums der FSU Jena e.V.” and the IZKF to
gether with the TMWFK (TP 3.7 and B307
04004).

P145
ECARUCA: a new online clinical database
for rare chromosome abnormalities
Feenstra I.(1), Koolen D.(2), Siezen A.(2), Fang
J.(3), Evans C.(3), Schinzel A.(4), Lees M.(5), de
Vries B.(2), van Ravenswaaij C.(2)
1) University Medical Hospital Nijmegen,
Department of Human Genetics, Nijmegen
2) University Medical Centre Nijmegen,
Department of Human Genetics, Nijmegen
3) Middlesex University, School of
Computing Science, London
4) University of Zurich, Institute of Medical
Genetics, Zurich
5) University College London, Institute of
Child Health, London
During recent years a considerable improvement
in diagnostic techniques has enabled cytoge
neticists to find more and smaller chromosomal
aberrations. However, accurate clinical knowl
edge about rare chromosome disorders is fre
quently lacking, mostly due to a significant de
cline in publishable cases. On the other hand,
there is an increasing demand from parents and
physicians for reliable information about the dis
order of their child or patient.
Therefore, we established the European Cytoge
neticists Association Register of Unbalanced
Chromosome
Aberrations
(ECARUCA);
http://www.ecaruca.net/ . This internetaccessi
ble database collects cytogenetic and clinical
data of (non) published cases with a rare chro
mosome abnormality. This includes microscop
ic visible aberrations, as well as micro deletions
and –duplications.
Cytogenetic results and clinical data of patients
can be submitted and the database can be
queried online.
Currently the database contains over 5000 chro
mosomal aberrations from over 4000 patients.
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Searches in the database using either clinical
features or chromosomal aberrations can be
performed trough the Internet after receipt of an
account. Submission of data to retain the up to
date quality of the collection can be done trough
the website as well. The latter will allow the ex
change of knowledge in single cases, with either
wise not publishable, clinically relevant features.
The collection and exchange of cytogenetic re
sults combined with clinical features will allow
for accurate information on clinical aspects of
rare chromosome disorders that can be used by
professionals involved. Additionally, the making
of detailed correlations between chromosome
aberrations and their phenotype is of invaluable
help in localizing genes for mental retardation
and congenital anomalies.

P146
Problems with karyotypes due to ambiguous
ISCN 1995 nomenclature  a CyDAS based
analysis
Hiller B.(1), Rieder H.(1,2)
1) Institut für Klinische Genetik, Philipps
Universität, Marburg
2) Institut für Humangenetik und
Anthropologie, HeinrichHeineUniversität,
Düsseldorf
Thorough analysis of grammar, syntax and
meaning of ISCN elements and their combina
tions was required during development of a soft
ware system for the analysis of ISCN data.
Though ISCN 1995 is said to have been devel
oped with consideration of computerized analy
sis, there are some inconsistencies and some
features which are prone to cause errors by the
user of ISCN.
The designation of bands involved in rearrange
ments is optional and bands are included in an
extra pair of brackets separated from their chro
mosomes. Thus chromosomes and bands may
be put into nonconsistent positions, and give
raise to hardly detectable errors.
The use and positioning of multiplicators is pure
ly chaotic, sometimes they precede the aberra
tion, sometimes they follow the aberration with
a multiplication sign inbetween, sometimes the
aberration is to be shown twice or their duly use
remains unclear.
The short nomenclature is often regarded as the
ideal solution, but it is severely incomplete from
a mathematical point of view. All its operators,
i.e. the symbols describing aberrations, actual
ly expect nonderivative chromosomes as input,
and short nomenclature boldly fails as soon as
an aberration spans a junction in a derivative
chromosome. The long nomenclature still copes
with most of such rearrangements and its use
ought to be encouraged.
The symbol ‘t’ had many different meanings in
older ISCN, and with ISCN 1995 it still could
mean either a translocation or  when preceded
by a ‘der’ clause  the formation of a dicentric
chromosome. Such dicentric chromosomes im
pose severe extra efforts for calculation, and are
very often erroneous obviously because of the
ambiguity.
The description of involvements of centromeric
fragments in rearrangements is totally missing in
the ISCN, e.g. duplication of pericentric regions
or insertion of a centromeric fragment.
In summary, the project caused a new view on
the nomenclature of cytogenetic findings which
may lead to an improved ISCN.

P147
Pure maternal trisomy of distal 11p as a
result of a nonreciprocal translocation
characterised by microdissection
Heil I.(1), RudnikSchöneborn S.(1), Eggermann
T.(1), Schüler H.M.(1)
1) Institute of Human Genetics, Aachen
We report on a 11 months old girl with pure par
tial trisomy of the distal short arm of chromo
some 11. As clinical manifestations, our patient
showed severe intrauterine and postnatal growth
retardation with measurements corresponding to
a newborn when last seen, major problems to
thrive, and developmental delay. Her face was
asymmetric, dysmorphic, and suggestive of a
craniostenosis syndrome. Conventional chromo
some analysis was done on the patient and her
parents and revealed an altered chromosome 5
with extra material on the short arm. By the ap
plication of FISH with chromosome 5specific li
brary, with a subtelomeric probe set and with a
probe generated by microdissection of the aber
rant chromosome 5p the patient’s chromosomal
imbalance could be interpreted as de novo par
tial trisomy 11p, which resulted from a nonre
ciprocal translocation 5/11. A coexisting deletion
of chromosome 5p could be ruled out by FISH
with the subtelomeric probe of 5p. Molecular ge
netic investigation confirmed duplication of a re
gion of at least 5 Mb, which is implicated in
Beckwith Wiedeman syndrome (BWS), and
showed this rearrangement being maternal in
origin. Only a few cases of pure partial trisomy
11p of maternal origin have been reported.
Whereas, paternal duplications of the distal re
gion of 11p result in the overgrowth characteris
tic of BWS, the maternal derived duplication of
terminal 11p is in particular associated with
growth retardation. The delineation of a distinct
phenotype of maternal duplication of distal 11p
needs further reports. Nevertheless, all patients
described show marked growth retardation and
share some dysmorphic features, which might
resemble the opposite phenotype to BWS and
contributes to the aetiology of SilverRussell
syndrome (SRS). This case further demonstrates
the advantages of MicroFISH and FISH with
subtelomeric probes in the characterisation of
chromosomal aberrations and the identification
of breakpoints.

P148
Familial occurrence of partial trisomy 12q
leading to different phenotypes
Wimmer R.(1), Muschke P.(1), Tönnies H.(2),
Stumm M.(3), Volleth M.(1), Wieacker P.(1)
1) OttovonGuerickeUniversität, Institut
für Humangenetik, Magdeburg
2) Charité, Institut für Humangenetik, Berlin
3) Praxis Prof. R.D. Wegner, Berlin
We report on a familial case of an unbalanced
translocation consisting of partial trisomy 12q
and minimal monosomy 5q. The index patient
was a female newborn with macrosomy and
dysmorphic features including cleft palate, broad
nasal bridge, retrognathy, epicanthal folds, low
set ears and a deep crease between hallux and
second toe. Later on, febrile seizures occurred
and mental retardation is obvious. NMR analysis
revealed demyelinisation of the paraventricular
white matter and mild atrophy of the cortex. The
karyotype is 46,XX,der(5)t(5;12)(q35;q24.3). This
karyotype was confirmed by comparative ge
nomic hybridization (CGH) followed by FISH with
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a wcp 12 probe and a 5q subtelomeric probe
which revealed loss of the distal end of 5q.
Unexpectedly, the same unbalanced karyotype
was detected in the mother who only exhibits a
learning disability without dysmorphic features.
In conclusion, we describe a new partial trisomy
12q with broad phenotypic variability.

P149
The hierarchically organised splitting of
chromosome bands into subbands
analysed by multicolourbanding (MCB) and
chromosome stretching
Claussen U.(1), Nelle H.(1), Hliscs R.(1),
Küchler A.(1), Weise A.(1), Liehr T.(1)
1) Institute of Human Genetics and
Anthropology, Jena
The splitting of chromosome bands into their
subbands has its implications for the precise
mapping of DNA probes at the subband level
and for the understanding of the chromosome
architecture. Surprisingly, there have been near
ly no scientific investigations dealing with that
process. Here we investigated the hierarchically
organised splitting of bands in detail using the
multicolour banding (MCB) probe set of different
human chromosomes (#5, 6, 18,19 and X) hy
bridised to normal human metaphase and
prometaphase chromosomes at the ~850,
~550, ~400, and ~300band level. The analy
sis were performed by comparing the disappear
ance and appearance of pseudocolour bands
of the four different band levels. The regions to
split first are telomere and centromerenear. The
directions of band splitting towards the cen
tromere or the telomere could be assigned to
each band separately. In contrast to the GTG
band ideograms published in ISCN 95 at the
850, 550, and 400band level pseudocolours
assigned to GTGlight bands are resistant to
band splitting. GTGdark bands split into their
dark and light subbands because inside dark
bands light subbands appear which are rather
resistant to further elongation. This confirms the
results obtained by stretching of GTGbanded
chromosome 6 published by Hliscs et al. (Cyto
genet Cell Genet 79:162166, 1997). In this re
spect the nomenclature of the ideograms of
GTGbanding patterns for normal human chro
mosomes should be reassessed. Furthermore,
the results indicate to fundamental doubts on
the well established concept of chromosome
condensation during mitosis which should be re
placed by the recently proposed concept of
chromosome regionspecific protein swelling.
Supported in part by the Deutsche
Krebshilfe/Mildred Scheel Stiftung für Krebs
forschung (703125Li1) and the IZKF together
with the TMWFK (TP 3.7 and B30704004).

P150
Molecular cytogenetic characterization of
constitutional structural aberrations
involving 14q32 reveals breakpoints in the
lymphomaassociated BCL11B and IGH loci
MetzkeHeidemann S.(1), Caliebe A.(1), Kautza
M.(1), Gesk S.(1), MartinSubero J.I.(1), von
Kaisenberg C.S.(2), EckmannScholz C.(3),
Lorenzen N.(4), Muhle H.(4), Grote W.(1),
Siebert R.(1)
1) University Hospital SchleswigHolstein,
Campus Kiel, Institute of Human Genetics,
Kiel
2) University Hospital SchleswigHolstein,
Campus Kiel, Dept. of Obstetrics and
Gynaecology, Kiel
3) Gynäkologikum Kiel, Prüner Gang, Kiel
4) University Hospital SchleswigHolstein,
Campus Kiel, Children’s Hospital, Kiel
Structural chromosomal aberrations affecting
chromosome band 14q32 are frequent events in
malignant lymphomas but are only rarely ob
served as constitutional changes. This band har
bors the immunglobulin heavy chain (IGH) gene
locus, translocations of which are the cytogenet
ic hallmark of several Bcell lymphomas, and the
BCL11B locus, which is rearranged in Tcell
leukemias. Here, we describe the molecular cy
togenetic characterization of two cases with un
balanced constitutional chromosomal changes
affecting 14q32.
Case 1: A 3 yearold girl presented with devel
opmental delay, inborn malformations (corpus
callosum hypoplasia, ventriculomegaly, ventricle
septum defect and diastasis recti) and facial
dysmorphism. Chromosomal analysis on blood
lymphocytes
revealed
the
karyotype
46,XX,dup(14)(q32.3q32.2). Fluorescence in situ
hybridization (FISH) showed an inverted duplica
tion in 14q32 including the BCL11B gene in
14q32.2 as well as the proximal part of the IGH
locus in 14q32.3. The distal part of the IGH gene
was deleted, mapping the telomeric breakpoint
of the duplication within the IGH gene. The par
tial IGH deletion was confirmed to be constitu
tional by additional FISH analyses on buccal
swaps.
Case 2: In a 34 week fetus, cerebral moderate
ventriculomegaly, short femur and a single um
bilical arteria were observed. Chromosome
analysis on amniotic cells revealed an interstitial
de novo deletion del(14)(q31q32.2). FISH identi
fied loss of the TCL1 gene in 14q32.1 as well as
loss of the centromeric part of the BCL11B lo
cus, mapping the distal breakpoint of the dele
tion within the BCL11B gene.
To the best of our knowledge, this is the first
time that FISHproven disruptions of the lym
phomarelated genes IGH and BCL11B are re
ported in the constitutional cytogenetic setting.
Although clonal rearrangements of both genes
are shown to be involved in tumorigenesis, none
of the two patients described herein showed
signs of leukemia, lymphoma or other neoplasia
so far.

P151
Characterization of a terminal deletion of
the long arm of chromosome 4 using FISH
Walter K.N.(1), Vry J.(2), Bernardi C.(1),
Kohlhase J.(1), Schempp W.(1)
1) Institut für Humangenetik und
Anthropologie, Freiburg

2) Kinderklinik Universtität Freiburg,
Freiburg
We report on a 3 years old girl with a de novo
terminal deletion of the long arm of chromosome
4. Standard cytogenetic banding techniques
map the breakpoint to 4q33, resulting in the
karyotype 46,XX,del(4)(q33). The patient pres
ents with developmental delay, facial dysmor
phism and pathognomonic features of the fifth
finger. Several cases with similar deletion break
points within 4q with a likewise severe pheno
type including mental retardation, facial dysmor
phism, abnormal fifth finger, displacement of
toes and cardiac defects have been reported
previously. From these cases the critical region
for the 4q terminal deletion syndrome was sup
posed to be within 4q334qter. For narrowing
down the deletion breakpoint in our case we
used a panel of DNA probes from the critical 4q
region for FISH. Our preliminary FISH results
show that the breakpoint may be located in
4q34. Thus our results indicate that the critical
region for the typical pathognomonic features of
“4q syndrome”, especially the abnormal fifth
finger, might be located distal to 4q33.
The breakpoint will be further refined and the re
sults in our case will be discussed in the context
with previously published cases.

P152
Absence of characteristic features of 18p
syndrome in two sibs with partial
monosomy 18p / partial trisomy 20p due to
a familial cryptic translocation
Brenk C.(1), Prott E.C.(2), GillessenKaesbach
G.(2), Weber R.G.(1), Engels H.(1)
1) Institut für Humangenetik,
Universitätsklinikum, Bonn
2) Institut für Humangenetik,
Universitätsklinikum, Essen
The 18p syndrome is a wellknown haploinsuf
ficiency disorder with a variable expression of
typical dysmorphic features, malformations and
mental retardation (MR) which was first de
scribed by de Grouchy et al. in 1963. Some of
the characteristic features with a high pene
trance in 18p syndrome are microcephaly,
round face, dysplastic and lowset ears, carp
mouth, hypertelorism, muscular hypotonia, con
genital heart defect and MR. Here, we report two
sibs (one female, one male) with partial mono
somy 18p and partial trisomy 20p detected by
FISH subtelomeric screening. The balanced
translocation was diagnosed in the sibs’ mother
and older sister. The typical facial characteris
tics of 18p syndrome were absent in both af
fected sibs. Features present in at least one of
the two sibs included small stature, micro
cephaly, epilepsy, syndactyly, hip luxation and
scoliosis. The male patient showed severe MR
and the female patient only mild MR. Ongoing
breakpoint analyses of the female patient by
FISH with panels of large insert clones showed
a partial monosomy 18p of at least 7.5 Mb (at
least 18p11.23 > pter) and a partial trisomy 20p
of 5.1 to 5.3 Mb (20p12.3 > pter). Most typical
features of 18p syndrome including malforma
tions and partial trisomy 20p (such as round face
with high cheekbones, dental anomalies includ
ing tooth decay and hypertelorism) were absent
in our patients in spite of their relatively large im
balances. This lack of typical clinical signs
demonstrates  even in seemingly well known
chromosomal disorders  the benefit of exact
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breakpoint analyses to improve karyotype/phe
notype correlations.

P153
Sensorineural hearing loss in a girl with a de
novo terminal 10q26.1 deletion
Volleth M.(1), Rostalski D.(2), Stumm M.(3),
Tönnies H.(4), Liehr T.(5), Wieacker P.(1)
1) OttovonGuerickeUniversität, Dept. of
Human Genetics, Magdeburg
2) OttovonGuerickeUniversität, Klinik für
HalsNasen u. Ohrenheilkunde, Magdeburg
3) Praxis für Pränataldiagnostik, Berlin
4) Charite, Dept. of Human Genetics, Berlin
5) Friedrich Schiller Universität, Dept. of
Human Genetics, Jena
Terminal and interstitial deletions with proximal
breakpoints in 10q25 or 26 cause genital abnor
malities of various degree in male patients. Fur
ther clinical features characteristic for partial dis
tal monosomy 10q are anomalies of the urinary
tract, growth retardation and psychomotor de
lay.
We report on a girl presenting with profound
mental retardation, growth retardation, ear dys
morphy and wide spaced nipples. At the age of
four, auditory brainstem response showed a bi
lateral sensorineural hearing impairment (early
acoustic evoked potentials until 50 dB right, un
til 80 dB left). The patient did not cry as a baby
and did not develop speech even after clear im
provement of hearing using hearing aids.
GTG banding analysis of cultured lymphocyte
metaphase spreads revealed a terminal deletion
of the long arm of one chromosome 10 with
breakpoint in the chromosomal band 10q26.1.
Multicolor Banding and Comparative Genomic
Hybridization confirmed this finding. FISH with
YAC probes revealed the breakpoint within YAC
937a06.
Up to now, only 5 of 40 published cases with
terminal deletions in 10q demonstrated sen
sorineural hearing impairment in the wide range
from mild impairment to deafness. As the break
point locations differ between these patients,
different extent of deletion, positional effects or
unmasking of heterozygosity may explain the
variable manifestation of hearing impairment.

P154
A Further Case of a Novel Microdeletion
Syndrome: Subtelomeric Deletion 9q
Bommer C.(1), Neumann L.(1), Weschke B.(2),
Körner H.(1)
1) Charite  Universitätsmedizin Berlin,
Institut für Medizinische Genetik, Berlin
2) Charite  Universitätsmedizin Berlin,
Neuropädiatrie/Sozialpädiatrisches
Zentrum, Berlin
Following the introduction of FISH with sub
telomeric probes, a growing number of sub
telomeric deletions have been recognized asso
ciated with distinct clinic features.
Recently Stewart et al. (Am J Med Genet
2004,128A:340351) reported on 12 patients
with subtelomeric deletion 9q and phenotypic
abnormalities that constitute a unique and rec
ognizable microdeletion syndrom.
We report on a further patient with this syn
drome. The 21 month old old girl (height P50.
weight P90, head circumference P2550) pre
sented the typical clinical features: a distinctive

62

medgen 17 (2005)

facial appearance with a slightly coarse face and
tented upper lips, striking muscular hypotonia,
and mental retardation. No heart defect or other
organ malformations were diagnosed.
Screening for subtelomeric aberrations reveled
a deletion in 9q. By FISH with bacterial arteficial
chromosome (BAC) probes the deletion was
shown to be localized within the commonly
deleted region.

P155
Breakpoint characterization of a 2q deletion
in a young girl with epilepsy
Langer S.(1), Geigl J.B.(1), Leifheit J.(2),
Lederer G.(1), Hempel M.(3), Daumer
Haas C.(3), Speicher M.R.(1)
1) Institut für Humangenetik, TU München,
München
2) Kinderklinik und Poliklinik, TU München,
München
3) Pränatalmedizin München, München
We report a 2 year old girl with an unbalanced
de novo translocation between chromosomes 2
and 15, identified by conventional cytogenetics.
The girl was born in the 38th week as first child
of a 45 old father and a 40 year old mother. ICSI
had been performed because of male sterility.
Both pregnancy and family history were unre
markable. No invasive prenatal diagnosis was
done and fetal ultrasounds in first and second
trimester showed no morphological abnormali
ties. Physical examination at the age of 4 days
revealed trigonocephaly, prominent nasal bridge,
dysmorphic ears, short palpebral fissures with
antimongoloid slant, microphtalmia, coloboma,
blepharophimosis and micrognathia. In addition,
hypotonia was noted. The girl suffered from fre
quent epileptic seizures accompanied by severe
central apnea. The cranial Xray showed no syn
ostosis of the metopic suture. Ultrasound of
brain, abdomen and heart was normal.
Initial banding analysis was already suggestive
for a deletion on chromosome arm 2q, however,
the size of the deletion could not be determined.
Subsequent hybridizations with a panel of BAC
clones from the critical region allowed to map
the deletion to the chromosomal region 2q24.1
2q31.1. The deletion has a size of about 13 Mb
and contains ca. 30 genes. The function of some
of these genes is known and can explain the oc
currence of the clinical findings described here.
Most importantly, this region contains several
ion channel genes, such as SCN1A, SCN2A,
SCN3A, which have been described to be in
volved in idiopathic epilepsy. Furthermore, the
region contains TBR1, a transcription factor
gene relevant for the differentiation of cortical
neurons. Thus, the frequently occurring seizures
in our patient can most likely be explained by
the loss and subsequent haploinsufficiency of
several genes involved in ion transportation and
neuron differentiation. This case will extent our
knowledge about the underlying genetic causes
of epilepsy.

P156
Benefits and limitations of CGH in prenatal
and perinatal diagnosis and pathology
Gamerdinger U.(1), May D.(1), Köhler A.(2),
Seidel A.(1)
1) Institute of Pathology, University Medical
Centre, Gießen

2) Institute of Human Genetics, University
Medical Centre, Gießen
Comparative genomic hybridization (CGH) as a
method for genome wide screening for changes
in DNA copy number is helpful if classical cyto
genetic results are to be reviewed or karyotype
analysis cannot be performed. But CGH can
cause ambiguous results as well. The aim of this
study is to evaluate this method in pathology
routine. In a series of 17 cases of prenatal and
perinatal diagnosis and pathologic examination,
the benefits and limitations of CGH were as
sessed.
In 11 cases with previous karyotype analysis,
CGH profiles allowed the:
Confirmation of numerical aberrations like com
mon (trisomies13, 18, and 21, monosomy X) and
rare (trisomy 4) aneuploidies (n=7).
Confirmation of unbalanced structural aberra
tions by the delineation of enhanced and dimin
ished regions (n=4).
Refinement of breakpoints (n=2).
Problems observed: Additional unspecific gains
or losses, mostly located in telomeric or cen
tromeric regions.
In 3 out of 6 cases without previous karyotype
analysis, irregular CGH profiles were found:
With gains, indicative of numerical or partial ane
uploidies (n=2).
With combined gain and loss, indicative of un
balanced translocation (n=1).
Problems observed:
Normal profile in a fetus with striking morpholo
gy highly conspicuous for chromosome abnor
mality (n = 1).
No result at all in cases of poor DNA quality
(n=2).
Discrimination between significant aberration
and artifacts. Especially the comparison of fetal
or neonatal morphology with expected clinical
characteristics of the considered aberration
might be helpful.
Additional FISH studies are required (e.g. with
locus specific, pcp or wcp probes).
Overall, despite the stated restrictions, CGH is
a valuable addendum to classical cytogenetics
and is very supportive in combination with fetal
or neonatal pathology when no karyotype analy
sis is possible. CHG in combination with FISH
tests might give conclusive findings regarding
chromosome aberration as a cause of phenotyp
ic anomalies.

P157
Interstitial deletion 2q22q24 associated
with retardation and apraxia of speech but
without most features of MowatWilson
syndrome
Wand D.(1), Gläser C.(1), Kalscheuer V.(2),
Hansmann I.(1)
1) Institut für Humangenetik und
Medizinische Biologie, Halle/Saale
2) MPI für Molekulare Genetik, Berlin
To date more than 40 patients with microdeletion
for chromosome segment 2q22q23 have been
described. Most of them are associated with
features of MowatWilson syndrome (MWS)
which is characterized by a specific fazial
gestalt, mental retardation, microcephaly,
seizures, multiple congenital anomalies and of
ten by Hirschsprung disease (HSCR). Our pa
tient is the 2nd child of nonconsanguineous
young parents. At birth only paroxysmal tachy
cardia was noted. At 5 months of age facial dys
morphism, microcephaly, growth retardation,
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general muscular hypotonia and lymphoedema
ta of upper and lower limbs were recorded. At 3
yrs of age additional features were short stature
and severe developmental retardation; he was
not able to walk and did not speak any word.
Brain MRI and CT provided normal results. Kary
otyping revealed a de novo deletion 46,XY
del(2)(q22.3q24.1). Genotyping of 14 microsatel
lite markers identified hemizygosity of 2 markers
with loss of the paternal allele. FISH using RP11
BACs confirmed the interstitial deletion of ap
prox. 12 Mb and mapped the breakpoints (BP)
between 147.8 Mb and 148.2 Mb (2q22.3q23.1)
as well as between 160.4 Mb and 161.9 Mb
(2q24.1).The ZFHX1B gene causing Mowat Wil
son syndrome maps about 2.5 Mb proximal to
the deletion which explains missing of many of
the MWS features such as HSCR, epilepsy and
heart anomaly. Dyslalia and the inability to speak
has not been reported so far with MWS due to
interstitial 2q22q23 deletions. This could mean
that this feature of our patient is related to the
more distal nonoverlapping deletion segment.
The recent observation by several genome
scans (Bacchelli E et al. 2003) that chromosome
segment 2q21q33 is likely to contain an autism
susceptibility locus is remarkable in the context
with the speech disorder of our patient.

P158
Erfahrungen mit der Polkörperdiagnostik bei
Translokationsträgerinnen.
Buchholz T.(1), ClementSengewald A.(1)
1) Zentrum für Polkörperdiagnostik,
München
Die Polkörper können zur indirekten Diagnostik
auf chromosomale Fehlverteilungen der Eizelle
im Rahmen der künstlichen Befruchtung
(IVF/ICSI) herangezogen werden. Beide Polkör
per werden dazu mittels Fluoreszenz in situ Hy
bridisierung (FISH) auf Chromosomen (Aneuploi
diediagnostik) und / oder auf Chromosomenab
schnitte (bei Translokationspatientinnen) unter
sucht.
Bisher wurden bei uns insgesamt 109 erste oder
zweite Polkörper von 75 Eizellen bei 11
Translokationsträgerinnen (10 mit reziproken
Translokationen und eine mit einer Robertson
schen Translokation) untersucht. Alle Patientin
nen hatten bisher kein lebendes eigenes Kind,
10 Patientinnen hatten rezidivierende Fehlge
burten, eine Patientin hatte bisher 5 frustrane
IVF/ICSIZyklen. Die Polkörper wurden mit 2
oder 3 kommerziell erhältlichen Sonden unter
sucht.
Von 64 eindeutig auswertbaren Eizellen (83%)
waren 27 balanciert (43%) und 37 nicht bal
anciert (57%). Insgesamt wurden 14 Embryonen
in 9 Zyklen transferiert. Drei Frauen wurden
schwanger, abortierten jedoch im ersten Tri
menon.
Im Vergleich zum altersentsprechenden Pati
entinnenkollektiv (Durchschnittsalter 33,6 Jahre)
erscheint die Anzahl der untersuchbaren Eizellen
bei Translokationsträgerinnen reduziert (Durch
schnitt 6 Eizellen pro Patientin). Die Unter
suchungsmöglichkeiten der Polkörper in Bezug
auf seltene, jedoch bei reziproken Translokatio
nen typische Verteilungsmuster sind mit kom
merziellen Sonden limitiert. Interchromosomale
Effekte, die zu einer höheren Aneuploidierate
führen, sind nicht auszuschliessen.
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P159
Identification of 14 novel mutations in the
DHCR7 gene causing the SmithLemliOpitz
Syndrome and delineation of the DHCR7
mutational spectra in Spain and Italy
WitschBaumgartner M.(1), Clayton P.(2),
Clusellas N.(3), Haas D.(4), Kelley R.I.(5),
KrajewskaWalasek M.(6), Rossi M.(7),
Zschocke J.(8), Utermann G.(1)
1) Med. University, Dep. Med. Biol. and Hum.
Genet., Innsbruck
2) Great Orm. Str. Hosp., Inst. Child Health,
London
3) Inst. Clin. Bioch., Barcelona
4) University Childr. Hosp., Dep. Pediatr.,
Heidelberg
5) J. Hopkins Univ. School Med., K. Krieger
Inst., Baltimore
6) Childrens Mem. Health Inst., Dep. Med.
Genet., Warsaw
7) Feder. II University, Dep. Pediatr., Naples
8) University Hosp., Inst. Hum. Genet.,
Heidelberg
Objectives: The SmithLemliOpitz syndrome
(SLOS) is a phenotypically variable metabolic
malformation and mental retardation syndrome
for which more than 80 mutations in the DHCR7
diseasecausing gene have been described. The
DHCR7 mutational spectra differ significantly in
different areas of Europe, and several common
putative founder mutations account for a sub
stantial fraction of all mutations in some ethnic
groups.
Material and Methods: Sequencing of the com
plete coding sequence and of exonintron
bounderies of the DHCR7 gene in more than 200
SLOS patients revealed 14 not yet published
mutations in 18 SLOS patients of Ashkenazi
Jewish, Austrian, British, German, Irish, Polish,
Portuguese, and Spanish origins. SNP haplo
types (8 intragenic DHCR7 SNPs) and phenotyp
ic variation were associated with these muta
tions. The data set from all SLOS patients was
analysed regarding Spanish and Italian mutation
spectra.
Results: Half of the new mutations are in the
transmembrane domains of the protein. In addi
tion, there were two null mutations, one muta
tion in the 4th cytoplasmic loop, mutations in the
first and last codons, and three mutations in oth
er regions such as the second cytoplasmic loop
and the first endoplasmic loop. The T93M muta
tion is the common Italian SLOS causing muta
tion (45% of SLOS alleles), the IVS81G>C is the
common mutation in Spanish SLOS patients
(30%).
Conclusions: The novel mutations described
here are mostly leading to phenotypic variation
predicted according to their protein localisation
or functional effect. The common haplotype A
was the most frequently associated with these
mutations. The analysis of 20 Spanish and 12
Italian SLOS patients revealed very different mu
tation spectra compared to previously described
patients from Czechoslovakia, Germany, Poland,
and the UK and implicated p.T93M on the J hap
lotype as the most frequent Mediterranean
founder mutation.

P160
A novel laminopathy combining progeroid
phenotypes with cardiac involvement and
partial lipodystrophy
Wehnert M.(1), Wasner C.(1), Feuer A.(1),
Hoeltzenbein M.(2)
1) Institute of Human Genetics, Human
Molecular Genetics Unit, Greifswald
2) Insitute of Human Genetics, MaxPlanck
Institute for Molecular Genetics, Greifswald,
Berlin
Based on the wide phenotypical range,
laminopathies have recently been divided into
such with preferential involvement of skeletal
and cardiac muscle, and peripheral nervous sys
tem, with lipodystrophy, with premature aging
and with mixed phenotypes. Here we report a
patient with a novel LMNA mutation showing
phenotypical overlaps between the entities.
The patient is a 26 year old female presenting at
age 15 with growth retardation, squeaky voice,
beak like nose, micrognathia, joint contractures
and a holosystolic heart noise. Echocardiogra
phy showed calcification of aortic and anterior
mitral valves leading to a moderate aortic steno
sis, aortic insufficiency grade II and sclerosis of
the anterior mitral valve finally requiring pros
thetic exchange of the valves at age 18. Left
ventricular and atrial hypertrophy was observed.
Until age 18 she developed scleroderma, scalp
hair thinning and greying, skin naevi, generalized
subcutaneous lipodystrophy leaving out the
face, venal patterning of the thin skin, insulin re
sistant diabetes mellitus, premature atheroscle
rosis, and hypogonadism. The maximum body
height was 1.55 m. CK serum level was normal.
A novel LMNA mutation P485R, was found,
which is placed in the gene’s region clustering
R482 mutations associated to 80% of all FPLD
patients. The patient represents a novel mixed
phenotypes connecting the group with prema
ture aging to those partial lipodystrophy. This
finding supports the view that laminopathies
represent a group of contiguous but clinically ex
tremely heterogeneous diseases. The careful
clinical differentiation of the laminopathies might
finally provide clues to resolve the complexity of
the pleiotropic pathogenetic effect of LMNA mu
tations.

P161
Clinical relevance of ACVRL1 mutations in
patients with intrahepatic hereditary
haemorrhagic teleangiectasia
Argyriou L.(1), Pfitzmann R.(2), Wehner L.(1),
Twelkemeyer S.(1), Nayernia K.(1), Engel W.(1)
1) Georg  August University, Institute of
Human Genetics, Göttingen, Germany
2) Charite, VirchowClinic, Humboldt
University, Department of Surgery, Berlin,
Germany
Hereditary haemorrhagic teleangiectasia (HHT)
is an autosomal dominantly inherited disorder
characterised by cutaneous and mucosal telang
iectasias, epistaxis and arteriovenous malforma
tions in lung, liver, central nervous system and
gastrointestinal tract. Until today, mutations in
the genes for endoglin and for activin A recep
tor type IIlike kinase 1 (ACVRL1) have been
identified to cause HHT. Intrahepatic manifesta
tion in HHT occurs to 831% and, if severe,
might lead to the requirement of liver transplan
tation. We report here on 8 liver transplanted pa
tients with intrahepatic HHT, in whom both
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genes were sequenced. Mutation analysis in all
patients revealed the presence of mutations in
ACVRL1. This result is of prognostic value con
cerning the need of liver transplantation in HHT
patients.

P162
Human genetic analysis of two families with
Tetralogy of Fallot (TOF)
Gläser C.(1), Kotzot D.(2), Caliebe A.(3), Kottke
R.(1), Schulz S.(1), Schweigmann U.(4),
Hansmann I.(1)
1) Inst. of Human Genetics & Med. Biol.,
Halle
2) Medical Univ., Dep. of Medical Biology
and Human Genetics, Innsbruck
3) Inst. of Human Genetics, Kiel
4) Medical Univ., Dep. of Pediatric
Cardiology, Innsbruck
Tetralogy of Fallot (TOF, MIM # 187500) is the
most common cyanotic conotruncal heart mal
formation and accounts for 1 among 3.000 live
births. Genes involved and molecular pathogen
esis are largely unknown. Syndromic TOF has
been observed with various chromosomal disor
ders such as trisomy 21 or microdeletions
22q11.2 Few isolated nonsyndromic TOFs, ei
ther sporadic or familial, have been found to be
associated with single gene mutations such as
within ZFPM2/FOG2 and NKX2.5. In addition, re
cent observations identified the JAG1 gene mu
tated in Alagille syndrome (AGS, MIM # ) as a
candidate for TOF. We report about two families
of european caucasian origin with several indi
viduals showing TOF and being affected by trun
cating frame shift mutations within the 3’ termi
nal coding region of JAG1. In family A with 3 sis
ters with TOF, the youngest deceased, a segre
gating maternal frame shift mutation within exon
24 (30213022insGC) was detected. None of the
sisters demonstrated features characteristic for
AGS with the exception of butterfly vertebrae
and an additional rib reported for the older sis
ter. The mother carrying the mutation is clinical
ly normal and even does not show any evidence
for heart malformation. In family B with 3 out of
6 sibs with TOF (1 sister, 2 brothers) and one af
fected son a truncating frame shift mutation
within exon 26 (35993600insG) was detected.
Also in this family none of the individuals met the
diagnostic criteria for AGS. Our data indicate
that even truncating mutations within the 3’
coding region of JAG1 may be causally related
with familial nonsyndromic TOF. Further studies
in sporadic and familial cases have to reveal
whether JAG1 has a significant impact on TOF.

P163
Constitutional deletion of the hSNF5/INI1
gene telomeric of the 22q11 TDR in a patient
with 22q11 microdeletion syndrome
phenotype and a rhabdoid tumor
Wieser R.(1), Fritz B.(2), Ullmann R.(3), Müller
I.(3), Galhuber M.(1), Schneider S.(2), Storlazzi
C.(4), Ramaswamy A.(5), Christiansen H.(6),
Rehder H.(7)
1) Medizinische Universität Wien, KIMCL,
Abt. Humangenetik, Wien
2) PhilippsUniversität Marburg, Institut für
Klinische Genetik, Marburg
3) Max Planck Institut für Molekulargenetik,
Berlin
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4) University of Bari, Genetics, Bari
5) PhilippsUniversität Marburg, Institut für
Pathologie, Marburg
6) PhilippsUniversität Marburg, Klinik für
Allgemeine Kinderheilkunde, Marburg
7) PhilippsUniversität Marburg und
Medizinische Universität Wien, Marburg,
Wien
Microdeletions in chromosome band 22q11 are
associated with cardiac defects, hypoplasia of
the thymus and the parathyroid, velopharyngeal
dysfunction, learning difficulties, and character
istic facial features. The expression of these
traits is highly variable among patients, despite
the fact that a deletion of 3Mb (typically deleted
region, TDR), whose frequent de novo occur
rence is facilitated by low copy repeats at its end
points, is present in ~90% of the cases.
Here we report a patient who presented with a
ventricular septal defect, dextroposition of the
heart, recurrent respiratory tract infections, hy
pacousis, chronic otitis media, developmental
retardation, and dysmorphic features suggestive
of a syndromal disorder. At the age of 9 months,
a malignant rhabdoid tumour of the kidney was
diagnosed, of which he died at the age of 19
months.
Cytogenetic analysis revealed a normal male
karyotype, and FISH with the Tuple1/Arsa probe,
designed to detect the typical 22q11 microdele
tion, did not indicate the presence of such an
aberration. However, a probe for the BCR locus,
which served as a chromosome identifier probe
in a subsequently applied subtelomere FISH
panel, was absent from one of the chromosomes
22. The BCR gene is located ~2 Mb telomeric of
the 22q11 TDR, and ~0.5 Mb centromeric of
INI1, a tumor suppressor gene that is frequently
inactivated in rhabdoid tumors. To determine the
exact nature and extent of the atypical chromo
some rearrangement in this patient, and to in
vestigate the possible involvement of INI1 in the
emergence of his tumor, FISH with a panel of
PAC/BAC probes, matrix CGH, microsatellite
analysis, and INI1 mutation analysis were per
formed. We found a complex de novo constitu
tional rearrangement of chromosome band
22q11, which included deletion of the INI1 locus,
in the patient’s peripheral blood cells, as well as
a somatic 2bp deletion in the second INI1 allele
in the patient’s tumor.

P164
Rate versus efficiency in a disposable soma.
Oexle K.(1)
1) TU Dresden, Institut für Klinische
Genetik, Dresden
In this communication the tradeoff between rate
and efficiency  exemplified by the linear free en
ergy converter (Kedem and Caplan 1965) as a
simple quantative model of a metabolising or
ganism – is put in relation to the tradeoff be
tween reproduction and selfmaintenance as de
scribed by the disposable soma theory (Kirk
wood 1977). It is shown that for maximal prolif
eration efficient but slow metabolisers invest a
higher fraction of resources in selfmaintenance
than fast but less efficient metabolisers.
The optimal tradeoff between reproduction and
selfmaintenance is determined by life history
conditions such as external mortality. Conse
quently, external mortality may also have an in
fluence on the tradeoff between rate and effi
ciency.

Although the above model is semirealistic the
predicted connection between selfmaintenance,
i.e. life span, and energy metabolism is support
ed by empirical data. In yeast cells the lifeex
tending effect of caloric restriction has been
shown to involve a switch to oxidative metabo
lism and to be transmitted by the SIR2 gene
product that reacts to the NAD/NADH ratio and
influences aging (Lin et al 2002, 2004).
Oxidative metabolism is slower but more effi
cient than fermentation. Pfeiffer et al (2001) in
vestigated a yeast model in silico in order to
show how organisms may come to cooperate in
efficient, that is, oxidative use of resources. Frick
and Schuster (2003) showed that these organ
isms may be in a prisoner’s dilemma where de
fecting against cooperative oxidation by the use
of fermentation has the highest payoff. Thus,
translated to the reasoning that I present here,
selfmaintenance, i.e. lifespan may be en
hanced by cooperation but challenged by a pris
oner’s dilemma. Furthermore, genes that are in
volved in social behaviour may also have an in
fluence on aging.

P165
Renal malformations in deletion 22q11.3
patients
Kujat A.(1), Schulz M.(1), Kurz K.(1), Siegert
G.(1), Froster U.(1)
1) University of Leipzig, Medical Faculty,
Institute of Human Genetics, Leipzig
The microdeletion 22q11.2 syndrome occurs in
1/4000 live births. A wide spectrum of clinical
findings have been described in patients carry
ing the 22q11.2 deletion. The main symptoms
are heart defects, particulary conotruncal anom
alies, immune deficiency and characteristic fa
cial features. Hearing loss, renal malformations,
growth failure and seizures have been described
in some cases.
We performed Fluorescence in situ hybridization
(FISH) in metaphase chromosomes using DNA
probes from the DiGeorge critical region, DGCR
[TUPLE1, N25; Abbott/Vysis] in patients with
conotruncal heart defects for 22q1113 deletion
screening, if there was a normal karyotype in
routine cytogenetic analysis. In 5 patients a mi
crodeletion 22q11.2 was detected. The patients
were diagnosed for relevant cardiovascular mal
formation, e.g. ventricular or atrial septal defect.
They showed typical facial dysmorphic features
such as dysplastic ears and micrognathia. In 4
of 5 patients (80%) renal dysplasia or single kid
ney has been recognized. This rate of renal
anomalies in our group is much higher than ex
pected. Earlier studies demonstrated a percent
age up to 40% for renal malformations in pa
tients with a microdeletion 22q11. We suggest
that in patients with a microdeletion 22q11.2
atypical malfomation of the kidneys should be
searched for systematically and excluded by ul
trasound examination.

Abstracts
P166
Genotypephenotype correlations in
patients with BIGH3 linked corneal
dystrophies
Braeutigam S.(1), Weidle E.(2), Tost F.(3),
WolterRoessler M.(4), Duncker G.(5),
Froster U.(1), GruenauerKloevekorn C.(5)
1) Institute of Human Genetics, Faculty of
Medicine, University of Leipzig, Leipzig
2) Katharinenhospital, Stuttgart
3) Dep. of Ophthalmology, Univ. of
Greifswald, Greifswald
4) Ophthal. Surgery, Traunstein
5) Dep. of Ophthalmology, University of
Halle, Halle
Purpose: Different missense mutations in the
BIGH3 gene cause granular (Groenuoew
CDGG1, Avellino CDA, ReisBücklers CDB1) and
lattice (BiberHaabDimmer CDL1) corneal dys
trophies and in some reports corneal dystrophy
ThielBehnke (CDB2). We report on the mutation
spectrum and the genotypephenotype correla
tions on the basis of clinical and histopatholog
ical examinations of 10 German families with
BIGH3 linked corneal dystrophies.
Methods: In 10 undependend families and pa
tients with different corneal dystrophies DNA
was extracted from leucocytes of the peripheri
al blood. Mutation analysis was performed by di
rect sequencing of the BIGH3 gene. Clinical and
histopathological findings were compared with
the moleculargenetic findings for genotypephe
notype correlation.
Results: In the two families with clinical and
histopathological CDL1 we found a missense
mutation Arg124Cys and in the family with clin
ical and histopathological CDA we found a mis
sense mutation Arg124His in the exon 4 of the
BIGH3 gene. In the three families with clinical
and histopathological CDGG1 we found a mis
sense mutation Arg555Trp in the codon 12 of the
BIGH3 gene. In all 3 families with clinical and
histopathological CDB2 we could not find any
mutation in the BIGH3 gene. In one patient with
exceptional clinical and histopahtological find
ings we found a missense mutation Ala546Asp,
wich was reported before only one time in con
nection with CDL1.
Conclusions: In comparison of our clinical and
histopathological findings and the molecular ge
netic results
we found a strong genotypephenotype correla
tion in patients with BIGH3 linked corneal dys
trophies. Rare mutations leed to exceptional
clinical and histopathological findings wich can
not be classified into the different groups of
corneal dystrophies. In our patients with CDB2
we could not find any moleculargenetic correla
tion to the BIGH3 gene.

P167
Identification of a new 3 kb deletion in the
arginine vasopressin receptor 2 gene
(AVPR2) in a patient with Xlinked
nephrogenic diabetes insipidus
Mainberger A.(1), Stock C.(2), Schlüter G.(3),
Kohlhase J.(1), MorrisRosendahl D.(1)
1) University of Freiburg, Institute for
Human Genetics and Anthropology, Freiburg
2) Pediatician, Private Practice, Karlsruhe
3) Labor Prof. Seelig und Kollegen,
Karlsruhe
Congenital nephrogenic diabetes insipidus (NDI)
is characterized by polyuria and polydipsia due

to the inability to concentrate urine, despite nor
mal or elevated plasma concentrations of the
antidiuretic hormone arginine vasopressin (AVP).
In 90% of families the disease (MIM304800) is
inherited in an Xlinked recessive manner, and is
caused by mutations in the AVPR2 gene on
Xq28. Most of the mutations detected are nu
cleotide substitutions resulting in a truncated re
ceptor protein. Gross deletions involving the
AVPR2 gene have been observed in few patients
with NDI. This study describes the presence of
a new deletion of 3 kb spanning exons 2 and 3
of the AVPR2 gene and the analysis of the prox
imal and distal breakpoints of the deletion in a
patient with NDI. The deletion results in the loss
of almost the complete coding region of the
gene. Family analysis revealed the deletion in
the patient’s unaffected mother. Documentation
of the diversity of mutations in NDI will assist
genotypephenotype correlation and may con
tribute to early diagnosis and treatment of the
disorder, thereby preventing serious complica
tions such as growth and mental retardation.

P168
A variant form of potassiumaggravated
myotonia (PAM) in a big German family
harbouring a new mutation in the SCN4A
gene
Kress W.(1), Schröder J.M.(2), Meng G.(1),
Ricker K.(3), Sternberg D.(4)
1) Institute of Human Genetics, Würzburg
2) Institute of Neuropathology, Aachen
3) Dept. of Neurology, Würzburg
4) Hopital PitieSalpetriere, Paris
Objectives: Mutations in the SCN4A (voltage
sensitive adult muscle sodium channel, alpha
subunit) gene cause three different allelic forms
of myotonia: hyperkalemic periodic paralysis
(HyperPP), paramyotonia congenita (PMC) and
potassiumaggravated myotonia (PAM). Rarely
PAM also presents as myotonia fluctuans or my
otonia permanens. We describe a family with 14
affected members suffering from a distal form of
myotonia, which is cold sensitive and has vari
able expression from day to day.
Material and Methods / Results: At least one
of the patients in the family was clinically suspi
cious for PROMM (DM2). Both forms of myoton
ic dystrophy could be excluded, and a linkage
analysis for candidate genes gave a significant
coupling to DNA markers from the SCN4 locus.
Sequencing the whole SCN4A gene detected a
mutation in exon 24: Ala1481Asp, which is not
yet described to our knowledge and segregated
in the family. The oldest patient had a biopsy at
the age of 71 years and showed a progressive
vacuolic myopathy using routine microscopy and
electron microscopy, which could be very rarely
seen in HyperPP.
Conclusions: This observation confirms the
broad phenotypic spectum of myotonias caused
by specific mutations in the SCN4A gene.

P169
Functional evaluation of Dent’s disease
causing mutations: Implications for ClC5
channel trafficking and internalization
Ludwig M.(1), Doroszewicz J.(2), Seyberth
H.(2), Bökenkamp A.(3), Balluch B.(4), Nuutinen
M.(5), Utsch B.(6), Waldegger S.(2)
1) University of Bonn, Dept. of Clinical
Biochemistry, Bonn
2) University of Marburg, Dept. of
Pediatrics, Marburg
3) VU Medical Center, Dept. of Pediatrics,
Amsterdam
4) Gottfried von Preyer’sches
Kinderhospital, , Vienna
5) Oulu University, Dept. of Pediatrics and
Adolescence, Oulu
6) University of ErlangenNürnberg, Dept. of
Pediatrics, Erlangen
ClC5 is a member of the CLC family of voltage
gated chloride channels. Lossoffunction muta
tions of its corresponding gene (CLCN5) cause
Dent’s disease, an Xlinked kidney disorder,
characterized by lowmolecular weight protein
uria,
hypercalciuria,
nephrocalcinosis/nephrolithiasis and progressive
renal failure. Here, we examined the effect of dif
ferent mutations on function and cellular traffick
ing of the recombinant protein. Mutant CLCN5
cDNAs were generated by site directed mutage
nesis for three premature stop codon variants
(R347X, M571IfsX528 and L521RfsX526), and
several missense mutations: C221R, L324R,
G462V and R516W (identified in our patients), as
well as mutants G506E and R648X (previously
reported by others).
After heterologous expression in Xenopus
oocytes, ClC5 channel activity and surface ex
pression were determined by twoelectrode volt
age clamp analysis and ClC5 surface ELISA, re
spectively. Except for the R516W and R648X
variants, none of the mutated proteins induced
functional chloride currents or reached the plas
ma membrane. This is readily understandable for
the truncation mutations however, the tested
missense mutations are distributed over differ
ent transmembrane regions implying that correct
channel structure and orientation in the mem
brane is not only a prerequisite for proper ClC5
function but also for Golgi exit. Interestingly, the
R648X mutant although functionally compro
mised, displayed a significant increase in sur
face expression. This finding might be explained
by the deletion of a ClC5 carboxyterminal PY
like internalization signal which in turn impairs
channel removal from the membrane. Our obser
vations further imply, that recruitment of ClC5
to alternative routes (plasma membrane or ear
ly endosomes) in the transGolgi network is me
diated via different signal sequences.

P7

P170
Genomewide autozygosity mapping and
linkage analysis in consanguineous Iranian
families with nonsyndromic autosomal
recessive mental retardation
Garshasbi M.(1), Motazacker M.M.(1),
Najmabadi H.(2), Rueschendorf F.(3),
Nuernberg P.(3), Ropers H.H.(1), Lenzner S.(1)
1) Max Planck Institute for Molecular
Genetics, Ropers Department, Berlin
2) Genetics Research Center,University of
Social Welfare and Rehabilitation Sciences,
Tehran
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3) Max Delbrueck Center for Molecular
Medicine, Gene Mapping Center, Berlin
Mental retardation (MR), defined by an intelli
gence quotient (IQ) of less than 70, affects ap
proximately 2% of the general population in the
world. Etiologically, MR is a very heterogeneous
condition, which in over twothird of the cases
is caused by chromosomal rearrangements
and/or single gene defects, including Xlinked
(XLMR), autosomal dominant (ADMR) as well as
autosomal recessive (ARMR) forms. So far, next
to nothing is known about the genes that play a
role in ARMR, because in western civilizations,
small family sizes preclude the mapping and
gene identification. In contrast, very large and
highly consanguineous families are common in
Iran, which greatly facilitate autozygosity map
ping.
Recently, we have recruited over 30 Iranian fam
ilies with ARMR. Detailed clinical and cytogenet
ic examinations of affected individuals have
ruled out the fragile X syndrome and chromoso
mal abnormalities as being the cause of MR.
Pedigree structures and consanguinity in these
families suggest an autosomal recessive mode
of inheritance, i.e. affected individuals should in
herit the same autozygous region containing the
disease causing defect. Using the Human Map
ping 10K SNParray (Affymetrix GeneChip tech
nology), we have scanned 84 affected and 70
unaffected individuals from 29 families for au
tozygous regions. SNP genotyping data have
been checked by GRR and PedCheck to verify
the relationship between individuals, and subse
quently analyzed by different software including
VARIA (SiliconGenetics), GeneHunter and Mer
lin. We have identified several candidate (autozy
gous) regions with a significant Lod Score and
compatible haplotypes. The detailed evaluation
of these regions revealed several strong candi
date genes, which are presently screened for
mutations. Perspectively, we will analyze more
than 100 families with ARMR, which may result
in the identification of common autozygous re
gions and major genes for ARMR.

P171
Novel mutation in the SDHB gene
presenting with different types of
paragangliomas in 3 family members
Haag C.(1), Varma C.(2), Schulze E.(1),
Hentze S.(3)
1) Laboratory Dres. Raue/ Frank
Raue/Hentze, Heidelberg
2) Private Practice Internal Medicine,
Karlsruhe
3) Private Practice, Human Genetics,
Heidelberg
Sporadic and familial paragangliomas are rare,
slowly growing tumours of the para and sympa
thetic nervous system. Parasympathetic para
gangliomas usually arise in the head and neck
region, are hormonally silent. Medullary and ex
traadrenal pheochromocytomas secrete cate
cholamines and usually are located in the lower
abdomen.Malignant transformation has been de
scribed for the latter only in familial paragan
gliomas.
Medullary pheochromocytomas as part of the
vHL disease, MEN2 and neurofibromatosisare
are caused by mutations in the vHL, RET or
NF1 gene, respectively.Dominant mutations of
the genes coding for the subunits of the mito
chondrial succinatedehydrogenase complex
(SDHB, D,C)have lately been characterized in
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familial paragangliomas, including medullary
pheochromocytomas.
We identified a novel splicesite acceptor muta
tion in intron 5 of the SDHB gene ,IVS52A>G.
The mutation was detected in a 40yearold
woman presenting with an extraadrenal
pheochromocytoma at the posterior bladder wall
as a by chance finding at routine gynecological
investigation. Her sister was also diagnosed as
a carrier. In her the disease had already mani
fested at age 29 years with neurological symp
toms of an an infiltrative,endocrinologically silent
glomus tumour. The now 67yearold mother of
both sisters was diagnosed as a carrier now and
will be specfically investigated now for a known
hypertension.
We discuss the mutation, clinical manifestation
and intrafamilial variability, as well as clinical fol
lowup for affected patients, including predictive
diagnosis in the 10yearold carrier grandchild.

P172
Spectrum of molecular defects and
mutation detection rate in patients with
severe haemophilia A
Bogdanova N.(1), Markoff A.(2), NowakGöttl
U.(3), Eisert R.(4), Wermes C.(4), Pollmann
H.(5), Antkowiak U.(1), Todorova A.(6), Eigel
A.(1), Dworniczak B.(1), Horst J.(1)
1) Institute of Human Genetics, Münster
2) Institute of Medical Biochemistry ZMBE,
Münster
3) Pediatric Hematology and Oncology,
Münster
4) Medical High School Hannover, Hannover
5) Institute of Thrombosis and Haemostasis,
Münster
6) Laboratory of Molecular Pathology, Sofia
Haemophilia A (OMIM 306700) is the most fre
quent Xlinked bleeding disorder affecting 1 to 2
per 10 000 males worldwide. Various types of
mutations in the factor VIII gene are causative
for this condition. The common intron 22 and
intron 1 inversions account for about 45% of
the severe haemophilia A cases, whereas differ
ent types of large rearrangements and point mu
tations are responsible for the disease in the rest
of the patients.
Here we report on the spectrum of mutations
and their distribution through the factor VIII pro
tein in 87 patients with severe haemophilia A,
previously tested negative for the common in
tron 22inversion. The pathogenic molecular de
fect was identified in all patients, thus, our de
tection rate is virtually 100%. Thirty six of the
mutations identified in the present study are de
scribed for the first time. The newly detected
amino acid substitutions were scored for poten
tial gross or local conformational changes and
influence on molecular stability for every single
factor VIII domain with available structures, us
ing homology modelling.

P173
Genotypephenotype analyes of AZF gene
deletions in Yq11: Development of novel
PCRMultiplex protocols for the rapid
analysis of single AZF gene deletions and
estimation of AZF deletion borderlines
Vogt P.H.(1), Enders C.(1), Gebhardt G.(1),
Strowitzki T.(1)
1) University of Heidelberg, Section
Molecular Genetics & Infertility, Department
of Gynecological Endocrinology &
Reproductive Medicine, Heidelberg
Critical evaluation of the comprehensive litera
ture on AZF deletions in Yq11 and the described
associated testicular pathologies suggests that
there is no association of an AZF deletion with a
distinct pathological phenotype. This is unsatis
factory for a clinically application, especially
when one wants to predict the success rate of
TESE (testicular sperm extraction) by the nature
of the diagnosed AZF deletion. One reason for
this is the fact that most diagnostic AZF PCR
assays are still based on the deletion analyses
of a variable number of anonymous genomic Se
quence Tagged Sites (STS) and not on the STSs
of the 14 AZF genes now mapped to the three
AZF intervals: AZFa, AZFb, AZFc by sequence
analyses (Skaletsky et al. 2003:Nature 423: 825
837). Another reason is that it is not yet general
ly acknowledged that only “complete” AZFa and
AZFb deletions as defined in the original publi
cation of Vogt et al. (Hum. Mol. Genet. 5: 933
945, 1996) can be associated with a specific
pathological phenotype, and that partial AZF
deletions can be found even on the Y chromo
some of men with normal fertility. We therefore
set out to improve the current genomic AZF
PCR diagnostic scheme by establishing novel
PCRmultiplex protocols which score the dele
tion of single AZF genes and of complete
AZFa,b,c deletions, respectively, according to
the guidelines of the EMQN (European Molecu
largenetics Quality Network: http://www.emqn.
org). Screening now more than 100 patients with
severe oligozoospermia and azoospermia and a
control population of men with normal fertility we
found a distinct testicular pathology in all men
with the deletion of all AZFa genes or all AZFb
genes. Partial AZF gene deletions were ob
served in the AZFc interval where deletions of
different DAZ gene copies were found in men
with severe oligozoospermia and with normal
fertility, some AZFc deletions could be associat
ed with a specific Y chromosomal haplogroup
(Fernandes et al. 2004: Am. J. Hum. Genet. 74:
180187).

P174
dmatrix  exploration, visualization and
analysis of molecular and phenotypical data
Seelow D.(1), Galli R.(1), Mebus S.(2), Sperling
H.P.(2), Lehrach H.(1), Sperling S.(1)
1) MaxPlanckInstitute for Molecular
Genetics, Vertebrate Genomics, Berlin
2) German Heart Center, Pediatric
Cardiology, Berlin
Today the analysis of genome, transcriptome
and proteome is becoming increasingly wide
spread, and the resulting data must be merged
to generate a molecular phenotype. Moreover,
the correlation between molecular and pheno
typical data requires acquiring both with compa
rable profoundness leading to the development
of databases holding both informations. Query
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ing and analyzing the stored data to uncover the
valuable information hidden in the databases,
however, are difficult tasks.
Therefore, we aimed to develop a generic data
base frontend with embedded knowledge dis
covery and analysis features. Having a cardio
vascular clinical and molecular genetic database
(CVGdb) from our laboratory in mind, we fo
cused on humanoriented representation of the
data and the enabling of a closed circle of data
query, exploration, visualization and analysis
(BMC Bioinformatics 2004, 5:170).
Here we introduce dmatrix, a nontaskspecif
ic database frontend with new visualization
strategy and builtin analysis features. dmatrix
is webbased and compatible with a broad
range of database management systems. The
graphical outcome consists of boxes whose col
ors show the quality of the underlying informa
tion and, as the name suggests, they are
arranged in matrices. The granularity of the data
display allows consequent drilldown. Further
more, dmatrix offers contextsensitive catego
rization, hierarchical sorting and statistical analy
sis.
To summarize, dmatrix enables data mining,
with a high level of interactivity between humans
and computer as a primary factor. We believe
that the presented strategy is very effective in
general and especially useful for the integration
of distinct data types such as phenotypical and
molecular data.

P175
Genetic and clinical heterogeneity of
congenital cataract: A challenge to
nomenclature
Singh J.R.(1), Vanita V.(1), Guleria K.(1),
Sperling K.(2), Singh D.(3)
1) Guru Nanak Dev University, Centre for
Genetic Disorders, Amritsar, India
2) Charité, Institut fuer Humangenetik,
Berlin
3) Dr. Daljit Singh Eye Hospital, Hospital,
Sheranwala Gate, India
Congenital Cataract (CC) is one of the most
common cause of visionloss worldwide and re
sponsible for nearly one third of childhood blind
ness. Its incidence is about 2.3 per 10,000 live
births. Nearly one third of CC cases show a pos
itive family history, with all Mendelian modes of
inheritance being documented for nonsyn
dromic CC. In nonconsanguineous populations,
autosomal dominant is the most common mode
of inheritance, with 23 loci mapped and 14
genes identified so far. No clear genotypephe
notype correlations exist: the same type of
cataract can be due to mutations in different
genes (Vanita et al., Clin Genet 56: 389, 1999),
on the other hand, one allele can also lead to
phenotypically different types of CC (Vanita et
al., J Med Genet 38: 392, 2001). In addition,
wide inter and intrafamilial variability exists. We
have collected more than 700 cases of congen
ital cataract, representing over 100 distinct phe
notypes, of which more than 20 are novel  not
reported in the literature so far.
The great clinical heterogeneity observed for CC
phenotypes is paralled by a rather heteroge
neous nomenclature, either based on the family
or the author’s names or the morphology and
histology of the cataract. The latter, however,
cover only a few classical cataract phenotypes
like coralliform, polar, nuclear, central, sutural,
cerulean or total cataract. Faced with this com

plexity there is a need for a uniform and univer
sal classification of nonsyndromic CC. In this
context, it is of relevance, that the acronym,
which was first established as a name for a spe
cific disorder, is often changed after identifica
tion of the underlying gene. Here, we will discuss
how many genes might be involved in CC and
whether a nomenclature, based on the affected
genes, is a realistic approach to solve the pres
ent confusion in nomenclature.

P176
An internetbased database on the analysis
of autosomal recessive congenital
ichthyoses and other inherited disorders of
keratinization
Eckl C.(1,2), Eckl K.M.(1,3), Hennies H.C.(1,3)
1) MaxDelbrück Center for Molecular
Medicine, Dept. of Molecular Genetics &
Gene Mapping Center, Berlin, Germany
2) Technical University, Berlin, Germany
3) University of Cologne, Cologne Center for
Genomics, Köln, Germany
Autosomal recessive congenital ichthyosis
(ARCI) is a clinically and genetically heteroge
neous disorder characterized by generalized
scaling of the skin and erythema. Color and
shape of the scales and extent of erythema are
highly variable, as well as a number of further
features. A consistent genotype/phenotype cor
relation was not identified so far. In order to
store and provide data from patients with ARCI
and other related skin disorders, we have now
developed a concise database service. Different
phenotype variables, family history, pedigree,
biochemical and histopathological data are
stored for each sample. The family history will be
automatically transferred to linkage compatible
data formats and graphical output of the pedi
gree, clinical pictures will be included and pre
sented as thumbnails. The service runs on an
Apache 2 web server and is powered by a
MySQL database management system and ac
cessible through the web using an HTTP inter
face. For data protection reasons, sample
names are stored on a separate server connect
ed with the database by anonymous 32bit sam
ple IDs. Data requests are handled semiauto
matically via email using temporary IDs, each
valid for immediate access and one dataset. The
database stores genotyping data for indirect
analysis of all known ARCI loci as well as muta
tion data obtained by direct sequencing. Further
data are being collected within the German
“Network for Ichthyoses and Related Keratiniza
tion Disorders”, which aims at comprehensively
recording and characterizing such families. The
service is open to external users on a collabora
tive basis and includes different user levels.
Since ARCI and other keratinization disorders
are rare, the database not only provides a muta
tion survey but is valuable for systematically col
lecting dedicated data. Thus, it helps to gener
ate criteria for analyzing a potential genotype/
phenotype correlation and further characteriza
tion of the phenotypic outcome of specific mu
tations.

P177
Two new loci for Nonsyndromic Xlinked
Mental Retardation (MRX) map to Xq22.1
Xq22.3 and Xq23Xq26.1
Budny B.(1), Chen W.(1), Badura M.(2),
Hoeltzenbein M.(1), Wisniewska M.(2),
Tzschach A.(1), MaternaKiryluk A.(2), Latos
Bielenska A.(2), Ropers H.H.(1), Lenzner S.(1)
1) Max Planck Institute for Molecular
Genetics, Berlin
2) University of Medical Sciences, Poznan
We report on clinical and molecular studies of
two large MRX families. All affected males show
moderate to severe mental retardation without
any conspicuous dysmorphic features. Metabol
ic tests, cytogenetic studies and molecular
screening for the fragile X syndrome revealed no
abnormalities. We performed an X chromosome
wide scan using 68 biallelic single nucleotide
polymorphism markers provided by Applied
Biosystems as AssaysonDemand, and 6 addi
tional microsatellite markers for finemapping of
one candidate region.
The first family contains in 3 generations five af
fected males and 7 obligate carrier females, who
don’t show any mental impairment and other ab
normalities. Significant linkage was found to
marker DXS8055 with a maximum LOD score of
2.62 in Xq23Xq26.1. The 26 cM linkage interval
contains three known MRX genes: FACL4
(ASCL4), PAK3, and AGTR2. These candidate
genes have been screened, but no mutation was
found.
The second, also threegeneration family con
sists of five affected males and five obligate car
riers. All female carriers examined were of nor
mal intelligence and clinically indistinguishable
from their noncarrier sisters. Two and multi
point parametric analysis yielded significant link
age between the causative gene and the mark
er DXS8020 with a maximum LOD score of 2.13.
Using 6 adjacent microsatellite markers, we
could narrow down the candidate region to a 3.1
cM linkage interval between markers DXS8034
and DXS1106. The linkage interval does not con
tain any known MRX gene. We have selected
and analysed several candidate genes, but no
abnormalities have been identified so far.
Our results suggest that unknown MRX genes
exist in Xq22.1Xq22.3 and Xq23Xq26.1, re
spectively, which are causative for the pheno
type in the two MRX families.

P178
Usage of a TT 5’ splice site in the Fanconi
Anemia gene FANCC
Neveling K.(1), Kalb R.(1), Schaal H.(2), Hoehn
H.(1), Schindler D.(1)
1) University of Wurzburg, Human Genetics,
Wuerzburg
2) Heinrich Heine University Duesseldorf,
Virology, Duesseldorf
Objective: Fanconi anemia (FA) is a rare bone
marrow failure syndrome with genetic instability
and increased risk of neoplasia. 70% of patients
are severely affected with congenetical abnor
malities including radial ray defects and short
stature, and these patients suffer from childhood
bone marrow failure. However, 30% of patients
display normal growth and appearance with only
mild or adult onset hematological changes. A
mild clinical course of FA has been attributed to
either revertant mosaicism or to mutations with
residual protein function.
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Results: We identified a G>T splice donor (SD)
mutation at position IVS1 +1 of the FANCC
gene, resulting in a mild clinical and cellular phe
notype. Against all odds, the disruption of the
canonical SD dinucleotide was not detrimental.
RNA/cDNA analysis showed usage of the TT
dinucleotide as a splice donor albeit at a re
duced rate. In addition, two cryptic splice sites
are used as SDs. One of them is a splice donor
located 22 nt upstream. The other cryptic splice
site lies 225 nt downstream and reveals a GC
dinucleotide instead of the canonical GT. How
ever, the TT site is the only SD that leaves the
reading frame intact. Studies are underway to
quantitate TT usage. Data base searches are un
dertaken to identify other examples of function
al TT SDs. Additional studies aim at identifying
splicing enhancers which facilitate the usage of
the mutated and the cryptic splice sites.
Conclusions: Our example shows that contrary
to expectation mutational disruption of a canon
ical splice donor site may have only mild conse
quences.

P179
Identification of 29 Novel and 9 Recurrent
Fibrillin1 (FBN1) Mutations and Genotype
Phenotype Correlations in 76 Patients with
Marfan Syndrome
ArslanKirchner M.(1), Rommel K.(1), Karck
M.(2), Haverich A.(2), von Kodolitsch Y.(3),
Rybczynski M.(3), Müller G.(4), Schmidtke J.(4)
1) Medizinische Hochschule Hannover,
Institute of Human Genetics, Hannover
2) Medizinische Hochschule Hannover,
Department of Thoracic and Cardiovacular
Surgery, Hannover
3) University Hospital Hamburg Eppendorf,
Department of Cardiology, Hamburg
4) University Hospital Hamburg Eppendorf,
Department of Pediatric Cardiology,
Hamburg
Marfan Syndrome Type I, (MFS1, MIM# 154700)
is an autosomal dominant disorder of the fibrous
connective tissue, caused by mutations in the
gene coding for fibrillin1 (FBN1). The clinical
spectrum of Marfan syndrome is highly variable
affecting the cardiovascular, skeletal, ocular and
other organ systems, but genotypephenotype
correlations are not well developped. The major
ity of mutations have been reported in patients
displaying classical features of MFS and various
screening methods lead to the identification of
at present about 600 different mutations (FBN1
UMD; http://www.umd.be/). In this study we per
formed SSCP and/or direct sequencing to ana
lyze all 65 exons of the FBN1 gene in 116 pa
tients presenting with classical MFS or related
phenotypes. We identified 29 novel and 9 recur
rent mutations. The mutations comprised 18
missense (47%), 8 nonsense (21%) and 5 splice
site (13%) mutations. 7 further mutations (18%)
result from deletion, insertion or duplication
events, 6 of them leading to a frameshift and
subsequent premature termination. Additionally
we describe new polymorphisms and sequence
variants. Comparing SSCP and direct sequenc
ing, the detection rate of mutations is almost
identical.
On the basis of our data presented here and ear
lier, we were able to establish highly significant
correlations between FBN1 mutation type and
MFS phenotype. Most strikingly, there is a sig
nificantly lower incidence of ectopia lentis in pa
tients carrying a mutation that leads to a prema
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ture termination codon (PTC) or a missense mu
tation without cysteine involvement in FBN1, as
compared to patients whose mutations involved
a cysteine substitution or splice site alteration.
54 mutations were identified in 92 (59 %) pa
tients fulfilling or nearly fulfilling diagnostic cri
teria of Ghent nosology, whereas 7 mutations
were found in 63 (11 %) patients not fulfilling es
tablished clinical criteria.

P08 Neurogenetics

P180
In vitro modelling of paraganglioma by iRNA
mediated knockdown of SDHC/SDHD in PC
12 cells
Troidl C.(1), KleinHitpass L.(2), Müller U.(1)
1) JustusLiebigUniversität, Institut für
Humangenetik, Giessen
2) Universitätsklinikum Essen, Institut für
Zellbiologie, Essen
Hereditary paraganglioma can be caused by mu
tations in components of complex II of the mito
chondrial respiratory chain. This complex is
composed of four subunits which are encoded
by the nuclear genome. The two catalytic sub
units SDHA (flavoprotein subunit) and SDHB
(ironsulfur protein subunit) are anchored in the
inner mitochondrial membrane by subunits
SDHC and –D. Mutations in paraganglioma have
been observed in the genes coding for subunits
SDHB, C, and –D. Both SDHC and SDHD func
tion as tumor suppressor genes (Baysal et al.,
2000; Niemann and Müller, 2000). A distinct mu
tation is present in constitutive DNA and loss of
heterozygosity at the SDHC and SDHD locus, re
spectively occurs in tumors. In order to study
the consequence of functional loss of complex
II of the respiratory chain in tumorigenesis we
modelled SDHC and SDHD deficiency in PC12
cells, a neuronal adrenalderived cell line, by
iRNA mediated knockdown of either SDHC or
SDHD. Efficient knock down of this genes was
shown by Northern blot analysis. When grown
on soft agar, knockdown cells formed signifi
cantly more colonies than controls. We per
formed array analysis of the expression pattern
of genes in knockdown and in control cells. Of
mitochondrial complex II genes both SDHC and
SDHD were downregulated when either gene
was “knockeddown”. However, the expression
level of the genes coding for the catalytic sub
units SDHA and –B of complex II remained un
changed. We are currently exploring the role of
genes that are components of established path
ways and that are dysregulated by loss of either
SDHC or SDHD.
Literature: Baysal BE et al., Science 287: 848
850, 2000
Niemann S and Müller U, Nat. Genet. 26: 268
270, 2000

P181
VEGF: Angiogenesis factor with roles in
neurogenesis and neuroprotection
Berger I.(1), Rychkova N.(1), Felbor U.(1)
1) Department of Human Genetics,
University of Würzburg, Würzburg

Inactivating missense mutations in the kinase
domain of receptors for the vascular endothelial
growth factor, VEGFR2 and VEGFR3, were
found in patients affected with congenital lym
phedema and in hemangioma specimen. More
recently, impaired hypoxic upregulation of VEGF
has been implicated in murine adultonset mo
toneuron degeneration reminiscent of amy
otrophic lateral sclerosis. In addition, VEGF was
shown to rescue motoneurons from death in a
mouse model of Xlinked spinal and bulbar mus
cular atrophy. We have used alkaline phos
phatase (AP) fusion proteins to unveil nonvas
cular roles of VEGF since multiple, functionally
active binding partners can be recognized simul
taneously in situ with this approach. The AP
VEGF164 affinity probe predominantly labeled
nonvascular nerve tissues such as forebrain,
hindbrain, the optic nerve, and the surface ecto
derm of the future cornea in murine embryonal
tissues. Similar results were obtained in vitro.
APVEGF164 bound strongly to proliferating and
differentiated rat pheochromocytoma PC12 cells
which are an established model for investigation
of neurotrophic factormediated signaling path
ways. In contrast, the APEndostatin affinity
probe turned out to be a negative control de
spite collagen XVIII/endostatin’s neuronal role in
the avascular nematode C. elegans. Consistent
with APstaining, we have shown by immunoflu
orescence that proliferating and differentiated
PC12 cells express three VEGF receptors, VEG
FR1, VEGFR2, and Neuropilin1. Downstream
signaling as well as functional effects of
VEGF164 on PC12 cell proliferation, differentia
tion, and survival are currently evaluated. In ad
dition, coimmunoprecipitation experiments with
APVEGF164 are performed in order to search
for a putative novel receptor.

P182
Is the KNS2 gene a candidate for primary
torsion dystonia?
Grundmann K.(1), Hedrich K.(2), Klein C.(2),
Niwar M.(1), Dressler D.(3), VollmerHaase J.(4),
Bauer P.(1), Stuhrmann M.(5), Schulte T.(6),
Schöls L.(7), Topka H.(8), Riess O.(1)
1) University of Tübingen, Medical Genetics,
Tübingen
2) University of Lübeck, Neurology, Lübeck
3) University of Rostock, Neurology, Rostock
4) University of Muenster, Neurology,
Muenster
5) Medical School Hannover, Human
Genetics, Hannover
6) Ruhr University Bochum, Neurology,
Bochum
7) Center of Neurology and HertieInstitute
for Clinical Brain Research, Tübingen
8) Hospital Munich Bogenhausen, Neurology
and Neurophysiology, Munich
Primary torsion dystonia (PTD) is the most com
mon inherited dystonia, a disabling autosomal
dominant disorder characterized by involuntary
muscle contractions, frequently causing twisting
and repetitive movements or abnormal postures.
PTD has a wide clinical spectrum and its sever
ity is largely determined by the age of onset. A 3
bpdeletion in the DYT1 gene (torsinA), coding
for torsin A protein, was identified in about 70%
of patients suffering from generalized earlyon
set PTD, but only in very few single cases of fo
cal or segmental PTD. The majority of genes re
sponsible for the more common localized forms
of dystonia (segmental, focal) is still elusive. Low
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penetrance (30%) and phenotypic variability lead
to the suggestion that additional factors must
contribute to the factual manifestation of the dis
ease, i.e., modifier loci that influence phenotyp
ic severity. Recently, the light chain subunit
(KLC1) of kinesinI was identified as an interact
ing partner for torsin A. To investigate the under
lying genetic basis of primary torsion dystonia,
we evaluated the contribution of mutations in the
KNS2 gene, coding for KLC1 protein, for its
pathogenic relevance in a series of about 300
patients with sporadic and familiar forms of PTD
of different movement disorder outpatient clin
ics in Germany. Detection of mutations in the
KNS2 gene was performed by means of dHPLC
following PCR amplification of the whole coding
sequence of the gene (13 exons). Mutational
analysis of the coding region of the DYT1 gene
and in the SGCE gene has been performed pre
viously and mutation carriers have been exclud
ed. This information might be helpful for the ap
propriate application of DNA diagnostic testing
and for genetic counselling.

P183
Detection by triple PCR of expanded CCTG
repeats in the ZNF9 gene of myotonic
dystrophy 2
Steinbach P.(1), Patzke A.(1), Steinbach D.(1)
1) Universitätsklinikum, Humangenetik, Ulm,
Germany
Myotonic dystrophy 2 (DM2, OMIM 602668) is
the most common form of muscular dystrophy
in adults and is caused by large expansion of a
CCTG repeat in intron 1 of the ZNF9 gene. As
the disease alleles are too large to be amplified
by PCR across the expanded region containing
a TG, a TCTG and two CCTG repeats, Southern
analysis is usually applied but remained to be
difficult to unambiguously detect the signals of
the expanded alleles which are often very faint
due to mitotic instability. Triple PCR has been
propagated as an alternative to Southern blot
ting but the reported procedure still required
blotting of the PCR products and their detection
by probing with a labelled internal oligonu
cleotide. Based on published methods, we de
veloped two triple PCR protocols which both
were able to produce fragments after annealing
of primers to the elongated repeat tract, and al
lowed their visualization as typical stutter signals
on a capillary sequencer. In wildtype alleles,
proximal and distal ends of the repeat region are
seen as characteristic signal profiles whereas no
distal end profile is obtained from expanded al
leles. One protocol predominantly amplifies the
5’ proportion of the hypervariable region and
gave positive signals of CCTG expansions (≥ 50
CCTGs) in all patients (> 20) that were previous
ly diagnosed by Southern analysis. The other
protocol predominantly amplifies the 3’ portion
of the repeat region and gave positive signals in
most but not in all patients. False positive results
have not yet been obtained. The protocols al
lowed for some calculation of both the size and
the structure of the hypervariable repeat region.

P184
Parkin mutations and polymorphisms in
Parkinson’s disease: Comparison between
German and Norwegian cohorts
Schlitter A.(1), Kurz M.(2), D’Souza M.(3),
Müller T.(3), Dekomien G.(1)
1) RuhrUniversität, Humangenetik, Bochum
2) HeinrichHeine Universität, Neurologie,
Düsseldorf
3) RuhrUniversität St.JosefHospital,
Neurologische Klinik, Bochum
Mutations in the Parkin gene coding for an E3
ubiquitinprotein ligase cause autosomal reces
sively transmitted earlyonset Parkinson’s dis
ease (PD). Recently, strong indications were
worked out for a possible role of Parkin muta
tions in the lateonset form of PD (Oliveira et al.
2003).
We compared a German (95 patients) with a ho
mogeneous Norwegian cohort of 132 patients
(Kurz et al. 2003) suffering from primary lateon
set PD by investigating mutation and polymor
phism frequencies with SSCP analysis. Compar
ing the frequencies of known single nucleotide
polymorphisms (SNPs; IVS2+25T>C; IVS3
20T>C; IVS735G>A; IVS8+48C>T; Val380Leu),
a significant difference could be observed be
tween the two populations. Val380 (p=0.0006)
and IVS2+25T (p=0.0005) were significantly
more frequent in the Norwegian cohort. A posi
tive family history for PD was documented in
~15% of the patients (German PD patients
16.5% and Norwegian PD patients 12.6%). Yet,
mutations were rare in our cohorts: Only one
missense mutation (Arg256Cys, 0.75%) was
identified in heterozygous state in the Norwegian
patients. Two mutations (Arg402Cys and
Thr204Met, 2.1%) in heterozygous state were
found in the German cohort. None of these 3
mutations was observed in our control samples.
The results support the hypothesis (Foroud et al.
2003) that mutations in the Parkin gene in het
erozygous state may act as susceptibility alleles
for lateonset form of PD in rare cases. These
data do not suggest a major role of point muta
tions in the Parkin gene, especially not for the
Norwegian population.
Foroud et al. Heterozygosity for a mutation in the
parkin gene leads to later onset Parkinson Dis
ease. Neurology 2003;60:796801.
Kurz M, Alves G, Aarsland D, Larsen JP. Familial
Parkinson’s disease: a communitybased study.
Eur J Neurol. 2003;10:15963.
Oliveira et al. Parkin Mutations and Susceptibil
ity Alleles in LateOnset Parkinson’s Disease.
Ann Neurol 2003;53:624629.

P185
Spinocerebellar ataxia type 4: analysis of
candidate genes and polymorphic
microsatellites
Hellenbroich Y.(1), Pawlack H.(1), Schwinger
E.(1), Zühlke C.(1)
1) Universität zu Lübeck, Institut für
Humangenetik, Lübeck
The spinocerebellar ataxias (SCAs) are a clinical
ly and genetically heterogeneous group of auto
somal dominant neurodegenerative disorders. At
least 21 different loci have been identified for
this condition. The SCA4 locus at chromosome
16q22.1 has been first described in an Utah
family of Scandinavian origin with cerebellar
ataxia and axonal neuropathy and further delin

eated in a German kindred with a similar pheno
type. Furthermore, Japanese families with a pure
cerebellar ataxia show linkage to the same re
gion. The corresponding SCA4 mutation was
narrowed down to 7.94 Mb for the two European
and to 1.25 Mb for the Japanese pedigrees. Due
to phenotypic differences between European
and Japanese patients, it is a moot question
whether they share the same underlying gene
defect or not. We screened 34 candidate genes
in the German SCA4 family for point mutations.
With the exceptions of two cSNPs, no segrega
tion of DNA variations with the disease pheno
type was found. In addition, we analysed 19 yet
unpublished polymorphic microsatellite repeats
within the 3.69 cM region. None of the tested
repetitive sequences is expanded in this family.

P186
Small Neonatal Head Circumference  A
previously unrecognized Manifestation in
NiemannPick disease Type C that is useful
in a Diagnostic Score
Schmidt D.(1), Passarge E.(2)
1) Children’s Hospital, Pediatrics, Zürich
2) Institut für Humangenetik,
Universitätsklinikum Essen, Essen
Objectives: NiemannPick disease type C (NPC,
MIM 257220), a rare, progressive autosomal re
cessive neurovisceral disorder due to mutations
in either the NPC1 gene or the HE1 gene, re
spectively, was investigated with respect to ear
ly manifestations. Based on the new observation
of a small neonatal head circumference a diag
nostic score to facilitate an early diagnosis was
developed. Methods: During a retrospective
study of 21 patients the development and clini
cal course of NPC were examined. The diagno
sis of NPC was based on the range of clinical
manifestations, the course of illness, histochem
ical and biochemical data, and in four patients
on mutation analysis. Based on a new observa
tion, a reduced head circumference at birth, a di
agnostic score (NPC score) was developed, in
cluding four other clinical signs of NPC, such as
hepatosplenomegaly, prolonged icterus, and
muscular hypotonia. The score was applied to
patients and compared to an agemachted con
trol group. Results: NPC was confirmed in all pa
tients by clinical and laboratory data, and in four
patients by molecular genetic analysis. A re
duced neonatal head circumference at or below
the 3rd percentile was found in 9 of 17 patients
with the neonatal and infantile form of NPC com
pared to an agematched control group. These
patients showed scores indicative of NPC, in
contrast to the control group.Conclusions: Re
duced neonatal head circumference is a hither
to unrecognized manifestation of NPC. Integrat
ed into the known clinical manifestations, we de
veloped a diagnostic score (NPC score) which
could facilitate an early diagnosis and avoid un
necessary gene tests.

P8

P187
Detection of new variations of the
polyalanine stretch in PMX2B in patients
with ataxia or Huntington Disease (HD)
Dalski A.(1), Hansen B.(1), Kuehl A.(1),
Schwinger E.(1), Zuehlke C.(1)
1) Humangenetik Medizinische Universitaet
Luebeck, Molekulargenetik, Luebeck
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The transcription factor PMX2B (pairedlike
homeobox 2b gene) is located on chromosome
4p12 and discussed to be involved in diseases
with different neurological context. Recently vari
ation of the polyalanine stretch length in PMX2B
was associated with schizophrenia with ocular
misalignment. Haploinsufficiency of PMX2B
caused by a large deletion might be predispos
ing for Hirschsprung’s disease (HSCR). We in
vestigated the PMX2B gene in 150 DNA samples
of patients with Huntington Disease that carry
the most common repeat expansion in the Hunt
ingtin gene and the same number of individuals
that exhibit clinical Huntington symptoms with
out expansion in the Huntingtin gene. Along with
these samples we screened the same number of
patient DNA samples with ataxia and 150
healthy control individuals. For the ataxia pa
tients all other known causative genes were test
ed and excluded. With SSCP analysis and sub
sequent sequencing we were able to detect a
broad range of deletion mutations and SNPs
within the polyalanine stretch of PMX2B in all
four tested sample groups.

P188
Late onset ataxia caused by FMR1
premutations
Voigt R.(1), Kreuz F.(2), Purmann S.(1), Budnik
A.(1), Dalski A.(1), Schwinger E.(1), Zühlke C.(1)
1) Universität zu Lübeck, Institut für
Humangenetik, Lübeck
2) Universität zu Dresden, Institut für
Klinische Genetik, Dresden
One of the main causes of mental retardation in
males is the fragile Xsyndrome. It is caused by
an expansion of the (CGG)n repeat in the 5’un
translated region of the FMR1 gene. The involve
ment of fragile X premutations in patients with a
late onset ataxia/tremor syndrome (FXTAS) has
been described recently. 270 males and 241 fe
males with spinocerebellar ataxia (SCA) and age
of onset > 50 years were tested for fragile X pre
mutations. CAG repeat expansions at the SCA
loci 1, 2, 3, 6, 7, 12 and 17 were previously ex
cluded in all patients. One female patient carried
84 triplets and one male patient 96 triplets. Both
CGG repeat expansions are in the range of pre
mutations. The 73yearold women started to
notice weakness at age 64. Clinically gait atax
ia, tremor and deterioration of memory and con
centration followed. The 65yearold man had in
creasing tremor of both arms and head, gait dis
turbances, dysarthric speech and imbalance
since eight years. No cognitive or psychiatric
disturbances were noticed. In conclusion the
FMR1 premutations are a rare cause of late on
set ataxia. Testing for the CGG repeat length in
patients with late onset ataxia can therefore be
recommended.

P189
Recurrent Dardarin (PARK8) mutation in a
case with earlyonset Parkinson’s disease
Hedrich K.(1), Winkler S.(2), Kabakci K.(2),
Vieregge P.(3), Klein C.(2)
1) University of Lübeck, Department of
Human Genetics, Lübeck
2) University of Lübeck, Department of
Neurology, Lübeck
3) Hospital LippeLemgo, Department of
Neurology, Lemgo
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Objectives: To evaluate the role of mutations in
the Dardarin gene in early and lateonset
Parkinson’s disease (PD).
Background: Very recently, a new gene has
been identified that plays a role in autosomal
dominant, lateonset PD, Dardarin (PARK8,
LRRK2), that consists of 51 exons. To date, six
different missense mutations have been detect
ed in five exons including two recurrent muta
tions (c.6096A>G; c.4321C>T) and an addition
al substitution at the latter position (c.4321C>G).
Patients/Methods: After having obtained in
formed consent, we included 110 PD patients,
67 earlyonset PD (EOPD) cases (age at onset
[AAO] </= 50 y.) and 43 lateonset PD (LOPD)
cases (AAO > 50 y.). We screened the five muta
tionbearing exons for mutations by SSCP
analysis.
Results: Patients (54% m) had a mean AAO of
43.9+/13.9 y. (range 15–73 y.) and 91 (83%) had
a positive family history. Patients were mainly of
German origin. We identified one German muta
tion carrier. She carried the same mutation
(c.4321C>T) as previously reported in two fam
ilies. In contrast to these families (AAO 48–78 y.),
our patient had an AAO of only 30 years. The
first symptoms were tremor and foot dystonia.
At age 50 years, she showed resting tremor,
bradykinesia, and rigidity (Hoehn & Yahr stage
3). After 20 years of disease duration and five
years of Ldopa therapy, she had motor fluctua
tions and dyskinesias. Family history was posi
tive, however, no relatives were available to test
for segregation of the mutation. In addition, we
detected two polymorphisms in introns 35
(IVS35+23A/T) and 40 (IVS4039G/A). The latter
was only found in a single EOPD case and not
among 100 control chromosomes. The relevance
of this intronic substitution remains to be inves
tigated.
Conclusions: Mutations in the Dardatin gene
need to be considered also in EOPD cases. It is
conceivable that mutational hot spots occur in
Dardarin since we found the fourth substitution
at the same base pair in an unrelated patient.

P190
Analysis of molecular events underlying the
early degeneration of photoreceptors in a
mouse model for Xlinked juvenile
retinoschisis
Gehrig A.(1), Janssen A.(1), Grimm C.(2),
Samardzija M.(2), Weber B.H.F.(3)
1) University of Wuerzburg, Institute of
Human Genetics, Wuerzburg, Germany
2) University Hospital, Department of
Ophthalmology, Zürich, Switzerland
3) University of Regensburg, Institute of
Human Genetics, Regensburg, Germany
Objectives: Xlinked juvenile retinoschisis (RS)
is caused by mutations in the RS1 gene encod
ing a 24kDa protein, termed retinoschisin,
which is secreted from photoreceptor and bipo
lar cells. Although loss of retinoschisin function
is underlying the disease mechanism, little is
known about the molecular events leading to the
loss of cellular architecture and the degeneration
in the neural retina. In the present study, we are
interested in the apoptotic processes underlying
photoreceptor degeneration in the Rs1hdefi
cient mouse model of RS.
Material and Methods: Retinal cryosections of
wildtype, Rs1hdeficient (Rs1h/Y) and Rs1h/Y
 Casp1/ mice double knockout mice were in
vestigated by immunohistochemistry and

TUNELstaining. RNA samples of the retinae
from 10, 14, 16, 21, and 28 days old mice were
used for quantitative realtime PCR (qRTPCR).
Results: TUNELpositive cells were significant
ly increased in the retinal photoreceptor layer of
the Rs1hdeficient mouse with a peak in apop
totic cell degeneration around postnatal day 18.
qRTPCR of genes expressed by activated mi
croglia such as Spp1, Casp1, or IL1ß revealed
that microglia activation precedes initiation of
apoptotic gene expression as seen in significant
upregulation of gene transcription e.g. for Casp8
and Fadd. This Fasmediated apoptosis may be
caused by neurotoxicity of activated microglia
mediated by cytokines and free radicals. Most
prominently, Casp1 was found upregulated in
Rs1hdeficient mice. This protein is required for
the activation of Il1ß which plays a role in pro
moting neuronal cell death. We have now gener
ated double knockouts of Rs1h and Casp1de
ficiency to further analyze the role of Casp1 in
the apoptotic events affecting the photorecep
tors.
Conclusions: Activation of microglia may be a
key event in the initiation of apoptosisrelated
photoreceptor loss in Rs1h deficiency. This ear
ly event may point to a novel therapeutic ap
proach to prevent neurodegenerative progres
sion of this retinal disease.

P191
Microarray analysis of mouse models of
Parkinson’s disease
Kuhn M.(1), Bonin M.(1), Poths S.(1), Kahle
P.J.(2), Harbers K.(3), Rieß O.(1)
1) University of Tübingen, Department of
Medical Genetics, Tübingen
2) Ludwig Maximilians University,
Laboratory for Alzheimer’s and Parkinson’s
Disease Research, Munich
3) University of Hamburg, HeinrichPette
Institute of Experimental Virology and
Immunology, Hamburg
The presynaptic protein asynuclein plays a cen
tral role in the pathogenesis of Parkinson’s dis
ease (PD). Usually, asynuclein is degraded by
the proteasomeubiquitin pathway. In PD, how
ever, asynuclein accumulates and aggregates
in the Lewy bodies. Thus, the proteasomal
degradation of asynuclein might be altered. To
investigate the proteasomalubiquitin pathway
in PD further, we analyzed mouse models of PD
by microarray analysis. First, the expression pro
file of mice overexpressing asynuclein,
SNCA+/+ (Kahle, et al., 2000), was generated.
Furthermore, mice with a reduced activity of
UbcM4 (Ubc30%, Harbers et al., 1996), the
mouse homologue of UbcH7, which is a ubiqui
tinconjugating enzyme interacting with parkin,
were analyzed by microarray analysis. Parkin, an
E3ligase, is mutated in autosomal recessive PD
and thought to ubiquitinate glycosylated alpha
synuclein. RNA for chipanalysis was isolated
from total mouse brains of asynuclein overex
pressing and of Ubc30% mice,C57Bl6 mice as
controls. Three 3monthold and three 1year
old males were analysed using the murine
genome U74v2 oligonucleotide chip (Affymetrix).
Genes were though to be differentially regulated
if at least 7 of 9 comparisons showed a signal
log ratio (SLR) of more than +/0.75. In consid
eration of these points we found about 60 genes
which are differently regulated in the Ubc30%
mice. The most interessing gene, asynuclein, is
highly expressed in 1yearold Ubc30% mice.
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Histological analysis to identify Lewy bodylike
asynucleininclusions in transgenic mice brain
at different ages are in progress. To find out if
Ubc30% mice have any motor coordination
deficits we performed rotarod tests. To get an
earlier phenotype we bred heterozygote Ubc
30% mice with homozygote SNCA+/+ mice. In
spite of numerous breedings we did not get any
double transgenic offsprings. We are now in the
process to investigate doubletransgenic mice
for differences between single and double
transgenic embryos.

P192
Novel Mitofusin2 (MFN2) mutations and
phenotypic variability in CharcotMarie
Tooth neuropathy type 2A
Huehne K.(1), Wolff G.(2), Reis A.(1), Grehl
H.(3), Rautenstrauss B.(1)
1) FAU, Human Genetics, Erlangen
2) University Freiburg, Human Genetics,
Freiburg
3) Johanniter Hospital, Neurology, Duisburg
CharcotMarieTooth disease (CMT) represents
a group of genetically and clinically heteroge
nous peripheral neuropathies. According to elec
trophysiological criteria two main CMT forms are
distinguished: the demyelinating CMT type 1
with decreased nerve conduction velocities and
the axonal CMT type 2. Mitochondrial fusion
protein Mitofusin2 (MFN2) was recently de
scribed as second causative gene in the CMT2A
locus. MFN2 functions as mitochondrial outer
membrane GTPase and regulates the mitochon
drial network architecture by fusion of mitochon
dria. It is necessary for structural integrity and
mobility of mitochondria. Reduced mitochondr
ial mobility in axons of peripheral nerves proba
bly contributes to the CMT2 phenotype. We in
vestigated 30 patients with axonal CMT2. Over
all we found six novel mutations in MFN2 (I213T,
R275W, G298R, S378P, R707W, E744L). This
represents 20 % of these CMT2 patients and in
dicates the importance of this gene for periph
eral neuropathies. The typical clinical signs of
steppage gait and pes cavus were present. Dis
tal weakness and atrophy was more pronounced
in the lower than in the upper limbs. All patients
showed normal or only mildly reduced nerve
conduction velocity (NCV~ 38 m/s). No or only
mildly reduced sensory disturbance was detect
ed. Facial paresthesia in one of the patients was
observed for the first time (variation S378P). One
patient (R707W) exhibited additionally inner ear
deafness since early childhood and nystagmus.
She was wheel chair bound at the age of 20.
Deafness was described for axonal neuropathies
caused by selected Myelin Protein Zero (P0),
Connexin32 (Cx32) and PMP22 mutations. Five
mutations comprise the functional important GT
Pase or the fzo_mitofusin domain, two are clini
cally sporadic novel mutations. The S378P mu
tation is located in an evolutionary highly con
served interdomain region. The here presented
patients and MFN2 mutations give deeper in
sight in the genotypephenotype correlation in
CMT type 2.

P193
Clinical and genetic analysis of patients
with polymicrogyria (PMG)
Uyanik G.(1), Groß C.(2), Eckel U.(3), Spranger
S.(4), Cohen M.(5), Martin P.(6), Hehr U.(2),
Winkler J.(1)
1) Universität Regensburg, Klinik und
Poliklinik für Neurologie, Regensburg
2) Zentrum für Gynäkologische
Endokrinologie, Reproduktionsmedizin und
Humangenetik, Regensburg
3) Praxis für Kinderheilkunde, Osterholz
Scharmbeck
4) Praxis für Humangenetik, Regensburg
5) Kinderzentrum München, München
6) Epilepsiezentrum Kork, KehlKork
Polymicrogyria (PMG) is a heterogeneous corti
cal malformation, which is characterized by an
excessive number of small gyri with disturbed
lamination at different cortical regions. PMGs
can be unilateral or bilateral, focal or diffuse.
There are isolated and syndromic forms associ
ated with other malformations. In some sponta
neous cases environmental factors like infec
tions during pregnancy are discussed to cause
PMG. In other cases, especially in bilateral
forms, the familial inheritance points towards ge
netic factors being involved in the development
of PMG. This is also supported by the observa
tion of chromosomal translocations in some of
these families. Up to date 3 different loci are as
sociated with different forms of bilateral PMG.
Recently, the first gene leading to autosomal re
cessive bilateral frontoparietal PMG (BFPP)
could be localized on 16q12 and mutations in
the G proteincoupled receptor gene GPR56
were demonstrated to cause one form of BFPP.
The functional role of GPR56 and other mem
bers of this family of proteins during cortical de
velopment is still unknown, no association to
typical neuronal migration disorders had been
reported so far.
In our cohort of patients with cortical malforma
tionswe have analyzed individuals with isolated
PMG as well as pedigrees with different types of
PMG. In families with PMG we first performed
linkage analysis to the GPR56 locus, which in
one family demonstrated two affected sisters to
share identical parental alleles. By direct se
quencing we identified in this family two novel
causal GPR56 mutations, a splice mutation and
a nonsense mutation, leading to BFPP. In addi
tion, we present families with different forms of
PMG without linkage to the known PMG loci.
Our data confirm that inherited PMGs are a het
erogeneous group of cortical malformations.
Identification of additional PMG genes will be an
important tool to improve our understanding of
normal and abnormal cortex formation.

P194
Expression analysis of mutant seipin in
AtT20 cells
Jud D.(1), Ofner L.(1), Schwarzbraun T.(1),
Weiss S.(1), Petek E.(1), Kroisel P.M.(1),
Wagner K.(1), Windpassinger C.(1)
1) Medical University Graz, Institute of
Medical Biology and Human Genetics, Graz
We recently identified two missense mutations
in BSCL2 associated with dHMNV (OMIM
#600794) and Silver syndrome (OMIM #270685).
Both mutations (N88S and S90L) are located in
exon 3 of BSCL2 and destroy the only Nglyco
sylation site of the gene product seipin. It is well

established that missing Nglycosylation sites
have an adverse effect on proper folding of pro
teins often resulting in an altered 3 dimensional
conformation.
Cell culture experiments with AtT20 cells ex
pressing mutant forms of seipin resulted in for
mation of stable protein aggregates which are
located mainly around the centrosomal region.
In contrast to the definition of aggresomes we
could show that the aggregates of overex
pressed seipin are not coated by vimentin. Ad
ditionally we used antibodies against βtubulin,
γtubulin, hsp70, proteasome 19 S subunit and
ubiquitin to look for the distribution of these mol
ecules in mutant seipinEGFP transfected cells.
The role of the inclusion bodies during the cell
cycle was investigated in time laps experiments.
Our results will further contribute to understand
the involvement of mutated seipin in the patho
physiology of Silver syndrom / dHMNV.

P195
Phenotypic spectrum of ARXopathies and
functional analysis of a truncated human
ARX gene product in neuronal cell cultures
Gross C.(1), Uyanik G.(2), Zoll B.(3), Miterski
B.(4), Thomas W.(5), Schefels J.(6), Hehr U.(1),
Aigner L.(2), Winkler J.(2)
1) Center for Gynecological Endocrinology,
Reproductive Medicine and Human
Genetics, Regensburg
2) University of Regensburg, Department of
Neurology, Regensburg
3) University of Goettingen, Department of
Human Genetics, Goettingen
4) Institute for Clinical Genetics and
Cytology Nordrhein, Oberhausen
5) University of Wuerzburg, Children’s
Hospital, Wuerzburg
6) Evang. Hospital Oberhausen, Children’s
Hospital, Oberhausen
Distinct hemizygous mutations in the aristaless
related homeobox gene (ARX; Xp22.13), the hu
man orthologue of the Drosophila gene arista
less, have recently been reported to cause a
wide spectrum of clinical phenotypes including
Xlinked mental retardation, Partington syn
drome, Xlinked West syndrome, Xlinked men
tal retardation with myoclonic epilepsy and X
linked lissencephaly with abnormal genitalia
(XLAG). All phenotypes in males consistently in
clude mental retardation, which in the more se
vere forms of ARXassociated disorders is ac
companied by further functional and/or structur
al brain abnormalities like lissencephaly as seen
in XLAG.
Here we report the preliminary results of an ARX
mutation analysis in a cohort of 44 unrelated
probands presenting with clinical signs of ARX
associated phenotypes. In all 5 independent
probands with characteristic clinical features of
XLAG a causal ARX mutation could be identified.
4 frameshift mutations all resulted in either par
tial or complete loss of the aristaless domain,
while the fifth proband was found to carry a mis
sense mutation R332C in the highly conserved
homeodomain. In one family with Xlinked WEST
syndrome the characteristic repeat expansion of
the first polyalanine tract was identified.
In order to further characterize the function of
the normal and abnormal human ARX gene
product during neuronal migration and differen
tiation, neuronal tissue cultures with a hemizy
gous truncating ARX mutation were established.
Polyclonal antibodies were used to analyze the
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expression of different proteins known to be in
volved in cortical development and the differen
tiation of neuronal precursor cells into the differ
ent types of neurons. Our preliminary data indi
cate, that loss of the aristaless domain in ARX is
not abolishing the differentiation into GABAergic
neurons in the human in vitro cell culture system.

P196
Wide clinical variability in a German
pedigree with Cerebral Cavernous
Malformations due to a Krit1 frameshift
mutation
Hehr U.(1), Friedrich M.(2), Gross C.(1),
Brawanski A.(2)
1) Center for Gynecological Endocrinology,
Reproductive Medicine and Human
Genetics, Regensburg
2) University of Regensburg, Department of
Neurosurgery, Regensburg
Cerebral cavernous malformations occur with a
frequency of about 0.10.5% in the general pop
ulation. Serious clinical complications include
seizures, cerebral hemorrhages or focal neuro
logical deficits. The presence of multiple vascu
lar lesions is considered as a genetically hetero
geneous autosomal dominant condition with in
complete penetrance and wide clinical variabili
ty. A truncating mutation in the Krit1 gene
(CCM1) can be identified in up to 47% of the
CCM families. About 30% of the CCM1 negative
families carry mutations in the CCM2 gene. A
third CCM locus was identified in 3q25.2q27.
Here we report the molecular and clinical data of
a German CCM pedigree. The index proband
was identified at the age of 18 years after his
first epileptic seizure. At the age of 25 years he
is currently without neurological symptoms after
5 neurosurgical interventions. MR imaging iden
tified multiple lesions in his younger maternal
half sister at the age of 12 years, where she had
only presented so far with recurrent episodes of
severe headache. She is currently 16 years old
and in the mean time had 3 neurosurgical inter
ventions. One maternal cousin of both half sibs
was reported to present with complex neurolog
ical handicaps after severe complications due to
multiple cerebral lesions. Both obligate mutation
carriers, the mother of our index cases (48 years)
as well as the mother of their severely affected
cousin are reported to be clinically unaffected,
but so far denied MR imaging to evaluate the
presence of asymptomatic vascular lesions. Se
quence analysis of the index case revealed a
1bp deletion in the CCM1 gene: c.1813delT,
which is also present in his tested half sister as
well as his mother.
Identification of causal mutations in CCM fami
lies allows to discuss the option of presympto
matic mutation testing of further relatives at risk
and the development of adequate diagnostic
strategies including early MR imaging and clini
cal controls in identified mutation carriers.

P197
Wolfram syndrome (WS) caused by
compound heterozygosity for transition G>A
at the splice donor site of exon 4 leads to a
new missense mutation but normal splicing
and expression of WSF1 cDNA
Kroisel P.M.(1), Weiss S.(2), Jud D.(2), Ofner
L.(2), Schwarzbraun T.(2), Mach M.(2), Petek
E.(2), Wagner K.(2), Hol F.A.(3), Windpassinger
C.(2)
1) Institute of Human Genetics, Clinical
Genetics, Greifswald
2) University of Graz, Institute of Medical
Biology&Human Genetics, Graz
3) University Medical Center, Human
Genetics, Nijmegen
WS, a rare autosomal recessive disorder is
mainly caused by mutations of the WFS1 gene
at 4p16.1. Patients develop very early onset type
1 diabetes in association with progressive op
tic atrophy. The WFS1 gene encodes a trans
membrane protein of 890 amino acids called
wolframin, which recent evidence suggests may
serve as a novel endoplasmic reticulum calcium
channel in pancreatic betacells and neurons.
About 100 mutations were reported thus far.
Genotypephenotype studies indicate that
causative mutations preferentially occur in exon
4 and 8. Here we report on a 29 year old WS pa
tient (MK), the first of two sons of healthy non
consanguineous parents. Diabetes mellitus was
diagnosed with 4 and optic atrophy at 10 years.
He is completely blind now. A mild non progres
sive deafness was recognized when he was 7.
Olfactory function is reduced too. He is smart,
will achieve an academic degree soon and is
professionally and socially well adapted. DNA
sequence analysis of his WFS1 gene revealed a
compound heterozygosity for 460 G>A (G154S)
at the last codon of exon 4 and 2315ins(T) in
exon 8. The latter frame shift mutation was al
ready reported in an Austrian WS patient where
as the missense mutation in exon 4 was not de
scribed yet. Calculation of splice site scores us
ing different programs predicted a clear reduc
tion of scores since the last nucleotide of exon
4 is affected. Therefore cDNA obtained by re
verse transcription from blood cell RNA was
subcloned and subsequent analysis indicated
that expression and spicing of this allele is not
grossly changed. Parents are heterozygous for
460 G>A (mother) or 2315ins(T) (father) and his
brother is not a carrier. Conclusion:This study
supports that indeed in exon 4 and 8 there are
more often severe WFS1 gene mutations but
also shows current limits of splice score calcu
lation programs. Recent reports suggest a clear
association of WFS1 gene mutations with psy
chiatric illness but MK up to now does not show
any anomaly of that kind.

P198
Rare variants in the familial hemiplegic
migraine gene ATP1A2 in familial clustering
of common forms of migraine
Todt U.(1), Dichgans M.(2), JurkatRott K.(3),
Heinze A.(4), Zifarelli G.(5), Koenderink J.(6),
Zumbroich V.(4), Goebel I.(1), Stiller A.(1),
Ramirez A.(1), Friedrich T.(7), Göbel H.(4),
Kubisch C.(1)
1) Institute of Human Genetics, Bonn
2) Neurologische Klinik, Klinikum
Großhadern, München
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3) Abteilung für Angewandte Physiologie,
Ulm
4) Schmerzklinik Kiel, Kiel
5) MaxPlanckInstitut für Biopyhsik,
Frankfurt a.M.
6) Department of Biochemistry, Nijmegen
7) MaxPlanckInstitut für Biophysik,
Frankfurt a.M.
Migraine is a recurrent neurovascular disease, its
most common forms are migraine without aura
(MO) and migraine with aura (MA) both showing
familial clustering and a complex pattern of in
heritance. Familial hemiplegic migraine (FHM) is
a rare monogenic subform of migraine which is
caused by mutations in the calcium channel
gene CACNA1A or the ATP1A2 gene which en
codes the Æ2 subunit of a Na+/K+ pump.
In order to determine whether ATP1A2 is also in
volved in the molecular pathogenesis of complex
inherited MA, we systematically screened
ATP1A2 in families with several members affect
ed by MA and/or MO. We identified two novel
missense mutations (E174K and C515Y), which
were not found in more than 500 control chro
mosomes. We performed functional studies of
these variants in Xenopus oocytes by twoelec
trode voltage clamp measurements and radio
chemical determination of ATPase activity.
Whereas C515Y leads to a complete loss of
function indistinguishable from the effect of
FHMmutations, for E174K no functional alter
ation could be found.
Although the in vitro data could not prove the
pathogenicity of E174K suggesting additional ef
fects of “modifying” genes nor could they estab
lish a genotypephenotype relationship for
C515Y versus typical FHMmutations, we pro
pose that rare variants in ATP1A2 are involved in
the susceptibility to common forms of migraine,
because of (i) the absence of alterations in con
trols, (ii) the pattern of segregation, (iii) the high
conservation of alterations in Na+/K+ATPases,
(iv) the functional effect of C515Y, and (v) the es
tablished involvement of ATP1A2 in a monogenic
form of migraine.

P199
The gene LRRK2 (PARK8) which causes
autosomal dominant Parkinsonism does not
influence common forms of Parkinsons
Disease
Biskup S.(1), Mueller J.(1), Lichtner P.(1),
Zimprich A.(2), Farrer M.(3), Strom T.M.(1,5),
Gasser T.(4), Meitinger T.(1,5)
1) GSF National Research Institute, Institute
of Human Genetics, Neuherberg, Germany
2) Neurological Department, Medical
University of Vienna, Vienna, Austria
3) Departments of Neurology (R.J.U., Z.K.W.)
and Neuroscience (M.F., S.L., J.K., M.H.,
D.W.D.), Mayo Clinic, Jacksonville, Florida,
USA
4) Hertie Institute for Clinical Brain
Research, Department of
Neurodegenerative Disease, Tübingen,
Germany
5) Institute of Human Genetics, Technical
University Munich, KrdI, Munich, Germany
We recently showed that mutations in the gene
for a leucinerich repeat kinase (LRRK2) cause
autosomaldominant lateonset Parkinsonism.
We identified five missense and one putative
splice site mutation in the LRRK2 gene in six
families linked to chromosome 12 (PARK8).
LRRK2 is a large, multifunctional protein belong
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ing to the ROCO protein family. ROCO proteins
include a protein kinase domain of the MAPKKK
class and several other major functional domains
(smallGTPase domain, proteinprotein interac
tion domains). LRRK2mutations appear to be a
common cause of dominantly inherited Parkin
sonism. Currently we are investigating the func
tion of LRRK2 in vitro by cloning the cDNA of the
longest open reading frame and by subcloning
the kinase and GTPase domain. In different as
says we are comparing wildtype to mutant iso
forms. In order to find out if this novel gene in
fluences nonmendelian forms of Parkinson´s
disease (PD) we genotyped 120 SNPs in a set of
662 Parkinson´s disease patients and 1020 con
trols from a European population. No casecon
trol partition for allele and for haplotype could be
demonstrated until now. No evidence for the ex
istence of a common functional variant in LRRK2
that has a strong influence on PD risk was
found.

P200
Functional analysis in Drosophila models for
hereditary neuropathies and lipodystrophies
Schwarzbraun T.(1), Windpassinger C.(1),
Sigrist S.(2), Ofner L.(1), Weiss S.(1), Jud D.(1),
Kroisel P.(1), Petek E.(1), Wagner K.(1)
1) Medical University of Graz, Institute for
Medical Biology and Human Genetics, Graz
2) European Neuroscience Institute,
Göttingen
Mutations in the human gene BSCL2 were
known to cause type 2 congenital lipodystrophy
and recently it was found to be also responsible
for distinct neurological phenotypes. In this proj
ect we seek to develop model organisms for the
neurological disorders spastic paraplegia syn
drome 17 (SPG17) and CharcotMarieTooth dis
ease type 2D (CMT2D) as well as for the meta
bolic disorders congenital lipodystrophy, type 1
and type 2 (BSCL1, BSCL2) using excision mu
tagenesis for the Drosophila homologues of the
human genes BSCL2, GARS and AGPAT2. In
parallel, transgenic flies will be created for “res
cue assays” and to also allow spatiotemporal
control over gene expression. Additionally trans
genic RNAi strategies might be used for con
trolled spatiotemporal gene inactivation. Anti
bodies and GFPfusions will be generated to
study tissue and subcellular distribution of the
proteins in intact Drosophila. This will form the
basis to gain additional insight in which cellular
and molecular pathways these proteins function
in as well provide us with the required lines to
analyse the phenotype in flies. We hope that
these experiments will strengthen our insights
into the primary cell biological scenario underly
ing the hereditary spastic paraplegia (HSP) and
congenital generalised lipodystrophy (CGL) dis
eases.
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P201
The OSTL gene, encodes a RING Finger
protein, which is highly expressed in
memory B cells and the acute lymphoblastic
leukemia (ALL) cell line SEM, interacts with
HAX1 and SIVA
Fontanari Krause L.(1), Mooster J.(2), Müschen
M.(2), Bohlander S.(1)
1) CCG Leukemia GSF Klinikum
Grosshadern, Med. III Klinikum
Grosshadern, Munich
2) HeinrichHeineUniversity, Molecular
Stem Cell Biology, Düsseldorf
We have cloned and characterized a new gene
(OSTL), that is involved in the translocation
t(6;12)(q23;p13). This translocation results in the
fusion of ETV6 with STL in a childhood B ALL
cell line. OSTL shares the first exon with STL but
is transcribed in the opposite direction (OSTL =
Opposite STL). Since the ETV6/STL fusion gene
encodes only a very small protein, which lacks
any known functional domains, we hypothesize
that the main leukemogenic effect of this
translocation is the deregulation of OSTL. OSTL
encodes for a protein of 307 amino acids con
taining a variant RING2 motif, a modified Bbox
domain (DRIL) and a RING finger motif. The
OSTL protein is highly conserved: the human
and mouse proteins are 99% homologous and
between the human and puffer fish (Fugu
rubripes) protein the homology is 83%. A green
fluorescent protein OSTL fusion protein ex
pressed in mouse fibroblast cells (NIH3T3) local
ized to the cytoplasm. Northern blot analysis
showed high expression of human OSTL in
testis, ovary and skeletal muscle. Northern
analysis of eleven Bcell lines showed expres
sion of OSTL in Karpas (mature B cell line de
rived from BNHL) and in several Epstein Barr
virus transformed lymphoblastoid cell lines. RT
PCR analysis of cDNA from B cells of different
developmental stages showed expression of
OSTL in naive, memory and plasma B cells, with
strongest expression of OSTL in memory cells
and in the ALL cell line SEM. Interestingly, a
yeast two hybrid screen identified two OSTL in
teracting proteins that are important in Bcell re
ceptor signaling and Bcell survival (SIVA, HAX
1). The OSTL  SIVA and OSTL  HAX1 interac
tions were confirmed by cotransformation as
says in yeast, colocalization assays in mouse fi
broblast cells, and coimmunoprecipitation (for
HAX1 only). These results support our hypothe
sis that deregulated OSTL expression can lead
to hematologic malignancies and suggests that
OSTL might have an important function in mem
ory B cell survival.

P202
Recombination hotspot in the vicinity of the
SHOX gene defines a common genetic
cause for short stature
Schneider K.U.(1), Sabherwal N.(1), Jantz K.(1),
Muncke N.(1), Blum W.F.(2), Cutler G.B.J.(3),
Rappold G.(1)
1) Institute of Human Genetics, Department
of Molecular Human Genetics, Heidelberg
2) Lilly Research Laboratories, Bad
Homburg and University Children’s Hospital,
Giessen

3) Lilly Research Laboratories, Indianapolis
Aside from the influence exerted by environmen
tal and internal factors, growth is orchestrated
by a large number of different genes. One of
them, SHOX, is believed to play a major role
since defects in this homeoboxcontaining short
stature gene on the sex chromosomes lead to
syndromal (LériWeill, Langer and Turner syn
drome) or idiopathic short stature. We have
analysed 118 independent patients with Léri
Weill dyschondrosteosis and 1,500 patients with
idiopathic short stature for deletions encom
passing SHOX. Deletions were detected in 34%
of the patients with LériWeill dyschondrosteo
sis and 2% of the patients with idiopathic short
stature. For 27 patients with LériWeill dyschon
drosteosis and 6 with idiopathic short stature,
detailed deletion mapping was carried out.
Analysis was performed by PCR using
pseudoautosomal polymorphic markers and flu
orescence in situ hybridisation using cosmid
clones. Here we show that the identified dele
tions vary in size, yet the vast majority of pa
tients share a distinct deletion breakpoint. This
breakpoint region is characterised by locusspe
cific low copy repeats and a high preponderance
of Alu and LTR sequences, which create a recur
rent deletion breakpoint that occurs in more than
1% of all short individuals. It also represents one
of the most frequent deletion breakpoints lead
ing to disease.

P203
CASK is disrupted by a paracentric
inversion of the X chromosome in a female
with microcephaly, cerebellar hypoplasia,
and severe psychomotor retardation
Wimplinger I.(1), Dobyns W.B.(2), Frank U.(3),
Orth U.(1), Fuchs S.(1), Gal A.(1), Kutsche K.(1)
1) Institut für Humangenetik,
Universitätsklinikum Eppendorf, Hamburg,
Germany
2) Department of Human Genetics,
Neurology and Pediatrics, University of
Chicago, Chicago, USA
3) Sozialpädiatrisches Zentrum, Städtisches
Klinikum, Braunschweig, Germany
Diseaseassociated balanced chromosomal
aberrations are powerful tools for gene identifi
cation. We report a female with microcephaly,
moderate hypoplasia of the brainstem, severe
hypoplasia of the cerebellum, moderate vermis
hypoplasia, conductive hearing impairment, and
severe psychomotor retardation. She carries a
paracentric inversion on one of her X chromo
somes with breakpoints p11.4 and p22.33.
Analysis of DNA methylation at the AR locus and
acridinorange staining of metaphase chromo
somes from peripheral blood cells of the patient
suggested a unilateral X inactivation pattern with
the rearranged X chromosome being always in
active. By FISH, we identified 4 fosmid clones
spanning the breakpoint in Xp22.33 and 7 fos
mids overlapping that in Xp11.4. The breakpoint
in Xp22.33 is in a genepoor region, proximal to
the pseudoautosomal boundary. In Xp11.4, we
mapped the breakpoint in intron 5 of CASK that
encodes a protein with similarity to
Ca2+/calmodulindependent protein kinase II
and membraneassociated guanylate kinase.
Remarkably, CASK intron 5 harbors two small
genes, GPR34 and GPR82, both encoding G
proteincoupled receptors. Transgenic male
mice with an insertion in Cask show craniofacial
abnormalities. In addition, CASK acts as coacti
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vator of the transcription factor Tbr1 to induce
transcription of Telement containing genes, in
cluding reelin, a gene involved in cerebrocortical
development. Mutation analysis of CASK,
GPR34, and GPR82 in eight patients with micro
cephaly and cerebellar hypoplasia revealed an
isocoding mutation in CASK in one patient. This
transition (c.915G>A, p.K305) affects the last nu
cleotide of exon 9. The mutated sequence was
not detected as a donor splice site by two com
puter prediction programs suggesting that this
sequence variant affects splicing. The same
sense mutation in CASK has not been found in
176 unaffected males. Further studies are being
performed to elucidate whether the mutation is
causative for the patient’s phenotype.

P204
Htra2ß1  a splicing modulator of SMN2
transcripts: functional studies in transgenic
and knock out mice
Mende Y.(1), Hofmann Y.(2), Jablonka S.(3),
Sendtner M.(3), Wirth B.(1)
1) Institute of Human Genetics, University of
Cologne; Center of Molecular Medicine
Cologne (CMMC), Cologne
2) Institute of Human Genetics Bonn, Bonn
3) Institute for Clinical Neurobiology,
University of Wuerzburg, Wuerzburg
Spinal muscular atrophy is an autosomal reces
sive disorder caused by homozygous loss of the
survival motor neuron gene 1 (SMN1). The loss
of the gene leads to degeneration of alpha mo
tor neurons in the spinal cord resulting in a pro
gressive weakness of limbs and trunk. Patients
retain at least one of a nearly identical copy of
the gene – SMN2 – which differs to SMN1 only
in 5 bp. Due to alternative splicing most of the
transcripts generated from SMN2 lack exon 7,
resulting in SMN protein deficiency. The remain
ing correctly spliced transcripts are not success
ful to compensate the loss of SMN1 in patients.
We have already identified the SRlike splicing
factor Htra2ß1 to restore the correct splicing of
SMN2 exon 7 in vitro. The protein is therefore a
promising candidate for an in vivo modulation of
SMN RNA processing to serve as a therapeutic
tool to prevent SMA. Compared to humans,
mice possess only one Smn gene whose loss is
embryonic lethal. Transgenic Smn/ mice carry
ing the human SMN2 show an SMAlike pheno
type, whereas the phenotypic severity like in hu
man is correlating with the SMN2 copy number.
We have generated mice overexpressing the
Htra2ß1 neuronal specific. Overexpression of
Htra2ß1 was confirmed via immunostaining of
cultured motor neuron cells.The transgenic
Htra2ß1 mice are phenotypically normal. Our fi
nal goal is to create Smn/, SMN2+, Htra2ß1+
animals to investigate if Htra2ß1 shows a res
cue effect on the SMA phenotype in vivo. Fur
ther we have developed a knock out strategy for
the murine homologue Sig41 via the Cre/loxP
system to investigate the function of the Tra2ß1
in mammalians. By using PCRstrategy we have
previously excluded splice variants of the
mSig41 in all tissues of interest. We have already
succeeded in generating the target vector for ES
cell transfection. Since reduced SMN protein
level also leads to reduced Htra2ß1 protein lev
el, the construction of Tra2ß1 knock out mice is
of particular interest.
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P205
PCC syndrome: The underlying gene defect,
cellular and clinical characteristics of the
first genetic disorder affecting chromosome
condensation
Trimborn M.(1), Richter R.(1), Sternberg N.(1),
Prott E.C.(2), GillessenKaesbach G.(2),
Sperling K.(1), Jackson A.(3), Neitzel H.(1)
1) Institute of Human Genetics, Charité,
Berlin
2) Institute of Human Genetics,
Universitätsklinikum, Essen
3) Molecular Medicine Unit, University of
Leeds, Leeds, UK
Chromosome condensation is a fundamental
and tightly regulated process during the cell cy
cle resulting in the folding of interphase chro
matin to metaphase chromosomes. Recently, we
described the first congenital disorder in man
which is associated with a chromosome conden
sation defect characterized by premature chro
mosome condensation in the early G2 phase of
the cell cycle and delayed decondensation post
mitosis (OMIM 606858). Clinically, the syndrome
is associated with microcephaly, short stature,
and moderate to severe mental retardation. Fur
thermore, we have shown that the disorder is
caused by mutations in MCPH1 (microcephalin),
a gene containing three BRCT domains which
are often found in proteins implicated in cell cy
cle regulation. Dividing cells of patients with the
disorder are characterized by a high proportion
of prophaselike cells detectable in routine cy
togenetic preparations. Ionizing irradiation in
creases the fraction of prophaselike cells and
could serve as an additional approach to facili
tate the diagnosis. siRNAmediated depletion of
MCPH1mRNA in Helacells is sufficient to re
produce the specific cellular phenotype with
misregulated chromosome condensation. So far,
two mutations in exon 2 and exon 5 have been
described resulting in protein truncation. The af
fected patients exhibit a severe cellular and clin
ical phenotype. We report here a new patient
with a missense mutation in an evolutionary con
served amino acid of microcephalin having a
milder cellular and clinical phenotype.
In conclusion, our findings implicate micro
cephalin as a novel regulator of chromosome
condensation and link the apparently disparate
fields of neurogenesis and chromosome biology.
Further characterization of microcephalin is thus
likely to lead to fundamental insights into both,
the regulation of chromosome condensation and
neurodevelopment.

P206
Detection by triple PCR of expanded CGG
repeats and their AGG interruptions in the
FMR1 gene of fragile X syndrome
Steinbach P.(1), Lindenthal H.(1), Steinbach
D.(1)
1) Universitätsklinikum, Humangenetik, Ulm,
Germany
Triple PCR has been used successfully to visu
alize largely expanded microsatellite sequences
too large to be amplified by PCR across the ex
panded gene regions, e.g., in patients with ex
pansion of the CCTG repeat in the ZNF9 gene of
myotonic dystrophy type 2, but has never been
tried to detect expanded FMR1 CCG repeats in
fragile X families. We investigated the FMR1 al
leles of patients and carriers, previously ascer
tained upon Southern analysis, by a newly de

veloped triple PCR strategy allowing detection
of PCR products of pre and full mutation alleles
on a capillary DNA sequencer. With this technol
ogy, we were particularly able to detect the num
ber and position of AGG interruptions in CGG re
peats of any size in both male and female indi
viduals, and, thereby, identified a proportion of
fragile X patients with AGGinterrupted full mu
tations. This discovery led us to investigate the
haplotype backgrounds of interrupted and non
interrupted full mutation alleles.

P207
Screening of hot spot mutations in the
Ryanodine receptor gene for Malignant
hyperthermia and Central core disease
identifies 8 novel exchanges
Dekomien G.(1), Gencik M.(2), Gencikova A.(2),
Klenk Y.(1), Epplen J.(1)
1) RuhrUniversität, Humangenetik, Bochum
2) Medizinische Universität, Humangenetik,
Wien
Malignant hyperthermia (MH) is a pharmacoge
netic condition that may cause severe and un
controllable metabolic overreaction during
anaesthesia as response to specific anesthetics
and muscle relaxants. If not treated immediate
ly MH episodes might have lethal consequences.
A form of myopathy closely associated with MH
is central core disease (CCD) which is inherited
in an autosomal dominant mode. Mutations in
the ryanodine receptor 1 gene (RYR1) are the
most frequent cause of MH and CCD. RYR1 pro
tein mediates calcium release in skeletal muscle
during excitationconcentration coupling. Muta
tions alter the RYR1 channel kinetics for calcium
inactivation and make it hyper and hyposensi
tive to activating and inactivating ligands, re
spectively. RYR1 is one of the largest known
proteins with 2.200 kDa corresponding to 5.039
amino acids encoded by 106 exons. Therefore,
mutation analysis for both conditions has so far
been concentrated on “hot spots“ in functional
ly relevant regions: including parts of exons 2 to
17 and 39 to 46, and especially in CCD in the C
terminal region exons 71 and 95 to 103.
We used denaturing high performance liquid
chromatography (DHPLC) to analyse 18 regions
of the RYR1 gene. Altogether 208 individuals in
cluding fourteen families with 52 members were
investigated. 20 mutations causing MH were de
tected, 7 of which are also associated with CCD.
8 mutations have not yet been published. In ad
dition, 10 (partly novel) polymorphisms were
identified during the mutation analysis.
In conclusion the RYR1 mutations were shown
to account for ~35% of MH susceptibility and in
~15% of CCD cases. In muscle biopsy with a
characteristic CCD phenotype the detection rate
could be increased to ~35%.

P208
Junction PCR based genotyping of NF1
microdeletions indicates preferred sites of
nonallelic recombination in the NF1 gene
region
KehrerSawatzki H.(1), Kluwe L.(2), Friedrich
R.(2), Mautner V.(2)
1) University of Ulm, Department of Human
Genetics, Ulm
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2) University Hospital HamburgEppendorf,
Department of Maxillofacial Surgery,
Hamburg
Heterozygous NF1 deletions that encompass at
least 1Mb are the most common recurrent mu
tations in Neurofibromatosis type 1. Clinically,
NF1 microdeletions are of interest as they have
been reported to be associated with early onset
of tumor growth, mental retardation, facial dys
morphism and high risk for malignancy. Thus
NF1 deletions promise to identify modifying
genes aggravating tumor growth. However,
genotype/phenotype correlations in large co
horts of patients identified in unselected screen
ings have not yet been performed. Molecularly,
NF1 deletions are of interest as they are trig
gered by the genomic architecture of the NF1
gene region. The majority of deletions are
caused by aberrant recombination between du
plicated sequences flanking the NF1 gene re
gion. Deletion subtypes were identified, which
differ with respect to breakpoints and the num
ber of deleted genes. The frequency of the dif
ferent deletion types has not yet been deter
mined in a collective of NF1 patients ascertained
in screenings not biased by the severity of the
manifestation. We examined 611 unselected NF1
patients for the presence of deletions and deter
mined the breakpoint sites in most cases. In
4,6% of the screened patients (28/611), a mi
crodeletion was confirmed by FISH and marker
analysis. This screen revealed two major types
of deletions: Type 1 deletions of 1.4 mb with
breaks in the NF1 LCRs were detected in 61%
of patients. Type2 deletions of 1.2 mb have
breakpoints in the JJAZ1 gene and were identi
fied in 28% of patients. Two other patients had
larger deletions of 2Mb and 2.7Mb, respective
ly, which were nonLCR mediated. We deter
mined the exact breakpoint sites in 18 NF1 mi
crodeletions and identified preferred regions of
strand exchange for which deletionjunction
PCRs were established. These deletion junction
assays will facilitate the mapping of deletion
breakpoints in large cohorts of patients and en
able detailed genotype/phenotype correlation
studies for large NF1 deletions.

P209
Candidate gene testing for EmeryDreifuss
muscular dystrophy
Bethmann C.(1), Wasner C.(1), Wehnert M.(1)
1) Institute of Human Genetics, Greifswald
Until now two genes, STA and LMNA, have been
associated to EmeryDreifuss muscular dystro
phy (EDMD). Further genes are likely to be in
volved. Forced by the lack of families suitable for
positional cloning we started a functional candi
date gene approach. We considered such genes
as candidates for EDMD that encode (1) func
tionally related proteins to emerin and lamin A/C
including LMNB1, LMNB2, LBR, LAP1, LAP2,
NRM and MAN1 or (2) proteins interacting with
emerin and/or lamin A/C including Narf, Zmp
ste24, BAF, PSME3, SREBF1, YT521B. Addition
ally, a third group of candidates were those,
which are expressed specifically in heart and
skeletal muscle – the preferentially affected tis
sues in EDMD (FLNC, SMPX, POP 13, AKAP 7,
Nesprin1 and Nesprin2). Until now we have
studied 21 genes in 110 patients from Germany.
We identified five unique variations in Nesprin1α
(29A>G, N323H, V572L, E646K, 2368G>A), one
in SrebF1 (R812Q), one in Nesprin2α (525G>A),
one in YT521B (3100G>A), one in LAP2 (E384K),

one in NRM (715C>A) and one in FLNC
(6508C>T), which were not detectable in the ref
erence population. None of the DNA variants
have so far been associated to EDMD. Interest
ingly, a Nesprin2α 525G>A variation was also
found in the patient’s affected son, but not in the
healthy son and partly affected daughter. So this
variation seems to segregate with EDMD. Our
results might be the first hint that Nesprins are
involved in the pathogenesis of EDMD. But to
validate such an effect, in vitro mutagenesis and
transfection experiments are required.

P210
MLPA for screening of large alterations
affecting the NF2 Gene
KehrerSawatzki H.(1), Kluwe L.(2), Nygren
A.(3), Errami A.(3), Matthies C.(4), Tatagiba
M.(5), Mautner V.(2)
1) University of Ulm, Department of Human
Genetics, Ulm
2) University Hospital Eppendorf, Laboratory
for Tumor Biology and Malformation,
Department of Maxillofacial Surgery,
Hamburg
3) MRCHolland, Amsterdam, Netherlands
4) Hospital Nordstadt, Department of
Neurosurgery, Hannover
5) University Hospital, Department of
Neurosurgery Tübingen, Tübingen
Neurofibromatosis 2 (NF2) is a genetic disorder
caused by the mutational inactivation of the NF2
gene and is characterized by bilateral vestibular
schwannomas, spinal tumors, and other benign
tumors of the nervous system. Previously, we
have found intragenic NF2 mutations in 99 out
of a total of 188 unrelated NF2 patients by exon
scanning based methods. Tumor analysis of 22
de novo NF2 patients led to the identification of
12 additional constitutive NF2 mutations. The re
maining 77 patients were further examined for
gross alterations using the newly developed
gene dosage assay multiplex ligationdependent
probe amplification (MLPA). One deletion of a
single exon, seven deletions of multiple exons,
seven deletions involving the 3’ or 5’ end of
the NF2 gene, four deletions involving the whole
NF2 gene, and one duplication of three exons
were detected. For 47 of the 77 patients, mRNA
of adequate quality could be obtained, enabling
transcript analysis, which confirmed eight alter
ations detected by MLPA. In addition, in one
family the mRNA analysis detected an insertion
of two exons of another gene. Deletions, dupli
cations, and insertions affecting the NF2 gene
were thus found in a total of 21 cases. This re
lates to 11% of the 188 unrelated NF2 patients
studied, 16% of the 132 mutations identified,
and 27 % of the 77 cases in which no intragenic
small mutations were detected by exonscan
ning. The combination of multiple screening
techniques facilitated a mutation detecting rate
of 100% for the 21 inherited cases in this study.
Our results demonstrated that a considerable
portion of NF2 patients have larger alterations
affecting the NF2 gene which can not be detect
ed by exonscanning based screenings and that
MLPA is a suitable method for detecting such al
terations.

P211
Position effects at the SOX9 locus:
acampomelic campomelic dysplasia with XY
sex reversal caused by a novel translocation
breakpoint mapping about 900 kb upstream
of SOX9
Leipoldt M.(1), Shanske A.(2), Scherer G.(1)
1) Institute of Human Genetics and
Anthropology, University of Freiburg,
Freiburg, Germany
2) Pediatrics, Children’s Hospital at
Montefiore, Albert Einstein College of
Medicine, New York, USA
Campomelic dysplasia (CD; MIM 114290) is a
semilethal skeletal malformation syndrome with
or without XY sexreversal. CD is mainly caused
by mutations within the SOX9 gene on 17q and
occasionally by chromosomal rearrangements in
the vicinity of SOX9. The breakpoints in 13 CD
translocation or inversion cases analysed in de
tail map up to 400 kb (11 cases) and as far as
900 kb (2 cases) upstream of SOX9. The most
likely explanation for this kind of position effect
is that the breakpoints interrupt an unusually
large SOX9 control region. We studied a patient
with the acampomelic form of CD with the kary
otype 46,X,t(Y;17)(q11.2;q23). The patient pre
sented at birth with cleft palate, thoracic
kyphoscoliosis and normal female external gen
italia. She suffered from recurrent lower respira
tory infections and required tracheostomy and
gastrostomy at 9 months of age. She has
resided in a chronic care facility since that time.
Her neurodevelopment is mildly impaired. She is
now 1 year and 9 months of age. Fluorescence
in situ hybridization (FISH) gave a positive signal
for SRY and for the centromeric region (DYZ3)
on the derivative Y chromosome. BAC probes
up to 800 kb upstream of SOX9 always gave sig
nals on the der(Y) only. BAC probe RP11879D6,
however, was found to span the translocation
breakpoint on 17q. From the distribution of the
FISH signals, the breakpoint was estimated to
be around 880930 kb from SOX9 and thus in
the same region as in the two previously report
ed cases. Together, these cases indicate the ex
istence of a second, far upstream breakpoint
cluster region, in addition to the breakpoint clus
ter 1400 kb upstream of SOX9. The present
case also adds weight to the hypothesis that es
sential cisregulatory elements are located up to
almost 1 Mb from the SOX9 gene they control. 
By FISH and by PCR analysis of somatic cell hy
brids, the breakpoint position will be further re
fined.

P212
Genetic and phenotypic diversity of
autosomal, dominant congenital cataracts
Graw J.(1)
1) GSFNational Research Center for
Environment and Health, Institute of
Developmental Genetics, Neuherberg
In industrialized countries, approximately 30 in
fants (out of every 100.000) will be diagnosed
with cataract by their first birthday. Since viral
infections and consanguinity are rather rare,
most of them can be characterized as hereditary,
dominant forms (mainly autosomal). Morpholog
ically, these lens opacities can be classified as
cerulean, lamellar, sutural, aculeiform, nuclear or
cortical depending on their size and shape. Dur
ing the last years, we and others could molec
ularly characterize some of the underlying muta
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tions. Based upon our broad experience with
mouse cataract models, we showed by a ‘func
tional candidategene approach’ that mutations
in the crystallin genes CRYAA, CRYGC, CRYGD
or CRYBB2 are responsible for most of the
cataracts (further functional candidate genes in
clude also GJA3, GJA8, MIP or PAX6). Unfortu
nately, there is no correlation obvious between
the particular phenotype and the affected gene,
the type of the underlying mutation nor the af
fected protein domain.
Moreover, the overall number of known muta
tions in the particular genes is obviously differ
ent: there are five mutations known in the
CRYGD gene, but none in the CRYGA or
CRYGB. The only described change in the CRY
GA is an insertion at pos. 43 leading to a frame
shift and a premature stop codon after 7 new
amino acids. Since the heterozygous situation is
without pathological consequences, it might be
speculated that the corresponding mRNA is de
graded because of nonsensemediated decay.
We observed also a remarkable number of poly
morphic sites in these genes but none in the
closely linked CRYBA2 nor GJA8. This feature
might be explained by the small number of fam
ilies investigated, however, we made similar ob
servations in the mouse including a larger num
ber of lines. It might be speculated whether par
ticular genes may have a higher mutation fre
quency than others or if this phenomenon re
flects a different importance of some genes for
the functional integrity of the particular tissue.

P213
A novel Q49P mutation in the GJA1
(Connexin43) gene in an 11 year old boy
with OculoDentoDigital dysplasia (ODDD)
Rittinger O.(1), Janecke A.(2)
1) PMU Salzburg/ Landeskliniken,
Landesklinik f. Kinderund
Jugendheilkunde, Salzburg
2) Universität Innsbruck, Institut f.
Medizinische Biologie und Humangenetik,
Innsbruck
Objectives: Oculodentodigital dysplasia (ODDD)
is a rare autosomal dominant disorder with high
ly characteristic craniofacial findings including a
thin nose with hypoplastic alae nasi, prominent
columella, microcornea, enamel hypoplasia,
oligodenty, and microcephaly. Neurologic symp
toms are mainly spastic paraparesis and bladder
disturbencies. We observed a boy of Turkish
Austrian origin, who was diagnosed with ODDD
clinically already in the newborn period. His par
ents are healthy. The aim of this study was to
confirm the clinical diagnosis at the molecular
level and to compare the results with previous
findings (Paznekas, AJHG 2003).
Methods: The complete coding region of the
GJA1(connexin43) gene was investigated by
PCR and bidirectional sequencing and avoid
ance of amplification of the pseudogene
GJA1P1.
Result: A heterozygous missense mutation
c.146 A>C was found, causing an exchange of
a glutamine residue by prolin in the first extra
cellular domain of Cx43. Our patient presented
with the hallmarks of the syndrome but in addi
tion showed bilateral 4/5 syndactyly and signs
of cardiac failure (low voltage ECG).
Conclusions: So far, all ODDD patients who un
derwent molecular studies revealed mutations in
the coding region of the GJA1(Cx43)gene. The
glutamine residue in codon 49 is highly con

76

medgen 17 (2005)

served among species and a mutation at this
codon has already been described in ODDD.
However, no obvious genotypephenotype cor
relation can be derived.

P214
Search for mutations in the sodium
dicarboxylate cotransporter1 (NaDC1) in
the etiology of hypocitraturia as a major risk
factor for urolithiasis
Eggermann T.(1), Brauers E.(1), Zerres K.(1),
Hoppe B.(2), Lahme S.(3)
1) RWTH Aachen, Institute of Human
Genetics, Aachen
2) University of Cologne, Children’s
Hospital, Cologne
3) St. Trudpert Hospital, Department of
Urology, Pforzheim
The aetiology of urolithiasis is influenced by en
vironmental as well as by genetic factors. In
deed, the genetic basis for specific metabolic
disorders that lead to urolithiasis, such as
cystinuria and oxaluria is well established; how
ever only little is known about the genetic basis
of hypocitraturia as the major stone forming fac
tors in calciumoxalate stone disease. Urinary
citrate concentration is primarily determined by
its rate of reabsorption in the proximal tubule.
Citrate reabsorption is mediated by the NaDC1
gene. Recent studies showed that increased
NaDC1 expression is associated with a decline
in urinary citrate excretion. Aim of our study was
to determine the role of mutations of the coding
region of NaDC1 as a cause for hypocitraturia.
Patient population was evaluated by means of
24hurinary specimen and citrate load test. Ge
nomic DNA of 13 patients with hypocitraturia
less than 1 mmol/d were included in the study,
in addition, 5 patients from hypocitraturia fami
lies were analysed. The coding sequence (12 ex
ons) as well as the intron/exon boundaries of
NaDC1 was screened by single strand confor
mation analysis (SSCP). To demonstrate the sen
sitivity of our SSCP approach, 10 of the frag
ments were additionally analysed by denaturing
highperformance liquid chromatography (DH
PLC). By SSCP and DHPLC analysis, we detect
ed unusual patterns in the fragments of exons 3,
8, and 12 of the NaDC1 coding sequence. Direct
sequencing of these variations confirmed base
pair substitutions which correspond to known
SNPs (rs11568466 in exon 3, rs11568443 in in
tron 7, rs11568454 in exon12). All three variants
were detected in patients as well as in controls.
Thus, our results do not indicate a relevant role
of mutations in NaDC1 in the etiology of hypoc
itraturia.

P215
Insights in the mechanism of targeted
nucleotide exchange (TNE) by single
stranded oligonucleotides through
experiments resulting in the exchange of up
to three nucleotides in hprt of V79 hamster
cells
Kenner O.(1), Wuepping M.(1), Vogel W.(1),
Kaufmann D.(1)
1) University of Ulm, Department of Human
Genetics, Ulm
Recently, we demonstrated that a point mutation
in the hprt sequence can be repaired by specif
ic single stranded oligonucleotides in V79 cells.

In addition, it is also possible to exchange up to
two additional nucleotides near by the hprt point
mutation. The repair mechanism involved is not
understood. According to our investigations one
can formulate hypotheses to the mechanism. In
case of the finding of a clone with exchanges of
all three nucleotides speculation could be done
about a total exchange of all nucleotides over
the complete length of the oligonucleotides.
That is unlikely because we found in the same
experiment aside the clones with the exchange
of all three nucleotides also clones with the ex
change of just one or two nucleotides. Accord
ing to this result we could also suggest that the
exchange of the three nucleotides is an inde
pendent exchange of one nucleotide after anoth
er. So we had to calculate that the rate of the
first nucleotide exchange is about 0,33x10 6 and
the probability for two exchanges has to be
(0,33x10 6)2. The rates are higher than calculat
ed. So the independent exchange of single nu
cleotides is not very likely. In our experiments we
found exchanges of all three nucleotides in a
maximum distance of 15 nucleotides. So we cal
culate the possibilities assuming a exchanged
region of 15 nucleotides and probabilities of the
rate of 1, 2 or 3 exchanges and compared them
with the experimental data. The rates differed
from the calculated prediction. All these hy
potheses didn’t fit our experimental data. In ad
dition, we found evidences of a preferred orien
tation of the repair mechanism. First, looking at
the exchanges with up to three nucleotides we
found that it is more likely to detect clones with
the first two exchanges counted from the 5’ side
than from the 3’ side. Second, asymmetric mod
ified oligonucleotides also showed differences in
total exchanges rates in the correction of the
point mutation.

P216
Identification of two novel germline
mutations of the PROC gene in two elderly
patients with thrombosis
Drexler H.(1), Groß U.(1), Arlt M.(2), Schulte
H.(1)
1) Endokrinologikum Hamburg, Center for
Hormonal and Metabolic Diseases,
Reproductive Endocrinology, Hamburg
2) LaboMed GmbH, Stuttgart
Introduction: Protein C deficiency is normally
inherited as an autosomaldominant trait asso
ciated with an increased risk of venous throm
bosis. Heterozygous protein C deficiency is
thought to have a prevalence of between
1/16,000 and 1/36,000 in the general population.
Several different mutations lead to protein C de
ficiency, in the majority point mutations.
Patients: We report about two patients with bio
chemically confirmed protein C deficiency.
A 65yearold patient from Germany with throm
bosis of the right eye, 6 years ago. Two years
ago, a second thrombotic event occurred in the
left eye.
A 75yearold patient from Germany with no
family history of thrombosis developed a throm
bosis in the left wade followed by a pulmonary
embolism when he was 67 years old.
Methods: Genomic DNA was extracted from pe
ripheral blood leukocytes, followed by PCR am
plification of the 9 exons of the PROC gene, in
cluding corresponding exonintron boundaries.
PCR products were sequenced directly.
Results: Sequence analysis of the PROC gene
shows a novel heterozygous germline mutation

Abstracts
in exon 8, codon 199 (GTG>ATG) of the first pa
tient. This mutation results in the substitution of
the amino acid valine (Val) for methionine (Met)
at amino acid position 199.
The mutation detected in the second patient is
located in exon 9 of the PROC gene. The TtoC
change at nucleotide number 8743 leads to the
substitution of methione (Met) to threonine (Thr)
at amino acid position 343.
Conclusion: Differential diagnosis of throm
bophilia should be considered not only in young
patients with thromboembolic disease but also
in older patients with recurrent thromboses. Ge
netic counseling and careful genetic testing of
the PROC gene should be carried out for pa
tients with biochemically confirmed protein C
deficiency, to confirm the diagnosis and define
presymptomatic gene carriers.

P217
Gene expression profile of cultured primary
podocytes from DenysDrash syndrome
patients
Schuhen S.(1), Pitschke G.(1), Pavenstädt
H.(2), Kliszewski S.(3), Kronenwett R.(3), Royer
Pokora B.(1), Schumacher V.(1)
1) Universität Düsseldorf, Institut für
Humangenetik und Anthropologie,
Düsseldorf
2) Universitätsklinikum Münster,
Medizinische Klinik und Poliklinik, Münster
3) Universität Düsseldorf, Klinik für
Hämatologie, Onkologie und Klinische
Immunologie, Düsseldorf
Germline missense mutations in the WT1 gene
result in DenysDrash syndrome (DDS), mainly
characterized by nephrotic syndrome due to dif
fuse mesangial sclerosis. The transcription fac
tor WT1 plays an important role in nephrogene
sis and podocyte homeostasis.
The aim of our study was to find WT1 specific
gene expression differences between primary
podocytes from DDS patients and controls. For
this we have isolated glomeruli with the sieving
method from two nephrectomized DDS kidneys,
one adult kidney and one kidney of a patient
with finnish nephrosis (CNF) and a NPHS1 mu
tation. Outgrowing primary cells were positive
for podocyte markers like WT1, CD2AP,
Podocin, Synaptopodin and Vimentin but were
negative for the mesangial cell marker alpha
SMactin, charcterized by immunofluorescence
or RTPCR. Expression analyses were performed
with Atlas 3.6 Arrays (Clontech) and data were
verified by comparing them to the Gene Chip Ar
ray 133A (Affymetrix) data and by realtime RT
PCR, semiquantitative RTPCR and immunohis
tochemistry. In total we found 42 genes differen
tially expressed (>2 fold or <0,5 fold) in DDS
compared to CNF or to normal control. Func
tionally, they belong to extracellular secreted
proteins, extracellular matrix proteins, cell adhe
sion proteins and cytoskeletal proteins. Interest
ingly, some of the extracellular secreted proteins
are known to induce matrix formation in mesan
gial cells, one of the characteristics of diffuse
mesangial sclerosis. In conclusion, this demon
strates that in DenysDrash syndrome important
components of the filtration barrier are disturbed
and that podocytes secrete proteins that may in
fluence mesangial matrix formation.

P218
MPP4 – a scaffolding protein in the
connecting cilia of photoreceptors
Garms B.(1), Förster J.(1), Stöhr H.(1)
1) Universität Würzburg, Institut für
Humangenetik, Würzburg
Objectives: MPP4 (membrane protein, palmitoy
lated) is a member of the large family of mem
braneassociated guanylate kinases (MAGUKs).
MAGUKs act as scaffolding proteins at various
cellcell junctions by mediating the assembly
and anchoring of protein complexes through var
ious conserved protein interaction domains. We
have demonstrated that MPP4 is preferentially
transcribed in the retina. The current study aims
at the elucidation of MPP4 expression in the cil
iary organelles of photoreceptors in various
mammalian species.
Material and Methods: We have generated a
panel of highly specific monoand polyclonal an
tibodies raised against various epitopes of the
MPP4 protein. Immunofluorescence labelling
with antibodies against MPP4 and known mo
lecular markers for connecting cilia was per
formed on fixed and unfixed frozen retinal sec
tions, on isolated individual photoreceptor inner
and outer segments and on intact photorecep
tor microtubulebased axonemes. Furthermore,
we have prepared cytoskeletonenriched frac
tions from photoreceptor extracts by sucrose
density gradient centrifugation to investigate an
association of MPP4 with ciliary axonemes.
Results: Cellular localization studies consistent
ly revealed that MPP4 is abundantly present in
the synaptic terminals of rod and cone photore
ceptors. In addition, we provide evidence that
MPP4 is a component of the nonmotile primary
cilia (connecting cilia) of photoreceptor cells.
Conclusions: Defects in cilialocalized proteins
have been linked to hereditary diseases includ
ing retinitis pigmentosa, BardetBiedl syndrome
and polycystic kidney disease. This study pro
vides further insights into the role of MPP4 in cil
iary function and dysfunction.

P219
The contribution of multiple pericentric
inversions to the human/chimpanzee
speciation.
Szamalek J.M.(1), Goidts V.(1), Assum G.(1),
Hoegel J.(1), Hameister H.(1), KehrerSawatzki
H.(1)
1) University of Ulm, Department of Human
Genetics, Ulm
Human and chimpanzee karyotypes differ by
nine pericentric inversions from which seven are
identified as chimpanzee specific events. The
two chimpanzee species Pan troglodytes and
Pan paniscus, which separated about 2 million
years ago (MYA) share all these seven rearrange
ments. Therefore it can be concluded that these
inversions occurred and were fixed in the ho
mozygous state between 6 and 2 MYA, in the
time interval when the human and chimpanzee
lineages have separated. This supports the com
mon view that chromosomal rearrangements
were instrumental for the genetic divergence and
the separation of species. A new model of the
chromosomal speciation theory is applied to ex
plain the divergence of human and chimpanzee
lineages, which took place in East Africa without
local separation (symparty). According to this
model in interbreeding populations inversions
lead to the suppression of recombination what

facilitates the evolution of speciesspecific hap
lotypes in the rearranged regions. Since a posi
tive correlation exists between recombination
frequency and interspecies nucleotide substitu
tion rates, differences in DNA divergence are in
dicative of a substantial period of heterozygosi
ty with suppression of recombination. We have
determined the human/chimpanzee DNA diver
gence at 15 loci (total length 299333 bp, aver
age length 19956 bp) in inverted chromosome
fragments and at 21 loci (total length 446593 bp,
average length 21266 bp) in colinear regions. We
compared noncoding sequences as these can
be regarded as evolving neutrally. The average
divergence was 1.15 % in the regions encom
passed by the inversions and 1.37 % in the co
linear ones (P = 0.0137, MannWhitneyUTest).
Our findings are in agreement with the chromo
somal speciation model of restricted recombina
tion within the rearranged regions. Further inves
tigations will address the specific genes within
the inverted regions, which could have triggered
the separation of the humanchimpanzee lineag
es.

P220
Microarray analysis of the transcriptome in
human testes: overexpression of DNMT3a
and MDB4 in spermatogonia
Haaf T.(1), Tralau T.(2), Stein R.(3), Kohlschmidt
N.(1), Wagner M.(1), Galetzka D.(1)
1) Institute of Human Genetics, Mainz
2) Department of Pediatric Pathology, Mainz
3) Department of Urology, Mainz
Male germ cell development is a complex
process that involves stemcell renewal, meiosis
and dramatic reorganisation of the resulting hap
loid genome. Meiosis is the key process for re
combination and reduction of the diploid chro
mosome set to a haploid one. To date, about
100 genes have been found, mainly in knockout
mouse models, to be implicated in spermatoge
nesis. Many of the genes that play a role in mei
otic recombination are also important for DNA
damage repair. To identify new genes which are
relevant for male meiosis and infertility, we have
analysed the DNA repair gene transcriptome in
human testes. Microarrays allow monitoring the
expression of numerous candidate genes in par
allel. To this end, we developed a cDNA chip
with approximately 500 genes which are in
volved in different types of DNA repair and/or
cell cycle control, along with 100 control house
keeping genes. This customized gene chip was
used to quantify the mRNA expression levels in
four adult human testes, compared to a pool of
fibroblast RNAs. Approximately 350 clones
showed detectable expression levels in adult hu
man testes, approximately 50 genes were ex
pressed differentially in testicular and fibroblast
cells. Microarray results were validated with re
verse Northern blots. From the subset of genes
that showed at least twofold elevated mRNA lev
els in testes, the DNA methyltransferase 3a
(Dnmt3a) and the methylCpG domain binding
protein 4 (MBD4) were analyzed in more detail.
Immunofluorescence staining localized both pro
teins in the nucleolus of spermatogonia, where
as other testicular cell types showed only very
weak, if any specific staining. A similar nucleo
lar colocalization was observed in a percentage
of nuclei from an exponentially growing fibrob
last culture. We hypothesize that DNMT3a and
MDB4 are involved in methylation and silencing
of ribosomal RNA genes during mitosis and
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most likely also during other differentiation
processes.

P221
Bacterial expression and analysis of
residual argininosuccinate synthetase
activity in patients with mild citrullinemia
Pauli S.(1), Häberle J.(1), Gempel K.(2),
Schmidt E.(1), Denecke J.(1), Kleijer W.J.(3),
Koch H.G.(1)
1) Universitätsklinikum Münster, Klinik und
Poliklinik für Kinderheilkunde, Münster
2) Academic Hospital MünchenSchwabing,
Institut für Klinische Chemie, Molekulare
Diagnostik und Mitochondriale Genetik,
München
3) University Hospital Dijkzigt, Erasmus
University, Rotterdam, Clinical Genetics,
Rotterdam
Deficiency of the urea cycle enzyme argini
nosuccinate synthetase (ASS) lead to citrulline
mia type I. Most patients with the classical
course of the disease present with neonatal
acute hyperammonemia leading to metabolic
coma. Since the introduction of extended new
born screening programs using tandem mass
spectrometry there are also asymptomatic pa
tients with only moderately elevated concentra
tions of serum citrulline reported. The variable
degree of the citrulline elevations is not under
stood and there is no reliable prognostic marker
available to distinguish between the mild or clas
sical course of the disease. Here, we report on
the bacterial expression of the single most com
mon ASS mutation in a group of 30 patients with
mild citrullinemia, c.535T>C (p.W179R). We
measured the ASS activity of the expressed and
purified wildtype and W179R mutant protein in a
direct enzyme assay using tandem mass spec
trometry. W179R protein showed a yield of
37,8% of ASS wildtype activity. In summary, for
the first time significant in vitro residual activity
of a mutant ASS protein was detected with a
bacterial expression system. This result might
explain the milder course of affected patients. In
the future, determination of the residual ASS ac
tivity using bacterial expression systems might
serve as a prognostic marker for citrullinemia
type I.

P222
Molecular diagnosis of the classical type of
EhlersDanlos Syndrome (EDS Type I/II)
Mayer K.(1), Hausser I.(2), Klein H.G.(1)
1) Labor für Medizinische Genetik,
Martinsried
2) UniversitätsHautklinik,
Elektronenmikroskopisches Labor,
Heidelberg
The classical type of Ehlers Danlos syndrome is
the second most common one with an estimat
ed prevalence of 1:20.000. Major diagnostic fea
tures are hyperextensible skin, tissue fragility of
ten recognized by widened atrophic scars, and
hypermobility of large and small joints. Classical
EDS is primarily classified by clinical diagnosis
according to the Villefranche Nosology (Beighton
et al., 1998). About half of the cases result from
abnormalities in type V collagen, which occurs
predominantly as a heterotrimer of two a1 (V)
and one a2 (V) chains encoded by the COL5A1
and COL5A2 gene, respectively. The clinical di
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agnosis of classical EDS can be supported by
abnormal ultrastructural dermal architecture rec
ognized by characteristic findings in electron mi
croscopy like composite collagen fibrils with en
larged “flowerlike” cross sections and ropelike
longitudinal sections.
We report on the molecular analysis of 32 pa
tients fulfilling the major diagnostic criteria of
classical EDS. Electron microscopy of a skin
biopsy preceeded molecular genetic analysis in
15 cases. Mutation screening of all coding ex
ons of the COL5A1 and the COL5A2 gene by di
rect sequencing of leukocyte DNA has been fin
ished in 19 patients. Most likely pathogenic
COL5A1 mutations were identified in 8/19 pa
tients (42%). Five are translation terminating
composed of two frameshift, two splice site and
one nonsense mutation. Two missense changes
affect a glycin residue and a conserved arginin
residue in the triplehelical domain of the proa1
(V) chain, respectively. One patient carries a one
amino acid inframe deletion. Our so far reached
detection rate of 42% is in accordance with pre
viously reported molecular genetic studies and
supports further genetic heterogeneity of classi
cal EDS. The fact that part of type V collagen in
certain tissues occurs as heterotrimer of one a1
(V), one a2 (V) and one a3 (V) chain prompted us
to extend mutation analysis on the COL5A3
gene in COL5A1/COL5A2 negative patients.

P223
Haplotype structure and frequencies of the
chromosome 15 imprinting center
Zogel C.(1), Böhringer S.(1), Varon R.(2), Lich
C.(1), Groß S.(1), Horsthemke B.(1), Buiting
K.(1)
1) Institut für Humangenetik,
Universitätsklinikum Essen, Essen
2) Institut für Humangenetik, Charité,
Humboldt Universität Berlin, Berlin
PraderWilli syndrome (PWS) and Angelman syn
drome (AS) are neurogenetic disorders caused
by the loss of function of imprinted genes in
15q11q13. Most of the patients have a large
deletion of 15q11q13, uniparental disomy 15,
or, in the case of AS, a UBE3A mutation. In 1%
of patients with PWS and in 3% of patients with
AS the disease is due to an imprinting defect.
Approximately 10% of these patients have a mi
crodeletion affecting the imprinting center (IC),
which consists of two critical elements (the
PWSSRO and the ASSRO). By contrast, 90%
of patients with an imprinting defect do not have
any obvious IC mutation, but the affected chro
mosome may carry an IC sequence variant that
is associated with an increased epimutation rate.
Based on DNA sequencing and data base
searches we have identified nine single nu
cleotide polymorphisms (SNPs) and one 4 bp in
sertion/deletion polymorphism in the ASSRO,
the PWSSRO and flanking regions. By genotyp
ing patients with a large deletion of 15q11q13,
we have been able to define IC haplotypes ex
perimentally. So far, we have studied 262 normal
chromosomes. Using Haploview we have found
that the ASSRO and the PWSSRO, which map
30 kb apart, lie in two distinct haplotype blocks.
For the ASSRO we have found six different hap
lotypes, which occur at a frequency of 0.49,
0.23, 0.13, 0.08, 0.06 and 0.004, respectively.
The second and third frequent haplotypes differ
in two SNPs from the most frequent haplotype.
The three rare haplotypes differ in only one SNP
from the most frequent haplotype. For the PWS

SRO we have found four different haplotypes;
two are frequent (0.6 and 0.35) and two are rare
(0.04 and 0.004). The two frequent haplotypes
differ in all three SNPs. The two rare haplotypes
differ in only one SNP from the most frequent
haplotype. We are currently genotyping patients
with an imprinting defect and their parents to
identify haplotypes associated with an increased
epimutation rate.

P224
Identification of proteinprotein interactions
by coimmunoprecipitation and ProteinChip
technology (SELDIMS)
Lehmann R.(1), Melle C.(1), von Eggeling F.(1)
1) Institute of Human Genetics and
Anthropology, Core Unit Chip Application,
Jena
Objectives: Aim of the present study was the
identification of protein interactions of S100A8
and S100A9 heterodimer, respectively. The S100
proteins are involved in the Ca2+ signalling net
work and have received increased attention be
cause of their involvement in several human dis
eases such as rheumatoid arthritis, acute inflam
matory lesions, cardiomyopathy, Alzheimer’s dis
ease and cancer.
In a former protein profiling study of HNSCC
(head and neck squamous cell carcinoma) a de
crease of S100A8/A9 expression in tumour tis
sue was detected (Melle et al., Cancer Res.
2004). On that account we started to analyse the
interactions of S100A8/A9.
Material and Methods: An immunoprecipitation
assay followed by a ProteinChip analysis was
performed. The immunoprecipitation assay was
done by using specific S100A8/A9 antibodies
coupled on IDM beads (Ciphergen) and incubat
ed with protein lysate of the HaCaT cell line. The
bead eluates then spotted on a ProteinChip and
analysed by SELDIMS showed a reproducible
protein pattern of specific signals compared to
protein patterns which were generated using
nonspecific antibodies. The eluates were sub
sequently subjected to an appropriate digestion.
Results: Molecular masses of digestion frag
ments were determined by SELDIMS and data
base searches revealed unambiguous identifica
tions of proteins. These results were assessed
by coimmunoprecipitation using specific anti
bodies against the new identified interacting
protein, S100A8 and S100A9 respectively.
Conclusions: This approach shows the poten
tial of SELDI mass spectrometry for the identi
fication of proteinprotein interactions.
Upcoming, these new interacting proteins have
to be analysed for additional interacting partners
to get more insight into the corresponding path
ways and their influence to the HNSCC.
This work was supported by BMWF and IZKF

P225
Identification of human specific DNA copy
number differences compared to non
human primates as determined by BAC
CGHarray.
Goidts V.(1), Szamalek J.M.(1), Armengol L.(2),
Schempp W.(3), Müller S.(4), Enard W.(5),
Hameister H.(1), KehrerSawatzki H.(1)
1) University of Ulm, Department of Human
Genetics, Ulm, Germany
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2) Center for Genomic Regulation, Program
in Genes and Disease, Barcelona, Spain
3) University of Freiburg, Institute of Human
Genetics and Anthropology, Freiburg,
Germany
4) LudwigMaximiliansUniversity, Institute
of Anthropology and Human Genetics,
Munich, Germany
5) MaxPlanck Institute for Evolutionary
Anthropology, Leipzig, Germany.
Comparative DNA sequence studies between
humans and nonhuman primates will contribute
to the understanding of the genetic basis of the
phenotypic differences between these species.
Here we present the results of an evolutionary
study using BAC array comparative genomic hy
bridisation (CGH array), measuring DNA copy
number gains and losses among human, chim
panzee, bonobo, gorilla, orangutan and
macaque. The aim of the study is to character
ize rearrangements that occurred specifically in
the human lineage.
We used an array of 6101 human bacterial arti
ficial chromosomes (BACs), the human 6K RPCI
11 BAC array, encompassing about 30% of the
genome. The arrays were simultaneously hy
bridised with a primate and a human genomic
DNA probe, each were pools of ten female indi
viduals. We identified eleven human specific
sites of DNA copynumber variation between hu
man and the great apes. All of them are duplica
tions that occurred in the human lineage. From
these eleven variant sites, two were human
copynumber polymorphisms (CNP), as identi
fied in the study from Sebat et al. (2004).
We divided the eleven sites of variation in two
categories: seven are intrachromosomal dupli
cations, three of them were found on HSA1, two
on HSA2, one on HSA10 and one on HSA18.
The four others are interchromosomal duplica
tions spread through the complete human
genome.
In order to find the ancestral position of these
copy number differences, we compared them
with the mouse genome. Interestingly the ances
tral locus of six of these sites is found on HSA1,
HSA2 and HSA18, which are those chromo
somes that were subject to human specific evo
lutionary rearrangements. These events occurred
after the separation of the human from the chim
panzee lineage.

P226
Searching for mutations in the OTOA gene
in a family with deafness
Florczak U.(1), Meyer B.(2), Apaydin F.(3),
Nürnberg P.(2), Blin N.(1), Pfister M.(4)
1) Human Genetics, Tübingen
2) MDC, Berlin
3) Otolaryngology, Izmir
4) Otolaryngology, Tübingen
Mutations in OTOA gene were shown to be one
cause of prelingual sensorineural autosomal re
cessive deafness. The OTOA gene is located on
chromosome 16p12.2. So far only one mutation
had been reported in this gene. In a consan
guineous Palestinian family a T to C transition at
the exon 12/intron 12 junction was identified.
This mutation is expected to lead to aberrant
splicing, such as exon 12 skipping (resulting in
an inframe deletion of 72 amino acids) or the
use of a cryptic site. Mutations in consensus
splice sites belong to the most common dis
easecausing DNA changes. Previous studies

showed only a rare occurrence of this form in
deafness.
In our study family K was mapped to DFNB22 by
linkage analysis. In DFNB22, the responsible
gene has been already identified as OTOA.
Therefore, exon 12, reported to carry the known
mutation (see above), was the first one to be in
vestigated using sequence analysis, however, no
mutation was detected so far. This result sug
gests other mutations within the OTOA gene se
quence to be present. Currently, a complete mu
tational analysis is being performed.

P227
Frequencies of mutations in the GJB2 gene
in Egyptian and Romanian patients with
autosomalrecessive nonsyndromic hearing
loss
Baur M.(1), Mohamed M.R.(2), Michels L.(1),
Zenner H.P.(1), Blin N.(3), Pfister M.(1)
1) Otolaryngology, Tübingen
2) Otolaryngology, Assiut
3) Human Genetics, Tübingen
Mutations in the GJB2 gene (encoding the gap
junction protein Connexin 26) are the most com
mon cause of sensorineural nonsyndromic
hearing impairment worldwide. Presently more
than 100 mutations are described within GJB2
in different populations. One specific mutation,
35delG, is responsible for the majority of the
mutations in many countries. The allele frequen
cies in sporadic cases range from 5 % in North
ern European countries to 35% in Mediterranean
countries. In familial cases, the ratio is much
higher (29 % in Great Britain, 33 % in Belgium,
66 % in Hungary, 63 % in Italy). However, there
are no data for Egyptian or Romanian patients
despite of the fact that GJB2 consists of only
one smallsized coding exon and therefore is
easy to analyze.
The aim of this study was to determine the
prevalence of GJB2 mutations in Egyptian fam
ilies and Romanian patients with autosomalre
cessively inherited nonsyndromic sensorineur
al hearing loss (NSHL). All the probands were
examined by clinical evaluation to exclude syn
dromic forms of deafness. The 35delG mutation
was found in 23,53 % (4/17) of the Egyptian
families or in 24 of 142 (16.9 %) investigated al
leles. Four patients were heterozygous carriers
and 10 patients were homozygous for the
35delG mutation.
In our Romanian samples we found 4 (3.6 %)
patients heterozygous and 8 (7.21 %) patients
homozygous for the 35delG mutation. Thus 9.01
% (20/222) of the analyzed alleles were carrying
the 35delG mutation. Our results emphasize the
importance of genetic diagnosis, providing ear
ly treatment, and genetic counseling of deaf pa
tients in countries all over the world.

P228
A mutation at chromosome 7q22.331.1 can
lead to autosomaldominant dilated
cardiomyopathy
Zimmer M.(1), Kühler L.(1), Martins E.(2),
Bosmann F.(3), Lindner T.H.(1), Cardoso J.(2),
Schönberger J.(1)
1) Universität Würzburg, Institut für
Klinische Biochemie und Pathobiochemie,
Würzburg

2) Department of Cardiology University
Hospital Oporto, Porto
3) Department of Pathology, University
Hospital Lausanne, Lausanne
Dilated Cardiomyopathy (DCM) is one of the ma
jor causes of heart failure. 2030% of DCM cas
es are familial, usually showing an autosomal
dominant pattern of inheritance that allows iden
tification of the disease gene by linkage analysis
and positional cloning.
Several DCM genes have been identified so far.
Most mutations affect proteins from the contrac
tile aparatus or cytoskeleton like actin, myosin,
troponin or dystrophin. These findings lead to
the hypothesis that DCM might be a disease
with impairment of force generation and/or force
transmission to the extracellular matrix.
Here we report the genetic analysis of a four
generation pedigree including 16 individuals af
fected by dilated cardiomyopathy without addi
tional phenotype. After exclusion of genetic link
age to all known DCM loci we performed a
genomwide screen using 379 autosomal poly
morphic microsatellite markers from the 10th
version of the Marshfield STRP Screening Set.
Several microsatellite markers on 7q22.331.1
showed cosegregation with the disease status.
We obtained a maximum twopoint LODscore
of 4.20 at theta = 0.00 for markers D7S471 and
D7S501. Fine mapping and haplotype analysis
restricted the candidate region to a 9.73Mb in
terval between markers D7S2545 and D7S2554.
This chromosomal region contains approximate
ly 40 genes, none of which encode known cy
toskeletal proteins. We already screened sever
al candidate genes for mutations by sequencing
the proteincoding exons, but no diseasecaus
ing mutation has been detected yet.
Identification of this novel noncytoskeletal DCM
gene can provide substantial new insight into the
pathophysiology of human heart failure.

P229
The gene causative for the Zimmermann
Laband syndrome is located in 3p14.3
AboDalo B.(1), Stefanova M.(2), Kim H.G.(3),
Gusella J.(3), Kutsche K.(1)
1) Institut für Humangenetik,
Universitätsklinikum HamburgEppendorf,
Hamburg
2) Department of Medical Genetics, Medical
University, Plovdiv, Bulgaria
3) Developmental Genome Anatomy Project
(DGAP) and Molecular Neurogenetics Unit,
Center for Human Genetic Research,
Massachusetts General Hospital,
Charlestown MA, USA
ZimmermannLaband syndrome (ZLS) is a rare
disorder characterized by coarse facial appear
ance including bulbous soft nose, thickened lips,
thick and floppy ears, gingival hypertrophy, apla
sia or dysplasia of hand and toenails, various
skeletal anomalies, hyperextensibility of joints,
and, in some cases, hepatosplenomegaly and
mental retardation. Autosomal dominant inheri
tance has been suggested, however, the genet
ic basis of ZLS is unknown. We previously re
ported an apparently balanced chromosomal
translocation, 46,XX, t(3;8)(p21.1;q24.3), in an af
fected mother and daughter. By FISH analysis,
we delineated and refined both breakpoint re
gions and identified breakpoint spanning fosmid
clones. Molecular characterization of the 3;8
translocation revealed that the rearrangement
occurred by nonhomologous end joining and is
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molecularly unbalanced with 8 bp deleted on the
derivative chromosome 8 and 9 bp on the deriv
ative chromosome 3. The finding of an addition
al patient with ZLS and a 3;17 translocation with
breakpoints in 3p21 and 17q25 indicated that
the gene causative for ZLS is located on 3p. De
lineation of the 3p breakpoint by FISH showed
that the CACNA2D3 gene (in 3p14.3) is disrupt
ed by the breakpoint in the 3;17 translocation
patient whereas the breakpoint on 3p of the 3;8
translocation mapped 100 kb downstream of
CACNA2D3. The CACNA2D3 gene encodes a
member of the alpha2/delta subunit family, a
protein implicated in the voltagedependent cal
cium channel complex. Remarkably, calcium
channel blockers cause gingival hyperplasia
suggesting that CACNA2D3 is indeed a good
candidate for ZLS. However, we did not find
pathogenic mutations in CACNA2D3 in 12 spo
radic patients with ZLS. The finding of two
translocation breakpoints that map in or near the
CACNA2D3 gene suggests that this chromoso
mal region might be prone to genomic instabili
ty and thus, heterozygous microdeletions en
compassing various parts of CACNA2D3 might
be present in sporadic patients with ZLS.

P230
Characterization of murine mp28 gene
Rashid S.(1), Hupe M.(1), Neesen J.(1)
1) Institut für Humangenetik, Göttingen
The diversity of ciliary and flagellar function de
pends on the coordinated activity of multiple
dynein motors. Several lines of evidence suggest
that dynein dysfunction results in Primary Ciliary
dyskinesia (PCD), also denoted as Immotile Cil
ia Syndrome , which is characterized by recur
rent infections of the respiratory system,
bronchiectasis, and sperm immotility. To eluci
date the specific role of mammalian axonemal
dynein light chains in the organization of the
dynein complex, we started to analyse the mp28
protein in the mouse. The mp28 gene consists
of six exons and exhibits significant similarity to
p28 dynein light chains of other species. It is ex
pressed in several tissues containing cilia and
flagella proved by RT PCR and Northern blot ex
periments.
To study mp28 at the amino acid level, we gen
erated specific antibodies against the mp28 pro
tein. Using these antibodies, we could localize
the mp28 protein along the entire sperm flagel
la. Moreover, its localization could also be de
tected along tracheal cilia supporting a funda
mental role of mp28 in ciliary motility.
As mp28 is a component of multisubunit dynein
complex, we were interested to identify putative
interacting partners of this protein. Therefore we
performed a yeast twohybrid screen using a
mouse testicular library. Surprisingly, we were
not able to identify other axonemal dynein
polypeptides, however, our results indicate that
mp28 can bind to the Cterminal part of the cy
toplasmic dynein heavy chain (cDHC). This inter
action was verified by coimmunoprecipitation
and colocalization assays. These data suggest
that either mp28 is transported by the cytoplas
mic transport machinery within the differentiat
ing germ cells or that mp28 itself is required for
the retrograde transport of components during
flagellar assembly and maintenance, presumably
as a subunit of a cytoplasmic dynein motor.
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Alteration of DNA binding, dimerisation and
nuclear translocation of SHOX
homeodomain mutations identified in
idiopathic short stature and LeriWeill
dyschondrosteosis
Schneider K.U.(1), Marchini A.(1), Sabherwal
N.(1), Röth R.(1), Niesler B.(1), Marttila T.(1),
Blaschke R.J.(1), Lawson M.(2), Dumic M.(3),
Gudrun R.(1)
1) Institute of Human Genetics, Department
of Molecular Human Genetics, Heidelberg
2) Childrens Hospital of Eastern Ontario,
Department of Endocrinology, Ottawa
3) University Hospital ZagrebRebro,
Department of Pediatrics, Zagreb
Haploinsufficiency of the short stature home
obox gene SHOX has been found in patients
with idiopathic short stature and LeriWeill
dyschondrosteosis. In addition to complete gene
deletions and nonsense mutations, several mis
sense mutations have been identified in both pa
tient groups leading to amino acid substitutions
in the SHOX protein. The majority of missense
mutations were found to accumulate in the re
gion encoding the highly conserved home
odomain of the pairedlike type. In this report,
we investigated nine different amino acid ex
changes in the homeodomain of SHOX patients
with idiopathic short stature and LeriWeill
dyschondrosteosis. We were able show that
these mutations cause an alteration of the bio
logical function of SHOX by loss of DNA binding,
reduced dimerisation ability and/or impaired nu
clear translocation. Additionally, one of the mis
sense mutations (R153L) is defective in tran
scriptional activation even though it is still able
to bind to DNA, dimerise and translocate to the
nucleus. Thus, we demonstrate that single mis
sense mutations in the homeodomain funda
mentally impair SHOX key functions, thereby
leading to the phenotype observed in patients
with LeriWeill dyschondrosteosis and idiopath
ic short stature.

P232
Identification and characterization of
members of a novel family of
transmembrane proteins with neuronal
function
Schneider J.(1), Schulz H.(1), Benz P.M.(2),
Weber B.H.F.(3), Stöhr H.(1)
1) Universität Würzburg, Institut für
Humangenetik, Würzburg
2) Universität Würzburg, Institut für
Klinische Biochemie und Pathobiochemie,
Würzburg
3) Universität Regensburg, Institut für
Humangenetik, Regensburg
Objectives: The evolutionarily conserved
TMEM16 family of putative transmembrane pro
teins has recently been identified by cDNA
cloning and bioinformatic analysis of genomic
sequence. In human and mouse, the TMEM16
family consists of eight paralogous members,
each containing eight putative transmembrane
spanning helices. TMEM16 proteins also share
eight cysteines in the extracellular loops
throughout evolution. Moreover, amino acid sub
stitution of one of these cysteines in human
TMEM16E causes gnathodiaphyseal dysplasia,
an autosomal dominant skeletal syndrome. Thus
far, the functions of the TMEM16 proteins are
still unknown. The goal of this study is to further

characterize this protein family with respect to
tissue distribution, cellular localization and bio
chemical properties.
Material and Methods: RTPCR analysis in
adult tissues was performed to investigate the
mRNA expression profiles of the TMEM16
genes. GST fusion proteins corresponding to dif
ferent regions of the TMEM16 proteins were
used to immunize animals for antibody produc
tion. The TMEM16B cDNA was expressed in
several cell lines to study subcellular localization
and the formation of disulfide bonds.
Results: Among the eight TMEM16 proteins,
TMEM16B, TMEM16C and TMEM16D were
found to be preferentially expressed in neuronal
tissues including various brain regions and the
retina and were therefore chosen for further
analysis. So far, polyclonal antibodies against
TMEM16B have been demonstrated to specifi
cally detect the TMEM16B protein when ex
pressed in bacteria or mammalian cells. Im
munocytochemistry of heterologous expressed
TMEM16B suggests an integration of the protein
into the plasma membrane.
Conclusions: Expression of TMEM16BD
specifically in neuronal tissues makes them in
teresting candidates for a possible role in neu
rological disorders and/or retinopathies. Knowl
edge about their cellular localization and bio
chemical properties provides important steps to
wards a functional characterization of these nov
el proteins.

P233
Identification of valosincontaining protein
(VCP) with 2D gel electrophoresis (2DE)
and SELDIMS (surface enhanced laser
desorption/ionization  mass spectrometry)
as a putative marker for glucocorticoid
resistance of human leukemia cells
von Neuhoff N.(1), Lauten M.(2), Schrauder
A.(2), Kardinal C.(2), Welte K.(2),
Schlegelberger B.(1), Schrappe M.(2)
1) Hannover Medical School, Cell and
Molecular Pathology, Hannover
2) Hannover Medical School, Pediatric
Hematology and Oncology, Hannover
Objectives: Prednisone response (PR) is a clin
ical phenomenon in childhood acute lym
phoblastic leukemia (ALL) indicating in vivo glu
cocorticoid (GC) response. Patients resistant to
glucocorticoids (prednisone poor responders,
PPR), have a significantly poorer eventfree sur
vival compared to glucocorticoidsensitive pa
tients (prednisone good responders, PGR).
Methods: The proteome of the blasts was
analysed with 2DE in combination with SELDI
MS. Bone marrow leukemic blasts from 12 in
vivo glucocorticoidsensitive (n=8) and resistant
(n=4) patients with childhood Bcell precursor
ALL were analysed. 2DE was performed with a
linear pH gradient of 310. Differentially ex
pressed protein spots were identified with SEL
DI MS.
Results: Proteins overexpressed in PPR were
catalase, ring finger protein 22 alpha, VCP and
a Gproteincoupled receptor (family C, group 5,
member D (GPRC5D)). In addition, 5 proteins
were found that were more frequently present in
PGR than in PPR. Two of the proteins (G1 and
G5) were identified as protein kinase C beta1
and malate dehydrogenase 1. The valosincon
taining protein (VCP) was chosen for validation
and quantification by Western blot analysis. In a
second independent casecontrol group of B
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cell precursor ALL patients (cases: 10 PPR, con
trols: 20 PGR), Western blot analysis confirmed
the 2DE results: median VCP expression (P25
P75) was 0.15 (0.11  0.28) in PGR and 0.34
(0.14  0.99) in PPR patients.
Conclusion: VCP appears to be a marker pro
tein for GC resistance and, therefore, a putative
predictor for multiagent chemotherapy resist
ance in childhood ALL patients. Since VCP is a
key molecule of the NFŒB and the proteasome
degradation pathways, it may be speculated that
the overexpression of VCP induces an enhanced
cell proliferation. Functional studies now have to
be performed to prove the biological importance
of differential VCP expression in childhood ALL.

P234
Therapy of spinal muscular atrophy:
Hydroxamic acids increase survival of motor
neuron protein levels
Hahnen E.(1), Eyüpoglu I.(2), Brichta L.(1),
Siebzehnrübl F.(3), Riessland M.(1), Tränkle
C.(4), Buslei R.(3), Wirth B.(1), Blümcke I.(3)
1) Institute of Human Genetics, Cologne
2) Department of Neurosurgery, Erlangen
3) Department of Neuropathology, Erlangen
4) Institute of Pharmacy, Department of
Pharmacology and Toxicology, Bonn
Spinal muscular atrophy (SMA) is an autosomal
recessively inherited alphamotoneuron disorder.
The disease determining survival of motor neu
ron gene 1 (SMN1) is homozygously lost in 95%
of SMA patients, while intragenic SMN1 mua
tions are correspondingly rare. Within the SMA
region on chromosome 5, the SMN exists in two
almost identical copies, SMN1 and SMN2, which
are ubiquitously expressed and encode identical
proteins. The functional difference between both
genes is due to a silent exonic nucleotide vari
ant, affecting the processing of primary SMN
transcripts. As a consequence, the SMN1 gene
produces full length transcripts (FLSMN) only,
whereas the majority of SMN2 transcripts lack
exon 7 due to alternative splicing. Since all SMA
patients lacking SMN1 carry at least one SMN2
copy, transcriptional activation of the disease
modifying SMN2 gene is likely to be clinically
beneficial.
The fatty acids butyrate and valproic acid (VPA)
transcriptionally activate human SMN2 and re
store the correct splicing pattern, resulting in in
creased FLSMN levels. Butyrate and the anti
convulsant VPA possess histone deacetylase
(HDAC) inhibitor properties. We experimantally
characterized a highly potent second generation
class of HDAC inhibitors (hydroxamic acids) as
potential drugs for SMA treatment and identified
four novel compounds to increase SMN protein
levels in a time and dose dependent manner
using several experimental paradigms, including
fibroblasts derived from SMA patients as well as
rat and human organotypic hippocampal brain
slice cultures. Analysis of HDAC inhibitor activi
ty of fatty vs. hydroxamic acids revealed that
both groups address diverse histone deacety
lases, giving rise to different mechanisms of ac
tion. One of the new drugs is already under clin
ical phase II investigation for cancer treatment
and represents a promising compound for SMA
treatment due to its low in vivo toxicity, its good
oral bioavailability and its capacity to penetrate
the blood/brain.

P235
Diagnostic screening for MeCP2 mutations
in patients with suspected RETT syndrome
Moritz A.(1), Weinhäusel A.(1), Haas O.A.(1)
1) CCRI, Children’s Cancer Research
Institute, Vienna
Classic Rett syndrome is an Xlinked dominant
progressive neurodevelopmental disorder that
affects approximately one in 15 000 girls. Fol
lowing a normal birth and apparently normal
psychomotor development during the first 618
months of life, the girls enter a short period of
developmental stagnation followed by rapid re
gression in language and motor skills. The hall
marks of the disease are repetitive stereotyped
hand movements, loss of social contact and lan
guage use. Up to 80% of female cases with typ
ical Rett syndrome harbor loss of function mu
tations in the gene encoding the methylCpG
binding protein MECP2 (Xq28), whereas such
mutations are lethal in males already in utero.
Within the last years we have screened DNA
from 165 females with a clinically suspected
RETT syndrome for disease causing mutations
by directly sequencing the three coding exons of
the MeCP2 gene. The vast majority of patients
(158) came from Austria, three were from Bulgar
ia and four from Slovenia. We identified 14 dif
ferent mutations in 41 girls (25%) that were al
ready previously described in the literature. They
comprised missense and proteintruncating mu
tations as well as single nucleotide deletions,
which clustered in the two functional MeCP2 re
gions, the methylcytosinebinding and the tran
scriptional repression domain. The most fre
quent recurrent mutation in seven patients was
the nonsense mutation R168X. In addition to
these already known mutations, we also detect
ed novel sequence variants in six additional pa
tients, whose potential relevance for the disease
could so far only be resolved in two cases with
certainty. These consisted of a truncating muta
tion (658_725 del ins A) and a nucleotide change
(IVS2+4 A>G) that had occurred de novo.
Whether the other sequence variants were inher
ited or had also arisen de novo is currently un
der investigation. Of particular interest is also
one case with two rare amino acid exchanges
(R106W and T197M), whose significance is also
not yet known.

P236
The role of Pelota (Pelo) during the cell
cycle
Buyandelger B.(1), Ebermann L.(1), Sallam
M.(1), Adham I.(1), Engel W.(1)
1) University of Göttingen, Institute of
Human Genetics, Göttingen
Mutation in either the Drosophila pelota (Pelo) or
the S. cerevisiae homologe, dom34 cause de
fects of spermatogenesis and oogenesis in
Drosophila, and delay of growth and failure of
sporulation in yeast. Both phenotypes are sug
gestive a requirement of Pelo for normal pro
gression of the mitotic and meiotic cell cycle. To
explore the function of Pelo in mammals, we
have disrupted the mouse Pelo gene and shown
that the gene is essential for normal mouse em
bryonic development. Development of homozy
gous embryos arrests about 6.57.5 days after
conception. The failure of mitotic active inner
cell mass (ICM) of the Pelo/ blastocysts to ex
pand in growth after 4 days in culture and sur
vival of mitotic inactive trophoblast indicate that

the lethality of Pelo null embryos is due to de
fect in cell proliferation. Increase of percentage
of cells exhibiting polyploidy at E7.5 can be di
rectly responsible for the arrested development
and suggests that the Pelo is required for the
maintenance of the genomic stability. Approach
es to establish Pelo/cells by culture of Pelo+/
ES cells in medium containing high concentra
tion of G418 failed to detect a Pelo deficient
cells. These results suggest that Pelo is essen
tial for cell viability and or cellular proliferation.
Analysis of cell line containing the GFP/Pelo fu
sion allele revealed that the Pelo is sublocalised
at the stress actin filaments. To overcome the
early embryonic lethality of the Pelo deficient
mice, generation of conditional knockout mice
is underway.

P237
Role of the Fasassociated protein factor
(Faf1) in germ cell and embryonic
development
Janchiv K.(1), Held T.(1), Meinhardt A.(2),
Engel W.(1), Adham I.M.(1)
1) University of Göttingen, Institute of
Human Genetics, Göttingen
2) University of Giessen, Department of
Anatomy and Cell Biology, Gießen
The Fas system is a receptorligand signalling
system, in which Fas ligand (FasL) binds to and
activates the Fas receptor (Fas) to initiate a cas
cade of intercellular events that leads to the
elimination of the Fasbearing cells via apopto
sis. Fasmediated signalling system participates
in the regulation of germ cell apoptosis in testis.
After the activation of the Fas receptor, several
proteins binds to the intercellular domain of the
receptor. The Fasassociated protein factor1
(Faf1) was identified in the Fas associated pro
tein complex. Expression analyses demonstrat
ed that the Faf1 is widely expressed in murine
tissues. The Faf1 expression is restricted to hap
loid germ cells of adult testis, while in cryp
torchid testis, the Faf1 gene is highly expressed
in apoptotic germ cells. To determine the role of
Faf1, we characterised a gene trap mutant
mouse line (line 40) and found that the gene trap
vector is inserted in intron 8 of the Faf1gene.
Heterozygous animals appeared normal, howev
er 15% of heterozygous males are infertile. All
seminiferous tubules in testes of infertile het
erozygotes showed a reduced number of sper
matogonia and karyolysis of most of primary
spermatocytes. Genotyping of the progeny of
heterozygous intercrosses shows the absence of
Faf1 homozygous mutant and suggests an em
bryolethal phenotype. These results suggest
theat the Faf1 is essential for germ cell and em
bryonic development.

P238
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Novel mutations in BCOR in three patients
with oculofaciocardiodental syndrome,
but none in Lenz microphthalmia syndrome
Chyrek M.(1), Horn D.(2), Kleier S.(3), Lüttgen
S.(1), Bolz H.(4), Hinkel G.K.(5), Korenke
G.C.(6), Rieß A.(7), SchellApacik C.(8),
Tinschert S.(2), Wieczorek D.(9), Gillessen
Kaesbach G.(9), Kutsche K.(1)
1) Institut für Humangenetik, UKE, Hamburg
2) Institut für Med. Genetik, Charité, Berlin
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3) Praxis für Pränatale Diagnostik und
Humangenetik, Hamburg
4) Institut für Humangenetik, Köln
5) Institut für Klin. Genetik, Dresden
6) Zentrum für Kinder und Jugendmedizin,
Oldenburg
7) Med. Genetik, Tübingen
8) Medizinische Genetik, Kinderzentrum,
München
9) Institut für Humangenetik, Essen
Oculofaciocardiodental syndrome (OFCD syn
drome) is a rare Xlinked dominant condition
with male lethality characterized by microph
thalmia, congenital cataracts, facial dysmorphic
features, congenital heart defect, and dental
anomalies. Mutations in BCOR (BCL6 corepres
sor) located in Xp11.4 have been shown to
cause OFCD syndrome. Here we report three
novel
mutations,
c.2488_2489delAG,
c.3286delG, and a deletion of approximately 60
kb encompassing at least BCOR exons 215 in
three patients with OFCD syndrome. Lenz mi
crophthalmia syndrome is an Xlinked recessive
trait comprising microphthalmia/anophthalmia,
mental retardation, malformed ears, digital,
skeletal, and urogenital anomalies (synonym: mi
crophthalmia with associated anomalies [MAA]).
One locus for MAA has been mapped to Xq27
q28, whereas linkage analysis in a large family
with presumed Lenz microphthalmia syndrome
has suggested that a second locus (MAA2) is in
Xp11.4p21.2. Recently, a missense mutation
(p.P85L) in BCOR has been found in the original
MAA2 family. Therefore, we sequenced all cod
ing exons of the BCOR gene in eight male pa
tients with Lenz microphthalmia syndrome, but
no diseaserelevant mutation was detected. On
one hand, our data confirm that BCOR is the
causative gene for OFCD syndrome. On the oth
er hand, the failure to identify any mutation in
patients with Lenz microphthalmia syndrome to
gether with the oligosymptomatic phenotype of
the patients in the original MAA2 family suggest
that BCOR is not the major gene for Lenz mi
crophthalmia syndrome.

P239
Detection of ProteinProteinInteractions by
ProteinChip Technology (SELDI)
Escher N.(1), Melle C.(1), von Eggeling F.(1)
1) Institute of Human Genetics and
Anthropology, Core Unit Chip Application
(CUCA), Jena
For a functional characterisation of the proteome
interaction studies are of particular interest, be
cause it is known that most of the proteins usu
ally work interconnected. In this work we used
the E2Ftranscription factors as a model system
to investigate whether the ProteinChip technol
ogy can be used for proteinproteininteraction
studies. The E2Ftranscription factors play an
essential role in the regulation of DNA replica
tion, the nucleotide biosynthesis or cell cycle
and seemed to be an ideal model system be
cause of their already known interacting part
ners.
The cell lines U2 OS and MCF7 were used to
detect endogenous E2F and possible binding
partners by the ProteinChip technology SELDI
(surface enhanced laser desorption/ionisation).
For a sufficient precipitation we tested several
affinity surfaces for coupling of specific E2F an
tibodies and their compatibility with the Pro
teinChip technology just like protein A/agarose,
IDMaffinity beads, the PS10/PS20 ProteinChips
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and the RS100 ProteinChips. Only the IDMAffin
ity beads lead to conclusive findings. To analyse
interactions, an immunoassay was done by us
ing specific E2F antibodies coupled on IDM
beads. After incubation with U2 OS or MCF7
lysate, an H50 ProteinChip was loaded with the
eluate. The protein pattern generated by SELDI
MS showed differential signals compared to as
says using nonspecific antibodies.
To identify these specific signals, immunoblots
against already known interaction partners, cor
relating to the SELDI data, where done with the
same eluate used for SELDIanalysis. With this
procedure we identified pRB in both cell lines
and another E2F1interaction partner in the U2
OS cell line.
For further identification of other specific signals,
the eluates have to be subjected to other
processes. The resultant data may give us more
insight into the corresponding pathways and
their influence on DNA replication or cell cycle
regulation.
this work was supported by BMWF and IZKF

P240
Quantification of AlleleSpecific Expression
by Pyrosequencing identifies three novel
imprinted transcripts in the mouse
transcriptome
Ruf N.(1), Dünzinger U.(2), Konersmann M.(2),
Haaf T.(2), Nürnberg P.(3), Zechner U.(2)
1) MaxDelbrückCentrum, Gene Mapping
Center, Berlin
2) Johannes Gutenberg University, Institute
of Human Genetics, Mainz
3) University of Cologne, Center of
Functional Genomics, Cologne
A proportion of genes in the mouse and human
genome is expressed from only one allele in a
parentoforiginspecific manner. This proportion
includes imprinted Xchromosome inactivation
and autosomal imprinted loci. We are aiming at
a systematic identification of novel imprinted
genes using Quantification of AlleleSpecific Ex
pression by Pyrosequencing (QUASEP), a high
ly accurate method to detect allelespecific ex
pression differences. Based on the Pyrose
quencing technology, QUASEP can quantify al
lelespecific expression by analyzing heterozy
gous exonic SNPs in transcripts from fetal or
adult tissues of F1 hybrid mice and humans. We
started with a total of 66 candidate imprinted
transcripts from recent mouse and human mi
croarray studies and focused on genes that map
to imprinted chromosomal regions. Up to now,
three novel imprinted transcripts encoding puta
tive nonproteincoding RNAs have been identi
fied on the basis of monoallelic expression in
d11.5 p.c. (C57BL/6J x Cast/Ei)F1 embryos. The
results were confirmed in embryos derived from
the reciprocal cross. Experiments to verify im
printed expression in adult tissues of hybrid
mice are in progress. Two of these transcripts
showed paternalallele expression and map to
the imprinted regions on proximal and distal
mouse chromosome 7, respectively. The third
transcript was maternally expressed and maps
to distal mouse chromosome 12. The three tran
scripts are located in close vicinity of the known
imprinted genes Usp29, Lit1 and Gtl2. Further
experiments will elucidate if the newly identified
imprinted transcripts are independent genes not
belonging to the transcription units of either
Usp29, Lit1 or Gtl2. The novel imprinted tran

scripts may be good candidates for imprinting
related disease phenotypes on the respective
mouse and human chromosomes.

P241
Variability pattern of the NF1 gene in
Europe: traces of population subdivision, or
signature of balancing selection?
Schmegner C.(1), Högel J.(1), Vogel W.(1),
Assum G.(1)
1) Universität Ulm, Abt. Humangenetik, Ulm
The pattern of variability observed in the human
genome can be exploited to answer questions of
both academic interest and medical relevance.
Up to now the demographic history of popula
tions, a prerequisit for the interpretation of re
sults obtained in studies to identify genes which
have been under selection or in association
studies to identify risk alleles for common dis
eases, has been inferred from the analysis of
only a few genomic loci. To improve knowledge
about the historical background of the European
population, we analysed the pattern of variabil
ity at the NF1 gene region, as a further suitable
locus for population genetic studies, due to the
observed long range LD over 300 kb. For this
purpose 25 kb of noncoding DNA from the NF1
gene region of 24 German probands was se
quenced. The haplotypes, which could unam
bigously be deduced from the genotypes at all
together 45 polymorphic sites, showed a
clearcut division into two subgroups with large
pairwise differences in intergroup comparisons
and little variability within the subgroups. These
pairwise differences, together with the results of
the summary statistics of Tajima and Fu and Li,
applied to the data, demonstrated a relative ex
cess of medium frequency variants, a hint on
balancing selection or population subdivision.
Because no coding variant could be detected in
the whole relevant region, which may have
served as a target of balancing selection, we
prefer the latter explanation. In this case the two
haplogroups may represent sequences brought
to Europe by two genetically homogeneous but
well separated groups of immigrants. Two waves
of immigrations of anatomically modern humans
into Europe are documented, one of a group of
paleolithic hunters and gatherers and a second
of neolithic farmers. The question whether the
two NF1 haplogroups indeed represent the ge
netic heritage of these two founder populations
can be answered by the inclusion of further
polulation samples in the analysis.

P242
The divergence of DNA sequences between
and within species is interdependent with
the structure of the mammalian genome.
Assum G.(1), Pietsch B.(1), Schmoll B.(1),
WielandLange S.(1), Högel J.(1), Vogel W.(1),
Schmegner C.(1)
1) Universität Ulm, Abt. Humangenetik, Ulm
The mammalian genome is a highly ordered
structure composed of long stretches of DNA
with a defined GC content different from the
genomewide average, called isochores or GC
content domains. Isochores are basic for the
chromosomal banding pattern which is tightly
correlated with a number of structural and func
tional features, e.g. distribution of repetitive el
ements, gene density, recombination frequency
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and timing of DNA replication. We have recently
demonstrated that the transition from a GC rich
isochore to a GC poor one in the NF1 gene re
gion is sharp, occurring within 5 kb, and is well
conserved between human and mouse. The
transition zone separates regions with low (GC
poor) and high (GC rich) recombination frequen
cies and was shown to be a boundary between
replication time zones, with GC rich sequences
replicating early and GC poor sequences late in
S phase. Now we report on the divergence of
DNA sequences located around this boundary in
the human and the chimpanzee genome. On av
erage the GC poor sequences showed 7.37 di
vergent sites per 1000 bp, whereas 11.15 diver
gent sites per 1000 bp were found in the GC rich
isochore. Thus, the isochore boundary was
found to be also the boundary between se
quences with high and low interspecies diver
gence. In addition sequence analysis of 25 kb of
noncoding DNA from the GC poor and 20 kb
from the GC rich isochores in a sample of 24
German probands revealed a striking difference
in the degree of variability found within the pop
ulation. In the GC poor part 1.8 variable sites per
1000 bp were found in the 48 analysed chromo
somes, whereas 3.55 variable sites per1000 bp
were detected in the GC rich part. In summary
the results of the analyses of inter and in
traspecies variation demonstrate that the iso
chore boundary demarcates sequences showing
large differences in their mutation rates, in addi
tion to differences in the recombination frequen
cy and replication timing.

P243
Interchromosomal segmental duplications
of the pericentromeric region on the human
Y chromosome
Kirsch S.(1), Weiß B.(1), Waterston R.H.(2),
Miner T.L.(2), Eichler E.E.(3), Clark R.A.(3),
Münch C.(4), Schempp W.(4), Rappold G.(1)
1) University of Heidelberg, Institute of
Human Genetics, Heidelberg
2) Washington University School of
Medicine, Genome Sequencing Center,
Department of Genetics, St. Louis
3) University of Washington, Genome
Sciences, Seattle
4) University of Freiburg, Institute of Human
Genetics, Freiburg
Basic medical research critically depends on the
finished human genome sequence. Two types of
gaps are known to exist in the human genome:
those associated with heterochromatic se
quences and those embedded within euchro
matin. We have identified and analysed a eu
chromatic island within the pericentromeric re
peats of the human Y chromosome (Kirsch et al.,
Genome Research, in press). This 450 kb island,
although not recalcitrant to subcloning and pres
ent in 100 tested males from different ethnic ori
gin, was not detected and is not contained with
in the published Y chromosome sequence. The
entire 450 kb interval is almost completely dupli
cated and consists predominantly of interchro
mosomal rather than intrachromosomal duplica
tion events that are usually prevalent on the Y
chromosome. We defined the modular structure
of this interval and detected a total of 128 un
derlying pairwise alignments (≥90% and ≥1kb in
length) to various autosomal pericentromeric
and ancestral pericentromeric regions. We also
analyzed the putative gene content of this region
by a combination of in silico gene prediction and

paralogy analysis. We can show that even in this
exceptionally duplicated region of the Y chromo
some putative genes with open reading frames
reside, including fusion transcripts formed by the
splicing of exons from two different duplication
modules as well as members of the homeobox
gene family DUX.

P244
Rare partial deletions in SHOX gene of three
patients with LeriWeill syndrome, identified
by MLPA
Hager K.(1), Ehlers C.(1), Fahsold R.(1),
Demuth S.(2)
1) Institut für Medizinische Genetik,
Dresden
2) Praxis für Humangenetik, Erfurt
LeriWeill syndrome (LWS) is a well charac
terised dominant inherited short stature syn
drome associated with mesomelic shortening of
the lower legs and the forearms. Patients are of
ten affected by Madelung deformity of the fore
arms. Phenotypic inter and intrafamilial hetero
genity is a frequent finding in LWS. Skeletal
manifestations are more severe in females than
in males. This heterogeneity is well documented
but the cellular mechanism is about to be dis
covered.
It was suggested that a gene for short stature
and skeletal features resides in the pseudoauto
somal region (PAR1), a 2,6 Mb segment of the
distal ends of the short arms of the X and Y
chromosome that are identical. In 1997, the
SHOX gene (short stature homeoboxcontaining
gene) was cloned from the distal part of the
PAR1. Like all the genes within the PAR1, SHOX
escapes from X inactivation, so that there are
two active copies of this gene in males as well
as in females. In addition, SHOX protein shows
a distinct tissue distribution, whereby it is pre
dominantly present in bone marrow fibroblasts
and acts as a transcriptional activator.
In most studies, mutations in the SHOX gene
were identified in more than 60 % of LWS pa
tients. Thereby, submicroscopic deletions, en
compassing the whole gene, are more prevalent
than point mutations. Patients with partial dele
tions of the SHOX gene are rarely described in
the literature. With the use of MLPA, we were
able to quantify all of the SHOX exons and the
adjacent regions of the gene simultaneous in
one single multiplex PCR reaction. We present
the finding of three cases with deletions of exon
3, exon 4 to 5 and exon 6b respectively, which
were not recognized in the previous FISH analy
sis. Our experiences show, that MLPA is a effi
cient and sensitive method for the detection of
deletions in the SHOX gene – this in combina
tion with sequencing analysis of the coding re
gion provides an exhaustive molecular screen
ing for LeriWeill syndrome.

P245
Attrition of telomeres as consequence of
telomerase knockdown by a specific shRNA
in a colorectal cancer cell line
Nascimento P.(1), Alves G.(2), Ballhausen W.(1),
Fiedler W.(1)
1) MartinLutherUniv., KIM I  Molekulare
Gastroenterologische Onkologie, Halle
2) Instituto Nacional de Câncer, Serviço de
Hematologia, Rio de Janeiro

Telomerase is the enzyme that catalyzes the
synthesis of telomeres, the chromosomal ends.
In humans the minimal subunits required for
telomerase activity are the hTERT reverse tran
scriptase and the RNA template hTR. Mainte
nance of telomere length by telomerase reacti
vation is a major event in the tumor progression
of most human cancer types. Thus, inhibition of
telomerase would be an interesting goal in can
cer studies. Recently, we designed a siRNA mol
ecule directed against hTERT that is able to in
hibit transiently telomerase activity very efficient
ly in the immortal colorectal adenocarcinoma cell
line HT29. Now, for long term inhibition studies
HT29 cells were transfected with this siRNA
cloned as short hairpin (sh)RNA into a mam
malian expression vector. A nonsense shRNA
construct was used as negative control. Thus,
we were able to establish a cell clone which sta
ble expresses shRNA and subsequently produce
siRNA molecules directed against hTERT mRNA
by the intrinsic Dicer enzyme. Telomerase inhi
bition and hTERT mRNA knockdown in these
cells were confirmed by TRAPassay and RT
PCR analysis, respectively. In contrast with the
control subclone the telomere lengths became
markedly shorter after 20 cell passages in the
telomerase negative subclone as measured by
Southern Blot analysis. As lack of telomerase
activity and telomere erosion are sometimes as
sociated with genetic instability we performed
microsatellite instability (MSI) analysis at sever
al terms of cell passages. But none of five mi
crosatellite markers displayed MSI. Our results
show that it is possible to knockdown telom
erase activity by the ectopic expression of
shRNA directed against hTERT in HT29 cells.
Thereby telomere erosion but not MSI occurred
within the successive cellular divisions. The es
tablished telomerase silenced cell line could be
used for further enlightenment of the role of
telomerase in tumor progression by comparative
protein and RNA expression profiling analysis.

P246
Characterization of Scapinin in mouse and
human
Worch S.(1), Hansmann I.(1), Schlote D.(1)
1) MartinLutherUniversitaet Halle
Wittenberg, Institut fuer Humangenetik und
Medizinische Biologie, Halle
Scapinin has been found to bind to cytoplasmic
actin and furthermore being a putative regulato
ry subunit of protein phosphatase1 (PP1). It is
attached to the nuclear matrixintermediate fila
ment (NMIF) and is being down regulated by
differentiation of tumor cells. In this study we an
alyzed several anonymous ESTs with respect to
their localization in the vicinity of the area known
to be syntenic to imprinting region 1 on mouse
chromosome 2 (MMU2) as part of a comparative
physical and transcriptional mapping project on
the human chromosome 20q13 segment
(HSA20q13). As a result two of these ESTs
(A005Z17 and H17739) emerged to be part of
the human scapinin gene. We have analyzed the
genomic structure and tissue specific expression
of human scapinin as well as of the orthologous
mouse gene. Both the genes showed a highly
conserved complex 16 exon structure with four
different leader exons, alternative splicing of hu
man exon 5 and variable polyadenylation which
was limited to mouse transcripts only. In both
species expression seems to occur predomi
nantly in the brain. By Northern blot analysis two
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major signals of 3.0 kb and 2.7 kb were found in
human. Three murine transcripts were detected
sized 3.3 kb, 2.9 kb and 2.5 kb. Detailed expres
sion analysis in the mouse revealed a tissue spe
cific complex expression pattern in the brain as
well as a developmental specific pattern during
embryogenesis displaying weak signals from day
10 pc and strong signals from day 15 pc on
wards to adult mice. This complex spatial and
temporal regulation of scapinin indicates an es
sential biological function in the developing
brain.

P247
Mutant TRPS1 proteins exert a dominant
negative effect on the activity of the wild
type protein.
Kaiser F.J.(1), Brega P.(1), Horsthemke B.(1),
Lüdecke H.J.(1)
1) Universitätsklinikum Essen, Institut für
Humangenetik, Essen
The transcription factor TRPS1 is a potent re
pressor of GATAmediated gene transcription.
This repression is dependent on the presence of
the GATA type zinc finger and the IKAROSlike
double zinc finger domain. Mutations in the
TRPS1 gene lead to the trichorhinophalangeal
syndrome types I and III (TRPSI/III), which pres
ent with a broad spectrum of facial abnormali
ties, brachydactyly and short stature. Mutations
in the GATA zinc finger cause the most severe
TRPS III. We analysed the repressional activities
of four different mutant TRPS1 proteins mimic
ing the mutations Q1038, C1217R and C1217Y,
which we identified in patients with TRPS I, as
well as T901P, which was found in a patient with
TRPS III.
Wildtype (wt) and mutant TRPS1 constructs
were expressed in COS7 cells and activity was
assessed by luciferase reporter assays. The
truncated TRPS1 (Q1038X), which misses the
entire IKAROSlike domain, has no significant re
pressional activity and does not affect repres
sional activity of the wt protein upon coexpres
sion. Mutants affecting the first zinc finger of the
IKAROSlike domain (C1217R, C1217Y) have
significant residual repressional activity (7285
%), and even TRPS1T901P, which affects the
GATA zinc finger, is capable of repressing re
porter gene expression (55 %). Interestingly, co
expression of the wt –TRPS1 with either C1217R
or C1217Y leads to lower repressional activity,
and coexpression of wtTRPS1 and T901P even
results in a strong reporter gene activation.
Our results clearly prove that missense muta
tions in the GATA and IKAROSlike zinc fingers
exert a dominant negative effect on the activity
of the wt protein in the heterozygous state.

P248
Comprehensive mutation analysis in the NF1
gene achieves mutation detection rates
higher than 90% and confirms a high
percentage of splicing mutations
Wimmer K.(1), Beiglböck H.(1), Gencik M.(1),
Zatkova A.(1), Callens T.(2), Messiaen L.(2),
Fonatsch C.(1)
1) Medizinische Universität Wien, Abteilung
für Humangenetik am Klinischen Institut für
Medizinische und Chemische
Labordiagnostik, Vienna
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2) University of Alabama at Birmingham,
Dept. of Genetics, Birmingham, AL, USA
Neurofibromatosis type 1 (NF1 [MIM 162200]) is
one of the most common autosomal dominant
disorders, affecting approximately 1 in 3500 in
dividuals. A hallmark of this pleiotropic and pro
gressive disorder is the extreme heterogeneity in
clinical expression. Clinical diagnosis is usually
readily achieved in most adult and adolescent
patients due to the presence of at least two of
classical signs of NF1. However, the absence of
many of the diseasedefining features in young
children renders definite diagnosis frequently im
possible in this agegroup. Thus, there is a need
for a reliable and sensitive genetic testing to
help resolve diagnostic dilemmas in patients not
fulfilling the NIH diagnostic criteria, especially
young children but also atypical patients, to de
termine the affection status of family members
of an affected person and to perform prenatal di
agnosis, if desired. However, even 14 years af
ter cloning the NF1 gene moleculargenetic di
agnostics is still considered a major challenge in
this large and complex gene. Nevertheless, ap
proaches have been developed during the re
cent years that reach mutation detection rates of
up to 95% (Messiaen et al. 2000). It appears to
be essential for the success of these approach
es that they combine an RNAbased assay with
additional supplementing methods to identify
missense mutations as well as whole gene and
multiexon deletions. Therefore, we established
a comprehensive NF1 mutation detection ap
proach in Vienna that includes improved protein
truncation testing, direct cDNA sequencing and
FISH analysis. We have applied this mutation
detection scheme in more than 100 cases so far
and our results confirm mutation detection rates
of over 90 % with this approach. The analysis of
the mutational spectrum found in our laboratory
further confirms that a significant fraction of the
NF 1 mutations cause aberrant splicing and
many of them are due to alterations outside the
canonically conserved splicing sequences.

P249
Stable siRNA mediated conditional knock
down in myoblast cells
Grimm C.(1), Grabow S.(1), Lange M.(1),
Sperling S.(1)
1) Max Planck Institute for Molecular
Genetics, Vertebrate Genomics, Berlin
Short interference RNAs (siRNAs) provide a
powerful tool to induce lossoffunction pheno
types by posttranscriptional genesilencing.
siRNA technology saves substantial time and
money compared to gene targeting approaches
by homologous recombination and has been
successfully applied for conditional knockdown
in cellbased assays and the generation of
mouse models. Driven by our motivation to
analyse downstream targets of cardiac tran
scription factors that had been differentially ex
pressed in our array analysis of cardiac samples
from patients with tetralogy of Fallot (Circulation
2003; 107:246774), we established a vector
based siRNA technology for the C2C12 and the
HL1 myocyte cell lines. We will present the
technology setup with its pitfalls for the gener
ation and analysis of stable siRNA mediated
knockdown cell lines. Firstly, we selected gene
specific sequences suitable for siRNA through a
bioinformatic analysis using different software
tools from Invitrogen (Blockit RNAi designer),
Promega (siRNA target designer), GenScript

(siRNA target finder) and the Sonnhammer bioin
formatics group (siSearch). Secondary, we
analysed the siRNA efficiency by reporter gene
assays in HEK293 cells. Reporter constructs
were generated expressing either green fluores
cent protein (GFP) or Renilla luciferase and the
target gene in the 3’UTR. While the GFP reporter
system was hard to quantify reliably, the Renil
la luciferase approach proved to be a highly re
producible, easy quantifiable and highthrough
put applicable tool. Finally, siRNA constructs
showing a downregulation of more than 40% in
the luciferase reporter gene assay were integrat
ed in C2C12 and HL1 cell lines. We established
stable transfected cell lines since transfection
efficiency of the selected cell lines is around 30
%. Realtime PCR was applied to uncover re
spective downstream targets in addition to the
monitoring of phenotypical changes induced by
the depletion of gene activity.

P250
A bipartite nucleus localisation signal is
responsible for the nuclear transport of the
bHLH transcription factor TWIST
Singh S.(1), Rauschendorf M.(1), Kunz J.(1)
1) PhilippsUniversität Marburg, Zentrum für
Humangenetik, Marburg
TWIST, a member of the basic helixloophelix
transcription factor family, acts as a master reg
ulator in embryonic morphogenesis and in onco
genesis. Mutations described in TWIST are
causing SaethreChotzen syndrome (MIM
101400), an autosomaldominant disorder. To
characterise TWIST in more detail, we performed
an evolutionary alignment of vertebrate TWIST
proteins to determine additional conserved do
mains.
In result we could identify alongside the highly
conserved bHLH domain, two potential nuclear
localisation signals (NLS1, 37RKRR40 and
NLS2, 73KRGKK77), a highly conserved 5 aa re
gion, called NSEEEdomain, and a WRdomain
in the Cterminus of the protein.
To answer the question whether the TWIST pro
tein undergoes an active transport to the nucle
us or cross over into the nucleus by diffusion we
altered the Lysine residues in both motifs by
“sitedirected mutagenesis”. The amino acid Ly
sine in NLS motif is essential for the interaction
with the importin protein, which is responsible
for the active transport through the nuclear pore.
Human U2OS cells were used for transient
transfection with cmyctagged TWIST con
structs and the localisation were analysed by im
munofluorescence microscopy. The alteration of
the 38 Lysine in NLS1 resulted in the mislocali
sation of the protein to the cytoplasm of the
cells.
To understand the role of the second nucleus lo
calisation signal, we modified the aa pos. 73, 76
and 77, respectively. The subcellular distribution
of mutant K76R TWIST*NLS2 was similar to that
of the wt protein. In contrast the K73R and K77R
alterations inhibit the correct localisation of the
protein in the cells examined.
As a control we proved the combination of mu
tated NLS1 (38Lys) and mutated NLS2 (73Lys,
76Lys, 77Lys), in all cases the signals for TWIST
constructs were detected in the cytoplasm. In
conclusion, our results indicate that the aa Lys,
present in the NLS1 at pos.38, and aa Lys pres
ent in the NLS2 at pos.73 and 77 are of utmost
significance.
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P251
The Glaucoma risk associated Gln368X
Myocilin variation impairs the mitochandrial
architecture in insect cells
Stengel C.(1), SchloetzerSchrehardt U.(2),
Oezbey S.(1), Ekici A.(1), Rautenstrauss B.(1)
1) FAU, Human Genetics, Erlangen
2) FAU, Ophthalmology, Erlangen
MYOC variations are associated with some
forms of primary open angle glaucoma (POAG).
An insect cell expression system comprising in
sect cell specific promoters, multiple cloning site
adaptation, a V5 epitope and in frame GFP fu
sion has been constructed to trace heterologous
expressed Myocilin (MYOC). Myocilin wildtype
and the Gln368X variation have been introduced
in this expression system. MYOC carries a
leucinzipper motif, a myosinlike domain and an
olfactomedinlike domain; a secreted and a cy
tosolic form were described. The Gln368X pro
tein truncates the protein by the olfactomedin
domain. Heterologous overexpression of MYOC
GFP wildtype revealed a cytosolic localisation;
no secretion was observed. However, insoluble
MYOC aggregates are formed and collected in
vacuoles resulting in cell death. Electron mi
croscopy revealed ribosomes directly associat
ed with the membrane of these vacuoles. This
indicates that in a late growth stage MYOC pro
tein synthesis is not any more cytosolic but di
rected to the steadily growing vacuoles. In con
trast to the wildtype the Gln368X mutation has
obviously some impact on the mitochondrial
function. The number of mitochondria as well as
their size was increased compared to the MYOC
wildtype expression. This may indicate that the
intracellular needs for energy are increased, pos
sibly for the protein degrading pathway. The ex
pression of the Gln368X variation without GFP
resulted furthermore in high molecular weight
aggregates in a Westernblot analysis. These ag
gregates were not detected for the wildtype. Our
observations indicate that not only the overex
pression of wildtype and mutant MYOC has
pathogenic effects, but furthermore the nature of
the mutation is important for the altered intracel
lular function and biochemical properties. The
carboxyterminal fusion of GFP may have unex
pected, but sometimes positive effects depend
ing on structure and nature of the investigated
protein.

P252
Transcriptional control of GLI3 gene
expression
Paparidis Z.(1), de Graaff E.(2), Elgar G.(3),
Grzeschik K.H.(1)
1) Zentrum fuer Humangenetik, Philipps
Universitaet, Marburg
2) Department of Clinical Genetics, Erasmus
Medical Center, Rotterdam
3) MRC Rosalind Franklin Centre for
Genomics Research, Genome Campus,
Hinxton
Limb defects present an excellent model for the
study of signaling pathways in humans. Molec
ular clues involved in limb patterning are similar
ly used to direct the development of other seg
ments or organs of the body. The products of
the GLI gene family, translate signals of the son
ic hedgehog protein (SHH) into specific patterns
of gene expression. Their coordinated function
appears to determine a GLIcode, which, in the
limb, directs pattern formation in anteriorpos

terior direction. Factors controlling the localized
and timely expression of GLI genes and their tar
gets are unknown.
We report the identification and functional analy
sis of cisregulatory elements controlling expres
sion of GLI3.
The genomic sequence upstream of the experi
mentally determined start of exon 1 of human
GLI3 is predicted to contain a promoter se
quence. By deletion analysis we identified a min
imal promoter region with a high capacity for
transcriptional activation of a luciferase reporter
gene in cell culture in a 300 bp element located
70 bp upstream of the transcription initiation
site. To assay the involvement of transactive
factors, predicted binding sites within this region
will be modified by mutagenesis.
Comparison of the human, mouse and fugu ge
nomic GLI3 sequences showed regions of very
high conservancy residing in intronic regions.
Three such segments were tested for their po
tential to regulate luciferase expression in cell
culture. Two segments differing in these proper
ties were further analyzed for their ability to con
trol time and localization of betagalactosidase
reporter gene expression in transgenic mouse
embryos. Localization and time course of the re
porter gene expression in the mouse are com
pared with the established GLI3 expression pat
terns.
The detection of sequence elements controlling
in cis the expression of GLI3 contributes to the
understanding of the pattern formation and ad
dresses the question of highly conserved non
coding DNA sequences in vertebrate genomes.

P253
Establishment and characterization of a
primary testicular cell culture from a patient
with Frasier Syndrome
Güler B.(1), Amann K.(2), Dötsch J.(3), Engers
R.(4), RoyerPokora B.(1), Schumacher V.(1)
1) University of Duesseldorf, Institute of
Human Genetics, Duesseldorf
2) University of Erlangen, Institute of
Pathology, Erlangen
3) University of Erlangen, Children’s
Hospital, Erlangen
4) University of Duesseldorf, Institute of
Pathology, Duesseldorf
Frasier syndrome is characterized by a slow pro
gressive nephropathy, XY gonadal dysgenesis
and an increased risk to develop gonadoblas
toma. The underlying causes are heterozygous
germline mutations in the WT1 gene, disrupting
splicing at the second alternative splice donor
site and resulting in a reduced amount of the
+KTS protein isoform. The transcription factor
WT1 plays a crucial role in nephrogenesis and
gonadogenesis in males. Gonadal expression is
restricted to Sertoli cells in testis and to granu
losa cells in the ovary.
The aim of our work was to establish a primary
Sertoli cell culture from a patient with Frasier
syndrome, enabling further studies regarding the
molecular pathomechanisms in this disease. The
patient presented with hypergonadotropic hy
pogonadism caused by testicular atrophy, hy
pospadia, and endstage renal disease at the
age of 15 years and underwent kidney trans
plantation two years later. WT1 mutation analy
sis revealed a heterozygous germline mutation
at the second alternative splice site
(c.1228+5G>A). Based on these findings, he was
diagnosed as having Frasier syndrome. Prophy

lactic gonadectomy was performed and histo
logical analysis identified a severe tubular atro
phy with spermatogenesis arrest and a focal in
tratubular germ cell neoplasia with a diffuse in
crease of Sertoli cells. From this material we
have established a primary cell line in culture
with a normal 46 XY karyotype and approximate
ly 100 cell doublings up to now. Cells have
prominent nucleoli and show a crisscross
growth pattern, however they do not show an
chorage independent growth in soft agar. We
have further characterized these cells by im
munohistochemistry and RTPCR and could
show that they express typical Sertoli cell mark
ers like WT1 (reduced amount of +KTS), Sox 9,
Vimentin and MIC2 and are negative for ckit, a
germ cell marker.
Using these cells we have an in vitro system to
analyze molecular pathomechanisms regarding
Sertoli cell dysfunction in Frasier syndrome.

P254
Cohen syndrome: Mutational and
transcriptional analysis of COH1
Seifert W.(1,2), Holder M.(3), Spranger S.(4),
Hoeltzenbein M.(5), Rossier E.(6),
Maegawa G.H.B.(7), Dollfus H.(8),
Chrzanowska K.H.(9), Horn D.(10),
Hennies H.C.(1,11)
1) Max Delbrück Center for Molecular
Medicine, Dept. of Molecular Genetics and
Gene Mapping Center, Berlin, Germany
2) Free University, Faculty of Biology,
Chemistry, and Pharmacy, Berlin, Germany
3) Hôpital Jeanne de Flandre, CHRU,
Génétique médicale, Lille, France
4) Praxis für Humangenetik, Bremen,
Germany
5) Max Planck Institute for Molecular
Genetics, Berlin, Germany
6) University of Ulm, Dept. of Human
Genetics, Ulm, Germany
7) University of Toronto, Hospital for Sick
Children, Toronto, Ontario, Canada
8) Hôpital de Hautepierre, Service de
Génétique Medicale, Strasbourg, France
9) Children’s Memorial Health Institute,
Dept. of Medical Genetics, Warsaw, Poland
10) Charité, University Medicine of Berlin,
Inst. of Medical Genetics, Berlin, Germany
11) University of Cologne, Cologne Center
for Genomics, Cologne, Germany
Cohen syndrome is a rare autosomal recessive
disorder, clinically highly variable and mainly
characterized by developmental retardation,
craniofacial dysmorphism, retinal dystrophy, and
neutropenia. In 2003, a novel gene, COH1, on
chromosome 8q22 was described, and we and
others have identified mutations in patients with
Cohen syndrome therein. Here we describe new
molecular findings in twelve patients with Cohen
syndrome, descending from 7 families originat
ing from France, Germany, Poland, Turkey, and
the U.K., with mutations in COH1. We have
found nine different novel mutations, including
four nonsense mutations, three frame shift mu
tations, and two potential splice site mutations.
Our data contribute to further confining the phe
notypic spectrum of Cohen syndrome; a consis
tent genotype/phenotype correlation, however,
has not been established so far. All data re
leased until now indicate that Cohen syndrome
is mainly caused by mutations in COH1 that re
sult in a defective COH1 protein through frame
shift or nonsense sequence alterations. The lack
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of a second pathogenic mutation in some pa
tients points to the existence of further alterna
tive exons and/or other transcripts of COH1.
Therefore, we have embarked on a detailed
analysis of COH1 transcript variants by RTPCR
and Northern hybridization. Furthermore, we are
studying the expression of COH1 in humans and
mice with respect to the different splice forms.
Localization and specificity of the protein, which
is similar to VPS13p from yeast and therefore
supposed to be involved in intracellular protein
sorting, are being characterized in order to shed
light on the molecular pathology of Cohen syn
drome.

P255
The pericentric inversion of chimpanzee
chromosome 11 homologous to human
chromosome 9 is associated with
repositioning of the centromere
KehrerSawatzki H.(1), Szamalek J.(1), Tänzer
S.(2), Platzer M.(2), Hameister H.(1)
1) University of Ulm, Department of Human
Genetics, Ulm
2) Institute of Molecular Biotechnology,
Department of Genome Analysis, Jena
Human and chimpanzee karyotypes differ by
nine pericentric inversions, which might have
contributed to chromosomal speciation during
the early human evolution. In this study we char
acterized the breakpoints of the pericentric in
version which distinguishes chimpanzee chro
mosome 11 (PTR 11) and the homologous chro
mosome 9 in humans (HSA 9). The break of ho
mology between PTR 11p and HSA 9p12 maps
to lowcopy repeats or segmental duplications,
whereas the breakpoint region orthologous to
9q22.1 is located in single copy sequences. In
the chimpanzee, alphasatellites are located
close to the qarm breakpoint. This indicates the
occurrence of the centromere at a region orthol
ogous to HSA 9q22.1. Thus the chimpanzee
specific inversion of PTR 11 was associated with
neocentromere formation close to the inversion
breakpoint and the inactivation of the ancient
centromere. Over evolutionary time, this neocen
tromere has acquired alpha satellites, thereby
evolving into a conventional centromere.

P256
Functional analysis of the transcription
factorlike nuclear regulator (TFNR) protein
by Y2H and generation of a conditional
knockout mouse
SchwarzHerzke B.(1), Schoenen F.(1), Karg
R.(1), Wirth B.(1)
1) Institute of Human Genetics University of
Cologne; 2Center of Molecular Medicine
Cologne, Cologne
The transcription factorlike nuclear regulator
(TFNR) is a gene that maps on 5q13, distal to
the duplicated region that includes SMN1, the
spinal muscular atrophy gene. In rare cases SMA
patients can present additional atypical features
such as axonal neuropathies or cerebral atrophy.
These phenotypes correlate in patients with
large deletions including SMN1, SERF1, NAIP,
GTF2H2t and the TFNR gene. We hypothesized
that haploinsufficiency of TFNR may cause brain
atrophy and neuronal disfunction. The 9.5 kb
TFNR transcript is expressed in all tissues but
mainly in cerebellum. TFNR encodes a protein of
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2254 amino acids and contains nine repeats of
a 55 amino acid motif of yet unknown function.
The coding region is organized in 32 exons. The
TFNR protein is present exclusively in the nucle
us, where it is concentrated in several nuclear
structures. It has been shown that the first third
of the protein is part of the transcription factor
TFIIIB.
The function of TFNR was investigated by yeast
2hybrid. The TFNR interacts with ZNF297B, a
zink finger protein. It was shown that ZNF297B
is mainly expressed in the nucleus in many tis
sues. The Nterminus of the protein contains a
BTB/POZ domain that interacts with other pro
teins. Three zink finger domains are located at
the Cterminus. These results implicate that
ZNF297B could be as well a transcription factor.
Antisense RNA experiments in cell cultures
showed that the TFNR gene is of major impor
tance for cell survival. To further investigate the
role of the TFNR protein in mammals we are
generating a conditional knockout mouse by
using the cre/lox P system. The human se
quence of the TFNR is 98% homologous to the
mouse sequence. Using the cre/lox P system,
exon 2 will be floxed in the F1 generation and af
ter crossing with a cre transgenic mouse in the
F2 generation, TFNR will be deleted. These ani
mals will proof whether TFNR has indeed an es
sential role in brain development.

P257
Functional analysis of murine Foxq1
Göring W.(1), Oidovsambuu O.(1), Männer J.(1),
Adham I.(1), Zoll B.(1)
1) Institute of Human Genetics, Göttingen
We have isolated a mouse genomic and cDNA
clone that belongs to the family of the Fox tran
scription factors (previously called HNF3/fork
head transcription factors). The 2.7kb transcript
of the murine Foxq1 gene is expressed promi
nently in stomach and kidney. Expression of
Foxq1 was detected in stomach and kidney dur
ing pre and postnatal development. Immunohis
tologic analysis revealed that the expression of
Foxq1 is located to parietal cells in the gastric
unit. Parietal cells are responsible for the output
of hydrochloric acid in the gastric lumen. To de
termine the function of Foxq1, we have generat
ed knock out mice by deleting the whole coding
region of Foxq1. Foxq1 deficient mice are viable
and fertile. No apparent histological abnormali
ties can be observed in stomach and kidney. Us
ing RTPCR assays and NorthernBlot analysis
we found altered expression of genes which are
involved in regulation of gastric acid secretion.
Injection of histamine, an agonist of gastric acid
secretion, do not stimulate gastric acid secretion
in Foxq1 deficient mice. In addition Foxq1 /
mice exhibit a silky shiny skin. This silky skin re
sults from a lack of medullary structure in the
hair shaft. Radiationinduced mice mutants,
called satin mice, exhibit the same phenotype
according to the hairs. Satin mice harbour an in
tragenic deletion in the Foxq1 gene.

P258
Leukemia Inhibitory Factor Receptor (LIFR)
Mutations in Patients with Stüve
Wiedemann Syndrome
Rump A.(1), Meinecke P.(2), Spranger S.(3),
Thielke I.(1), Thiel G.(4), Horn D.(5),
Tinschert S.(1)
1) TU Dresden, Medizinische Fakultät,
Institut für Klinische Genetik, Dresden
2) Altonaer Kinderkrankenhaus, Abteilung
Medizinische Genetik, Hamburg
3) Praxis für Humangenetik, Bremen
4) Praxis für Humangenetik, Berlin
5) Universitätsmedizin Berlin, Charité,
Institut für Medizinische Genetik, Berlin
StüveWiedemann syndrome (SWS) is a severe
autosomal recessive condition characterized by
neonatal feeding and swallowing difficulties, un
explained hyperthermic episodes, bowing of the
long bones, and distal arthrogryposis. The clin
ical, radiological, and histological similarities be
tween SWS and ‘neonatal’ SchwartzJampel
syndrome 2 (SJS2) led to the suggestion that
SWS and SJS2 are a single entity. Through a
study of a series of 19 patients with either SWS
or SJS2 Dagoneau et al. (2004) have shown (i)
that SWS and SJS2 are allelic disorders, and (ii)
that both conditions are caused by null muta
tions in the leukemia inhibitory factor receptor
(LIFR) gene. The LIFR gene maps to chromo
some 5p13.1, consists of 19 coding exons and
codes for a protein which is made up of 1097
amino acids.
With app. 50 cases worldwide, SWS/SJS2 is a
very rare disorder. Most of the mutations report
ed so far occurred in consanguineous families
and were homozygous. Thus, information con
cerning the spectrum of mutations within the
LIFR gene is very limited and phenotypegeno
type correlations are not yet evident.
In order to provide additional data, we have se
quenced the LIFR coding exons from six pa
tients with congenital bowing of the long bones
including three that were diagnosed with SWS.
One patient was homozygous for the 1798C>T
(R597X) mutation which has been found before,
mainly in families with consanguineous parents.
Another patient was compound heterozygote
and both mutations (the paternal H116Y muta
tion as well as the maternal S133T mutation)
have not yet been described. Furthermore, these
mutations do not a priori lead to premature ter
mination of translation, which is in contrast to
most of the mutations reported so far. These are
either nonsense mutations or frame shift muta
tions. Therefore, the mutations reported here
may provide new insight into the function of
LIFR. Investigations concerning the effects of
these mutations on the corresponding mRNA are
on their way.

P259
A novel ncRNA gene adjacent to human
LMX1B
Endele S.(1), Molter T.(1), Richter S.(1),
Winterpacht A.(1)
1) University of ErlangenNuremberg,
Institute of Human Genetics, Erlangen
Lossoffunction mutations in the LMX1B gene,
encoding a member of the LIM homeodomain
protein family, cause NailPatella syndrome
(NPS). NPS is an autosomaldominant disorder
characterised by dysplastic nails, absent or hy
poplastic patellae, dysplasia of the elbows, and
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nephropathy in approximately 50% of the cas
es.
In an attempt to identify modifying factors of
LMX1B action we started to characterise the
promoter region of human and murine LMX1B.
We mapped the transcription start sites of
LMX1B and performed extensive computer
based analysis and interspecies sequence com
parison. In addition to the known LMX1B exons
the data revealed several conserved regions up
stream of exon 1 and within intron 2 of LMX1B.
From ESTdata and RTPCRs we concluded that
some of these regions correspond to a novel
gene adjacent to LMX1B in reverse orientation.
A corresponding gene has recently been de
scribed in chicken (Holmes et al., 2003) and was
named Alc (adjacent to Lmx1 in chicken). The
human gene (provisionally called ALH) showed
a broad expression pattern and complex alter
native splicing. The gene spans a region of at
least 32 kb and overlaps with exon 1 of LMX1B
in antisense orientation, indicating a putative
function in the regulation of LMX1B gene ex
pression. Remarkably, ALH shows no significant
sequence similarity to Alc or any other sequence
in the databases. In addition, no longer ORFs
can be found, which suggests a classification of
ALH as a non coding (nc) RNA gene. We per
formed transient transfection assays to identify
possible regulatory regions. We could show that
a short 476 bp region upstream of the ALH tran
scription start site has basal promoter activity in
a variety of different cell lines. We are currently
isolating the corresponding murine gene and
gene promotor in order to perform detailed ex
pression studies.

P260
Nijmegen breakage Syndrome: Apoptosis in
patient cell lines and its relevance for the
clinical phenotype.
Thierfelder N.(1), Lobitz S.(1), Seemanova E.(2),
Chrzanowska K.(3), Sperling K.(1), Digweed
M.(1)
1) Charité  Universitätsmedizin Berlin,
Institut für Humangenetik, Berlin
2) Charles University Prague, Department of
Clinical Genetics, Prague
3) Memorial HospitalChild Health Center,
Department of Genetics, Warsaw
The gene mutated in Nijmegen Breakage Syn
drome, NBS1, is implicated in two major aspects
of cell viability: DNA repair and cell cycle check
point assembly. However, the role of NBS1 in the
p53mediated onset of apoptosis is still contro
versial. In consequence, the relative contribution
of DNA repair, cell cycle checkpoints and/or in
duction of apoptosis for the clinical phenotype
in NBS remains unclear.
We have instigated a pilot study using seven cell
lines selected randomly from our large collection
of patient lymphoblasotid cell lines and using
two methods for measuring apoptosis by flow
cytometry: the propidiumiodide, subG1 Nico
letti method and the propidiumiodide/Annexin
V assay.
Amongst the seven patient cell lines, two groups
became obvious in terms of apoptosis: a group
responding to DNA damage comparably to nor
mal cells and a group that was apoptosisresist
ant.
Whilst apoptosiscompetence did not correlate
with cellular parameters such as cell growth,
chromosomal breakage or sensitivity to DNA
damaging agents, there was a remarkable cor

relation with a clinical parameter: the occurrence
of malignancy. All four patients whose cells be
long in the apoptosisresistant group have de
veloped lymphomas typical for NBS. In contrast,
two of the three patients in the apoptosiscom
petent group are malignancyfree while the third
has suffered from a meningioma, a generally be
nign tumour untypical for NBS. Although it is
clearly too early to draw final conclusions, it is
already clear that failure to enter appropriately
into apoptosis is critically involved in the NBS
phenotype. Since all seven patients examined
here are homoallelic for the same founder muta
tion, it seems likely that clinical expression is
modulated by other factors, particularly those
that contribute to the regulation of apoptosis.
Examination of further patient cell lines well al
low us to test this novel hypothesis.

P261
Nijmegen Breakage Syndrome: NBS1
functions in immunoglobulin class switch
recombination
Kracker S.(1), Bergmann Y.(1), Demuth I.(2),
Frappart P.O.(3), Hildebrand G.(2), Christine
R.(4), Wang Z.Q.(3), Sperling K.(2), Digweed
M.(2), Radbruch A.(1)
1) Deutsches RheumaForschungszentrum,
Zellbiologie, Berlin
2) Charité  Universitätsmedizin Berlin,
Institut für Humangenetik, Berlin
3) International Agency for Research on
Cancer, GeneEnvironment Biology Group,
Berlin
4) Amaxa GmbH, Cologne
Immunoglobulin (Ig) class switch recombination
(CSR) is a region–specific DNA recombination,
induced in B lymphocytes upon activation. Dur
ing CSR, the upstream switchregions of two dif
ferent heavy chain genes recombine, changing
the class of antibody produced. The initiation of
CSR requires switchregionspecific transcripts,
the Bcellspecific protein, activationinduced
cytidinedeaminase (AID) and uracilDNAglyco
sylase (UNG). DNA double strand breaks, pre
sumed to be produced at the switch regions, are
first bound by the non homologous end joining
repair factors, Ku70/80 and DNAPKcs, and sub
sequently realigned and ligated. Nijmegen
breakage syndrome (NBS) is a rare chromoso
malinstability syndrome associated with defec
tive DNA repair. Most NBS patients have normal
IgM but decreased IgG and IgA serum levels.
This deficiency could be due either to a defect
in the survival of activated B lymphocytes or a
defect in immunoglobulin class switch recombi
nation. So far, it has been unclear, whether nib
rin, the product of the NBS1 gene, is involved in
switch recombination. Here we show, by condi
tional inactivation of the murine homologoue
(Nbn) of the human NBS1 gene in activated B
lymphocytes, that switch recombination is im
paired in nullmutant B cells, demonstrating that
NBS1 is indeed involved in CSR. Survival of B
cells in the time frame examined is only margin
ally affected, however, the frequencies of cells
switched to IgG3, upon LPS stimulation, or
IgG1, in response to LPS plus IL4, are consis
tently reduced by over 50%. This shows that
nibrin is directly involved in the process of
switch recombination, probably as part of the
mammalian nonhomologous endjoining DNA
repair system.

P262
Nijmegen Breakage Syndrome: Variation in
the expression level of truncated NBS1
protein in patient cell lines and peripheral
blood lymphocytes
Krüger L.(1), Stöckl L.(1), Seemanova E.(2),
Chrzanowska K.(3), Sperling K.(1), Digweed
M.(1)
1) Charité  Universitätsmedizin Berlin,
Institut für Humangenetik, Berlin
2) Charles University Prague, Dept. of
Clinical Genetics, Prague
3) Memorial HospitalChild Health Center,
Department of Genetics, Warsaw
Nijmegen breakage syndrome (NBS) is a rare au
tosomal recessive genetic disease belonging to
the group of cancerprone chromosomalinsta
bility syndromes. The NBS1 gene is located on
human chromosome 8q21 and encodes the nib
rin protein product. Approximately 90% of NBS
patients are homozygous for the founder muta
tion, 657del5, which is hypomorphic and leads
to the expression of amino and carboxytermi
nal nibrin fragments of 26kDa and 70kDa, re
spectively. These partially functional proteins
may be responsible for the viability of NBS pa
tients whilst nullmutation of the murine homo
logue is embryonically lethal.
In this study the relative expression levels of the
70kDa protein fragment in EBVtransformed lym
phoblastoid cell lines (LCLs) of 30 NBS homozy
gotes were measured by immunoprecipitation
with antinibrin antibody. As an internal control,
lysates were simultaneously precipitated with
antiMre11 antiserum. We found the NBSp70
protein in all 657del5 homozygous LCLs tested,
however, its amount varied 10fold between the
different LCLs. Cells have been categorized into
three groups: 15 patients with intermediate ex
pression levels, 11 patients with low expression
and two with high levels of the 70kDa fragment.
These differences in the levels of the truncated
protein may contribute to the extensive variation
in the clinical phenotypes of homozygous NBS
patients. Correlations of p70 expression level
with clinical parameters are currently being eval
uated.
The expression of truncated nibrin was also in
vestigated in PHAstimulated lymphocytes of 10
heterozygous 657del5 individuals. Surprisingly,
we observed here a slightly larger 75kDa protein,
although lymphoblastoid cell lines established
from the same individuals expressed the 70kDa
fragment. We propose an alternative splicing
mechanism, which could theoretically explain
the existence of this 75kDa protein.

P263
Infantile Hypophophatasia due to a new
compound heterozygous mutation in the
ALPL gene  functional evidence for a
hydrophobic sidechain
Utsch B.(1), BrunHeath I.(2), Gravou
Apostolatou C.(1), Karle S.(1), Jacobs U.(1),
Ludwig M.(3), Dörr H.G.(1), Rascher W.(1),
Mornet E.(2), Dötsch J.(1)
1) University ErlangenNuremberg,
Department of Paediatrics, Erlangen,
Germany
2) Université de VersaillesSaint Quentin en
Yvelines, Centre d’Etudes de Biologie
PrénataleSESEP, Versailles, France
3) University of Bonn, Department of
Clinical Biochemistry, Bonn, Germany
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Infantile hypophosphatasia (IH) is an inherited
disorder characterized by defective bone miner
alization and a deficiency of alkaline phos
phatase activity. The disease is due to mutations
affecting the ALPL gene comprising 12 exons,
localized on chromosome 1p361p34, and at
least 129 mutations have been found in IH. We
report on a 4week old female infant with cran
iotabes and failure to thrive. Alkaline phos
phatase was reduced to 41 U/l and serum calci
um reached concentrations of up to 4.0 mmol/L.
Xrays of wrist, skull, and thoracic wall showed
severe defects of ossification. Urinary calcium
excretion was increased to 3.5 mol/mol creati
nine and renal ultrasonography confirmed
nephrocalcinosis. Vitamin D was withdrawn and
the patient was started on calcitonin, hy
drochlorothiazide and feeding by nasogastral
tube. Nonetheless, the girl’s overall clinical con
dition further deteriorated and the patient died
at the age of 5 months from respiratory failure.
Sequence analysis of all regions of functional
significance of the ALPL gene revealed a com
pound heterozygous mutation in the infant
[T653C (I201T), C1171T (R374C)]. Transfection
studies of the so far unknown I201T variant in
COS7 cells yielded a mutant ALP protein with
only a residual enzyme activity (3.7%) compared
with wildtype cDNA, whereas the R374C vari
ant was previously shown to reduce normal ac
tivity to 10.3%.
3Dmodeling of the mutated dimeric protein
showed that I201T resides in a region that does
not belong to a known functional site (calcium
binding site, crown domain and homodimer in
terface). We note that I201, which has been con
served during evolution, is buried in a hydropho
bic pocket and therefore, the I>Tchange should
affect its so far unknown functional properties.
Residue R374C is located in the interface be
tween monomers and it has been previously
suggested that this mutation affects dimeriza
tion. These findings explain the patient’s clinical
picture and severe course.

P264
Abundance of splice site mutations in
FANCD2
Kalb R.(1), Neveling K.(1), Herterich S.(2),
Hoehn H.(1), Schindler D.(1)
1) University of Wurzburg, Human Genetics,
Wurzburg
2) University of Wurzburg, Laboratory
Medicine, Wurzburg
Objectives: The conserved FANCD2 gene
serves as a central effector in the evolutionarily
novel Fanconi anemia/ BRCA caretaker pathway.
The gene is embedded in pseudogene regions
and rich in repetitive elements. In order to estab
lish the mutation spectrum for FANC2, we se
quenced DNA from 26 patients belonging to 22
families.
Results: Exon 22 skipping is frequent in patients
of German and Turkish origin caused by two dif
ferent base substitutions in the pyrimidinrich
consensus signal of the acceptor. Both muta
tions are likely to weaken the 3’splice site of in
tron 21. In order to substantiate these effects,
we applied an acceptor splice site calculation
program based on the maximum entropy model.
Both types of exon 22 splice acceptor mutations
reduce the score relative to wildtype, indicating
weakening of the acceptor. In addition, one of
the two intron 21 mutations leads to the loss of
two exonic splicing enhancer(ESE)motifs and to
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the loss of two putative ESEs, whereas one new
putative ESE is created. Three other patients
showed skipping of exon 5 caused by insertion
of an Alu repeat into the preceding intron se
quence. Except for 36 nucleotides, the inserted
Alu element is identical to Yb9. Alu integration
occurs in reverse orientation and is flanked on
both sides by 13 duplicated nucleotides of the
target sequence. A single of our patients exhibits
skipping of exon 10 resulting from a base sub
stitution in the splice donor site. Another ho
mozygous mutation results in exonization of an
intron 9 fragment. According to the splicefinder
programme, a single base substitution in the
newly created donor sequence results in a
change of donor strength from low complemen
tarity to high complementarity, and thus in the
recognition of a new exon.
Conclusions: In our series of patients mutations
in FANCD2 predominantly resulted in aberrant
splicing causing exon skipping, exonisation of
intronic sequence, activation of cryptic and cre
ation of new 3’ splice sites.

P265
Mutation analysis in hereditary
haemorrhagic telangiectasia in Germany
reveals novel mutations including large
genomic rearrangements
Wehner L.E.(1), Folz B.(2), Argyriou L.(1),
Twelkemeyer S.(1), Teske U.(1), Geisthoff U.(3),
Engel W.(1), Nayernia K.(1)
1) University Göttingen, Inst. of Human
Genetics, Göttingen
2) University Marburg, Department of
Otorhinolaryngology, Marburg
3) University of Saarland, Department of
Otorhinolaryngology, Homburg/Saar
Hereditary haemorrhagic telangiectasia (HHT, or
RenduOslerWeber syndrome) is an autosomal
dominant disease characterized by recurrent
epistaxis, mucocutaneous telangiectasias and
visceral arteriovenous malformations. Mutations
in Endoglin (ENG) and activin A receptor type II
like kinase 1 (ACVRL1 or ALK1) have been found
in patients with HHT. We have screened of a to
tal of 51 German index cases with the suspect
ed diagnosis of HHT. We identified a mutation in
32 cases (62.7%) by direct sequencing. Among
these mutations, 11 of 13 ENG mutations and 12
of 18 ACVRL1 mutations were not previously re
ported in the literature. An analysis of the geno
typephenotype correlation confirmed that pul
monary arteriovenous malformations are more
common in patients with ENG mutations than in
patients with ACVRL1 mutations. In the 20 pa
tients without detectable mutation we performed
a deletion analysis by realtime PCR. We were
able to identify two families with a large deletion
of the ACVRL1 gene. To our knowledge, these
are the first reported cases of large genomic re
arrangements in ACVRL1 in patients with HHT.
The consequences for mutation screening
strategies in HHT are discussed.

P266
Molecular and biochemical analysis of
PTPN11/SHP2 in Noonan Syndrome
Ufartes R.(1), Schlüter G.(1), Engel W.(1),
Wehner L.E.(1)
1) University Göttingen, Inst. of Human
Genetics, Göttingen

Mutations in PTPN11, coding for the nonrecep
tor tyrosine phosphatase SHP2, are causative
for Noonan Syndrome (NSI) and for Leopard
Syndrome (LS).
We screened 114 patients with clinically sus
pected NSI for mutations in PTPN11 and detect
ed mutations in 35 patients (30.7%).
As SHP2 is known to dephosphorylize phospho
rylated STAT1 protein, a major signal transduc
tion factor, we sought to demonstrate the bio
logical effect of deregulated SHP2 phosphatase
activity on intracellular signaling pathways in
Noonan Syndrome. SOCS1 is an acute phase
protein which acts as a negative feedback reg
ulator of IL6 and IFN induced stimuli and is
mainly regulated via the JAK/STAT pathway,
namely STAT1. In a promoter/receptor assay we
showed that cotransfection of SOCS1 promo
tor/luciferase plasmid together with mutant
SHP2 plasmid results in a downregulation of
SOCS1 promoter activity. This downregulation
of SOCS1 activity by mutant SHP2 can be re
duced with the cotransfection of SHP2 small in
terfering double stranded RNA (siRNA). Howev
er, an allele specific effect could not be
achieved.
Because the transcriptional regulation of
PTPN11 is still not known, we studied the ho
mology between the mouse and human promot
er region. By a promoter/reporterconstructs as
say we showed that the promoter probably ex
tends only 300 bp 5’of the ATG. Electrophoret
ic mobility shift assay (EMSA) showed that SP1
is one of the principal transcriptional factors that
regulate PTPN11.

P267
Spectrum of new mutations found in
Waardenburg syndrome type 1 and type 2
patients
Trübenbach J.(1), Hilbert K.(2), Zabel B.(2),
Steinberger D.(1), Steinberger D.(3), Decker
J.(1), Wildhardt G.(1)
1) Bioscientia  Center of Human Genetics,
Ingelheim
2) Children’s Hospital, JohannesGutenberg
University, Mainz
3) Institute of Human Genetics, Gießen
Waardenburg syndrome (WS) is the most fre
quent syndromal form of human deafness usu
ally inherited in an autosomal dominant manner.
Type 1 is characterized by sensorineural deaf
ness, heterochromia iridis, partial hypopigmen
tation of skin and scalp hair, dystopia canthorum
as well as additional facial features. Type 2 pres
ents with the same clinical picture as WS1 but
without dystopia canthorum. Type 3 is similar to
WS1 but includes upper limb abnormalities. Type
4 has WS symptoms in combination with
Hirschsprung disease.
The genetic basis of WS is complex. WS1 and
WS3 are associated with loss of function muta
tions in the PAX3 gene. WS2 is heterogenous,
the majority of cases being due to mutations in
the MITF gene. Additional candidate genes in
clude SLUG, EDN3, EDNRB, and SOX10 which
are primarily associated with the rare WS4 vari
ant.
The molecular analysis of PAX3 and MITF by di
rect sequencing in 19 patients with suspected
Waardenburg syndrome revealed in 15 cases
mutations in the PAX3gene and in 4 cases mu
tations in the MITFgene. Of these alterations 9
are novel mutations in the PAX3gene and 4 are
novel mutations in the MITFgene. The spectrum
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of mutations includes nonsense mutations, dele
tions, insertions, missense mutations, and splice
site mutations.
Molecular analysis of WS depends on accurate
clinical data to target the molecular study to the
genes most likely involved in a specific WS type.
Eventually, it could be difficult to distinguish be
tween WS1 and WS2. In these cases the analy
sis of PAX3 and MITF could help to classify the
syndrome. In case of negative results, the diag
nostic strategy could then be extended by inclu
sion of additional candidate genes. The identifi
cation of the genetic basis of WS in a given fam
ily could provide valuable infotmation, on the
other hand, the genetic counsellor should take
into account possible restrictions due to the high
inter but also intrafamilial variability of the WS
phenotype.

P268
Recombinant Expression of the C1Inhibitor
Protein in Human Cells
Förster T.(1), Kocot A.(1), Schröder J.(1), Kreuz
W.(2), AygörenPürsün E.(3), MartinezSaguer
I.(3), Müller C.R.(1), Oldenburg J.(4)
1) Institute of Human Genetics, University of
Würzburg, Würzburg
2) Dept. of Pediatric Medicine, University of
Frankfurt, Frankfurt
3) Dept. of Pediatric Medicine, Frankfurt
4) Inst. of Human Genetics, Würzburg, Inst.
of Transfusion Medicine and
Immunohaematology, Frankfurt
Objectives: Hereditary angioedema (HAE)
(OMIM: 106100) is an autosomal dominant dis
ease due to mutations of the C1 inhibitor gene
(C1INH). Clinically, HAE presents as edemas of
the extremities, face, trunk, airways or abdomi
nal viscera, often triggered by psychological
and/or physical stress. Laryngeal edema may
cause suffocation and if not treated properly can
be fatal.
Material and Methods: We have expressed the
C1INH protein in human cells. The activity of the
recombinant protein was measured by a chro
mogenic assay. C1INH is a pseudosubstrate of
C1esterase to which it binds irreversibly. Cell
culture supernatants were incubated with an ex
cess of C1esterase and residual C1esterase
activity was measured photometrically. C1INH
antigen was detected by Western blotting and
hybridisation with an antiC1INHantibody.
Wildtype C1INH showed an activity and antigen
comparable to diluted human plasma. Mock
transfected cells showed neither activity nor
antigen thus ruling out endogenous expression
of C1INH in HEK293 cells.
Results: By sitedirected mutagenesis we stud
ied the effects of mutations that had been iden
tified in HAE patients. Replacement of argi
nine444 by either histidine or cystein is a muta
tion frequently found in HAE Type II. These pa
tients have no C1INH activity but are positive for
C1INH antigen. Measurements of the super
natant of transfected cells showed no activity
but the antigen could be detected by Western
blotting. We have further investigated after site
directed mutagenesis the role of other amino
acid substitutions that were observed in pa
tients. All substitutions studied so far resulted in
a significant decrease of the activity of the re
combinant protein.
Conclusions: The recombinant expression of
mutated C1INH protein is an useful tool to char

acterize the role of individual amino acid
residues for C1INH activity.

P269
Sitedirected mutagenesis of VKORC1, the
target protein of coumarintype
anticoagulants
Rost S.(1), Fregin A.(1), Hünerberg M.(1),
Oldenburg J.(2), Müller C.R.(1)
1) Institute of Human Genetics, University of
Würzburg, Würzburg
2) Institute for Human Genetics, Würzburg,
Institute of Transfusion Medicine and
Immunohaematology, DRK Frankfurt
Coumarins are antagonists of vitamin K, an es
sential cofactor for the posttranslational γglu
tamyl carboxylation mainly of vitamin K depend
ent coagulation factors. As vitamin K hydro
quinone is converted to vitamin K epoxide in
every carboxylation step, it has to be recycled
by the vitamin K epoxide reductase complex
(VKOR). Recently, we have identified the first
subunit of this protein complex, VKORC1, which
is the target protein for coumarin drugs such as
warfarin. Mutations in VKORC1 result in two dif
ferent phenotypes: warfarin resistance (WR) and
multiple coagulation factor deficiency type 2
(VKCFD2).
We have investigated the role of individual amino
acids of VKORC1 after sitedirected mutagene
sis and recombinant expression in HEK 293
cells. All seven cysteine residues which may be
involved in the formation of disulfide bonds or
the provision of reducing equivalents were sub
stituted by serine or alanine residues. A highly
conserved Ser/Thr residue at position 57 was re
placed by alanine. The recombinant proteins
showed a varying decrease of VKOR activity.
Mutations of the supposed thioredoxin motif
C132XXC135 destroyed VKOR acitivity com
pletely. Mutations at Tyr 139 which were detect
ed in warfarin resistant rats retained good VKOR
activity and conferred insensitivity towards war
farin. Tyr 139 is embedded in a hydrophobic se
quence context ThrTyrAla and may be part of
the warfarin binding site. Mutation R98W (found
in patients with the VKCFD2 phenotype) abol
ished VKOR activity completely. However, when
Arg98 was substituted by structurally related
amino acids recombinant proteins showed 20 to
120 % of wildtype activity.
This study supports the hypothesis of different
binding sites for vitamin K epoxide and its an
tagonists and underlines the crucial role of the
thioredoxin motif CXXC in VKORC1. Under
standing the structure and function of the VKO
RC1 protein is the basis for the development of
new anticoagulants with an improved
efficacy/side effect profile.

P270
Identification of a new mutation in the CYLD
gene in BrookeSpiegler syndrome
Heinritz W.(1), Strenge S.(1), Grunewald S.(2),
Paasch U.(2), Glander H.J.(2), Simon J.(2),
Froster U.G.(1)
1) University of Leipzig  Medical Faculty,
Institute of Human Genetics, Leipzig
2) University of Leipzig  Medical Faculty,
Department of Dermatology, Leipzig
A 75yearold woman consulted the dermatolo
gist presenting with multiple skin tumors of the

head and neck. She recognized that the tumors
were growing over 15 years. The partially ulcer
ated, erythematous and teleangiectatic tumors
with a hemispheric shape were identified histo
logically as cylindromas and trichoepithliomas.
The occurrence of these special skin lesions is
known as BrookeSpiegler syndrome. To date
there are reported about 40 families with this
rare condition. The patient has three children
and one daughter was identified as also clinical
ly affected with cylindromatosis. There is no his
tory of skin tumors in past generations or in the
siblings of the patient. Mutations of the CYLD
gene, a tumorsuppressor gene which localizes
to the long arm of chromosome 16 (16q12q13),
have been identified as the underlying cause of
BrookeSpiegler syndrome. There is a mutation
cluster in the Cterminal region of the gene (exon
1620), but genetic alterations were also de
scribed in other regions (exon 913). The CYLD
gene encodes for a deubiquitinating enzyme,
which plays a major role in tumor protection by
regulation of NFkB. In vitro studies could
demonstrate compensative effects of acetylsal
icylate in cells with a loss of enzyme activity.
Mutation analysis of the CYLD gene in genomic
DNA of the patient was performed by using
PCR, DHPLC and automated sequencing. We
could identify a previously unknown genetic al
teration in exon 14 of the CYLD gene, which was
classified to be pathogenic in our patient. The
mutation is predicted to result in a premature
termination of enzyme biosynthesis due to a
translational frameshift. The mutation was not
observed in healthy controls and in the nonaf
fected family members. BrookeSpiegler syn
drome is associated with a high risk of malignant
transformation of single tumors. Therefore a
special prevention program should be estab
lished for mutation carriers. The prophylactic ap
plication of acetylsalicylate needs to be dis
cussed.

P271
Mild Nijmegen Breakage Syndrome (NBS)
Phenotype, Possibly Due to Alternative
Splicing
Varon R.(1), Dutrannoy V.(1), Maraschio P.(2),
Digweed M.(1), Spadoni E.(2), Sperling K.(1)
1) Institute of Human Genetics, Berlin
2) Institute of Medical Genetics, Pavia
Hypomorphic mutations of the NBS1 gene are
responsible for Nijmegen breakage syndrome
(NBS), which is characterised by microcephaly,
chromosomal instability, radiosensitivity, immun
odeficiency and high cancer predisposition. Over
90% of NBS patients are homozygous for the
truncated 657del5 mutation and 9 further muta
tions have been identified in other patients. Par
tially functional proteins produced by alternative
initiation of translation and possibly diminishing
the severity of the NBS phenotype have been
described for the NBS1 mutations 657del5,
834del4 and 900del25. Here, we report on an
NBS patient (52 years old) , homozygous for the
742insGG NBS1 mutation in exon 7 and pre
senting with a very mild phenotype. In an at
tempt to find a potential molecular explanation
for the mild phenotype observed, we carried out
a conventional RTPCR analysis which revealed
two transcripts in almost equal amounts in the
patient and her parents – the expected 742in
sGG mutation carrying transcript and a second
one with skipped exons 6 and 7. The latter tran
script was not present either in the control sam
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ples nor in NBS patients with other mutations
analysed. Further quantitative RTPCR analysis
was able to detect the aberrant transcript even
in the controls and NBS patients with other mu
tations, but in amounts 100 times less than in
the patient with the 742insGG mutation. The
skipping of exons 6 and 7 does not lead to a
frameshift, suggesting that the corresponding
transcript will encode a partially functional pro
tein. The existence of the alternative transcript
and its high expression in the 742insGG patient
is unclear, but it might be responsible for the
mild patient’s phenotype. However, to asses fur
ther the nature of the alternatively spliced tran
script found here, functional experiments are in
progress.

P272
Speciesspecific variation of VKORC1
activity and resistance to Warfarin
Fregin A.(1), Rost S.(1), Hünerberg M.(1),
Oldenburg J.(2), Müller C.R.(1)
1) Institut für Humangenetik, Würzburg
2) Institut für Transfusionsmedizin und
Immunhämatologie des DRK Hessen,
Frankfurt
Vitamin K serves as a cofactor for the post
translational modification by ª carboxylation of
several proteins with regulatory function, the
group of Glaproteins. Vitamin Kdependent pro
teins include the coagulation factors II, VII, IX,
and X and proteins S, C and Z, illustrating the
therapeutic importance of vitamin Kmetabolism.
Inhibitors of the coumarintype like warfarin re
duce coagulation activity by interfering with the
vitamin K 2, 3epoxide reductase enzyme com
plex (VKOR). They are the most used oral anti
coagulants for antithrombotic prophylaxis. The
same VKOR complex is also targeted by
coumarin derivatives used in rodent pest control
worldwide.
In humans, mutations in the VKORC1 gene lead
to combined deficiency of vitaminKdependent
clotting factors type 2 (VKCFD2; OMIM: 607473)
or warfarin resistance. Mutations in VKORC1
were also reported for warfarin resistant strains
of mice and rats.
Natural susceptibility to anticoagulants varies
widely between species. Based on LD50 values
house mice are about 20 times less susceptible
to warfarin than brown rats. Some rodent
species, e.g. Acomys cahirinus, (Egyptian spiny
mouse), were found to be relatively tolerant to
anticoagulant compounds. Compared to rats
chicken are completely resistant against warfarin
whereas pigs (Sus scrofa) are extremely sensi
tive.
The coumarinsensitive activity of speciesspe
cific VKORC1 was measured in liver microsomal
preparations and in HEK 293 cells after cloning
and recombinant expression of VKORC1cDNAs
and was found to vary widely between species.
Conclusions: Since the VKORC1 protein is
highly conserved among mammals, the few
amino acid differences between the studied
species already give hints to functionally impor
tant residues. Complete understanding of the Vi
tamin Kcycle could lead to the development of
novel coumarin derivatives without the often
lethal sideeffects of warfarintherapy in humans.
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Organization and expression of muride
TSPY
Schubert S.(1), Karwacki V.(1), Schmidtke J.(1)
1) Hannover Medical School, Institute of
Human Genetics, Hannover, Germany
TSPY (testisspecific protein, Y encoded), is
conserved in placental mammals and its expres
sion is restricted to the testis. Within the testis
TSPY is expressed almost exclusively in sper
matogonia. Topology and timing of TSPY ex
pression in premeiotic germ cells, the strong
TSPY expression in testicular seminoma and
carcinomainsitu, and also the TSPY homology
to members of the TTSNfamily that play a role
in cell cycle regulation suggesting a role of TSPY
in regulation of germ cell proliferation. Since it
was first discovered in humans, TSPY ortholo
gous gene families have been subsequently
characterized in many other mammalian species
including the primate, artiodactyl, perissodactyl
and rodent lineages. In contrast to the situation
in cattle and primates, where TSPY is organized
in a moderately repetitive cluster, including func
tional members and pseudogenes, a peculiar sit
uation is observed in the rodent order. Whereas
TSPY is functionally conserved and organized as
one or two copies in the genera Apodemus and
Rattus, TSPY lost the struggle of survival within
the male specific region of the Y chromosome
(MSY) in species of the Subgenus Mus and de
generates as a single copy. We speculate that
the functional or nonfunctional status of TSPY
in different murine species represents a snap
shot of the decay of a repetitive gene family in
the non recombining portion of the Y chromo
some. In order to elucidate further the organisa
tion and evolution of rodent TSPY, we isolated
and analysed the TSPY gene in the Syrian ham
ster (Mesocricetus auratus) and the Mongolian
gerbil (Meriones unguiculatus). Whereas
Mesocricetus auratus TSPY resembles the hu
man and bovine orthologs in almost all aspects
of structure and expression the closely related
gerbil gene, gTSPY, has clearly become non
functional. Hamster TSPY is functional con
served, organized in multiple copies, and testis
specifically expressed. The closely related Mon
golian gerbil possess a singlecopy pseudogene
that is unable to generate a functional transcript.
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P274
The genetics of hypogammaglobulinemia
Grimbacher B.(1), Salzer U.(1), Warnatz K.(1),
Franco J.L.(2), Peter H.H.(1)
1) University of Freiburg, Rheumatology and
Clinical Immunology, Freiburg
2) University of Antioquia, Medellin,
Colombia
Defects in the humoral immune system are the
most frequent primary immunodeficiencies in
humans. Whereas several genetic causes of pri
mary agammaglobulinemia due to defects in
early B cells development been discovered dur
ing the last decade, causes for hypogamma
globulinemia with B cells present in peripheral
blood, were obscure. Patients with primary hy
pogammaglobulinemia may present in childhood

or in adult life. The phenotype is known as com
mon variable immunodeficiency (CVID).
Candidate gene analysis led us to the identifica
tion of four molecular causes for primary hy
pogammaglobulinemia:
1. The loss of the CD19 molecule on the B cells
surface leads to an impaired signaling via the
BCR and thus seems to influence the activation
al status of B cells. The phenotype mimics the
one of common variable immunodeficiency.
2. The homozygous loss of BAFF receptor,
transmitting an important survival signal to tran
sitional B cells to proceed into the naïve B cell
stage, leads to an increase of transitional B
cells. The consequence is hypogammaglobuline
mia with retained IgA levels.
3. Mutations in TACI, another TNFlike ligand for
BAFF also lead to a phenotype with hypogam
maglobulinemia, but in contrast to BAFF recep
tor deficiency, patients with mutations in TACI
suffer from lymphoproliferation and autoimmu
nity. Interestingly, also heterozygous mutations
display a phenotype.
4. The homozygous loss of the inducible co
stimulator (ICOS) on T helper cells also leads to
the CVID phenotype with prominent hypogam
maglobulinemia and severely reduced B cell
memory but only subtle anomalies in the T cell
compartment. We will demonstrate that ICOS
ligation is important in the germinal center reac
tion.

P275
Mild forms of BörjesonForssmanLehmann
Syndrome are caused by triplet deletions in
the isoform I of PHF6
Just W.(1), Mücke J.(2)
1) University of Ulm, Human Genetics, Ulm
2) Facharzt f. Humangenetik, St. Ingbert
Objectives: BörjesonForssmanLehmann Syn
drome (BFLS) is an Xlinked mental retardation
syndrome with trunk obesity and facial dysmor
phisms. The disorder is caused by mutations in
the PHD protein family gene PHF6. Sequence
variants in the gene have been reported as sin
gle base nonsense mutations leading to prema
ture termination of translation or to missense
mutations, and thus to a rather severe pheno
type in boys. We have described recently a
triplet deletion in PHF6 isoform I in a family with
four affected boys. Here we report about anoth
er unrelated family with very mild symptoms of
BFLS and again a triplet deletion in PHF6 iso
form I, however at a different position than in the
first case.
Material and Methods: DNA was obtained of all
family members from peripheral blood lympho
cytes. All coding PHF6 exons 210 were ampli
fied by PCR and sequenced. A putative skewing
of Xinactivation in the unaffected mother was
determined by quantitative PCR before and af
ter methylationsensitive restriction digestion at
the AR gene (androgen receptor).
Results: We detected another 3 base pairs dele
tion c.1009_1011delGAA in the isoform I of
PHF6, which leads to the loss of one amino acid
p.337delGlu on the protein level. The mutation
was found in two affected boys, but not in their
healthy brother. The mother is a heterozygous
carrier and does not show any skewed Xinacti
vation.
Conclusions: This is the second report on a
family with BörjesonForssmanLehmann Syn
drome with mild symptoms and a three base
pairs deletion in isoform I of PHF6. We conclude
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that severe forms of BFLS are attributed to mis
sense and nonsense mutations in the common
part of isoforms I and II, whereas mild pheno
types are generally caused by mutations in the
unique sequence part of isoform I. In addition,
there is evidence that mild forms show no pref
erential inactivation of any X chromosome.

P276
No evidence for a role of SLC1A5 in 19q13 in
the aetiology of cystinuria
Brauers E.(1), Zerres K.(1), Eggermann T.(1)
1) RWTH Aachen, Institute of Human
Genetics, Aachen
Cystinuria is an inherited metabolic disorder
characterised by the abnormal urinary excretion
of cystine and dibasic amino acids and results
in the formation of cystine kidney stones. Two
genes involved in cystinuria have been identi
fied: Mutations in the SLC3A1 (2p16) gene cause
cystinuria type I, whereas mutations in the
SLC7A9 (19q13) gene can be detected in non
type I as well as in type I cystinuria patients. The
mutation detection rate for both genes in cystin
uric patients does not reach more than 80% and
is influenced by several factors (screening tech
niques, ethnic origin, classification of patients).
Therefore, the role of further genes in the aetiol
ogy of cystinuria has been postulated. Interest
ingly, linkage analysis in cystinuria families does
so far not indicate the existence of more than
the two cystinuria loci in 2p16 and 19q13. Thus,
the localisation of further genes encoding amino
acid transporter subunits within these regions is
conceivable. One candidate is SLC1A5 in 19q13
which is expressed in both kidney and intestine
and encodes a B0 neutral amino acid transporter
in humans. To further elucidate whether SLC1A5
is involved in the aetiology of cystinuria, we
screened for mutations in two nontype I cystin
uria families compatible with linkage with 19q13
but without detectable mutations in SLC7A9.
Despite strong evidences for an involvement of
SLC1A5 in the aetiology of cystinuria, we could
not identify any mutation in SLC1A5 in the two
families. Nevertheless, there remains the possi
bility that other genes are involved in cystinuria.
Further molecular studies will clarify the complex
nature of this disorder.

P277
Primary failure of eruption of permanent
teeth – a genomewide linkage analysis
Decker E.(1), Rau C.(2), Pfeffer K.(1), Stellzig
Eisenhauer A.(2), Kress W.(1), Grimm T.(1),
Weber B.H.F.(3)
1) University of Wuerzburg, Institute of
Human Genetics, Wuerzburg, Germany
2) University of Wuerzburg, Department of
Orthodontics, Wuerzburg, Germany
3) University of Regensburg, Institute of
Human Genetics, Regensburg, Germany
Objectives: Tooth eruption is a complex, local
ized, bilateral symmetric and timed process.
Eruption disturbances are due to various rea
sons and include ectopic position of the tooth
germ, mechanical interferences and failure in the
eruption mechanism caused by systemic factors
or local eruption disturbances. Although distur
bances of tooth eruption are associated with
many systemic disorders (e.g. ectodermal dys
plasia with adrenal cyst, Rutherfurd syndrome or

Gapo syndrome), there is only a single report of
a nonsyndromatic, autosomal dominant inheri
tance of this condition (Shokeir, Clin. Genet. 5:
322326, 1974; OMIM 125350). We have now
ascertained and clinically characterized a three
generation family of German descent segregat
ing an autosomal dominant form of primary fail
ure of eruption and aim at identifying the genet
ic basis of this disease.
Material and Methods: Genomewide linkage
analysis is performed with 200 polymorphic
markers selected from the Marshfield STRP
screening set 12. Average marker distance is
17.5 cM at an average heterozygosity of 0.78
(between 0.64 and 0.92).
Results: Approximately 40% of the genome
scan has now been completed including the en
tire chromosomes 1 to 6. Thus far, there is no
evidence for genetic linkage. Best fit modelling
predicts a maximum LOD score of 2.4 within the
given family constellation. Additional affected
family members are being ascertained at pres
ent in an effort to reach LOD scores over 3.0.
Conclusions: The full genome scan will be com
pleted shortly and should provide a novel gene
location for this condition. Identification of the
molecular defect will be crucial to further our un
derstanding of the molecular processes under
lying this rare disorder.

P278
Autosomal dominant retinitis pigmentosa:
Linkage analysis in a large German pedigree
excludes known loci
Bolz H.(1), Netzer C.(2)
1) Universitätsklinikum zu Köln, Germany,
Institut für Humangenetik, Köln
2) Universitätsklinikum Bonn, Germany,
Institut für Humangenetik, Bonn
Retinitis pigmentosa (RP) is the most common
form of inherited retinal dystrophies, with a
prevalence of about 1/5.000. It is characterized
by early night blindness, loss of the peripheral
visual field, and can lead to blindness in late
stages. RP is phenotypically and genetically het
erogeneous. In 20% of cases, family history in
dicates autosomal dominant inheritance (ADRP).
Twelve ADRP loci have been mapped to date,
with genes identified in all cases. However, mu
tations in these genes only account for half of all
ADRP cases, suggesting the existence of addi
tional disease genes. We studied a large German
pedigree with ADRP. Both onset of symptoms
and severity of the disease show intrafamilial
variation: Some of the nine affected family mem
bers noticed visual impairment in the early 3rd
decade, others not before early 4th decade. Pro
gression of visual impairment ranges from rapid
to moderate. Linkage studies using microsatel
lite markers for all known ADRP loci excluded
NRL (RP27), CRX, RP1, PIM1K (RP9), IMPDH1
(RP10), CA4 (RP17), and FSCN2 as causative
genes in this family. Where markers were not in
formative (loci for PRPF31, RDS, and RHO, re
spectively), the entire coding regions of the cor
responding genes were sequenced. In case of
PRPF8 and HPRP3, mutations have only been
described in restricted parts. We found no mu
tations in either gene by sequencing these re
gions. As there is no maletomale transmission
in this family, and since mutations in RPGR (un
derlying Xlinked RP3) have been described in
families with apparent ADRP, markers flanking
the RP3 locus where also typed and showed no
linkage. Genomewide linkage analysis will be

performed in order to identify the ADRP locus in
this family.

P279
Primary congenital glaucoma:Identification
of 2 ancient SNP haplotypes associated with
pathogenic variations in the CYP1B1 gene
Chavarria G.(1), Rautenstrauss B.(1)
1) FAU, Human Genetics, Erlangen
Mutations in the cytochrome P450 1B1
(CYP1B1) gene, a member of the cytochrome
P450 gene family, have been shown to cause
primary congenital glaucoma (PCG). At least 14
different mutations are frequently (>60%) asso
ciated with the known intragenic SNP haplotype
5’CCGGTA3’. HapMap data indicate that the
CYP1B1 gene and the 5’CCGGTA3’ SNP hap
lotype is located within one linkage disequilib
rium (LD) block comprising approximately 55kb.
To investigate the evolutionary origin of CYP1B1
mutations we have analysed 7 additional SNPs
located within the preliminary 55kb CYP1B1 LD
block and 6 CYP1B1 flanking microsatellites
were included. The 9 analysed PCG patients
carry CYP1B1 mutations, either in homozygous
or compound heterozygous form and are further
more homozygous for the intragenic 5’CCGG
TA3’ haplotype. One PCG patient belongs to a
Costa Rican PCG family, one to a German PCG
family and 7 are clinically sporadic PCG pa
tients. The microsatellites flanking CYP1B1 var
ied much more as the intragenic 5’CCGGTA3’
SNP haplotype. Since this observation hampers
the hypothesis of a founder effect based on the
intragenic SNP haplotype we have analysed 7
new assigned high frequency SNPs within or
close to the CYP1B1 gene. Although the above
mentioned mutations are within the identical in
tragenic 5’CCGGTA3’ SNP haplotype, the ad
ditional SNPs allowed us to order the mutations
in two subgroups. The Arg355Stop, Arg368His,
7901del13 and 622delC mutations are all with
in one SNP haplotype (CAGCCGCGTAATT),
while the Trp57Stop, Gln42Stop, 1209insC and
8037dup10 are embedded in a second SNP
haplotype (TAGCCGAGTACGA). It is highly prob
able that almost all of the CYP1B1 mutations as
sociated with the intragenic 5’CCGGTA3’ SNP
haplotype can be assigned to one of these two
ancestral haplotypes. This indicates a founder
effect and may explain the high frequency of
compound heterozygous mutation carriers com
pared to homozygous PCG patients.

P280
Autosomal Recessive Mesoaxial Synostotic
Syndactyly with Phalangeal Reduction Maps
to Chromosome 17p13.3
Malik S.(1), Percin F.E.(2), Ahmad W.(3),
Percin S.(4), Akarsu N.A.(5), Koch M.C.(1),
Grzeschik K.H.(1)
1) Zentrum für Humangenetik, Philipps
Universität Marburg, Marburg, Germany
2) Gazi University, Faculty of Medicine,
Department of Medical Genetics, Besevler,
Ankara, Turkey
3) QuaidIAzam University, Department of
Biological Sciences, Islamabad, Pakistan
4) Cumhuriyet University, Faculty of
Medicine, Department of Orthopaedics and
Traumatology, Sivas, Turkey
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5) Gene Mapping Laboratory, Pediatric
Hematology Unit, Department of Pediatrics,
Hecettepe University, Medical Faculty,
Sihhiya, Ankara, Turkey
Nonsyndromic syndactyly is a common con
genital malformation showing webbing of fingers
and/or toes. The malformation can be unilateral
or bilateral, and the fusion within the web may
be cutaneous or bony. The majority of syn
dactylies show autosomal dominant mode of in
heritance except CenaniLenz syndactyly which
follows the recessive model. Previously we re
ported a novel syndactyly in a consanguineous
Pakistani family segregating as an autosomal re
cessive entity with a unique combination of clin
ical features: mesoaxial reduction of fingers with
synostosis of 3rd and 4th metacarpal bearing
single phalanges, clinodactyly of 5th fingers and
preaxial webbing of toes. A literature search for
this distinguished phenotype revealed three sim
ilarly affected patients in a large inbred Turkish
family. In the present study we localize the phe
notype in the Pakistani and Turkish family to
chromosome 17p13.3 (multipoint lod score
5.23). The identification of a single locus for a
similar complex handfoot malformation in two
families with distinct ethnical backgrounds gives
evidence for a new form of syndactyly. We pro
pose to name this phenotype mesoaxial synos
totic syndactyly with phalangeal reduction
(SDMS, type IX syndactyly, MalikPercin type).
The mapping of this locus would aid the clinical
and genetic delineation of syndactyly. The re
cruitment of more families with similar pheno
type might help to narrow down the candidate
region and the eventual cloning of the gene
would provide insight into the complex process
of limb development.

P281
Balanced (9;11) translocation in a patient
with nonsyndromic craniosynostosis
disrupts the SOX6 gene (11p15) and a
conserved nontranscribed region (9q32).
Tgariello A.(1), Heller R.(2), Greven A.(3),
Kalscheuer V.(4), Molter T.(1), Kress W.(5),
Winterpacht A.(1)
1) University of ErlangenNuremberg,
Institute of Human Genetics, Erlangen
2) University of Cologne, Institute of Human
Genetics, Cologne
3) University of Hamburg, Institute of
Human Genetics, Hamburg
4) MaxPlanck Institute for Molecular
Genetics, Berlin
5) University of Wuerzburg, Institute of
Human Genetics, Wuerzburg
Craniosynostosis is a congenital developmental
disorder involving premature fusion of cranial su
tures resulting in an abnormal shape of the skull.
While significant progress has been made in un
derstanding the molecular basis of syndromic
craniosynostosis, little is known about the vari
ous forms of nonsyndromic craniosynostosis.
Here we report on a male infant with nonsyn
dromic craniosynostosis presenting at birth with
Crouzonlike brachycephaly, proptosis, midfacial
hypoplasia and low set ears. Threedimensional
cranial computer tomography showed fusion of
the lambdoid sutures and distal part of the sagit
tal suture with a gaping anterior fontanelle. Mu
tations in the genes for FGFR13 were excluded.
Standard chromosome analysis revealed a de
novo balanced translocation t(9;11)(q32;p15).
We have cloned the DNA fragment containing

92

medgen 17 (2005)

the chromosome 9 and 11 breakpoints. The
breakpoint on chromosome 11p15 disrupts the
SOX6 gene, a gene known to be involved in
skeletal growth and differentiation processes.
Consequently, we have screened the complete
SOX6 gene in 102 patients with nonsyndromic
craniosynostosis. No causative mutation was
found. Nevertheless, we can not rule out that the
translocation may have lead to a truncated
SOX6 protein exhibiting a dominant negative ef
fect. The breakpoint on chromosome 9 is locat
ed in a region without any known or predicted
gene but, interestingly, disrupts patches of evo
lutionary highly conserved noncoding, nontran
scribed DNA. Assuming a regulatory function of
these sequences, we suggest that the translo
cation could have led to a dysregulation of flank
ing genes on chromosome 9 or 11 involved in
cranial suture formation. Candidate genes have
been evaluated.

P282
Autosomal dominant perniosis maps to
chromosome 3p
Linné M.(1), Gong M.(2), Schulz H.(2), Meurer
M.(3), Schröck E.(1), Gahr M.(4), Hübner N.(2),
LeeKirsch M.A.(4)
1) Technische Universität Dresden, Institut
für Klinische Genetik, Dresden
2) MaxDelbrückCenter for Molecular
Medicine, BerlinBuch
3) Technische Universität Dresden, Klinik für
Dermatologie, Dresden
4) Technische Universität Dresden, Klinik für
Kinder und Jugendmedizin, Dresden
Familial perniosis is a novel autosomaldominant
genodermatosis. The clinical picture consists of
painful purplered inflammatory lesions in acral
locations such as fingers, toes, nose, and
cheeks induced by a combination of cold tem
perature and moisture. The lesions may ulcerate
and may be associated with arthralgias. Histo
logically, lesions are characterized by unspecif
ic vasculitic changes with deposits of comple
ment and immunoglobulin and absent hyperker
atosis. The disease onsets in early childhood
and tends to improve in late adulthood. Thus,
the clinical and histological findings are consis
tent with either perniosis or Chilblain lupus, a
rare cutaneous form of lupus erythematodes.
Extensive investigation of 3 affected individuals
of a multigenerational nonconsanguineous Ger
man kindred could exclude the presence of an
tinuclear antibodies, complement deficiency,
cryoglobulinemia, cold agglutinins, infections,
traumatic injury, keratolytic winter erythema, or
lupus pernio.
Wholegenome linkage analysis was carried out
on 25 family members including 16 affected in
dividuals using the Affymetrix GeneChip Human
Mapping 10K Array version Xba131. PedChek
was used to detect Mendelian errors. Paramet
ric linkage analysis was carried out with Gene
Hunter 2.1 and SimWalk 2 using a stepwise
analysis of non overlapping marker sets cover
ing 25100 SNPs at a time. Assuming a fully
penetrant autosomaldominant trait the disease
gene was localized within a 15 cM interval on
chromosome 3p213p14 with a maximum LOD
score of 2.2 for GeneHunter 2 and a location
score of 4.7 for SimWalk 2 analysis.
Identification of the gene responsible for famil
ial perniosis may shed light onto the pathogen
esis of common forms of collagen vascular dis
ease such as vasculitis or lupus erythematodes.

P283
Genetic Model of Duchenne / Becker
muscular dystrophies (DMD/BMD)
Aichinger E.(1), MüllerMyhsok B.(2),
Fischer C.(3), Grimm T.(1)
1) Institute of Human Genetics, University of
Wuerzburg, Department of Medical
Genetics, Wuerzburg, Germany
2) Max Planck Institute of Psychiatry,
Munich, Germany
3) Institute of Human Genetics, University of
Heidelberg, Heidelberg, Germany
When doing risk calculation in DMD/BMD, a ge
netic model has to be chosen that describes the
genetics of the sex linked trait and other param
eters such as frequencies of the different muta
tion types (deletion, duplication and “point mu
tations”). These are determined by the mutation
rates, which depend on the sex and the type of
mutation. Their influences are fertility and the
possibility of germ line mosaicism.. In defining
all these parameters it is important to remember
that under the assumption of a mutation selec
tion equilibrium, the values of these parameters
are interdependent.
In the literature there are good data for the esti
mation of the following parameters: frequencies
of the different mutation types; sex ratio of mu
tation rate in deletions and “point mutations”,
parameters of germ line mosaicism. There are no
data about the sex ratio of mutation rate in du
plications.
Because all parameters of the genetic model of
DMD/BMD are interdependent unknown param
eters can be estimated from those where data
are available. Using this approach we arrive at
the following estimates:
In “point mutations” the sex ratio of mutation
rates is about k = 5; in deletions it is k = 0.5 and
in duplication k = 0.5. This means that deletions
and duplication have their origins mainly in oo
genesis and “point mutations” mainly in sper
matogenesis.

P284
Interactions of proteins associated with
BardetBiedl syndrome
Moch C.B.(1), Neundorf A.(1), Koch M.C.(1),
Grzeschik K.H.(1)
1) PhilippsUniversität, Zentrum für
Humangenetik, Marburg
BardetBiedl syndrome (BBS; MIM #209900) is
s a genetically heterogeneous, pleiotropic disor
der. 8 Genes (BBS1 – 8) have been mapped and
identified, so far. The trait is characterized by
learning disabilities, pigmentary retinopathy,
polydactyly, obesity (caused by hyperphagy), re
nal malformations and hypogenitalism in male.
Although BBS is considered to be a recessive
disorder, heterozygotes of BBS mutations show
carrier effects like increased risk of obesity, dia
betes mellitus, and hypertension. Furthermore
there is a high prevalence of Clear Cell Renal
Cell Carcinoma (CCRCC) and renal malforma
tions among unaffected relatives of BBS pa
tients.
There exists limited structural similarity between
several BBS proteins. However, this information
is neither sufficient to understand the normal
function of these proteins nor the reason why
deficiencies or anomalies in each of them cause
a similar spectrum of phenotypic anomalies. The
cellular localization of several BBS proteins in
dicates that they might interact physically, and
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that defective targeting and anchoring of peri
centriolar proteins as well as disorganisation of
microtubules might contribute to the BBS phe
notype.
To clarify if some of the BBS proteins interact di
rectly or indirectly to form a multisubunit com
plex, we subjected the proteins BBS1, BBS2,
BBS4, BBS6 and BBS7 (short isoform) to direct
interaction assays.
Mutational and linkage analysis had suggested
that there might exist even more BBS loci. To
search for novel BBS candidate genes or to con
tribute to the functional understanding of the
known ones, we performed yeast two hybrid
screens for BBS1 and BBS4. Successively,
BBS1, BBS2, BBS4 and BBS7 (short isoform)
were tested for interaction with candidates de
tected in BBS4 and BBS1 screens.
To find new interacting partners of BBS proteins
may lead to a better understanding of biochem
ical pathways involved in common complex dis
orders such as obesity, diabetes mellitus and hy
pertension.

P11 Prenatal Diagnosis

P285
Cytogenetic discrepancies in prenatal
diagnosis: Tissue specific mosaicism in
extraembryonic and embryonic cells
Wegner R.D.(1), Toennies H.(2), Becker R.(1),
Hese S.(3), Knoll U.(1), Kloeters C.(1),
Stumm M.(1)
1) Zentrum für pränatale Diagnostik, Berlin
2) Institut für Humangenetik, Charité
Campus Virchow, Molekulare Zytogenetik,
Berlin
3) Gynäkologische Praxis, Berlin
Chorionic villi sampling has become a reliable
method in invasive prenatal diagnosis, repre
senting an acceptable alternative to second
trimester amniocentesis. Nevertheless, mo
saicism and discrepancies between chorionic
villi and fetal chromosomal constitution gener
ate problems in genetic counselling. In most
cases, the chromosomal abnormalities are con
fined to the placenta and do not affect the fetus.
Nevertheless, in some instances, the placental
karyotype is normal, while fetal cells show an
abnormal karyotype.
Here, we report on two cases with rare mo
saicism showing an extreme expression of tis
sue specific extraembryonal/embryonal discrep
ancies. In the first case, the diagnosis of a false
positive pure trisomy 4 in chorionic villi short
term as well as in long term culture could not be
confirmed in the amniotic fluid and in the fetus
itself. In opposite, the second case showed a
false negative normal chromosomal set in chori
onic villi short term as well as in long term cul
ture, whereas, the newborn demonstrated a par
tial trisomy 10p due to an unbalanced transloca
tion (4;10) in the lymphocytes. Both cases
demonstrate a complete discrepancy by com
paring the karyotypes of the extraembryonic and
embryonic tissue.

P286
Healthy child born after polar body
diagnosis for Mucopolysaccharidosis Type I
Tomi D.(1), SchultzeMosgau A.(2), Eckhold
J.(1), Schöpper B.(2), AlHasani S.(2), Steglich
C.(3), Gal A.(3), Schwinger E.(1), Diedrich K.(2),
Griesinger G.(2)
1) Institute of Human Genetics, Lübeck
2) Department of Gynaecology and
Obstetrics, Lübeck
3) Institute of Human Genetics, Hamburg
In Germany the only possibility to perform
preimplantation genetic diagnosis is the analy
sis of polar bodies (PBs). We performed a PB
analysis in a consanguineous couple that had an
affected child who died at the age of 3 ½ years
by a severe form of Mucopolysaccharidosis type
I (MPS I). The couple also had two pregnancy
terminations after prenatal diagnosis of homozy
gous fetuses. Polar body diagnosis was per
formed using a multiplex PCR assay for five
linked polymorphic markers. 16 first PBs were
analysed in the first cycle. Three PBs were car
rying the mutation allele of the mother and one
the corresponding oocytes was fertilised. This
oocyte was transferred and a pregnancy was es
tablished. Prenatal diagnosis during pregnancy
showed a heterozygosity of the fetus for the mu
tation. Further investigations identified the mu
tation as inherited from the father. Thus the PB
diagnosis could be confirmed. A healthy child
was born.

220 cases were not interpretable, mostly due to
maternal contamination of amniotic fluids.

P288
Molecular confirmation of complete mole
BrouŁkovÆ M.(1), Hejda V.(2), Błe Æk M.(1),
Stejskal D.(1)
1) Genetic Institute GENNET, Prague
2) Institute for Mother and Child Care,
Prague
Objectives: To confirm paternal uniparental
diploidy at molar pregnancies.
Material and Methods: 15 different highly poly
morphic STR markers (Ampfestr Identifiler PCR
Amplification Kit Applied Biosystems, USA) to
gether with amelogenin marker were coampli
fied from DNAs isolated from molar pregnancy
tissue with karyotype 46,XX and mother’s blood.
Results: Paternal uniparental diploidy was con
firmed if all 15 STR polymorphisms of product of
conception were monoalelic and more than one
polymorphism could not be inherited from moth
er.
Conclusions: Our method can reliably confirm
paternal origin of 46,XX karyotype at molar preg
nancies with significant clinical consequences.
Partial and complete mole can be distinguished
by ultrasound and histological appearance but
cytogenetic and molecular genetic evaluation
should be considered whenever there is a ques
tion of the diagnosis particularly to prevent ma
lignancies.

P287
The QFPCR in routine prenatal diagnosis of
the common human trisomies (1 1/2 years of
practice)
Eisenbarth I.(1), AulehlaScholz C.(1),
Heilbronner H.(1)
1) Institut für Klinische Genetik,
Olgahospital, Stuttgart
A rapid prenatal test for the common human tri
somies is offered to pregnant women in many
genetic laboratories. Most labs rely on FISH hy
bridisation of selected chromosomespecific
DNA probes to interphase chromosome prepa
rations on uncultured amniotic fluid cell nuclei.
Since counting of labelled nuclei is very labour
intensive, we decided to establish an alternative
method, the (semi)quantitative fluorescence PCR
(QFPCR).
This test is based on a semiquantitative PCR
with fluorescently labelled primers for known
tetranucleotide microsatellite markers located on
chromosomes 13, 18, 21, X and Y. To minimize
PCRefforts, 18 microsatellite markers are am
plified in two multiplex reactions, employing five
markers from chromosome 13, six markers from
chromosome 18 and five markers from chromo
some 21, as well as the amelogenin locus for
sex discrimination and HPRT on the X chromo
some.
Despite the relatively high heterozygosity rates
of applied markers it is recommendable to
analyse a large number of loci from each chro
mosome. The protocol with fewer markers,
which we applied in our first experiments, did
not meet the criteria for reliable diagnosis (min
imum of two markers informative) in a number of
cases.
Experiences with the robustness of our test pro
tocol, heterozygosity rates of markers and se
lected cases will be presented. Five percent of

P289
Prenatal diagnosis of femoralfacial
syndrome
Haug K.(1), Stressig R.(1), Hammer R.(1),
Bewermeyer J.(1), Kozlowski P.(1)
1) PraenatalMedizin und Genetik,
Düsseldorf, Germany
We describe a case of femoralfacial syndrome
(FFS) detected prenatally on secondtrimester
sonography. Fetal abnormalities shown by
sonography included microgenia, bilateral hy
poplastic femurs and bilateral talipes. The diag
nosis was confirmed after birth. FFS is a rare
sporadic syndrome with femoral hypoplasia and
unusual facies. The facial features include up
slanting palpebral fissures, short nose with
broad tip, long philtrum, thin upper lip, microge
nia, and cleft palate. The femora are mostly bi
laterally affected and they are short with lateral
bowing. Upper limb involvement is possible. In
one third of cases the mother has diabetes mel
litus. Mental development in FFS is normal.
Stature is short due to short legs. There are ther
apeutic options for microgenia and short femurs.
If microgenia and short, bowed femora are found
on prenatal sonography FFS should be suspect
ed.

P290

P11
Cytogenetic discrepancies in prenatal
diagnosis: Tissue specific fetal mosaicism
Stumm M.(1), Becker R.(1), Entezami M.(1),
GasiorekWiens A.(1), Knoll U.(1), Wegner R.
D.(1)
1) Zentrum für pränatale Diagnostik, Berlin
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Chromosomal mosaicism diagnosed in chorion
ic villi or in amniotic fluid cells present a main
problem in prenatal diagnosis and genetic coun
selling. Pathological cells might be restricted to
the extraembryonic tissue, but might also indi
cate a true fetal mosaicism. Therefore, the ques
tion remains: “What is the correct fetal kary
otype?” Fetal blood sampling is the assay of
choice to get the answer, because only fetal
cells are analysed by this method. Nevertheless,
because of tissue specific fetal mosaicism, fetal
blood analysis can also result in an incorrect
karyotype (e.g. i12pmosaicism).
Here we report two cases of fetal blood analysis
which gave a false negative result, while amnion
cells indicated the real fetal karyotype. Results
have been proven by cytogenetic analyses of
cells from other fetal tissues. In the first case, a
trisomy 16 mosaicism diagnosed in amniotic flu
id cells was confirmed by conventional and mo
lecular cytogenetic analysis of fetal cells gained
by puncture of an pleural effusion. In contrast,
all fetal blood cells analysed showed a normal
karyotype. In the second case a trisomy 6 mo
saicism was proven by the analysis of cells
gained by fetal bladder puncture. The chromo
somal aberration was also detected in amniotic
fluid cells, while fetal blood cells showed a nor
mal chromosome set (1). In summary, in contrast
to the common assumption and general experi
ence, in both cases, the amniotic fluid but not
the fetal blood was the specimen representing
the fetal karyotype correctly.
(1) Wegner et al. (2004) Prenatal diagnosis of fe
tal trisomy 6 mosaicism and phenotype of the
affected newborn. Am J Med Genet 124: 8588.

P291
Prenatal diagnosis of a derivative Y
chromosome der(Y)t(X;Y) in a female fetus
Hickmann G.(1), Hammer R.(1), KörtgeJung
S.(1), Haug K.(1), Werner W.(2), Schempp W.(3),
Kozlowski P.(1)
1) Praenatalmedizin und Genetik,
Düsseldorf
2) Institut für Klinische Genetik der TU,
Dresden
3) Institut für Humangenetik und
Anthropologie der Universität, Freiburg
Prenatal cytogenetic analysis revealed a kary
otype with a derivative Y chromosome in a fe
male fetus. We were able to narrow down the
breakpoints
to
der(Y)t(X;Y)(Ypter
>Yq11.21::Xq13>Xqter).
STRmarker analysis showed that SRY (Yp11.3)
and AZFa (Yq11.21) are present. AZFb
(Yq11.222) and AZFc (Yq11.223) are deleted.
FISH analysis identified several Xq –specific re
gions including the Xistlocus in Xq13.2.
Although SRY is present, ultrasonografic inves
tigation at 16+1 and 18+1 weeks showed a fe
male fetus. Interestingly, BrdU incorporation
studies demonstrated that the derivative Y chro
mosome is latereplicating and due to the pres
ent Xist locus largely inactivated. Because of the
partial monosomy Xp (Xpter>Xq13) and the ap
parently inactive status of the derivative Y chro
mosome UllrichTurnerlike stigmata are expect
ed and may explain the normal female genital in
ultrasonographic findings.
To our knowledge this is the first report of the
described unbalanced translocation between a
X and Y chromosome in a female fetus. Because
of the risk of an incomplete inactivation of the

94

medgen 17 (2005)

derivative chromosome and, therefore, an uncer
tain outcome for the fetus, this unique case
posed a considerable challenge for the genetic
counselling of the parents.

P292
Familial arhinia, choanal atresia und
microphthalmia
Wand D.(1), Scheler C.(2)
1) Institute of Human Genetics University of
HalleWittenberg, Halle (Saale), Germany
2) Klinik of Obstetrics and Reproduction
Medicine, University of HalleWittenberg,
Halle (Saale)
We describe three females (aunt and nieces) with
variable manifestations of arhinia, choanal atre
sia, microphthalmia and hypertelorism with nor
mal karyotyp 46, XX.In the literature there are
few reports of this syndrome. We hypothesize
autosomal dominant inheritance with reduced
penetrance.
The mother of the two sisters is currently preg
nant with a male fetus without abnormal sono
graphic findings.

P12 Complex Disease

P293
Protein biosynthesis and infection – is the
elongation factor 2 the possible link?
Schulz S.(1), Gläser C.(2), Hansmann I.(2),
Kehlen A.(3), Werdan K.(4), MüllerWerdan
U.(4)
1) Internal Med III & Inst. of Human
Genetics, Halle
2) Inst. of Human Genetics, Halle
3) Inst. of Immunol., Halle
4) Internal Med. III, Halle
In the healthy heart, the last step of the elonga
tion cycle, catalyzed by the elongation factor 2
(EF2) is considered to be a major regulatory step
of the protein biosynthesis. In recent studies it
could be shown that the availability on biologi
cal active EF2 in the heart is decreasing with
age, associated with a decrease in overall pro
tein biosynthesis. Assuming a negative metabol
ic effect for the proper function of the heart, the
decrease in EF2 availability may also lead to dif
ferent heart diseases. For this reason, investiga
tions regarding the influence of factors, involved
in the different metabolic pathways leading to
heart diseases, on the EF2 regulation are under
debate. However, up to now there is no evidence
of an transcriptional regulation of cardiac EF2
activity. In the present study we focused on the
investigation of the influence of infectious and
inflammatory markers including TNFa (20ng/ml),
Ps. exotoxin A (10ng/ml), endotoxin (1µg/ml),
and IL1b (100U/ml), on mRNA expression of the
cardiac EF2. For this investigation neonatal rat
heart myocytes (app. 80% purity at day of
preparation) were cultivated under standard con
ditions and incubated for 24h with the appropri
ate factors. The mRNA expression of EF2 was
measured by means of RealTimePCR (Rotor
Gene) in relation to cells not treated with any
mediator. No different expression pattern of EF2
could be detected under the influence of IL1b

or TNFa. However, the two exogenous toxins,
Ps. exotoxin A and endotoxin, reduced the tran
scription rate of EF2 dramatically by 50%
(p<0.001) and 40% (p<0.001), respectively.
These results suggest, that bacterial toxins may
influence the biological availability of EF2 at
least at transcriptional level and could therefore
directly modulate the protein biosynthesis. One
could assume, that patients who suffered from
bacterial infections may exhibit, among others,
an unbalanced protein biosynthesis possibly
leading to a worse adaptation to changed con
ditions.

P294
Association of common SNPs with LDL and
HDLcholesterol in two independent
populationbased samples from Switzerland
and Germany  A comparative analysis 
Knoblauch H.(1,4), Bauerfeind A.(1),
Costanza M.(3), Luganskaya T.(1), Toliat M.(5),
Nürnberg P.(5), Luft F.(2), Reich J.(1),
Morabia A.(3)
1) Dept. of Bioinfomatics
2) FranzVolhardKlinik, HELIOS Klinikum,
BerlinBuch
3) Division of Clinical Epidemiology, Geneva
University Hospitals, Geneva, Switzerland
4) VIVANTES Klinikum am Urban, Klinik für
Psychiatrie und Psychotherapie, Berlin
5) Cologne Center for Genomics, University
of Cologne, Cologne
Introduction: The use of SNPs as a predictive
and diagnostic tool for complex traits requires
reproducible and replicable results from associ
ation studies across different population sam
ples. We therefore analysed two population
based samples from Switzerland and Germany
for allelic association with LDLC and HDLC.
Population and Methods: Two population
based samples from Germany and Switzerland
(Geneva) were independently drawn. Individuals
were selected based on atherogenic (high LDL
C & low HDLC) or atheroprotective (low LDLC
& high HDLC) blood lipid phenotypes. 196 Ger
man and 371 Swiss individuals were genotyped
for common SNPs in 16 lipid relevant genes. As
sociation and regression analyses were used to
test for allelic association.
Results: The phenotype distributions, allele fre
quencies, and contributions of single genes were
very similar in both samples. ApoE and CETP
contributed the most, while ApoB, ABCA1, and
LDLreceptor, LPL, HL, and PLTP contributed
the least to lipid variation. Variations in ApoA1,
LCAT, and SRBI were not associated with lipid
variations. In contrast, individual SNP associa
tions were different between the two popula
tions.
Summary: Common SNPs in 16 lipid relevant
genes contribute in different extents to LDLC
and HDLC variation in these two central west
ern European populations. SNPs, except within
ApoE, showed different association signals and
did not allow a prediction of atherogenic or
atheroprotective lipid phenotypes. We can only
speculate on whether these findings are due to
complex genegene interactions, to genetic drift
of neutral variants even in two geographically
neighbouring populations, or to methodological
differences between the two studies.
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A repeat polymorphism in the CLCN7 gene
influences bone density in patients with
autosomal dominant osteopetrosis (ADO)
type II and in postmenopausal women
Kornak U.(1), Branger S.(2), Ostertag A.(2),
Benichou O.(2), de Vernejoul M.C.(2)
1) Charité University Hospital, Institute for
Medical Genetics, Berlin
2) Hôpital Lariboisière, INSERM U606, Paris
Heterozygous mutations in the ClC7 chloride
channel cause autosomal dominant osteopetro
sis type II (ADO II), a disorder characterized by
a highly variable phenotype. We hypothesized
that polymorphisms in the CLCN7 gene could be
associated with the variability of bone density in
ADOII and in the general population. Therefore,
we investigated two exonic SNPs and a repeat
polymorphism (VNTR) in intron 8 on the nonmu
tated CLCN7 allele in a large family with ADO II
with an exceptionally low penetrance. No asso
ciation between the phenotype of the carriers
and the SNPs was observed. In all affected car
riers, however, we detected exclusively 3 repeat
units in the intronic VNTR, whereas the frequen
cy of this allele was significantly lower either in
nonaffected carriers and other family members
(p=0.02). We were further interested if this repeat
polymorphism could also be associated with a
higher bone density in 391 postmenopausal
women. After adjustment for age, height, weight,
years since menopause and hormone replace
ment therapy, women with 3 repeat units on
both alleles (3/3) had a higher BMD at the
femoral neck (p<0.01) than individuals with high
er repeat numbers. In a multiple linear regression
analysis the intron 8 genotype was a significant
determinant of BMD at the femoral neck and ex
plained 0.9% of the population variance of
femoral neck BMD. In addition, we found a sig
nificant association of the 3/3 genotype with
lower
deoxypyridinoline/creatinine
levels
(p=0.04). In conclusion, a VNTR polymorphism
in intron 8 of CLCN7 has a small impact on BMD
in ADO II and in the normal population.

P296
A wholegenome scan in 155 German sib
pairs with attentiondeficit/hyperactivity
disorder substantiates linkage to
chromosome 5p
Hebebrand J.(1), Dempfle A.(2), Friedel S.(1),
Saar K.(3), HerpertzDahlmann B.(4), Kiefl H.(5),
Warnke A.(6), Heiser P.(2), Hinney A.(1),
Nürnberg P.(3), Konrad K.(4)
1) University of DuisburgEssen, Essen
2) University of Marburg, Marburg
3) MDC, Berlin
4) University of Aachen, Aachen
5) Bezirksklinik Regensburg, Regensburg
6) University of Würzburg, Würzburg
Objectives: Attentiondeficit/hyperactivity dis
order (ADHD) is one of the most heritable disor
ders in child and adolescent psychiatry; heri
tability is estimated at approximately 0.8. In the
current study we report the results of a genome
wide scan performed in a German sample of 102
families encompassing a total of 229 affected
children (155 sibpairs).
Material and Methods: The families were ascer
tained and phenotypically characterized by
physicians in the outpatient units of the Depart
ments of Child and Adolescent Psychiatry of the
Universities of Aachen, Marburg and Würzburg

and Regensburg. Families were included if they
comprised at least two affected children with
ADHD, according to DSMIV criteria. In 80, 19
and three families two, three, or four affected
children were ascertained, respectively.
We performed a whole genome scan with initial
ly 404 autosomal and Xchromosomal mi
crosatellite markers (average distance 10cM). In
total, 425 individuals were genotyped. Addition
al markers on chromosome 5p at the DAT1
(SLC6A3) locus were subsequently genotyped:
D5S2005, the DAT1 VNTR, rs6347 (in exon 9)
and rs11564774 (in exon 15).
Results: The highest multipoint LOD score in the
initial analysis was obtained on chromosome 5p
at the marker D5S807 (LOD 2.2). Other multi
point LOD scores exceeding 1 were obtained for
chromosomes 8, 12 and 17. Fine mapping on
chromosome 5 revealed that two DAT1 variants
(the VNTR and rs6347) are not associated with
ADHD in our sample (PDT pvalues of 0.97 and
0.57, respectively). The linkage peak cannot be
explained by these variants. One of the DAT1
markers (rs11564774) might have a role in the
observed linkage, as the families contributing to
the linkage peak show a weak association with
ADHD (PDT pvalue of 0.096).
Conclusions: We detected suggestive linkage
to ADHD on chromosome 5p. The linkage peak
could not be explained solely by one of the in
vestigated DAT1 polymorphisms.

P297
Mutational analysis and association study of
the human angiotensinogen gene in German
patients with preeclampsia
Knyrim E.(1), Eggermann T.(1), Rudnik
Schöneborn S.(1), NeumaierWagner P.(1),
Rath W.(2), Ortlepp J.(3), Zerres K.(1)
1) University Hospital, Institute of Human
Genetics, Aachen
2) University Hospital, Dept. of Obstetrics
and Gynecology, Aachen
3) University Hospital, Medical Clinic I,
Aachen
The aim of this study was to evaluate the influ
ence of genomic variants in the angiotensinogen
gene (AGT) on the individual predisposition to
preeclampsia (PE). The AGT gene was screened
for mutations in patients with PE, subsequently
we performed association studies for the detect
ed AGT variants. The study population com
prised 82 Caucasian primi and multigravid pa
tients with PE (blood pressure ³140/90 mmHg af
ter 20 gestational weeks; proteinuria ³ 1 g/l) or
superimposed preeclampsia (blood pressure ³
140/90 mmHg before 20 gestational weeks; pro
teinuria ³ 1 g/l) and 100 controls with uncompli
cated pregnancies. The mutation screening was
carried out in 46 patients by single strand con
formation polymorphisms (SSCP) and direct se
quencing. In the case of identification of a ge
nomic variant, the total study cohort was
analysed. Allele frequencies for the identified
variants were analysed in the total study popu
lation by SSCP, restriction fragment length poly
morphism analysis (RFLP) and mutagenically
separated PCR (MSPCR). In total, 17 genomic
variants were detected. A heterozygous mis
sense mutation L43F [L10F] was found in one
patient but in none of the controls. This finding
is in accordance with previous studies suggest
ing that L43F [L10F] has a predisposing effect in
a small subgroup of PE patients. The other 16
genomic variants in AGT were classified as sin

gle nucleotide polymorphisms (SNPs). A gener
al association of AGTvariants with preeclamp
sia could not be observed in our study popula
tion except the polymorphism g.2576G>A which
was found to be significantly associated with PE
(p = 0.047). This observation has to be con
firmed in larger study cohorts but may provide
evidence for a role of AGT in the pathogenesis
of PE.

P298
Genetic Linkage and Association Studies in
Sarcoidosis
Schürmann M.(1), Albrecht M.(1), Schwinger
E.(1)
1) Institute of Human Genetics, University of
Lübeck, Lübeck
Objectives: Sarcoidosis is a complex inflamma
tory disease of unknown cause that primarily af
fects the lung and the lymph system. An approx
imately 20fold increased recurrence risk in
close relatives documents the contribution of
predisposing genes to the aetiology of the dis
order. We have established an extended DNA
and data bank from approximately 2500 German
sarcoidosis patients and their relatives and have
investigated functional and positional candidate
genes in the search for sarcoidosis susceptibil
ity genes.
Material and Methods: Eightythree affected
sib pair families and 183 single patients togeth
er with their parents (trios) were drawn from the
sarcoidosis DNA and data bank. They were
genotyped for flanking microsatellite markers
and intragenic single nucleotide polymorphisms
of NOS3, B7, CD28 and CTLA4. Nonparamet
ric linkage (NPL) analysis and transmission dis
equlibrium tests (TDT) were performed using
GENEHUNTER 2.0.
Results: NOS3, the nitric oxide synthase 3 gene
is located on chromosome 7q36, close to a
moderate linkage peak of a previous genome
wide linkage scan. The analysis of two flanking
and one intragenic microsatellite markers, to
gether with one functional single nucleotide
polymorphism (SNP) moved the NPL peak to
wards the intragenic NOS3 markers, with a sin
gle point NPL score of 2.3 (p = 0.01) from the
NOS3 microsatellite. Study of the B7, CD28 and
CTLA4 loci is close to completion and results
will be presented.
Conclusions: The samples of sib pair families
and trios from our sarcoidosis DNA bank provide
an informative resource to quickly check candi
date genes for genetic linkage or association
with sarcoidosis. Positive results can readily be
studied in detail in the remaining approximately
2000 single patients of the DNA and data collec
tion.

P299
Periodic catatonia: systematic analysis of a
schizophrenia locus on chromosome 15q15
Ekici A.(1), Schanze D.(1), Stöber G.(2),
Beckmann H.(2), Reis A.(1)
1) Institute of Human Genetics, University of
ErlangenNürnberg, Erlangen
2) Department of Psychiatry and
Psychotherapy, University of Würzburg,
Würzburg
Periodic catatonia (MIM 605419) is a psychiatric
disorder with a strong genetic component and is
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characterized by qualitative hyperkinetic and
akinetic psychomotor disturbances through
acute psychotic episodes and debilitating symp
toms in the long term with psychomotor weak
ness, grimacing facial movements and apathy.
In genomewide linkage studies on multiplex
pedigrees segregating for periodic catatonia we
previously identified a major disease locus on
chromosome 15q15 in a sample of 12 extended
pedigrees, and replicated the chromosomal lo
cus in an independent set of four pedigrees.
Linkage and haplotype analyses in three excep
tionally large pedigrees linked to chromosome
15q15 disclosed an 11 cM critical region be
tween marker D15S1042 and D15S659. In our
efforts to reveal the disease gene we performed
linkagedisequilibrium mapping (LD) and haplo
type analyses in multiplex pedigrees and parent
offspring trios with microsatellite markers and
SNPs. Simultaneously we carried out a complete
systematic mutation scan of candidate genes
annotated in this region by semiautomated se
quencing of DNA fragments of individuals from
the linked pedigrees and controls. So far no dis
easecausing mutation was identified among the
brain expressed genes. All detected SNPs are
included in ongoing linkagedisequilibrium map
ping as well as in familybased and casecontrol
association studies with 831 individuals, includ
ing 27 multiplex pedigrees, 40 parentoffspring
trios, 31 affected sib pairs (ASP), 144 cases and
230 controls.

P300
SNP discovery in the Cited 2 gene and risk
evaluation for congenital heart defects
Hammer S.(1), Dunkel I.(1), Grimm C.(1),
Sperling S.(1)
1) MaxPlanckInstitute for Molecular
Genetics, Vertebrate Genomics, Berlin
Congenital heart defects (CHD) account for the
largest number of birth defects in humans, with
an incidence of about 8 per 1000 live births. The
heterogeneity of CHDs associated with single
gene defects points to a complex genetic net
work with modifier genes, genetic polymor
phisms and the influence of environmental fac
tors. Mice with a disruption of the Cited2 gene,
encoding a CBP/p300 interacting transcription
al modulator of HIF1α and TFAP2, die in embry
onic stages due to significant defects in heart
development. To study the potential impact of
polymorphisms in the Cited2 gene for CHD we
screened a population of 160 patients using the
WAVE technology. This method relies on the dif
ferential elution of polymorphism carrying het
eroduplexes and homoduplexes during a hy
bridisation protocol. Resequencing of analysed
samples detected 11 polymorphisms thereof 5
previously unknown variations. Results of
regenotyping using the Amplifluor method were
well in accordance with the WAVE data. More
over, Amplifluor based comparative genotyping
between the CHD and an equal sized control
population showed a higher frequency of 3 new
identified polymorphisms in the CHD patients,
but risk estimations are imprecise owing to the
low frequency of the studied variants. One of the
discovered variations in the Cited2 gene leads
to the deletion of 1 Histidine. Functional analy
sis, however, revealed that this mutation neither
alters the ability of the protein to modulate HIF
1α and TFAP2 transcriptional activity nor the in
tracellular localisation. Therefore the role of the
new mutation remains to be elucidated. Finally,
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data presented here show that WAVE SNP dis
covery and Amplifluor genotyping are a valuable
tool to study candidate gene polymorphisms in
complex diseases.

P301
Determination of the linkage disequilibrium
(LD) structure for a putative glaucoma locus
on chromosome 14q11 in German patients
FernándezMartínez L.(1), Pasutto F.(1), Mardin
C.(2), Kruse F.(2), Reis A.(1)
1) University of ErlangenNuremberg,
Institute of Human Genetics, Erlangen
2) University of ErlangenNuremberg,
Department of Ophtalmology, Erlangen
Glaucoma is a clinically and genetically hetero
geneous group of ophthalmologic disorders
leading to visual impairment and blindness
worldwide. The most common form of this com
plex trait is primary open angle glaucoma
(POAG), characterized by late onset and elevat
ed intraocular pressure (IOP) in most cases. Sev
eral loci have been linked to POAG, but with the
classical positional cloning approach only two
genes have been identified until now, myocilin
and optineurin, accounting for about the 5% of
the cases.
The aim of our ongoing project is to identify new
glaucoma genes through systematic LD analysis
and association studies in previously described
susceptibility POAG loci. We report here the re
construction of the LD pattern and haplotype
structure in a region spanning 3,3Mb in 14q11.
A total number of 15 candidate genes were se
lected based on their pattern of expression in af
fected tissues and on the presence of structural
or functional domains shared with the known
glaucoma causing genes. 90 single nucleotide
polymorphisms (SNPs) were identified until now
in these genes by direct sequencing of exons,
5’3’ UTRs and flanking intronic regions in 46
unrelated German POAG patients. 20 variants
were found within the coding sequences of
ZNF219, RPGRIP1, DAD1, BCL2L2, NRL,
ISGF3G and ADCY4. These were further investi
gated for functional relevance, evolutionary con
servation and presence in a control group. None
of them could be classified as diseasecausing.
For future association studies, haplotypes will be
reconstructed using those SNPs with minor al
lele frequency (MAF) over 0.2 and taggingSNPs
(htSNPs) will be selected with haplotype cover
age of 90%. These studies are currently under
way.

P302
Genetics of retinal drusen formation in
rhesus macaques.
Singh K.K.(1), Ristau S.(1), Dawson W.W.(2),
Krawczak M.(3), Schmidtke J.(1)
1) Hannover Medical School, Institute of
Human Genetics, Hannover
2) University of Florida, JH Miller Health
Science Center, Gainesville, Florida
3) ChristianAlbrechts University, Institute
of Medical Informatics and Statistics, Kiel
Objectives: Macular drusen formation is a hall
mark of ARMD (Age Related Macular Degenera
tion), but the mechanism underlying their forma
tion is not well characterized. It is known that
rhesus macaques (Macaca mulatta) present a
natural animal model for retinal drusen, and in

both, man and monkey, genetic factors are im
plicated. We tried to identify associated genes
in rhesus macaques.
Material and Methods: A search using 42 mi
crosatellite markers, linked to 7 different autoso
mal loci implicated in retinal pathology in hu
mans, was performed in a single rhesus matri
line, followed by a positional candidate gene ap
proach. Several genes implicated in the etiology
of ARMD with and without drusen formation
have been mapped to the 6q region in humans.
Two of the candidate rhesus orthologs, ELOVL4
(Elongation Of very Long Chain Fatty Acids 4)
and IMPG1 (Interphotoreceptor Matrix Proteo
glycan1) were searched for mutation using
PCR, SSCP (Single Stranded Conformational
Polymorphism) and sequencing.
Results: An association between two alleles at
heptallelic marker D6S1036 and the severity of
drusen formation was found (P combined:
0.012). For ELOVL4, no sequence changes were
found in the coding region, but a polymorphism
was found for the 3‘ UTR region which was not
associated with the drusen pathogenesis and
could play a protective role. In IMPG1, 6 SNPs
were identified. Haplotype frequencies of these
six SNPs were found to differ significantly be
tween affected and nonaffected animals
(chisquare=10.102, 3 d.f., p=0.018). This differ
ence was mainly due to a haplotype which was
found on 17% of chromosomes in animals with
drusen, but not in controls.
Conclusions: Our data demonstrate that one or
several genes on the rhesus homologue of hu
man 6q are likely to play a role in retinal drusen
formation.

P303
Mutation analysis of the PlGF gene and the
FLT1 gene in pregnancies with IUGR and
ARED or PED flow
Vlachopoulos L.(1), Eggermann T.(1), Rudnik
Schöneborn S.(1), NeumaierWagner P.(1),
Lindt R.(1), Kaufmann P.(2), Rath W.(3), Zerres
K.(1)
1) University Hospital, Institute of Human
Genetics, Aachen
2) University Hospital, Institute of Anatomy
II, Aachen
3) University Hospital, Dept. of Obstetrics
and Gynecology, Aachen
The development of the fetoplacental system,
i.e. capillary sprouting as well as the switch from
branching to nonbranching angiogenesis, in hu
man pregnancy is essential for the birth of a
healthy infant at term. This angiogenic process
is controlled by growth factors such as bFGF,
VEGF and PlGF. The interaction of PlGF with
FLT1 seems to induce nonbranching angiogen
esis and this type of angiogenesis predominates
in pregnancies with intrauterine growth retarda
tion (IUGR) and ARED (absent or reversed end
diastolic)flow (postplacental hypoxia). In preg
nancies with IUGR and PED (preserved enddias
tolic)flow in the presence of a bilateral abnor
mal uterine artery Doppler waveform (uteropla
cental hypoxia), histology of the placenta shows
a netlike arrangement of capillaries, forming mul
tiply branched terminal villi. To study a possible
role of mutations in the PlGF and the FLT1 genes
in the pathogenesis of placental dysfunction, we
analysed the PIGF and FLT1 genes in an
IUGR/AREDflow group (18 mothers and 18 fe
tuses) and an IUGR/PEDflow group (14 moth
ers and 14 fetuses). DNA was extracted from ve
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nous blood samples (mothers) and umibilical
cord blood samples (fetuses). The coding se
quences of PlGF (7 exons) and FLT1 (30 exons)
and their intron/exon boundaries were screened
by single strand conformation polymorphism
analysis (SSCP), restriction assays and direct se
quencing. Apart from established SNPs, we
identified one unknown polymophism in exon 1
of the noncoding sequence of PlGF and two
novel variants in exons 1 and 6 of FLT1. The
variations were detected in similar frequencies
in the two groups. However, we could not iden
tify a pathogenic mutation neither in the PlGF
gene nor in the FLT1 gene, thereby providing no
evidence for a relevant role of both genes in the
aetiology of IUGR/ARED or IUGR/PED.

P304
Extended mutation analysis and association
study of TSPYL gene in sudden infant death
syndrome (SIDS)
Hering R.(1), FradeMartinez R.(1), Bajanowski
T.(2), Poets C.(3), Riess O.(1)
1) Universität Tübingen, Institut für
Humangenetik, Tübingen
2) Universität Essen, Institut für
Rechtsmedizin, Essen
3) Universität Tübingen, Abteilung
Neonatologie, Tübingen
Sudden Infant Death Syndrome (SIDS) is defined
as the sudden death of an infant which remains
unexplained after a careful autopsy, death scene
investigation, and review of the medical history
have been performed. With an incidence of 0.46
per 1000 life births in Germany in 2002, it con
stitutes the most frequent cause of death in the
postperinatal periode. Genetic (long QT syn
drome genes, IL10 and serotonin transporter
gene etc.) and environmental factors (prone
sleep position, maternal smoking, early weaning
from breastfeeding etc.) seem to contribute to
SIDS. Recently a lethal phenotype characterized
by sudden infant death with dysgenesis of the
testes syndrome (SIDDT) was identified to be
caused by loss of function mutations in TSPYL
gene. To reveal a possible role of TSPYL in
SIDS, we investigated DNA samples of 126 af
fected children from the German study on sud
den infant death (GeSID). Five sequence varia
tions in the TSPYL gene have been detected and
their frequencies will be compared to German
control subjects. The results of the mutation
analysis and the association study will be pre
sented.

risk of CAD has been associated with the MTH
FR 677 TT genotype (Brattstrom, 1998) and the
early occurrence of CAD (age <50y) with the
MTHFR 1298 AC and CC genotypes (Szczeklik,
2001).
The analysis of the MTHFR genotypes combina
tions was performed in groups differing in the
age of the CAD diagnosis. In the group of pa
tients in whom the CAD occurred up to the age
of 60 years, the combined genotypes of MTHFR
677/1298: CC/AC, CT/AC and CC/CC occurred
with the higher frequency (69,8%; n=116) as
compared to the frequency noted in the group of
the older patients (55,6%; n=54) (p=0,05). In the
nonsmoking patients (n=59) the same MTHFR
genotype combinations occurred at the higher
frequency (83,3%) in the younger patients (n=36)
as compared to the older group (60,9%)
(p=0,053).
In the younger patients group (n=102), differen
tiated for the smoking habit, the different MTH
FR genotypes combinations (CC/AA, CT/AC,
CC/CC and TT/AA) occurred at the higher fre
quency (54,5%) in the smoking patients (n=66)
as compared to the nonsmoking group (27.8%;
n=36) (p= 0,0008).
In the younger patients group differentiated for
the diabetes (T2DM), the other MTHFR genotype
combinations CC/AA, CT/AA and TT/AA oc
curred at the higher frequency (62,5%) in the
T2DM patients (n=32) as compared to the non
T2DM patients (41,7%, n=84).
The reported finding fit with the assumption that
both the cigarette smoking and the coocur
rence of the T2DM accelerate the occurrence of
CAD by the mechanisms differing from these op
erating in the nonsmoking and the non T2DM
patients.
The work was supported by grants KBN 3P05A
(ALP and ES) and KBN/AM nr 50120205 (J.G.)

P305
The age related changes in the profiles of
the MTHFR genotype combinations in CAD
patients are modified by the cigarette
smoking and the coocurrence of the
diabetes.
Strauss E.(1), G‡uszek J.(2), Pawlak A.L.(1)
1) Polish Academy of Sciences, Institute of
Human Genetics, Poznan, Poland
2) University School of Medical Sciences,
Department of Arterial Hypertension,
Institute of Cardiology, Poznan, Poland
The MTHFR 677 C>T and 1298 A>C polymor
phisms were studied in 170 male CAD patients
in whom the diagnosis was confirmed by an
giography (>50% stenosis of at least one epicar
dial coronary artery). Previously the increased
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