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Public lecture

Kampf der Geschlechter im Genom:
Epigenetik und die Bedeutung der
elterlichen Pragung in Biologie und Medizin
Reik, Wolf

Developmental Genetics Programme, The
Babraham Institute, Cambridge, UK

Alle Gene des menschlichen und anderer
Saugertiergenome sind jetzt bekannt. Eine der
wichtigen Fragen fur die biologische und medi-
zinische Forschung der néchsten Zukunft ist wie
Gene wahrend der Embryonalentwicklung und
spater 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
beschéftigt. Diese Modifikationen etablieren ein
Signalsystem, durch welches Gene an- und
abgeschaltet werden, und besonders wie ein ak-
tivierter oder reprimierter Zustand von Genaktiv-
itat von der Zelle erinnert wird, und deshalb zur
Stabilitdt der Gewebedifferenzierung beitragt.
Wir beschéftigen uns besonders mit elterlich
geprégten Genen, bei denen die epigenetische
Markierung dazu fuhrt, 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
mutterliche Nahrungsresourcen geht. AuBerdem
interessiert uns die epigenetische Reprogram-
mierung, bei der reife Modifikationen wieder
rickgéngig gemacht werden, um eine weite En-
twicklungspotenz des Genoms zu erreichen. Die
Mechanismen der Reprogrammierung sind
wichtig fiir die Entwicklung von Stammzellther-
apien.

Keynote lecture

Proteomics, systems biology and molecular
medicine

Superti-Furga, Giulio

CeMM, Research Center for Molecular
Medicine of the Austrian Academy of
Sciences, Lazarettgasse 19/3, A-1090
Vienna, Austria and Cellzome , Inc.

New molecular medicine initiatives operate at
the interface between clinical and basic re-
search. A bi-directional 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 so-called 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 mode-of-action of
novel and existing clinical drugs, but also of
pathologically-relevant gene products, typically
identified by genetics and genomics, can thus
be determined, linked to biological processes via
these interdisciplinary systems-biology 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, 1067-77,
2003).
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Plenary Session

Plenary Session 01

Energy-dependent nucleosome remodelling
Becker Peter B.

Adolf-Butenandt-Institut. Molekularbiologie,
80336 Miinchen, 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 histone-DNA 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 histone-anchored 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.uni-muenchen.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 Schibeler, Dirk1

1Friedrich Miescher Institute for Biomedical
Research, Maulbeerstrasse 66, CH-4058
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 gene-rich neighborhoods. Female and
male primary cells show indistinguishable pro-
files for the autosomes but clear differences for
the active and inactive x-chromosome. 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 gene-poor 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 receptor-hormone
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 long-term and even
trans-generational 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 “WNT-mediated
epigenetic reprogramming,” to explain the con-
nection between the multi-generational 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/Beta-catenin, and in chromatin-
remodeling proteins, such as the histone H3
methyl-transferase, Su(var)3-9, 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

S101

The mystery of conserved non-genic (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
non-genic (CNG) sequences. Most of these map
in gene-poor 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
non-coding RNAs. Furthermore, the evolutionary
characteristics are independent of their position
relative to protein-coding 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 to1-3 % 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. | thank the members of the
laboratory and the funding agencies for support-
ing our research.

S102

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 fine-scale across the genome. The In-
ternational HapMap project was launched in Oc-
tober of 2002 with the aim to construct a
genome-wide 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 whole-genome 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
two-phase mapping strategy in four population
samples including 30 parent-child 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-



nity engagement. In phase | we are constructing
maps of evenly spaced SNPs (1 per 5 kb) with
m.a.f =5%. Phase Il 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 (YRl and CHB+JPT);
phase | 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 data-set
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 Il. 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 non-synony-
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 case-control 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.

S103

Looking back: From the human karyotype to
the ancestral vertebrate proto-genome
Hameister H, Szamalek J, Goidts V, Kohn M,
Assum G, Hégel J, Kehrer-Sawatzki H
Abteilung Humangenetik, Universitdt Ulm,
D-89069 Uim.

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 proto-genome.

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.

S$2 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

interest in mtDNA maintenance and its regula-
tion.

Twinkle protein was first identified in a search for
T7-helicase-like 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 Twinkle-EGFP fusion protein as
well as various previously characterized mtDNA
maintenance proteins specifically co-localize
with mtDNA in intra-mitochondrial foci designat-
ed nucleoids. MtDNA in nucleoids can be la-
beled with the nucleotide analogue 5-bromo-2-
deoxy-uridine (BrdU) indicating that nucleoids
are sites of mtDNA replication. More recently we
have studied the regulation of the Twinkle pro-
tein by post-translational 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.

S2 03

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
mtDNA-encoded, 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. X-linked 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 multi-system disorder, Hoyeraal-Hreidars-
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 age-related 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 age-related 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 age-related 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 telomere-specific 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
population-based 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, Fontenay-aux-Roses,
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 end-up 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 MLL-mediated 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 MLL-menin in-
teractions may be particularly efficacious in
acute leukemia.

S4 02

Aberrant gene methylation during cancer
progression

Kreipe, Hans; Lehmann, U.

Institut fiir 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 non-invasive precursor lesions al-
ready exhibited altered methylation patterns



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 age-de-
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 Oct-4 and its role in differentiation and tu-
morigenesis.

S5 01

Sequence-based evolutionary studies of the
human sex chromosomes

Ross, Mark T.

X-Chromosome 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 cancer-testis 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 non-recombining regions.

In this presentation, | 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 sex-specific 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, low-copy repetitive elements that con-
tain genes expressed specifically in the testis.
These paralogous repeats may be associated
with Y-Y gene conversion events and they ren-
der the chromosome susceptible to interstitial
deletions by non-allelic 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). | 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 large-scale multinational
projects.

S5 03

Early events in the onset of X-inactivation:
Multiple role for non-coding 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 X-in-
activation centre (Xic) that contains the Xist
gene,the source of a large 17 kb non-coding
RNA critical to the X-inactivation process. The
onset of X-inactivation during early embryoge-
nesis sees an up-regulation 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 X-linked 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 X-inactivation 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 X-inactivation. Integral to the
initiation of X-inactivation 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 X-chromosomes 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 non-coding 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 X-inactivation.
An overview of recent progress in the field will
be given.

S6 02

Insight of phenotype-genotype correlations
in some CHDs

Dallapiccola, Bruno

Anna Sarkozy, Maria Cristina Digilio, Bruno
Marino, Mendel Institute, “La Sapienza”
University, and Ospedale Bambino Gesu,
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 phenotype-genotype correlations.
ToF is the most common cyanotic CHD. Distinct
anatomic subtypes have been reported in del
22911 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 aorto-pulmonary 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 left-sided 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, left-sided 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-
type-genotype correlations, appraises the di-
mension of nosological splitting and lumping of
CHDs, and improves their genetic counselling.

S6 03

Beyond 22g11 Deletions: Uncovering the
Aetiology of DiGeorge Syndrome-like 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
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affected in DGS/VCFS several laboratories
screened their non-deletion 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
Islet-1, 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 connexin-40 (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 re-evaluated 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 IgH-translocations 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 in-situ hybridiza-
tion (FISH).

Highly enriched CD138-positive bone marrow
cells from 81 patients with newly diagnosed MM
were analyzed by interphase FISH, using 10 re-
gion-specific probes and two probe-sets for the
IgH-translocations 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 15922, 19913, 9934, 11923, and
1921. Common losses were observed for
139g14.3, 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 non-hyperdiploid
MM. Twenty-two of the 28 patients with one of
the IgH-translocations had a CS<0. Cluster
analysis revealed four major branches: (i) gain of
9q, 159, 19q, and/or 11q; (ii) deletion 13g 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 159/9q 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 6921 were found as subsequent
events. MM with gain of 1q was characterized as
a subentity with significantly higher beta-2-mi-
croglobulin and lower hemoglobin levels, indi-
cating a poor prognosis. Based on our results,
we propose a model for clonal evolution of MM.

SEL 02

DNA-repair and cell cycle checkpoint
defects in Nijmegen Breakage Syndrome
Digweed M.(1), Demuth 1.(1), Melchers A.(1),
Stéckl 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 - Universitdtsmedizin Berlin,
Institut fiir Humangenetik, Berlin

2) Deutsches Rheuma-Forschungszentrum,
Zellbiologie, Berlin



3) International Agency for Research on
Cancer, Gene-Environment 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 null-mutation develop tumours and
die earlier than wild type mice.

We have used Cre-recombinase/LoxP technolo-
gy to generate an inducible Nbn null mutation al-
lowing the examination of DNA-repair and cell
cycle-checkpoints in the complete absence of
nibrin. Induction of Nbn null mutation leads to
loss of the G2/M checkpoint, increased chromo-
some damage, radiomimetic-sensitivity 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 B-lymphocytes 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
non-homologous DNA-end 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),
Neundérfer B.(9), Uhlmann T.(11),

Meisterernst M.(11), Sereda M.(12), Meyer-zu-
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 Miinster, Neurology, Miinster
11) GSF, Munich

12) MPI Max-Planck-Institute of
Experimental Medicine, Géttingen
Charcot-Marie-Tooth 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 19913.3 (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 proline-rich mo-
tif typical for Abelson-SH3 binding sites. Wild-
type and mutant peptides were incubated with
Abl-SH3- and Src-family SH3 protein. While
wildtype and mutant CMT2B2 strongly bind Abl-
SH3, the mutation results in a drastically in-
creased affinity for Src-family 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 progesterone-treated 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.

SEL 04

Rescue of photoreceptor degeneration in a
genetic mouse model for X-linked 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 X-linked juve-
nile retinoschisis (RS), a common form of mac-
ular degeneration in males. We have generated
a knock-out 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 cyst-like struc-
tures in the inner retina, and disorganization and
displacement of cells within the retinal layers.
Accordingly, the Rs1h-deficient mouse serves as
a valuable model system to develop possible
therapeutic interventions for human RS.

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 replication-defi-
cient adeno-associated virus (AAV) serotype 5.
The RS1-AAV 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 RS1-AAV 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 Rs1h-de-
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.
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W01 01

Implementation of an automated scanning
system for the high-throughput FA-specific
interphase FISH-assay sensitively detecting
MDS- and AML-associated chromosomal
imbalances and further applications

Ténnies H.(1), Paul D.(1), Mdller A.-S.(1),
Neitzel H.(1)

1) Charité, Universitdtsmedizin 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 interphase-FISH
(I-FISH) 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 FISH-probe and target material
(e.g. BM and PB direct preparations) by a human
evaluator is time consuming and restricts the
number of prospective I-FISH 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 high-throughput I-FISH
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 8-bay 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 I-FISH
signals are counted automatically. Using this au-
tomated device and appropriate classifiers, a
stable, evaluator-variation 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
scanning-based applications for the detection
and characterization of chromosome instability.

W01 02

Extensive analysis of the amplicon 11g13.5
frequently co-amplified 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 Universitit Wien, Abteilung
fiir Humangenetik, Klinisches Institut fiir
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Medizinische und Chemische
Labordiagnostik, Wien

2) Ludwig-Maximilians- Universitat
Miinchen, Medizinische Klinik Ill, 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 microarray-CGH and FISH we have shown
that in addition to the core MLL amplicon, inde-
pendent sequences in 11923-24 and/or 11913.5
were co-amplified 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 co-amplified in 60% of
AML/MDS cases. Using semi-quantitative PCR
and FISH analysis we showed in 40 AML/MDS
patients that the minimal amplicon involves
oncogene GRB2-associated binding protein 2
(GAB2), ubiquitin specific protease 35 (USP35),
and odd Oz/ten-m homolog 4 (ODZ4) gene, but
not thyroid hormone responsive (THRSP) and
p21/Cdc42/Rac1-activated kinase 1 (PAK1). By
this means we narrowed down the minimal am-
plified region of overlap bordered by clones
bA7115 and bA153F6 from previously roughly es-
timated 2.4 Mb down to 1.17 Mb. Results of a
real-time RT-PCR based expression study of the
selected genes and possible implications for
leukemogenesis in the patients with 11913.5
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), Kénig 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. Pélten, First Clinic of Internal
Medicine, Division of Oncology, St. Pélten
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 non-HOX
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 AML-BFM93
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 AML-M5a and a non-recurrent
1(3;11)(p24;p15). The cases with previously iden-
tified gene fusions comprised one childhood
AML with a t(5;11)(935;p15) and a NUP98/NSD1,
two adult cases with an inv(11)(p15922) and a
NUP98/DDX10 and another one with a
t(11;20)(p15;912) 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.
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A novel DNA/RNA FISH X inactivation assay
reveals a nonrandom, ploidy-dependent
acquisition of the active and inactive X
chromosomes in childhood hyperdiploid
acute lymphoblastic leukemia (ALL) and
non-Hodgkin lymphoma (NHL)

Haas O.A.(1), Zeitlhofer P.(1), Strehl S.(1),
Kénig M.(1), Weinhdusel A.(2)
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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 methylation-specific 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 dual-color 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-



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
X-encoded genes.
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Recurrent chromosomal breakpoints in the
immunoglobulin heavy chain gene locus in
Reed-Sternberg cells of classical Hodgkin
lymphoma
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Chromosomal breakpoints affecting im-
munoglobulin (IG) gene loci are the hallmark of
B-cell non-Hodgkin lymphomas. In classical
Hodgkin lymphoma (cHL), despite its predomi-
nant B-cell 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. Twenty-six 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,
17912, and 19g13. The candidate IG-transloca-
tion partners in 2p13 and 19913 were identified
as REL and BCL3/RELB. These loci encode for
members of the Rel/NF-kB signalling pathway,
which is constitutively activated in cHL. The can-
didate IG-partner genes in 16p13 and 17912 re-
main to be identified. Non-Hodgkin lymphoma-
associated oncogenes like CCND1, BCL2, BCL6
and MYC were ruled out as IGH-partners 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 B-cell lymphoma.
Supported by the Deutsche Krebshilfe (Verbund-
projekt “Molekulare Mechanismen bei malignen
Lymphomen”, 70-3173-Tr3/B1)
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Detection of frequent chromosomal
translocations and their prognostic
significance in chronic lymphocytic
leukemia (B-CLL)
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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 (CD40L-enhanced cytogenetics;
CEC) which we analyzed either by G banding or
Multiplex-FISH. Blood samples were obtained
from 120 CLL patients and subjected to simul-
taneous analysis by CEC and Interphase-FISH
(I-FISH).

Results: As expected, by I-FISH, 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 13914, 14932 or 18g21. In ad-
dition, we unraveled breakpoints outside of the
known hotspots, e.g. on chromosomes 1, 2, 3,
6, 7 and 20. Median treatment-free 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, 11g- 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.
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Exclusion/confirmation of Ataxia
telangiectasia via cell cycle testing
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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 X-irradiation 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 X-irradiated 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 non-proliferating
(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 non-affected or the
affected group of patients, while 7% presented
with non-conclusive cell cycle results. Inclusion
of AFP-measurements 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.
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Childhood overgrowth in NF1 patients with
1.4 Mb microdeletion in 17q11.2
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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 NF1-mutations a
mutation-specific genotype-phenotype 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
Weaver-like 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.
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Systematic assessment of atypical deletions
reveals genotype-phenotype correlation in
22q11.2

Rauch A.(1), Koch A.(2), Zweier C.(1),
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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 22g11.2 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 non-deleted typical patients re-
vealed a missense mutation within the T-box of
TBX1 in one patient, thus emphasizing the asso-
ciation of the VCFS/DGS facial gestalt to the
proximal common deletion region.
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Towards a first genotype-phenotype
correlation of small supernumerary marker
chromosomes (sSMC)

Liehr T.(1), Mrasek K.(1), Claussen U.(1), Starke
H.(1)
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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 DNA-content, (ii) uni-
parental disomy (UPD) of the sSMC’s homolo-
gous chromosomes, and/or (jii) 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://mti-n.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, 69, 7q, 8p/q,
12p/q, 14q, 179, 189, 199, 20/20p, lead to clin-
ical manifestations, while small partial proximal
trisomies of 2q, 5q, 7p, 159, 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-
tromer-specific probe-sets ([subjcenM-FISH;
Starke et al., 2003, Hum Genet 114:51-67) gave
evidence that this may be at least in parts due
to the fact, that many patients do have different
derivative-types of a sSMC - however, these
could not be detected and characterized before
the development of subcenM-FISH. 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 Pfleger-Stiftung.
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Mental Retardation, Primary Ciliary
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We report on a new syndrome characterized by
mental retardation, primary ciliary dyskinesia
(PCD) and macrocephaly in a large three-gener-
ation family with an X-linked recessive mode of

inheritance. The 10-year-old index case had de-
layed motor development, severe mental retar-
dation (1Q20), 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 non-ciliat-
ed organism. Four genes have been qualified for
further analyses. The causative mutation was
found in OFD1, the gene known to be mutated
in X-linked dominant Oral-Facial-Digital 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.
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Understanding computer-based decisions
of syndrome diagnosis using facial traits
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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 Ill , CDL,
FraX , PWS, WBS, 5p-, 22g-, Noonan S., Sotos
S., SLO). Each individual was described by a
roughly 4000-dimensional 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



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.
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Bringing into shape complex phenotypes:
Methods to exploit intertwining between
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contributions for a single phenotype
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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
population-based 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 population-based data set - a re-
sult that we expect to hold for other phenotypes
as well.
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Increased frequency of CFTR heterozygosity
in infertile males

Schulz S.(1), Jakubiczka S.(1), Muschke P.(1),
Nickel 1.(2), Kleinstein J.(2), Kropf S.(3),
Wieacker P.(1)

1) Otto-von-Guericke University, Institute of
Human Genetics, Magdeburg

2) Otto-von-Guericke University, Clinic of
Reproductive Medicine and Gynecologic
Endocrinology, Magdeburg

3) Otto-von-Guericke 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 two-fold 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.
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Objectives: Lipoprotein(a) [Lp(a)] is a genetical-
ly determined risk factor for atherosclerosis.
About 30-70% of the Lp(a) plasma concentra-
tions are determined by the apo(a) size polymor-
phism. This polymorphism is caused by a
kringle-1V 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 20-fold 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 follow-up 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 (1.057-1.075) <0.001 Di-
abetes mellitus (O=no, 1=yes) 1.79 (1.45-2.22)
<0.001 Apo(a) phenoytpe (1=HMW, 2=LMW)
1.46 (1.17-1.89) 0.001 Current smoking et
study entry 1.40 (1.09-1.80) 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 non-fatal cardiovascular
events will be of major importance for further
analysis of the data.
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cancer risk
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Overexpression of the proto-oncogene ERBB2
(HER2/NEU) has been observed in 20-30 % 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 lle654Val,
lle655Val and Ala1170Pro were analysed in sub-
sequent epidemiological studies on familial
breast cancer risk. While Ala1170Pro resides
within a C-terminally located regulatory domain,
both adjacent polymorphisms lle654Val and
lle655Val are part of the transmembrane domain.
The case-controls study analysing a cohort of
348 German familial breast cancer cases and
960 corresponding controls showed no associ-
ation of both lle655Val and Ala1170Pro with fa-
milial breast cancer risk. Differences of haplo-
types between cases and controls could not be
detected either. The ERBB2 variant lle654Val,
however, revealed an increased risk for carriers
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of the heterozygous Val654 allele (OR = 2.56, 95
% C.l. = 1.08-6.08, 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 Val654-Val655 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 QT-Interval in the general
population. Results from the KORA Study
Pfeufer A.(1), Jalilzadeh S.(1), Perz S.(2), Miiller
J.(1), Hinterseer M.(3), Akyol M.(1), lllig T.(4),
Huth C.(4), Steinbeck G.(3), Nabauer M.(3),
Wichmann H.-E.(4), Kééb 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 | - 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 QT-syndrome. To investigate the influence
of common gene variants in candidate genes we
performed a linkage-disequilibrium based SNP
fine mapping and association study to the cor-
rected QT-interval. In a two-step investigation
we analyzed 174 SNP-markers from the KCNQ1,
KCNH2, KCNE1 and KCNE2 genes in 689 indi-
viduals from the population-based KORA study
and 13 SNP-markers 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 QT-interval 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 high-res-
olution SNP-mapping in large population sam-
ples can detect association to quantitative trait
loci even if locus specific heritabilities are small.
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Genomwide Linkage Scan of Idiopathic
Generalised Epilepsy reveals Oligogenic
Susceptibility Loci on 5q31, 13932, 16g22
and 1913

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), Nirnberg P.(1), Sander T.(1)

1) Max Delbriick 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. Non-parametric multipoint linkage
analyses, using the GENEHUNTER program, re-
vealed suggestive evidence (P < 0.01) for novel
IGE loci in the chromosomal regions 5931 (ZNPL
=2.86, P =0.0022) and 13932 (ZNPL = 3.63, P
= 0.0002). To dissect seizure type-specific sus-
ceptibility loci, two distinct family subgroups
were selected by the presence of either my-
oclonic seizures (JME-families; n = 41) or ab-
sence seizures (IAE-families; n = 55). In the JME
families, maximum evidence for linkage was
found in the chromosomal regions 16922 (ZNPL
=2.87, P =0.0021) and 1913 (ZNPL = 2.56, P
= 0.0052). In the IAE families, linkage hints were
obtained on chromosome 11q13 (ZNPL = 3.08,
P = 0.0011) and 13932 (ZNPL = 3.40, P =
0.0004). Our present linkage results indicate an
IGE locus in the region 13932 that confers sus-
ceptibility to a broad IGE spectrum, whereas
three additional susceptibility loci on 11q12,
16922 and 19913 seem to specify various
seizure types in an age-related manner. These
genomic regions contain high-ranking candidate
genes (e.g. GABRG2, GABRA1, HTR4) for muta-
tion analyses.

W04 Functional Genomics, New
Technologies

W04 01

Miniaturised Real-Time PCR Using Universal
Reporters

Rickert A.(1), Hammer S.(1), Lehrach H.(1),
Sperling S.(1)

1) Max-Planck-Institute for Molecular
Genetics, Vertebrate Genomics, Berlin

Real-time quantitative PCR is a sensitive and ac-
curate method for gene expression studies.
While detection systems with small molecules
binding to double-stranded DNA like Sybr Green
| offer the advantage of low reagent cost, they
do not allow multiplexing. In contrast the se-
quence specific Tagman based detection system
enables multiplexed expression analysis but re-
quires expensive unique probes or modified
primers for each target. Therefore we developed
the cr-real-time PCR assay which uses tailed lo-
cus-specific amplification primers for the initial
PCR cycles. In the following the PCR-Product is
amplified with one common and one locus spe-
cific primer and monitored by a universal Tag-
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 cr-real-time 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 cr-real-time PCR demonstrat-
ed high accuracy, sensitivity and robustness and
is therefore a valuable tool for various gene ex-
pression studies.

W04 02

Genome-wide 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 RZPDS3. 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 autosomal-dom-
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-/RNAi-based human live cell arrays
and high-content 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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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 array-based 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
non-polymorphic imbalances are subsequently
validated either by Fluorescence In Situ Hybridi-
sation analysis or Multiplex Ligation-dependent
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 disease-associated losses and gains, in-
cluding complex microduplications, and new
polymorphic imbalances, that otherwise would
have remained unrevealed.

Wo04 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),
Rajpert-De 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 Sertoli-cell-only
(SCO) syndrome (Kamp et al. 2001; Mol. Hum.
Reprod. 10:987-994). 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
copy-specific RT-PCR, their translational profiles
by antisera which mark specifically only the
USP9Y- or USP9X, respectively only the DBY-
or DBX-protein. 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.
13:2333-2341). 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 post-meiotic male germ line defect.

W04 05

From fishes, birds and mammals to the bony
vertebrate proto-karyotype - a comparative
study

Kohn M.(1), Hégel 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 12-14 chromosomes. This karyotype
represents the situation before the whole
genome duplication unique for teleostean fish-
es. Finally, reconstruction of a putative ancestral
proto-karyotype 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 proto-chromo-
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 proto-chromosomes. 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

Dinzinger U.(1), Nanda 1.(2), Schmid M.(2),
Haaf T.(1), Zechner U.(1)

1) Johannes Gutenberg University Mainz,
Institute of Human Genetics, Mainz

2) Julius Maximilians University Wiirzburg,
Institute of Human Genetics, Wiirzburg
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
GGAS. Interphase FISH dot assays on nuclei
from exponentially growing chicken fibroblasts
were used to compare the replication timing of
orthologues of imprinted genes and non-imprint-
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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Involvement of the transforming growth
factor-beta signaling pathway in
rhabdomyosarcomagenesis of Patched
mutant mice

Kappler R.(1), Koleva M.(1), HeB 1.(1), Herwig
A.(1), Schnitzbauer U.(2), Calzada-Wack J.(3),
Hahn H.(1)

1) University of Géttingen, Institute of
Human Genetics, Géttingen

2) Technical University Munich, Institute of
Pathology, Miinchen

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 factor-beta1
(Tgfb1), inhibin alpha, Sloan-Kettering viral
oncogene homolog, integrin alpha 1, insulin-like
growth factor 2, insulin-like 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, non-muscle
myosin alkali light chain, and vimentin. Genes
with a decreased expression in RMS comprised
cyclin G, transcription factor S-1l 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
Shh-N 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 down-stream 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 Tgf-beta 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

Erdhlich Archangelo L.(1), Hélzel M.(1),
Przemeck G.(2), Hrabe de Angelis M.(2),
Kremmer E.(2), Bohlander S.(1)

1) Med Ill, Klinikum Grosshadern, Miinchen
2) GSF, Miinchen
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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 ColP experiment to confirm
CALM-CATS 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 non-prolif-
erating T-cell lines (TYRF8 and JB4).

Transient transfection studies showed that CATS
is localized mainly to the nucleus in nodular
structures. Coexpression of CFP-CATS with YFP
tagged nucleolar proteins showed that CATS is
found predominantly at the nucleoli. Coexpres-
sion of CFP-CATS with YFP-CALM 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 YFP-CALM/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. CALM-CATS 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), Méller 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
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4) Ciphergen Biosystems GmbH, Géttingen
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 anti-calgizzarin
(S100A11), respectively. A Jenchrom pxbl-kit

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 IHC-pos-
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
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Mutation Spectrum, Frequency and
Phenotype in German Patients with MUTYH-
Associated Polyposis (MAP)
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Pagenstecher C.(1), Mangold E.(1), Caspari
R.(3), Propping P.(1), Friedl W.(1)
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Genetics, Bonn

2) University of Heidelberg, Institute of
Human Genetics, Heidelberg

3) University of Bonn, Department of
Medicine, Bonn

Background: MUTYH-associated 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 hot-spot 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 compound-heterozy-
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-



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 follow-up 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
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Genetic alterations in desmoplastic
medulloblastomas: Evidence for monoclonal
tumor origin and identification of novel
amplified and overexpressed proto-
oncogenes
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Desmoplastic medulloblastomas (dMBs) are his-
tologically characterized by two distinct tumor
components, the so-called 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 (3/283). 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, 183933-q34
and 17g22-g24. 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 17922-g24 in 2 dMBs using ma-
trix-CGH on genomic arrays of 6.000 large insert
clones. Subsequent molecular analyses of am-
plified candidate genes identified by matrix-CGH
confirmed amplification of several genes on
17928 in three dMBs and the JMJD2C gene on
9p24 in one dMB, respectively. Expression
analysis suggested RPS6KB1 as the most im-
portant target on 17923, 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 proto-oncogenes that are
aberrantly activated in these tumors.
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We analyzed the expression levels of more than
400 cancer-related genes using the cDNA array
technique in a set of capsule-invasive prostate
tumor, central tumor and matched normal
prostate tissue. The overexpression of the leu-
paxin gene in capsule-invasive tumor cells was
confirmed using quantitative real-time RT-PCR.
Leupaxin is a cytoskeleton adaptor protein be-
longing to the paxillin- protein family of LIM-do-
main containing proteins and here we demon-
strate that leupaxin is expressed in several
prostate carcinoma (PCa) cell lines. Furthermore,
down-regulation of leupaxin expression using
small interfering double-stranded RNA (siRNA)
oligonucleotides in different PCa cell lines result-
ed in morphological changes and detachment of
androgen-dependent, non-invasive LNCaP cells.
More than 50% of the LNCaP cells underwent
apoptosis 5 days after transfection with siRNA
against leupaxin, whereas control transfected
LNCaP cells, leupaxin-siRNA transfected PC-3
and DU 145 cells did not show apoptotic effects.
By using the Matrigel invasion assay we could
demonstrate that down-regulation of leupaxin
expression in invasive PC-3 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-
paxin-specific 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.
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The pericentromeric region of the human Y
chromosome: comparative FISH analysis of
a segmental duplication cluster in human
and higher primates
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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 “out-group”
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 species-specific 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.
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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)
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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 genome-wide ar-
ray-based comparative genomic hybridization
(array CGH / matrix CGH), high-resolution
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 beta-defensin clus-
ter in 8p23.1) and one deletion-polymorphism or
polymorphism-related artefact (identical in three
patients). All findings were verified with inde-
pendent methods (metaphase FISH, semi-quan-
titative FISH, MAPH) on patient material and,
where appropriate, on parental material. Four
patients were re-analyzed with an array of 6.000
large insert clones and no copy number changes
were detected.

The de novo interstitial deletion 124 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.
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Few cases of de novo unbalanced X;autosome
translocations associated with a normal pheno-
type have been described. We report a now 3-
year-old 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)(g22;911.2) 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 15gq segment. The
der(X) was determined to be of paternal origin by
both CGG-repeat analysis of FMR1 and an AR
methylation assay. Methylation analysis at the
SNRPN locus and analysis of microsatellites on

159 revealed paternal isodisomy with double
dosage for all markers and the unmethylated
SNRPN gene. The Xqg breakpoint was mapped to
within two overlapping BAC clones RP11-
575K24 and RP13-483F6 and the 159 break-
point within overlapping clones RP11-509A17
and RP11-382A4 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 X-inactivation propagation along the
normal X. We hypothesize that in X;autosome
translocations, efficient spreading of X-inactiva-
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 low-copy repeats at both
breakpoints, suggesting that they may be re-
sponsible for the formation of the translocation.
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Mitosis is a fundamental and tightly regulated
process ensuring the proper segregation of repli-
cated chromatids to the daughter cells. Prereqg-
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 prophase-like cells
can be detected by conventional-cytogenetic
techniques. These cells exhibit premature chro-
mosome condensation in G2- and delayed de-
condensation in the G1-phases 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 cycle-de-
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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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 interphase-FISH signals, cells
of interest can be selected for a further analysis.
Single cells are collected by laser microdissec-
tion, the DNA is amplified by linker-adaptor PCR
and subjected to CGH-analysis. 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
18, 18, or 21, respectively, leukemia and tumor
cells and tissue sections.
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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
CNCC-derived 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 CNCC-derived 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, DIx5, 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.
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Trimethylaminuria (TMA-uria) is an autosomal re-
cessive disorder caused by a deficiency of
flavin-containing monooxygenase isoform 3
(FMO83), a hepatic enzyme required for N-oxida-
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 dietary-derived,
malodourous trimethylamine (TMA) to its non-
volatile, non-odourous N-oxide (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
FMOS3 deficiency may play a role as susceptibil-
ity factor in pharmacological and other patho-
physiological conditions.
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Massive, infantile-lethal, non-lysosomal
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 y2
subunit of AMP-activated 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 Wolff-Parkinson-
White syndrome, a mild cardiac glycogenosis of
autosomal-dominant 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 >100-fold reduction of
binding affinities for the regulatory ligands AMP
and ATP but an enhanced basal activity and in-
creased phosphorylation of the y 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 non-lysosomal cardiac glycogenosis which
can hence be seen as a clinically distinct, par-
ticularly severe variant of hypertrophic cardiomy-
opathy with Wolff-Parkinson-White syndrome.
The existence of a heart-specific primary phos-
phorylase kinase deficiency is questionable. The
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R531Q mutations enhance the basal activity of
AMP-activated protein kinase.
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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.
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Pierson syndrome (PS; OMIM 609049) is a new
autosomal-recessive oculorenal syndrome
caused by LAMB2 mutations leading to laminin
B2 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 B2 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 long-term 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 f2
on kidney tissue was negative.

Patient 2 was born to unrelated French parents.
She had typical ocular features of PS, early-on-
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 compound-heterozygous for a truncating
LAMB2 mutation, 1477delT, and a splice site
mutation 1IVS22+2T>G which may retain some
residual protein function.

Objectives: Our observations suggest that com-
plete laminin B2 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.
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The mutational spectrum of NSDHL in
CHILD syndrome: Functional implications
Leveleki L.(1), K6énig A.(2), Bornholdt D.(1),
Rdélle P.(1), Happle R.(2), Grzeschik K.-H.(1)
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CHILD syndrome (Congenital Hemidysplasia
with Ichthyosiform Nevus and Limb Defects,
MIM 308050), is an X-linked 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-
drogenase-like protein) encoding a 38-hydroxy-
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 (co-factor
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-
sense-mutations observed in CHILD patients or

having altered other potentially functionally im-
portant sites. GFP-NSDHL fusion protein con-
structs with wild type or mutated NSDHL were
transiently expressed in different cell lines. By
comparing the localization of GFP-NSDHL 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.
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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),
WeiB S.(1), Petek E.(1), Kroisel P.(3), Wagner
K.(1)
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Silver syndrome is a complicated hereditary
spastic paraplegia associated with amyotrophy
of small hand muscles. Recently two heterozy-
gous missense mutations in the Berardinelli-Seip
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 seipin-mutants are located in the
ER and ER-membrane 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 seipin-EGFP con-
structs. Subsequently we quantified the Ca2+
concentration in the cytoplasm of single cells
with the Fura-2 technique in time laps experi-
ments. Changes of intracellular [Ca2+] were
measured by a variation in the fluorescence in-
tensity of Fura-2. Differences in Ca2+ concen-
tration were observed between cells transiently
transfected with wild-type and mutations N88S
and S90L. Upon stimulation with an IP3 gener-
ating agonist (histamine 100 OM) 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 X-linked
mental retardation, is frequently mutated
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More than 30% of mutations in families with
non-syndromic X-linked mental retardation (NS-
XLMR) seem to cluster on proximal Xp and in the
pericentric region. In a systematic screen of
brain-expressed 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.
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Identification of potential gene modifiers in
SMA discordant families

Oprea G.(1), Wirth B.(1)
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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 513 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, pre-mRNA 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 | and 2 type Ill SMA patients revealed
up-regulation of 6 genes differentially expressed
above 2-fold 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 RT-PCR 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)
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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 Smn-deficient mice ex-
hibit normal survival in cell culture, but show re-
duced axon growth. Reduced axon growth of
Smn-deficient motoneurons is associated with
reduced beta-actin protein and beta-actin mMRNA
accumulation in the distal part of the axons. This
correlates with reduced beta-actin 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 hnRNP-R, suggesting that Smn
plays a role in the axonal translocation of beta-
actin mRNA.

In order to investigate the consequences of dis-
turbed beta-actin 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 voltage-gated
Ca2+ channels. Our experiments show that
Smn-deficient 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.
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Periphilin maps to the PARKS8 region and is
a new interactor of Synphilin-1, a protein
involved in Parkinson’s disease
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Parkinson’s disease (PD) is neuropathologically
characterized by the loss of dopaminergic neu-
rons and the presence of intracytoplasmic inclu-
sions (Lewy bodies, LB). Alpha-synuclein, a
presynaptic protein, and synphilin-1, a synucle-
in-interacting protein, were found to be major
components of the LB. We recently identified a
mutation in the synphilin-1 gene in two PD pa-
tients. In order to further elucidate the role of
synphilin-1 in the pathogenesis of PD, we
searched for novel interacting proteins of syn-
philin-1 and isolated the highly insoluble protein
periphilin by yeast-two hybrid screening. Im-
munohistochemical studies identified periphilin
as a component of LB in brains of PD patients.
Interestingly, the periphilin gene maps to the
PARKS8 region. A mutation search identified a
missense mutation in two PD patients of one
pedigree. However, immunocytochemistry data
provide no indication of co-localization of the
nuclear periphilin with synphilin-1. The mutation
does neither affect the cellular distribution nor
the susceptibility to cellular stressors such as
the proteasome inhibitor MG132 or H202. How-
ever, HEK cells stably expressing mutant pe-
riphilin appeared to be more susceptible to the
nitric oxide donor S-nitroso-N-acetylpenicillamin
(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 ubiquitin-proteasome
degradation pathway. In summary, our results
link periphilin with synphilin-1 and open up new
vistas for periphilin as a novel potential patho-
genesis factor in PD.
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A novel mouse model for Spinocerebellar
Ataxia Type 3 containing 148 polyglutamine
repeats
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Spinocerebellar Ataxia Type 3 (SCA3) or Macha-
do-Joseph-Disease (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 Ataxin-3 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 Ataxin-3 gene containing 70 or
148 CAG repeats, respectively. As controls
transgenic mice expressing ataxin-3 with 15
CAG repeats were used. Western blot analyses
confirmed the expression of the transgenic Atax-
in-3 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 Ataxin-3 protein lead to
early death at about 15 weeks of age. Neu-
ropathological examination by immunohisto-
chemical stainings revealed Ubiquitin- and Atax-
in-3-positive 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 Ataxin-3 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 SCAS. In addition the different repeat num-
bers allow choosing from a more severe (148 re-
peats) or milder (77 repeats) phenotype.
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Mutations in RDH12, encoding a
photoreceptor cell retinol dehydrogenase, in
autosomal recessive retinal dystrophy
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We recently identified RDH12 (14923.3-g24.1) 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-
genase-12 (RDH12) is a photoreceptor enzyme
proposed to function in the visual cycle to con-
vert all-trans retinal (released from bleached vi-
sual pigments) to vitamin A that is used by the
RPE to reform the chromophore 11-cis 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 COS-7 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, L99l,
G127X, [c.429C>G;c.430C>G;c.432delG],
G145E, H151D, T155l, Y195X, A206D, R239W,
L274P, C285Y, and R295X. Each of the missense
variants tested exhibited decreased or aberrant
activity relative to wild-type when assayed for
their ability to catalyze the interconversion all-
trans retinol and all-trans retinal. In all patients
with RDH12 mutations, the disease affected
both rods and cones with onset of symptoms in
early childhood (2-4 y) and progression to legal
blindness in early adulthood (18-25 y). Our stud-
ies suggest that RDH12 mutations account for
about 5% of cases of severe, childhood-onset
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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A two step imprinting defect involving CTCF
binding sites results in Beckwith-
Wiedemann syndrome and Wilms’tumor
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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 imprinting-centers (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 IGF2-loss 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 BWS-WT
phenotype is associated with/characterized by
a further increase of IGF2 levels resulting in crit-
ical activation of a receptor signaling cascade
(PIBK-AKT-mTOR-4EBP1/S6K). Activation of this
cascade seems to be a tumor predisposition
marker of BWS with various predictive and even
therapeutic implications.
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An inversion involving the Sonic Hedgehog
locus results in the mouse Short Digits (Dsh)
phenotype through dysregulation of Shh
expression
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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 cis-reg-
ulatory enhancers. Using extensive in situ hy-
bridization analysis and quantitative RT-PCR 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 Gli1-3, Patched and
Pthih 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.
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Microarray analysis combined with
microdissection of fetal human neocortex
identifies candidate genes for brain
development and function
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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 15-25 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
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Nijmegen Breakage Syndrome: Proteomic
analysis of Nbn null-mutant mice.
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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 B-cell 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. LoxP-sites were introduced into the
murine genome either side of Nbn exon 6. Ex-
pression of cre-recombinase 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 6-deletion by injection of
polyl: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.
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The impact of ovarian stimulation on
imprinted gene methylation in
preimplantation stage mouse embryos
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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 Beckwith-Wiedemann 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>, <lgf2r>, <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 non-stimulated 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 5-12 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.
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Arrhythmogenic right ventricular
cardiomyopathy (ARVC) is caused by a
mutation in the calcium-binding protein
calsequestrin 2

Wolinik B.(1), Sahin E.S.(2), Uyguner O.(2),
Uzumcu A.(2), Dindar A.(3), Adalet K.(4),
Yekeler E.(5), Olender T.(6), Yuksel-Apak 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 catecholamine-induced 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
ARVD?2 similar phenotype. The 26 year-old index
patient presented with recurrent syncopes,
structural changes of the right ventricular wall
due to fibro-fatty 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
calcium-binding 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 Il of
the protein. Three-dimensional 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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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), Nirnberg P.(1,2), Janka
G.(3), zur Stadt U.(3)

1) Max Delbriick Center for Molecular
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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,
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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 FHL-3. 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 genome-wide 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 FHL-2 and
FHL-3 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 Single-Nucleotide
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
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Classic cystic fibrosis (CF) is caused by two
loss-of-function 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 CFTR-associated 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
CFTR-associated 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 single-nucleotide 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 ¢.1540A/G, ¢.2694T/G,
and c.4521G/A may have affected pre-mRNA
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 Co-activator
Eya4 Causes Dilated Cardiomyopathy and
Sensorineural Hearing Loss

Schénberger 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 Wiirzburg, Dep. of Medicine
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2) Harvard Medical School, Dep. of
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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 25-30% 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-
tosomal-dominant co-inheritance 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 6923 to 24 were co-inherited 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 RP1-32B1. 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-
tosomal-dominant 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 oligo-injected 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 loss-associated 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 Eya4-Six mediated tran-
scriptional regulation for normal heart function
and thereby provide novel insights into the
pathophysiological pathways of heart failure.
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Very high prevalence of hereditary
prosopagnosia - a first report

Kennerknecht 1.(1), Grater T.(2), Welling B.(1),
Horst J.(1), Griter M.(1)
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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, Gruter 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 (Gruter et al. 2005). A diagnosis
of hereditary prosopagnosia was established in
18 individuals. This gives a prevalence of 2.6 %
at least in this population. This frequency is



among the highest known for a monogenic dis-
order.
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Whole gene deletions of SALL4 as well as
deletions of single exons are a common
cause of Okihiro and acro-renal-ocular
syndromes and confirm haploinsufficiency
as the pathogenetic mechanism
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Okihiro (Duane Radial-Ray) 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 acro-renal-ocular 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 1-3. 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 Alu-element. In another family,
the deletion size was 59.4 kb with both break-
points within Alu-elements, 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-
nant-negative action of SALL1 mutations caus-
ing Townes-Brocks syndrome, Okihiro and acro-
renal-ocular syndromes are clearly resulting from

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

W11 Prenatal Diagnosis
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Stem cells in human amniotic fluid
Hengstschldger M.(1)
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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. Oct-4 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 Oct-4-positive 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 Oct-4 promoter or the Rex-1 pro-
moter we a currently isolating Oct-4/Rex-1-pos-
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),
Schindelhauer-Deutscher H.J.(2), Zang K.D.(2),
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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 self-support 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), Rudnik-Schéneborn 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: 1-2% or 3-5%, 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%; 2-5%:23%; 6-10%:17,7%; 11-
15%:12,0%; 16-20%:11,0%; 21-30%: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.
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Polar body diagnosis for monogenic
disorders by one step-multiplex
fluorescence PCR
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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 AF508 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 pre-treatment counseling, assisted
reproduction with polar body diagnosis and the
subsequent pregnancy.
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Prenatal exclusion/confirmation of Fanconi
Anemia
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Objectives: There are three main indications for
prenatal exclusion/confirmation of Fanconi ane-
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mia (FA): (1) FA-negative family history, but sus-
picious ultrasound findings such as radial ray
aplasia, (2) FA-positive family history, but lack of
information about the affected gene and/or mu-
tation. (3) FA-positive 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 (G2-phase
accumulations) without and with Mitomycin C-
treatments using single and dual parameter
(BrdU-Hoechst) flowcytometry.

Results: Single parameter flow-cytometry cor-
rectly identified 2 positive and 9 negative cases
on the basis of MMC-sensitivity 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
AF-cell cultures and bivariate flowcytometry of
UC-cell 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 BrdU-substituted 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
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Systematic linkage disequilibrium analysis
of SLC12A8 at PSORS5 confirms a role in
susceptibility to psoriasis vulgaris
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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 parent-offspring trios as well as new sam-
ples of 375 single patients with psoriasis vulgaris
and of 376 controls for a case-control 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 LD-blocks of 3-20
kb size each. In the case-control samples we
detected significant association of six different
SNPs for psoriasis vulgaris at single SNP level,
while three LD-based haplotypes showed asso-

ciation. Association was strongest for SNP 34
(R = 11.224, p = 0.0008) and haplotype E-2 ([
=11.788, p = 0.00059) and was independent of
the presence of an HLA-associated 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 parent-offspring
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
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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), repeat) in
DSM-IV 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). Single-marker and
haplotype analysis for association with the phe-
notype was performed.

Results: Three-marker haplotype rs988748-
(GT)p, -rs6265 produced significant associations
with all phenotypes under investigation



(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 p-value 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
SCNb5A gene is associated with ventricular
conduction impairment

Pfeufer A.(1), Bezzina C.(2), Jalilzadeh S.(1),
Koopmann T.(2), Perz S.(3), Mdller J.(3), Yang
P.(4), Roden D.(4), Wilde A.(2), Wichmann H.-
E.(3), Kdéb S.(5), Meitinger T.(3)
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3) GSF National Research Center, Munich

4) Vanderbilt University School of Medicine,
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5) LMU Munich, Med. Klinik | -Grosshadern,
Munich

Background: The SCN5A gene encodes the o-
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.
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Sarcoidosis is associated with a truncating
splice site mutation in the BTNL2 gene
Schirmann M.(1)

1) Institute of Human Genetics, University of
Liibeck, Liibeck

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 butyrophilin-like 2
(BTNL2) gene. The major disease variant (provi-
sional designation “BTNL2_SAR”, p TDT = 3*10-
6, p case/control = 1.1*10-8, replication p TDT =
0.0018; p case/control = 1.8*10-6) represents an
independent risk factor from DRB1.
Conclusions: BTNL2 is a member of the im-
munoglobulin superfamily and has been impli-
cated as a co-stimulatory molecule involved in
T-cell activation on the basis of its homology to
B7-1. 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 V5-tag fusion
protein experiments.
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Genetic association of psoriatic arthritis but
also of psoriasis vulgaris with haplotypes at
PTPN22 and evidence for epistasis with the
HLA-C associated risk factor at PSORS1
Huaffmeier U.(1), Lascorz J.(1), Steffens M.(2),
Schirmeier-Horst F.(3), B6hm B.(4), Lohmann
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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 disequilibrim-based 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 HLA-C (PSORS1) revealed evi-
dence for epistasis in both the psoriasis vulgaris
(p=1.27 E-09) and the psoriatic arthritis cohorts
(p=3.78 E-05). 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 HLA-C associated risk factor in a
common pathway.
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Molecular Genetic Dissection of
Photosensitivity and its Relationship to
Idiopathic Generalised Epilepsy
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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 spike-and-wave dis-
charges (PPR type I-1V). 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 13-18% of idiopathic ab-
sence epilepsies, and in 30-35% 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 PPR-specific and IGE-
related susceptibility loci, two distinct family
subgroups were defined, comprising 19 families
with predominantly pure PPR and photosensitive
seizures (PPR-families), and 25 families, in which
PPR was strongly associated with IGE
(PPR/IGE-families). MOD-score analyses provid-
ed significant evidence for linkage to the region
6p21.2 in the PPR-families (pointwise empirical
P = 0.00004), and suggestive evidence for link-
age to the region 13931.3 in the PPR/IGE fami-
lies (P = 0.00015), both with a best-fitting reces-
sive mode of inheritance. Our study reveals two
PPR-related susceptibility loci, depending on the
familial background of IGE. The locus on 6p21.2
seems to predispose to PPR itself, whereas the
locus on 13g31.3 also confers susceptibility to
IGE.
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Deciphering the pathogenetic importance of
t(8;14)(q24;932) 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) Universitdtsklinikum Schleswig-Holstein,
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Mechanismen bei malignen Lymphomen
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(Hématologie und Onkologie), Géttingen

The Burkitt translocation t(8;14)(q24;932) 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-
IG-locus 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 MYC-positive high-grade
lymphomas. Conventional morphologic, molec-
ular genetic and cytogenetic approaches along
with novel genome wide high-resolution tech-
niques including matrix-CGH and gene expres-
sion profiling are being applied. Currently, gene
expression profiling using the Affymetrix U133A
GeneChip has been performed in 166 high grade
B-cell 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 interphase-FISH
using probes for the detection of chromosomal
aberrations affecting the IGH, MYC, BCL2,
BCL6, MALT1 and REL loci. Moreover, genome-
wide matrix-CGH 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 MYC-positive
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 high-grade B-cell ymphomas associat-
ed with particular gene expression profiles and
recurrent genomic imbalances.

Supported by the Deutsche Krebshilfe (70-3173-
Tr3)
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Detection of telomeric repeats using the
single cell gel electrophoresis-FISH
technique in DNA damaged by cytostatics
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Greulich K.(3), Rapp A.(3), Arutyunyan R.(2)
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Objectives: The involvement of telomeric re-
peats in DNA damage induced by cytostatics
was determined.

Material and Methods: Directly labeled telom-
ere-specific 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, CCRF-CEM 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 dose-related 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 dose-dependent-
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 CCRF-CEM
and normal leukocytes,less in HT1080. The
steepest dose-related 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 Comet-FISH 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.
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Detection of cryptic chromosomal
aberrations in acute lymphoblastic
leukaemia (ALL)
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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
103:34-39) and subCTM-FISH (i.e. 24 chromo-
some-specific 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)(g31),
der(4)t(4;18), del(5)(g21)/del(5)(q11.2)/r(5q), ins
(5;7)(921;p14p22)/t(3;7)(p21;911.23) and t(7;17)
(p22;922). 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)(g25), 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 pilot-study demonstrate an un-
expected high rate of cryptic chromosomal aber-
rations of 75 % of ALL-cases.

Supported in parts by the DFG (436 ARM
17/2/04), the Deutsche Krebshilfe/Mildred
Scheel Stiftung fir Krebsforschung (70-3125-
Li1), the IZKF together with the TMWFK (TP 3.7
and B307-04004) and the UICC.
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Chromosome-torsions detected in
cytogenetic preparations of bone-marrow -
preparation induced artifacts or something
leukemia-specific?
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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 AML-M6 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 g-arm 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 two-color-FISH studies using probes for
1p and 1q were applied to in summary eight
cases with AML-M6. 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
AML-M2, AML out of MDS and AML-M5 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 chorion-sample. 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 tissue-specific 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 (70-3125-
Li1) and the IZKF together with the TMWFK (TP
3.7 and B307-04004).
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A novel t(14;19)(q32;q12) juxtaposes the
CCNE1 candidate oncogene to the IGH
locus in a leukemic B-cell lymphoma
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Translocations juxtaposing oncogenes next to
the immunoglobulin heavy chain (IGH) locus in
chromosomal region 14q32 are the hallmark of
various B-cell 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;912), in a case of
leukemic B-cell 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
VH4-34 segment. In addition to the t(14;19), the
tumor cells show a complex karyotype including
a t(8;14)(q24;932). By fluorescence in situ hy-
bridization (FISH) the two IGH alleles were
shown to be translocated, one to MYC in 8924,
and the second to 19q12. Using BAC-clones lo-
cated in 19912, 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;932), 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 MCL-like 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”, 70-3173-Tr3/B2)
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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
(SKYO, 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.
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Identification of genetic subgroups and
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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 non-anaplastic 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
meta-analysis we could confirm the existence of
three disjunct subgroups of ODGs, characterized
by the existence of the aberration pattern -1p/-
19qg (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 15g 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.
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are associated with tumor progression
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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 Il (16
oligodendrogliomas and 5 oligoastrocytomas)
and 49 as WHO grade lll (25 anaplastic oligo-
dendrogliomas and 24 anaplastic oligoastrocy-
tomas).

Most frequent genomic gains were identified on
79 (24 %), 19p (19 %) and 7p (17 %). Genomic
losses were most frequently found on 19q (64 %),
1p (59 %), combined loss 1p/19q (59 %), 9p (26
%), 49 (21 %), 10q (19 %), 18q (17 %), 4p, 13q,
149 (16 % each). Amplifications were found in 8
tumors and mapped to 1921, 1931-q32, 3p24-
p26, 4912-913, 5914, 6p12-p21.1, 7p12, 89g23-
24, 10p12-p13, 12p12-p13, 12p, 21g11.2-g21.
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Statistical analyses showed that gain on 7p is as-
sociated with WHO grade Il tumors (p= 0.03)
whereas loss on 14q is significantly more com-
mon in WHO grade Ill tumors (p= 0.03). When
comparing only oligodendroglial tumors of differ-
ent grades, loss on 9p is associated with WHO
grade Il 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;932)-positive B-cell 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)
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Germany
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Kochi, Japan
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Fujisaki Cell Center, Okayama, Japan

4) Nagoya University Graduate School of
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5) Fukushima Medical University, Dept. of
Pathology, Fukushima, Japan

6) University of Alberta Hospitals, Cross
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7) Friedrich Schiller University, Inst. of
Human Genetics and Anthropology, Jena,
Germany

Introduction: Translocation t(11;14)(q13;932)
has been considered to be the initial step in tu-
mor development in a subset of B-cell non-
Hodgkin lymphomas (NHL). The juxtaposition of
CCND1/BCL1/PRRAD-1 on 11g13 to the IgH en-
hancer on 14932 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;932) oc-
curs in only 15-20% 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)(913;932)-positive B-cell NHL cell lines.
Methods: Eleven t(11;14)(q13;932)-positive B-
cell NHL cell lines, including 6 MCL and 4 MM
cell lines were analyzed using spectral karyotyp-
ing (SKY), R-banding, 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 deletion-prone loci in MCL cell lines.
In contrast, in MM cell lines breakpoints most of-
ten involved the heterochromatic regions 1p11-
12,1912, and 1g21.

Conclusions: These data show that different
mechanisms inducing the chromosomal instabil-
ity act in t(11;14)(913;932)-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 B-cell NHL.
Project funded by the European Union (contract
no. QLG 1-2000-00687) and in part by the
Deutsche Krebshilfe (project no. 70-3125-Li1)

P010

Genomic profiling of pleomorphic
xanthoastrocytomas by chromosomal-CGH
and matrix-CGH

Hoischen A.(1), Ehrler M.(1), Radlwimmer B.(2),
Reifenberger G.(3), Lichter P.(2), Weber R.G.(1)
1) Rheinische Friedrich-Wilhelms-University,
Institute of Human Genetics, Bonn

2) German Cancer Research Center,
Department of Molecular Genetics,
Heidelberg

3) Heinrich-Heine-University, Department of
Neuropathology, Duesseldorf

Pleomorphic xanthoastrocytomas (PXAs) are
rare astrocytic neoplasms corresponding histo-
logically to WHO grade Il. 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. Chromosomal-CGH 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, 99 and 20 (8% each) as well as 4, 5
and 19 (4% each). Amplifications were found in
2 tumors and mapped to 2p23-p25, 4p15,
12913, 12921, 21921 and 21922. 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
chromosomal-CGH could also be detected by
the matrix-CGH experiments. In 3 of the 7 PXAs,
additional aberrations were found by matrix-
CGH. Imbalances detected by matrix-CGH were
verified by interphase-FISH 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.

PO11

Recurring Pattern of Genomic Imbalances in
Retinoblastoma

Schneider S.(1), Lohmann D.(2), Hehn L.(1),
Lieth E.(1), Rieder H.(3)

1) Universitédtsklinikum Marburg, Institut fiir
Humangenetik, Marburg

2) Universitédtsklinikum Essen, Institut fiir
Humangenetik, Essen

3) Universitédtsklinikum Marburg, Institut fir
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Universitédtsklinikum Diisseldorf, Institut fiir
Humangenetik und Anthropologie,
Diisseldorf

Retinoblastoma (Rb) is the most common pri-
mary intra-ocular 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
2-97.7 months, and of hRb cases 1.2-67.7
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 +1qg and -16q occur
later in tumor evolution. Among different combi-
nations of copy number changes (CNC), +6p,
+1qg 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 +1g 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, Ri-1123/1-1
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Assessment of the reliability of conventional
chromosome analysis based of R- and G-
banding and M-FISH for the detection of
chromosomal changes in high grade B-cell
lymphomas
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D.(4), Martin-Subero J.1.(1), Siebert R.(1),
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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 G-banding chromosome analyses
are conventionally used, but other more ad-
vanced techniques like multiplex fluorescence in
situ hybridization (M-FISH) are gaining impor-
tance. Here, we aimed to determine the power
of M-FISH as compared to conventional cytoge-
netics to detect chromosomal changes in high
grade B-cell lymphomas. To that purpose, 17
diffuse large B-cell lymphomas (DLBCL) were
systematically studied by M-FISH, R- and G-
banding (group A), 10 DLBCLs by M-FISH and
G-banding (group B), and 2 DLBCLs and 2
Burkitt ymphomas (BL) by M-FISH and R-band-
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, M-FISH and R-banding
showed identical chromosomal changes in 5
(30%) cases, which were not detected by G-
banding. R- and G-banding showed discrepant
results in 16 (94%) cases. M-FISH 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 M-FISH are comple-
mentary for the cytogenetic characterization of
high grade B-cell ymphomas. 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”, 70-3173-Tr3)
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INTERPHASE CYTOGENETICS IN 174
PATIENTS WITH CHRONIC LYMPHOCYTIC
LEUKEMIA

Krémer E.(1), Jdger U.(2), Heintel D.(2),
Fonatsch C.(1)

1) Abteilung fiir Humangenetik des
Klinischen Instituts fiir Medizinische und
Chemische Labordiagnostik (KIMCL),
Medizinische Universitit, Wien

2) Universitéatsklinik fiir Innere Medizin 1,
Wien

Objectives: Chromosome aberrations in CLL
have proven to be important predictors of dis-
ease progression and survival time (Déhner 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 B-cell
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. FISH-analy-
ses were done for deletions in chromosome
bands 11922~23 (ATM locus), 13q14 (D13S272
probe) and 17p13 (p53 gene), for trisomy of
chromosome 12 and for translocations involving
band 14932 (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 13g14 followed by trisomy of 12913
and the loss of one 11g22~23 signal.
Furthermore it could be demonstrated that
mRNA expression of ZAP-70 and AID (activa-
tion-induced 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), Patino-Garcia 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, Uim

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 in-vivo 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 (50-60 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.

P0O15

Recurrent tumor arising in a pleomorphic
adenoma characterized by karyotypic
rearrangements besides the t(3;8)(p13;q12)
Belge G.(1), Réser 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
12g13-15 and the second subgroup by alter-
ations of the chromosomal region 8q12. In pleo-
morphic adenomas with 12q13-15 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;912),-
4,+5,der(5)t(3;5)(p13;p14),der(6)t(4;6)(q12;913),
+7,inv(7)(p12931.2),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
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Clinical and molecular analyses in patients
with Cornelia de Lange syndrome
Gillessen-Kaesbach G.(1), Meinecke P.(2), Van
Wees C.(3), Lohmann D.(1)
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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 metacarpo-phalangeal 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 Nipped-B that facili-
tates enhancer-promoter 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)
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Craniofrontonasal syndrome (CFNS [OMIM
304110]) is an X-linked 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,
1209-1215). 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
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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 full-length (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
I-1ll 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 70-100 mg VPA/I (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.
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Molecular support for MEHMO (mental
retardation, epileptic seizures,
hypogonadism and -genitalism,
microcephaly, obesity) as a distinct
nosologic entity

Nolte D.(1), Mdller U.(1)
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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 [Steinmdller 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 X-linked men-
tal retardation syndromes, including ISSX (infan-
tile spasm syndrome, X-linked), Partington syn-
drome (dystonia, ataxia, mental retardation,
seizures), West syndrome (infantile spasms,
epileptic seizures, arrest of psychomotor devel-
opment), and in non-syndromic intellectual dis-
ability with myoclonic epilepsy and generalized
spasticity, with or without hyptonia and macro-
or microcephaly. Furthermore, ARX mutations
were described in X-linked 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-
tron-exon 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: Steinmiller R, Steinberger D, Muller
U. Eur J Hum Genet 1998; 6:201-206
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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)
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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 Il) 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 | and Il) CES chromosomes, but it predict-
ed the chromosome 22q duplication syndrome,
not CES. This SMC included a marker from band
22012.3 and conferred only one extra copy each
of the 22 centromere, CECR, and common
22911 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 lll) CES chromosome. In this study, six dis-
tinct intervals on 22q were found to be relevant
for FISH diagnostics. We propose to identify



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

P021

Narrowing the candidate region of Albright
Hereditary Osteodystrophy-like syndrome
by quantitative real-time 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 Géttingen, Institute of
Human Genetics, Géttingen

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 brachydactyly-mental
retardation-syndrome. The AHO-like 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 time-PCR
based aproach. The smallest deletion found in a
patient with AHO-like 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
AHO-like syndrome has a deletion of 1.5 Mb and
additionally a duplication of chromosome 18pter.
Our data indicate, that the ,AHO-like syndrome
critical region” thus has a size of about 1.0 Mb
and contains several genes, for e.g. glypican-1,
that was already suggested as a candidate gene
in other studies. To elucidate the role of glypi-
can-1 in the AHO-like syndrome, a knockout ap-
proach in mice is planned.

P022

Genomic variants of TNFa and TNFf and
their impact on TNFa gene and protein
expression in vivo

Schulz S.(1), Rehfeld D.(1), SuB T.(1), Rehfeld
D.(1), Schagdarsurengin U.(1), Hansmann 1.(1),
Werdan K.(2), Mdller-Werdan U.(2)

1) Inst. of Human Genetics & Med. Biol.,
Halle

2) Univ. Halle, Dep. Intern. Med., Halle

TNFo and B are important cytokines in the com-
plex signalling pathway involved in the develop-
ment of CAD. Methods: Influence of 2 polymor-
phisms (PM) of TNFo(c.-238G>A) and TNFp
(T60N) on the in vivo TNFo-expression 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>A-PM is influencing TNFa. 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 CAD-patients (p=0.013). A significant
effect of the T6ON PM on TNFo 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 CAD-group
(p=0.079). A haplotype-analysis revealed that the
c.-238G>A PM is a stronger predictor for an el-
evated TNFa mRNA-expression. The heterozy-
gous variant AC-AG (T60N-c.-238G>A) causes

the highest expression (9+7.6ag/cell) followed by
the variant CC-AG (8.4+2.8ag/cell). All other
combinations showed significant lower expres-
sion rates (AC-GG: 7.5+6.6; CC-GG: 5.5+5.5;
AA-GG: 4.3+4ag/cell; p=0.002). On translation-
al level only the T60ON-PM, could be referred as
a predictor of TNFo protein-expression in the
group of CAD-patients but not in the whole pa-
tient group: A-allele carriers showed a signifi-
cantly increased TNFoprotein-expression
(p=0.045). Conclusions: genomic variants in both
TNFo and TNF gene are proven to affect in vivo
TNF-o gene-expression. Especially in CAD, an
effect of the TNFo-PM c.-238G>A and the
TNFB-PM 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),
Burck-Lehmann U.(3), Zierler H.(4), Wieacker
P.(1)

1) Otto-von-Guericke-Universitét, Institut
fliir Humangenetik, Magdeburg

2) Universitét GieBen, Institut fiir
Humangenetik, GieBen

3) Praxis PD Dr. Burck-Lehmann, Kéin

4) Medizinische Universitat Graz, Institut fiir
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,XY-karyotype 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
2-8 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 bp-duplication, respective-
ly. Another premature stop codon found in a
CAIS-patient results from an already reported
nucleotide substitution in exon 5. All other mu-
tations caused single base substitutions spread
through exons 2-8 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
NICOLAIDES-BARAITSER- SYNDROME
Kuechler A.(1), Kratzsch W.(2), Hinkel G.(3),
Verloes A.(4), Gillessen-Kaesbach G.(5)

1) Institut fiir Humangenetik und
Anthropologie, Friedrich-Schiller-
Universitéit, Jena

2) Kinderneurologisches Zentrum,
Krankenhaus Gerresheim, Diisseldorf

3) Institut fiir Klinische Genetik, Technische
Universitéat, Dresden

4) Unité de Génétique Clinique, Hépital
Robert Debré, Paris, France

5) Institut fiir Humangenetik,
Universitatsklinikum, 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 non-consan-
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. X-rays 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 Nicolaides-Baraitser syndrome and propose
the important clinical features necessary for di-
agnosis.

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

Sotos-syndrome 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 ligation-dependent probe amplifica-
tion) to identify submicroscopic deletions of
NSD1 exons.

Till now there have been 12 patients with sus-
pected Sotos-syndrome 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 DGGE-analysis is a reliable and easy to per-
form technique for the detection of mutations in
the NSD1-Gen.

P026

Bloom Syndrome - The Extended Phenotype
Passarge E.(1), Léser H.(1)

1) Institut fiir Humangenetik,
Universitdtsklinikum 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) light-sensitive 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
15926.1. 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) Ruhr-University Bochum, Department of
Human Genetics, Bochum

2) Fachklinik fiir Kinderneurologie und
Sozialpddiatrie Kénigsborn, 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 Xg28. 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 RT-PCR 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 X-inactivation. 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 g- 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 4g 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
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Genetic information in the workplace -
Results of a survey of German occupational
health physicians

Schmitz D.(1)

1) Universitét Tiibingen, Institut fiir Ethik
und Geschichte der Medizin, Tiibingen
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 Werksarzte 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 pre-employment medical ex-
aminations (96,7 %) genetic laboratory testing is
performed in their companies. Family medical
histories are part of 86% of pre-employment
medical examinations though, which most of the
companies surveyed (90%)routinely ask for.



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 pre-employment 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 pre-employment 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 27009 (< 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 G-band-
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): 347-53] 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 1.(2),
Kennerknecht 1.(1), Horst J.(1)

1) Westf. Wilhelms-Universitdt Miinster,
Institut fiir Humangenetik, Miinster

2) Technische Universitdt Dresden, Institut
fiir Klinische Genetik, Dresden
Branchio-Oto-Renal (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 splice-donor 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) Max-Planck-Institut 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, laryngo-tra-
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 22g11.2 investigations.

Mutation analysis in MID1 gene, presuming an
X-linked 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, X-chro-
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 fiir Humangenetik, Otto-von-
Guericke-Universitdt, Magdeburg

2) Institut fiir Transfusionsmedizin, Otto-
von-Guericke-Universitit, 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 t?/ping revealed three alleles
(ABO*AZ, AB0*0' and ABO*B). Following molec-
ular HLA-genotyping using peripheral blood
samples and skin fibroblasts confirmed these re-
sults. Also three HLA-alleles for HLA-A 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 Il with two different
sperms.

P034

Atypical tuberous sclerosis with NF1-like
multiple hyperintense (T1) lesions in MRI
caused by TSC2 missense mutation

Hoyer J.(1), Huk W.(2), Mayer K.(3), Rauch A.(1)
1) Friedrich-Alexander University Erlangen-
Nuremberg, Institute of Human Genetics,
Erlangen

2) Friedrich-Alexander 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 9-year 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
(Thr1071lle) 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 net-like
hypopigmentation on both thighs which were
only visible by wood-light 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. Ill
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 region-specific
homeotic gene spalt (sal), encoding a zinc finger
protein of characteristic structure. Mutations of
SALL1 on chromosome 16q12.1 were demon-
strated to cause Townes-Brocks 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 DNA-binding domain. Here we report
that SALL1 contains two repression domains,
one located at the extreme N-terminus 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 NIH-3T3
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-
DNA-binding 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 full-length SALL1 protein is known to
display a similar punctate distribution pattern at
these DAPI-bright 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.
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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?
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Gillessen-Kaesbach G.(1)
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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 12-year-old 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.
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Dissecting the pathogenesis of dilated
cardiomyopathy due to a heterozygous Arg
9 Cys mutation in phospholamban
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We recently identified a heterozygous Arg 9 Cys
mutation in phospholamban (PLN ) in a fam-
ily with autosomal dominant inheritance of dilat-
ed cardiomyopathy (DCM) (Schmitt et al., 2003).
Phospholamban (PLN) is a cardiac-specific
transmembrane protein of the sarcoplasmic
reticulum (SR) that inhibits the Ca2+-ATPase
SERCA2a.

Our investigations using transgenic mice (Tg-
PLNRQC) and human cell lines revealed that
PLNROC plocked protein kinase A (PKA)-medi-
ated phosphorylation of both PLNR9C and wild
type PLN resulting in constitutive inhibition of
SERCA2a and reduced SR Ca2+ uptake rates.
To better understand the dominant acting mech-
anism of the heterozygous mutation we ablated
wild ype PLN from TgPLNR9®C_mice (Tg-
PLNR -PLN'/'). Surprisingly, these mice lived
for longer than 1 year, while TgPLNRgC-mice
died of heart failure at the age of 21+6 weeks.
TgPLNRgC’PLN‘/—myocytes demonstrated res-
cued kinetics of SR Ca2+ uptake and myocyte
relaxation. The findings were explained by in vit-
ro experiments showing that PLN C exhibited
only about 25% of wild type PLN function.

We further wanted to analyze the mechanism of
PKA inhibition due to PLNR9C. pitferent
aminoacid substitutions were introduced in po-
sition 9 of PLN and expressed in HEK 293 cells.
Intri%uingly, the Ehosphorylation patterns of
PLNR9A and PLNR9S turned out to be indistin-
guishable from wild type PLN. Only the PLNR9C
mutant demonstrated a clear reduction of 32pP
incorporation.

We conclude that (i) specific changes in myocyte
Ca?+ c&cling can lead to DCM, (ii) heterozygous
PLNROC can exhibit its detrimental effects only
in the presence of wild tgge PLN and (iii)
malphosphorylation of PLNREC s not caused by
the loss of an arginine residue or a change in
charge, but by the gain of a cysteine residue.
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De novo interstitial deletion of
4q[46,XY,del(4)(q25g31.1)] in a 35 year old
patient with multiple congenital anomalies
but without Rieger anomaly.
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Interstitial deletions of the long arm of chromo-
some 4 involving the region of 4925-931.1 are
rare. Previous reported cases mostly involve ei-
ther the region 4925-927 often associated with
Rieger syndrome, or the region 4q31-qgter 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)(q25931.1). The clinical findings include
mental retardation, membranous aortic stenosis



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 G-banding 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
Bac-clones were ordered from the RZPD
(Deutsches Ressourcenzentrum fir 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 RP11-265M21 and RP11-326N15 and the
distal breakpoint between RP11-435P6 and
RP11-1062K20. The phenotypic expression not-
ed in patients with specific 4925-933 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.
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Genetic counseling from the clients’
perspective
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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 5-point 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.
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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 SNP-GeneChip 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.
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missense mutation in BMPR1B
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Isolated brachydactylies (BD) are phenotypical-
ly and genetically heterogeneous and have been
classified into at least 5 different groups A-E
(Bell 1951). Subgroups BDA1-A3 are considered
as autosomal dominant traits. Linkage analysis
in 2 unrelated German families mapped the
BDA2 locus to 4921-g25. 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
34-year-old woman with isolated brachydactyly
of fingers Il and Ill. In contrast to the affected
members of the two BDA2 families, fingers Il on
both hands instead of fingers Il 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 Ill to V in-
stead of | and Il. X rays of both hands and feet
at an age of 10 yrs. documented brachydactyly
of fingers Il and Ill. 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 arginine-to-glutamin
substitution is related with a slightly different
manifestation compared with the arginine-to-
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.
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Two different chromosomal aberrations, of
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neurofibromatosis von Recklinghausen,
developmental delay, facial dysmorphy, and
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Most cases of Neurofibromatosis type | result
from a point mutation and some represent chro-
mosomal microdeletions at NF1. Patient was
born from the 2nd pregnancy to young, healthy,
non-consanguineous 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 cafe-au-lait
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-
au-lait 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 17g11.2
between BACs 271K11 and 640N20, which
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yielded diminished signals: ish del(17)
(911.2911.2)(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)(936;?p12)(G31340+). The sam-
ple was traced back to this child with 17g11.2
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.
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Progeroid syndromes are a heterogeneous group
of disorders including Hutchinson-Gilford-Prog-
eria syndrome and other lamin A/C related dis-
orders, some chromosome instability syn-
dromes, Werner syndrome, Wiedemann-Rauten-
strauch syndrome, some types of Ehlers-Danlos
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.
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Atypical 22q11.2 deletions in two patients
with palmoplantar hyperkeratosis and
unusual clinical features
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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
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in 229 (named A-H). 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 LCR-D, the distal BP of
the common large 3 Mb deletion. In the second
patient the deletion involved LCR-A and extend-
ed beyond LCR-C where probes flanking LCR-D
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 2211 deletions. Further cases are required
to evaluate how frequent this feature is being
found with atypical 22q11 deletions.
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Hyperparathyroidism-jaw 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 1925-g32. HRPT2 is suggested to
function as a tumor-suppressor 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 HPR-JT 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 HPR-JT. We
report on a multigeneration family with the hy-
perparathyroidism-jaw 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

(Sau3Al) 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
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Advantages and Limitations
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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 G-banded 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 X-chromo-
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
Xg.

In one case MCB gave no hint of an intrachro-
mosomal aberration although G-banding 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 G-banding 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.
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Third Case of Carnevale Syndrome
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We report on a 14-year-old 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 7-8 months, free walking at 1
Y2 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.
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Marshall-Smith 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 x-rays 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.
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Duplication of 17p11.2 in two patients
identified by cytogenetic and molecular
genetic analyses - is the duplication of the
Smith-Magenis region underdiagnosed?
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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 region-specific 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
Smith-Magenis syndrome, dup(17)(p11.2p11.2)
syndrome, Charcot-Marie-Tooth disease type 1A
(CMT1A) and hereditary neuropathy with liabili-
ty to pressure palsies (HNPP).

Whereas Smith-Magenis 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
80-90 % 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.
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A novel nonsense mutation in LMNA leads
to nonsense-mediated decay and causes
early atrial fibrillation, stroke, AV block,
dilated cardiomyopathy and limb girdle
musculat dystrophy through
haploinsufficiency
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Mutations in the lamin A/C gene (LMNA) lead to
a variety of phenotypes including Emery-Drei-
fuss-muscular dystrophy (EDMD2), limb-girdle
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 genotype-phe-
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, AV-Block, 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 co-segre-
gates with the phenotype in an autosomal-dom-
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 alpha-helical
rod domain.

However, RT-PCR 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 nonsense-mediated 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”.
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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-
er-specific probes as well as mapped BAC
clones from the genomic region of 2q37. Mole-
cular-cytogenetic 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
(Galactose-3-O-sulfotransferase 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.
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Partial deletions of chromosomes 9 and 22
in a child with distinct morphological
phenotype
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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;911.2),-22. Chromosome
analyses of lymphocytes from the parents re-
vealed normal karyotypes.

The girl is the second child of a 34-year-old
woman and a 36-year-old 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
1), 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
22g11.2 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.
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We report on a German family affected by the
rare autosomal-recessive 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 ¢.579-594ins16 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.
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Molecular analysis of a translocation t
(17;20) (g25;q13) in a patient with Silver-
Russell syndrome
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In 1992 Ramirez-Duefas et al. reported an auto-
somal translocation t(17;20)(q25;q13) in a patient
with Silver-Russell 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 17925 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 RP1-232n11 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 Xhol fragment of RP1-232n11
distal to the 20913 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.
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First report on a child with partial
monosomy 4q33->qter and partial trisomy
20p13->pter.
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We report on a female infant with mild dysmor-
phisms, congenital heart defect, and mild devel-
opmental delay through partial monosomy 4g33-
>qgter 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 28-year-old
mother and a 32-year-old 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 Pierre-Robin 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.
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Spondylocostal Dysostosis with anal atresia
and urogenital anomalies (Casamassima-
Morton-Nance-Syndrome) in a newborn
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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



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,
streak-shaped urinary bladder, uterus bicornus
with rudimentary cornu left and right, cervical
and vaginal atresia, anal atresia, recto-cloacal-
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.
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Analysis of skeletal phenotype and
exclusion of mutation in BMP7 gene in two
cases of short rib polydactyly syndrome
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The short-rib-polydactyly syndromes (SRPSs)
are a heterogenous group of skeletal dysplasias
characterized by short-limb 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 Ellis-van-Creveld 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
BMP-7 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.
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Mowat-Wilson 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 Mowat-Wilson 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.

Genotype-phenotype 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 MWS-like patients
suggests there may be other, as yet unrecog-
nised phenotypes, associated with missense
mutations of this transcription factor.
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Extremely high load of internal tumors
determined by whole body MRI scanning in
a patient with neurofibromatosis type 1 and
a non-LCR-mediated 2-Mb deletion in
17q11.2
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Large deletions in 17q11.2 occur in 5% of pa-
tients with NF1. The two major types of NF1
deletions encompass 1.4- and 1.2-Mb, respec-
tively, and have breakpoints in the NF1 LCRs or
in the JJAZ gene. Deletions larger than 1.4-Mb
are rare and only few cases have been reported

so far. Here, we describe an NF1 patient with an
“atypical” NF1 deletion of 2-Mb. In contrast to
the common 1.4-Mb 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 L1-element located 1.3-Mb proxi-
mal to the NF1 gene. The distal deletion bound-
ary is located in a single copy segment between
an AT-rich segment and an AluSx-element in in-
tron 15 of the JJAZ1 gene. Structural analyses
imply that non-B DNA conformations at the
breakpoints destabilized the duplex DNA and
caused double-strand breaks. Although the
breakpoints of this 2-Mb deletion are not recur-
rent, it is conspicuous that one breakpoint is lo-
cated in the JJAZ1 gene. Paralogous recombi-
nation between the JUAZ1 gene and its pseudo-
gene is causing the recurrent 1.2-Mb deletions.
We conclude that the genomic architecture of
the NF1 gene region, influenced by paralogous
sequences like the JUAZ1 gene and its pseudo-
gene also stimulates the occurrence of non-re-
current deletions mediated by non-homologous
end joining. In addition to mental retardation, the
patient with the 2-Mb 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 1.4-Mb deletions lead to extremely severe
phenotypes. We further demonstrate the value
of whole-body magnetic resonance imaging in
determining total tumor load which is an impor-
tant aspect in genotype/phenotype correlations
regarding large NF1 deletions.
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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 five-fold 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 allele-specific PCRs were de-
veloped which allowed for specific amplification
of the wild-type or the TGT-ins allele. Further-
more, 900bps flanking the polymorphic site were
sequenced in order to characterize the genetic
variability of this region.

Results: Allele-specific 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 INS-polymorphism 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 far-upstream 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.
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Townes-Brocks syndrome (TBS) is an autoso-
mal-dominant 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 non-consanguineous
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
€.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 TBS-causing 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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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 X-linked 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 9-year-old patient. Typical cran-
iofacial features were evident in all patients,
however, facial dysmorphism was very subtle in
a 17-year-old 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.

P063

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),
Superti-Furga A.(3), Hrabe de Angelis M.(3),
Briggs M.(3), Schumacher R.(1), Spranger J.(1),
Lésow 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 after-care. 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 X-ray focused PACS-like RDE-sys-
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 cutting-edge 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 X-rays).

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 fliir Humangenetik und
Medizinische Biologie, Halle/Saale

2) Universitétsklinik und Poliklinik fiir
Neurologie, Halle/Saale

3) Department of Anatomical Pathology,
Royal Perth Hospital, Perth, Australia
Nemaline myopathy constitutes a clinically and
genetically heterogeneous group of congenital



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 alpha-actin (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 non-consanguineous 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
1942.1. 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
Miltenberger-Miltenyi G.(1), Léscher 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
17p11.2-12 (containing the peripheral myelin
protein-22 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 dup17p11.2-12.
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

Rudnik-Schéneborn S.(1), Schneider-Gold
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 Géttingen, Department of
Neurology, Géttingen

3) Institute for Human Genetics, University
of Wiirzburg, Wiirzburg

4) Friedrich-Baur-Institut, LMU Miinchen,
Miinchen

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

Maturity-Onset 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. Glucokinase-related 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 2-h oral glu-
cose tolerant test and a family history of type Il
or gestational diabetes in a first or second-de-
gree relatives. The analysis involved the coding
regions of the 12 exons and the intron-exons
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 4°C.
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: 1IVS2-12C>T,
IVS3-8G>A, IVS7-13A>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.
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Die Analyse des Oberflichen-EKGs in
Familien einer Isolatpopulation offenbart
hohe Heritabilitaten

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), K&éb S.(3), Meitinger T.(1)

1) TU Miinchen und GSF
Forschungszentrum, Miinchen

2) EURAC Akademie, Bozen, IT

3) LMU Miinchen - Grosshadern, Miinchen
Die Signaturen des Oberflachen-EKGs (QT-,
QRS-Intervall etc.) widerspiegeln den Ablauf der
kardialen Elektrophysiologie in physiologischen
und pathologischen Zustanden. Die Bedeutung
einzelner Signaturen fir die nichtinvasive
Risikostratifizierung ist, nach anfanglichen Uber-
bewertungen, in den letzten Jahren genauer ver-
standen und definiert worden, z.B. der pradik-
tive Aussagegehalt der QRS-Verbreiterung fur
Tachycardien und Mortalitdt in der MUSTT-
Studie (Zimetbaum et al., 2004). Viele dieser Sig-
naturen weisen neben bekannten exogenen Ein-
fluBfaktoren hohe Heritabilitdten 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
Heritabilitaten vieler dieser Signaturen, darunter
auch innovativer Signaturen aus dem signalver-
stérkten EKG mit Hilfe der Varianzkomonenten-

medgen 17 (2005)

41



42

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 Heritabilitdten fur 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 h&ufigen Genvari-
anten chromosomal lokalisieren und in einem
néchsten Schritt auf ihren Effekt in der Normal-
bevdlkerung und auf ihre Eignung flr eine
molekulargenetische Risikostratifizierung von ar-
rhythmogen prédisponierten 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 easy-to-use and versa-
tile tool for the normalization, visualization,
breakpoint detection and comparative analysis
of array CGH data. CGHPRO is a stand-alone
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 size-dependent 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 back-end 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 male-to-female co-hybridisation
onto a 14000 BAC array.
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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
Wiirzburg, Wiirzburg

Most of linkage analyses software was tradition-
ally developed for UNIX environments restricting
calculations to a limited number of experienced
users. The time-consuming 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 genome-wide 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.

PO71

NGFN 2 Platform ‘Models’ Subproject 1-3:
Chemical mutagenesis of mouse ES cells
Himmelbauer H.(1), Wurst W.(2)

1) Max-Planck-Institute of molecular
Genetics, Vertebrate Genomics, Berlin-
Dahlem

2) GSF-National 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 long-range sox9
notochord enhancer in zebrafish

HeB L.(1), Rastegar S.(2), Dohrmann U.(1),
Stréhle 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,
lllkirch, 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 (Bagheri-Fam
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 E1-directed expression more precisely,
we have started to use zebrafish as a model sys-
tem. Because of a large-scale 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



observed specific expression in the notochord
and, in contrast to mouse, also in the floor plate
in 24 h-old embryos. E1 contains an evolution-
arily conserved binding site for the winged-helix
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 knock-down
of FoxA2 by co-injection of morpholinos togeth-
er with the E1-shh-gfp construct.

P073

Localization of novel binding partners via
retroviral targeting

Neumann T.(1), Felbor U.(1)

1) Department of Human Genetics,
University of Wiirzburg, Wiirzburg
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 (ALV-A) fused to various endo-
statins via a proline-rich linker. Flow cytometric
analyses are used to assay for specific binding
of TVA-Endostatins to endothelial cells. Binding
is detected with the fusion protein SUA-rlgG
which contains the ALV-A surface protein (SUA)
of the viral glycoprotein and is recognized by a
secondary antibody (anti-rabbit FITC). To deter-
mine whether bound TVA-Endostatins can also
mediate ALV-A 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 1.(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 early-stage 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 mis-localization of the mutant protein. In the
present study, we have generated an ELA2-in-
ducible expression system based on the
monoblast-like 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 brain-specific 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 400-500 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 RT-PCR 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 3p12.3-syntenic 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 brain-specific 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.
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Gene-targeted 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-
teinases-3 (TIMP3). Choroidal neovascularization
is a hallmark closely resembling the exudative
form of age-related macular degeneration
(AMD), a prevalent blinding condition of multi-
factorial etiology. To study the mechanism by
which TIMP3 mutations lead to SFD-typical le-
sions, we have generated three Timp3-targeted
mouse models including two knock-ins
(Ser156Cys; Ser156Met) and one knock-out (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 (knock-out), (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 VEGF-induced
endothelial cell migration, proliferation and tube
formation.

Conclusions: The analysis of TIMP3 mutant pro-
tein in tissue explants and cell lines derived from
gene-targeted 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
sight-threatening complications such as
choroidal neovascularization
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PO77

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 lipofuscin-like 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 Cl-channel are
estimated at 4 or 5. With the first N-terminal 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: C-terminal truncated
wild-type 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 co-immunoprecipitated
with a polyclonal VMD2 antibody.

Results: The oligomerization complexes ob-
tained by co-immunoprecipitation were analyzed
for their ability to bind the respective mutant and
wild type subunits. The bestrophin-like 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 full-length but also C-terminally
truncated bestrophin co-precipitates with itself
but also with its family members.

Conclusions: Our results demonstrate that the
N-terminus 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 1.(1)

1) University of Géttingen, Institute of
Human Genetics, Géttingen

2) University of GieBen, Department of
Anatomy and Cell Biology, GieBen

Transgenic studies in our group revealed that the
Leydig insulin-like hormone (InsI3) produced in
pancreatic B-cells is able to restore the cryp-
torchidism phenotype in InsI3- deficient mice.
These results demonstrate regulated secretory
mechanisms of processed prolnsI3 to mature
InsI3 by proteolytic cleavage of C-peptide in B-
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 InsI3
promoter (1312). 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 Pax4-deficient mice resulting from
the developmental impairment of B-cells, we in-
troduced the 1312-transgenic allele in the
genome of Pax4-/- mice. Analyses of I312: 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 C-peptide
in serum of transgenic mice. The level of secret-
ed human C-peptide in serum was found to be
significantly lower than that of murine C-peptide
in serum of wild-type 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 B-intercalated cell-
specific promoter

Hentschke M.(1), Celebcioglu S.(1), Kurth 1.(1),
Hermans-Borgmeyer 1.(2), Gal A.(1), Hibner
C.A.(1)

1) University Hospital Hamburg-Eppendorf,
Department of Human Genetics, Hamburg

2) Zentrum fiir Molekulare Neurobiologie,
Hamburg

AE4 is an anion-exchanger located in B-interca-
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 anion-exchanger. 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 cell-based reporter
gene-assay. A B-galactosidase (lacZ) cassette
driven by the promoter of full-length 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 B-intercalated cells in-
dicating that the promoter construct reproduces
endogenous Ae4 expression. To our knowledge
this is the first promoter identified with specifici-
ty for B-intercalated cells, thus providing a tool
for expression of transgenes specifically in B-in-
tercalated cells.

P080

The forkhead transcription factor Foxi1
regulates AE4 expression

Kurth 1.(1), Hentschke M.(1), Borgmeyer U.(2),
Gal A.(1), Hiubner C.A.(1)

1) University Hospital Hamburg-Eppendorf,
Department of Human Genetics, Hamburg
2) ZMNH, Hamburg

AE4 belongs to the gene family of sodium-inde-
pendent anion-exchangers, which transport in-
tracellular chloride out of the cell in exchange of
extracellular bicarbonate, thereby functioning as
acid-loaders. The expression of AE4 is restrict-
ed to B-intercalated 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, co-transfection of Foxi1 cDNA and an Ae4
promoter construct resulted in a more than 100-
fold activation in a cell-based 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 co-transfection of Foxi1 in
the reporter—gene assay. We thus identified Ae4
as a direct target gene of Foxi1.

P081

Microarray-based comparative genomic
hybridization with microdissection derived
DNA-probes

Heller A.(1), Hahnemann V.(2), Méller E.(2),
Liehr T.(1), Claussen U.(1), Loncarevic 1.(1)

1) Friedrich Schiller University, Institute of
Human Genetics and Anthropology, Jena

2) SIRS-Lab 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-, YAC-clones, 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 CGH-array 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 DNA-probes
are spotted on Epoxy-slides (Nexterion slide E,
SCHOTT Nexterion) after the amplification by
DOP-PCR. 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-



tinely applicable CGH-array is being investigat-
ed.

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
Diisseldorf, Diisseldorf

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 duplication-polymor-
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
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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
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Differential sensitivity to doxorubicin-
induced cardiotoxicity in two inbred mouse
strains

Seifert S.(1), Schmidt A.(2), Kulle B.(3),
Brockmoéller J.(4), Tzvetkov M.(4),

Wojnowski L.(5), Hahn H.(1)

1) University of Géttingen, Institute of
Human Genetics, Géttingen

2) University of Géttingen, Department of
Cardiology, Géttingen

3) University of Géttingen, Department of
Epidemiology, Géttingen

4) University of Géttingen, Department of
Pharmacology, Géttingen

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
make-up may be a major determinant of the in-
dividual sensitivity to anthracyclines-induced
cardiotoxicity. However, nothing is known about
the identity of the underlying genes and variants
thereof. We investigated doxorubicin-induced
cardiotoxicity in inbred mouse strains by means
of echocardiography. We confirmed C57BI/6
mice as doxorubicine-sensitive whereas Balb/c
mice turned out to be essentially insensitive.
Gene expression analyses in the hearts of dox-
orubicin-treated mice revealed differentially ex-
pressed genes. Among them was Carp (cardiac
adriamycin-responsive protein), which had been
previously implicated in doxorubicin-induced
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 C57BI/6xBalb/c cross were insensitive to
doxorubicin, indicating that the sensitivity of
C57BI/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 BRCA1-Genes in einer Hochrisikofamilie
fir Mamma- und Ovarialkarzinom durch
LOH- und Segregationsanalyse

Kast K.(1), Meindl A.(2), Engert S.(2), Distler
W.(1)

1) Universitétsklinikum Dresden, Klinik und
Poliklinik fiir Frauenheilkunde und
Geburtshilfe, Dresden

2) TU Miinchen, Klinikum rechts der Isar,
Frauenklinik und Poliklinik, Miinchen
Thema: In einer Hochrisikofamilie fir Mamma-
und Ovarialkarzinom identifizierten wir im
BRCA1-Gen die unklassifizierte Variante 5628
T>C, W1837R. Zur Differenzierung zwischen
einem Polymorphismus und einer pathogenen
Mutation fihrten wir LOH- und Segregations-
analysen durch.

Methoden: Zur Mutationssuche in den Genen
BRCA1 und BRCAZ2 erfolgte ein Vorscreening
mittels DHPLC-Methode mit anschlieBender di-
rekter Sequenzierung der auffélligen PCR-Frag-
mente. Blutproben wurden von der Indexpati-
entin, ihrer ebenfalls erkrankten Tochter und ein-
er nicht erkrankten, erstgradigen Verwandten mit
fortgeschrittenem Lebensalter zur Durchfihrung
einer Segregationsanalyse abgenommen. Es
standen zuséatzlich Paraffinblécke von Tu-
morgewebe zweier Mammakarzinome und eines
Ovarialkarzinoms zur Verfigung. Im AnschluB an
die DNA-Préaparation wurde die LOH-Analyse
mittels Fragmentanalye durchgefihrt.
Ergebnisse: Die Segregationsanalyse zeigte das
Voliegen der unklassifizierten Variante bei beiden
der an Mamma- und/oder Ovarialkarzinom
erkrankten Frauen, wéhrend bei der gesunden,
76-jahrigen Verwandten die Genverénderung
nicht nachweisbar war. Das Ergebnis der LOH-
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Analyse demonstrierte in zwei der Tumore einen
Heterozyotieverlust im Bereich des Aminoséure-
naustausches. Der Befund des zweiten Mam-
makarzinoms der Tochter der Indexpatientin war
mit Normalgewebe vergleichbar.

Diskussion: Studien Uber die Haufigkeit der
Genvariante in der Allgemeinbevdlkerung und
biochemische Tests weisen bereits auf eine
pathogene Rolle der untersuchten unklassi-
fizierten Variante W1837R hin. Der beschriebene
Aminoséureaustausch erfolgt in einem funk-
tionell bedeutsamen Bereich am C-terminalen
Ende des BRCA1-Proteins. Unsere Ergebnisse
unterstutzen den Verdacht auf das Vorliegen ein-
er pradisponierenden Mutation. Der fehlende
Heterozygotieverlust des zweiten Mammakarzi-
noms koénnte auf eine durch LOH nicht erfaBbare
Tumorgenese, z.B. Methylierung zurlickgefiihrt
werden.

P086

Downregulation of the DICE1 gene by CpG
hypermethylation in the promoter region
Répke A.(1), Wieacker P.(1), Wieland 1.(1)

1) Institut fiir Humangenetik, Universitat
Magdeburg, Magdeburg

The critical region of loss of heterozygosity on
human chromosome 13g14 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
B-galactosidase reporter assay. This DICE1 pro-
moter binds proteins from HelLa 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 5-azacytidine 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), Kohimann A.(2), Haferlach T.(2),
Schock C.(2), Schnittger S.(2), Mecucci C.(3),
Ludwig W.(4), Bohlander S.(1)
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sLeukemia®, Dept of Med Ill, LMU, Munich
2) Laboratory for Leukemia Diagnostics,
Medicine Ill, LMU, Munich
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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 T-ALL 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/AF10-rearrangement. The
samples were analyzed for the presence of the
CALM/AF10 and AF10/CALM fusion mRNA by
RT-PCR and sequence analysis. All these pa-
tients were found positive for the CALM/AF10
fusion. In addition, we analyzed a series of twen-
ty-nine patients with T-ALL 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), WeiBflog G.(2)

1) Martin-Luther-University 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
5-10% 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 pre-condition 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 non-affected 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

Molecular-cytogenetic analysis of two cases
of leiomyosarcoma

Pelz A.(1), Weilepp G.(1), Meyer F.(2), Roessner
A.(3), Wieacker P.(1), Schneider-Stock R.(3)
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3) Otto-von-Guericke 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 lll. Case 2 was a 6 years old girl with a
histological characterized epithelioid leiomyosar-
coma of the jaw, grade Ill. 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 18, 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.



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 ymphoma with
IGH/CCND1 fusion
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R.(2), Pott C.(3), Grote W.(1), Siebert R.(1)
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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 half-life. 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 ymphoma (MCL) in a similar way. This
subtype of lymphoma is characterized by over-
expression of Cyclin D1 resulting from a
t(11;14)(913;932), 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 PCR-based restriction fragment length
polymorphism (RFLP) analyses. The allele fre-
quencies were 47 % for the A-allele and 53% for
the G-allele. 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)
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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
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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), T-cell 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 (dipeptidyl-peptidase
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 co-transformation as-
say in yeast. For both CALM-CALM 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 proto-oncogene SKIl 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 co-lo-
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)
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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 MALDI-TOF-MS 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 X-chromosome 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.
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Frequent aberrant methylation of tumor-
related genes in thyroid cancer
Schagdarsurengin U.(1), Hoang-Vu C.(2),
Dammann R.(1)
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Methylation profiling of tumor-related gene pro-
moter regions in thyroid cancer has not been re-
ported. We assessed the methylation of 17 can-
cer-related genes by MSP in nine thyroid cancer
cell lines. 12 of 17 genes (RASSF1A, p16INK4A,
TSHR, MGMT, DAPK, ERa, ERB, RARB, PTEN,
CD26, SLC5A8 and UCHL1) showed frequent
hypermethylation (25-100%) 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 (NBL3-FKZ
01ZZ0104).
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Identification of a novel germline mutation
of the MEN1 gene in a family with MEN1
GroB 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 autosomal-dominant 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 36-year-
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 (2-10 for the pa-
tient, and 3 for the family members) of the MEN1
gene, including corresponding exon-intron
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-
year-old 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.
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Specific detection of FIt3 point mutations by
highly sensitive realtime PCR in acute
myeloid leukemia

Scholl S.(1), Krause C.(1), Loncarevic 1.(2),
Mdller R.(1), Kunert C.(1), Wedding U.(1), Sayer
H.(1), Clement J.(1), H6ffken K.(1)

1) Friedrich Schiller University, Internal
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2) Friedrich Schiller University, Human
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Among activating FIt3 mutations internal tandem
duplications of FIt3 (FIt3-ITD) are detected in
about 25% of patients with acute myeloid
leukemia (AML). In contrast, mutations within the
tyrosine kinase domain of FIt3 (FIt3-TKD muta-
tions) are less frequent (approximately 7%) while
there are only few data on frequency of recently
demonstrated activating FIt3 point mutation at
codon 592 (FIt3-V592A mutation).

medgen 17 (2005)

We evaluated a new approach for rapid screen-
ing of FIt3-TKD and FIt3-V592A mutations using
the FRET (fluorescence resonance energy trans-
fer) principle in 122 patients. Based on individ-
ual FIt3-TKD 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 MonoMac-6
cells carrying the FIt3-V592A mutation was used
to establish a mutation specific real- time-PCR
approach also for this molecular aberration. We
identified nine patients (8%) with FIt3-TKD mu-
tations (5 pts. D835Y, 3 pts. D835H, 1 pt.
Del836), while none of the 122 patients we in-
vestigated had a FIt3-V592A mutation. Screen-
ing for FIt3-TKD mutations with fluorescent
probes is equivalent with conventional screen-
ing using standard PCR followed by EcoRV re-
striction. Furthermore, we present a real-time
PCR protocol that can be used for MRD analy-
ses based on individual FIt3-TKD mutations. Ex-
amples for MRD analyses are presented for all
three subtypes of FIt3-TKD mutations that were
identified in this study. In summary, we demon-
strate new methodological approaches for rap-
id screening of FIt3 point mutations as well as
the detection of MRD based on patient specific
FIt3-TKD mutations.
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Different molecular pathways in the
development of periocular sebaceous gland
carcinomas

Goldberg M.(1), Rummelt C.(2), Foja S.(1) Ldrm
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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 Muir-Torre-like 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
high-grade microsatellite instability (MSI-H) 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-
match-repair system resulting in microsatellite
instability may contribute to the development of
periocular sebaceous gland carcinomas.

Supported by Wilhelm-Sander-Stiftung (FKZ
2002.112.1-Ba).
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Genetik and epigenetic alterations of tumor-
related genes in soft tissue sarcoma
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1) Martin-Luther-University, AWG Tumor
Genetics, Halle

2) Martin-Luther-University, 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 (MFHSs), 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 K-ras and BRAF.
In 4 out of 84 (5%) of STSs, a substitution at
codon 599 of BRAF was found; however, no al-
teration of K-ras 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-
tional-hazards regression model, we found that
the risk of a tumor-related 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
cancer-related 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-
sen-Anhalt 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
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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 non-carriers (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.
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genes in a large cohort of hereditary breast
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Objectives: Disease-associated point mutations
and small insertions/deletions in the BRCA1 and
BRCAZ2 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
BRCAZ2 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
Wouerzburg 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
5to 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 9-bp
to 188-bp 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 germ-line 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 germ-line rearrangements in
the BRCA1 gene on a routine basis in high risk
HBOC families.
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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.GIn701His), 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 mRNA-analysis. 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
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HNPCC represents the most common entity of
autosomal-dominant 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 HNPCC-patients. Sequencing revealed the
following sequence changes: a) in patient 1:
MSH2 ¢.1276+1G>A at the splice donor site of
exon 7 and b) in patient 2: MLH1 ¢.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
RT-PCR 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 RT-PCR. 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 RT-PCR 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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Association of a CAV-1 Haplotype to
Familial Aggressive Prostate Cancer
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Objective: Multiple lines of evidence have impli-
cated the CAV-1 gene in prostate cancer pro-
gression. CAV-1 is located within the prostate
cancer aggressiveness locus at 7q31-33, and
was identified as being overexpressed in
prostate tumors.

Mutation screening was performed as well as a
case-control study to examine if polymorphisms
in CAV-1 are associated with prostate cancer
aggressiveness in a German population.
Methods: We sequenced the CAV-1 promoter
region and its open reading frame in prostate
cancer families with linkage to chromosome
7931-33. 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 CAV-1
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 CAV-1 being involved in predisposi-
tion to aggressive prostate cancer. The associ-
ation of a potential risk haplotype agrees well
with a role of CAV-1 in tumor progression but
needs further confirmation.
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compared to MLH1 or MSH2 mutations: The
German HNPCC-Consortium

Plaschke J.(1), Engel C.(2), Kriger S.(1),
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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 pre-selected 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 non-HNPCC-associated 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
“Familidrer Darmkrebs” of the Deutsche Kreb-
shilfe.
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Matrix-CGH 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)
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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 (EWOG-MDS) 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-
/array-CGH, a molecular tool that allows the
genome-wide 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 genome-wide 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: Matrix-CGH 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 by the BMBF Contract
N°01GM0307
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EGFR mutations in head and neck cancer
Loeffler-Ragg J.(1), Witsch-Baumgartner M.(2),
Berberich R.(2), Tzankov A.(3), Zwierzina H.(1),
Utermann G.(2)
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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 non-small cell lung carcinoma (NSCLC)
[LynchTL. et al., N Engl J Med 350, 2004; Paez
JG. et al., Science 304:1497-1500, 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. 40:43-51,
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 (IVS18-24delG) was ob-
served. In exon 21 R836R occurred with 0.2 al-
lele frequency.

Conclusions: In contrast to non-small cell lung
carcinoma activating EGFR-mutations were not
found in head and neck squamous cell carcino-




ma. The relevance of the intron 18 mutation has
to be determined. Other molecular mechanisms
than EGFR-mutations may influence the re-
sponse to gefitinib in HNSCC.
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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)
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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 BCR-ABL but also an overexpres-
sion of BCR-ABL 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 drug-resistant, 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 drug-resistance
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 drug-resistance to Imatinib.

This work is supported by the IZKF Jena and the
BMBF.
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Mutation screen and association study of
the EZH2 gene in PCa patients

Bachmann N.(1), Hégel J.(1), Hausler J.(1),
Vogel W.(1), Maier C.(1)

1) University of Ulm, Department of Human
Genetics, Uim

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. Gl/Il 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.
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Characterization of secondary alterations in
mantle cell ymphomas using matrix-/ array-
CGH
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Overexpression of Cyclin D1 due to the chromo-
somal translocation t(11;14)(q13;932) alone is
not sufficient to induce the development of man-
tle cell ymphoma (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-
ta-519, NCEB1, JeKo-1, Rec-1, SP-53 and HBL-
2) by means of matrix-/array-based comparative
genomic hybridization, a new molecular tool that
allows the genome-wide screening of chromo-
somal imbalances. A genome-wide 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, 1p21.1-p31.2,
13914, 11922, 6921, 6927, 17p13 and gains in
7p14.1, 7q11.2, 2937.1, 8qg24, 12q13 and
18921. These results are in agreement with the
recently published data from delLeeuw et al.
(HMG 2004 Sep 1;13):1827-37). Up to now, loss-
es of 2p11.22 (all cell lines except for JeKo-1)
and 22q11.22 (all cell lines except for Rec-1)
have not been known as recurrent aberrations of

MCL. Selected chromosomal losses (p16, p53)
and the amplification of BCL2 in Granta-519
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 13g14. 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.
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Haplotype-based 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)
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The ‘Berlin Center for Hereditary Breast and
Ovarian Cancer’ as one of twelve centers of the
‘German Consortium for Hereditary Breast and
Ovarian Cancer’ (GCHBOQC) 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
1997-2004. 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
haplotype-based 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 BRCA1/2-SNPs. 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.
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Gene expression analysis of clear cell and
chromophile renal cell carcinomas
Diegmann J.(1), Rosenhahn J.(1), Gerstmayer
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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 chip-based gene expres-
sion profiling comparing normal and tumour tis-
sues of clear-cell renal cell carcinoma and chro-
mophile renal cell carcinoma. We analysed cor-
responding non-tumorous and tumour tissue
samples from 10 patients with clear cell RCC
and 12 corresponding non-tumorous and tumour
tissue samples derived from patients with chro-
mophile RCC. We isolated RNA from histologi-
cally well-characterized 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 over-ex-
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 real-time 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.
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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 Delbriick Center for Molecular
Medicine, Department of Tumor Genetics,
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We identified AKAP12 (A-kinase anchoring pro-
tein) as a candidate tumor suppressor gene in
breast cancer. AKAP12, also known as gravin,
has been mapped on chromosome 6g24-25.2, 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 RT-PCR. 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 methylation-specific PCR and 5’-Aza-dC
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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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.
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CpG island methylation and expression of
tumor-associated genes in lung carcinoma
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In this study, we investigated the methylation of
promoters of tumor-related genes, which were
downregulated in micro-array 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 EGF-like
domain 7 (56%), but methylation was rarely ob-
served for SLIT3 (18%), DLC1 (18%), Puro
(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 EGF-like
domain 7 (100%) was detected. Methylation of
several promoters (SOX18, SLIT2, EGF-like do-
main 7, CD105, SEMA2 and TIMP4) was fre-
quently found in normal lung tissue of cancer
patients. In summary, frequent methylation of
several cancer-related genes was observed in
lung carcinoma.

This work was supported by BMBF, DFG and
Land Sachsen-Anhalt.
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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'l T.(1), RUiser K.(4), Copie-

Bergman C.(5), Pott C.(6), Cogliatti S.(7),
Feller A.(8), Hansmann M.(9), MUller P.(10),
Mt 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 Hamburg-Eppendorf,
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 Hamburg-Eppendorf,
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 Liibeck, Department
of Pathology, Liibeck

9) University Hospital Frankfurt, Department
of Pathology, Frankfurt

10) University Hospital UIm, Department of
Pathology, Ulm

11) Charite-University Medicine Berlin,
Department of Pathology, Berlin

12) University Hospital Kiel, Department of
Pathology, Kiel

The t(11;18)(g21;921) and the t(14;18)(932;921)
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 18921 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 T-cell 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 18921 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 18921 is seen in different subtypes of
NHL.
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The chromosomal translocation t(8;14)(q24;932)
and its variants  t(2;8)(p12;924) and
1(8;22)(q24;911) involve the CMYC gene on 8g24
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 (M-FISH) to 8 BL cell lines and 11
patients with t(8;14)-positive high grade lym-
phoma. M-FISH 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,
M-FISH could specify the results obtained by
conventional cytogenetic analysis or add new
data. Interestingly, 4 cases revealed cytogenet-
ically unrecognized three-way-translocations in-
volving 8g24/CMYC, 14932 and unknown part-
ner genes on 4912 and 18921 (3 cases), respec-
tively. In addition, a novel chromosomal re-
arrangement involving the immunoglobulin heavy
chain locus in 14932 was detected in one case:
der(14)t(X;14)(p11;932).

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 M-FISH
in the detection of novel chromosomal abnor-
malities and cryptic translocations, which are the
basis for further molecular analyses.
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Frequent loss of differential methylation at
the imprinted ARHI locus in uveal melanoma
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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;921;21)

and t(11;14;18)(g21;932;q21) represent two
novel variant translocations of the
t(11;18)(g21;921) associated with extranodal
MALT lymphomas
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K.(1), Zivkovill T.(1), Copie-Bergman C.(3),
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The translocation t(11;18)(g21;921) represents
the most frequent structural abnormality in MALT
lymphomas. The t(11;18) leads to a fusion of the
API2 gene on 11921 and the MLT gene on
18921 resulting in activation of NF-xB. Recent-
ly, we reported the first variant translocation of
the t(11;18), a t(11;12;18)(g21;913;921) 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;921;921)
and the t(11;14;18)(g21;932;921), occurring in
MALT lymphomas of the stomach and the lung,
respectively. Conventional cytogenetic analysis
revealed: 1.46,XY,t(6;18;11)(q24;921;921)[7],
11.46,idem,del(1)(q43)[10], 111.46,XY[3] in the first
case; and 46,XY,t(11;14;18)(g21;932;921)[23] in
the second case. In both cases, fluorescence in
situ hybridization (FISH) with AP/2 (PAC166G16)
and MLT (PAC59N7) specific probes showed
API2-MLT 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 three-way-
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 14932 (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 three-way-translocation.

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 API2-MLT fusion and that due to an addition-
al translocation event the expression of the re-
ciprocal MLT-API2 is excluded. Further molecu-
lar analyses to determine the translocation part-
ners on chromosome 6 and 14 are in progress.
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The translocation t(8;14) distinguishes two
groups of aggressive lymphoma with
different IGVH and BCL6 mutational status
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M.(1), Siebert R.(2), on behalf of the
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During lymphomagenesis, oncogenes can be ac-
tivated through chromosomal aberrations, like
MYC through the t(8;14)(q24;932), or somatic
hypermutation (SHM), as is the case for BCL6 in
75% of diffuse large B-cell ymphomas (DLBCL).
Moreover, somatically mutated IGVH genes are
a hallmark of germinal center (GC) B-cells 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 B-cell lymphomas for their
IGVH SHM status and aberrant BCL6 hypermu-
tation within the Deutsche Krebshilfe Verbund-
projekt ,Molekulare Mechanismen bei Malignen
Lymphomen“. 43 B-cell ymphomas possessed
a t(8;14) by FISH analysis, 73 were t(8;14) nega-
tive.

Interestingly, t(8;14)-positive B-cell lymphomas
carried VH genes with a considerably lower mu-
tation frequency (range 0,44-11%, median
4,44%) than t(8;14)-negative B-cell ymphomas
(range 0-25%, 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
1(8;14)+, 40% in t(8;14)-) and VH3 genes (26% in
1(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” 70-3173-Tr)
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Amplification of the MLT/MALT1 gene in a
hsr(18) occurring in a case of diffuse large
B-cell lymphoma of the tonsil evolving from
an extranodal MALT lymphoma

Murga Penas E.(1), Callet-Bauchu E.(2), Hinz
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The t(11;18)(q21;921) and the t(14;18)(q32;921)
involving the MLT gene are the main structural
abnormalities in extranodal MALT lymphomas. In
addition, amplification of MLT was proposed as
pathogenetic mechanism in non-Hodgkin’s lym-
phomas (NHL). Amplifications in 18921 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 B-cell
lymphoma with a MLT amplification. In August
1999, this 60-year-old 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)(g21925)x2,-8,-
12,del(13)(g2?1),hsr(18)(p11),+3mar[20],
11.46,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 4-fold
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)
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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 log-rank 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 dose-depend-
ent manner. These findings may be relevant for
preventive strategies in HNPCC.
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Do histological stains affect the analysis of
microdissected tissue by ProteinChip
technology
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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 HE-stained 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 B-Catenin in Wilms Tumors
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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 B-Catenin mutations.
We have analysed 106 tumors for B-Catenin 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 B-Catenin 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 B-Catenin 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



subtypes are viewed separately, we found that
64% of the stromal type tumors and 26% of the
triphasic tumors had B-Catenin mutations. Both
mutations were simultaneously present in 15, i.e.
88% of the tumors with WT1 mutations also had
a B-Catenin mutation. This extends and confirms
a previous observation of a significant correla-
tion of WT1 and B-Catenin mutations, suggest-
ing that the presence of both mutations is impor-
tant for the development of a specific subtype of
Wilms tumors. B-catenin mRNA expression was
studied using semiquantitative RT-PCR analysis
and only a low amount of mMRNA was detected
in the tumors with mutations. In contrast tumors
without WT1 and B-Catenin mutations of the
blastemal type had a higher expression of B-
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 B-Catenin 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
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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 20083, 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)(926;p13), t(4;12)(gq12;p13), and
1(5;12)(q33;p13). In addition, 4 cryptic transloca-
tions involving ETV6 were seen: the
t(12;17)(p13;p12-13) and 3 novel translocations
with unknown partner genes in 12924, 2?q33,
and 17g25. Summarizing cytogenetic and FISH
results, the revised partial karyotypes were de-
termined as follows: inv(12)(p13924), previously
del(12p)(13);  t(2;12)(?933;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;925), previously
1(8;12)(p21;p13). The translocations occurred in
patients with acute myeloid leukemia and the
breakpoints within ETV6 were located as follows:
12924 in intron 1, 2?7933 distal to exon 5, and
17925 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.
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Poor response to preoperative
chemotherapy in Wilms’ tumors with WT1
mutations and rhabdomyomatous
differentiation
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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 5-year relapse-free 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.
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Fusion of the H4/D10S170 to the PDGFBR
gene in a patient with chronic
myelomonocytic leukemia (CMML) and
resposivness to Imatinib
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Cytogenetic analysis of a patient with CMML
showed a translocation t(5;10)(933;922).

The PDGFBR gene is located at chromosome
5033 and is disrupted in some cases of hemato-
logic malignancies producing different fusion
transcripts. To prove whether the PDGFBR gene
is affected by the translocation a FISH analysis
was performed and indeed the PDGFBR gene
was disrupted. A candidate gene as partner for
the fusion transcript is the H4/D10S170 gene
because of its location on chromosome 10g22.
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
PDGFBR gene occured at the same site in intron
9 resulting in a transcript starting with exon 10
of the PDGFBR gene.

Because of the involvement of the PDGFBR
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.
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Molecular and cytogenetic characteristics
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and its sensitive counterpart KCL22-s
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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 BCR-ABL 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 KCL22-r and KCL22-s show diver-
gent chromosomal aberrations, both cell lines
were analyzed by 24-colour- and interphase-
FISH. KCL22-r shows the same aberrations as
KCL22-s plus a gain of the derivative chromo-
some 8 and loss of chromosome 13. Additional-
ly, KCL22-r exhibit a translocation t(6;13). Inter-
phase-FISH detected two cytogenetically diver-
gent sub clones in KCL22-s. Whether these
aberrations contribute to the Imatinib-resistance
in KCL22-r 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.
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Improving for-client letters in routine
genetic counseling

Schéfer D.(1), Stein C.(1), Kénig R.(1), Kettner
M.(2)

1) Universitédtsklinikum Frankfurt, Institut
fliir Humangenetik, Frankfurt/Main

2) Private Universitdt Witten/Herdecke,
Studium fundamentale, Witten/Herdecke
Genetic counseling should help clients to arrive
at valid decisions concerning health-related
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.

For-client 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 for-client letters also in routine genetic
counseling.

Supported by BMBFFKZ01KU9904
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Investigation of alterations in fanconi
anemia genes FANCE,FANCL and FANCB in
human breast cancer.

Hellweg C.(1), Singh S.(1)
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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,1,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.
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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 non-hereditary 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 non-hereditary pa-
tients with retention of maternal alleles. Our find-
ings suggest that in a subset of patients with
non-hereditary RB age at diagnosis of is influ-
enced by a parent-of-origin effect.
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Linkage analysis identified RNASEL at 1925 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 2-5A 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 1925.
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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



(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
MSRH1 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.
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Nach einer Umfrage ist die Méglichkeit 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 wiir-
den und daher eine adjuvante Therapie benéti-
gen. Um solche Patientinnen zu identifizieren, ist
eine genaue Bestimmung des Metastase-Risikos
notwendig. Die dazu durchgefuhrte Unter-
suchung (MammaPerint) erfolgt anhand einer Tu-
morprobe der Patientin mit Hilfe von Microar-
rays. Dabei wird das Genexpressions-Profil von
70 Prognose-Genen bestimmt, sowie von 1.000
Kontroll-Genen. Die Untersuchung erlaubt eine
hohe Prognose-Genauigkeit: Bei Lymphknoten
negativen Patientinnen unter 55 Jahren im Tu-
morstadium 1 oder 2 betragt die Uberlebensrate
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 Zuverldssigkeit des
Genexpressions-Profils wurde in externen Vali-
dierungs-Studien bestatigt. Eine neue Heraus-
forderung ist jetzt die Entwicklung von Profilen
fir weitere Patientengruppen und die Erschlies-
sung anderer Anwendungsgebiete, wie z.B. die
Vorhersage von lokalen Rezidiven oder die
Lokalisierung des Primartumors bei CUP-Patien-
ten (carcinoma of unknown primary).
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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 genotype-phenotype 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
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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 NBS7 mutations have been detected
by PCR-single 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 1171V (3 cases), in exon 6 R215W, V210F
and 657del5. In addition in 23 children novel in-
tron variants: IVS14-30A/T, IVS15+88C/G, IVS7-
18G/A, and IVS8-42 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 NBS7 gene germinal mutations can
be considered as a risk factor in the develop-
ment of acute lymphoblastic leukemia.

This work is supported by Ministry of Sciences

and Informatics grant no PBZ-KBN-
090/005/20083.
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Telomerase, a ribonucleoprotein complex, con-
sists of reverse transcriptase (hTERT), telom-
erase associated protein (TP7) 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 h\TERC, 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 100-fold higher telomerase activi-
ty and at least 25-fold 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 PBZ-KBN-090/
PO5/2003.
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A recurrent chromosome aberration involving
11923/MLL and the short arm of chromosome
10 is a well-recognised 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.
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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. Thirty-two
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 MIB-1 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 long-term
follow-up are required to prove the predictive
value of these criteria in daily practice.

P06 Cytogenetics
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Silver-Russell 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 SRS-like 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.
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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 (1724-1774), his son
Philipp Friedrich Theodor Meckel (1755-1803)
and his grandson Johann Friedrich Meckel the
Younger (1781-1833). The collection increased
substantially during Meckel the Younger’s activ-
ity as professor of anatomy and physiology
(1805-1833) at Halle University. Between 1812
and 1818, J. F. Meckel the Younger published a
three-volume "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 re-catalogued. More-
over, all dried specimens (i.e. pathological skele-
tons, skulls) were re-described 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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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)(926;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 X-auto-
some translocation involving the ZIC3 region.
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Among the non-acrocentric human chromo-
somes, chromosome 9 presents with the highest
degree of morphological variations. Variants, also
called heteromorphisms, like 9gh+, 9gh- or
inv(9)(p11g13) 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 10:790-800). 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 Ill DNA probe and a microdissection
probe specific for 9p12/9913-21.1. This probe
set was enlarged in the meantime by so-called
subcentromeric BAC-probes located in 9p12 and
9913, respectively (probes are specified in Starke
et al., 2003; Hum Genet 114:51-67). 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 Walker-Warburg syndrome, the
oculo-auriculo-vertebral (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 genotyp-phenotype correlation of chromo-
some 9 heteromorphisms in future.

Supported by the Dr. Robert Pfleger-Stiftung.
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To map the breakpoints of the well-known 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 Pfleger-Stiftung
and in parts by the Deutsche Krebshilfe/Mildred
Scheel Stiftung fur Krebsforschung (70-3125-
Li1) and the IZKF together with the TMWFK (TP
3.7 and B307-04004).
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We applied multitude multicolor banding (mMMCB
— Weise et al., 2003 Cytogenet Genome Res
103:34-39) 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 centromere-near and subtelomeric
rearrangements detected in Pongo
pygmaeus supspec.

Weise A.(1), Starke H.(1), Claussen U.(1), Liehr
T.(1)

1) Institut fiir 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 chromosome-arms,
chromosome bar code, multicolor banding
(MCB), locus-specific YAC/BAC or cosmid
probes and microdissection-derived probes of
different species have been used. For the more
detailed molecular-cytogenetic characterization
of Pongo pygmaeus pygmaeus (PPYp) in com-
parison to Pongo pygmaeus abelii (PPYa) and
Homo sapiens (HSA) we applied a method called
subCTM-FISH for which 24 human chromo-
some-specific 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 114:51-67) and
subtelomeric probes (Knight and Flint, 2000; J
Med Genet 37:401-409) were combined in a
five-color-FISH approach. Applying all 24 sub-
CTM-FISH 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 subCTM-FISH is
highly suitable to detect up to present over-
looked cryptic rearrangements in Hominidae.
Supported in parts by INTAS (2143).
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Multicolorbanding applied in 3D-preserved
interphase and metaphase nuclei
Steinhaeuser U.(1), Starke H.(1), Ziegler M.(1),
Claussen U.(1), Liehr T.(1)

1) Institut fiir 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-
pension-FISH (S-FISH) where the whole FISH-
procedure is performed on cell suspension. We
proved that it is possible to do 3-D-analyses on
totally spherical interphase nuclei or even on
three-dimensional metaphases (Steinhaeuser et
al.,, J Histochem Cytochem 2002, 50:1697-
1698). Here we present a revised S-FISH proto-
col that enables three major improvements com-
pared to the published one: (i) the high loss of
cells (~70%) during the S-FISH procedure was
reduced to ~30%, (ii) the cells are embedded
now as a final step of the protocol in a 0,5%
DAPI-Vectorshield agarose-gel, thus, cells can-
not move during fluorescence microscopic eval-
uation and (iii) multicolor-FISH experiments can
now be performed easily. We did 3-D-analysis of
FISH-banded chromosomes X and 5 in
metaphase and interphase using multicolor
banding (MCB). This data, especially on the lo-
calization of the X-chromosomes shall be com-
pared with the localization of derivative X-chro-
mosomes like der(X)t(X,12) or der(X)t(X;12).

Supported in parts by the “Férderverein des
Klinikums der FSU Jena e.V.” and the IZKF to-
gether with the TMWFK (TP 3.7 and B307-
04004).
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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 internet-accessi-
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 fiir Klinische Genetik, Philipps-
Universitdt, Marburg

2) Institut fiir Humangenetik und
Anthropologie, Heinrich-Heine-Universitét,
Diisseldorf

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 non-consistent 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 non-derivative 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 non-reciprocal translocation
characterised by microdissection

Heil I.(1), Rudnik-Schéneborn S.(1), Eggermann
T.(1), Schiler 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 5-specific 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 non-re-
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 Silver-Russell
syndrome (SRS). This case further demonstrates
the advantages of Micro-FISH 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), Ténnies H.(2),
Stumm M.(3), Volleth M.(1), Wieacker P.(1)

1) Otto-von-Guericke-Universitéit, Institut
fiir Humangenetik, Magdeburg

2) Charité, Institut fiir 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;q924.3). This
karyotype was confirmed by comparative ge-
nomic hybridization (CGH) followed by FISH with



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.
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The hierarchically organised splitting of
chromosome bands into sub-bands
analysed by multicolour-banding (MCB) and
chromosome stretching

Claussen U.(1), Nelle H.(1), Hliscs R.(1),
Kichler A.(1), Weise A.(1), Liehr T.(1)

1) Institute of Human Genetics and
Anthropology, Jena

The splitting of chromosome bands into their
sub-bands has its implications for the precise
mapping of DNA probes at the sub-band 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 ~300-band level. The analy-
sis were performed by comparing the disappear-
ance and appearance of pseudo-colour bands
of the four different band levels. The regions to
split first are telomere- and centromere-near. 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 400-band level pseudo-colours
assigned to GTG-light bands are resistant to
band splitting. GTG-dark bands split into their
dark and light sub-bands because inside dark
bands light sub-bands appear which are rather
resistant to further elongation. This confirms the
results obtained by stretching of GTG-banded
chromosome 6 published by Hliscs et al. (Cyto-
genet Cell Genet 79:162-166, 1997). In this re-
spect the nomenclature of the ideograms of
GTG-banding 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 region-specific protein swelling.
Supported in part by the Deutsche
Krebshilfe/Mildred Scheel Stiftung fur Krebs-
forschung (70-3125-Li1) and the IZKF together
with the TMWFK (TP 3.7 and B307-04004).
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Molecular cytogenetic characterization of
constitutional structural aberrations
involving 14932 reveals breakpoints in the
lymphoma-associated BCL11B and IGH loci
Metzke-Heidemann S.(1), Caliebe A.(1), Kautza
M.(1), Gesk S.(1), Martin-Subero J.I.(1), von
Kaisenberg C.S.(2), Eckmann-Scholz C.(3),
Lorenzen N.(4), Muhle H.(4), Grote W.(1),
Siebert R.(1)
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4) University Hospital Schleswig-Holstein,
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Structural chromosomal aberrations affecting
chromosome band 14g32 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 B-cell ymphomas, and the
BCL11B locus, which is rearranged in T-cell
leukemias. Here, we describe the molecular cy-
togenetic characterization of two cases with un-
balanced constitutional chromosomal changes
affecting 14932.

Case 1: A 3 year-old 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)(932.3932.2). Fluorescence in situ
hybridization (FISH) showed an inverted duplica-
tion in 14932 including the BCL11B gene in
14932.2 as well as the proximal part of the IGH
locus in 14g32.3. 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)(q31932.2). FISH identi-
fied loss of the TCL1 gene in 14g32.1 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 FISH-proven disruptions of the lym-
phoma-related 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.
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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)
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2) Kinderklinik Universtitédt 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 4g33, 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 4gq 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 4933-4qter. 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
“49g- syndrome”, especially the abnormal fifth
finger, might be located distal to 4933.

The breakpoint will be further refined and the re-
sults in our case will be discussed in the context
with previously published cases.
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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), Gillessen-Kaesbach
G.(2), Weber R.G.(1), Engels H.(1)

1) Institut fiir Humangenetik,
Universitétsklinikum, Bonn

2) Institut fliir Humangenetik,
Universitédtsklinikum, Essen

The 18p- syndrome is a well-known 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 low-set 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.
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Sensorineural hearing loss in a girl with a de
novo terminal 10g26.1 deletion

Volleth M.(1), Rostalski D.(2), Stumm M.(3),
Ténnies H.(4), Liehr T.(5), Wieacker P.(1)
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Terminal and interstitial deletions with proximal
break-points in 1025 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
break-point in the chromosomal band 10926.1.
Multicolor Banding and Comparative Genomic
Hybridization confirmed this finding. FISH with
YAC probes revealed the break-point within YAC
937a06.

Up to now, only 5 of 40 published cases with
terminal deletions in 10 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.
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A Further Case of a Novel Microdeletion
Syndrome: Subtelomeric Deletion 9q
Bommer C.(1), Neumann L.(1), Weschke B.(2),
Kérner H.(1)

1) Charite - Universitdtsmedizin Berlin,
Institut fiir Medizinische Genetik, Berlin

2) Charite - Universitdtsmedizin Berlin,
Neuropdédiatrie/Sozialpddiatrisches
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:340-351) 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 P25-50) pre-
sented the typical clinical features: a distinctive
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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 9g. 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
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1) Institut fiir Humangenetik, TU Miinchen,
Miinchen

2) Kinderklinik und Poliklinik, TU Miinchen,
Miinchen

3) Prénatalmedizin Miinchen, Miinchen

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 X-ray 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 2g24.1-
20g31.1. 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,
SCNB3A, 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.
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Benefits and limitations of CGH in prenatal
and perinatal diagnosis and pathology
Gamerdinger U.(1), May D.(1), Kéhler A.(2),
Seidel A.(1)

1) Institute of Pathology, University Medical
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2) Institute of Human Genetics, University
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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.
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Interstitial deletion 2g22-q24 associated
with retardation and apraxia of speech but
without most features of Mowat-Wilson
syndrome

Wand D.(1), Gléser C.(1), Kalscheuer V.(2),
Hansmann 1.(1)

1) Institut fiir Humangenetik und
Medizinische Biologie, Halle/Saale

2) MPI fiir Molekulare Genetik, Berlin

To date more than 40 patients with microdeletion
for chromosome segment 2g22-g23 have been
described. Most of them are associated with
features of Mowat-Wilson 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,



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)(q22.3g24.1). 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 (2922.3-923.1)
as well as between 160.4 Mb and 161.9 Mb
(2924.1).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 29022-g23 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 2g21-q33 is likely to contain an autism
susceptibility locus is remarkable in the context
with the speech disorder of our patient.
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Erfahrungen mit der Polkérperdiagnostik bei
Translokationstragerinnen.

Buchholz T.(1), Clement-Sengewald A.(1)

1) Zentrum fiir Polkérperdiagnostik,
Miinchen

Die Polkérper kénnen zur indirekten Diagnostik
auf chromosomale Fehlverteilungen der Eizelle
im Rahmen der kinstlichen Befruchtung
(IVF/ICSI) herangezogen werden. Beide Polkor-
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 Polkdrper von 75 Eizellen bei 11
Translokationstragerinnen (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/ICSI-Zyklen. Die Polkdrper wurden mit 2
oder 3 kommerziell erhaltlichen 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 Translokationstragerinnen reduziert (Durch-
schnitt 6 Eizellen pro Patientin). Die Unter-
suchungsmadglichkeiten der Polkdrper in Bezug
auf seltene, jedoch bei reziproken Translokatio-
nen typische Verteilungsmuster sind mit kom-
merziellen Sonden limitiert. Interchromosomale
Effekte, die zu einer hoheren Aneuploidierate
flihren, sind nicht auszuschliessen.
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Identification of 14 novel mutations in the
DHCR7 gene causing the Smith-Lemli-Opitz
Syndrome and delineation of the DHCR7
mutational spectra in Spain and Italy
Witsch-Baumgartner M.(1), Clayton P.(2),
Clusellas N.(3), Haas D.(4), Kelley R.1.(5),
Krajewska-Walasek M.(6), Rossi M.(7),
Zschocke J.(8), Utermann G.(1)
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Genet., Innsbruck
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London

3) Inst. Clin. Bioch., Barcelona

4) University Childr. Hosp., Dep. Pediatr.,
Heidelberg

5) J. Hopkins Univ. School Med., K. Krieger
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6) Childrens Mem. Health Inst., Dep. Med.
Genet., Warsaw

7) Feder. Il University, Dep. Pediatr., Naples
8) University Hosp., Inst. Hum. Genet.,
Heidelberg

Objectives: The Smith-Lemli-Opitz syndrome
(SLOS) is a phenotypically variable metabolic
malformation and mental retardation syndrome
for which more than 80 mutations in the DHCR7
disease-causing gene have been described. The
DHCRY7 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 exon-intron
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 IVS8-1G>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.
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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, Max-Planck
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 Il 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.
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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, Géttingen, Germany

2) Charite, Virchow-Clinic, 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 ll-like kinase 1 (ACVRL1) have been
identified to cause HHT. Intrahepatic manifesta-
tion in HHT occurs to 8-31% 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.
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Human genetic analysis of two families with
Tetralogy of Fallot (TOF)

Glédser C.(1), Kotzot D.(2), Caliebe A.(3), Kottke
R.(1), Schulz S.(1), Schweigmann U.(4),
Hansmann 1.(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 (3021-3022insGC) 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 (3599-3600insG) 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.
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Constitutional deletion of the hSNF5/INI1
gene telomeric of the 22q11 TDR in a patient
with 22q11 microdeletion syndrome
phenotype and a rhabdoid tumor
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1.(3), Galhuber M.(1), Schneider S.(2), Storlazzi
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Microdeletions in chromosome band 2211 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 22g11 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 22911 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
22911, 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.
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Rate versus efficiency in a disposable soma.
Oexle K.(1)

1) TU Dresden, Institut fiir Klinische

Genetik, Dresden

In this communication the trade-off 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 trade-off be-
tween reproduction and self-maintenance 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 self-maintenance
than fast but less efficient metabolisers.

The optimal trade-off between reproduction and
self-maintenance is determined by life history
conditions such as external mortality. Conse-
quently, external mortality may also have an in-
fluence on the trade-off between rate and effi-
ciency.

Although the above model is semi-realistic the
predicted connection between self-maintenance,
i.e. life span, and energy metabolism is support-
ed by empirical data. In yeast cells the life-ex-
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 | present here,
self-maintenance, i.e. life-span 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.
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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 22g11.2 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 22q11-13 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 22g11. 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.
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Genotype-phenotype correlations in
patients with BIGH3 linked corneal
dystrophies
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Purpose: Different missense mutations in the
BIGH3 gene cause granular (Groenuoew
CDGGH1, Avellino CDA, Reis-Blicklers CDB1) and
lattice (Biber-Haab-Dimmer CDL1) corneal dys-
trophies and in some reports corneal dystrophy
Thiel-Behnke (CDB2). We report on the mutation
spectrum and the genotype-phenotype correla-
tions on the basis of clinical and histopatholog-
ical examinations of 10 German families with
BIGHS 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 genotype-phe-
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 genotype-phenotype 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.
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Identification of a new 3 kb deletion in the
arginine vasopressin receptor 2 gene
(AVPR2) in a patient with X-linked
nephrogenic diabetes insipidus

Mainberger A.(1), Stock C.(2), Schliter G.(3),
Kohlhase J.(1), Morris-Rosendahl 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 X-linked 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
genotype-phenotype correlation and may con-
tribute to early diagnosis and treatment of the
disorder, thereby preventing serious complica-
tions such as growth and mental retardation.
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A variant form of potassium-aggravated
myotonia (PAM) in a big German family
harbouring a new mutation in the SCN4A
gene

Kress W.(1), Schréder J.M.(2), Meng G.(1),
Ricker K.(3), Sternberg D.(4)
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4) Hopital Pitie-Salpetriere, 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
potassium-aggravated 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.
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Functional evaluation of Dent’s disease-
causing mutations: Implications for CIC-5
channel trafficking and internalization
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CIC-5 is a member of the CLC family of voltage-
gated chloride channels. Loss-of-function muta-
tions of its corresponding gene (CLCNS5) cause
Dent’s disease, an X-linked kidney disorder,
characterized by low-molecular 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, M5711fsX528 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, CIC-5 channel activity and surface ex-
pression were determined by two-electrode volt-
age clamp analysis and CIC-5 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 CIC-5
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 CIC-5 carboxy-terminal PY-
like internalization signal which in turn impairs
channel removal from the membrane. Our obser-
vations further imply, that recruitment of CIC-5
to alternative routes (plasma membrane or ear-
ly endosomes) in the trans-Golgi network is me-
diated via different signal sequences.
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Genome-wide autozygosity mapping and
linkage analysis in consanguineous Iranian
families with non-syndromic autosomal
recessive mental retardation
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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 two-third of the cases
is caused by chromosomal rearrangements
and/or single gene defects, including X-linked
(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 SNP-array (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.
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Novel mutation in the SDH-B gene
presenting with different types of
paragangliomas in 3 family members
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Hentze S.(3)

1) Laboratory Dres. Raue/ Frank-
Raue/Hentze, Heidelberg

2) Private Practice Internal Medicine,
Karlsruhe
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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-
tra-adrenal 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, MEN-2 and neurofibromatosisare
are caused by mutations in the vHL-, RET- or
NF-1 gene, respectively.Dominant mutations of
the genes coding for the subunits of the mito-
chondrial succinate-dehydrogenase complex
(SDH-B, -D,-C)have lately been characterized in
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familial paragangliomas, including medullary
pheochromocytomas.

We identified a novel splice-site acceptor muta-
tion in intron 5 of the SDH-B gene ,IVS5-2A>G.
The mutation was detected in a 40year-old
woman presenting with an extra-adrenal
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 67year-old 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-
low-up for affected patients, including predictive
diagnosis in the 10year-old carrier grandchild.

P172

Spectrum of molecular defects and
mutation detection rate in patients with
severe haemophilia A
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Haemophilia A (OMIM 306700) is the most fre-
quent X-linked 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 22-inversion. 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.
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Genotype-phenotype analyes of AZF gene
deletions in Yq11: Development of novel
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analysis of single AZF gene deletions and
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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
PCR-multiplex 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:
180-187).
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d-matrix - exploration, visualization and
analysis of molecular and phenotypical data
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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-



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 front-end 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 human-oriented 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 d-matrix, a non-task-specif-
ic database front-end with new visualization
strategy and built-in analysis features. d-matrix
is web-based 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 drill-down. Further-
more, d-matrix offers context-sensitive catego-
rization, hierarchical sorting and statistical analy-
sis.

To summarize, d-matrix 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.
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Genetic and clinical heterogeneity of
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Congenital Cataract (CC) is one of the most
common cause of vision-loss world-wide 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 non-syn-
dromic CC. In non-consanguineous populations,
autosomal dominant is the most common mode
of inheritance, with 23 loci mapped and 14
genes identified so far. No clear genotype-phe-
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 intra-familial 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 non-syndromic 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.
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An internet-based database on the analysis
of autosomal recessive congenital
ichthyoses and other inherited disorders of
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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 semi-auto-
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.
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Two new loci for Non-syndromic X-linked
Mental Retardation (MRX) map to Xg22.1-
Xg22.3 and Xq23-Xq26.1
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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 Assays-on-Demand, and 6 addi-
tional microsatellite markers for fine-mapping 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 Xg23-Xq26.1. 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 three-generation 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 non-carrier 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 Xg22.1-Xq22.3 and Xqg23-Xq26.1, re-
spectively, which are causative for the pheno-
type in the two MRX families.
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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.
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Marfan Syndrome Type |, (MFS1, MIM# 154700)
is an autosomal dominant disorder of the fibrous
connective tissue, caused by mutations in the
gene coding for fibrillin-1 (FBN7). The clinical
spectrum of Marfan syndrome is highly variable
affecting the cardiovascular, skeletal, ocular and
other organ systems, but genotype-phenotype
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 FBN7, 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.
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In vitro modelling of paraganglioma by iRNA
mediated knock-down of SDHC/SDHD in PC
12 cells

Troidl C.(1), Klein-Hitpass L.(2), Miller U.(1)

1) Justus-Liebig-Universitét, Institut fiir
Humangenetik, Giessen

2) Universitéatsklinikum Essen, Institut fiir
Zellbiologie, Essen

Hereditary paraganglioma can be caused by mu-
tations in components of complex Il 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
(iron-sulfur 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 Muiller, 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
Il of the respiratory chain in tumorigenesis we
modelled SDHC and SDHD deficiency in PC12
cells, a neuronal adrenal-derived cell line, by
iRNA mediated knock-down of either SDHC or
SDHD. Efficient knock down of this genes was
shown by Northern blot analysis. When grown
on soft agar, knock-down cells formed signifi-
cantly more colonies than controls. We per-
formed array analysis of the expression pattern
of genes in knock-down and in control cells. Of
mitochondrial complex Il genes both SDHC and
SDHD were down-regulated when either gene
was “knocked-down”. However, the expression
level of the genes coding for the catalytic sub-
units SDHA and -B of complex Il 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 Muller U, Nat. Genet. 26: 268-
270, 2000
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VEGF: Angiogenesis factor with roles in
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Inactivating missense mutations in the kinase
domain of receptors for the vascular endothelial
growth factor, VEGFR-2 and VEGFR-3, 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 adult-onset mo-
toneuron degeneration reminiscent of amy-
otrophic lateral sclerosis. In addition, VEGF was
shown to rescue motoneurons from death in a
mouse model of X-linked spinal and bulbar mus-
cular atrophy. We have used alkaline phos-
phatase (AP) fusion proteins to unveil non-vas-
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
non-vascular 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.
AP-VEGF164 bound strongly to proliferating and
differentiated rat pheochromocytoma PC12 cells
which are an established model for investigation
of neurotrophic factor-mediated signaling path-
ways. In contrast, the AP-Endostatin affinity
probe turned out to be a negative control de-
spite collagen XVIll/endostatin’s neuronal role in
the avascular nematode C. elegans. Consistent
with AP-staining, we have shown by immunoflu-
orescence that proliferating and differentiated
PC12 cells express three VEGF receptors, VEG-
FR-1, VEGFR-2, and Neuropilin-1. 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
AP-VEGF164 are performed in order to search
for a putative novel receptor.
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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
bp-deletion in the DYT1 gene (torsinA), coding
for torsin A protein, was identified in about 70%
of patients suffering from generalized early-on-
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



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 kinesin-I 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.
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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 wild-type 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.
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Mutations in the Parkin gene coding for an E3
ubiquitin-protein ligase cause autosomal reces-
sively transmitted early-onset Parkinson’s dis-
ease (PD). Recently, strong indications were
worked out for a possible role of Parkin muta-
tions in the late-onset 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 late-on-
set PD by investigating mutation and polymor-
phism frequencies with SSCP analysis. Compar-
ing the frequencies of known single nucleotide
polymorphisms (SNPs; 1VS2+25T>C; IVS3-
20T>C; IVS7-35G>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 late-onset 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;60:796-801.

Kurz M, Alves G, Aarsland D, Larsen JP. Familial
Parkinson’s disease: a community-based study.
Eur J Neurol. 2003;10:159-63.

Oliveira et al. Parkin Mutations and Susceptibil-
ity Alleles in Late-Onset Parkinson’s Disease.
Ann Neurol 2003;53:624-629.
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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
16922.1 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.
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Small Neonatal Head Circumference - A
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Niemann-Pick disease Type C that is useful
in a Diagnostic Score
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Objectives: Niemann-Pick 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 iliness, 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 age-machted 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 age-matched 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.
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Detection of new variations of the
polyalanine stretch in PMX2B in patients
with ataxia or Huntington Disease (HD)
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The transcription factor PMX2B (paired-like
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), Zihlke C.(1)
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2) Universitdt zu Dresden, Institut fiir
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One of the main causes of mental retardation in
males is the fragile X-syndrome. 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 73-year-old women started to
notice weakness at age 64. Clinically gait atax-
ia, tremor and deterioration of memory and con-
centration followed. The 65-year-old 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.
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Recurrent Dardarin (PARK8) mutation in a
case with early-onset Parkinson’s disease
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Objectives: To evaluate the role of mutations in
the Dardarin gene in early- and late-onset
Parkinson’s disease (PD).

Background: Very recently, a new gene has
been identified that plays a role in autosomal
dominant, late-onset PD, Dardarin (PARKS,
LRRK?2), 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; ¢.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 early-onset PD (EOPD) cases (age at onset
[AAQO] </= 50 y.) and 43 late-onset PD (LOPD)
cases (AAO > 50 y.). We screened the five muta-
tion-bearing 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 48-78y.),
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 L-dopa 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 (IVS40-39G/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.
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Analysis of molecular events underlying the
early degeneration of photoreceptors in a
mouse model for X-linked juvenile
retinoschisis
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Objectives: X-linked juvenile retinoschisis (RS)
is caused by mutations in the RS1 gene encod-
ing a 24-kDa 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 Rs1h-defi-
cient mouse model of RS.

Material and Methods: Retinal cryosections of
wildtype, Rs1h-deficient (Rs1h-/Y) and Rs1h-/Y
- Casp1-/- mice double knock-out mice were in-
vestigated by immunohistochemistry and

TUNEL-staining. RNA samples of the retinae
from 10, 14, 16, 21, and 28 days old mice were
used for quantitative real-time PCR (qRT-PCR).
Results: TUNEL-positive cells were significant-
ly increased in the retinal photoreceptor layer of
the Rs1h-deficient mouse with a peak in apop-
totic cell degeneration around postnatal day 18.
qRT-PCR of genes expressed by activated mi-
croglia such as Spp1, Casp1, or IL18B 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 Fas-mediated apoptosis may be
caused by neurotoxicity of activated microglia
mediated by cytokines and free radicals. Most
prominently, Casp1 was found upregulated in
Rs1h-deficient mice. This protein is required for
the activation of 1118 which plays a role in pro-
moting neuronal cell death. We have now gener-
ated double knock-outs of Rs1h- and Casp1-de-
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 apoptosis-related
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.
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Microarray analysis of mouse models of
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The presynaptic protein a-synuclein plays a cen-
tral role in the pathogenesis of Parkinson’s dis-
ease (PD). Usually, a-synuclein is degraded by
the proteasome-ubiquitin pathway. In PD, how-
ever, a-synuclein accumulates and aggregates
in the Lewy bodies. Thus, the proteasomal
degradation of a-synuclein might be altered. To
investigate the proteasomal-ubiquitin pathway
in PD further, we analyzed mouse models of PD
by microarray analysis. First, the expression pro-
file of mice over-expressing a-synuclein,
SNCA+/+ (Kahle, et al., 2000), was generated.
Furthermore, mice with a reduced activity of
UbcM4 (Ubc-30%, Harbers et al.,, 1996), the
mouse homologue of UbcH7, which is a ubiqui-
tin-conjugating enzyme interacting with parkin,
were analyzed by microarray analysis. Parkin, an
E3-ligase, is mutated in autosomal recessive PD
and thought to ubiquitinate glycosylated alpha-
synuclein. RNA for chip-analysis was isolated
from total mouse brains of a-synuclein over-ex-
pressing and of Ubc-30% mice,C57BI6 mice as
controls. Three 3-month-old and three 1-year-
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 Ubc-30%
mice. The most interessing gene, a-synuclein, is
highly expressed in 1-year-old Ubc-30% mice.



Histological analysis to identify Lewy body-like
a-synuclein-inclusions in transgenic mice brain
at different ages are in progress. To find out if
Ubc-30% 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 double-transgenic mice
for differences between single- and double-
transgenic embryos.
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Novel Mitofusin2 (MFN2) mutations and
phenotypic variability in Charcot-Marie-
Tooth neuropathy type 2A
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Charcot-Marie-Tooth 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 (1213T,
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 (PO0),
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 genotype-phenotype correlation in
CMT type 2.
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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 fronto-parietal PMG (BFPP)
could be localized on 16g12 and mutations in
the G protein-coupled 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.
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We recently identified two missense mutations
in BSCL2 associated with dHMN-V (OMIM
#600794) and Silver syndrome (OMIM #270685).
Both mutations (N88S and S90L) are located in
exon 3 of BSCL2 and destroy the only N-glyco-
sylation site of the gene product seipin. It is well

established that missing N-glycosylation 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 B-tubulin,
y-tubulin, hsp70, proteasome 19 S subunit and
ubiquitin to look for the distribution of these mol-
ecules in mutant seipin-EGFP 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 / dHMN-V.
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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
X-linked mental retardation, Partington syn-
drome, X-linked West syndrome, X-linked 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 ARX-associated 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 X-linked 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

medgen 17 (2005)

71



72

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.
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Cerebral cavernous malformations occur with a
frequency of about 0.1-0.5% 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 3g25.2-g27.
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.
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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 beta-cells and neurons.
About 100 mutations were reported thus far.
Genotype-phenotype 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.
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Rare variants in the familial hemiplegic
migraine gene ATP1A2 in familial clustering
of common forms of migraine
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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 A 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 two-elec-
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
FHM-mutations, 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 genotype-phenotype relationship for
C515Y versus typical FHM-mutations, 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.
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The gene LRRK2 (PARKS8) which causes
autosomal dominant Parkinsonism does not
influence common forms of Parkinsons
Disease
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We recently showed that mutations in the gene
for a leucine-rich repeat kinase (LRRK2) cause
autosomal-dominant late-onset Parkinsonism.
We identified five missense and one putative
splice site mutation in the LRRK2 gene in six
families linked to chromosome 12 (PARKS).
LRRK2 is a large, multifunctional protein belong-



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, protein-protein interac-
tion domains). LRRK2-mutations 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 non-mendelian 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 case-con-
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.
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Functional analysis in Drosophila models for
hereditary neuropathies and lipodystrophies
Schwarzbraun T.(1), Windpassinger C.(1),
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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 Charcot-Marie-Tooth 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 spatio-temporal
control over gene expression. Additionally trans-
genic RNAI strategies might be used for con-
trolled spatio-temporal gene inactivation. Anti-
bodies and GFP-fusions will be generated to
study tissue and sub-cellular 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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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
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We have cloned and characterized a new gene
(OSTL), that is involved in the translocation
1(6;12)(923;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 B-box
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 B-cell lines showed expres-
sion of OSTL in Karpas (mature B cell line de-
rived from B-NHL) 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 B-cell re-
ceptor signaling and B-cell survival (SIVA, HAX-
1). The OSTL - SIVA and OSTL - HAX-1 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.
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Recombination hotspot in the vicinity of the
SHOX gene defines a common genetic
cause for short stature
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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 homeobox-containing short
stature gene on the sex chromosomes lead to
syndromal (Léri-Weill, 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 Léri-Weill dyschondrosteo-
sis and 2% of the patients with idiopathic short
stature. For 27 patients with Léri-Weill 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 locus-spe-
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.
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CASK is disrupted by a paracentric
inversion of the X chromosome in a female
with microcephaly, cerebellar hypoplasia,
and severe psychomotor retardation
Wimplinger 1.(1), Dobyns W.B.(2), Frank U.(3),
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Disease-associated 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
acridin-orange 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 gene-poor 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+/calmodulin-dependent protein kinase Il
and membrane-associated guanylate kinase.
Remarkably, CASK intron 5 harbors two small
genes, GPR34 and GPR82, both encoding G-
protein-coupled 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 Tbr-1 to induce
transcription of T-element 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.
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Htra2-B1 - a splicing modulator of SMN2
transcripts: functional studies in transgenic
and knock out mice
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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 SR-like splicing
factor Htra2-B1 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 SMA-like pheno-
type, whereas the phenotypic severity like in hu-
man is correlating with the SMN2 copy number.
We have generated mice overexpressing the
Htra2-B1 neuronal specific. Overexpression of
Htra2-B1 was confirmed via immunostaining of
cultured motor neuron cells.The transgenic
Htra2-B1 mice are phenotypically normal. Our fi-
nal goal is to create Smn-/-, SMN2+, Htra2-B1+
animals to investigate if Htra2-81 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 Tra2-81
in mammalians. By using PCR-strategy 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 Htra2-81 protein lev-
el, the construction of Tra2-B1 knock out mice is
of particular interest.
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PCC syndrome: The underlying gene defect,
cellular and clinical characteristics of the
first genetic disorder affecting chromosome
condensation
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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 prophase-like cells detectable in routine cy-
togenetic preparations. lonizing irradiation in-
creases the fraction of prophase-like cells and
could serve as an additional approach to facili-
tate the diagnosis. siRNA-mediated depletion of
MCPH1-mRNA in Hela-cells 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.
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Detection by triple PCR of expanded CGG
repeats and their AGG interruptions in the
FMR1 gene of fragile X syndrome
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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 AGG-interrupted full mu-
tations. This discovery led us to investigate the
haplotype backgrounds of interrupted and non-
interrupted full mutation alleles.
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Screening of hot spot mutations in the
Ryanodine receptor gene for Malignant
hyperthermia and Central core disease
identifies 8 novel exchanges
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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 excitation-concentration 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 108.

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%.
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Junction PCR based genotyping of NF1
microdeletions indicates preferred sites of
non-allelic recombination in the NF1 gene
region
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Heterozygous NF1 deletions that encompass at
least 1-Mb 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 sub-types 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. Type-2 deletions of 1.2 mb have
breakpoints in the JUAZ1 gene and were identi-
fied in 28% of patients. Two other patients had
larger deletions of 2-Mb and 2.7-Mb, respective-
ly, which were non-LCR mediated. We deter-
mined the exact breakpoint sites in 18 NF1 mi-
crodeletions and identified preferred regions of
strand exchange for which deletion-junction
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.
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Until now two genes, STA and LMNA, have been
associated to Emery-Dreifuss 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 MANT1 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 1-3, AKAP 7,
Nesprin1 and Nesprin2). Until now we have
studied 21 genes in 110 patients from Germany.
We identified five unique variations in Nesprinio
(29A>G, N323H, V572L, E646K, 2368G>A), one
in SrebF1 (R812Q), one in Nesprin2o. (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 Nesprin2o 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.
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Kehrer-Sawatzki 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, Uim

2) University Hospital Eppendorf, Laboratory
for Tumor Biology and Malformation,
Department of Maxillofacial Surgery,
Hamburg

3) MRC-Holland, Amsterdam, Netherlands

4) Hospital Nordstadt, Department of
Neurosurgery, Hannover

5) University Hospital, Department of
Neurosurgery Tiibingen, Tiibingen
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 ligation-dependent
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, mMRNA
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 exon-scan-
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 exon-scanning based screenings and that
MLPA is a suitable method for detecting such al-
terations.
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sex reversal caused by a novel translocation
breakpoint mapping about 900 kb upstream
of SOX9
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Campomelic dysplasia (CD; MIM 114290) is a
semilethal skeletal malformation syndrome with
or without XY sex-reversal. 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 po