
Abstracts of lectures

1. Symposia

S2 03

Statistical analysis of phenotypic variation
in retinoblastoma: a model for identification
of modifier effects in hereditary cancer
Lohmann, D., Böhringer, S.
Institut für Humangenetik, Universität
Essen�Duisburg
By definition, monogenic traits are determined
by variant forms of single major genes. Never�
theless, it is not unusual that specific mutant al�
leles are associated with a broad range of phe�
notypic expression. This uncertainty, which lim�
its the predictive value of mutational analysis in
genetic counseling and medical care, is caused
by the modifying effects of genetic and non�ge�
netic factors. In hereditary cancer predisposition
syndromes, further variation is to be expected
because of the stochastic nature of the events
that are required for tumor formation. Genes that
modify genotype�phenotype associations have
been identified in some animal models of hered�
itary cancer but are notoriously difficult to detect
in the human. In order to recognize genetic fac�
tors that determine phenotypic expression in
retinoblastoma we have developed statistical
tools that helps to identify modifying effects in
families with incomplete penetrance.Data re�
quired for the analysis are the number of muta�
tion carriers in a family that have had bilateral,
unilateral or no retinoblastoma. According to
Knudson?s two�step mutation model, these fig�
ures are distributed according to a Poisson dis�
tribution. A maximum likelihood approach is
used to estimate the mean number of tumors (m)
that maximizes the observed distribution of phe�
notypes in a family (m_max). In a second step,
an exact test is employed to determine the plau�
sibility of the assumption of a Poisson distribu�
tion given m_max.We have analyzed all 25 fam�
ilies with incomplete penetrance and known RB1
gene mutation that have been reported so far. In
most families, the observed distribution is close
or equal to the expected distribution of pheno�
types given m_max. However, values of m_max
in families with identical mutations can be dis�
tinct thus indicating the effect of genetic modi�
fiers located in cis to the RB1 gene. A distinct
kind of modifying effect is observed in two oth�
er families. In both families, the observed distri�
bution of phenotypes does not conform to a
Poisson distribution. However, separate analy�
sis of phenotypes associated with maternally
and paternally transmitted mutant alleles result�
ed in distinct m_max values each with good
plausibility. This shows that phenotypic expres�
sion in these two families is subject to a parent�
of�origin effect.

S2 04

Most patients with Muir�Torre syndrome
have germline mutations in MSH2 � a clear�
cut genotype�phenotype correlation in
HNPCC
Pagenstecher, C. (1), Mangold, E. (1), Mathiak,
M. (2), Friedl, W. (1), Leister, M. (1), Aretz, S.
(1), Propping, P. (1), Rütten, A. (3), Ruzicka, T.
(4), Kruse, R. (4)
(1) Institut für Humangenetik,
Universitätsklinikum Bonn (2) Institut für
Pathologie, Universitätsklinikums Bonn (3)
Gemeinschaftspraxis für Dermatologie,
Friedrichshafen (4) Klinik für Dermatologie,
Universitätsklinikum Düsseldorf
Sebaceous gland tumors are the characteristic
cutaneous manifestation of the Muir�Torre syn�
drome (MTS); the clinical diagnosis of MTS can
be made when a patient is diagnosed with a se�
baceous gland neoplasia and an internal neopla�
sia. MTS is known to be a phenotypical variant
of hereditary non�polyposis colorectal cancer
(HNPCC); in both MTS and HNPCC germline
mutations in DNA mismatch repair (MMR) genes
have been identified. The diagnosis of HNPCC
is important for the patient and his family as HN�
PCC patients and their relatives are recommend�
ed frequent cancer surveillance examinations.
The identification of a germline mutation in an
HNPCC family not only proofs the diagnosis but
also enables predictive genetic testing of per�
sons at risk.Aim of the study was to analyze the
mutation spectrum in a large MTS patient co�
hort. We investigated 41 unrelated index patients
diagnosed with MTS or suspicious for MTS due
to the occurrence of a sebaceous tumor. 37 of
the patients had been pre�selected for mutation
analysis by microsatellite analysis or immunohis�
tochemical staining for DNA MMR protein ex�
pression. We detected germline mutations in 27
patients (66%). Each mutation occurred only
once. 25 (93%) of the detected mutations are lo�
cated in the DNA MMR gene MSH2, only 2 (7%)
are located in MLH1. This is a significant differ�
ence to the well�balanced proportion of 51%
MSH2 and 49% MLH1 mutations identified by
us in a sample of 105 HNPCC patients without
the MTS phenotype. Our results demonstrate a
clear�cut correlation between the MTS pheno�
type and mutations in the MSH2 gene.Accord�
ing to the International Collaborative Group on
HNPCC the suspicion of HNPCC should be
raised when a patient meets certain clinical cri�
teria. These criteria, known as the Bethesda cri�
teria, list various specific HNPCC malignancies;
however, sebaceous neoplasias are not among
these tumors. We therefore raised the critical
question whether the mutation carriers from our
MTS collective would have been detected by ap�
plying the Bethesda criteria as a first pre�selec�
tion step prior to tumor tissue analysis. Interest�
ingly, 6 (22%) of the mutation carriers do not
meet the Bethesda criteria, nor do their families.
From this observation we conclude that seba�
ceous tumors are important indicators for inher�
ited DNA MMR deficiency. The diagnosis of a
sebaceous neoplasm, even in patients not meet�
ing the Bethesda criteria, should always lead to
further diagnostic work up for possible HNPCC.
Supported by the Deutsche Krebshilfe and the
DFG

S5 03

Characterization of deletions of the ZFHX1B
region and genotype�phenotype analysis in
Mowat�Wilson syndrome
Zweier, C. (1), Temple, K. (2), Beemer, F. (3),
Zackai, E. (4), Weschke, B. (5), Rauch, A. (1)
(1) Institute of Human Genetics, FAU
Erlangen�Nuremberg (2) Wessex Clinical
Genetics Service, Southampton University
NHS Hospital Trust (3) Department of
Biomedical Gentics, University Medical
Center Utrecht (4) Clinical Genetics Center
of the Children´s Hospital of Philadelphia (5)
Departement of Pediatric Neurology,
Charité Campus Virchow�Klinikum,HU
Berlin
Mowat�Wilson syndrome is a recently delineat�
ed distinct multiple congenital anomalies�men�
tal retardation syndrome characterized by rec�
ognizable facial anomalies, severe mental retar�
dation, growth retardation and malformations
such as Hirschsprung disease and congenital
heart defects. The underlying genetic defects are
mutations or large scale deletions of the
ZFHX1B gene, but detailed genotype�phenotype
analysis was not reported so far. Of 14 patients
with the distinct facial gestalt of Mowat�Wilson
syndrome analyzed by us, 10 had truncating mu�
tations, and 4 had large scale deletions, thus
giving a ZFHX1B defect in 100% of patients and
a deletion rate of 29%. We investigated deletion
sizes in patients by FISH analysis with 26 BAC
clones and additional polymorphic markers and
reviewed genotype�phenotype correlation.Our
results show that deletion sizes and breakpoints
in Mowat�Wilson syndrome patients vary widely
from 300 kb to about 11 Mb, thus ruling out a
true microdeletion syndrome. In general, pa�
tients with deletions are very similar to those
with truncating mutations. There was no corre�
lation between the phenotype and mutation site
or size of deletion up to 5 Mb. However, one pa�
tient with larger deletion (~11 Mb) had early
seizures with lethal course and hypoplasia of
great toes as additional features. Regardless of
the underlying mutation, seizures occurred in
82%, Hirschsprung disease in 67.6%, congeni�
tal heart defects in 47%, and agenesis of corpus
callosum in 35%.

S5 04

Computer�based classification results of an
extensive set of dysmorphic faces
Wieczorek, D. (1), Gillessen�Kaesbach, G. (1),
Tewes, A. (2), Würtz, R. P. (2), Horsthemke, B.
(1), Böhringer, S. (1)
(1) Universität Essen�Duisburg, Institut für
Humangenetik (2) Ruhr�Universität Bochum,
Institut für Neuroinformatik
An extensive set of digital images (n=147) of
faces from patients with certain syndromes was
collected. These syndromes include Mu�
copolysaccharidosis type III (n=10), Cornelia de
Lange (n=12), Fragile X (n=12), Prader�Willi
(n=12), Williams�Beuren (n=13), 5p� (n=16), 22q�
(n=23), Noonan (n=18), Sotos (n=18) and Smith�
Lemli�Opitz (n=13) syndrome. The analysis is
performed in two steps, first obtaining a numer�
ic decomposition of a facial image using Gabor�
Wavelet transformations and second applying
statistical classification methods. We show re�
sults for kth�nearest neighbour (kNN), support
vector machines (SVM) and linear discriminant
analysis (LDA). Prior to performing SVM and LDA
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we employed a principle components analysis to
reduce the complexity of the data set. This step
resulted in 30 components out of 3840 covari�
ates in the original data set. The error rates as
measured by cross validation are 37%, 49% and
31% for kNN, SVM and LDA, respectively. These
results indicate that the methods presented can
be helpful to guide the diagnostic process when
comparing them to the 90% error rate of a ran�
dom choice. Reconstructions of average or typ�
ical images of faces for a given syndrome allow
to comprehend the decision process of a classi�
fication algorithm.

S6 02

A novel mouse model for Spinocerebellar
Ataxia Type 3 containing 148 polyglutamine
repeats
Schmidt, T. (1), Boy, J. (1), Ibrahim, S. (2),
Holzmann, C. (3), Niwar, M. (1), Grasshoff, U.
(1), Schmitt, I. (4), Laccone, F. (5), Riess, O. (1)
(1) Department of Medical Genetics,
University of Tübingen (2) Department of
Immunology, University of Rostock (3)
Department of Medical Genetics, University
of Rostock (4) Department of Neurology,
University of Bonn (5) Institute of Human
Genetics, University of Göttingen
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 a transgenic mouse
model for this disorder. Promoter studies of the
ataxin�3�promotor itself are currently still lack�
ing. We therefore used the well characterized
promoter of the Huntingtin gene responsible for
Huntington´s disease, another polyglutamine dis�
ease. In our mouse model, the Huntingtin�pro�
moter controls the expression of the full length
ataxin�3 gene containing 148 CAG repeats. We
performed 7 injection cycles of the transgene
and identified positive founders in our 25 off�
spring. We raised up to now three transgenic
founders and established stable mouse lines.
Western blot analyses confirmed the expression
of the transgenic ataxin�3 protein with an ex�
panded polyglutamine repeat almost exclusive�
ly in the brain. In heterozygous mice, the expres�
sion of the transgene is weaker than that of the
endogenous ataxin�3 protein. Therefore a falsi�
fying influence of overwhelming expression of a
transgenic protein can be excluded for our
mouse model. It rather reflects the actual condi�
tions occurring in SCA3 patients. Studies are
currently ongoing to further characterize these
mice at different ages (up to 24 months) contain�
ing immunohistochemical analyses as well as
motor�functional examinations. On account of
the dramatic length of this polyglutamine stretch
we are hopeful that these analyses will prove the
suitability of our transgenic mice as a model of
SCA3.

S6 04

Myotonic dystrophies: Clinical and
molecular genetic similarities and
differences of myotonic dystrophy type 1
and 2 (DM1/DM2)
Schneider�Gold, C.
Universität Würzburg
Similar to myotonic dystrophy type 1 (DM1), my�
otonic dystrophy type 2, also termed proximal
myotonic myopathy (DM2/PROMM; OMIM
602668) is a multisystemic disease charac�
terised by myotonia, muscle weakness, wasting
and cataracts as the main symptoms. In contrast
to DM1, predominant proximal leg muscle weak�
ness, mild if any facial involvement, preservation
of bulbar function and manual skills, hyperhidro�
sis, absence of significant hypersomnia and
changes of mood and motivation is characteris�
tic for DM2. Pain is quite frequent in
DM2/PROMM but not in DM1. Clinical anticipa�
tion of disease onset has been observed not
only in DM1, but � to a minor degree � also in
DM2. However, a congenital phenotype of the
disease and mental retardation in children as
seen in DM1 have not been observed in DM2 so
far. Both, DM1 and DM2 are associated with a
repeat expansion in a non�coding gene region.
DM1 is associated with a CTG repeat expansion
in the non translated region in the 3’ end of the
dystrophia myotonica protein kinase (DMPK)
gene on chromosome 19q. Recently,
DM2/PROMM was shown to be caused by a
CCTG repeat expansion in intron 1 of the ZNF 9
gene on chromosome 3q. The DM2 mutation is
huge (up to 50 KB), highly instable and increas�
es with age. DNA analysis in DM1 usually shows
large fragments allowing determination of the
length of the repeat expansion. In DM2, expand�
ed fragments are visible as DNA smears or mul�
tiple fragments on Southernblot. In contrast to
DM1 where a correlation of the length of the re�
peat expansion and disease severity and age of
onset could be shown, a genotype�phenotype
correlation in DM2 patients in whom determina�
tion of repeat lengths has been possible has not
convincingly been demonstrated so far. In both
diseases accumulation of mutated RNA strangs
within the nuclei of muscle fibres has been
demonstrated by in situ hybridisation leading to
the term “nuclear RNA disease”. It is hypothe�
sized that the mutated RNA itself and/ or nuclear
RNA accumulation lead to dysregulation of cel�
lular protein synthesis.

S7 03

Valproic acid increases the SMN2 protein
level: A well�known drug as a potential
therapy for spinal muscular atrophy
Brichta, L. (1), Hofmann, Y. (1), Hahnen, E. (2),
Siebzehnrubl, FA. (2), Raschke, H. (1),
Blumcke, I. (2), Eyupoglu, IY. (3), Wirth, B. (1)
(1) University Bonn, Institute of Human
Genetics (2) University Erlangen�
Nuremberg, Institute of Neuropathology (3)
University Erlangen�Nuremberg,
Department of Neurosurgery
Proximal spinal muscular atrophy (SMA) is a
common neuromuscular disorder causing infant
death in half of all patients. Homozygous ab�
sence of the survival motor neuron gene (SMN1)
is the primary cause of SMA, while SMA severi�
ty is mainly determined by the number of SMN2
copies. SMN2 produces only about 10 percent
of full�length protein identical to SMN1, where�

as the majority of SMN2 transcripts is aberrant�
ly spliced due to a silent mutation within an ex�
onic splicing enhancer in exon 7. However, cor�
rect splicing can be restored by over�expression
of the SR�like splicing factor Htra2�beta1. We
show that in fibroblast cultures derived from
SMA patients treated with therapeutic doses
(0.5�500 micromol/l) of valproic acid (VPA) the
level of full�length SMN2 mRNA / protein in�
creased 2�4�fold. Importantly, this up�regulation
of SMN could be most likely attributed to in�
creased levels of Htra2�beta1 which facilitates
the correct splicing of SMN2 RNA as well as to
an SMN gene transcription activation.Especial�
ly at low VPA concentrations, the restored SMN
level depended on the number of SMN2 copies.
Moreover, VPA was able to increase SMN pro�
tein levels through transcription activation in
organotypic hippocampal brain slices from rats.
Finally, VPA also increased the expression of fur�
ther SR�proteins, which may have important im�
plications for other disorders affected by alter�
native splicing. Since VPA is a drug highly suc�
cessfully used in long�time epilepsy therapy, our
findings open the exciting perspective for a first
causal therapy of an inherited disease by elevat�
ing the SMN2 expression level and restoring its
correct splicing.

S7 04

Regulation of the MID1 protein function is
fine�tuned by a complex pattern of
alternative splicing
Winter, J. (1), Lehmann, T. (1,2), Krauß, S. (1),
Trockenbacher, A. (3,4), Kijas, Z. (1), Foerster,
J. (5), Suckow, V. (1), Yaspo, M�L. (1), Kulozik,
A. (6), Kalscheuer, V. (1), Ropers, H�H. (1),
Schneider, R. (3), Schweiger, S. (1)
(1) Max�Planck Institut für Molekulare
Genetik, Berlin (2) Helios Klinikum Buch,
Robert�Rössle�Klinik (3) Institut für
Biochemie, Universität Innsbruck (4) Institut
für Pharmakologie, Universität Innsbruck (5)
Klinik für Dermatologie, Charite Berlin (6)
Universitätsklinik Heidelberg
Clinical features of Opitz BBB/G syndrome are
confined to defects of the developing ventral
midline whereas the causative gene, MID1, is
ubiquitously expressed. Therefore, a non�redun�
dant physiological function of the MID1 product
appears to be developmentally restricted. Here,
we report the identification of several alternative
MID1 exons in human, mouse and Fugu. We
show that comparable splicing patterns of the
MID1 gene occur in the three organisms, sug�
gesting an important role in the regulation of
MID1 protein function. Accordingly, we observed
differential MID1 transcript patterns in a tissue�
specific manner by Northern blot and RT�PCR.
The identified splice variants cause loss�of�func�
tion effects via several mechanisms. Some intro�
duce STOP codons followed by a novel polyA+
tail, leading to the formation of C�terminally trun�
cated proteins. Dominant negative effects
through altered binding to the MID1�interacting
protein alpha4 in vitro could be demonstrated in
a couple of cases. Others carry premature ter�
mination codons without polyA+ tails. These are
degraded by nonsense mediated mRNA decay
(NMD). Our data reveal a mechanism conserved
in human, mouse and Fugu that regulates devel�
opmentally restricted MID1 activity and suggest
NMD to be critical in the translational regulation
of a ubiquitously transcribed mRNA.
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2. Selected presentations

Sel 001

Mutations in BMPR1B cause brachydactyly
type A2
Lehmann, K. (1), Seeman, P. (2), Stricker, S. (2),
Sammar, M. (3), Meyer, B. (4), Süring, K. (2),
Majewski, F. (5), Tinschert, S. (1), Grzeschik, K.�
H. (6), Müller, D. (7), Knaus, P. (3), Nürnberg, P.
(1,4), Mundlos, S. (1,2)
(1) Institut für Medizinische Genetik,
Humboldt�Universität, Charité, Berlin,
Germany (2) Max�Planck�Institut für
Molekulare Genetik, Berlin, Germany (3)
Institut für Physiologische Chemie II,
Biozentrum, Universität Würzburg, Germany
(4) Genkartierungszentrum, Max�Delbrück
Zentrum für Molekulare Medizin, Berlin�
Buch, Germany (5) Institut für
Humangenetik, Universitätsklinik
Düsseldorf, Germany (6) Institut für
Humangenetik, Universitätsklinik Marburg,
Germany (7) Institut für Medizinische
Genetik, Klinikum Chemnitz, Germany
Brachydactyly type A2 (BDA2) is an autosomal
dominant hand malformation characterized by
shortening and lateral deviation of the index fin�
gers and, to variable degree, shortening and de�
viation of the 1st and 2nd toes. We performed
linkage analysis in two unrelated German fami�
lies and mapped a locus for BDA2 to 4q21�q25.
This interval includes the gene (BMPR1B) for
bone morphogenetic protein receptor 1B, a type
I transmembrane serine�threonine kinase known
to have an important function in chondrocyte dif�
ferentiation. In one family, we identified a
1456C>T mutation leading to an arginine to tryp�
tophan amino acid change (R486W) in a highly
conserved region C�terminal of the BMPR1B ki�
nase domain. In the other family, we identified a
599T>A mutation changing an isoleucine into a
lysine residue (I200K) within the GS domain of
BMPR1B, a region involved in phosphorylation
of the receptor. Functional analyses using a
chick limb micromass culture system revealed a
strong inhibition of chondrogenesis by both mu�
tant receptors. Overexpression of mutant chBm�
pR1b in vivo in chick embryos using a retroviral
system (RCAS) resulted either in a brachydacty�
ly phenotype with shortening and/or missing
phalanges similar to the human phenotype or in
severe hypoplasia of the entire limb. These find�
ings suggest that both mutations in chBmpR1b
affect cartilage formation in a dominant negative
manner.

Sel 002

Alu mediated large deletions of the MECP2
gene detected by gene dosage analysis in
patients with Rett syndrome
Laccone, F. (1), Jünemann, I. (1), Whatley, S.
(2), Morgan, R. (2), Butler, R. (2), Huppke, P. (3),
Ravine, D. (2)
(1) Institut für Humangenetik, Universität
Göttingen, Germany (2) All�Wales Genetic
Diagnostic Laboratory, University Hospital
of Wales, Cardiff, UK (3) Pädiatrie II,
Universität Göttingen, Germany
MECP2 loss�of�function mutations are respon�
sible for Rett syndrome (RTT), a progressive en�
cephalopathy withonset in infancy. Approximate�
ly a quarter of all cases of classic RTT, however,
do not have an identifiable mutation within the
coding region of the MECP2 gene. The reasons

proposed for this significant false negative rate
include mosaic mutations, rearrangements of the
MECP2 gene that extend beyond its coding re�
gions, mutations in highly conserved regulatory
regions of the gene, as well as mutations in oth�
er genes. The MECP2 mutational spectrum in�
cludes recurrent small deletions in a deletion
prone region (DPR) at the 3’ end of exon 4. We
hypothesised that larger deletions arising from
the DPR occur commonly and are not being rou�
tinely screened for by PCR mediated strategies.
We developed a quantitative PCR strategy
(qPCR) to examine the hypothesis and applied it
to samples referred for diagnostic assessment
from 140 patients among whom RTT was strong�
ly suspected but in whom MECP2 mutation
screening had yielded a wildtype result. We also
evaluated 31 samples from a second selected
group of girls with classical RTT among whom a
mutation had not been identified in the MECP2
coding region. Among those in the first group we
identified 10 large deletions (7.1%). Five dele�
tions were characterised within the second
group (16.1%). Sequencing of the breakpoints in
11 cases revealed that 8 cases had one break�
point within the DPR. Among 7 cases the break�
point distant to the DPR involved one of several
Alu repeats, six of which were members of the
AluSx class. Three cases involved the same
AluSx repeat and 2 cases involved another. Two
inserted sequences were derived from more dis�
tant AluSx repeats, one positioned 600kb away
from the site of insertion. Sequence analysis of
the junction sequences revealed that 8 cases
had complex rearrangements, including double
and triple deletions and indels. Examination of
the MECP2 genomic sequence reveals that it is
highly enriched for repeat elements, with the
content of Alu repeats rising to 27.8% in intron
2, in which there was an abundance of break�
points among our patients. Furthermore, a per�
fect chi�sequence (gctggtgg), known to be re�
combinogenic in E. coli is located in the DPR.
We suggest that the chi�sequence in concert
with neighbouring Alu repeats, as well as the
multiple simple repeat elements within the DPR,
are potent factors contributing to the high rate
of genomic rearrangement in this region of
MECP2. At a practical level, routine mutation
screening in MECP2, at least in classical RTT
cases, should include quantitative analysis of
the genomic sequences flanking the DPR.

Sel 003

The short stature homeodomain protein
SHOX induces cellular growth arrest and
apoptosis and is expressed in human
growth plate chondrocytes
Marchini, A. (1), Caldeira, S. (2), Blaschke, R.J.
(1), Marttila, T. (1), Malanchi, I. (3), Häcker, B.
(1), Rao, E. (1), Karperien, M. (4,5), Wit, J.M.
(4), Tommasino, M. (3), Rappold, G.A. (1), 
(1) Institute of Human Genetics, University
of Heidelberg, Im Neuenheimer Feld 328, D�
69120, Heidelberg, Germany (2) Institute of
Molecular Medicine, University of Lisbon,
1649�028, Portugal (3) Unit Infection and
Cancer, International Agency for Research
on Cancer,World Health Organization, 150
Cours Albert Thomas, 69372, Lyon Cedex 08,
France (4) Department of Pediatrics, Leiden
University Medical Center, PO Box 9600,
2300 RC Leiden, Leiden, The Netherlands (5)
Department of Endocrinology and Metabolic
Diseases, Leiden UniversityMedical Center,

PO Box 9600, 2300 RC Leiden, Leiden, The
Netherlands
Mutations in the homeobox gene SHOX cause
idiopathic growth retardation, the short stature
and the skeletal abnormalities associated with
Léri�Weill, Langer and Turner syndromes. Little
is known about the mechanism underlying these
SHOX�related inherited disorders of bone forma�
tion. Here we demonstrate that SHOX expres�
sion in stable cell lines and in primary cultures
leads to cell cycle arrest and apoptosis. These
events are associated with alterations in the ex�
pression of several cellular genes, including
pRB, p53 and the cyclin kinase inhibitors
p21Cip1 and p27Kip1. A SHOX mutant, such as
seen in Léri�Weill syndrome patients, does not
display these activities of the wild type protein.
We also show that endogenous SHOX is mainly
expressed in hypertrophic/apoptotic chondro�
cytes of the growth plate, strongly suggesting
that the protein plays a direct role in regulating
the differentiation of these cells. This study pro�
vides the first insight into the biological function
of SHOX as regulator of cellular proliferation and
viability and relates these cellular events to the
phenotypic consequences of SHOX deficiency.

Sel 004

Positional cloning of COH1, a novel
membrane transport protein mutated in
patients with Cohen syndrome
Hennies, H.�C. (1), Rauch, A. (2), Schumi, C.
(1), Müllner�Eidenböck, A. (3), Al�Taji, E. (4),
Tariverdian, G. (5), Chrzanowska, K.H. (6),
Rajab, A. (7), Neumann, T. (8), Eckl, K.M. (1,9),
Karbasiyan, M. (10); Reis, A. (2), Horn, D. (10)
(1) Gene Mapping Centre and Dept. of
Molecular Genetics, Max�Delbrück�Centre
for Molecular Medicine, Berlin, Germany (2)
Inst. of Human Genetics, University of
Erlangen, Germany (3) Dept. of
Ophthalmology, University Hospital, Vienna,
Austria (4) Paediatric Dept., University
Hospital, Vienna, Austria (5) Inst. of Human
Genetics, University of Heidelberg,
Heidelberg, Germany (6) Dept. of Medical
Genetics, Children’s Memorial Health
Institute, Warsaw,Poland (7) Genetic unit,
DGHA, Ministry of Health, Muscat, Sultanate
of Oman (8) Inst. of Human Genetics,
University of Münster, Germany (9) Faculty
of Biology, Chemistry, and Pharmacy, Free
University of Berlin, Germany (10) Inst. of
Human Genetics, Charité, Humboldt
University of Berlin, Germany
Cohen syndrome is a rare autosomal recessive
disorder with a variable clinical picture mainly
characterised by mental retardation, micro�
cephaly, typical facial dysmorphism, progressive
pigmentary retinopathy, severe myopia, and in�
termittent neutropenia. Less specific symptoms
such as truncal obesity and joint hyperextensi�
bility increase the probability of the diagnosis of
Cohen syndrome. The Cohen syndrome locus,
COH1, was mapped to chromosome 8q21�q22
in Finnish patients and in a consanguineous
family of Lebanese origin. In order to identify the
underlying gene defect, we refined the localisa�
tion of COH1 by analysis of further consan�
guineous families from Germany, Turkey, Poland,
and Oman. Homozygosity mapping placed the
gene in a 4.4 cM interval between D8S521 and
D8S1749. This region, which is 2.1 Mb in length,
contains at least 15 genes. In a large transcript
spanning more than 150 kb of genomic se�
quence, we have now identified several muta�
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tions in Cohen syndrome patients. Affected
members of the Lebanese family mapped to the
region showed a homozygous G>T mutation in
the splice acceptor site of intron 13. Three unre�
lated patients from German and Polish families
showed heterozygous frameshift deletions in ex�
ons 5 and 9, respectively, and a nonsense mu�
tation in exon 4. The impact of a number of mis�
sense mutations has not been assessed so far.
At present, we have characterised 24 exons of
COH1. According to EST data, however, a splice
variation exists in exon 2, which could involve
further ESTs mapped 5’ to the gene. We expect
COH1 to extend towards 5’, and further exons
to contain the missing mutations in compound
heterozygous patients. Alignment of the de�
duced peptide sequence of 1687 residues
showed similarity with VPS13, a protein�sorting
protein of yeast involved in intracellular trans�
port. Domain analysis predicted metallopepti�
dase and inner membrane component motifs.
Identification of mutations in COH1 as the cause
of Cohen syndrome will contribute to a better
understanding of the disease mechanism and
shed light on its intriguing clinical variability.

3. Workshops

W1 01

Cardiofaciocutaneous (CFC) Syndrome
Ehresmann, T., Etessami, J.L., Fuchs, S.,
Koenig, R.
Institut für Humangenetik der Johann
Wolfgang Goethe Universität
The Cardiofaciocutaneous (CFC)Syndrome was
first described in 1986 by Reynolds et al. It is a
rare condition: until now only about 60 patients
are published in the literature. All cases are spo�
radic. Main features of the CFC syndrome are a
typical facies with sparse, curly hair, prominent
forehead, bitemporal narrowing, shallow orbital
ridges, down�slanting palpebral fissures, ptosis,
hypertelorism, short upturned nose, depressed
nasal bridge, prominent philtrum, small upper
lip, deep set and posteriorly rotated ears. Oth�
er findings are hyperkeratosis, severe atopic der�
matitis and short stature. More than 80% of pa�
tients show a mild to moderate mental retarda�
tion; more than 30% present cardiac anomalies,
e.g. pulmonic stenosis. Failure to thrive and
feeding problems are characteristic in the
neonatal and infantile period. We report on 8 pa�
tients with CFC�syndrome from age 2�10 years.
The spectrum of CFC syndrome is illustrated by
our patients and a review of the literature. We
highlight particular complications in the course
of the disease with examples. CFC syndrome
has to be differentiated from Noonan and
Costello syndrome. Until now, no chromosomal
aberrations have been found in the CFC�syn�
drome. Screening analysis for PTPN11 muta�
tions in the literature and in 4 of our patients re�
vealed no abnormalities in the coding region of
the gene. Therefore, the hypothesis that the
Noonan syndrome and the CFC�syndrome are
two distinct entities appears to be confirmed by
the molecular results.

W1 02

SALL4 mutations result in a range of
clinically overlapping phenotypes, including
Okihiro syndrome, Holt�Oram syndrome,
Acro�Reno�Ocular syndrome and patients
previously reported to represent
Thalidomide Embryopathy
Kohlhase, J. (1), Schubert, L. (1), Liebers, M.
(1), Hennekam, R.C.M (2), Rauch, A. (3),
Becker, K. (4), Mohammed, S.N. (5), Newbury�
Ecob, R. (6), Reardon, W. (7)
(1) Institut für Humangenetik, Universität
Göttingen (2) Departments of Pediatrics and
Clinical Genetics, Academic Medical Center,
University of Amsterdam, The Netherlands
(3) Institut für Humangenetik, Universität
Erlangen�Nürnberg (4) Kennedy�Galton
Centre, Northwick Park Hospital, Harrow,
United Kingdom (5) Genetics Centre, Guy’s
Hospital, London, United Kingdom (6)
Department of Clinical Genetics, St
Michael´s Hospital, Bristol, United Kingdom
(7) National Centre for Medical Genetics,
Our Lady´s Hospital for Sick Children,
Crumlin, Dublin, Ireland
We have recently shown that Okihiro syndrome
results from mutation in the putative zinc finger
transcription factor gene SALL4 on chromosome
20q13.13�13.2. Since there is considerable over�
lap of Okihiro syndrome clinical features with
other conditions, most notably Holt�Oram syn�
drome, a condition in part resulting from muta�
tion of the TBX5 locus, as well as acro�renal oc�
ular syndrome, we analyzed further families/ pa�
tients with the clinical diagnosis of Holt�Oram
syndrome and acro�renal�ocular syndrome for
SALL4 mutations. We identified a novel SALL4
mutation in one family where the father was orig�
inally thought to present with thalidomide em�
bryopathy and had a daughter with a similar
phenotype. We also found two novel mutations
in two German families originally diagnosed as
Holt�Oram syndrome and two further mutations
in two out of three families carrying the diagno�
sis acro�renal�ocular syndrome. Our results
show that some cases of ”thalidomide embry�
opathy” might be due to SALL4 mutations, re�
sulting in an increased risk for likewise affected
offspring. Furthermore we confirm the overlap of
acro�renal�ocular syndrome with Okihiro syn�
drome also on the molecular level and expand
the phenotype of SALL4 mutations.

W1 03

Long�term observations of spinal muscular
atrophy (SMA) with respiratory distress
(SMARD1)
Rudnik�Schöneborn, S. (1), Ketelsen, U.�P. (2),
Varon, R. (3), Grohmann, K. (4), Hübner, Chr.
(4), Zerres, K. (1)
(1) Institute of Human Genetics, Aachen
University of Technology (2) Department of
Neuropaediatrics and Muscular diseases,
University of Freiburg, Germany (3) Institute
of Human Genetics, Charité, Humboldt
University Berlin, Germany (4) Department
of Neuropaediatrics, Charité, Humboldt
University Berlin, Germany
Diaphragmatic spinal muscular atrophy or spinal
muscular atrophy with respiratory distress type
1 (SMARD1) is caused by mutations in the re�
cently discovered IGHMBP2 gene on the long
arm of chromosome 11. We herewith describe
three SMARD1 patients with prolonged survival

upon assisted ventilation (4, 5 and 11 years), in
whom the diagnosis of Werdnig�Hoffmann dis�
ease was made. Eventually, the diagnosis of
SMARD1 was established by mutations in the
IGHMBP2 gene in these patients.While it has
been stated that the morphological pattern in
the muscle differs between classic SMA and
SMARD1, our patients display typical neuro�
genic atrophy in the muscle with signs of rein�
nervation and normal peripheral nerves which
makes a distinction from infantile SMA nearly
impossible on the basis of histological findings.
In SMA patients, where no SMN1 gene deletion
or mutation can be detected, it might be useful
to consider IGHMBP2 gene analysis after clini�
cal re�evaluation. The clinical picture of SMARD
is characterised by initial respiratory distress due
to diaphragmatic palsy and distally pronounced
weakness. Following a period of unspecific mus�
cular hypotonia and failure to thrive, a more spe�
cific pattern of hand muscle paresis with fatty re�
placement of finger muscles develops. The dis�
ease course may stabilise after initial progres�
sion, however, all reported patients to date re�
mained entirely immobile with practically nil mo�
tor function.

W1 04

Mutations in NSD1 are responsible for Sotos
syndrome, but are not a frequent finding in
other overgrowth phenotypes
Türkmen, S. (1), Gillessen�Kaesbach, G. (2),
Meinecke, P. (3), Mundlos, S. (1), Horn, D. (4)
(1) Institut für Medizinische Genetik,
Humboldt Universität, Charité Berlin (2)
Institut für Humangenetik,
Universitätsklinikum Essen, Essen (3)
Abteilung für Medizinische Genetik,
Altonaer Kinderkrankenhaus, Hamburg (4)
Institut für Humangenetik, Humboldt
Universität, Charité Berlin
Recently, deletions encompassing the nuclear
receptor binding SET�Domain 1 (NSD1) gene
have been described as the major cause of
Japanese patients with Sotos syndrome, where�
as  point mutations have been identified in the
majority of European Sotos syndrome patients.
In order to investigate a possible phenotype�
genotype correlation and to further define the
predictive value of NSD1 mutations we per�
formed mutational analysis of the NSD1 gene in
20 patients and one familial case with Sotos
syndrome, 5 patients with Weaver syndrome, 6
patients with unclassified overgrowth/mental re�
tardation, and 6 patients with macrocephaly
/mental retardation. We were able to identify mu�
tations within the NSD1 gene in 18 patients and
the familial case with Sotos syndrome (90 %).
The mutations (6 nonsense, 8 frame shifts, 3
splice�site, 1 missense, 1 in frame deletion) are
expected to result in an impairment of NSD1
function. The best correlation between clinical
assessment and molecular results was obtained
for the Sotos facial gestalt in conjunction with
overgrowth, macrocephaly and developmental
delay. In contrast to the high mutation detection
rate in Sotos syndrome, none of the patients
with Weaver syndrome, unclassified over�
growth/mental retardation and macrocephaly/
mental retardation harbored NSD1 mutations.
We tested for large deletions by FISH analysis
but were not able to identify any deletion cases.
The results indicate that the great majority of pa�
tients with Sotos syndrome are caused by mu�
tations in NSD1. Deletions covering the NSD1
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locus were not found in the patients analyzed
here.

W1 05

Novel mutations in ENG and ALK1 reveal
exceeding clinical relevance in German HHT
patients
Schulte, C. (1), Geisthoff, U. W.  (3), Lux, A. (4),
Pfister, M. (1), Zenner, H. P. (1), Blin, H. (2),
Kupka, S. (1,2)
(1) Department of Otolaryngology,
University of Tübingen (Germany) (2)
Department of Anthropology and Human
Genetics, University of Tübingen
(Germany)(3) Department of Otolaryngology,
University of Homburg (Germany) (4)
Institute of Molecular Biology and Cell
Culture Technology, Mannheim University of
Applied Science and University Clinics
Mannheim University of Heidelberg
(Germany)
Hereditary hemorrhagic telangiectasia (HHT) or
Osler�Rendu�Weber syndrome is an autosomal
dominant disorder of the fibrovascular tissue
with prevalence rates of 1:5.000 to 1:10.000. The
manifestation of the disease is variable includ�
ing epistaxis, arteriovenous malformations of the
lungs, liver and brain, as well as gastrointestinal
bleeding. Mutations in either of two genes, ENG
and ALK1, can cause HHT. Both gene products
are expressed on the surface of endothelial cells
and are involved as receptors in the TGF�ß�sig�
nalling pathway. A third gene is discussed.We
screened 18 unrelated German patients with
HHT and 6 families with 45 family members, in�
cluding patients with diagnosed HHT, relatives
of unknown status and unaffected. The exons of
both genes were amplified and consecutively se�
quenced. More than 10 mutations in ENG were
detected including insertions, deletions, mis�
sense and intronic mutations, only one of these
mutations has been previously observed. More�
over, mutations in ALK1 were identified involving
only one mutation already described before. In�
terestingly, the majority of the missense muta�
tions noted were localized in exon 7. Each pa�
tient examined displayed a different mutation in
one of the two genes.Our investigations show
that mutations in both genes can generally be
detected all over the coding region. Remarkable
is the high incidence of deletions and insertions
in ENG rather than missense and nonsense mu�
tations.

W1 06

MECP2 mutations in female patients with
Angelman syndrome phenotype
Kuna, F. (1), Varon, R. (1), Bürger, J. (1, 2);
Reis, A. (3), Sperling, K. (1), Horn, D. (1)
(1) Institute of Human Genetics, Charité,
Humboldt University Berlin, Germany (2)
Munich Re, Life Sciences Centre of
Competence, München, Germany (3)
Institute of Human Genetics, Friedrich
Alexander University of Erlangen�
Nuremberg, Erlangen, Germany
Angelman syndrome (AS) is a disorder of psy�
chomotor development caused by the loss of
function of the maternal UBE3A gene on chro�
mosome 15q11�13. Identifiable genetic abnor�
malities are found in the majority of patients with
AS. Rett syndrome (RTT) shares clinical similar�
ities with AS, such as severe mental retardation

and acquired microcephaly, but it is associated
with developmental regression and stereotypic
hand movements and occurs almost exclusive�
ly in females. MECP2 mutations on chromosome
Xq28 have been identified in about 80 % of fe�
male patients with RTT. Two previous studies of
patients with apparent AS have resulted in the
detection of mutations in the MECP2 gene in 8
and 11 %. In the present study we analyzed for
MECP2 mutations a panel of 140 female patients
referred with a clinical diagnosis of AS but show�
ing a normal methylation pattern at the SNURF�
SNRPN locus and no mutation in the UBE3A
gene.  All DNA samples were screened by
means of PCR � denaturing high performance
liquid chromatography (dHPLC) and those show�
ing shifts were directly sequenced. We were able
to identify mutations in the MECP2 gene  in
16/140 patients (11%), which was consistent
with the data reported so far.  All mutations
found here are known to be  associated with
classical RTT. Reevaluation of the clinical data
of those patients with MECP2 mutations showed
development of symptoms consistent with RTT
in some of them. Our findings draw once more
attention to a phenotypic overlap of  AS and
RTT. Analysis of the MECP2 gene should be
considered in patients with AS phenotype but
without evident genetic abnormality of  15q11�
13.

W2 01

Multicolor�banding (MCB) for all human
chromosomes in one hybridization step with
a resolution of 450 bands or more
Weise, A. (1), Starke, H. (1), Mrasek, K. (1),
Kuechler, A. (1/2); Heller, A. (1), Claussen, U.
(1), Liehr, T. (1)
(1) Institut für Humangenetik und
Anthropologie Jena (2) Klinik für Radiologie,
Abteilung Radiotherapie
A reliable and comprehensive analysis of com�
plex rearranged karyotypes cannot be achieved
by GTG�banding alone. Molecular cytogenetic
methods like M�FISH or SKY, followed by appli�
cation of FISH banding methods like multicolor�
banding (MCB) are necessary for a definition of
all involved breakpoints [see e.g. Kuechler et al.,
Genes Chromosomes Cancer 2003, 36:207�
210]. The up to present used MCB approach
was applicable for 1 up to 3 chromosomes, si�
multaneously. For cases with only one or a few
rearranged chromosomes this limitation of MCB
is rather of advantage, as only the chromosomes
of interest can be specifically studied. For cas�
es with complex karyotypic changes, however,
this restriction makes it necessary to do up to 24
different experiments for a comprehensive
breakpoint analysis. For the rapid analysis of
such cases the multicolor�banding probe sets of
all human chromosomes were used as one
probe set. I.e. this approach it is based on the
138 microdissection derived MCB�probes as
published [Liehr et al., Int J Mol Med 2002,
9:335�339], which have been pooled and labeled
with 5 fluorochromes (FITC, Spectrum�Orange,
Texas�Red, Cy5 and DEAC). The feasibility of the
one�step MCB probe set, which allows for a res�
olution of 450 bands per haploid karyotype or
more, has been proven in this study for 3 com�
plex rearranged human cell lines (LnCAP, NS2T2,
WCF�10A), 2 complex aberrant leukemia cases
and 4 ape�species (Hylobates lar, Gorilla gorilla,
Pan troglodytes and Pongo pygmaeus). Thus,
we present the first high resolution FISH�band�
ing technique for the entire human genome.

Supported in parts by the DFG (436 RUS
17/49/02; PO284/6�1), the INTAS (2143), the Wil�
helm Sander�Stiftung (99.105.1�2) and the BLE
(99HS039).

W2 02

SKY�COFISH to investigate Telomere –
Double Strand Break fusions and their role
in tumorigenesis
Hardt, T. (1), Goodwin, E. H. (2), Ullrich, R. L.
(3), Schröck, E. (1), Bailey, S. (3)
(1) Institut für Medizinische Genetik,
Humboldt Universität, Charité, Berlin (2)
Bioscience Division, Los Alamos National
Laboratory, Los Alamos, NM, USA (3)
Department of Radiological Health
Sciences, Colorado State University, Fort
Collins, CO, USA
Telomeres are highly specialized nucleoprotein
structures that stabilize and protect the ends of
linear chromosomes. The effective end�capping
of mammalian telomeres requires proteins like
Ku70, Ku80, and DNA�PKcs (the catalytic sub�
unit of DNA�dependent protein kinase). These
proteins are also associated with DNA double�
strand break (DSB) repair through non�homolo�
gous end�joining (NHEJ). Mutations in any of
these genes cause spontaneous chromosomal
end�to�end fusions that maintain large blocks of
telomeric sequence at the points of fusion and
are not a consequence of telomere shortening
[Bailey et al., PNAS 96 (1999), 14899]. Bailey et
al. discovered that telomeres produced via lead�
ing�strand DNA synthesis are especially suscep�
tible to these end�to�end fusions, suggesting a
crucial difference in postreplicative processing
of telomeres that is linked to their mode of repli�
cation. [Bailey et al., Science 293 (2001), 2462].
They also observed in irradiated DNA�PK defi�
cient mouse cell lines ( p53�/� scid, BALB/c, etc.
) that not only DSB�DSB or Tel�Tel fusions but
also by Tel�DSB fusions were created in a dose�
dependent manner. With strand specific fluores�
cence in situ hybridization, CO�FISH, it was pos�
sible to distinguish between these different kinds
of aberrations. BALB/c is radiosensitive and sus�
ceptible to radiogenic mammary cancer. The
BALB/c phenotype has been attributed to a vari�
ant allele of the DNA�PKcs gene, Prkd�cBALB,
which has two naturally occurring coding se�
quence polymorphisms that result in reduced
DNA�PKcs abundance and activity, most
markedly in mammary gland tissue [Yu et al.,
Can Res 61 (2001), 1820].  Bailey et al. could al�
ready show in DNA�PK deficient mammary cells
that telomeres fuse to DSB�ends. For exact
analysis of the aberrations we developed SKY�
CO�FISH, a combination of spectral karyotyping
and CO�FISH. With this method the origin of
each chromosome segment can be identified
and at the same time it is possible to tell which
kind of rearrangement took place at the fusion
point of the chromosomes. SKY�CO�FISH is
used to screen different repair deficient mouse
cell lines (i.e. BALB/c, p53 �/� scid) for recurrent
chromosomal aberrations and simultaneously for
Tel�DSB fusion. This analysis should help to en�
lighten the role of dysfunctional telomeres in
DNA repair deficient background in tumorigene�
sis.
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W2 03

Rapid detection of subtelomeric
deletion/duplication by novel real�time
quantitative PCR using SYBR�green dye
Böhm, D. (1), Herold, S. (1), Liehr, T. (2),
Laccone, F. (1)
(1) Universität Göttingen (2) Universität Jena
Telomeric chromosome rearrangements may
cause mental retardation, congenital anomalies,
miscarriages and hematological malignancies.
Automated detection of subtle deletions and du�
plications involving telomeres is essential for
high�throughput screening procedures, but im�
possible when conventional cytogenetic meth�
ods are used. Novel real�time PCR quantitative
genotyping of subtelomeric amplicons using
SYBR�green dye allows rapid high�resolution
screening of single copy number gains and loss�
es by their relative quantification against a nor�
mal diploid genome. To assess the applicability
of the technique in the screening and diagnosis
of subtelomeric imbalances we present a blind�
ed study, in which DNA from negative controls
and patients with known unbalanced cytogenet�
ic abnormalities involving at least one or more
telomeres were analyzed by using a novel hu�
man subtelomere�specific primer set, flanking al�
together 86 amplicons, in the SYBR�green I �
based real�time quantitative PCR screening ap�
proach. Screening of the DNA samples from 20
unrelated controls for copy number polymor�
phism do not detect any polymorphism in the
set of amplicons, but single�copy�number gains
and losses were accurately detected by quanti�
tative PCR in all 20 patients, except the copy
number alterations of the subtelomeric p�arms
of the acrocentric chromosomes in two cases.
Furthermore, detailed mapping of the deletion/
translocation breakpoints was demonstrated in
two cases by novel real�time PCR ”primer�jump�
ing”.Because of the simplicity and flexibility of
the SYBR�green I�based real�time detection, the
primer�set can in future easily be extended; ei�
ther to perform further detailed molecular char�
acterization of breakpoints or to include ampli�
cons for the detection and/or analysis of other
syndromes which are associated with genomic
copy number alterations.

W2 04

Giemsa�dark bands split into dark and light
subbands as demonstrated by multicolor
banding (MCB)
Lehrer, H. (1), Weise, A. (1), Michel, S. (1),
Starke, H. (1), Mrasek, K. (1), Heller, A. (1),
Kuechler, A. (1/2); Claussen, U. (1), Liehr, T. (1)
(1) Institut für Humangenetik und
Anthropologie Jena (2) Klinik für Radiologie,
Abteilung Radiotherapie
In the present study the phenomenon of region
specific chromosome�swelling (Lemke et al.,
2002, Am J Hum Genet 71:1051�1059; Claussen
et al., 2002, Cytogenet Genome Res 98:136�146)
was addressed by a molecular cytogenetic ap�
proach – the multicolor banding (MCB) tech�
nique. Chromosomes of different length were
studied. Metaphases with 850 and 550 bands
per haploid karyotype were obtained by BrDU
and metothrexate incorporation, respectively.
Chromosomes at 400 and 300 band stages were
prepared from normal peripheral blood cell sus�
pension; the latter were obtained by drying of
the suspension on the slides at 60°C. A MCB
probeset for chromosome 5 (as described in

Liehr et al., 2002, Int J Mol Med 9:335�339) was
applied. In MCB chromosome�region specific
fluorescence profiles are translated in comput�
er�based pseudo�colors using the ISIS software
(MetaSystems, Altlussheim, Germany). 37 pseu�
do�colors along chromosomes 5 were assigned
at a GTG�banding stage of 850 bands. At a 550,
400 and 300 band stage only 33, 21 and 17
pseudo�color bands, respectively, were de�
tectable. An assignment of the disappearing
pseudo�color bands with the corresponding
GTG bands was done: pseudo�colors disap�
peared in the bands 5p15.3�p15.2, 5p14.1�13.3,
5q11.2�12.1, 5q15�21.1, 5q22, 5q23.2�q31.1,
5q34 and 5q35.3. The results obtained here by
MCB are in concordance with the concept of re�
gion specific chromosome�swelling and previ�
ously published results obtained by chromo�
some stretching (Hliscs et al., 1997, Cytogenet
Cell Genet 79:162�166, Kuechler et al., 2001,
Cytogenet Cell Genet 95:12�16). Those and the
MCB�results presented here indicate for an ex�
clusive splitting of Giemsa�dark bands into dark
and light subbands during preparation induced
chromosome elongation. Supported by the DFG
(436 RUS 17/40/00 and 17/49/02) and the Wil�
helm Sander�Stiftung (99.105.1�2).

W2 05

Characterization of an evolutionary
breakpoint that distinguishes human
chromosome 3p25.1 and orangutan
chromosome 2
Grossmann, B. (1), Yue, Y. (1), Tsend�Ayush, E.
(2), Grützner, F. (2), Haaf, T. (1)
(1) Mainz University School of Medicine (2)
Comparative Genomics Group, Research
School of Biological Sciences, Australian
National University, Canberra, Australia
One shared and two independent inversions de�
rive Bornean orangutan 2 and human 3 from an
ancestral simian chromosome, implying that nei�
ther Bornean orangutans nor humans have con�
served the ancestral chromosome form. An ad�
ditional pericentic inversion derives the Suma�
tran orangutan 2. Three evolutionary breakpoints
in human 3p25.1, 3p12.3, and 3q22.1 distinguish
human chromosome 3 and Bornean orangutan
chromosome 2. Here we concentrate on the
3p25.1 breakpoint region. FISH with the break�
point�spanning BAC RP11�616m11 revealed two
distinct signals on the long arm of Bornean
orangutan 2 and two signals on the short and
long arms of Sumatran orangutan 2. Hybridiza�
tion of the overlapping BAC clones RP11�
421b21 (proximal to the breakpoint) and RP11�
60m1 (distal to the breapoint) mapped the
breakpoint to a 60 kb segment. This region was
covered with a contig of 7 overlapping long�
range PCR�products, which were then used as
FISH probes. This allowed us to further narrow
down the breakpoint to a 17 kb sequence, which
contains the Rabenosyn 5 gene, a Rab5 effec�
tor. Rab5 regulates endocytic membrane traffic
by specifically recruiting cytosolic effector pro�
teins to their site of action on early endosomal
membranes. Molecular analyses are underway
to show whether the pericentric inversion in the
orangutan lineage affects the Rab5 expression
level.

W2 06

Analysis of pericentric inversion breakpoints
supports the chromosomal speciation
theory for separation between early
hominins and chimpanzees
Hameister, H. (1), Sandig, C. (1), Tänzer, S. (2),
Platzer, M. (2), Müller, S. (3), Kehrer�Sawatzki,
H. (1)
(1) Department of Human Genetics,
University of Ulm (2) Department of Genome
Analysis, Institute of Molecular
Biotechnology, Jena (3) Institute of
Anthropology and Human Genetics, Ludwig�
Maximillians�University,  Munich
Early hominins and chimpanzees cohabited the
same African areas without obvious geograph�
ic isolation and the causes of initial reproductive
barriers between them are unknown. The chro�
mosomal speciation theory implies that large�
scale chromosomal rearrangements influenced
speciation by allowing differences in genes to
accumulate because of reduced recombination
frequencies between chromosomes heterozy�
gous for the rearrangement, rather than creation
of new gene combinations or gene disruption at
the breakpoints themselves. In contrast to the
normal recombination between colinear chromo�
somes, the reduced recombination rate of chro�
mosomes with heterozygous rearrangements
disturbs gene flow and thus creates a semi�per�
meable reproductive barrier. Insofar, genetic dif�
ferences accumulate more rapidly on rearranged
chromosomes and cause incompatibilities in hy�
brids of the emerging subspecies. Comparing
the genome of modern humans with that of
chimpanzees, pericentric inversions are among
the most prevalent karyotypic changes. The
model of chromosomal speciation as worked out
above is more likely, if reproductive fitness is not
reduced dramatically by the alteration of genes
at the breakpoints of the rearrangements. The
most obvious approach to investigate the effects
of pericentric inversions is to analyse at the mo�
lecular level, whether genes are directly affect�
ed at the breakpoints. We compared seven
breakpoints of pericentric inversions on human
chromosomes 4, 9, 12, and 17 with the orthol�
ogous regions on chimpanzee chromosomes
and observed that they are located in intergenic
regions rich of high�copy repetitive elements,
like L1� and Alu�elements. Although we cannot
rule out long�range position effects of these re�
arrangements on coding sequences in flanking
areas, our findings suggest that these pericen�
tric inversions are primarily neutral rearrange�
ments and that their fixation is not triggered by
adaptive selection imposed by the rearrange�
ment of genes at the breakpoints. Rather, indi�
rect effects, like the reduced recombination
rates and the resulting genetic divergence gov�
erned reproductive isolation in hominids.

W3 01

The Netherton Syndrome: Novel mutations
and absence of LEKTI in the epidermis
Hoppe, V. (1), Tontsidou, L. (1), Raghunath, M.
(2), Schürmeyer�Horst, F. (1), Jayakumar, A. (1),
Traupe, H. (3)
(1) Universtätshautklinik Münster (2) Institut
für Humangenetik, Universität Münster (3)
Anderson Cancer Center, Houston, Texas
Netherton syndrome (NTS) is a rare autosomal
recessive congenital ichthyosis featuring a
chronic inflammation of the skin, failure to thrive
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and hair shaft defects. Because of hypersensi�
tivity reactions to food allergens and elevated
IgE it is so far regarded as a model for atopic
dermatitis. We studied 7 NTS patients belonging
to five different families and performed a muta�
tion screening using direct sequencing of the
SPINK5 gene. We found 3 already known muta�
tions and identified two novel ones affecting ex�
ons 5 and 16, respectively, leading to defective
serine protease inhibitor LEKTI. One of these
mutations affected exon 5 and concerned the
two bp deletion 398delTG resulting in a frame
shift while the other mutation occured in intron
15 at 1432�13 G to A creating a strong addition�
al acceptor splice site. We stained skin biopsies
with a newly developped monoclonal antibody
against LEKTI and found absence of LEKTI in
the epidermis in all our NTS patients contrasting
with a strong LEKTI signal in the stratum granu�
losum in normal controls. We assessed further
disturbances in keratinization accompanying
LEKTI deficiency in NTS studying either activity
or immunohistochemical expression of transglu�
taminases being key enzymes responsible for
crosslinking of the cornified envelope. All NTS
patients showed both epidermal transglutami�
nase�1 protein and activity in typical pericellular
fashion but in a grossly broadened zone which
encompassed almost all suprabasal layers. In
contrast, NTS patients showed no or only faint
immunostaining for transglutaminase 3. In addi�
tion, and firstly reported for NTS, the epidermis
of NTS patients expressed elafin and ß�defensin
2, proteins that are usually not detected in nor�
mal skin. We conclude that the mutations iden�
tified in the SPINK 5 gene including the novel
splice site mutation in intron 15 have functional
relevance at the posttranslational level and re�
sult in the absence of LEKTI protein in the epi�
dermis. This is a new and constant finding.
Moreover the epidermal phenotype of NTS
shows similarities to that of psoriasis vulgaris as
far as transglutaminase 1, elafin and human ß�
defensin 2 is concerned. Anmerkungen: Unsere
Arbeit zeigt erstmalig, dass beim Netherton Syn�
drome die ursächlichen SPINK5�Mutationen
konstant zu einem Fehlen des LEKTI�Proteins in
der Epidermis führen. Wir glauben, dass der Ab�
stract sich für den Workshop Molecular Genet�
ics oder eventl. auch für das Symposium Ge�
nomic Disorders eignet.

W3 02

Hypotrichosis simplex of the scalp is
associated with nonsense mutations in the
corneodesmosin gene
Betz, R. (1), Levy�Nissenbaum, E. (2), Frydman,
M. (2), Simon, M. (3), Lahat, H. (2), Bakhan, T.
(2), Goldman, B. (2), Bygum, A. (4), Pierick, M.
(5), Hillmer, A.M. (5), Jonca, N. (3), Toribio, J.
(6), Kruse, R. (7), Dewald, G. (5), Cichon, S. (1),
Kubisch, C. (5), Guerrin, M. (3), Serre, G. (3),
Pras, E. (2), Nöthen, M.M. (1)
(1) Department of Medical Genetics,
University of Antwerp, Antwerp, Belgium (2)
Danek Gartner Institute of Human Genetics,
Sheba Medical Center, Tel Hashomer, Israel
and Tel Aviv University, Israel (3) Unit of
Epidermis Differentiation and Rheumatoid
Autoimmunity, FRE2623 CNRS � University
of Toulouse III, Toulouse, France (4)
Department of Dermatology, Odense
University Hospital, Odense, Denmark (5)
Institute of Human Genetics, University of
Bonn, Bonn, Germany (6) Department of
Dermatology, University of Santiago de

Compostela, Santiago de Compostela, Spain
(7) Department of Dermatology, University
of Düsseldorf, Düsseldorf, Germany
Hypotrichosis simplex of the scalp (HSS; MIM
146520) is an autosomal dominant form of iso�
lated alopecia. Usually, affected persons pres�
ent with normal hair at birth. They experience a
progressive, gradual loss of scalp hair, beginning
at the middle of the first decade and leading to
almost complete alopecia by the third decade.
HSS has been previously mapped to chromo�
some 6p21.3. Using a positional candidate gene
approach, we identified nonsense mutations in
the corneodesmosin gene (CDSN) in three HSS
families of various ethnic origin. CDSN is a late
differentiation epidermal glycoprotein thought to
function as a keratinocyte adhesion molecule. It
is also expressed in the inner root sheath (IRS)
of the hair follicles. Histological, immunohisto�
logical and western�blotting analyses performed
on patient scalp biopsies revealed an accumu�
lation of a truncated form of CDSN, probably as
protein aggregates, in the superficial dermis and
at the periphery of the hair follicles in the lower
dermis. Our findings identify mutations in CDSN
underlying HSS. These results underline the ma�
jor role of CDSN in hair growth of the scalp, and
are an important step towards understanding the
biological mechanisms for scalp�specific hair
loss.

W3 03

The KIAA1882 gene is disrupted in the
8q24.3 breakpoint region of a 3;8
translocation associated with Zimmermann�
Laband syndrome
Engel, A. (1), Stefanova, M. (2), Gal, A. (1),
Kutsche, K. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Hamburg�Eppendorf,
Germany (2) Department of Medical
Genetics, Medical University, Plovdiv,
Bulgaria
Zimmermann�Laband syndrome (ZLS) is a rare
disorder characterized by coarse facial appear�
ance including bulbous soft nose, thickened lips,
thick and floppy ears, gingival hypertrophy, apla�
sia or dysplasia of hand� and toenails, various
skeletal anomalies including hypoplastic
changes in the terminal phalanges, hyperexten�
sibility of joints, and, in some cases, he�
patosplenomegaly, hypertrichosis, and mental
retardation. Autosomal dominant inheritance has
been suggested. However, the genetic basis of
ZLS is unknown. We previously reported an ap�
parently balanced chromosomal translocation,
46,XX, t (3;8)(p21.1;q24.3), in an affected moth�
er and daughter. By FISH analysis, we delineat�
ed both breakpoint regions and identified break�
point spanning BAC clones: BAC RP11�889D3
overlaps the 3p21.1 breakpoint and clones
RP11�192I2 and RP11�1038G5 overlap the
8q24.3 breakpoint. By database analysis, no
gene was identified that was interrupted by the
breakpoint in 3p21.1. In contrast, the KIAA1882
gene, that spans a region ~590 kb in 8q24.3 and
consists of 23 exons, was found to be disrupted
by the translocation breakpoint. Based on the in�
tensity of the split signals of the two BAC clones
and the localization of exons of the KIAA1882
gene on the BAC inserts, we mapped the break�
point between exons 11�14. Currently, we are
characterizing the breakpoint in the KIAA1882
gene by 3` RACE�PCR. Northern blot analysis
and 5` RACE�PCR revealed the existence of four
KIAA1882 transcripts of ~ 4.400 bp that differ in

the first exon. Expression analysis of the four al�
ternative first exons by RT�PCR revealed that
one exon (1A) is ubiquitously expressed  where�
as the other three exons (1B, 1C, and 1D) are
differentially expressed in various tissues. These
data suggest that expression of the KIAA1882
mRNA is regulated by the use of alternative tis�
sue�specific promoters. The protein encoded by
the KIAA1882 gene showed no homology to
known proteins in the database. Mutation
screening of the 21 coding exons of KIAA1882
in seven ZLS patients with normal karyotype did
not reveal so far any pathogenic mutation.

W3 04

A homozygous nonsense mutation in SOX9
in the dominant disorder campomelic
dysplasia: a case of mitotic gene conversion
Pop, R. (1), Zaragoza, M.V. (2), Gaudette, M.
(2), Bocian, M.E. (2), Scherer, G. (1)
(1) Institute of Human Genetics and
Anthropology, University of Freiburg,
Freiburg, Germany (2) Division of Human
Genetics, Department of Pediatrics,
University of California Irvine, Orange, CA,
USA
Campomelic dysplasia (CD; MIM 114290), an
autosomal dominant skeletal malformation syn�
drome with XY sex reversal, is caused by het�
erozygous de novo mutations in and around the
SOX9 gene on 17q. We report here a patient
who was diagnosed at birth with typical signs of
CD, including sex reversal. This patient was, sur�
prisingly, homozygous for the nonsense muta�
tion Y440X (C1692A) in exon 3. Since neither
parent carries the Y440X mutation, possible
mechanisms explaining this de novo homozy�
gous mutation include uniparental isodisomy,
somatic crossing�over and gene conversion. As
the patient was heterozygous for 6 microsatel�
lite markers flanking SOX9, uniparental isodis�
omy or somatic crossing�over were excluded, as
was non�paternity. Analysis of haplotypes by use
of intragenic polymorphisms showed that the fa�
ther was homozygous G/G, the mother heterozy�
gous G/A, and the patient homozygous A/A for
a SNP at position 1485 in exon 3, 207 bp up�
stream of the homozygous mutation. Two addi�
tional informative SNPs, one in intron 2 and the
other at position 1925 in exon 3, 233 bp down�
stream of the homozygous mutation, revealed
biparental inheritance in the patient. These re�
sults suggest that a de novo germline mutation
Y440X occurred on one maternal chromosome,
followed by a nonreciprocal transfer of the mu�
tant sequence from the maternal to the paternal
chromosome by a mitotic gene conversion
event. From the SNP data, the converted seg�
ment is at least 207 bp and at most 1305 bp in
size.  The Y440X mutation, one of the few recur�
rent mutations in SOX9, is associated with a
milder phenotype and longer survival, due to re�
tention of some transactivation activity of the
mutant protein. The fact that the patient survived
for three months may thus be explained by ho�
mozygozity for a hypomorphic rather than a
complete loss�of�function allele. While the re�
sults of the blood DNA sample analyzed gave no
indication for mosaicism, this cannot be ruled
out for other tissues.
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Maternal apo E genotype  is a modifier of
the Smith�Lemli�Opitz Syndrome
Witsch�Baumgartner, M. (1), Gruber, M. (1),
Kraft, H.G. (1), Krajewska�Walasek, M. (2),
Kelley, R.I. (3), Clayton, P. (4), Giros, M. (5),
Haas, D. (6), Andria, G. (7), Utermann, G. (1)
(1) Institute for Medical Biology and Human
Genetics, University of Innsbruck,
Schoepfstrasse 41, Austria (2) Department
of Medical Genetics, the Children´s
Memorial Health Institute, Warsaw, Poland
(3) Kennedy Krieger Institute and Dept. of
Pediatrics, Johns Hopkins University School
of Medicine, Baltimore, USA (4) Institute of
Child Health and Great Ormond Street
Hospital, London, GB (5) Institute for
Clinical Biochemistry, Barcelona, Spain (6)
Children´s Hospital, University, Heidelberg,
Germany (7) Department of Pediatrics,
Frederico II University, Naples, Italy
The Smith�Lemli�Opitz Syndrome (SLOS [MIM
270400] ) is an autosomal recessive malforma�
tion/mental retardation (MR) syndrome which
ranges in clinical severity from mild dysmor�
phism and moderate MR to severe congenital
anomalies and intrauterine death (Kelley and
Hennekam 2000). SLOS is caused by mutations
in the delta7 sterol�reductase gene (DHCR7;
E.C. 1.3.1.21) (Fitzky et al. 1998; Waterham et al.
1998; Wassif t al. 1998) which impair endoge�
neous cholesterol biosynthesis making the grow�
ing embryo dependent from exogeneous (mater�
nal) sources of cholesterol. We here have inves�
tigated whether apolipoprotein E which is a ma�
jor component of the cholesterol transport sys�
tem in humans (Utermann 1987; Mahley 1988) is
a modifier of the SLOS. Common apo E,
DHCR7, and LDLR genotypes were determined
in 137 biochemically characterized SLOS pa�
tients and in 59 of their parents. There was a sig�
nificant difference between the SLOS patients
clinical severity scores and the maternal apo E
genotypes (p = 0.028) but not between severity
scores and patients or paternal apo E geno�
types. In line with their effects on cholesterol lev�
els the maternal apo genotypes with the e2 al�
lele were associated with a severe SLOS pheno�
type and genotypes without the e2 allele were
associated with a mild phenotype. The correla�
tion of maternal apo E genotype with disease
severity persisted after stratification for DHCR7
genotype. There was no association of SLOS
severity with LDLR gene variation. The data sug�
gest that the efficiency of cholesterol transport
from the mother to the embryo is affected by the
maternal apo E genotype and expand the role of
apo E and it´s disease associations to embryon�
ic development and malformation.

W3 06

Quantitative TaqMan analysis of mosaic
DNA methylation in Angelman syndrome
Nazlican, H., Zeschnigk, M., Gillessen�
Kaesbach, G., Groß, S., Lich, C., Horsthemke,
B., Buiting, K.
Institut für Humangenetik,
Universitätsklinikum Essen, Germany
In a small group of patients with Angelman syn�
drome (AS) the disease is due to an imprinting
defect. Among 87 such patients, nine patients
(10%) were found to have an imprinting center
(IC) deletion, whereas in 78 patients (90%) no
mutation could be detected. The presence of a

faint maternal band in a methylation specific
PCR test in 27% of non IC deletion patients sug�
gests that these patients are mosaic for an im�
printing defect that occurred after fertilization.
Methylation mosaicism makes it difficult to pre�
dict the phenotype. In fact, the clinical spectrum
of these patients is very broad and ranges from
typical AS over mild AS to atypical AS.We have
established a quantitative methylation test to
study the degree of the methylation mosaicism
in more detail. To quantify the percentage of
methylated DNA we performed real time PCR
(TaqMan) on bisulfite treated DNA with two com�
mon primers and two minor grove binding
probes specific for either the unmethylated pa�
ternal or the methylated maternal allele of
SNRPN. A standard curve was constructed by
mixing varying amounts of DNA from a patient
with Prader Willi syndrome with uniparental dis�
omy (two methylated gene copies) and an pa�
tient with AS with a typical deletion (one un�
methylated gene copy). In 21 patients tested, the
percentage of normally methylated cells ranged
from <2�30%. Preliminary data suggest that pa�
tients with a higher percentage of normally
methylated cells have milder clinical symptoms
than patients with a lower methylation level.

W4 01

First evidence for a modifying pathway in
SMA discordant families SMN regulates its
interacting partners and its own splicing
factor Htra2�beta1
Helmken , C. (1), Bordeianu, G. (1,2), Hofmann,
Y. (1), Schoenen, F. (1), Raschke, H. (1),
Rudnik�Schöneborn, S. (3), Zerres, K. (3),
Wirth, B. (1,2)
(1) Institut für Humangenetik, Universität
Bonn (2) Institut für Humangenetik,
Universität zu Köln (3) Institut für
Humangenetik, Universität Aachen
Proximal spinal muscular atrophy (SMA) is a
neuromuscular disorder, caused by homozygous
mutations of the SMN1 gene. SMN1 interacts
with multiple proteins with functions in snRNP
biogenesis, pre�mRNA splicing and presumably
neural transport. SMN2, a nearly identical copy
of SMN1, predominantly produces exon 7�
skipped transcripts, whereas SMN1 mainly pro�
duces full�length transcripts. The SR�like splic�
ing factor Htra2�beta1 facilitates correct splicing
of SMN2 exon 7 through direct interaction with
an exonic splicing enhancer within exon 7. In
rare cases siblings with identical 5q13�homologs
and homozygous absence of SMN1 show vari�
able phenotypes, which suggest that SMA is
modified by other factors. By analyzing nine
SMA discordant families, we demonstrate that in
all families the unaffected siblings produce a sig�
nificantly higher amount of SMN, Gemin2,
Gemin3, ZPR1 and hnRNP�Q protein in lym�
phoblastoid cell lines but not in primary fibrob�
lasts as compared with their affected siblings.
p53, an additional SMN�interacting protein,
which is not a component of gems, is not sub�
ject to an SMN�dependent regulation. Surpris�
ingly, Htra2�beta1 is also regulated by this tis�
sue�specific mechanism. A similar regulation
was found in all type I�III SMA patients, although
at a different protein level than in the discordant
families. For the first time we provide evidence
that an intrinsic SMA modifying factor acts di�
rectly on the expression of SMN and its interact�
ing partners, thus influencing the SMA pheno�
type. Additionally, we show that SMN regulates
its own splicing factor, Htra2�beta1, due to a

feedback mechanism. Further insights into the
molecular pathway and the identification of SMA
modifying gene (s) may help to find additional
targets for a therapy approach.

W4 02

Association of Alzheimer disease with
genotype of PLAU, the gene encoding
urokinase�type plasminogen activator
located at chromosome 10q22.2
Finckh, U. (1), Hadeln, K. v. (1), Müller�
Thomsen, T. (2), Alberici, A. (3), Binetti, G. (3),
Hock, C. (4), Nitsch, R.M. (4), Stoppe, G. (5),
Reiss, J. (6), Gal, A. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Hamburg—Eppendorf,
Hamburg, Germany (2) Psychiatrische
Klinik, Universitätsklinikum Hamburg�
Eppendorf, Hamburg, Germany (3) Scientific
Institute for Research and Patient Care, S.
Giovanni di Dio, Brescia, Italy (4) Division of
Psychiatry Research, University of Zürich,
Switzerland (5) Psychiatrische Klinik,
Universität Göttingen, Germany (6) Institut
für Humangenetik, Universität Göttingen,
Germany
In the brain, tissue plaminogen activator (tPA)
and urokinase�type plasminogen activator (uPA)
are synthesized in neurons. tPA and uPA convert
plasminogen to plasmin. uPA receptor and plas�
min have been implicated in potentially patho�
genic mechanisms involved in Alzheimer disease
(AD). PLAU, the gene encoding uPA maps
tochromosome 10q22.2, and is in an interval of
approximately 30 megabases that is flanked by
two regions showing linkage to late�onset AD
(LOAD) (Science 290:2302�2305, 2000). There�
fore, PLAU may be considered both a function�
al and positional candidate gene for LOAD.
PLAU contains a C/T polymorphism of the sec�
ondbase of codon 141 (NCBI SNP rs2227564)
introducing a nonconservative amino acid ex�
change (P141L) in the kringle domain of uPA. We
genotyped this SNP in 356 patients with LOAD
and 281 cognitively normal control subjects
(ctrl). All probands were Caucasians recruited in
German (D, 221 LOAD, 196 ctrl), Swiss (CH, 43
LOAD, 55 ctrl), and Italian (It, 92 LOAD, 30 ctrl)
memory clinics or hospitals. As expected, in all
three samples there was a strong association of
LOAD with APOE E4�positive genotypes (p £
0.002, respectively). In patients of all three sam�
ples both the frequency of C allele (fC) and that
of the homozygous C/C genotype (fC/C) was
higher and frequencies of the C/T and T/T (T+)
genotypes were lower in comparison to the re�
spective ctrl samples. There was a significant
association of PLAU genotype with LOAD in the
German (p = 0.031, DF 2) and Swiss (p = 0.02,
DF 2) but not the Italian (p = 0.414) sample, the
latter one possibly due to the low number of ctrl.
The similar distribution of PLAU allele and geno�
type frequencies both in patients and ctrl of the
three samples together with the association of
LOAD with APOE E4 in all of them and HWE�
conform data suggested a homogeneity that al�
lowed us to pool the samples. Analysis of the
pooled sample revealed a strong association of
PLAU genotype with LOAD (p = 0.000255, DF 2)
with an odds ratio for LOAD having geno�
typeC/C (vs. T+) of 1.92 (95% CI 1.39 � 2.64).
The genotype association of PLAU with LOAD
found in this study appears to be robust as it
was also shown in all subsamples stratified by
gender or APOE genotype. Furthermore, strati�
fication of samples based on combined geno�
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types of APOE (E2+/E4�; E3/E3; E4+/�; E4/E4)
and PLAU (C/C; T+) suggested an additive effect
of both genotypes. We conclude that either al�
lele C (P141) of PLAU may be a frequent reces�
sive risk allele for LOAD or that allele T (L141)
may confer protection. Therefore, PLAU appears
to be a promising candidate gene. Both replica�
tion studies and functional studies on P141L are
required to confirm the association. [Supported
by DFG, grants FI 704/1�3 and FOR 267; corre�
spondence: finckh@uke.uni�hamburg.de]

W4 03

Loss of functional ZNF41 in a female patient
with a balanced translocation t
(X;7)(p11.3;q11.21) and severe mental
retardation: evidence for a role for ZNF41 in
cognitive development
Shoichet, S. (1), Hoffmann, K. (1), Menzel, C.
(1), Trautmann, U. (2), Moser, B. (1),
Hoeltzenbein, M. (1), Echenne, B. (3), van
Bokhoven, H. (4), Moraine, C. (5), Fryns, J.P.
(6), Chelly, J. (7), Rott, H.D. (2), Ropers, H.H.
(1), Kalscheuer, V.M. (1)
(1) Max�Planck�Institute for Molecular
Genetics, Ihnestrasse 73, D�14195 Berlin,
Germany (2) Institute of Human Genetics,
University of Erlangen�Nuremberg, Germany
(3) Centre Hospitalier Universitaire de
Montpellier, Hopital Saint�Eloi, 34295
Montpellier Cedex 5, France (4) Department
of Human Genetics, University Medical
Centre, Nijmegen, The Netherlands (5)
Services de Génétique �INSERM U316, CHU
Bretonneau, Tours, France (6) Center for
Human Genetics, Clinical Genetics Unit,
Leuven, Belgium (7) Institut Cochin de
Génétique Moleculaire, CNRS/INSERM, CHU
Cochin 75014 Paris, France
Severe non�syndromic X�linked mental retarda�
tion (MRX) is a heterogeneous condition defined
by an IQ <50 and the absence of additional clin�
ical features. The 12 MRX genes identified to
date account for less than one third of all MRX,
suggesting that numerous other gene defects
cause the disorder in other families. In a female
patient with severe non�specific mental retarda�
tion and a de novo balanced translocation t
(X;7)(p11.3;q11.21), we have cloned the DNA
fragment containing the breakpoint.In silico
analysis provided no indication for a causative
role for the chromosome 7 breakpoint in MR,
whereas on the X�chromosome, a zinc finger
gene, ZNF41, was found to be disrupted. Ex�
pression studies indicated that ZNF41 tran�
scripts are absent in a cell line of the patient,
suggesting that the mental disorder in this pa�
tient results from loss of functional ZNF41. This
protein contains a highly conserved transcrip�
tional repressor domain that is linked to mecha�
nisms of chromatin remodelling, a process which
is defective in various other forms of mental re�
tardation; ZNF41 is therefore an excellent can�
didate MRX gene. Screening of a panel of MRX
patients led to the identification of a potentially
disease�causing ZNF41 proline to leucine amino
acid exchange present in affected members of
one MRX family. Taken together, our results sug�
gest that ZNF41 is critical for cognitive develop�
ment. Further studies are required to elucidate
its specific function.

W4 04

Molecular basis of human neuronal
migration disorders leading to different
forms of lissencephalies
Uyanik, G. (1), Gross, C. (2), Aigner, L. (1,3),
Hehr, U. (2), Winkler, J. (1)
(1) Klinik und Poliklinik für Neurologie,
Universität Regensburg (2) Zentrum für
gynäkologische Endokrinologie,
Reproduktionsmedizin und Humangenetik,
Regensburg (3) VW�Nachwuchsgruppe
Regensburg, Universität Regensburg
Lissencephalies are a heterogeneous group of
brain malformations with reduced or absent gy�
ration of the cerebral cortex. The underlying ba�
sic defect is mostly the malfunction of migrato�
ry processes during brain development. Our un�
derstanding of this complex process with its dif�
ferent, spatial and temporal restricted modes is
increasing rapidly. The fast development of im�
aging technologies (MR, fMR) and the progress
in molecular genetics now allows the elucidation
of the underlying different pathways and sys�
tems involved. Up to date, eight different genes
(LIS1, 14�3�3 varepsilon, DCX, RELN, ARX,
POMT1, POMGnT1, FKTN) have been associat�
ed with different forms of lissencephaly.We have
developed an interdisciplinary approach involv�
ing neurologists, pediatricians, neuroradiolo�
gists, and human geneticists to establish a well
defined clinical and genetic diagnostic proce�
dure. Here, we present the preliminary data on
our cohort of approx. 100 unrelated patients.
Our clinical workup includes the assessment of
the family history, neurological examination, and
evaluation of MRIs to classify the distinct forms
of migration disorders. The mutation screening
of genes follows along a flow chart based on
MRI findings and clinical phenotypes. Patients
without mutations in the known genes are re�
cruited for additional analysis of further candi�
date genes. Furthermore, we have established in
vitro and in vivo assays to improve our under�
standing of the function of migration associated
genes in the adult CNS and during brain devel�
opment.

W4 05

Somatic mosaicism for maternal uniparental
disomy 15 in a girl with Prader�Willi
syndrome: expression profiles of cloned
cells suggest a defect in dopamine�
modulated food reward circuits
Horsthemke, B. (1), Nazlican, H. (1), Hüsing, J.
(2), Claussen, U. (3), Michel, S. (3), Lich, C. (1),
Gillessen�Kaesbach, G. (1), Buiting, K. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Essen (2) Institut für
Medizinische Informatik, Biometrie und
Epidemiologie, Universitätsklinikum Essen
(3) Institut für Humangenetik, Universität
Jena
Although uniparental disomy often results from
the postzygotic rescue of a meiotic non�disjunc�
tion event, mosaicism is usually confined to the
placenta. We describe a girl with PWS who is
mosaic for normal cells and cells with maternal
uniparental disomy 15 (upd (15)mat) in blood
and skin. The karyotype was normal (46,XX), but
molecular studies revealed one paternal and two
maternal alleles at several 15q microsatellite
loci. By methylation�specific PCR analysis of the
SNRPN CpG island we noted a strong methylat�
ed band and a faint unmethylated band. X inac�

tivation was random in blood and somewhat
skewed in fibroblasts. Somatic mosaicism was
confirmed by cloning and genotyping of skin fi�
broblasts. To study the effect of upd (15)mat on
the gene expression pattern, RNA samples from
three normal clones and three upd clones were
hybridised to Affymetrix (TM) chips containing
45,000 probe sets that represent 33,000 human
genes. Proof of principle was obtained by de�
tecting several chromosome 15 genes known to
be imprinted. We did not see any evidence for
novel 15q genes showing imprinted expression
in fibroblasts. Differentially expressed genes on
other chromosomes are candidates for down�
stream genes regulated by an imprinted 15q
gene and may play a role in the pathogenesis of
PWS. The finding of strongly reduced mRNA lev�
els in upd (15)mat cells of the gene encoding se�
cretogranin II (SCG2), which is a precursor of the
dopamine releasing factor secretoneurin, sug�
gests that the compulsory eating behaviour in
patients with PWS may in part be due to a de�
fect in dopamine�modulated food reward cir�
cuits.

W4 06

Molecular characterisation of the novel
human and mouse FBX25 genes suggests
an important role for them in neuronal
development and hippocampal function. 
Hagens, O. (1), Menzel, C. (1), Barbi, G. (2),
Ropers, H.�H. (1), Kalscheuer, V. (1)
(1) Max Planck Institute for Molecular
Genetics, Ihnestrasse 73, 14195 Berlin�
Dahlem, Germany (2) Departement of
Human Genetics, University of Ulm,
Germany
In an effort to characterise the translocation
breakpoints in a balanced t (X;8)(p11.2;p22.3) re�
arrangement, we investigated a novel gene,
hFBX25, disrupted by the chromosome 8 break�
point. hFBX25 and its mouse counterpart belong
to the F�box protein family that is defined by a
40�50 amino acid (aa) motif, the F�box. Mem�
bers of this family have been found in organisms
ranging from viruses to humans. The F�box do�
main confers substrate specificity to the SCF�
type (Skp1/Cul1/F�box protein) of ubiquitin pro�
tein ligase complexes. Ubiquitin�dependent pro�
teolysis mediated by SCF complexes plays a key
role in several cellular processes such as cell cy�
cle regulation, signal transduction, circadian
rhythms and transcriptional regulation and si�
lencing. Aberrant ubiquitin�mediated protein
degradation has been implicated in a range of
human diseases, including the neurological dis�
orders Alzheimer’s, Parkinson’s and Hunting�
ton’s.hFBX25 comprises 12 exons. Three alter�
natively spliced variants were recovered with
open reading frames (ORFs) of 367, 358 and 291
aa. Overexpressed hFBX25 localises predomi�
nantly to the nucleus, but not to the nucleoli.
Subsequently, we identified and characterised
the mouse orthologue, mFbx25, which contains
11 exons, yielding ORFs of 366 and 357 aa.
Northern blot analysis of both hFBX25 and
mFbx25 indicates ubiquitous transcription but in
situ hybridisation on mouse E14.5 day embryos
shows exclusive neuronal tissue specific expres�
sion. Expression of mFbx25 in mouse adult brain
is confined to the hippocampus and the cerebral
cortex. These expression patterns suggest a
major role for mFbx25, and most likely also for
hFBX25, in neuronal development and hip�
pocampal function during adulthood.
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W5 01

Identification of a second 11q amplicon in
AML/MDS patients with amplification of the
MLL gene
Zatkova, A. (1), Ullmann, R. (2), Rouillard, JM.
(3), Lamb, B. (3), Kuick, R . (3), Hanash, S. (3),
Schnittger, S. (4), Schoch, C. (4), Mannhalter,
C. (5), Fonatsch, C. (1), Wimmer, K. (1), 
(1) Institut für Medizinische Biologie,
Universität Wien, Währingerstrasse 10, A�
1090 Wien, Austria (2) Institut für
Pathologie, Karl�Franzens Universität Graz,
Auenbruggerplatz 25, 8036 Graz,Austria (3)
Department of Pediatrics, University of
Michigan, A520 MSRB I, Box 0656, Ann
Arbor, Mi 48109,USA (4) Medizinische Klinik
III, Klinikum Grosshadern, Ludwig�
Maximilians�Universität München,
Marchioninistrasse 15, D�81377, München,
Germany (5) Klinisches Institut für
Medizinische und Chemische Labor�
Diagnostik, Universität Wien, Austria
Structural rearrangements involving the mixed
lineage leukaemia (MLL) gene (11q23) are
among the most common recurring abnormali�
ties in de novo and therapy�related haematolog�
ical disorders, including myelodysplastic syn�
dromes (MDS) and acute myeloid leukaemias
(AML). In addition to a diversity of MLL chromo�
somal translocations and partial tandem dupli�
cations with subsequent self�fusion, recent re�
ports have implicated MLL amplification as an�
other potential mechanism of leukaemogenesis.
We identified 20 AML/MDS cases with MLL gene
amplification in form of ring chromosomes, hsr
and dmins by classical and molecular cytoge�
netic studies. In an attempt to define the entire
amplified region, we performed restriction land�
mark genomic scanning (RLGS) analysis. Eight
amplified fragments were uncovered in two
analysed AML samples. Virtual genome scan
(VGS), a novel informatic tool for sequence pre�
diction of RLGS fragments, rendered sequence
information for four of these fragments. One of
these sequences was derived from chromosome
region 11q13.4. The remaining three sequences
represented amplified regions between the MLL
locus and the telomere of 11q. By semiquantita�
tive PCR we tested the amplification status of
the chromosomal regions covered by these frag�
ments in six AML/MDS samples. Our results in�
dicated the presence of two amplified regions in
at least 3/6 of the patients. Subsequent CGH
analysis of 4 of these patients on an array of
BAC clones representing the entire chromosome
11 with a 1Mb coverage confirmed and extend�
ed this finding. The presence of an independent
centromeric amplicon represented by 2,4 Mb se�
quence in 11q13.4�q14.1 was shown in all four
tested patients. Moreover, FISH analysis re�
vealed that the core BAC clone of the latter cen�
tromeric region is coamplified with the MLL gene
in 8/13 patients. We also show that the core re�
gion of a continuous amplicon including the MLL
gene contains maximally 950 kb. However, fur�
ther amplified regions telomeric to the MLL were
found in 9/11 analysed AML/MDS samples.
Thus, our array�CGH results revealed highly
complex 11q amplification. Furthermore, our
study suggest that apart from the MLL gene oth�
er genes within 11q with possible leukae�
mogenic potential may trigger 11q amplification
in AML/MDS.

W5 02

Characterization of CATS, a protein which
interacts with CALM and is expressed
predominantly in thymus and spleen
Fröhlich�Archangelo, L. (1), Gläsner, J. (2),
Krause, A. (1), Przemeck, G. (3), Hrabe de
Angelis, M. (3), Bohlander, S. K. (1)
(1) Medizinische Klinik und Poliklinik III,
LMU, München (2) Institute of Clinical
Microbiology, Immunology, and Hygiene,
Erlangen (3) Institute of Experimental
Genetics, GSF, Neuherberg
The recurring translocation t (10;11)(p13;14) is
found in the leukemic cells of patients with acute
myeloid leukemia, acute lymphoblastic leukemia
and malignant lymphoma.  This rearrangement
results in the fusion of AF10 on 10p13 and
CALM (Clathrin Assembly Lymphoid Myeloid
leukemia gene) located on 11q14. CALM plays
an important role in the regulation of clathrin�
coated pit formation and in receptor mediated
endocytosis. The t (10;11)(p13;q14) transloca�
tion is the sole structural chromosomal abnor�
mality in several leukemic samples studied im�
plying that the resulting CALM/AF10 fusion pro�
tein plays a pivotal role in leukemogenesis.To
further elucidate CALM function we used the N�
terminal half of CALM (aa 1�335) as a bait in a
yeast two hybrid interaction screen to identify
novel protein interaction partners.  One of these
clones was derived from the C�terminal region
of an unknown gene encoding 60 amino acids.
Multiple tissue Northern blot analysis using this
clone revealed a 1.6 kb transcript which is pre�
dominantly expressed in spleen and thymus and
to a lesser extent in small and large intestines.
The gene was named CATS (CAlm interacting
protein expressed in Thymus and Spleen).  Se�
quence analysis of a full length CATS cDNA re�
vealed an open reading frame of 238 or 248
amino acids.  The amino acid sequence of CATS
shows no significant homologies to other pro�
teins in the database.  CATS is located on chro�
mosome 17, has at least 5 exons and spans ap�
proximately 6 kb.  Several processed pseudo�
genes of CATS could be identified in the human
genome. The interaction between CALM and
CATS was verified using GST�pulldown experi�
ments.  Further analysis showed that the CATS
interacting region of CALM is between amino
acids 294 and 335. The murine Cats is about
70% homologous to its human counterpart.
Whole mount in situ hybridization on mouse em�
bryos showed expression of Cats in the neural
tube and in the pharyngeal arches at early em�
bryonic stages (E9.5�10.5) and a distinct expres�
sion pattern in the genital bud and in the devel�
oping limbs at later stages (E11.5�14.5).A tran�
siently expressed CFP�CATS fusion protein lo�
calized to the nucleus of NIH3T3 cells.  Coex�
pression of CFP�CATS with YFP�CALM or YFP�
CALM/AF10 was able to change the subcellular
localization of CALM and CALM/AF10 from pre�
dominantly cytoplasmic to more nuclear. These
results indicate that the subcellular localization
of CALM could depend in part on the presence
of CATS with a greater portion of CALM being
present in the nucleus in cells with high CATS
expression (e.g. lymphoid cells).  The CALM�
CATS interaction might thus play an important
role in CALM/AF10 mediated malignant transfor�
mation.

W5 03

Chromosome 11 aberrations in newly
diagnosed patients with multiple myeloma
detected by interphase cytogenetics
Kartal, M. (1), Cremer, F.W. (1), Hose, D. (2),
Bellos, F. (2), Möbus, A. (1), Brough, M. (1),
Goldschmidt, H. (2), Bartram, C.R. (1), Jauch,
A. (1)
(1) Institut für Humangenetik der Universität
Heidelberg (2) Medizinische Poliklinik V der
Universität Heidelberg
Multiple Myeloma (MM) is a malignancy of clon�
al plasma cells accumulating in the bone marrow
(BM). The low proliferation index hampers con�
ventional cytogenetic analysis on metaphase
spreads. This difficulty can be overcome by in�
terphase cytogenetic analysis. Aberrations of the
long arm of chromosome 11, especially the re�
gion 11q13�q23 harboring several oncogenes
and tumor suppressor genes, are among the
most common abnormalities in lymphoprolifera�
tive disorders. In this study, we have analyzed
numerical and structural changes of chromo�
some 11 by interphase fluorescence in situ hy�
bridization (FISH). Bone marrow plasma cells
from 30 newly diagnosed MM patients were en�
riched by magnetic�activated cell sorting for the
CD138 antigen using an AutoMACS�device (me�
dian purity 95%). We hybridized a comprehen�
sive panel of probes including 11cen, 11q13
(CCND1), 11q22.3�q23 (ATM), 11q23 (MLL),
11q23.1 (PLZF), and subtelomeric probes for
11p and 11q. Gains of 11q23�qter were found in
20 of 30 patients. Results indicated a complete
trisomy 11 in 13 patients. In 7 patients, the size
of the gained region differed. The high incidence
of gains of 11q23�qter detected in patients at di�
agnosis indicates an important role also in the
pathogenesis of MM.

W5 04

Adult acute lymphoblastic leukemia:
Spectrum of chromosomal aberrations in
647 patients
Bradtke, J. (1), Friedrich�Freksa, A. (2),
Gebhart, E. (3), Gökbuget, N. (4), Hoelzer, D.
(4), Harder, L. (5), Heinze, B. (6), Schoch, C. (7),
Fonatsch, C. (8), Rieder, H. (1)
(1) Institut für Klinische Genetik, Philipps�
Universität Marburg (2) Institut für Klinische
Genetik, Mainz (3) Institut für
Humangenetik, Universität Erlangen (4)
Universitätsklinikum Frankfurt/M. (5) Institut
für Humangenetik, Kiel (6) Klinik für
Hämatologie und Onkologie,
Universitätsklinikum Ulm (7) Labor für
spezielle Labordiagnostik,
Universitätsklinikum München Großhadern
(8) Institut für Medizinische Biologie, Wien,
Austria
In adults (> 15 y), acute lymphoblastic leukemia
(ALL) is a rare disease. Only a few larger cytoge�
netic studies have been reported as yet. We
present data of the so far largest consecutive
series of 647 patients which were investigated
at diagnosis using chromosome banding from
01/93 until 10/99 within the scope of the German
Multicenter Therapy Study Group for Adult ALL.
All ALL�subtypes were included. Our aim was to
explore the spectrum and frequency of recurrent
structural and numerical aberrations as well as
the distribution of ploidy groups. Minimal regions
of gains and losses as well as recurrent involve�
ments of chromosome breakpoints were inves�
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tigated by using the previously described simpli�
fied computer readable cytogenetic notation
(SCCN) and specific analysis software (1). A
Complex Karyotype Aberration Score (CKAS)
was calculated to evaluate the degree of the
karyotype alterations. 270 patients (41.7%)
showed a normal diploid and 310 patients
(47.9%) an aberrant karyotype. A fraction of 67
patients (10.4%) had inadequate results. The t
(9;22) was present in 35.5% and the t (4;11) in
6.8% of the aberrant cases. Aberrations of 9p,
11q23, 12p, 14q32 and del (6q) were found in
11%, 4.2%, 2.3%, 4.5% and 4.5% respectively.
The frequency of t (1;19) was 1.3% and t (10;14)
1%. Gains of the whole chromosomes 8 and 21
as well as losses of chromosome 7 where found
in 7.7%, 4.8% and 7.1% respectively. Recurrent�
ly involved breakpoints (>2 aberration events)
and genomic imbalances were attributed to
divers structural aberrations. The breakpoint
analysis with the SCCN software showed a peak
of three events on band 13q14 caused by two
interstitial deletions and a t (12;13)(p12;q14). A
frequent loss of 20q (8x) was detected by the
SCCN imbalance analysis. This was caused by
5 cases with dic (9;20) and one case each del
(20q11), add (20q11) and dic (20;22)(q11;p11).
13% of the aberrant karyotypes were hy�
podiploid, 51% were pseudodiploid, 21% were
hyperdiploid, 12% were high hyperdiploid and
2% were near triploid or near tetraploid. A CKAS
ranging from 1 to 18 was observed. A CKAS <3
was predominantly caused by balanced re�
arrangements, whereas a CKAS >6 was attribut�
able to numerical gains or losses. Unbalanced
rearrangements were associated with hyper�
diploid karyotypes with a CKAS between 1 and
6. 22.6% of the patients had a complex aberrant
karyotype (CKAS >/= 3 with at least 1 structural
aberration), 9.4% of these had a Philadelphia
translocation, and none of these cases had a t
(4;11). In summary, additional to previously de�
scribed ALL specific aberrations a recurrent in�
volvement of band 13q14 and loss of 20q11 was
detected by the SCCN analysis. We could show
that a notable rate of patients with ALL has a
complex aberrant karyotype.(1) Bradtke et al;
BMC Bioinformatics 2003 4:4

W5 05

Characterization of a novel CAT gene in
thyroid adenomas with 19q13 aberration
Rippe, V., Fehr, A., Grigo, K., Meiboom, M.,
Belge, G., Bullerdiek, J.
Zentrum für Humangenetik, Universität
Bremen
Structural rearrangements involving chromoso�
mal region 19q13 are a frequent finding in follic�
ular adenomas of the thyroid and might repre�
sent the most frequent specific structural chro�
mosomal abnormality in epithelial tumors at all.
By FISH analysis recently we have been able to
map the breakpoint of two cell lines derived from
thyroid tumors between two cosmids in a region
of approximately 25 kb. Close to that region we
found a gene that shares some homology with
one of the carrier families i.e. cationic amino
acid transporters (CAT). We have tentatively re�
ferred to that gene as hCAT�12. By now four hu�
man CAT�genes have been identified including
two isoforms (hCAT�1, hCAT�2A, hCAT�2B,
hCAT�3 and hCAT�4). Like the other members of
the CAT family, hCAT�12 contains transmem�
brane domains. We were able to identify parts of
the genomic structure of that gene including its
complete open reading frame. To further com�

plete the genomic structure of CAT we have per�
formed 3´ and 5´ RACE experiments and se�
quencing. As a result we were able to identify
two splice variants. So far the genomic se�
quence of hCAT�12 spans about 8 kb and con�
sists 6 exons. In the hCAT�12B alternative splic�
ing results in a truncated exon 5. The total size
of the hCAT�12 cDNA is about 1.3 kb. The loca�
tion close to the breakpointcluster and its func�
tion as a transmembrane transporter protein
makes hCAT�12 a candidate target gene for spe�
cific 19q13 alteration.

W5 06

Downregulation of BRCA1 mRNA and
Protein Expression in Chronic Pancreatitis
and Sporadic Pancreatic Adenocarcinoma
Beger, C. (1,2), Ramadani, M. (3), Meyer, S. (1),
Leder, G. (3), Krüger, M. (4), Gansauge, F. (3),
Schlegelberger, B. (2), Welte, K. (1), Beger,
H.G. (3)
(1) Abteilung für Pädiatrische Hämatologie
und Onkologie, Medizinische Hochschule
Hannover (2) Institut für Zell� und
Molekularpathologie, Medizinische
Hochschule Hannover (3) Abteilung für
Allgemeinchirurgie, Universitätsklinikum
Ulm (4) Abteilung für Gastroenterologie,
Hepatologie und Endokrinologie,
Medizinische Hochschule Hannover
BRCA1 & BRCA2 are cancer susceptibility
genes that have been associated with breast
and ovarian cancer, but also with pancreatic
cancer. In sporadic breast and ovarian cancer,
BRCA inactivation is mainly due to altered gene
expression or functional inactivation, not to
BRCA mutations. In the present study, we ana�
lyzed BRCA1 & BRCA2 expression in sporadic
pancreatic adenocarcinoma and in chronic pan�
creatitis that is associated with an increased risk
of malignant transformation. Gene expression
was analyzed by quantitative real�time PCR and
immunohistochemical analyses in normal pan�
creatic tissues, chronic pancreatitis and pancre�
atic cancer specimens. For BRCA1, our data in�
dicate that expression is downregulated in pan�
creatic cancer both on the RNA and protein lev�
el. Quantitative analysis of BRCA1 protein ex�
pression demonstrated positive or negative
staining in 50% of tumor specimens tested
(n=50), respectively. Patients with BRCA1�posi�
tive tumors showed a significantly better 1�year�
overall survival than patients with BRCA1�nega�
tive tumors (BRCA1�positive: 76%, BRCA1�neg�
ative: 40%; p<0.05). Interestingly, BRCA1 ex�
pression was also downregulated in chronic al�
coholic pancreatitis, in particular on the RNA
level (healthy control: 100%, chronic pancreati�
tis: 46%, pancreatic cancer: 40%). In contrast,
no significant change in BRCA2 protein expres�
sion was found in chronic pancreatitis and pan�
creatic cancer samples. In summary, BRCA1
suppression is present in chronic alcoholic pan�
creatitis and sporadic pancreatic adenocarcino�
ma, while BRCA2 expression was not clearly
changed in these diseases. Therefore, loss of
BRCA1 function may be important for pancreat�
ic carcinogenesis and may be an early event in
already present premalignant lesions. It may also
influence the clinical outcome of patients with
pancreatic adenocarcinoma.

W6 01

Germline mosaicism for a Prader�Willi
syndrome imprinting center deletion
Buiting, K. (1), Lunt, P. (2), Sawyer, H. (3), Lich,
C. (1), Groß, S (1), Horsthemke, B. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Essen, Germany (2) St.
Michaels Hospital, Bristol, United Kingdom
(3) Southmead Hospital, Bristol, United
Kingdom
In a small group of patients with Prader�Willi
syndrome (1%) and Angelman syndrome (2�4%),
the disease is due to aberrant imprinting and
gene silencing. In some of these patients the im�
printing defect is the result of a microdeletion of
the imprinting center (IC), which overlaps the
SNURF�SNRPN exon 1 region. Whereas non�IC
deletion patients with an imprinting defect ap�
pear to have a low recurrence risk, inherited IC
deletions are associated with a recurrence risk
of 50%. Among 55 patients with PWS and an
imprinting defect, nine patients were found to
have an IC deletion. The same is true for nine of
91 patients with AS and an imprinting defect. In
most cases the IC deletion was found to be a fa�
milial mutation, but in three patients with PWS
and two patients with AS the IC deletion was de
novo or a consequence of a germline mosaicism
in the father or the mother, respectively. In these
families the recurrence risk ranges from 0�50%.
Here we report on a family whose first child has
PWS and an IC deletion. By quantitative South�
ern blot and microsatellite analysis the IC dele�
tion was found to span 60 � 160 kb. In a second
pregnancy, methylation analysis of the SNURF�
SNRPN exon 1 region in CVS�DNA performed by
Southern blot and methylation�specific PCR re�
vealed a typical PWS pattern, i.e. the absence of
a paternal band. By quantitative Southern blot
analysis of SNURF�SNRPN exon 1 we found a
reduced dosage in the fetus. Furthermore, mi�
crosatellite analysis with marker PAR�SN, which
maps 5 kb distal to exon 10 of SNURF�SNRPN
inside the IC deletion, showed that the fetus had
no paternal allele at this locus. In summary,
these data demonstrate that the fetus inherited
the same IC deletion as the index patient, indi�
cating that the father has a germinal mosaic for
the IC deletion. The family chose to abort the
pregnancy.

W6 02

Mocaicism for maternal isodisomy 22 and
trisomy 22 in a fetus with malformations
Duba, H.�C. (1), Kirchmayr, K. (1), Silye, R. (2),
Haybäck, J. (2), Janecke, A. (3), Günther, B. (3),
Arzt, W. (4)
(1,4) Humangenetische Untersuchungs� und
Beratungsstelle, Landesfrauenklinik Linz,
Lederergasse 47, A�4020 Linz, Austria (2)
Pathologisches Institut, Landes�
Nervenklinik Wagner�Jauregg, Linz, Austria
(3) Institut für Medizinische Biologie und
Humangenetik, Innsbruck, Austria (4)
Institut für Pränatalmedizin,
Landesfrauenklinik Linz, Austria
We report on a fetus with malformations and
mocaisism for maternal isodisomy 22 and tri�
somy 22. Karyotyping of chorionic villi was per�
formed in the 11 + 4 week of gestation due to
nuchal translucency of 2.4 mm (adjusted risk for
trisomy 21 – 1:5 and for Trisomy 13/18 � 1:8) and
maternal age (45 years). Chromosome analysis
from placental tissue revealed non mosaic tri�
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somy 22 while subsequent amniocentesis at 14
+ 1 week of gestation showed a normal 46,XX
female karyotype. Microsatellite analysis using
DNA from cultured amniocytes and the parents
lymphocytes showed maternal isodisomy for
chromosome 22. Detailed ultrasound examina�
tion in the 19 + 1 week of gestation revealed a
distinct subcutaneous oedema (5 mm) at the
back of the head in terms of a hygroma colli
which was visible from the 11 + 1 gestational
week on. Fetal measurements were accordant to
gestational week. After detailed genetic coun�
selling the parents elected for termination of
pregnancy, which was performed at 19 + 5
weeks of gestation. Pathological examination of
the fetus showed a distinct hygroma colli and
deep set back rotated ears. Microsatellite analy�
sis from cultured skin fibroblasts from the fetus
confirmed maternal isodisomy 22 suggesting the
existence of an additional trisomic cell line. Sub�
sequent FISH analysis revealed trisomy 22 in
about 32% of metaphases. Uniparental disomy
22 is a rare condition. Normal phenotypes in
previous reports have suggested that maternal
UPD 22 has no impact on the phenotype. Auric�
ular malformations are described in patients with
trisomy 22. As our case presents an obviously
never described condition, mechanisms of de�
velopment of maternal isodisomy 22 / trisomy 22
mocaicism and its possible impact on the phe�
notype are discussed.

W6 03

Five patients with severe prenatal onset of
Caffey�Silverman syndrome ( infantile
cortical hyperostosis)
Albrecht, B. (1), Schaper, J. (2), Schweiger, B.
(3), Schmidt, M. (4), Kuhn, U. (4), Dirsch, O. (5),
Gillessen�Kaesbach, G. (1), Wieczorek, D. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Essen (2)
Kinderradiologie, Institut für Diagnostische
Radiologie, Universität Düsseldorf (3)
Kinderradiologie, Institut für Diagnostische
und Interventionelle Radiologie,
Universitätsklinikum, Essen (4) Zentrum für
Frauenheilkunde, Universitätsklinikum
Essen (5) Zentrum für Pathologie,
Universitätsklinikum Essen
Infantile cortical hyperostosis is characterized by
swelling of bones starting in early infancy. How�
ever, several cases have been reported with a
severe prenatal onset. We describe a sporadic
patient and a family with 4 affected fetuses with
intrauterine onset of this disease.Patient 1 was
born after 29 weeks of gestation because of pre�
mature rupture of the fetal membranes caused
by polyhydramnios. Broad ribs and osteolytic le�
sions of ribs, scapulae, and facial bones were di�
agnosed by X�rays after birth. Meta� and diaphy�
seal osteolysis was documented followed by se�
vere hyperostosis. The 5�year�old boy showed
slow remission with intermittent disease
episodes. In the familial cases the first pregnan�
cy was complicated by polyhydramnios begin�
ning in the 26th week of gestation. Fetal ultra�
sound showed short ribs and bowed and short
extremities. X�rays in the 28th week of gestation
demonstrated hyperostosis of the corticalis of
the long bones, ribs, scapulae, and ilia. The child
died after cesarean section at the 31st week of
gestation. Postnatal X�rays confirmed cortical
hyperostosis. In a second triplet�pregnancy
polyhydramnios was diagnosed at 22nd week of
gestation in two of the three fetuses. Pre� and
postnatal X�rays revealed marked cortical hyper�

ostosis in all three patients. The pregnancy was
terminated after premature rupture of fetal mem�
branes at 23rd week of gestation.Our 5 patients
with cortical hyperostosis demonstrate the vari�
ability even of the severe prenatal form of the
disease. The familial cases support the suggest�
ed autosomal recessive mode of inheritance. Au�
tosomal dominant inheritance with reduced pen�
etrance in a parent cannot be excluded.

W6 04

Characterisation of a supernumerary marker
chromosome derived from chromosome 2
by Multicolor�FISH and Comparative
Genomic Hybridisation
Dietze, I. (1), Fritz, B. (1), Steuber, E. (2),
Kornmann, E. (1), Bachmann, I. (1), Piecha, E.
(1), Schoner, K. (3), Rehder, H. (1)
(1) Institute of Clinical Genetics, Philipps�
University Marburg, Germany (2) Institute of
Human Genetics, Philipps�University
Marburg, Germany (3) Institute of Pathology,
Philipps�University Marburg, Germany
Chromosome 2 is not often involved in the for�
mation of marker chromosomes. Only six cases
with a small supernumerary marker chromosome
(SMC) derived from chromosome 2 have been
verified to date by FISH. Four of these cases
showed phenotypical abnormalities, while the
other two are phenotypically normal. The differ�
ences in the clinical symptoms of patient with
chromosome 2 SMCs might be due to variable
genetic content of the marker, the degree of mo�
saicism, and the possible presence of uni�
parental disomy. We described a new case of
SMC derived from chromosome 2 detected in
about 50% of metaphases of cultured amnion�
cells. Conventional G�banding had failed to
identify the chromosomal origin of the marker.
The origin of chromosome 2 was determined us�
ing Multicolor�FISH (M�FISH). More detailed
characterisation was archived by Comparative
Genomic Hybridisation (CGH). The CGH profile
showed gain in the region of 2p13.1�>2q13.
Based on the cytogenetic and molecularcytoge�
netic data the karyotype of the fetus was thus
defined as 46,XX/47,XX,r (2)(p13.1q13). Parental
chromosomes had been normal indicating a de
novo origin of the additional material in the fe�
tus. Furthermore, with polymorphic microsatel�
lites we determined paternal origin of SMC with
no evidence for UPD 2. After termination of
pregnancy post mortem examination showed a
dystrophic female fetus with no internal malfor�
mations, but some facial dysmorphic features
like pronounced hypertelorism, broad nose and
nasal bridge, microretrognathy and low�set
ears.This report illustrates the importance of the
precise definition of the origin of SMCs to estab�
lish genotype�phenotype correlation, which are
particularly important when SMCs are identified
in prenatal diagnosis.

W6 05

RISCALW a windows program for risk
calculation in Duchenne muscular dystrophy
Fischer, C. (1), Krüger, J. (1), Grimm, T. (2),
Gross, W. (1)
(1) Universität Heidelberg (2) Universität
Würzburg
A prerequisite for risk calculation in families is an
appropriate genetic model for the disease of in�
terest. Because of empirical evidence that the

formerly used simple genetic model for
Duchenne muscular dystrophy (DMD) is not suf�
ficient, a general model to include germline mo�
saicism and heterogeneous new mutation rates
depending on sex and mutation type has been
formulated. Based on this model RISCALW was
develloped. RISCALW is a user�friendly Win�
dows program for risk calculation in families with
DMD. It runs on any standard personal comput�
er under the Windows operating system.A range
of different genetic models including germline
mosaicism, sex and mutation specific mutation
rates may be used. It is possible to include
marker genotypes, creatininkinase values and
FISH�deletiontest results.Pedigree data input is
required in a modified LINKAGE format in the
pedigree window; the user can make selections
for the risk calculation in the parameter window;
the results are displayed in the log window. The
main editing features are accessible for pedi�
grees and results. Pedigrees can be included via
the Windows clipboard from any wordprocessor.
Pedigrees and results can be added to any
wordprocessor in the same manner. Detailed on�
line help is available. RISCALW has been exten�
sively tested for more than 100 families. The
user is able to perform risk calculation in large
families in an easy way and thus explore the de�
pendence of results on different model assump�
tions for example different mutation rates in
male and female. RISCALW is freely available
from the authors for scientific use.

W6 06

Preliminary results of the prospective
German ITA study
Sancken, U., Taube, D.
Institut für Humangenetik, Universität
Göttingen
In early 2002 the Institute of Human Genetics in
Goettingen started a prospective study on ITA,
a new risk marker for fetal aneuploidies. ITA (in�
vasive trophoblast antigen) is a special hypergly�
cosylated isoform of human chorionic go�
nadotropin (hCG). Its concentration in maternal
serum and urine is said to be highly increased in
case of fetal trisomy 21 and extremely de�
creased in case of fetal trisomy 18. Presently we
have measured ITA levels in more than 2000
urine and more than 3000 serum samples of vol�
unteer probands between 10th and 18th week of
gestation. ITA levels show a an extremely steep
decrease between 10th and 14th week and af�
terwards slowly shift over into basal levels that
keep constantly low after 16th week of gesta�
tion. From the ongoing follow�up we are report�
ed on aneuploid fetal outcome in 16 cases so
far: seven trisomies 21, three trisomies 18, three
Turner� and three Klinefelter cases. In six out of
seven cases with trisomy 21 the ITA levels are
above the 95th percentile.The ITA levels of three
cases with trisomy 18 are below the 5th per�
centile, one is below the 1st percentile. For the
six cases with Turner and Klinefelter syndrome
no atypical ITA levels could be observed in gen�
eral. Although more ITA values of affected preg�
nancies are needed for solid conclusions we as�
sume that 1. ITA is a risk marker mainly for fetal
trisomy 21 2. ITA is more discriminative in the
second than in the first trimester 3. Preanalyti�
cal cofactors (gestational dating, maternal
weight, sample handling) play an important role
for the interpretation of ITA results.
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W7 01

Functional characterization of TRPM5 , a
transient calcium�activated cation channel
Prawitt, D. (1), Brixel, L.R. (1), Monteilh�Zoller,
M.K. (2), Spangenberg, C. (1), Fleig, A. (2),
Penner, R. (2), Zabel, B.U. (1)
(1) Children’s Hospital, University of Mainz,
Langenbeckstr. 1, D�55101 Mainz, Germany
(2) Laboratory of Cell and Molecular
Signaling, Center for Biomedical Research
at The Queen’s Medical Center and John A.
Burns School of Medicine at the University
of Hawaii, Honolulu, HI 96813, U.S.A.
Transient receptor potential (TRP) proteins are
biological important signalling molecules, that
are grouped into three subfamilies, named after
their founding members TRPC (canonical TRPs),
TRPV (Vanilloid receptor like) and TRPM (Melas�
tatin like). The human TRPM subfamily consists
of eight members with partly unknown physio�
logical function but possible involvement in hu�
man disease. Three isoforms TRPM2, TRPM6
and TRPM7 contain an carboxy�terminal enzy�
matic domain, a unique feature among ion chan�
nels. The founder TRPM1 (Melastatin) is dis�
cussed to be a tumor suppressor gene, due to
the fact, that it is downregulated in highly
metastatic melanoma cells (Duncan et al., 1998;
Fang and Setaluri, 2000). Other TRPMs also
seem to play a role in aspects of human disease:
TRPM2 is involved in apoptosis (Hara et al.,
2000), TRPM6 is crucial for magnesium home�
ostasis leading to hypomagnesemia with sec�
ondary hypocalcemia when mutated (Schling�
mann et al., 2002) and TRPM8 has been shown
to be upregulated in prostate tumors (Tsavaler et
al., 2001). Recent publications (Perez et al., 2002
and Zhang et al., 2003) demonstrate that TRPM5
is expressed in certain gustatory cells and is re�
sponsible for the perception of bitter, sweet and
amino acid (umami) tasting stimuli. In contrast to
these publications we can demonstrate that
TRPM5 is expressed as a 4.5 kb transcript not
solely in the gustatory cells, but in a variety of
fetal and adult tissues. Therefore we wanted to
reveal the exact activation mechanism of TRPM5
to further elucidate the biological function of this
protein. We have established stable transgenic
HEK293 cell lines with the human TRPM5 and
TRPM5�EGFP fusion constructs. The latter en�
abled us to localize the protein to the cell mem�
brane, suggesting a functional channel. We then
characterized the electrophysiological properties
of the TRPM5 channel by using whole cell
recordings and excised membrane patch�clamp
analysis. TRPM5 displays characteristics of a
CAN (Calcium�activated�nonselective) cation
channel. It is directly activated by [Ca2+]i, but
seems not to conduct Ca2+ ions. Instead it car�
ries monovalent ions (Na+, K+) after receptor
mediated cytosolic Ca2+ increase. Activated
TRPM5 modulates the membrane potential (de�
polarisation) with effects in cells with non�ex�
citable and excitable membranes. We could also
show the specific electrophysiological proper�
ties of the channel in cells with endogenous
TRPM5, supporting the proposed functional in�
volvement in the conversion of a chemical stim�
ulus into an electrical signal.

W7 02

The RING finger protein RNF4, a coregulator
of transcription, interacts with the TRPS1
transcription factor
Kaiser, F. (1), Möröy, T. (2), Horsthemke, B. (1),
Lüdecke, H.�J. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Essen (2) Institut für
Zellbiologie, Universitätsklinikum Essen
The TRPS1 gene encodes a transcription factor
protein which is known to function as repressor
of GATA mediated transcription. The human
TRPS1 is involved in the tricho�rhino�phalangeal
syndromes. However, its precise molecular func�
tions as well as the TRPS1 target genes are still
unknown. In a yeast two�hybrid screen with the
C�terminal 647 amino acids (aa) of the ortholo�
gous Trps1 as bait, we obtained 23 yeast clones,
which code for six different Trps1 binding pro�
teins. Three of these clones encoded two over�
lapping fragments of the 194 aa protein RINGfin�
ger protein 4 (Rnf4). The overlap narrows down
the Trps1�Rnf4�interacting region within Rnf4 to
aa 6 through 65. This region is also known to in�
teract with androgen receptors and other pro�
teins. By using truncated Trps1 constructs in
yeast in vivo beta�galactosidase assays, the
Rnf4�interacting region in Trps1 could be nar�
rowed down to aa 885 through 1084. This 200
aa region does not contain any predicted pro�
tein�protein interacting motif. We could verify the
Trps1�Rnf4 interaction using the human or�
thologes in transfected and native eukaryotic
systems by immunochemical precipitation ex�
periments. The intracellular distributions of both
proteins were analyzed by confocal laser scan�
ning microscopy. RNF4 as well as TRPS1 are lo�
cated in specific dot�like nuclear structures. The
structures containing RNF4 are smaller and
more numerous than those containing the
TRPS1 protein. In luciferase reporter assays we
could demonstrate that the repressional function
of TRPS1 is inhibited by RNF4. RNF4 is known
as a coregulator of various different transcrip�
tional elements. Modulation of TRPS1 activity
can now be added to this list of functions.
Whether the RNF4�TRPS1 interaction has an im�
plication in the development of the TRP syn�
dromes remains elusive.

W7 03

Characterization of the zinc finger protein
ZNF297B that interacts with TFNR � a
subunit of TFIIIB
Schoenen, F., Kelter, A.R., Wirth, B.
Institut für Humangenetik Bonn
The transcription factor�like nuclear regulator
(TFNR) is a novel human gene that maps on
5q13, distally to the duplicated region which in�
cludes SMN1, the spinal muscular atrophy
(SMA) determining gene. TFNR shows homolo�
gy to yeast B’’ protein which is required for tran�
scription of both TATA�less and snRNA�type
RNA polymerase III promotors and thus is an es�
sential factor of the basal RNA poymerase III
transcription machinery. Northern blot and tran�
scription start point analysis allowed us to de�
termine a transcript length of  ~ 10 kb. The
TFNR transcript is highly expressed in cerebel�
lum, cerebral cortex and weakly in all tissues
tested. TFNR encodes a 2254 amino acids (aa)
protein. The protein contains a SANT domain,
and ssDNA� and dsDNA�protein interactions
were shown. We identified one SMA patient with

additional brain atrophy and a large deletion in�
cluding the TFNR gene. Based on this observa�
tion, we postulated that TFNR may have an im�
portant role in the development of the brain.
The N�terminal part of TFNR reveals a strong
protein interaction to a novel zinc�finger protein
identified by yeast two hybrid screens and co�
immunoprecipitation. The zinc finger protein in�
teracts with the first 640 aa of TFNR. It encodes
a protein that contains three zinc finger domains
(N�terminus) and one POZ/BTB domain (C�ter�
minus). Northern blots revealed a transcript
length of ~ 5,5 kb in all tested human tissues. An
antibody generated in rabbit shows a stronger
expression in human brain and cerebellum on
western blots. In immunofluorescence stainings
a colocalisation with tubulin stained structures
can be seen. The construction of a TFNR hem�
izygous mouse is in progress.

W7 04

The variability pattern of the NF1 gene
indicates a bottleneck in the European
population less than 20.000 years ago
Assum, G., Schmegner, C., Pietsch, B.,
Schmoll, B., Wieland�Lange, S., Vogel, W.
Universität Ulm, Abteilung Humangenetik
The neurofibromatosis 1 (NF1) gene is an evolu�
tionaryly highly conserved structurally and func�
tionally defined genomic unit. The gene compris�
es 350 kb of GC poor DNA in an otherwise GC
rich chromosomal band with sharp GC content
boundaries at its 5´ and 3´ end in human and
mouse. This structural unit has distinct function�
al properties. The NF1 gene is replicated late,
the surrounding sequences early in S�phase.
SNP analysis revealed a high degree of linkage
disequilibrium, corresponding to an extremely
low recombination rate, throughout the whole
NF1 gene, whereas the neighbouring sequences
show recombination rates comparable to the
genomewide average. The SNP analyses and re�
sequencing of intronic NF1 gene sequences fur�
ther demonstrated the presence of only three
common haplotypes of the whole 350 kb unit in
the German population. The interhaplotype di�
vergence amounts to approximately one variable
site per 1300 nucleotides. The intrahaplotype di�
vergence is low, with only one variable site per
50 kb and all these variants were observed only
once in 96 chromosomes analysed. This pattern
of sequence variation indicates a severe bottle�
neck in the history of the present European pop�
ulation resulting in the reduction to only three
founder haplotypes at the end of the bottleneck
when the population started to expand. The low
frequency variants arose by mutations which oc�
curred after the end of the bottleneck. From the
frequency such variants (one per 50.000 nu�
cleotides) it can be calculated, that the expan�
sion of the European population began less than
20.000 years before present.

W7 05

Profiling the molecular signature of
Patched� and p53�dependent
rhabdomyosarcoma
Hahn, H. (1), Kappler, R. (1), Bauer, R. (1),
Calzada�Wack, J. (2), Rosemann, M. (2),
Hemmerlein, B. (1)
(1) Universität Göttingen (2) GSF�
Neuherberg
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Rhabdomyosarcoma (RMS) is the most common
soft�tissue sarcoma of childhood encompassing
two major subtypes, embryonal and alveolar,
which differ in clinical behavior and genetic
markers. This tumor is associated with muta�
tions in several genes, including the tumor sup�
pressor genes Patched (Ptch) and p53. In mice,
inactivation of one Ptch allele as well as inacti�
vation of one or both p53 alleles results in a high
incidence of RMS. Here, we report that loss of
p53 dramatically accelerates the incidence and
development of RMS in heterozygous Ptch�
neo67/+ mice. Our data indicate that mutations
in p53 or malfunctioning of its pathway are not
required for RMS formation in these mice. In
comparison to p53�dependent RMS, RMS of
heterozygous Ptchneo67/+ mice show a less ag�
gressive growth and are histologically more dif�
ferentiated. By means of cDNA microarray analy�
sis, we demonstrate that there is diversity in
gene expression among Ptch� and p53�depend�
ent RMS, apparently reflecting the variation in
tumor proliferation rate and differentiation state
of the tumor. Whereas tumors of Ptch mutants
predominantly express various myogenic mark�
ers like myosin, actin, myoglobin, and troponin,
tumors in p53 mutants display higher expression
levels of cell cycle�associated genes like cyclin
B1, cyclin�dependent kinase 2, cyclin�depend�
ent kinase 2�associated protein 1, and cell divi�
sion cycle 2. Ptch�associated RMSs are also
clearly distinct from those that are p53�depend�
ent when hierarchical clustering is performed on
the data set. These results demonstrate that,
within one tumor type, different causative muta�
tions lead to distinct molecular characteristics
as revealed by transcript analysis. These differ�
ences may allow for identification of new, gene
mutation� and expression�specific treatments of
these tumors.

W7 06

X�linked cone opsin genotypes in patients
with blue cone monochromacy: Further
evidence for unequal homologous
recombination in the opsin gene 
Wissinger, B., cluster Tippmann, S.
Molekulargenetisches Labor, Universitäts�
Augenklinik, Tübingen
Blue Cone Monochromacy (BCM) is a rare X�
linked retinal disorder characterized by a severe
color vision defect, reduced visual acuity, pho�
tophobia and nystagmus. BCM results from the
simultaneous functional loss of middle (green)
and long wavelength sensitive (red) cone pho�
toreceptors caused by mutations in the opsin
gene cluster on Xq28. In normal subjects the
opsin gene cluster is composed of a locus con�
trol region (which drives the expression of opsin
genes), followed by a single long wavelength
sensitive cone opsin gene (red opsin) and one
up to five copies of the middle wavelength�sen�
sitive cone opsin gene (green opsin). We have
analysed the opsin gene cluster in 28 independ�
ent Caucasian BCM patients by means of
PCR/RFLP analysis, deletion mapping and DNA
sequencing. The mutant genotypes could be di�
vided into two separate groups. Patients in the
first group (n = 9) carried deletions of variable
size that encompass the locus control region
and parts of or the whole opsin gene cluster. A
common feature in the second group of patients
was the presence of the Cys203Arg missense
mutation, either present on a single red/green
hybrid gene (n = 12) or simultaneously present
on each gene copy in subjects with mutiple

opsin genes (n = 7). Sequence comparisons in�
dicate that the formation of single hybrid genes
carrying the Cys203Arg mutation have occurred
multiple times. Analysis of 500 unselected male
control subjects revealed a frequency of ~ 1.5%
for the Cys203Arg mutation in the population.
Yet in controls the mutation is present on only
one of multiple opsin gene copies and thus has
either no phenotypic effect (cryptic mutant allele)
or may result in a simple red�green colorblind�
ness. We argue that the formation of the most
common BCM genotype � that is a single
red/green hybrid gene carrying the Cys203Arg
mutation � occurred multiple times through un�
equal homologous recombination involving a
chromosome harbouring a cryptic mutant allele.

W8 01

Spectrum and functional impact of GLI3
mutations in different morphopathies
Kalff�Suske, M., Wessling, M., Bornholdt, D.,
Thieltges, S., Paparidis, Z., Grzeschik, K.�H.
Institut für Allgemeine Humangenetik,
Philipps�Universität Marburg, 35037
Marburg, Germany
Mutations in the gene for the human transcrip�
tion factor GLI3 underlie a number of related but
distinct dominant developmental disorders as�
sociated  with polydactylies. They include Greig
cephalopolysyndactyly syndrome (GCPS), Pal�
lister�Hall syndrome (PHS), as well as isolated
polydactylies like preaxial polydactyly type IV
and postaxial polydactylies type A1 (A and B).
The correlation between type and position of
mutations with the distinct syndromes is poorly
understood.Besides cytogenetic rearrangements
affecting the gene locus in 7p14.1, about 50
point mutations were identified at our centre and
deposited at the human gene mutation database
(http://archive.uwcm.ac.uk). Deletion/transloca�
tion of the GLI3 gene was noted in cases that of�
ten manifest phenotypic features additional to
the ones observed in typical GCPS, thus repre�
senting a contiguous gene syndrome. GCPS is
caused by a wide spectrum of point mutations
including splice site and missense mutations.
However, truncating (nonsense/frameshift) mu�
tations are by far more prevalent in GCPS (ca.
65%). In Pallister�Hall syndrome, they remain the
sole mutation type identified to date. The high
incidence of mutations leading to the introduc�
tion of premature termination codons in GLI3 as�
sociated morphopathies has prompted us to de�
termine the relative levels of wildtype and mu�
tant GLI3 mRNAs. The imbalance between allel�
ic GLI3 transcripts in patient derived fibroblasts
lines was assessed following RT�PCR. Tran�
scripts with stop codons in early exons were
consistently found to be present at lower levels
(20�40%) compared with the allelic wildtype
transcript. In contrast, transcripts with a prema�
ture stop codon located in the last GLI3 exon or
carrying a silent amino acid exchange were
present at equal levels compared with their wild�
type counterparts. These data are in line with
previous observations derived from different
genes that only transcripts with stop codons up�
stream of the last intron�exon junction undergo
nonsense mediated mRNA decay. Only part of
GLI3 truncating mutations are located in the first
14 exons. Nearly 50% of the nonsense/ frame�
shift mutations were identified within the last
exon. Thus nonsense mediated mRNA decay
can only be invoked for ensuring GLI3 haploin�
sufficiency of a subset of mutations. The posi�
tion of the mutations, the inferred occurence of

nonsense mediated mRNA decay or retention of
functional domains in the mutant products do
not provide a satisfactory explanation for result�
ing phenotypic differences. Alterations in the
second GLI3 allele or in other genes modifying
GLI3 function may yet be a factor responsible for
the apparent lack of genotype�phenotype corre�
lation. Cases with or without known GLI3 point
mutations were screened using multiplex ampli�
fiable probe hybridization (MAPH) to reveal pos�
sible microdeletions that escaped detection in
the cytogenetic or molecular analysis. For spe�
cific GLI3 mutations additional mechanisms
were studied, like modulation of the complex ac�
tivities of this posttranslationally modified pro�
tein.

W8 02

The Ror2 knock out mouse as a model for
the developmental pathology of autosomal
recessive Robinow syndrome
Schwabe, G. (1), Süring, K.  (1), Trepczik, B.
(2), Sharpe, P.T. (3), Mundlos, S. (1)
(1) Max�Planck�Institut für Molekulare
Genetik (2) Abteilung für Trauma� und
rekonstruktive Chirurgie, Charité, Humboldt
Universität Berlin (3) Department of
Craniofacial Development, GKT Dental
Institute, King`s College London, Guy´s
Hospital, London Bridge, UK
ROR2 belongs to a small family of receptor tyro�
sine kinases, and mutations in ROR2 account for
autosomal recessive Robinow syndrome (RS;
Afzal et al., 2000; Borkoven et al., 2000) and
dominant Brachydactyly type B (BDB; Oldridge
et al., 2000; Schwabe et al., 2000). The function
of Ror2 has been elucidated by the analysis of
mice with inactivated Ror2 alleles (Takeuchi et
al, 2000; DeChiara et al., 2000). In this study we
have analyzed the temporospatial Ror2 expres�
sion pattern during murine development. We
show that Ror2 is expressed during limb, somite
and craniofacial development. In addition we
present a detailed developmental study of Ror2
�/� mice. Ror2�/� mice exhibit short�limbed
dwarfism characterized by abnormal morpho�
genesis of the face and external genitalia and
vertebral segmentation defects. We describe
the craniofacial phenotype of Ror2�/� mice char�
acterized by shortening of the mandible, broad�
ening of the frontonasal region, a cleft palate,
additional bones of the skull region and defec�
tive auditory ossicles. The long bones of the ap�
pendicular skeleton are severely reduced in size
with the zeugopod being affected strongest. This
is due to defective chondrocyte differentiation,
as seen by a reduction of Indian hedghog (Ihh)
expression in the growth plate. Analysis of
somite development with marker genes demon�
strates a small presomitic mesoderm and seg�
mentation defects of somites with a reduction of
the anterior portion of the somite. Similiar to
Robinow patients Ror2�/� mice exhibit small ex�
ternal genitalia. Expression of Ror2 in the pitu�
itary gland suggests that the hypogenitalsm in
RS may possibly be caused by congenital hy�
popituitarism.
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W8 03

CHILD�syndrome: A metabolic disease with
impact on development
Leveleki, L. (1), Bornholt, D. (1), König, A. (2),
Engel, H. (1), Happle, R. (2), Grzeschik, K.�H.
(1)
(1) Institut für allgemeine Humangenetik,
Philipps�Universität Marburg, D�35033
Marburg, Deutschland (2) Klinik für
Allgemeine Dermatologie und Allergologie,
Philipps�Universität, D�35033 Marburg,
Deutschland
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 in the gene Nsdhl (NAD (P)H steroid de�
hydrogenase�like protein) encoding a 3ß�hy�
droxy�steroid dehydrogenase functioning in the
cholesterol biosynthetic pathway. NSDHL maps
to Xq28. Here we present the results of muta�
tional analysis in 25 familial and sporadic cases.
The CHILD phenotype is distinct from, but
shares various clinical and biochemical features
with chondrodysplasia punctata (CDPX2, MIM
302960) associated with mutations affecting a
Delta8�Delta7 sterol isomerase (EBP, emopamil
binding protein, at Xp11.22 � p11.23) that func�
tions downstream of NSDHL in a later step of
cholesterol biosynthesis. EBP was unaffected in
the patients analyzed by us demonstrating that
CHILD syndrome and CDPX2 are not caused by
allelic mutations. Two murine X�linked dominant
male�lethal traits, bare patches (Bpa) and striat�
ed (Str) had previously been associated with mu�
tations in Nsdhl. A third, phenotypically similar
phenotype, tattered (Td) is caused by mutations
in Ebp, the gene homologous to the one affect�
ed in CDPX2. Remarkably, all of these murine
traits resemble human CDPX2. The developmen�
tal defects associated with lack of NSDHL in hu�
mans suggest an impact on the hedgehog sig�
naling pathway during development. Bpa mice
are used as a model to study this effect during
early development.

W8 04

Detection of IRF6 mutations in patients with
Van der Woude or popliteal pterygium
syndrome
Hehr, U. (1), Gross, C. (1), Spranger, S. (2),
Seidel, J. (3), Seidel, H. (4), Hehr, A. (1)
(1) Zentrum für Gynäkologische
Endokrinologie, Reproduktionsmedizin und
Humangenetik Regensburg (2) Praxis für
Humangenetik, Bremen (3) Abteilung
Klinische Genetik, Klinik für Kinder� und
Jugendmedizin, Friedrich�Schiller�
Universität Jena (4) Abteilung Medizinische
Genetik, Ludwig�Maximilians�Universität
München
Van der Woude syndrome (VWS; OMIM 119 300)
and popliteal ptyerygium syndrome (PPS; OMIM
119 500) are allelic autosomal dominant disor�
ders, caused by missense and truncating muta�
tions in the Interferon regulatory factor 6 (IRF6)
gene. Clinical features, common in both disor�
ders, include cleft lip and/or cleft palate and
characteristic lip pits. Additional features in pa�
tients with the rare PPS include webbing of the

lower limbs, pyramidal skin folds of the hallucal
nails, filiform adhesions between the eyelids and
hypoplastic genitalia. Here we present the clin�
ical data of 4 patients with VWS or PPS, respec�
tively, and identified IRF6 mutation.Two large
VWS families from the northern German region
were identified to carry a heterozygous 1 bp in�
sertion of an adenine residue in codon 54 of the
IRF6 gene, resulting in the introduction of a stop
codon at position 58 within the highly conserved
DNA binding domain of the predicted IRF6 gene
product. The presence of this identical, previ�
ously undescribed  insertion in two pedigrees
from the same area suggests a common ances�
tral mutation carrier. Another sporadic VWS pa�
tient was found to be heterozygous for a 2 bp in�
sertion in exon 5 of the IRF6 gene, resulting in
the introduction of a stop codon in codon 167 of
the predicted IRF6 gene product.Mutation
screening of a sporadic PPS proband revealed
the presence of the common missense mutation
Arg84Cys, originally reported in seven of the 15
PPS pedigrees, analyzed by Kondo et al. (2002).
Although both disorders seem to be caused by
distinct IRF6 mutations, the presence of a mild
phenotype compatible with the diagnosis of
VWS in some relatives of PPS families with iden�
tified IRF6 mutation confirms the broad clinical
variability of both syndromes even between
members of the same family. Genotype�pheno�
type studies of these two allelic disorders will
define the mutation spectrum for both clinical
entities and ultimately help to identify those VWS
probands, which might be at increased  risk for
offspring presenting with PPS.

W8 05

Functional analysis of the heat shock
protein Apg1 during the testis descent
Janchiv, K., Held, T., Thamm, T., Adham, I.,
Engel, W.
Institute of Humangenetik, University of
Goettingen
The insulin�like factor�3 (InsI3) was found to me�
diate the gubernaculum development during the
testis descent. Targeted disruption of the InsI3
gene causes bilateral cryptorchidism. We
showed that the sequence between nucleotides
�157 to +4 directs the transcription of the InsI3
gene.In this region, there are two conserved mo�
tifs (SF�1 and B1). Transient transfection assays
revealed that the SF�1 binding site is required for
SF�1 mediated stimulation of InsI3 transcription.
In contrast, mutations in the B1 motif increase
the transactivation of the InsI3 promoter sug�
gesting that a potent transcriptional repressor
bind to this motif. In order to identify the B�1
binding factors, we screened a yeast one�hybrid
cDNA library derived from mouse testis. Two
clones encoding a heat shock protein Apg1 were
isolated. EMSA showed that the recombinant
Apg1 specifically binds to the B1 motif. Muta�
tions in this motif abolished the Apg1 binding.
Northern blot analysis revealed that two Apg1
transcripts of 3.0 and 3.5 kb are abunhdantly ex�
pressed in the testis. In contrast to the heat re�
sponse pattern of the Ins3 expression, which
was found to be increased by a shift from 37 to
32°C, the 3.5 kb transcript was induced by a
temperature shift from 32 to 37°C. To determine
the function of the Apg1 during the testis de�
scent, we have produced a knock�out  mouse
for Apg1. Preliminary result are reported.

W8 06

Assessment of association between TBX1
variants and haplotypes with manifestiation
of congenital heart defects in 22q11.2
deletion patients
Rauch, A. (1), Devriendt, K. (2), Koch, A. (3),
Rauch, R. (4), Weyand, M. (5), Singer, H. (3),
Reis, A. (1), Hofbeck, M. (4)
(1) Institut für Humangenetik der FAU
Erlangen�Nürnberg (2) Centre for Human
Genetics, Leuven, Belgien (3) Abt. für
Kinderkardiologie der FAU Erlangen�
Nürnberg (4) Kinderheilkunde II der Univ.
Tübingen (5) Herzchirurgische Klinik der
FAU Erlangen�Nürnberg
Deletion 22q11.2, commonly associated with Di�
George or velocardiofacial syndrome (DGS/
VCFS; MIM 188400), is a major cause of con�
genital heart disease (CHD), accounting for
about 5% of all CHD in live borns. However,
presence of the deletion does not allow to pre�
dict the phenotype as patients with a 22q11.2
deletion usually show a broad clinical variability,
despite of a common deletion size of 3 Mb.
TBX1 was shown by several knockout mice ex�
periments to play a role in congenital heart and
other developmental defects and therefore con�
stitutes a candidate gene for a modifier in dele�
tion 22q11.2 patients, in terms of uncovering of
recessive mutations by hemizygosity. Thus we
sequenced the coding region of TBX1 in a total
of 174 patients with 22q11.2 deletion and de�
tected 16 different variants, 7 of which represent
common SNPs. Up to 96 dizygous control per�
sons were additionally typed for these 16 vari�
ants. A combined approach with pair wise LD
calculation on 174 due to hemizygosity natural�
ly given haplotypes and analysis of background
haplotypes of rare variants in a total of 366 chro�
mosomes allowed us to define a reliable haplo�
type structure consisting of 3 LD blocks within
the coding region and a further LD block includ�
ing the 5’UTR exon 1. 14 of the 16 variants as
well as the common haplotypes were detected
at equal frequencies in deletion patients with
and without CHD as well as in healthy controls.
Thus we excluded common TBX1 variants or
haplotypes as modifiers of expression of con�
genital heart defects in 22q11.2 deletion pa�
tients.Nevertheless, one 3 amino acid deletion
was not detected in normal controls and segre�
gated with VSD in one family and might there�
fore constitute a causative factor for CHD in this
family, as might apply for one further variant in
one patient with PA�VSD, which was not detect�
ed in normal controls and which was the only
variant to affect a conserved nucleotide.

W9 01

Array CGH identifies 4 small deletions in a
case with a complex translocation involving
5 chromosomes
Kraus, J. (1), Fiegler, H. (2), Balg, S. (3), Keri, C.
(1), Carter, N.P. (2), Speicher, M.R. (1)
(1) Institut für Humangenetik, Technische
Universität München und GSF Neuherberg,
München, Germany (2) Wellcome Trust
Sanger Institute/Cancer Research UK
Genomic Microarray Group, Hinxton,
Cambridge, CB10 1SA, United Kingdom (3)
Kinderzentrum München, München,
Germany
We report on a two year old child with mental re�
tardation, microcephaly, microsomia, coloboma,
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optic atrophy, cleft palate, PDA, laryngostenosis
and stenosis of the right auditory channel. GTG�
and GBG�banding analysis revealed a complex�
ly rearranged karyotype. For further clarification
we first performed a 7�fluorochrome M�FISH
analysis (Azofeifa et al. [2000] Am J Hum Genet
66:1684�1688). The resulting karyotype could be
described as 46,XX,der (5)t (5;14),der (6)t
(6;8),der (8)t (5;8;5;8;6;2),der (14)t (8;14). How�
ever, we were unable to identify any genomic im�
balance, which was expected because of the
phenotype of the patient. Chromosome�CGH
showed a normal, balanced female ratio profile.
To increase the resolution to detect even small
imbalances, we repeated the CGH�experiment
on the recently developed 1 Mb large insert
clone array (Fiegler et al. [2003] Genes Chrom
Cancer 36:361�374). This array consists of about
3,500 clones selected from the published Gold�
en Path which are spaced at approximately 1
Mb intervals across the genome. Array�CGH
readily identified 4 different deletions, each with
a size of smaller than 7 Mb. This is clearly below
the resolution limits of chromosome�CGH. These
deleted fragments contain 14 different known
genes which probably contribute to the patient’s
phenotype. This case demonstrates that high�
resolution screening tools, such as array�CGH,
for detecting small imbalances will become an
indispensable tool in clinical genetics. The ap�
plication of these technologies will unravel the
cause of many currently unexplained cases with
mental retardation and dysmorphic features.

W9 02

Cytogenetic and molecular analysis of a
familial translocation with breakpoints at
12p11 and 8q13 cosegregating with
brachydactyly type E
Wirth, J. (1), Vester, A. (2), Hennies, H.C. (3),
Hoffman, K. (3), Kobelt, A. (4), Tinschert, S. (7),
Nothwang, H.G. (2), Ropers, H�H. (2), Reis, A.
(3), Wienker, T.F. (5), Bähring, S. (2,6), 
(1) Developmental Biology, University of
Bielefeld, Bielefeld, Germany (2) Max Planck
Institute of Molecular Genetics, Berlin,
Germany (3) Microsatellite Centre, Max�
Delbrueck�Centrum Berlin�Buch, Germany
(4) Institute of Medical Genetics, Chemnitz,
Germany (5) Institut für Medizinische
Statistik, Dokumentation und
Datenverarbeitung, Bonn, Germany (6)
HELIOS Klinikum�Berlin, Franz Volhard
Clinic, Charité, Humboldt University of
Berlin, Germany (7) Humboldt University of
Berlin, Charité, Institute of Medical
Genetics
Brachydactyly E associated with severe hyper�
tension inherited in an autosomal dominant fash�
ion has been described in a large Turkish kin�
dred. Linkage analysis of this pedigree localized
the critical region to an interval of 6 cM on chro�
mosome 12p11 (Schuster et al. 1996). We previ�
ously described a translocation with breakpoints
on 12p11 and 8q13 cosegregating with typical
features of brachydactyly E in four generations.
Cytogenetic and molecular studies revealed that
the breakpoint on chromosome 12 is located 2
Mb proximal to the critical interval for brachy�
dactyly E and hypertension. Breakpoint span�
ning YAC and PAC clones were identified. Par�
tial sequencing of clones allowed us to extract a
complete sequence of 75 kb spanning this
breakpoint. By using Southernblot analysis we
could demonstrate that the open reading frame
of PTHLH is not disrupted. Interestingly, FISH

experiments with YACs of chromosome 8q13
and database analyses revealed gene disruption
of a potassium�voltage gated channel between
exon 1 and exon 2 caused by the translocation.
Further experiments to prove gene expression of
this gene during skeletal development are ongo�
ing.

W9 03

Analysis of Ovarian Borderline tumors by
CGH with DNA obtained from paraffin
embedded material
Arnold, N. (1), Haeger, A.�C. (1), Jacobsen, A.
(1), Kiechle, M. (2), Jonat, W. (1)
(1) Department of Gynecology and
Obstetrics, University Hospital Schleswig�
Holstein Kiel (2) Department of Obstetrics
and Gynecology, Technical University
Munich
Ovarian carcinoma is the commonest cause of
death from gynecological malignancy in most of
the Western world. Because of lack of early
symptoms and reliable screening tests, only one
fourth of the cases are diagnosed as stage I.
Furthermore, ovarian cancer differs from other
common human cancers in having greater dis�
ease heterogeneity, poorly understood progres�
sion, and the absence of definite precursor le�
sions. Further analysis of genetic abnormalities
may delineate the relationship between border�
line tumors and carcinomas better, and will
hopefully lead to a unifying hypothesis as to the
origin of these important ovarian lesions. The
few cases of early stage disease and borderline
tumors available for analysis are mostly paraffin
embedded material. The quality of DNA from this
source depends mainly on the duration and the
kind of fixation. Comparative analysis with fresh
and simultaneously paraffin embedded material
with different time of fixation revealed that CGH
results from material with a fixation time longer
than 4 hours should be interpreted with caution.
The study included 34 from pathologists classi�
fied tumors with low malignant potential. In
about one third of the cases 3 to 18 alterations
per tumor, another one third 1 to 2 and the re�
maining one third none alterations could be de�
tected by CGH. In 5 cases with the highest chro�
mosomal imbalances pathological reapplication
revealed areas with invasive tumor growth and
were reclassified as stage I serous ovarian car�
cinomas. Therefore CGH is a valuable addition�
al tool to the pathologists for classification of
borderline lesions. The most frequently gains in
descending order were observed at chromo�
somes 7q, 8q, 12 and losses at 4q, 22q and 1p.
These results resembles the frequent distribution
of gains and losses found by CGH in advanced
stage ovarian carcinomas.The findings suggest,
that there exists two types of borderline tumors
of which one is indeed a potential precursor to
ovarian carcinoma. This is also in agreement
with the observation, that some of the borderline
tumors do progress and become lethal.

W9 04

Molecular cytogenetic analysis of
endometrioid ovarian cancer
Picos�Cárdenas, V.J. (1,2), Sinn, H.P. (3),
Holtgreve�Grez, H. (1), Weber, S. (1), Popp, S.
(1), González G.J.R. (2), Bartram, C.R. (1),
Jauch, A. (1)
(1) Institute of Human Genetics, University
of Heidelberg, Germany (2) University of
Guadalajara and Genetic Division, CIBO�
CMNO�IMSS, Guadalajara Jalisco, Mexico
(3) Institute of Pathology, University
Heidelberg, Germany
Ovarian cancer is the fifth most frequent cancer
in women worldwide and is characterized by a
high mortality rate. The majority of ovarian car�
cinomas originate from the mullerian epithelium
of the ovaries and are histologically classified
into serous, endometrioid, and mucinous sub�
types. Endometrioid tumors represent approxi�
mately 15% of all ovarian carcinomas. Little is
known about the genetic alterations involved in
the carcinogenesis of endometrioid ovarian can�
cer and, moreover it is still unclear whether bi�
lateral tumors represent metastasic disease. To
investigate recurrent chromosomal imbalances
involved in the tumorigenesis of the endometri�
oid ovarian carcinoma we have applied compar�
ative genomic hybridization (CGH) to analyze tu�
mor DNA extracted from formalin fixed, paraffin�
embedded tissue samples from 21 patients (11
patients with unilateral tumors, 10 with bilateral
tumors). Our results demonstrate a higher fre�
quency of gains compared to losses. Gains clus�
ter to chromosomes 8q, 1q, 6p, 19, 11q, 3q,
10q, and 21q22�qter while losses most com�
monly affect chromosome arms 4q, 13q and 6q.
These data present a high number of chromoso�
mal aberrations which may be involved in the
pathogenesis of endometrioid ovarian cancer.

W9 05

Multicolor interphase FISH for the diagnosis
of IGH translocations in plasma cell
disorders
Saez, B. (1, 2); Martín�Subero, J.I. (1), Odero,
M.D. (2), Cigudosa, J.C. (3), Grote, W. (1),
Calasanz, M.J. (2), Siebert, R. (1)
(1) Institute of Human Genetics, University
Hospital Schleswig�Holstein Campus Kiel,
Germany (2) Department of Genetics,
University of Navarra, Spain (3) Department
of Human Genetics, Spanish National
Cancer Center, Spain
Translocations involving the immunoglobulin
heavy chain (IGH) locus at 14q32, or its variants,
are among the most common chromosomal ab�
normalities in multiple myeloma (MM). These
translocations juxtapose IG regulatory se�
quences next to various oncogenes, whose ex�
pression is subsequently altered. IGH partners
in MM targeted by such translocations are
CCND1 (11q13), FGFR3/MMSET (4p16), MAF
(16q23), CCND3 (6p21), IRF4 (6p25), MAFB
(20q11) and IRTA1/2 (1q21). Some of these
translocations affecting IGH in MM are difficult
to detect by conventional chromosome analyses
because they involve subtelomeric regions on
both affected chromosomes, e.g. t (4;14)
(p16;q32), t (14;16)(q32;q23) or t (6;14)(p25;q32).
This limitation can be overcome by fluorescence
in situ hybridization (FISH) using suitable locus�
specific probes. Here, we present new multicol�
or interphase FISH (MI�FISH) assays for the rap�
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id and simultaneous detection of IGH transloca�
tions in MM. Probes flanking the chromosomal
breakpoints of the most common translocation
partners were designed and labeled in a dual�
color fashion. These probes were validated in
healthy donors and the cut�off for false�positive
results was calculated. Their suitability to detect
their respective chromosomal breakpoints was
proven by using cytogenetically�positive con�
trols. After this thorough validation process, the
probes for each gene were pooled and differen�
tially labeled with DEAC, Spectrum Orange,
Texas Red or Cyanine 5. The first multicolor as�
say was made of a probe for the IGH locus la�
beled in Spectrum Green together with probes
for the most frequent gene partners: CCND1,
FGFR3/MMSET, MAF and CCND3. By means of
this assay, the t (11;14)(q13;q32), t (4;14)
(p16;q32), t (14;16)(q32;q23) and t (6;14) (p21;
q32) translocations can be detected in a single
experiment. The second multicolor assay includ�
ed a probe for the IGH locus together with the
new probes for the less frequent IG gene part�
ners: IRF4, MAFB and IRTA1/2 to detect the t
(6;14)(p25;q32), t (14;20)(q32;q11) and t (1;14)
(q21;q32) translocations. These MI�FISH assays
were tested in negative and positive controls
and hybridized in a small series of MM cases
with normal karyotypes where IGH breakpoints
were previously detected. Thus, we could vali�
date the capacity of the new probe sets to si�
multaneously detect the most common translo�
cations in MM. Furthermore, the modular probe
design allows easy combination with probes for
IGL or IGK instead of IGH to detect variant
translocations. In the near future, in order to in�
crease the sensitivity of the MI�FISH approach,
multicolor combined immunophenotying and
FISH assays will be established. This technique
will pave the way for the accurate study of low
infiltration with chromosomally altered plasma
cells, as it occurs in monoclonal gammopathy of
unknown significance (MGUS).

W9 06

Acute myeloid leukemia (AML) with complex
aberrant karyotype are characterized by a
distinct pattern of gains and losses of
chromosomal regions identified by using 24
color FISH and comparative genomic
hybridization (CGH)
Schoch, C., Christodoulou, J., Hiddemann, W.,
Haferlach, T.
Ludwig�Maximilians�Universität München
AML with complex aberrant karyotype accounts
for 10%�20% of AML and is associated with the
most unfavorable prognosis of all AML subtypes.
Despite intensive treatment including allogeneic
stem cell transplantation long term survival is
achieved in less than 10% of these patients. So
far only little is known about patterns of cytoge�
netic abnormalities in AML with complex aber�
rant karyotypes. It was the aim of the present
study to analyze the cytogenetic abnormalities
in this AML subgroup in detail to elucidate the
underlying pathogenetic mechanisms. A series
of 250 AML with complex aberrant karyotype
had been studied with conventional chromo�
some analysis and 24�color�FISH. Loss of chro�
mosomal material occurred most frequently on
5q, 7q, 17p and 12p. The gain of chromosomal
material most often involved chromosomes 8
and 11. In order to describe the gained and the
lost regions in more detail comparative genom�
ic hybridization (CGH) was carried out addition�
ally in 41 patients. Ten regions were identified

which were aberrant in more than 20% of cases.
These were: loss of 5q31.1�q31.3 (n=37), 17p13
(n=25), 7q32�q35 (n=23), 18q21q22 (n=14),
12p13 (n=12), 16q22q24 (n=12), 13q14 (n=9);
gain of 11q23q25 (n=13) with high level amplifi�
cation in 5 cases, gain of 1p33p36 (n=10) and
gain of 8q22q24 (n=8) with high level amplifica�
tion in one case. The median number out of the
10 most frequent abnormalities involved per pa�
tient was 4 (range 1�8). No specific pattern of
combinations between the different abnormali�
ties was observed. In conclusion, the most fre�
quently involved regions identified by 24 color
FISH were confirmed by CGH. Furthermore the
involved regions were narrowed down and 4 ad�
ditional regions were identified (loss of
18q21q22, 16q22q24, 13q14, gain of 1p33p36).
Thus, AML with complex aberrant karyotype is
characterized predominantly by loss of genetic
material of 7 distinct regions and gain of 3 re�
gions. As a large variety of different combina�
tions of the 10 most frequent aberrations oc�
curred, it can be speculated that the accumula�
tion of these abnormalities is more important
than the occurrence of a specific defect itself.
Supported by the „Deutsche José Carreras
Leukämie�Stiftung e.V.“

W10 02

Tep22 is involved in the biogenesis of the
acrosome and the midpiece of the murine
sperm tail
Neesen, J. (1), Hartwich, T. (1), Brandhorst, G.
(1), Aumüller, G (2), Mendoza�Lujambio, I. (1)
(1) Institute of Human Genetics, University
of Göttingen, 37073 Göttingen, Germany (2)
Department of Anatomy and Cell Biology,
University of Marburg, 35033 Marburg,
Germany
Spermatogenesis in mammals is an excellent
model system to study cellular and developmen�
tal processes. Here, we report the identification
of a new gene named Tep22 (Testis expressed
protein of 22 kDa), which is translational regulat�
ed and is involved in the development of male
germ cells of mice. The gene encoding Tep22
consists of three exons and is localized in the
telomeric region of mouse chromosome 12. Se�
quence and computer analyses of Tep22 re�
vealed no significant similarity to any known
gene. Specific antibodies against Tep22 detect�
ed an approximately 22 kDa band in testicular
protein extracts which was first observed in 18�
day�old mice. Indirect immunofluorescence and
immunoelectron microscopy experiments
demonstrate that Tep22 is localized in the acro�
somal region of early elongating spermatids,
while the surrounding cytoplasm is barely la�
beled. During further germ cell development the
intensity of the staining in the acrosomal region
decreases and is not longer detectable in late
stages of elongating spermatids, whereas the
amount of the Tep22 protein increases in the cy�
toplasm. Finally, Tep22 is incorporated into the
midpiece of spermatids and is also present in
the mitochondrial sheath of mature spermato�
zoa. Taken together, our results indicate the in�
volvement of Tep22 in the biogenesis of the
acrosome and the midpiece of the sperm tail as
well as in the function of mature murine sperma�
tozoa. To elucidate the function of Tep22 during
male germ cell development we have started to
generate Tep22�deficient mice using the „knock�
out“ approach.

W10 03

Mosaicism of sex�chromosomes in the
gonads of patients with gonadal dysgenesis
and normal female or male karyotypes in
lymphocytes
Röpke, A. (1), Pelz, A.�F. (1), Volleth, M. (1),
Schlößer, H.�W. (2), Morlot, S. (3), Wieacker,
P.F. (1)
(1) Institut für Humangenetik Otto�von�
Guericke Universität Magdeburg (2) Klinik
für Gynäkologische Endokrinologie und
ReproduktionsmedizinMedizinische
Hochschule Hannover (3) Praxis für
Humangenetik, Hannover
Currently, most cases of gonadal dysgenesis re�
main unexplained. SRY gene mutations and
deletions can be detected in about 20 � 30% of
patients with XY�gonadal dysgenesis. Mutations
of other known genes, such as SF1, WT1, SOX9,
DMRT1 and DAX1, altogether contribute to a
very small portion of patients with XY�gonadal
dysgenesis. On the other hand, mutations of the
FSH receptor gene are a very rare cause of XX�
gonadal dysgenesis. In this study we have
searched for mosaicism of gonosomes in streak
gonads of patients with gonadal dysgenesis and
normal female (2 patients) and male (2 patients)
karyotypes in lymphocytes. Cytogenetic and
FISH analyses of the gonads demonstrated in
three patients a sex�chromosomal mosaicism.
The gonadal tissue of the forth patient confirmed
the result of the lymphocytes by cytogenetic
analysis with 46,XX, but FISH analyses revealed
in 3% of cultured cells and in 17% of uncultured
cells only one X�chromosome. In summary, our
data indicate that gonosomal mosaicism in go�
nads may be a frequent cause of gonadal dys�
genesis in patients with normal male or female
karyotypes in lymphocytes. Therefore, cytoge�
netic and molecularcytogenetic analysis of go�
nadal tissue can provide important information
in unexplained cases of gonadal dysgenesis.

W10 04

Polar body diagnosis for Norrie disease
using minisequencing and linked markers
Hehr, A. (1), Gross, C. (1), Paulmann, B. (1),
Gassner, P. (1), Meindl, A. (2), Seifert, B. (1),
Hehr, U. (1)
(1) Zentrum für Gynäkologische
Endokrinologie, Reproduktionsmedizin und
Humangenetik Regensburg (2) Abteilung
Medizinische Genetik, Ludwig�Maximilians�
Universität München
Norrie disease is an X�linked neuroectodermal
disorder, characterized by blindness, deafness
and mental retardation (OMIM 310600). System�
atic mutation analysis allows the detection of in�
tragenic deletions and missense mutations of
the Norrie (ND) gene in more than 90% of clini�
cally characterized pedigrees and the identifica�
tion of female mutation carriers.  Here we report
the results of two ICSI cycles with polar body di�
agnosis for a 33 year old female carrier of  the
ND missense mutation K104Q. After laser�as�
sisted biopsy of the first and second polar bod�
ies 1 hour and 10 hours after ICSI respectively,
cell lysis was performed using Proteinase K. In
a single multiplex PCR reaction a PCR product
containing the ND mutation and two additional
PCR products of closely linked fluorescence�la�
belled markers were amplified. One sample of
each reaction was separated on a Beckman
CEQ8000 to analyze the allele distribution of the
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microsatellite markers. A minisequencing reac�
tion was performed with another aliquot of each
reaction using the SNaPshot Multiplex Kit (ABI).
Separation of these reaction products on an ABI
310 allowed direct detection of  the disease
causing nucleotide changes on both strands of
wildtype and mutant allele for each sample.In
two ICSI cycles 15 oocytes were obtained. From
these the first polar body could be removed from
all 10 oocytes presenting a first polar body and
biopsy 10 hours after ICSI was also successful
for all 9 oocytes presenting a second polar body.
Three and two oocytes, respectively,  were pre�
dicted to carry the normal ND allele in the first
and second ICSI cycle based on concordant re�
sults of the combined detection of mutation and
linked markers in first and second polar body.
Transfer of these embryos, identified to carry the
normal allele, so far resulted in one biochemical
pregnancy. An optimized protocol was estab�
lished for parallel detection of a missense muta�
tion by minisequencing and of the allele distri�
bution of closely linked informative markers for
a family with a known ND mutation. This allowed
the sequential analysis of first and second polar
body and prediction of the mutation status of the
corresponding oocytes within the time frame of
24 hours after oocyte biopsy in concordance
with the German embryo protection law.

W10 05

Diagnosis of the genetic origin of complete
hydatidiform moles by microsatellite
analyses in archival material
Kramer, A. (1), Fritz, B. (1), Ramaswamy, A. (2),
Olert, J. (3), Coerdt, W. (3), Rehder, H. (1)
(1) Institut für Klinische Genetik, Philipps�
Universität Marburg, Germany (2) Institut
für Pathologie,  Philipps�Universität
Marburg, Germany (3) Institut für
Pathologie, Abteilung Paidopathologie,
Gutenberg�Universität, Mainz, Germany
Complete hydatidiform moles (CHM) are the
most common form of gestational trophoblastic
disease and a frequent antecedent to choriocar�
cinoma. Cytogenetic investigations have shown
that they arise by unusual fertilisation events.
CHM may be either monospermic if it arises
from the doubling of a haploid sperm (homozy�
gous mole), or dispermic if it arises from two
haploid sperms (heterozygous moles). In this
study we used microsatellite analyses using
highly polymorphic markers to examine the ge�
netic origin of 15 CHM retrospectively. DNA was
extracted from formalin fixed, paraffin embed�
ded tissue after thorough separation of chorion�
ic villi and decidua. A total of 10 highly polymor�
phic microsatellites of different chromosomes (5,
9, 16 and X) was used. Analyses of the PCR
products were performed by means of 8% poly�
acrylamide gel electrophoresis (PAGE) and silver
staining. With informative microsatellites, diag�
nostic patterns of amplification were obtained.
Complete moles should either yield one or two
microsatellites which differed from both mater�
nal (decidual) microsatellites. Complete mole
would be excluded by all the microsatellites
showing alleles identical with those in maternal
DNA. Our results confirm the androgenetic ori�
gin of the CHM having only paternal alleles. Fur�
thermore in our sample, CHM were always due
to a monospermic mechanism implicating that
most CHM were caused by fertilisation of an
empty egg by a duplicated haploid sperm. A
higher malignant potential in heterozygous CHM
is discussed. Therefore, it can be important to

distinguish between both forms of CHM to as�
sess the relative risk. However, the number of
published cases is small and additional studies
are required to determine conclusively whether
the heterozygous form is potentially more ag�
gressive.

W11 02

An autosomal genomic screen for
interspecific hybrid placental dysplasia in
the genus Mus: Linkage and candidate gene
analysis
Zechner, U. (1), Hemberger, M. (2),
Rüschendorf, F. (3), Fundele, R.H. (4)
(1) Institute for Human Genetics, Johannes
Gutenberg�University, Mainz, Germany (2)
Department of Biochemistry and Molecular
Biology, University of Calgary, Canada (3)
Institute for Medical Biometry, Informatics
and Epidemiology, Rheinische Friedrich�
Wilhelms University, Bonn, Germany (4)
Department of Development and Genetics,
Uppsala University, Sweden
Introduction: It has been shown previously that
abnormal placental growth occurs in interspecif�
ic hybrids between different species of Mus ,
i.e., M. musculus, M. spretus, M. macedonicus,
and M. spicilegus.  Loci involved in the genera�
tion of these placental phenotypes were mapped
to the X�chromosome.Objective: To identify the
putative autosomal loci whose abnormal inter�
action with the X�linked loci or their gene prod�
ucts causes abnormal development in the inter�
specific context. METHODS: More than 100 (M.
musculus x M. spretus) x M. musculus back�
cross conceptuses were prepared. Placentas
were weighed and genomic DNA of the fetuses
was examined by analysis of polymorphic mark�
ers. Results: This analysis identified four regions,
one of them subject to genomic imprinting, on
chromosomes 2, 9, 13, and 14 that exhibited
linkage to placental dysplasia. However, for
three of these regions sex�specific linkage was
detected. Thus, the regions on chromosomes 9
and 14 exhibited linkage only in male placentas,
whereas the imprinted distal chromosome 2 re�
gion exhibited linkage in female placentas. In
addition, for chromosome 13 linkage was de�
pendent of the M. spretus strains used for analy�
sis.Conclusions: These results suggest that (an)
imprinted gene (s) may be involved in murine
placental hybrid dysgenesis. In addition, they in�
dicate an unexpected degree of complexity due
to influences of sex and geographical derivation.

W11 03

Lessons from cation�cotransporter deficient
mice
Hübner, C. A. (1,2), Boettger, T. (1), Rust, M.B.
(1), Jentsch, T.J. (1)
(1) Zentrum für molekulare Neurobiologie
Hamburg, Martinistr. 52, Hamburg (2)
Institut für Humangenetik, Universitätsklinik
Eppendorf, Butenfeld 42, Hamburg
K�Cl cotransporters are encoded by four homol�
ogous genes and may have roles in transepithe�
lial transport and in the regulation of cell volume
and cytoplasmic chloride. KCC1, a widely ex�
pressed, swelling�activated cotransporter, has
been implicated in many transport processes, in�
cluding the regulatory volume decrease of ery�
throcytes. KCC2 is neuron�specific and medi�
ates transport under isotonic conditions. KCC2�

/� mice reveal a pivotal role of KCC2 in regulat�
ing the intraneuronal Cl� concentration and thus
synaptic inhibition. Loss of KCC4 in mice leads
to deafness and renal tubular acidosis, presum�
ably due to a diminished removal of K+ after its
exit from sensory outer hair cells and to an im�
paired Cl—extrusion from renal acid secreting
cells, respectively. KCC3 is expressed in the
central nervous system as well as in numerous
other tissues such as kidney, lung, pancreas,
and heart. In humans, mutations in KCC3 (en�
coded by the SlC12A6 gene) lead to a peripher�
al neuropathy that is associated with an agene�
sis of the corpus callosum, mental retardation,
and seizure susceptibility (ACCPN or Anderman
syndrome) (Howard et al., Nature genetics, 2002,
32: 384�92). As in the human disease Kcc3�/�
mice show severe motor abnormalities that cor�
relate with a progressive neuronal degeneration
in the peripheral and central nervous system.
The analysis of the Kcc3�/� mouse model has re�
vealed important cellular and systemic functions
of KCC3 and is highly relevant for Anderman
syndrome.

W11 04

Detailed imaging of brain�specific
expression patterns in Tet�off promoter
mice
Boy, J. (1), Leergaard, T. B. (2), Schmidt, T. (1),
Holzmann, C. (3), Niwar, M. (1), Haas, S. (4),
Prusiner, S. (5), Wree, A. (4), Bjaalie, J. G. (2),
Riess, O. (1)
(1) Department of Medical Genetics,
University of Tübingen, Germany (2) Centre
for Moleculare Biology and Neuroscience
(and Department of Anatomy), University of
Oslo, Norway (3) Department of Medical
Genetics, University of Rostock, Germany
(4) Department of Anatomy, University of
Rostock, Germany (5) Department of
Neurology, University of California, San
Francisco, USA
The ”Tet�Off�System” developed by Dr. H. Bu�
jard (Heidelberg) allows the generation of in�
ducible transgenic mouse models. This system
is based on two constructs: The promoter con�
struct controls the expression of the so called
tTA (Tetracycline transactivator) gene product.
The binding of this protein to a Tetracycline re�
sponsive element (TRE) in the responder con�
struct induces the transcription of the gene of in�
terest. The expression can be blocked by the
addition of Tetracycline which allosterically in�
hibits the tTA protein. In order to assess whether
a specific promoter mouse line is suitable for the
generation of a disease model the knowledge of
the brain regions in which the transgene will be
expressed is indispensable. The expression pat�
tern of the promoter mouse line states whether
the transgene will be targeted to the desired
brain regions and in which brain regions a phe�
notype or pathology is to be expected, respec�
tively. For this reason we studied the expression
pattern of available Tet�Off promoter mouse lines
with known expression in the brain (Prion protein
(Prp) promoter, Ca2+/Calmoduline�dependent
protein kinase II (CamKII) promoter). We cross�
bred these mouse lines with responder mice
transgenic for the lacZ reporter gene. The ex�
pression of beta�galactosidase in brain regions
with promoter activity was detected using X�Gal
as beta�galactosidase substrate resulting in a
blue staining. For an overall view entire mouse
brains were stained. Brains were sectioned for a
detailed analysis of the localization of beta�
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galactosidase, and composite images of whole
sections were transferred to a 3�D digital atlas.
The visualization of this expression data in a 3�
D brain atlas facilitates the future goal�directed
generation of inducible mouse models using the
Tet�Off�System.
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Autosomal Recessive Polycystic Kidney
Disease (ARPKD): pkhd1�deficient mice with
typical hepatic fibrosis but without renal
phenotype
Bergmann, C. (1), Moser, M. (2), Matthiesen, S.
(3), Kirfel, J. (3), Schorle, H. (3), Senderek, J.
(1), Zerres, K. (1), Büttner, R. (3)
(1) Institut für Humangenetik,
Universitätsklinikum Aachen (2) Institut für
Molekulare Medizin, Max�Planck�Institut für
Biochemie, Martinsried (3) Institut für
Pathologie, Universität Bonn
Autosomal recessive polycystic kidney disease
(ARPKD/PKHD1) is one of the most common
causes of renal� and liver�related morbidity and
mortality in childhood. We have recently shown,
with others, that mutations in the PKHD1 gene
encoding a large multidomain transmembrane
protein underlie ARPKD. In this study, we have
used knockout mice habouring a truncation mu�
tation in exon 41 to analyse developmental de�
fects resulting from pkhd1 inactivation. These
mice develop severe malformations of intrahep�
atic bile ducts but surprisingly no renal cysts.
Cholangiocytes maintain an immature, prolifera�
tive phenotype and continue to secrete TGF�ß1.
Subsequently, mesenchymal cells within the por�
tal tracts continue to proliferate and synthesize
collagen types I and III resulting in progressive
portal fibrosis and cystic bile duct transforma�
tion. Careful comparison with human ARPKD pa�
tients of different prenatal and postnatal stages
indicated that the mechanisms leading to pro�
gressive portal fibrosis parallel precisely disease
progression in human liver. Immunostaining in
patients with missense mutations revealed ac�
cumulation of mutant PKHD1 protein in the in�
tracellular secretory pathway. Taken together our
data indicate that PKHD1 provides a receptor�
like function on the surface of embryonic cholan�
giocytes. Subsequent to formation of the embry�
onic ductal plate PKHD1 signalling is required
for terminal differentiation of cholangiocytes. De�
fective transmembranous positioning of PKHD1
results in failure to downregulate proliferation
and matrix synthesis of the portal tract mes�
enchyme.

W12 02

Evaluation and Improvement of For�Client
Letters in Genetic Counseling
Schäfer, D. (1), Stein, C. (1), Rädle, J. (2),
Kettner, M. (3)
(1) Universitätsklinikum Frankfurt/Main,
Institut für Humangenetik (2)
Universitätsklinik des Saarlandes,
Medizinische Klinik und Poliklinik, Innere
Medizin II (3) Private Universität
Witten/Herdecke, Studium fundamentale
Ensuring the quality of the genetic counseling
process presently appears in the same order of
importance as ensuring the quality of the tech�
nical and scientific procedures that are em�
ployed in genetic diagnostics. However, the rap�
idly growing knowledge in the field of genetics

makes the counseling process more and more
cognitively complex and increasingly leads to its
fragmentation and scattering over time. The con�
cept of informed consent and the intention to
help clients by genetic counseling to arrive at
valid decisions obviously come under pressure.
Do the actually dialogical phases of the process
provide sufficient integration? Or will the medi�
um of speech – the counseling session �  soon
have to be supported by other media? For�Client
Letters ought to serve as a medium for record�
ing the actual state of knowledge as well as its
individualized interpretation, facilitating clients’
deliberation beyond the temporal limitations and
other constraints of the actual counseling ses�
sion. The present investigation studies the effec�
tiveness, the scope and the ethical significance
of enhancing the flow of communication by for�
client letters. An established standard format for
such letters is varied and enriched systematical�
ly. One half of the clients receive a standard let�
ter, the other an enriched letter in a randomized,
double blinded mode. For this purpose informa�
tion gained by tape�recording the whole coun�
seling session is used. Comprehensibility and
use�value of the standard format and the en�
riched format are empirically compared, both by
quantitative (interview and questionnaire with a
20 point score respectively) and qualitative
methods. The cases come from three diagnos�
tic conditions in which increases in diagnostic
complexity and predictive power translate into
individual persons’ practical problems of valid
decision�making: Counseling concerning i) sus�
pected hereditary cancers, ii) anomalous find�
ings in prenatal diagnosis and iii) infertility disor�
ders. Altogether we counseled 132 families/cou�
ples with 161 clients, 102 families with suspect�
ed hereditary cancers (hereditary breast and
ovarian cancer, colorectal cancer and thyroid
cancer), 10 couples with anomalous findings in
prenatal diagnosis and 20 couples with infertili�
ty disorders. Analysis in the 102 families coun�
seled because of suspected hereditary cancer
revealed that clients receiving the enriched for�
mat had a significantly better knowledge and
comprehension of relevant facts than clients re�
ceiving the standard format (Kruskal�Wallis One�
Way Analysis of Variance: p< 0,01). This indi�
cates that for�client letters can improve client´s
knowledge and comprehension of relevant facts
and that form and content of the letter influence
this effect. Evaluation of the other two groups is
under way. Supported by BMBF, FKZ 01KU9904

W12 03

Attitudes towards genetic testing: A
comparison between geneticists and the
general population
Berth, H., Dinkel, A., Balck, F.
Universitätsklinikum Carl Gustav Carus
Dresden, Medizinische Psychologie
Objective: This study has aimed to explore gen�
eral attitudes towards genetic testing in profes�
sionals in human genetics, and to compare ge�
neticists` attitudes with attitudes held by the
general population. Method: Attendants of the
13th Annual Meeting of the Deutsche
Gesellschaft für Humangenetik, which took
place 29.09.�02.10.2002 in Leipzig, comprise the
sample of experts. They received a self�report
questionnaire on attitudes towards genetic test�
ing at the registration desk. The questionnaire
comprises 13 items pertaining to approval, dis�
approval, and concern for genetic testing. The
same questionnaire was used in a multiple�is�

sues survey in a sample representative of the
German population. Of the 753 German confer�
ence attendants who received the questionnaire,
N = 97 (12.9 %) took part. The mean age of the
41 men (41.3 %) and 56 women (47.7 %) was
39.3 years. For statistical comparison, a
matched sample (N = 97) was drawn from the
representative sample, matching criteria were
age, gender, educational level and religious af�
filiation. Results: The results reveal that geneti�
cists hold a more favourable view of gene tests
than the general population. There was a signif�
icantly higher rate of agreement with approval
items (e.g. „reducing the costs of health care“)
and lower rate of agreement with disapproval
items (e.g. „discrimination of disease gene car�
riers“). Further, professionals in human genetics
showed less concern for genetic testing (e.g.
„misuse of test results for scientific purposes“)
than persons from the general population. Dis�
cussion: Professionals in human genetics a more
in favour of genetic testing than persons from
the general population. This may be due to lim�
ited knowledge about gene tests, as well as
fears regarding the further advancement of
biotechnology in the general population. This il�
lustrates the continuing need to educate the
public about the possibilities – as well as limita�
tions – of genetic testing. Furthermore, genetic
counsellors should be cognizant of a potential
positivity bias in their attitudes toward gene
tests as compared to their consultants.

W12 04

Use of the Internet as a Source of
Information by Genetic Counselees and
General Practitioners in Germany
Schmidt, A., Haaf, T., Kohlschmidt, N.
Department of Human Genetics, Johannes
Gutenberg�University, Mainz
Objective: Detailed knowledge on specific dis�
eases is increasingly achieved from the internet.
We assessed web search as a source of infor�
mation on genetic diseases by counselees and
general practitioners.Methods: 152 individuals
referred for genetic counselling were interviewed
at the beginning of the appointment assessing
sociodemographic data, ways used to get the
desired information, and the results of the indi�
vidual search. Forty questionnaires had been
distributed to family doctors evaluating their at�
titude towards the Internet as an informational
tool.Results: 78% (119/152) of the counselees
have access to the Internet. Of those, 45%
(53/119) had searched it for information before
the appointment. 60% were satisfied with the in�
formation they found. English web sites had
been read by 16/53.90% of the practitioners ap�
prove of their patient`s Internet search but only
43% (17/40) used the Internet themselves to re�
ceive information on genetic conditions. The ma�
jority of those (82%) found the retrieved informa�
tion sufficient. English language sites had been
used by only 29%.Conclusion: The study re�
vealed that in 2002 about half of all individuals
had looked for information outside the profes�
sional health system and every third counselee
had used the Internet for personal information
before genetic counselling. The actual number
of those properly informed remained low,
though.On the other hand only just 40% of the
family doctors are using the Internet to retrieve
information on genetic diseases.Although the In�
ternet is largely accessible and its use by pa�
tients is generally supported by health profes�
sionals the effectiveness is limited. Personal and
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individual counselling will still be necessary in
most cases.

W12 05

The molecular genetics of phenylketonuria
in Europe
Zschocke, J.,
Institut für Humangenetik, Universität
Heidelberg
Phenylketonuria (PKU) is heterogeneous, with
more than 400 different pathogenic mutations
identified in the phenylalanine hydroxylase (PAH)
gene. Comprehensive mutation data are now
available for most European countries. In a sys�
tematic review we identified 29 mutations that
may be regarded as the prevalent PKU�muta�
tions in Europe. Common mutations include
R408W on a haplotype 2 background in Eastern
Europe, IVS10�11g>a in the Mediterranean,
IVS12+1g>a in Denmark and England, Y414C in
Scandinavia, I65T in Western Europe and
R408W on haplotype 1 in the British Isles. The
degree of heterogeneity differs markedly be�
tween populations. PKU in Germany is more het�
erogeneous than in other, particularly Northern
and Eastern European countries, with homo�
geneity („homozygosity“) at the PAH locus ap�
proaching that of Sicily or North America (0.06).
Factors that have influenced the regional muta�
tion spectrum include founder effect, range ex�
pansion, migration and genetic drift. In addition,
the mutation data indicate that overdominant se�
lection (heterozygote advantage) has contributed
to the high incidence of PKU in Europe. Differ�
ences in the severity of mutations explain differ�
ences in the predominant clinical phenotypes
between countries. The molecular data are use�
ful for the understanding of both the clinical fea�
tures and the population genetics of PAH defi�
ciency in Europe.

W12 06

The origin of mutations in the lethal X�linked
recessive Myotubular Myopathy MTM1
Grimm, T. (1), Liechti�Gallati, S.(2), Kress, W.
(1)
(1) Abteilung für Medizinische Genetik,
Universität Würzburg, Am Hubland,97074
Würzburg (2) Abteilung für Molekulare
Humangenetik, Inselspital, 3010 Bern
MTM1 (XLMTM, MIM# 310400) is a congenital
myopathy characterized by severe hypotonia
(floppy infant syndrome) and generalized muscle
weakness in affected males.Most patients die
within the first year of life from repiratory failure.
Some patients survive for several years  and
may show improvement of the respiratory func�
tion. Female carriers rarely express significant
clinical symptoms, not clearly depending on
skewed X�inactivation. The disease is caused by
mutations in the myotubularin gene, a potent
phosphatidylinositol 3�phosphate phosphatase
exerting its effects during myogenesis. Till today
about 200 hundred different mutations which are
widespread throughout the gene were
found.Taking together the 238 published inform�
ative families harbouring a mutation and our own
mutational data (15 new cases) it is possible to
clarify the origin of mutation in oogenesis or
spermatogenesis.Due to the high number of dif�
ferent mutations it is possible to give an account
of missense/stop mutations, small insertions/
deletions and splice mutations separately. With

the knowledge of the individual familiar mutation
and the carrier status of the mother an estima�
tion of the k�value (mutation rate in males/muta�
tion rate in females) is straightforward.

Number of informative MTM1�families 
(without large deletions) = 253

mutation number mother proportion k�value
type not carrier  of new mutations  

missense / 132 19 0.14 (0.09�0,22) 4.9 (2.6�9.2)
nonsense

small 70 9 0.13 (0.06�0.23) 5.8 (2.314.5) 
deletions /
insertions

splice 51 5 0.10 (0.03�0.21) 8.2 (2.7�28.7) 

all 256 33 0.13 (0.09�0.18) 5.7 (3.6�8.9)

There is no significant difference between the
proportion of new mutations values and k�values
of different mutation types. The results for all
types of mutations in MTM1 are comparable to
those in Lesch�Nyhan disease, Hemophilia A
and DMD (if the large deletions, arising particu�
larly in oogenesis, are omitted).All these data
demonstrate that the classical hypothesis of
Haldane, one third of all affected boys are new
mutations in lethal X�linked recessive diseases,
is wrong, because the mutation rate in females
and in males are different (k unequeal 1).

W13 02

Spondyloepiphyseal Dysplasia Omani Type �
a New Recessive Type of SED with
Progressive Spinal Involvement – is Caused
by Mutation in the Sulfotransferase CHST3
Thiele, H. (2), Rajab, A. (1), Nürnberg, P. (2),
Mundlos, S. (3)
(1) Genetic Unit, DGHA, Ministry of Health,
Muscat, Sultanate of Oman (2)
Genkartierungszentrum, Max�Delbrück
Zentrum für Molekulare Medizin, Berlin�
Buch, Germany (3) Institut für Medizinische
Genetik, Humboldt Universität, Charité, and
MPI für Molekulare Genetik, Berlin,
Germany
We report a large inbred kindred from Oman with
a distinct type of spondyloepiphyseal dysplasia.
We evaluated 8 individuals from two consan�
guineous sibships, 1 male and 7 females be�
tween the ages of 2 and 22. The pedigrees
strongly suggest autosomal recessive inheri�
tance and both families are likely to be related
through distant consanguineous loops. The clin�
ical features include near to normal length at
birth, short stature with final height of 110�130
cm, shortening of the upper segment due to se�
vere progressive kyphoscoliosis, severe arthrit�
ic changes with joint dislocations, rhizomelic
limbs, genu valgum, cubitus valgus, mild
brachydactyly, camptodactyly, microdontia and
normal intelligence. During the first year of life
the vertebral bodies are of normal height but the
endplates are irregular and intervertebral space
is narrow. With age, the vertebral endplates be�
come increasingly irregular, the intervertebral
space diminishes further and individual verte�
brae start to fuse resulting in a severe short
trunk dwarfism with kyphoscoliosis. The epiph�
ysis are small and precocious osteoarthropathy
was observed involving small and large joints.
Osteoarthropathy and spinal involvement result�
ed in physical handicap in early adulthood.
Comparison of these patients with other skele�
tal dysplasias suggests that they represent a
previously undescribed variant of spondyloepi�

physeal dysplasia.The two families were mapped
to a 5 Mbp interval on chromosome 10q22 con�
taining approx. 50 genes. A nearby locus con�
taing the gene ATPSK2 which is mutated in
SEMD Pakistani type was excluded from the in�
terval by two recombinants. The interval con�
tains the gene for the carbohydrate chondroitin
6 sulfotransferase 3 (CHST3), an enzyme in�
volved in the sulfatation of proteoglycans. We
identified a G1351A point mutation in exon 3 of
the CHST3 gene changing a Arg to Gly. The mu�
tation is within a highly conserved region of the
enzyme that has been implicated as a putative
PAPS binding site. Functional studies of the mu�
tation are currently being performed. The clini�
cal overlap of Omani type SED with other dys�
plasias caused by defects in sulfate metabolism
suggests a common molecular pathway in these
conditions.

W13 03

COMPLEX REARRANGEMENTS CAUSE
HYPERTENSION AND BRACHYDACTYLY ON
THE SHORT ARM OF CHROMOSOME 12
Bähring, S. (1,2), Rauch, A. (4), Aydin, A. (1),
Toka, H.R. (3), Toka, O. (5), Lefebvre, V. (6),
Jordan, J. (1,2), Reis, A. (4), Luft, F.C. (1,2)
(1) Max Delbrück Center for Molecular
Medicine, Berlin, Germany (2) HELIOS
Klinikum�Berlin, Franz Volhard Clinic,
Charitè, Humboldt University of Berlin,
Germany (3) Howard Hughes Medical
Institute, Department of Genetics, Yale
University School of Medicine, New Haven,
CT, U.S.A.(4) Institute of Human Genetics,
Friedrich Alexander�University Erlangen�
Nürnberg, Germany (5) Klinik für Kinder und
Jugendliche der Friedrich�Alexander�
Universität Erlangen�Nürnberg, Germany (6)
Department of Biomedical Engineering,
Lerner Research Institute, The Cleveland
Clinic Foundation, Cleveland, OH, U.S.A.
Hypertension is a major risk factor for many
common causes of morbidity and mortality in in�
dustrialized societies, including stroke, myocar�
dial infarction, heart failure, and endstage renal
disease. Monogenic forms of hypertension pro�
vide a unique opportunity for studying the ef�
fects of single genes and identifying single path�
ways and mechanisms leading to blood pressure
elevation. In 1973, Bilginturan described a Turk�
ish family with autosomal�dominantly�inherited
severe hypertension, cosegregating 100% with
brachydactyly. The family was revisited and the
responsible gene locus mapped on the short
arm of chromosome 12. The skeletal phenotype
is characterized by brachydactyly type E and ap�
proximately 10 cm shorter stature of the affect�
ed compared to the nonaffected family mem�
bers. To learn more about the hypertension, ex�
tensive clinical studies have been performed in
this family.  They resemble patients with primary
hypertension, although they show a marked fail�
ure in baroreflex blood pressure buffering. We
are aware of four families and one spontaneous
case of the syndrome.We used newly identified
and database SNPs for further mapping of the
disease locus and reduced the region about 1.2
Mb to the minimum size of 3.15 Mb. At least 22
genes lie within the genomic DNA interval for the
hypertension brachydactyly locus. Fourteen
have a known function. The others are predict�
ed genes with mRNA and/or EST evidence. Their
function is unknown. We sequenced 11 genes;
however, we found no mutations. Two candi�
dates were genes for the subunits of an ATP�
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sensitive potassium channel: Kir6.1 (KCNJ8) and
SUR2. Sequencing and SNP mapping ruled out
the most promising candidate gene for the
skeletal phenotype ”long” SOX5.With Interphase
FISH experiments using PACs and BACs, we
have discovered a complex chromosomal re�
arrangement in the Turkish family. In an addition�
al spontaneous case rearrangements in the
same chromosomal regions have been detect�
ed. Work to define the chromosomal breakpoints
and the influenced genes is ongoing. Chip ex�
periments and TaqMan assays are being con�
ducted to realize expression differences of the
candidate genes due to aberrations in regulato�
ry elements. Thus, autosomal�dominant hyper�
tension is a novel gene rearrangement syn�
drome.

W13 04

FGF signaling in achondroplasia
Minina, E. (1), Kreschel, C. (1), Naski, M.C. (2),
Ornitz, D.M. (3), Vortkamp, A. (1)
(1) Max�Planck�Institut für Molekulare
Genetik, Berlin (2) The University of Texas
Health Science Center at San Antonio, TX,
USA (3) Washington University School of
Medicine, St. Louis, USA
Several mutations in the Fibroblast Growth Fac�
tor (Fgf) receptor 3 gene lead to the short�limb
dwarfism syndrome achondroplasia in human.
Other signaling systems, such as Indian hedge�
hog (Ihh), Parathyroid hormone�like peptide
(Pthlh), and Bone Morphogenetic Proteins
(BMP), regulate skeletal development as well.
We have analyzed the interaction of FGF signal�
ing with the Ihh/Pthlh and the BMP pathways
using an organ culture system of embryonic
mouse limbs, which was supplemented with ac�
tivators or inhibitors of each pathway. In addition
we used a mouse model for human achon�
droplasia carrying an activated Fgf receptor3
(Fgfr3ach mice). We have shown that FGF sig�
naling regulates the onset of hypertrophic differ�
entiation upstream of the Ihh/Pthlh pathway. Ad�
ditionally, we found that FGF signaling advances
terminal hypertrophic differentiation and reduces
chondrocyte proliferation in an Ihh�independent
manner. We interpreted the role of FGF signaling
in regulating chondrocyte differentiation in a new
way: instead of delaying hypertrophic differenti�
ation, FGF signaling actually accelerates this
process. As the FGF�induced phenotype resem�
bles the phenotype of blocking BMP signaling,
we performed co�culture experiments with FGF2
and BMP2. We found that both pathways act in
an antagonistic relationship. Moreover, in a limb
culture system BMP signaling can rescue the
dwarfism phenotype characterized by reduced
zones of proliferating and hypertrophic chondro�
cytes in Fgfr3ach mice. Therefore BMP signaling
might be a promising approach to improve the
achondroplasia phenotype.

W13 05

Selective screening for cartilage/bone
specific genes
Hecht, J. (1), Seitz, V. (1), Stiege, A. (1),
Wagner, V. (2), Seeman, P. (1), Wagner, S. (1),
Urban, M. (1), Dieterich, C. (1), Stricker, S. (1),
Mundlos, S. (1)
(1) MPI Molekulare Genetik Berlin (2) RZPD
Berlin

Our group is focusing on the functional charac�
terisation of cartilage and bone related genes in
mouse and chicken. Current studies going on in
our lab aim to identify new genes involved in
skeletal development. For this purpose, we are
currently screening four different skeletal mu�
tants (Shh�short�digits (Dsh), Gdf5�bra�
chiopodism, Ror2�KO, Runx2�KO) by hybridiz�
ing cDNA to Affymetrix arrays representing ap�
proximately 36000 genes and ESTs. The choice
of these mutants allows the follow up of skele�
togenesis from early patterning events (Dsh),
early cartilage formation (Gdf5, Ror2) to later
cartilage differentiation and bone formation
(Ror2, Runx2). Genes showing differential ex�
pression between mutant and wild type are cor�
roborated by real�time PCR. These genes might
play a role in cartilage or bone development and
thus are interesting candidates for further analy�
sis. Hybridizations for Runx2, Dsh and Gdf5 are
completed, Ror2 is on the way. Expression pro�
filing of the differentially expressed genes on
mouse tissue will be done by automated in�situ
hybridization using a TECAN Genesis ISH sys�
tem. First results from real�time PCR for the
Runx2 mutant indicate, that approximately 80%
of genes resulting from the chip hybridizations
can be confirmed as being differentially ex�
pressed. In the case of the Runx2 mutant we use
computational methods for further selection of
directly by Runx2 regulated candidate genes by
screening promoter regions for conserved Runx2
binding sites in human and mouse promoter re�
gions. Genes that passed this selection will be
tested in the micromass culture system an in vit�
ro model for cartilage differentiation.For this as�
say limb buds from chicken at Hamburger
Hamilton stage 22�24 are dissected and trypsi�
nated to get a single cell suspension of mes�
enchymal cells. If cells are plated in high densi�
ty they differentiate into chondrocytes and un�
dergo all steps of cartilage differentiation.Differ�
entially expressed genes from chip hybridization
will be transfected with an avian retrovirus
(RCAS) containing the specific gene of interest.
Afterwards their influence on cartilage differen�
tiation is monitored by staining of the extracel�
lular matrix of chondrocytes with Alcian blue or
quantification of marker gene expression by real�
time PCR. Genes which have an influence on
chondrocyte differentiation can be analysed in
vivo by injecting the RCAS virus into the limb
fields of 1.5 day old chicken embryos.

W14 01

FUNCTIONAL ANALYSES OF THE TRPS1
TRANSCRIPTION FACTOR
Brega, P. (1), Kosan, C. (2), Waldschütz, R. (2),
Klein�Hitpass, L. (2), Möröy, T. (2), Horsthemke,
B. (1), Lüdecke, H.�J. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Essen (2) Institut für
Zellbiologie, Universitätsklinikum Essen
The tricho�rhino�phalangeal syndrome is char�
acterized by craniofacial and skeletal abnormal�
ities. Mutation analyses revealed that the TRPS1
gene on human 8q24.1 is the major locus for this
disease. It is highly conserved between human
and mouse and encodes a transcriptional re�
pressor for hitherto unknown GATA�regulated
genes.To understand the role of TRPS1 in chon�
drocytes during skeletal development, we gen�
erated TRPS1 transgenic mice. The transgene
contains the entire human TRPS1 coding region
under the control of a mouse Col2a1 promoter
and enhancer that is restricted to expression in

chondrocytes. It carries a T901P missense mu�
tation in the GATA�type zinc finger (zf) which has
been found to cause severe brachydactyly and
short stature (TRPS type III) in a human patient,
presumably as the result of a dominant negative
effect. Proven by PCR and Southern blot analy�
ses we obtained four independent lines of trans�
genic animals from two male and two female
founders. Unexpectedly, the adult animals do
not show the TRPS typical brachydactyly or
growth retardation. The expression of the trans�
gene is currently being assessed by RT�PCR us�
ing RNA from the limbs of 12 d.p.c. embryos.The
Trps1 protein is detectable in mouse embryonic
stem cells (ES). Therefore, we used this cell type
to identify potential target genes of TRPS1. To
avoid contamination with feeder layer cells, the
ES cells were purified by FACS. In microarray
analyses, we compared the expression profiles
of wild type ES cells (wt�ES) with those of ES
cells in which the GATA�type zf coding exon 5
has been knocked out in frame in one allele of
Trps1 (k.o.�ES) by Malik et al.  (Mol Cell Biol,
2002, 22, 8592�8600). We confirmed the expres�
sion of both Trps1 alleles in k.o.�ES cells by RT�
PCR and western blot analyses. Because Trps1
is a repressor of transcription, we expect an
overexpression of Trps1 target genes in the k.o.�
ES cells. Our preliminary results reveal only few
genes differentially expressed between wt� and
k.o.�ES cells. Among these genes some encode
proteins involved in degradation of the extracel�
lular matrix and one is an osteoblast specific
gene. Currently, additional microarray experi�
ments using three independent wt�ES and two
independent k.o.�ES cell lines are performed to
confirm and/or extend our results.

W14 02

Characterization of a novel gene located in
10q24 encoding a centrosome�associated
protein
Martinez�Garay, I. (1), Rustom, A. (2), Gerdes,
H.H. (2), Gal, A. (1), Kutsche, K. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Hamburg�Eppendorf,
Germany (2) Interdisciplinary Center for
Neuroscience, Dept. of Neurobiology,
University of Heidelberg, Germany
We are studying a female patient who presented
with a complex phenotype including stato� and
psychomotor retardation, bilateral cleft lip and
palate, facial dysmorphic signs, agenesis of cor�
pus callosum, enlarged ventricles, diffuse reduc�
tion of white matter, rotatory nystagmus, and ab�
normalities in the retinal pigment epithelium. Cy�
togenetic analysis revealed a de novo and ap�
parently balanced reciprocal translocation,
46,XX,t (10;X)(q24;p22). By molecular character�
ization of the X;10 translocation, we found 26
PAC clones overlapping the breakpoint region in
10q24. These clones are arranged in a contig to�
gether with further 21 PACs. The identification of
numerous breakpoint spanning clones suggests
the presence of a complex rearrangement in the
patient. By exon�trapping, we identified a novel
gene on one of the breakpoint spanning PACs
that consists of 9 exons and spans a genomic
region of 32 kb. Northern blot analysis showed
the existence of a ~2800�bp transcript in thy�
mus, colon, placenta, and small intestine. By 5�
RACE and RT�PCR, we assembled a 2634�bp
cDNA sequence that comprises an open reading
frame of 1395 bp and encodes a protein of 464
amino acids. The protein showed no significant
homology to other proteins in the database. To
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gain insight into the biological function of the
protein, we transiently expressed it as an EGFP
fusion protein in PC12 and CHO�K1 cells. Dur�
ing interphase, green fluorescence was detect�
ed in one or two small dots near the nucleus. In
contrast, during telophase, the green fluorescent
signal was located in the midbody of dividing
daughter cells. Immunocytochemical analysis
using specific antibodies revealed that the pro�
tein co�localized with gamma tubulin, a specific
marker for centrosomes, during interphase, ap�
peared at the cleavage furrow in the early
telophase, and remained in the midbody at late
telophase. Neither the treatment of transfected
cells with taxol, which stabilizes microtubules
and detaches them from the centrosome, nor
nocodazole, which depolymerises microtubules,
did significantly alter the centrosomal localiza�
tion of the protein. These data show that the
protein described here undergoes cell cycle�de�
pended shuttling between the centrosome and
the midbody suggesting that this novel protein
may have important functions during mitosis.

W14 03

GLI3 subcellular localization depends on
microtubule�associated PP2A activity
Krauss, S. (1), Suckow, V. (1), Aranda, B. (1),
Winter, J. (1), Haesler, S. (1), Scharff, C. (1),
Wessling, M. (2), Schneider, R. (3), Ropers, H.�
H. (1), Grzeschik, K.�H. (2), Schweiger, S. (1), 
(1) Max�Planck�Insitut für molekulare
Genetik, Berlin (2) Med. Zentrum für
Humangenetik, Allgemeine Humangenetik,
Klinikum der Philipps�Universität, Marburg
(3) Institut für Biochemie, Innsbruck
MID1 is mutated in patients with Opitz Syn�
drome (OS), which is characterized by malforma�
tions of the ventral midline, such as hyper�
telorism and hypospadias. Recently we have
shown that the MID1�protein, a member of the
RING finger protein family, has E3 ubiquitin lig�
ase activity and targets microtubule�associated
phosphatase 2A (PP2A), a central cellular regu�
lator, for degradation. The target proteins of the
microtubule�associated PP2A are not known so
far. Based on a striking phenotypic similarity be�
tween patients with OS and patients with Greig
syndrome we have defined the GLI3 transcrip�
tion factor, mutations in which are responsible
for the development of the Greig phenotype, as
a putative target of microtubule�associated
PP2A. Moreover, Ci, the drosophila homologue
of GLI3, is a microtubule�associated protein, the
intracellular localization and activity of which is
regulated by serine/threonine phosphorylation.
In immunofluorescence experiments we could
show, that the intracellular localization of the
GLI3�protein is regulated by the PP2A/MID1
complex. Dominant negative effects blocking
ubiquitin specific modification of microtubule�
associated PP2A resulted in a clear shift of the
GLI3 localization, which could be blocked by
specific inhibition of PP2A activity. In further ex�
periments we showed, that the phosphorylation
of human Fused, an interaction partner of cy�
tosolic GLI3�protein, depends on the
PP2A/MID1 complex. In drosophila, Fused plays
an important role in maturation of the Ci protein.
These results clearly show a functional interac�
tion between the PP2A/MID1 complex and the
SHH signaling pathway.

W14 04

Two phylogenetically conserved elements
located 28 kb and 250 kb 5´ to SOX9
account for many aspects of endogenous
Sox9 expression
Bagheri�Fam, S. (1), Kanzler, B. (2), Mallo, M.
(2), Schuele, R. (3), Guenther, T. (3), Dohrmann,
U. (1), Scherer, G. (1)
(1) Institute of Human Genetics and
Anthropology, University of Freiburg,
Freiburg, Germany (2) Max Planck Institute
for Immunobiology, Freiburg, Germany (3)
Department of Obstetrics and Gynecology,
Freiburg University Medical Center,
Freiburg, Germany
Campomelic dysplasia (CD), a human skeletal
malformation syndrome with XY sex reversal, is
caused by heterozygous mutations in and
around the SOX9 gene. SOX9 has an extended
5´ control region as indicated by CD transloca�
tion breakpoints scattered over 1 Mb proximal to
SOX9, and by expression data from mice trans�
genic for human SOX9�spanning YACs (Wunder�
le et al, 1998). By phylogenetic footprinting com�
paring the genomic sequences of the SOX9 re�
gions of human and pufferfish, we had previous�
ly identified five conserved sequence elements,
E1�E5, up to 290 kb 5´ to human SOX9, and had
shown that 8 of 10 CD translocation breakpoints
separate some or all of these elements from
SOX9. To assay their regulatory potential, we ex�
amined these sequence elements in transgenic
mouse lines. We found that elements E1 and E3
activate the lacZ reporter gene in a manner that
accounts for many aspects of the endogenous
Sox9 expression pattern. Specifically, element
E1, located 28 kb 5´ to SOX9, directs a high lev�
el of reporter gene expression in the node, no�
tochord, gut, pancreas and in the bronchial ep�
ithelium, while element E3, located 250 kb 5´ to
SOX9, controls lacZ gene expression in the otic
vesicle and in cranial neural crest cells. Con�
served binding sites for HNF3ß and TCF/LEF1
within element E1 and element E3, respectively,
indicate that SOX9 might be a direct target of
these transcription factors in the respective tis�
sues. No reporter gene expression could be de�
tected with any of the elements in the chondro�
cytes, testis, brain, kidney and in the heart. En�
hancers for SOX9 expression in these tissues
still need to be identified.

W14 05

Many substrates and functions of ATM:
Microarray analysis of ATMtm1Awb mutant
mice
Bonin, M., Poths, S., Kuhn, M., Riess, O.
Institut für Humangenetik, Abt.
Medizinische genetik, Universität Tübingen
Ataxia�telangiectasia is a rare, autosomomal�re�
cessive inherited disorder with a complex clini�
cal phenotyp. The gene responsible, ATM, en�
code a 370 kDa protein kinase. ATM belongs a
familiy of proteins, conserved from yeast to hu�
man, that regulate cell�cycle checkpoints and
are involved in DNA repair and recombination.
This fits with the clinical phenotyp of ataxia
telangiectasia; cells from patients show abnor�
mal responses to ionizing radiation, Checkpoint
alterations in cell cycle, and increased chromo�
somal breakage and telomere end fusions. But
various other abnormalities in patients have
raised the possibility that ATM may also be in�
volved in other cellular processes. For a detailed

insight about the functions of ATM we analysed
the ATM mutant mice ATMtm1Awb with
Affymetrix microarray technology. RNA for mi�
croarray analysis was isolated from total mouse
brain of homozygous mice. Because C57Bl6
mice is the genetic background of the ATM mu�
tant mice, we used this mouse strain as the
baseline. Three 3 month�old males were
analysed both for ATM�mice and the wildtyp�
mouse strain with the Affymetrix U74A array
analysing approximatly 12000 transcripts. For
data analysis of the microarray results we used
the Affymetrix software tools (MAS 5.0, Mi�
croDB, DMT 3.0), the Internetportal of NetAFFX,
and pathway software like GenMAPP. We found
154 genes differently regulated which we could
divide into 12 functional groups. Only those
genes, which were found in at least 7 of 9 com�
parisons similarly adjusted and with a signal log
ration of more than 0.5, were defined as diffen�
rently expressed genes. The results reflects the
relativly large number of substrates and func�
tions of ATM. We will present different biochem�
ical pathways, which are dysregulated in ATM
mutant mice to get more informations about the
pathogenesis of ataxia telangiectasia diseases
in humans.

W14 06

Alteration of bone density by mutations in
key factors of the osteoclast acid secretion
machinery
Kornak, U. (5), Kasper, D. (1), Schulz, A. (2),
Delling, G. (3), van Hul, W. (4), Mundlos, S. (5),
Kubisch, C. (6), de Vernejoul, M.�C. (7),
Jentsch, T.J. (1)
(1) Zentrum für Molekulare Neurobiologie
Hamburg (2) Universitätskinderklinik,
Universität Ulm (3) Institut für
Osteopathologie, Universität Hamburg (4)
Department of Medical Genetics, University
of Antwerp (5) Charité, Humboldt�
Universität Berlin (6) Institut für
Humangenetik, Universität Bonn (7) INSERM
U349, Hôpital Lariboisière
ClC�7 is a ubiquitously expressed chloride chan�
nel that is mainly localized in late endosomes
and lysosomes. Clcn7�/� mice show a severe os�
teopetrosis (marble bone disease) that becomes
apparent shortly after birth. Although osteoclasts
are present in normal numbers, they fail to re�
sorb bone. In osteoclasts, ClC�7 is highly ex�
pressed in the ruffled membrane that is formed
by the fusion of H+�ATPase�containing late en�
dosomal vesicles. We could show that chloride
ions conducted by ClC�7 provide the necessary
countercharge to allow the ruffled border H+�AT�
Pase to efficiently pump large amounts of pro�
tons into the resorption lacuna. The phenotype
of Clcn7�/� mice closely resembles human infan�
tile malignant osteopetrosis. A screening for mu�
tations in the human gene, CLCN7, was per�
formed in 18 patients suffering from this disease.
Two patients were compound heterozygous for
a nonsense mutation and two different missense
mutations. A combination of two mutations lead
to a complete loss of the ClC�7 protein in fibrob�
lasts from one patient. Therefore, the most like�
ly disease mechanism is a loss of function,
which corresponds to the Clcn7�/� mouse mod�
el. The majority of recessive osteopetrosis cas�
es, however, were positive for mutations in
TCIRG1, which encodes the osteoclast�specific
H+�ATPase a3 subunit. This proves that ClC�7
and the osteoclast proton pump are tightly
linked in the resorption process. Recently, mu�

G
fH

  Ö
G

H
  S

G
M

G
  T

ag
un

gs
b

an
d

 2
00

3 
  

A
b

st
ra

ct
s

290 medgen  15  (2003)



tations in CLCN7 were found to cause also the
much milder autosomal dominant form of os�
teopetrosis (ADOII). Investigation of primary os�
teoclasts from several ADOII patients revealed
that ClC�7 levels and subcellular localization are
not detectably altered. Nevertheless, their re�
sorptive activity is diminished. This implies that
dominant mutations most likely perturb the ion
channel function of ClC�7 and that alterations of
the chloride conductance of the ruffled mem�
brane are able to regulate bone resorption and
bone density.

W15 01

SNP and haplotype analysis in 13 lipid
metabolism relevant genes
Knoblauch, H. (1), Bauerfeind, A. (1), Toliat, M.
(2), Günther, U. (1), Luganskaja, T. (1), Rohde,
K. (1), Fürst, R. (1), Becker, C. (2), Lucke, B. (2),
Reich, J.G. (1), Luft, F.C. (1,3), Nürnberg, P. (2)
(1) Max�Delbrück Center for Molecular
Medicine (MDC), Dept. of Bioinformatics (2)
Gene Mapping Center (GMC), Robert�
Rössle�Str. 10, 13122 Berlin�Buch, Germany
(3) HELIOS�Kliniken Berlin, Franz�Volhard
Klinik am MDC, Wiltbergstr. 50, 13125
Berlin�Buch, Germany
Aims: To study the association between SNPs
and haplotypes in thirteen lipid metabolism rel�
evant genes with plasma lipid levels. Genes &
genetic diversity: We genotyped >90 SNPs and
>20 microsatellite markers in and around genes
coding for apolipoproteins (AI, AIV, AV, B, CII,
CIII, E), ABC transporter A1 (ABCA1), cholesteryl
ester transfer protein (CETP), lipoprotein lipase
(LPL), hepatic triglyceride lipase (HL), low den�
sity lipoprotein cholesterol receptor (LDLR), and
lecithin:cholesterol acyltransferase (LCAT)
genes. Study cohort: 1054 individuals from 250
German families were genotyped and pheno�
typed for total cholesterol (TC), low�density
lipoprotein cholesterol (LDL), and high�density
lipoprotein cholesterol (HDL). Statistical genetic
analysis: Haplotypes were constructed based on
nuclear family information. The genotype�phe�
notype relationship based on founder individu�
als, nuclear families, men and women, was stud�
ied using variance and regression based meth�
odsResults: In an earlier study, in which we eval�
uated only 5 genes, we could explain a substan�
tial part of the genetic variance. We have strong
evidence that the additional genes also exert
strong influence. While some genes contribute
substantial influence on lipid phenotypes, e.g.,
ApoB, ApoE, CETP, ABCA1, ApoA5, other genes
contribute little, e.g., LIPC, LPL, LDLR, ApoA1,
ApoA4, ApoC2, ApoC3 or are invariable, e.g.,
LCAT. * both authors contributed equally to this
work

W15 02

Meta�analysis of linkage genome scans for
complex phenotypes with the example adult
height
Dempfle, A., Geller, F., Ringler, G., Schäfer, H.
Institut für Medizinische Biometrie und
Epidemiologie, Philipps�UniversitätMarburg
Linkage genome scans are a popular approach
to indentify genes underlying monogenic or
complex traits. For complex traits that are influ�
enced by several genetic and environmental fac�
tors, the power of the usual sample sizes is low
and a single study rarely reaches statistical sig�

nificance. For many common diseases, several
genome scans from different groups are already
published, often with conflicting results and sel�
dom with replication of suggestive linkage find�
ings. Meta�analysis is a way to combine all avail�
able information and achieve the necessary
sample sizes for genes with smaller effects.
Meta�analysis should account for differences
among primary studies in sample size, family
structures, study design, ascertainment sche�
mes and others. Even though the phenotype
height is not of clinical relevance per se, its ex�
tremes short stature or growth retardation are a
common cause of pediatric concern. Adult
height is a classic example of a polygenic quan�
titative trait, but segregation analysis has also
yielded evidence of major genes regulating final
height. To date, 8 genome scans for adult height
have been published, comprising a total of more
than 16000 individuals from population based
samples or families selected for other pheno�
types. Regions on chromosomes 5, 6, 7 and 9
show LOD scores greater than 2 in at least two
scans, but in general there is no consistent repli�
cation of linkage regions. Using only published
results and not individual genotype data, a
meta�analysis of these scans is presented.

W15 03

DNA damage in peripheral blood
lymphocytes detected by the Micronucleus
test is a genetic marker for breast cancer
risk
Jainta, S. (1), Varga, D. (1), Hoehne, M. (1),
Patino�Garcia, B. (1), Michel, I. (1), Bochum, S.
(1), Herroeder, N. (3), Volm, T. (3), Schwarz�
Boeger, U. (4), Meindl, A. (4), Kiechle, M. (4),
Paiss, T. (1, 2); Vogel, W. (1,5)
(1) Department of Human Genetics,
University of Ulm, Germany (2) Department
of Urology, University of Ulm, Germany (3)
Department of Gynaecology, University of
Ulm, Germany (4) Department of
Gynaecology, Technische Universitaet
Muenchen, Germany
Background: An increased micronucleus fre�
quency compared to normal controls has been
observed in irradiated peripheral lymphocytes of
BRCA1 and 2 mutation carriers  by the G0 mi�
cronucleus assay (G0MNT). The same observa�
tions have also been reported for a minor por�
tion in sporadic breast cancer patients indicat�
ing a related cellular phenotype that predispos�
es for radiosensitivity in such breast cancer cas�
es. Methods: We used the G0 MNT to analyze
unselected sporadic breast cancer patients (n =
140) and controls (n = 149) by measuring total
induced (2 Gy) MN frequency, frequency of cells
containing two MN as well as spontaneous MN
frequency with the 75th percentile of the con�
trols as cutoff point. Twenty controls and 20 pa�
tients were tested prospectively using image
analysis with the threshold obtained in the first
analysis. Image analysis on a subsample of the
patients proved to be superior over manual
counting. Other cancer samples were investigat�
ed by the same approach. Results: Every single
endpoint discriminates between patients and
controls with an odds ratio (OR) of 5 to 10
(p<10�4). Confirming  results were obtained by
the automated image analysis (OR = 22.9 p<
.0001). A combined evaluation of the different
endpoints demonstrated improved discrimina�
tive power. Furthermore, discrimination between
breast cancer and controls was seen in prospec�
tive samples (OR=13.2 p=0.001). While prostate

cancer patients did not differ from controls
(p=0.7), ovarian cancer patients behave like
breast cancer.Conclusions: The G0 MNT assay
may be able to detect individuals having a risk
for sporadic breast cancer. Our results demon�
strate that this assay discriminates the suscep�
tibilty for chromosomal instabilities in patients
versus controls with high certainty. We hypoth�
esize that the increased sensitivity for irradiation
is caused  by an intrinsic impairment of the DNA
repair pathway and is genetically determined.

W15 04

Melanocortin�4 receptor gene
polymorphism V103I protects from obesity
as based on evidence from association and
transmission disequilibrium studies and a
meta�analysis
Geller, F. (1), Reichwald, K. (2), Dempfle, A. (1),
Illig, T. (3), Biebermann, H. (4), Gudermann, T.
(1), Herpertz, S. (5), Schäfer, H. (1), Platzer, M.
(2), Hinney, A. (1), Hebebrand, J. (1), 
(1) Philipps�University, Marburg (2) Institute
of Molecular Biotechnology, Jena (3) GSF
Research Centre, Neuherberg (4) Humboldt
University, Berlin (5) University of Essen
Background: Many studies on obesity have an�
alyzed the melanocortin�4�receptor gene
(MC4R), which belongs to the melanocortinergic
pathways controlling energy homeostasis and
plays a role in the regulation of appetite and
body weight. Several of the observed mutations
are associated with obesity. For the missense
variant V103I almost all study groups have re�
ported lower frequencies of the I103 allele in
obese individuals than in non�obese individuals
but the sample sizes were inadequate for statis�
tical analyses. In the context of a study on
MC4R mutations (Hinney et al., J Clin Endocrinol
Metab, 2003) we performed a TDT with 520
obese individuals and their parents, resulting in
10 transmissions and 25 non�transmissions for
the I103 allele (p=0.017). The respective geno�
type relative risk of obesity for heterozygous car�
riers was 0.40 (95%CI: 0.17�0.86). Therefore, we
initiated two new case�control studies, a meta�
analysis, sequencing of the promoter region and
further functional studies for this polymorphism.
Results: Based on the TDT results, we decided
to screen two large study groups and to com�
bine all available information on obese and non�
obese individuals in a meta�analysis. Our new
studies comprised samples from the regions of
Augsburg (KORA, 1976 non�obese and 383
obese individuals between 25 and 74 years) and
Essen (489 obese and 172 non�obese individu�
als between 18 and 65 years). The two studies
showed consistent results with odds ratios of
0.58 (95%CI: 0.29�1.16) and 0.69 (95%CI: 0.29�
1.65), respectively. For our meta�analysis, we in�
cluded all studies reporting carrier status in
obese and non�obese individuals (total N=7738).
Eleven of the 14 studies display a higher per�
centage of I103�carriers in the non�obese group.
Meta�analysis results in an odds ratio for obesi�
ty of 0.69 (95%CI: 0.50�0.96) with a p�value of
0.03, providing evidence for a protective effect
of the I103 allele against obesity. So far, in func�
tional studies no differences were observed be�
tween carriers of the polymorphism and ho�
mozygous wild�type carriers and further studies
of our group are still going on. Additionally, we
sequence both the 5´ and 3´ non�coding regions
in carriers of the I103�allele. The newly detected
SNPs will be analysed to find out if a variant in
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LD with V103I or a haplotype explains the neg�
ative association of the I103 allele with obesity.

W15 05

Genotypic association of LGI4 exonic
polymorphisms and childhood absence
epilepsy
Steinlein, O. K. (1), Gu, G. (1), Becker, T. (2),
Sander, T. (3)
(1) Institute of Human Genetics, Rheinische
Friedrich Wilhelms�University, University
Hospital Bonn, Germany (2) Institute for
Medical Biometry, Informatics and
Epidemiology, Universityof Bonn, Germany
(3) Gene Mapping Center, Max�Delbrueck�
Centrum, Berlin, Germany
Autosomal dominant lateral temporal lobe
epilepsy (ADLTE) is caused by mutations in LGI1
(leucine�rich repeat LGI family, member 1), the
first gene in idiopathic epilepsies not coding for
an apparent ion channel. We recently cloned
several genes homologous to LGI1, demonstrat�
ing that LGI1 belongs to a new subfamily of
leucine�rich repeat�proteins (Gu et al., FEBS Let�
ters 2002). One of the new genes, LGI4, maps to
19q13.11, a chromosomal region linked to be�
nign familial infantile convulsions (BFIC)(Giup�
poni et al., HMG 1997). The same region showed
evidence for a susceptibility gene for idiopathic
generalized epilepsy (IGE) in a genome scan in�
cluding 130 IGE multiplex families (Sander et al.,
HMG 2000). In an extended sample of 176 IGE�
multiplex families, the maximum LOD score un�
der heterogeneity increased up to 3.25 at
D19S414, assuming an autosomal recessive
mode of inheritance and a proportion of 34%
linked families (Sander et al., unpublished data).
The predominant IGE subtype in the families
supporting evidence for linkage was childhood
absence epilepsy (CAE). These linkage findings
indicate a susceptibility gene for CAE/IGE close
to markers D19S414/D19S225, which define an
interval of 2 cM that harbours the LGI4 gene. We
therefore investigated whether genetic variation
of the LGI4 gene confers susceptibility to BFIC
and CAE. Screening of the LGI4 coding region in
BFIC and childhood absence epilepsy (CAE) re�
vealed several frequent exonic polymorphisms.
A genotypic association was found for the
c.1914GC/AT polymorphism in 42 CAE patients
compared to 110 population controls (shi square
= 6.66, df = 1, P = 0.01), providing evidence for
a so far undetected susceptibility allele for CAE
in the LGI4 region. The evidence is predominant�
ly based on the increase of c.1914GC/GC ho�
mozygotes in CAE patients compared to con�
trols. The excess of c.1914GC/GC homozygotes
in CAE patients suggests an autosomal reces�
sively acting susceptibility effect, which is sup�
ported by the original genome scan that indicat�
ed a susceptibility gene for CAE/IGE in the chro�
mosomal region 19q13.1 under an autosomal re�
cessive mode of inheritance 5. The differences
in genotype frequencies are more obvious in the
CAEfam sample than in the sample of sporadic
CAE patients. This finding is consistent with the
expectation that the genetic load and the
chance for major gene effects are increased in
CAE patients with familial IGE.

W15 06

Analysis of a complete genome scan in
bipolar affective disorder after subdivision
into early� and late�onset families
Cichon, S. (1), Windemuth, C. (2), Schumacher
(3), Ohlraun, S. (4), Müller, D.J. (3), Hürter, M.
(3), Strauch, K. (2), Hemmer, S. (3), Schulze,
T.G. (1), Schmidt�Wolf, G. (3), Albus, M. (5),
Borrmann�Hassenbach, M. (5), Franzek, E. (6),
Lanczik, M. (6), Fritze, J. (7), Kreiner, R. (8),
Reuner, U. (8), Weigelt, B. (8), Minges, J. (9),
Lichtermann, D. (10); Lerer, B. (11); Kanyas, K.
(11); Baur, M.P. (2), Wienker, T. (2), Maier, W.
(10); Rietschel, M. (4), Propping, P. (3), Nöthen,
M.M. (1)
(1) Dept. Medical Genetics, University of
Antwerp, Belgium (2) Inst. Medical Biometry,
Informatics and Epidemiology, University of
Bonn, Germany (3) Inst. Human Genetics,
University of Bonn, Germany (4) Central
Inst. Mental Health, Mannheim, Germany (5)
Mental State Hospital, Haaar, Germany (6)
Dept. of Psychiatry, University of Würzburg
(7) Dept. of Psychiatry, University of
Frankfurt (8) Dept. of Psychiatry, University
of Dresden (9) Dept. of Psychiatry,
University of Mainz (10) Dept. of Psychiatry,
University of Bonn (11) Dept. of Psychiatry,
Hadassah University Jerusalem, Israel
Gene identification in common disorders such as
Alzheimer disease and breast cancer has great�
ly profited from the use of age of onset as crite�
rion to delineate subgroups of disease charac�
terized by different inheritance patterns. In bipo�
lar affective disorder, where the majority of link�
age studies have produced conflicting results,
studies reporting clinical characteristics and fa�
milial occurrence of disease have suggested that
age of onset might serve as an indicator for
identifying more homogeneous subgroups of
disease. In a recent study, Grigoroiu�Serbanes�
cu et al. (2001) examined this hypothesis in a
large sample of bipolar I probands and their first�
and second�degree relatives by the means of
segregation analysis which they subdivided into
an early onset (age of onset < 25 years) and late
onset (age of onset > 25 years) group. Segrega�
tion analyses favored a model including a non�
Mendelian major gene with a polygenic compo�
nent in the early onset group while the data in
the late onset group were compatible with a
multifactorial model.Based upon these results,
we re�analyzed our recently performed genome
scan in a large sample of 75 families with bipo�
lar disorder (Cichon et al., 2001). We subdivided
the families in two early onset (<= 20y., <= 25y.)
and two late onset groups (> 20y., > 25y.) and
performed parametric and non�parametric link�
age analyses. We regarded those linkage find�
ings in the subgroups as interesting that were
substantially higher or as high as results ob�
tained from the analysis of the complete genome
scan. In the early onset groups, the strongest
signals were seen on chromosomes 13q (GENE�
HUNTER LOD > 4.0 for the <= 25y. group), 4p,
4q ,8p, and 19q (GENEHUNTER NPL scores of
about 3.0 for the <= 20y. group). In the late on�
set groups, only region 11q gave a prominent
linkage signal with an GENEHUNTER NPL score
of >3.0. Thus, our results provide molecular sup�
port for the hypothesis that different genetic
mechanisms may be involved in early and late
onset forms of bipolar disorder.

W16 02

Survey of brain�expressed genes in a 7.3 Mb
region on proximal Xp involved in non�
syndromic X�linked mental retardation
Jensen, L. (1), Kalscheuer, V. (1), Freude, K. (1),
Gurok, U. (1), Haesler, S. (1), Hagens, O. (1),
Aranda, B. (1), Hartmann, N. (1), Hoeltzenbein,
M. (1), Hoffmann, K. (1), Nuber, U. (1), Roloff,
TC. (1), Scharff, C. (1), Scherthan, H. (1),
Schweiger, S. (1), Shoichet, S. (1), 
(1) Max�Planck�Institut für Molekulare
Genetik, Berlin, D (2) INSERM U129�ICGM,
Faculté de Médécine Cochin, Paris, F (3)
INSERM U316, Service de Génétique,Tours
Cédex, F (4) Center for Human Genetics,
University Hospital Leuven, B (5) Dept. of
Human Genetics, University Hospital
Nijmegen, Nijmegen, NL (6) Dept. of
Cytogenetics and Molecular Genetics,
Women`s and Children`s Hospital, North
Adelaide, AU (7) Univ. of Newcastle, NSW,
AUTao, J. (1), Tzschach, A. (1), Beck, A. (1),
Reinhardt, R. (1), Moser, B. (1), Klein, M. (1),
Nshdejan, A. (1), Suckow, V. (1), Kijas, Z. (1),
Lipkowiz, B. (1), Haas, S. (1), Vingron, M. (1),
Chelly, J. (2), Moraine, C. (3), Fryns, JP. (4),
Yntema, H. (5), Hamel, B. (5), Gecz, J. (6),
Partington, M. (7), Ropers, HHR. (1),
Lenzner, S. (1)
Severe mental retardation (MR) affects about
0.5% of the population in Western countries.
Genetic disorders account for roughly two thirds
of these cases, and 25% of these are thought to
be due to mutations in X�linked genes. More
than 130 different syndromic forms of X�linked
mental retardation (S�XLMR) have been defined,
and the molecular defect has been found in >30
of these. Non�syndromic XLMR (NS�XLMR) is
more frequent than S�XLMR, but due to its ex�
tensive heterogeneity, elucidation of the under�
lying genetic defects has lagged behind. Analy�
sis of linkage intervals in 125 families with NS�
XLMR has shown that >30% of these gene de�
fects are clustered on proximal Xp and in the
pericentric region (Ropers et al. 2003). In this
study we have employed DHPLC to screen 30
families with overlapping linkage intervals for
mutations in 49 brain�expressed genes, all locat�
ed within a 7,3 Mb segment of Xp11 flanked by
ELK1 and ALAS2. So far, a total of 81different
sequence variants were found in the coding re�
gions and splice sites of these genes, and 16 of
these were not found in >94 healthy male con�
trols. In three genes, multiple mutations were
seen which involved evolutionarily conserved or
splice sites or gave rise to frame shifts, and in
two other genes, single but apparently relevant
mutations were found. Together, these mutations
account for 12 of the 30 families examined.
Screening of 20 additional brain�expressed
genes from this region is in progress and may
shed light on the molecular causes of up to one
third of all cases with NS�XLMR.

W16 03

Screening for candidate regions prone to
genomic rearrangements involved in non�
syndromic X�linked mental retardation
Chen, W., Lenzner, S., Haas, S., Ropers, H.�H.
Max�Planck�Institut für Molekulare Genetik,
Ihnestrasse 73, 14195, Berlin, Germany
Genomic rearrangements play an important and
hitherto underestimated role in the etiology of
human genetic disease. Very often, such re�
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arrangements are mediated by non�allelic ho�
mologous recombination (NAHR) between low�
copy repeats (LCRs). Many of these LCRs ap�
pear to have arisen during primate speciation via
paralogous segmental duplication. Analyses of
the recently completed human genome se�
quence have shown that LCRs may account for
5% of the entire genome.In a recent study aim�
ing at the detection of all causative mutations in
families with non�syndromic X�linked mental re�
tardation (NS�XLMR) that map to proximal Xp11,
functionally relevant gene mutations were only
found in 12 out of 30 families tested (see ab�
stract Jensen et al.). While it is conceivable that
some of the missing mutations hide in promoter
and intronic regions which were not examined,
some of these mutations may not be detectable
by point mutation screening, such as many sub�
microscopic rearrangements due to NAHR be�
tween closely related repeated sequences.This
has prompted us to screen the human X�chro�
mosome for region�specific LCRs. Using the
software REPuter (Kurtz et al, Nucleic Acids Res.
2001), we have compared the whole sequence
of the X chromosome with itself and that of all
other chromosomes. The genomic sequence
was downloaded from ENSEMBL (www.ensem�
bl.org). Setting the sequence parameters to a
minimum length of 5kb and to a minimum iden�
tity percentage of 98%, respectively, we have
found 435 duplication events on the X chromo�
some. Preliminary analyses suggest that the dis�
tribution of these duplications on the X is very
similar to the distribution of mutations in families
with NS�XLMR (Ropers et al, Trends Genet.
2003). However, some of the computationally
identified duplicated segments may be artifacts
resulting from the incompleteness and incorrect
assembly of genomic sequences. Therefore, we
have begun to verify these results by PCR am�
plification and sequencing of putative (direct)
duplications. In these experiments, apparent
heterozygosity in male DNA will indicate sites of
sequence divergence between duplicated seg�
ments on the human X�chromosome and prove
that the putative duplications are real.

W16 04

Expression and mutation analysis of
PLXNB3, a candidate gene for neurologic
disorders
Veske, S., Veske, A., Finckh, U.
Institut für Humangenetik,
Universitätsklinikum Hamburg�Eppendorf,
Hamburg, Germany
We characterized genomic structure, cDNA, and
expression of PLXNB3 located on Xq28.
PLXNB3 encodes neuronal adhesion molecule
plexin B3 and is a promising candidate gene for
X�linked neurological disorders (see also poster
of C.Hartwig et al.). It spans more than 15 kb on
Xq28, contains 36 coding exons, and displays a
preferential expression in human and murine
neuronal tissue. We performed PCR and SSCP
analysis (SSCA) of the complete coding region
of PLXNB3 in 191 male patients with suspected
or demonstrated X�linked mental retardation
(MR) including syndromic and non�syndromic
MR. Each SSCA was run under two conditions
(± 10% glycerol). In two patients we found a mu�
tation in exon 10 (Glu670Lys) that, however, did
not co�segregate with the phenotype. Further�
more, we found several unique single intronic
and silent nucleotide changes in a few patients
but not in controls. The significance of these
changes remains unclear. In addition we found

four intronic and eight exonic SNPs, some of the
latter ones predicting an amino acid exchange.
We identified 11 haplotypes based on five SNPs
located in exons 9, 20, 27, 28, and 29 of
PLXNB3 in 118 males. Four of the five SNPs
predict changes of evolutionary conserved
amino acids. This allowed us to determine the
ancestral haplotype based on mouse PlxnB3 ge�
nomic and predicted protein sequences. These
haplotypes will be suitable for association stud�
ies to investigate possible associations of struc�
tural changes in plexin B3 with quantitative neu�
rological traits. [Supported by DFG, SFB444, C3;
correspondence: finckh@uke.uni�hamburg.de]

W16 05

Evidence for implication of alphaPIX
(ARHGEF6) in integrin�mediated signaling
and cell spreading
Rosenberger, G., Jantke, I., Gal, A., Kutsche,
K.
Institut für Humangenetik,
Universitätsklinikum Hamburg�Eppendorf,
Germany
Non specific X�linked mental retardation (MRX)
has been shown to result from mutations of
genes encoding various components of the Rho
signaling pathway. Previously, we reported that
mutations in ARHGEF6, encoding the
Rac1/Cdc42 guanine exchange factor alphaPIX,
were found in patients with MRX. Rho GTPases,
like Cdc42, Rac1, and Rho, participate in the re�
organization of the actin cytoskeleton that leads
to various forms of polarized outgrowth, includ�
ing formation of filopodia, lamellipodia, and
stress fibers. These small GTPases are also be�
lieved to be crucial for neuronal morphogenesis
and connectivity. In an attempt to get insight into
the biological function of ARHGEF6/alphaPIX
and the upstream signaling cascades leading to
its activation, we used the full�length coding re�
gion of ARHGEF6 as bait in yeast�two hybrid
screens. The small regulatory subunit of both m�
and µ�calpain, calpain 4 (CAPNS1), was identi�
fied as a novel binding partner. We confirmed
the interaction by co�immunoprecipitation and
GST pull�down experiments. By immunofluores�
cence, we showed that alphaPIX and calpain 4
co�localize at the cell periphery to lamellipodia
and ruffles. Recent studies provide evidence that
integrin�dependent cell adhesion to the extracel�
lular matrix, e.g. to fibronectin, regulates the ac�
tivity of Rho GTPases that finally leads to cell
spreading. The protease µ�calpain has been im�
plicated in integrin�mediated reorganization of
the actin cytoskeleton and cell spreading. By
overexpressing alphaPIX and calpain 4 in CHO�
K1 cells and replating the cells on fibronectin to
induce integrin�dependent cell spreading, we
found that alphaPIX co�localizes with calpain 4
as well as with endogenous ILK at the leading
edge of actively spreading cells. Inhibition of cal�
pain in CHO�K1 cells caused a marked reduction
in cell spreading suggesting that this integrin�
dependent process is mediated by calpain. Ex�
pression of wild�type alphaPIX in the presence
of calpain inhibitors still allowed the cells to
spread suggesting that calpain acts upstream of
alphaPIX during cell spreading. Taken together,
we assume that calpain 4 provides a link be�
tween integrin�mediated signaling and activation
of Rac1/Cdc42 through alphaPIX to induce reor�
ganization of the actin cytoskeleton during cell
spreading. It is tempting to speculate that the
process of cell spreading in fibroblasts is similar

in certain aspects to the sprouting and extension
of neurites during neuritogenesis.

4. Posterpresentations

P 001

Genetic Instability in a Transgenic Mouse
Model for Philadelphia Chromosome�
Positive ALL
Rudolph, C. (1), Steinemann, D. (1), Hegazy,
A.N. (2), Schroeck, E. (3), Klein, C. (2),
Schlegelberger, B. (1)
(1) Institute of Cell and Molecular Pathology,
Hannover Medical School, Germany (2)
Department of Pediatric Hematology and
Oncology, Hannover Medical School,
Germany (3) Institute of Medical Genetics,
Charité, Berlin, Germany
Aims: The retrovirally induced expression of fu�
sion proteins in human and mouse cells is a
common tool to understand the development
and progression of hematologic malignancies.
Recently, it has been shown that chromosome
aberrations, synthenic to those appearing in hu�
man leukemias, appeared in a double transgenic
mouse model for AML M3. We therefore aimed
to investigate a possible genetic instability and
karyotypic evolution after transfection of
BM185wt cells using Spectral Karyotyping (SKY)
and fluorescence in situ hybridization (FISH).
This mouse pre�B�cell line is characterized by
the retrovirally induced expression of the p185
BCR�ABL fusion protein and thus represents an
in vitro model for Philadelphia chromosome�pos�
itive acute lymphocytic leukemia (ALL).Methods:
Chromosome preparations were made from
BM185wt cells and two derivative cell lines.
BM185wt cells were retrovirally transduced to
express either GFP or ovalbumin�GFP, respec�
tively. Hybridization with the SKY probe mixture
was carried out according to manufacturer`s in�
structions (Applied Spectral Imaging). Image ac�
quisition was performed with the Spectra cu�
beTM system and for analysis the SKY ViewTM
software was utilized. To determine the quantity
of cells with Der (12)T (XE?;12D), a FISH probe
was generated from the BAC clone RP23�382J5,
hybridizing to region F2 of the X chromosome.
Results: Cytogenetic results of BM185 wild�type
cells and transfected cells using SKY and quan�
tification of cells carrying the Der (12)T (XE?;12D)
by FISH analysis are shown in Table1.

Table1. Cytogenetic results of BM185 wild�
type cells and transfected cells using SKY
and quantification of cells carrying the Der
(12)T (XE?;12D) by FISH analysis.

investigated cell lines: BM185wt41,
karyotype: XY,+5[8]//40�44,XY,idem,�12+18,+
Der (12)T (XE?;12D),+mar[cp7]
percentage of cells with Der (12)T (XE?;12D):
15%

investigated cell lines: BM185GFP
karyotype: 41XY,+5[8]//41�43,XY,idem,+12+
18[cp4]//37�41,X,�Y,�1,�2,+5,�8,+18[cp3]
percentage of cells with Der (12)T (XE?;12D):
none

investigated cell lines: BM185ovalbumin�GFP
karyotype: 41,XY,+5[8]//39+40,X,�Y,+5[8]//36,
XY,�1,+5,�7,�7,�9,�11.+Der (12)T (XE?;12D),�13,�
15,+18[1]
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percentage of cells with Der (12)T (XE?;12D):
12%

Conclusions: The chromosomal instability ob�
served in this transgenic mouse model for
Philadelphia chromosome�positive ALL might be
induced by BCR�ABL expression. Our findings
may help to find chromosomal regions involved
in leukemogenesis and tumor progression.

P 002

Phenotypic variability in a family with
familial adenomatous polyposis:
consequences for genetic testing
Kunstmann, E. (1), Schulmann, K. (2), Epplen,
J.T. (1)
(1) Humangenetik Ruhr�Universität Bochum
(2) Medizinische Universitätsklinik
Knappschaftskrankenhaus, Ruhr�
Universität Bochum 
Introduction: Familial adenomatous polyposis
(FAP) is an autosomal dominant syndrome
caused by germline mutations in the tumor sup�
pressor gene APC. The penetrance of FAP was
found to be close to 100% at the age of 40
years. Clinically this syndrome is characterized
by > 100 colonic adenomas. If the polyps are not
removed the risk of cancer increases up to
100%. Therefore, in case of polyposis prophy�
lactic surgery of the colon is necessary. If
colonic polyps are not detectable annual sigmoi�
doscopy is recommended up to the age of 40
years. Methods: Here we present a family with
FAP showing a highly variable colorectal pheno�
type of FAP. Results: Two of three sisters pre�
sented with extensive polyposis of the colorec�
tum, the classical feature of FAP. Genetic testing
revealed the mutation c.3581C>G, S1194X in
exon 15 of the APC gene. The third sister was
referred for genetic counseling and risk assess�
ment. She had had colonoscopy at the age of 35
years, no adenomas were detected. Four years
later genetic testing revealed mutation carrier
status. Afterwards a second colonoscopy was
performed (at the age of 39 years) and three
small adenoma with low grade dysplasia were
found. Discussion and conclusion: This exces�
sive intrafamiliar phenotypic variability could be
due to modifying genetic factors. The family il�
lustrates the importance of genetic testing in
FAP families to evaluate the mutation carrier sta�
tus. Exclusive clinical examination can cause
false reassurance about cancer risk in patients
and doctors. In addition, knowledge of the pos�
itive mutation carrier status may increase com�
pliance with screening recommendations. Oth�
erwise a negative mutation carrier status clearly
rules out the necessity of long�term screening
via endoscopy.

P 003

Consortium for Hereditary Breast and
Ovarian Cancer (Deutsche Krebshilfe): A
report of the Würzburg Center for the years
1996�2003
Bendig, I., Mohr, N., Kaschkötö, J., Weber,
B.H.F.
Institute of Human Genetics, University of
Würzburg, Germany
In 1996, the Deutsche Krebshilfe established 12
Centers for Hereditary Breast and Ovarian Can�
cer in Germany. The major goal was to develop
standards for interdisciplinary counselling, ge�

netic testing, patient care and therapy in fami�
lies with hereditary breast and ovarian cancer.
The Würzburg Center brings together genetic
counsellors, molecular geneticists, gynecolo�
gists and onco�psychologists. During the seven
years of operation, a total of 422 individuals from
356 hereditary breast and ovarian cancer fami�
lies requested consultation and of which 312
(264 families) were counselled in an interdiscipli�
nary and simultaneous setting. A total of 301
counsellands were female, 11 were male. 118
persons were affected with breast and/or ovari�
an cancer. Approximately 60 % have been in�
formed about the services in our Center by their
doctors, another 19 % learned about our Center
from the media. Questioned about their motiva�
tion for counselling, 42 % were especially inter�
ested in prevention, 23 % in a modification of
their personal cancer risk, and 44 % were con�
cerned about their offspring. After pedigree
analysis, 226 of the families fulfilled the criteria
of the Consortium for analysis in BRCA1 and
BRCA2 and requested the testing. In 55 families
(24 %) a disease�associated mutation was iden�
tified in BRCA1 or BRCA2. In 21 families (9 %) a
so�called unclassified variant with unknown
pathogenicity was identified. Out of the 55 fam�
ilies with a known BRCA1 or BRCA2 mutation,
31 healthy family members requested predictive
testing. Conspicuous early onset of breast can�
cer in addition to additional cancers has led in
two families to the testing of the TP53 gene. In
each case, this revealed germline mutations in
affected patients establishing a Li�Fraumeni syn�
drome in these families. Consequently, a close
clinical surveillance modified from the protocol
used for BRCA1/BRCA2�positive patients is
strongly recommended.

P 004

Rad51 promoter variant 135G>C: increased
Rad51 expression, but no general
association with breast cancer
Gerriets, K. (1), Bendix�Waltes, R. (1,2),
Bremer, M. (2), Hasselbach, L. (3), Stürzbecher,
H.�W. (3), Dörk, T. (1)
(1) Clinics of Obstetrics and Gynecology,
Medical School Hannover (2) Department of
Radiation Oncology, Medical School
Hannover (3) institute of Pathology,
University Clinic Schleswig�Holstein,
Lübeck
The Rad51 promoter variant 135G>C is a se�
quence alteration of unknown functional signif�
icance that in two studies has been associated
with breast cancer risk in BRCA2 mutation car�
riers (Levy�Lahad et al. 2001, Wang et al. 2001).
In order to test whether this polymorphism is
generally associated with breast cancer, we
screened 120 patients with bilateral breast can�
cer, 120 patients with unilateral breast cancer,
120 random individuals, and a small group of 7
unselected male breast cancer patients for the
135G>C variation. No significant difference was
observed for the allele frequencies between the
breast cancer cohorts (0.06 and 0.08) and the
comparison group (0.06). A non�significant trend
towards a higher frequency of the rare allele was
noted for the male breast cancer patients (0.43,
n=7). In order to evaluate whether the 135G>C
substitution results in an altered expression of
Rad51, we established lymphoblastoid cell lines
from three heterozygous carriers for functional
studies. In all heterozygous lines, expression of
the rad51 mRNA transcript harbouring the
135G>C substitution was increased about 2.5

fold compared to wild�type mRNA. In line with
this observation, Rad51 protein was elevated 2�
3 fold in cell lines from heterozygotes compared
with non�carriers as judged from Western blot
analyses using two different antibodies. To
analyse the functional significance in vitro, re�
porter constructs were created encompassing
nucleotides �543/+204 or �5/+204 of the rad51
gene to drive luciferase activity from the pGL3
vector. Using site�directed�mutagenesis posi�
tions +135 (G) and +172 (G) of the wild�type
constructs were change to C and to T, respec�
tively. Constructs were transiently transfected
into U2�OS cell and luciferase activities were
quantified. Luciferase activity of the reporter
constructs 135�c and 172�t was significantly el�
evated compared to wild�type. We conclude that
the Rad51 promoter variant 135G>C is indeed a
functionally relevant substitution but its onco�
genic impact for breast cancer appears to be
low and may require concomitant BRCA2 inac�
tivation.

P 005

A frequent splicing mutation of XRCC4 :
implications for breast cancer ?
Bendix�Waltes, R. (1), Gerriets, K. (1), Beußel,
S. (1), Bogdanova, N. (3), El�Harith, E.A. (4),
Bremer, M. (2), Dörk, T. (1)
(1) Clinics of Obstetrics and Gynecology,
Medical School Hannover, Germany (2)
Department of Radiation Oncology, Medical
School Hannover, Germany (3) Byelorussian
Institute for Inherited Diseases, Minsk,
Belarus (4) College of Medicine, King Faisal
University, Dammam, Saudi Arabia
Mutations of the canonical acceptor and donor
splice dinucleotide signals are a frequent cause
of inherited disease and are usually considered
to be pathogenic. We report on the identification
of a frequent splicing mutation of the DNA repair
gene XRCC4 („X�ray cross�complementing gene
4“) that occurs at polymorphic frequencies in
several populations. The mutation, IVS7�1G>A,
abolishes the conserved acceptor site of the last
intron in the XRCC4 gene and presents with an
allele frequency of about 1 in 10. Transcript
analyses demonstrated the exclusive activation
of a cryptic acceptor site within the last exon in
carriers of the IVS7�1G>A mutation. This aber�
rant splicing gives rise to a shorter XRCC4 pro�
tein isoform that is expressed at wildtype levels
in lymphoid cells from individuals homozygous
for the IVS7�1G>A allele. Because the XRCC4
protein has a central function in non�homolo�
gous end�joining, and deficiency in DNA double
strand break repair is thought to be a hallmark
of breast cancer, we examined the allele and
genotype frequencies of the splicing mutation in
breast cancer patients and in random individu�
als from three distinct populations of German,
Byelorussian and Saudi Arab origin. An excess
of homozygotes for the IVS7�1G>A allele was
found among 500 German breast cancer cases
compared with 400 German random donors
(OR= 4.1, p<0.05). The same tendency was not�
ed in smaller series of Byelorussian breast can�
cer patients (n=136) and Saudi Arab breast can�
cer patients (n=36), yielding a combined crude
odds ratio of OR=2.8 (95% CI 1.1�7.5) for all
three cohorts. In summary, these results identi�
fy IVS7�1G>A as a common XRCC4 splicing mu�
tation in diverse ethnicities and suggest that ho�
mozygosity for this allele could play a role in the
genetic predisposition towards radiation sensi�
tivity and breast cancer.

G
fH

  Ö
G

H
  S

G
M

G
  T

ag
un

gs
b

an
d

 2
00

3 
  

A
b

st
ra

ct
s

294 medgen  15  (2003)



P 006

The CHEK2*1100delC mutation: inherited
breast cancer susceptibility with low
penetrance
Dörk, T. (1), Bremer, M. (2), Karstens, J.H. (2),
Sohn, C. (1)
(1) Clinics of Obstetrics and Gynecology,
Medical School Hannover (2) Department of
Radiation Oncology, Medical School
Hannover
The CHEK2 gene encodes a cell cycle check�
point kinase that modulates the radiation�in�
duced DNA damage response. A frameshift mu�
tation, 1100delC, abolishes the kinase function
and has been proposed in two recent studies to
underlie a substantial fraction of familial breast
cancer (Meijers�Heijboer et al. 2002, Vahteristo
et al. 2002). We have investigated whether this
mutation may account for some proportion of
cases in a large hospital�based series of unse�
lected Lower Saxonian breast cancer patients.
Using a newly established ARMS�based screen�
ing assay, we identified the 1100delC allele in 11
out of 985 breast cancer patients (1.1 %) com�
pared with 1 out of 400 random controls (0.3 %;
crude OR= 4.5, 95% CI 0.7�29.3). The median
age at diagnosis was 67 years in the 1100delC
heterozygotes compared with 58 years in the to�
tal series. None of the 1100delC carriers had bi�
lateral breast cancer. Two of the eleven carriers
reported a first� or second�degree relative with
breast cancer. There were seven cancers of oth�
er sites in the first�degree relatives of the
1100delC carriers. The relatively low proportion
of cancers in close relatives and the late age at
diagnosis in the patients are inconsistent with
the previous postulate of this mutation as caus�
ing Li�Fraumeni syndrome (Bell et al. 1999). In
conclusion, our study corroborates the nature of
the CHEK2*1100delC mutation as a breast can�
cer susceptibility allele in the German population
but the data also indicate that its penetrance is
low.

P 007

Different spectra of somatic mutations in
different NF1 patients � implications for the
search of genetic modifiers of the disease
Eisenbarth, I., Schmegner, C., Wiest, V.,
Assum, G.
Universität Ulm
Neurofibromatosis type 1 (NF1), an autosomal
dominantly inherited disorder, is mainly charac�
terized by the occurrence of multiple dermal
neurofibromas and is caused by mutations in the
NF1 gene, a tumor suppressor gene. The vari�
able expressivity of the disease and the lack of
a genotype/phenotype correlation prevents any
prediction on the patients´ outcome and points
to the action of genetic factors modifying the
severity of the disease. The analysis of somatic
NF1 gene mutations in neurofibromas from NF1
patients revealed that each neurofibroma results
from an individual second hit mutation, a fact
showing that factors which influence somatic
mutation rates can be regarded as potential
modifiers of NF1. Here we present the results of
a mutational screen of numerous neurofibromas
from two NF1 patients, a mother and her daugh�
ter, both severely affected with hundreds of neu�
rofibromas. In 13 of 33 tumors analysed the sec�
ond hit mutation could be detected. Three tu�

mors showed LOH in the NF1 gene region and
ten tumors small mutations. The predominance
of point mutations, small deletions and inser�
tions as second hit mutation demonstrated in
the two patients, together with the results of
studies, which showed LOH as predominant
second hit in neurofibromas of other patients,
provide further evidence that in different patients
different factors may influence the somatic mu�
tation rate and thereby the severity of the dis�
ease. Our findings have a direct impact on the
search strategies for genetic variants modifying
tumorigenesis in NF1 patients because they
suggest a subdivision of the patients according
to their predominant type of second hit muta�
tions prior to further analysis.

P 008

Familial adenomatous polyposis:
Phenotypes in patients with APC splice site
mutations
Friedl, W. (1), Uhlhaas, S. (1), Mangold, E. (1),
Pagenstecher, C. (1), Caspari, R. (2), Propping,
P. (1), Aretz, S. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Bonn (2) Medizinische
Klinik I, Universitätsklinikum Bonn
Familial adenomatous polyposis (FAP) is an au�
tosomal�dominant colorectal cancer predisposi�
tion syndrome caused by germline mutations in
the APC tumour suppressor gene. A consistent
correlation between site of mutations in the APC
gene and clinical phenotype has been reported
in FAP. However, in the case of splice site muta�
tions not only the location within the gene but
also the relative position within the splice site
has to be considered. Among 448 germline mu�
tations detected in 917 unrelated FAP patients
we identified 30 base exchanges in or adjacent
to splice site sequences. While mutations in the
highly conserved positions of the splice sites
(AG/GT) are known to destroy the splice site, the
effect of variations at the less conserved posi�
tions on splicing and on the phenotype are not
well known. Change in splicing efficiency can be
evaluated by use of splice site prediction pro�
grams (e.g.
http://www.fruitfly.org/seq_tools/splice.html) and
experimentally examined by mRNA analysis. For
example, a mutation at the splice donor site of
intron 9 of the APC gene (IVS9+3A>G) detect�
ed in a patient with attenuated FAP results in a
predicted reduction of splicing efficiency from
0.93 to 0.4; by mRNA analysis a partial deletion
of exon 9 was proven. In contrast, the mutation
IVS9+5G>A (in a patient with typical FAP) almost
completely abolishes the splice donor site (to
0.07) and results in a complete deletion of exon
9. We will present another 22 mutations detect�
ed at different positions of the splice sites and
correlate them with the splicing efficiency pre�
dicted by computer programs and the clinical
phenotype. This data will contribute to the
knowledge on genotype�phenotype correlations
in FAP.Supported by the Deutsche Krebshilfe

P 009

Germline Mutations in the von Hippel�
Lindau Tumorsuppressor Gene
Wildhardt, G. (1), Trübenbach, J. (1), Reutzel,
D. (1,2), Zabel, B. (2), Steinberger, D. (1),
Decker, H.J.H. (1)
(1) Center for Humangenetics at the
Bioscientia Institute, Ingelheim (2)
Children´s Hospital, University of Mainz,
Germany
Von Hippel�Lindau disease (VHL) is a tumor sus�
ceptibility syndrome based on germline muta�
tions in the VHL tumor suppressor gene. It is
characterized by a variety of benign and malig�
nant tumors, including renal cell carcinomas,
cerebellar and retinal hemangioblastomas,
pheochromocytomas and other tumors and
cysts.We report on the germline mutations in
two German unrelated VHL families. The whole
coding region of the VHL gene was sequenced.
This sequencing revealed signals appearing as
a homozygous point mutation for one member
of family A. Whether this result is an effect of a
homozygous point mutation or a heterozygous
mutation on one allele accompanied with an  in�
tragenic deletion on the other was tested apply�
ing FISH analysis. FISH with probes for the chro�
mosomal region 3p25�p26 including the VHL
gene showed no loss of allelic signals. Homozy�
gous mutations in the germline have not been
identified so far. As homozygous germline dele�
tion in the mouse model have been proven to be
lethal, further studies are on the way to verify the
homozygous nature of the mutation in the pa�
tient. Family B showed the mutation G810A (pre�
dicted to cause the aminoacid exchange R200Q)
previously described and an additional DNA al�
teration not reported yet: G707C (V166L). So far,
it is not clear whether this is a polymorphism or
whether a compound heterozygosity causes the
disease.

P 010

Identification of genomic rearrangements in
the BRCA1�gene by MLPA� method in cases
of familial breast�cancer
Hartmann, C., Klaes, R., Köhler, R., Janssen,
B., Zschocke, J.
Universität Heidelberg, Institut für
Humangenetik
Large genomic rearrangements in one of the
known breast cancer genes (BRCA1/2) can
cause hereditary breast cancer. So far only time�
consuming and expensive methods such as
Southern Blotting were available for the identifi�
cation of such mutations. We now evaluated a
new PCR�based method, multiplex ligation de�
pendent probe amplification (MLPA), for their de�
tection.MLPA analyses (MRC Holland, Amster�
dam) were carried out on genomic DNA of index
patients from 75 high�risk families. Previous
analyses of BRCA1/2 using dHPLC and se�
quencing had failed to detect disease�causing
mutations. For the quantitative analysis of the
BRCA1 gene, 25 exon�specific probe pairs with
integrated universal primer sequences were ap�
plied in one single probe mix, specifically ligat�
ed and multiplex�amplified with fluorescently la�
belled universal primers. The results were visu�
alised on a DNA sequencer (ABI 3100). To vali�
date the method, two control samples contain�
ing a duplication of exon 13 and a deletion of
exon 22 were included.We found previously de�
scribed deletions of exons 1a�b and 2 in two
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families and of exon 17 in another family. Muta�
tions were confirmed in the two control samples.
Duplications or deletions detectable by the
MLPA method were excluded in the remaining
patients. The recently published MLPA� tech�
nique is a rapid and cost�efficient method for the
detection of genomic rearrangements in heredi�
tary breast cancer. The frequency of such muta�
tions in our high�risk patients studied was lower
(3/75= 4%) than reported in other studies (up to
30%) (Montagna et al., Hum Mol Genet 12,
2003, 1055�1061).

P 011

Impact of endoscopic surveillance and
prophylactic surgery in German Patients
with Familial Adenomatous Polyposis
Aretz, S. (1), Siberg, K. (1), Shamdasani, S. (1),
Uhlhaas, S. (1), Caspari, R. (2), Mangold, E. (1),
Pagenstecher, C. (1), Propping, P. (1), Friedl, W.
(1)
(1) Institut für Humangenetik, Bonn (2)
Medizinische Klinik I, Universität Bonn
Background: Familial adenomatous polyposis
(FAP) is an autosomal�dominant condition char�
acterized by the occurrence of hundreds to
thousands of colorectal adenomas. If adenomas
are left untreated, colorectal cancer (CRC) will
develop in virtually all cases. Endoscopic sur�
veillance and prophylactic surgery have been
shown to improve the outcome of FAP patients
by preventing death due to colorectal cancer. In
Germany, the implementation of the recom�
mended surveillance procedure in FAP patients
and relatives at�risk as well as the impact of the
screening procedures on survival has not been
evaluated systematically so far. Methods: The
presented retrospective study includes patients
with definite or suspected diagnosis of FAP. Clin�
ical data and family history are obtained from a
questionnaire answered by the participants,
completed by medical records and personal
telephone interviews. Results: Until now, 266 pa�
tients from 165 unrelated families were investi�
gated (181 probands, 69 call�up cases, 16 pa�
tients diagnosed by chance). The mean age at
diagnosis in the probands was 34 years (range
4�70) versus 23 years (range 6�51) in the call�up
group. 39 % of the probands had CRC at the
time of diagnosis versus 8 % of the call�up pa�
tients. The stage of CRC was significantly earli�
er in the call�up group (Dukes A: 61 %) than in
the probands (Dukes A: 36 %). The mean age at
colectomy was 35 (range, 7�70) years in the
probands and  27 (range, 7�53) years in the call�
up group. 86 % of call�up cases had undergone
preoperative screening colonoscopies at regular
intervals, 14 % only sporadically. The frequency
of postoperative surveillance (rectoscopy, pou�
choscopy) varied: In 77 % it was performed at
regular intervals, in 9 % sporadically and in 11
% no surveillance took place. Prophylactic duo�
denoscopies were performed in regular intervals
in 52 %; duodenal polyps were detected in 76 %
of these patients. The cumulative colorectal can�
cer risk and the cumulative survival of the pa�
tients without surveillance compared to those
who underwent regular screening examinations
and to the general population will be presented.
Conclusions: Our results indicate that prophy�
lactic screening examinations increase early di�
agnoses and well timed surgery in FAP patients,
leading to an improved prognosis due to preven�
tion of CRC. The screening examinations recom�
mended for FAP have been implemented incom�
pletely until now, although the intensity of pre�

and postoperative surveillance has improved
during recent years.

P 012

Familial Pancreatic Cancer in Germany � An
Update
Sina�Frey, M. (1), Bartsch, D.K. (2), Hahn, S.A.
(3), Gerdes, B. (2), Kress, R. (4), Rieder, H. (1)
(1) Institut für Klinische Genetik, Klinikum
der Philipps�Universität, Marburg (2) Klinik
für Visceral�,Thorax� und Gefäßchirurgie,
Philipps�Universität, Marburg (3)
Knappschafts�Krankenhaus, Ruhr�
Universität Bochum (4) Institut für Biometrie
und Epidemiologie, Philipps�Universität,
Marburg
Pancreatic cancer (PC) is the fifth leading cause
of cancer�related mortality with a very poor
prognosis. More than 90% of pancreas cancers
are ductal adenocarcinomas. Epidemiologically,
cigarette smoking is a well established risk fac�
tor. It is estimated that 3�5% of PC�cases are
caused by a genetic predisposition. An 18 to 53�
fold risk has been reported among first degree
relatives of PC patients in pancreatic cancer
families (FPC). To investigate the inherited com�
ponents in PC we started to enroll families with
FPC and with pancreatic cancer�melanoma syn�
drome (PCMS) in the German Familial Pancreat�
ic Cancer Case Collection (FaPaCa). In a total of
42 families the spectrum of cancers and dis�
eases was analysed. Similar to previous studies
hereditary PC appears to be exceedingly hetero�
geneous, as evidenced by its association with
other diverse cancers. In our collection, a com�
bination of PC and breast cancer (BC) was found
in five (11,9%) families. Up to date, BRCA2
germ�line mutations have been identified in two
out of 14 FPC�families. In both families BC in
addition to PC was present. PC and malignant
melanoma was observed in nine (21,4%) fami�
lies. A CDKN2A germline mutation was found in
2 of 5 PCMS and in none of 31 FPC families.
Both families with CDKN2A mutation did not
show the FAMMM phenotype. In accordance
with previous studies we confirmed the associ�
ation of  a CDKN2A mutation with PCMS. A
fourth family with the joint occurrence of PC and
BCC was identified which provided further evi�
dence of a possible basal cell cancer�pancreas
cancer syndrome. Molecular investigations in the
PTCH gene of these families have been initiat�
ed. In an ongoing study additional PC and
PCMS families will be collected. High risk fami�
ly members including those with germline muta�
tions of the CDKN2A or BRCA2 gene will be of�
fered surveillance programs for early detection
of PC to reduce the mortality of this cancer in
these individuals. Long term observation of high
risk individuals will help to assess the PC risk for
members of PC and PCMS families. Supported
by the Deutsche Krebshilfe, grants 70�2362�Ba2
and 70�2828�Ba3

P 013

Increase of copy number changes with age
at operation in unilateral isolated
retinoblastomas point to different genetic
pathways of tumor progression
Schneider, S. (1), Lohmann, D.R. (2), Herzog, S.
(1), Lieth, E. (1), Rieder, H. (1)
(1) Institut für Klinische Genetik, Klinikum
der Philipps�Universität, Marburg (2) Institut

für Humangenetik, Klinikum der
Gesamthochschule Essen
Retinoblastoma (RB) is the most common in�
traocular tumor in childhood with an incidence
of 1in 18000 live births. Mutational inactivation
or loss of both RB1 alleles on chromosome
13q14 are a prerequisite for development of all
RB, but further genetic alterations are required.
Additional chromosome abnormalities have been
described in RB in cytogenetic and comparative
genomic hybridisation (CGH) studies. However,
their role in progression of RB has not yet been
clarified in detail. To investigate the genetic
pathways of RB progression we studied chromo�
somal imbalances in unilateral isolated RB with
known mutational status at the RB1 gene. A
consecutive series of 60 patients with ages at
operation (AO) ranging from 2�91.7 months (me�
dian 16.6) was analysed. All tumors were of sim�
ilar sizes. CGH analyses was successful in 57/60
patients. In 41 of 57 tumors chromosomal imbal�
ances were found. The average copy number
change (CNC) per abnormal sample was 4.4.
Gains at 6p (23/57), 1q (20/57), and losses at
16/16q (16/57) were most frequently observed
thus confirming previous reports. However, when
CNCs were correlated with age at operation, a
steady increase of CNCs with age was ob�
served. In patients with AO <12 months less
than 2 CNC/tumor were found while patients
with AO >40 months showed more than 2
CNC/tumor. Moreover, gains at 1q and losses at
16/16q were restricted to patients with AO >20
months. Retinal development and retinoblast dif�
ferentiation progress from central (macula) to pe�
ripheral (ora serrata). Thus, in children of
younger ages the proportions of retinoblasts and
of differentiated retinal cells is different from that
in older children. The observed increase of
CNCs in unilateral isolated RB with age may,
therefore, reflect differences in genetic pathways
of tumor progression depending on different dif�
ferentiation stages and/or location. Funded by
the DFG, Ri�1123/1�1

P 014

A severe case of Opitz Trigonocephaly (C)
syndrome
Wehner, L.�E., Bahlmann, J., Zoll, B.
Institut für Humangnetik, Universität
Göttingen
The Opitz trigonocephaly or C syndrome is clin�
ically characterized by trigonocephaly with a
prominent metopic crest and lateral frontal de�
pression, unusual oro�facial features like promi�
nent alveolar ridges, limb defects, visceral
anomalies, and severe psychomotor retarda�
tion.We report on a newborn boy of an unrelat�
ed healthy German couple. Pregnancy was com�
plicated by gestational diabetes and polyhy�
dramnion in the third trimester. Amniocentesis
revealed a normal karyotype, which was eventu�
ally confirmed postnatally. The patient was born
at 38 weeks of gestation by spontaneous vagi�
nal delivery. Clinical examination showed
trigonocephaly, upslanting palpebral fissures, a
broad and flat nasal bridge, anteverted nares,
deep set dysplastic ears, a high arched palate
and thick anterior alveolar ridges. Furthermore,
a short neck,redundant skin, hypoplastic distal
phalanges of the fifth fingers, transverse palmar
creases, right�sided cryptorchism, marked hy�
potonia,  and a low pitched, hoarse voice were
found.Seizures during the first days of life were
treated with Phenobarbital. Echocardiography
showed atrioventricular septum defect while
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brain sonography revealed cerebellar hypopla�
sia and cavum septi pellucidi cysts. The patient
died at the age of nine months inspite of suc�
cessful surgery of the heart defects at the age of
three months.While Opitz trigonocephaly syn�
drome has probably been overreported, we re�
port here a case of trigonocephaly with addition�
al findings typical of Opitz trigonocephaly syn�
drome. We discuss the clinical variability of this
syndrome by comparing this case with reports
in the literature.

P 015

Hyperostosis in two siblings due to a SOST
gene mutation
Siebers�Renelt, U. (1), Kennerknecht, I. (1),
Cleiren, E. (2), Van Hul, W. (2), Horst, J. (1)
(1) Institut für Humangenetik, Universität
Münster (2) Department of Medical
Genetics, University of Antwerp, Belgium
We report on  a 42 year old woman and her 40
year old brother suffering from a rare hyperos�
totic disease. Both have been misdiagnosed as
autosomal dominant Osteopetrosis type II (Al�
bers�Schönberg disease) for a long time. First
symptoms occured at the age of approximately
four years and consisted in a peripheral facial
palsy which at first was unilateral but later in�
volved both sides. Additionally, both sibs devel�
oped  hearing loss due to a mechanical alter�
ation of the nervus acusticus. Residual hearing
capacity is about 50% in the female patient. Her
brother is nearly deaf on one side and shows
only little residual hearing on the other ear al�
though repeated decompression surgery was
performed. Moreover, a progressive thickening
of the cranial bones occured with a predominant
mandibular overgrowth. Until now, there are no
signs of  an increased intracranial pressure.
Teeth were normal in the female and irregular in
shape and position in the male patient. Both pa�
tients never experienced a peripheral bone frac�
ture and no impairment of bone marrow function
is described. No syndactyly, as frequently ob�
served in sclerostosis, is present in both pa�
tients. Concerning family history, no other affect�
ed individuals in the family are known. Two fur�
ther sibs and the daughter of the female patient
are unaffected. The parents are not consan�
guineous and of german origin, although van
Buchem disease has mostly been described in
Dutch patients. The diagnosis of osteopetrosis
type II has been made early in childhood and
has never been questioned. Clinical features
such as very similar clinical course in two sibs
and the lack of any peripheral fractures were in
favour of an autosomal� recessive form of a ge�
netic hyperostotic disease. The most probable
clinical diagnosis was van Buchem disease or
the genetically closely related sclerostosis. Mol�
ecular analysis revealed a homozygous splice
site mutation /IVS1 + 1 G�C) in the SOST gene
in both patients.

P 016

A case of Noonan�like/multiple giant cell
lesion syndrome with a new clinical feature
and without PTPN11 mutation
Neumann, T.E. (1), Musante, L. (2),
Hoeltzenbein, M. (2), Horst, J. (1),
Kennerknecht, I. (1)
(1) Institut für Humangenetik, Westf.
Wilhelms�Universität, D�48149

Münster,Germany (2) Max�Planck�Institut
für Molekulare Genetik, D�14195 Berlin,
Germany
Noonan�like/multiple giant cell lesion syndrome
(OMIM 163955) is a very rare disease with less
than 20 cases published in the literature. It is
characterized by clinical features of Noonan syn�
drome associated with giant cell lesions of bone
and soft tissue. There is obvious clinical overlap
between both syndromes, but it is unclear
whether they are distinct entities or not.We re�
port on a 19 year old female with Noonan�
like/multiple giant cell lesion syndrome with: a
hight of 160 cm (10th. perc.), typical craniofacial
dysmorphism, prominent jaws, webbed neck,
pulmonary valve stenosis, shield chest and pec�
tus excavatum, scoliosis, moderate mental and
hearing impairment. X�ray examinations revealed
multiple cystic lesions of the jaws and of the
phalanges. Histopathologic examination of tis�
sue from a maxilla lesion showed giant cell gran�
uloma. Moreover, she was born with an anal
atresia and recto�vaginal fistula – malformations
not described so far in patients with Noonan�
like/multiple giant cell lesion syndrome.Muta�
tions in the PTPN11 gene are responsible for
about half of the individuals with Noonan syn�
drome. Until today only one family with Noonan�
like/multiple giant cell lesion syndrome has been
analysed and shown to have a PTPN11 muta�
tion. We could exclude this particular mutation
in our patient. DHPLC analysis of the whole cod�
ing sequence of the PTPN11 gene detected no
mutation. Thus, it remains unclear whether Noo�
nan syndrome and Noonan�like/multiple giant
cell lesion syndrome are allelic disorders or not

P 017

In vivo splicing experiments suggest that
specific mutations in NF1 exons 4B, 30 and
37 affect exonic splice enhancers
Wimmer, K. (1), Zatkova, A. (1), Messiaen, L.
(2), Callens, T. (2), Vandenbroucke, I. (2),
Wieser, R. (1), Beiglböck, H. (1), Fonatsch, C.
(1)
(1) Universität Wien (2) Universität Gent
cDNA based mutation detection analysis reveals
that the most common molecular defects in NF1
patients affect mRNA splicing. Among these a
high frequency of unusual splicing defects that
do not affect the consensus splice sites have
been uncovered. Mutations within exonic but
also intronic sequences are found to create nov�
el splice sites. Furthermore, nonsense, missense
as well as silent mutations have been shown to
lead to exon skipping. Several models have
been proposed to explain mutation�associated
exon skipping. The secondary�structure disrup�
tion model applies to pre�mRNA in which local
RNA secondary structure is required to promote
exon inclusion. In the exonic splicing enhancer
(ESE)�disruption model, the mutation disrupts
the recognition motif for an RNA�binding protein
that enhances splicing, such as a serin/argine�
rich (SR�) protein and exon inclusion is no longer
favoured. In a cohort of minor NF1 lesions iden�
tified in the Austrian and the Belgium laboratory
one missense and 3 nonsense mutations were
associated with obvious exon skipping in the pa�
tient samples. Using minigene constructs we
now tested inclusion of the wildtype and mutat�
ed sequences of the three affected NF1 exons in
in vivo splicing assays. Our results confirmed
mutation associated loss of the exons also in
this hybrid minigene context. To test whether the
ESE�disruption model would apply for the NF1

mutations found in our cohort of mutations we
analysed the exonic sequences using two ESE
prediction programs available on the world wide
web, i.e. ESE finder developed by Cartegni L. et
al. and RESCUE�ESE by  Fairbrother WG et al.
These analyses predict that the mutations we
analyzed by in vivo splicing assays destroy SR
protein binding sites. To further ascertain the
splicing enhancer activity of the predicted ESE
sites disrupted by the NF1 mutations we are cur�
rently assessing their ability to rescue splicing of
the splicing enhancer dependent SXN exon 2.
Sofar our results strongly suggests that disrup�
tion of in cis acting exonic splice enhancer sites
are responsible for the nonsense and missense
mutation associated exon skipping observed  in
our NF1 patients.

P 018

Clinical study with valproic acid in SMA
carriers
Haug, K. (1,2), Brichta, L. (1,2), Sun, Y. (1,2),
Stier, S. (3), Klockgether, T. (4), Wirth, B. (1,2)
(1) University of Bonn, Institute of Human
Genetics (2) University of Cologne, Institute
of Human Genetics (3) University of Bonn,
Medizinische Poliklinik (4) University of
Bonn, Department of Neurology
Recently, our research group discovered valproic
acid (VPA) to be able to elevate full�length (FL)
SMN2 RNA andprotein levels in fibroblast cell
cultures from spinal muscular atrophy (SMA) pa�
tients by transcription activation andrestoration
of the correct splicing pattern. Since VPA is an
FDA approved drug, successfully used in long�
timeepilepsy treatment revealing only rare and
mild side effects, this observation opens the re�
alistic chance for a firstSMA therapy. Thus, our
group started a drug treatment study with VPA
in 12 parents of SMA patients. Thoseprobands
possess only one SMN1 copy and 1�3 SMN2
copies (2x 1 copy, 7x 2 copies, 3x three copies).
During theclinical protocol, blood samples of the
probands are taken every 14 days. After isola�
tion of total RNA, real�timePCR analysis is per�
formed to determine FL and truncated SMN RNA
using GAPDH as an internal standard. SMNpro�
tein levels are quantified by flow cytometry
analysis of freshly isolated peripheral blood
mononuclear cells.To achieve base line values of
SMN RNA and protein, the first three blood
analyses will be carried out while theprobands
receive no medication. Then, medication of the
probands is started with 300 mg VPA per day.
Eachweek, the dose is increased by 300 mg up
to the maintenance dose of 1200�1800 mg per
day to reach a bloodlevel of 70�100 µg/ml VPA
(blood level of epilepsy treatment). Blood levels
of FL�SMN / truncated RNA and proteinwill be
measured three times under the maintenance
dose. Values under VPA treatment will be com�
pared withthe respective base line levels. In case
VPA is able to clearly up�regulate FL�SMN RNA
and SMN protein levels in the carriers, a clinical
trial with SMA patients will be performed after�
wards.
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P 019

Altered Ratio of  WT1 Splice Isoforms in
Denys�Drash Syndrome � Stop in Kidney
Development?
Schuhen, S., Royer�Pokora, B., Schumacher,
V.
Universität Düsseldorf, Institut für
Humangenetik und Anthropologie
WT1 encodes a zinc finger transcription factor
that is required for urogenital development. Two
alternative splice sites lead to four isoforms with
different functions, thought to be developmen�
tally regulated. One of them involves the pres�
ence or absence of 17 amino acids encoded by
exon 5 and the other three amino acids (KTS)
between the third and fourth zinc finger.
Germline missense mutations result in Denys�
Drash syndrome (DDS) characterized by a
glomerulopathy, male�to�female intersex disor�
ders and a predisposition to Wilms tumor. The
aim of our study was to investigate whether a
WT1 missense mutation leads to an abnormal
glomerular differentiation as a first step of the
progressive kidney disease.  For this we have
used the ratio of the four WT1 isoforms and the
relative WT1 mRNA amount as a marker for the
glomerular differentiation stage. After microdis�
secting glomeruli from whole kidney sections we
have performed real�time RT�PCR to quantify
the four isoforms in four normal adult kidneys,
two fetal kidneys and four kidneys of DDS pa�
tients. We could found a developmentally in�
crease of the isoform lacking exon 5 but con�
taining KTS (�/+) and a decrease of the isoform
containing exon 5 and KTS (+/+). The changes
were gradually seen between the different
stages in fetal kidneys from 16 weeks and 24
weeks of pregnancy and in adult kidneys. The
relative quantification showed that WT1 is high�
er expressed in adult than in fetal kidneys. Inter�
estingly, kidneys of DDS patients showed a ra�
tio of WT1 isoforms and a relative amount of
WT1 mRNA similar to fetal kidneys. They corre�
sponded to a stage between the 16 and the 24
week of gestation. In conclusion, this demon�
strates that the Denys�Drash syndrome is in part
caused by a failure of a normal glomerular differ�
entiation.

P 020

Tissue�specific expression patterns of the
RAGE receptor and its soluble forms
Schlueter, C. (1), Hauke, S. (1), Flohr, A.M. (1),
Rogalla, P. (2), Bullerdiek, J. (1)
(1) Universität Bremen, Zentrum für
Humangenetik (2) alcedo biotech GmbH
The receptor for advanced glycation end prod�
ucts, RAGE, is known to be causally involved in
a variety of pathophysiological processes, e.g.
immune/inflammatory disorders, Alzheimer dis�
ease, tumors, and abnormalities associated with
diabetes as arteriosclerosis or disordered wound
healing. So far, two human cDNAs have soluble
form lacking the transmembrane domain and the
cytosolic domain. Apparently the latter form rep�
resents a naturally occurring inhibitor of sig�
nalling pathways induced by the membrane�
standing RAGE receptor. In order to perform a
quantitative expression analysis of both RAGE
forms, we designed an RT�PCR experiment al�
lowing the simultaneous amplification of corre�
sponding transcripts. As a first result, we were
able to identify and characterise three novel hu�
man RAGE transcripts all encoding truncated

soluble forms of RAGE designated as sRAGE1,
sRAGE2, and sRAGE3. Including these tran�
scripts into the expression analyses, the ratios
for the full�length RAGE transcript to the sum of
its splice�variants encoding the soluble variants
varied from 0.56 to 1.72 among the tissues test�
ed. Therefore, the pre�messenger�RNA of RAGE
must be subject to extensively regulated alter�
native splicing activated by extracellular cues of
yet unknown cellular signalling pathways. Thus,
as deduced from the occurrence at the RNA lev�
el it can be hypothesized that there is a complex
RAGE regulation network involving isoforms
competing for the binding of ligands.

P 021

In NF1, CFTR, PER3, CARS and SYT7,
alternatively included exons show higher
conservation of surrounding intron
sequences than constitutive exons
Kaufmann, D. (1), Kenner, O. (1), Nürnberg, P.
(2), Vogel, W. (1), Bartelt, B. (1)
(1) Abteilung Humangenetik, Universität Ulm
(2) Gene Mapping Center, MDC, Berlin
It is still not fully understood to what extent in�
tronic sequences contribute to the regulation of
the different forms of alternative splicing. We are
interested in the regulation of alternative cas�
sette exon events as exon inclusion and exon
skipping. We investigated these events by com�
parative genomic analysis of human and mouse
in five experimentally well characterized genes,
NF1, CFTR, PER3, CARS and SYT7. In NF1,
high intron identity around the 52 constitutive
and four alternatively skipped NF1 exons is re�
stricted to the close vicinity of the exons. In con�
trast, we found on average high conservation of
intron sequences over three hundred base pairs
up� and downstream of the five alternatively in�
cluded NF1 exons. The investigation of alterna�
tively included exons in CFTR, PER3, CARS and
SYT7 supported this finding. In contrast, the
mean intron identities around the alternatively
skipped exons in CTFR  and NF1 do not differ
considerably from those around the constitutive
exons. In these genes, the difference in intron
conservation could point to a difference between
the regulation of alternative exon inclusion and
alternative exon skipping or constitutive exon
splicing. Additional genome wide investigations
are necessary to elucidate to what extent our
finding can be generalized.

P 022

Population specific distribution of mutations
in the cystinuria genes SLC3A1 and SLC7A9
Schmidt, Chr. (1), Lahme, S. (2), Vester, U. (3),
Hesse, A. (4), Zerres, K. (1), Eggermann, T. (1)
(1) RWTH Aachen, Humangenetik,
Molekulargenetik (2) Universität Tübingen,
Abteilung für Urologie (3) Universität Essen,
Kinderklinik (4) Universität Bonn, Abteilung
für Experimentelle Urologie
Cystinuria is an inherited disorder of defective
reabsorption of cystine and dibasic amino acids
in the kidney. Excessive urinary cystine results
in the formation of renal cystine stones. The dis�
ease is caused by a defective heterodimeric
amino acid transporter in the renal tubules, en�
coded by the genes SLC3A1 and SLC7A9. Mu�
tations in SLC3A1 are responsible for the fully
recessive Type I cystinuria while mutations in
SLC7A9 are mainly associated with the incom�

plete dominant non�Type I disease. The bio�
chemical classification of both subtypes is rou�
tinely carried out by urinary amino acid excretion
patterns of the obligate heterozygous
parents.Several studies indicate a population
specific distribution of genetic variants in the
genes SLC3A1 and SLC7A9. We therefore eval�
uated the occurrence of specific mutations in a
cohort of 59 cystinuria patients in relation to
their ethnic origin. The patients were screened
for mutations in both genes by SSCP and quan�
titative real�time PCR. Patients originated from
middle, southern and south�eastern Europe. In
total, we could identify mutations in 64.7% of
chromosomes. In the SLC3A1 gene, T216M was
the most frequent mutation in the population of
south�eastern Europe (50%) while it could only
be detected in 12.1% of the total cohort. M467T
was detected in 17.1% of the group of middle
Europe, in the total cohort it accounts for 12.1%
of mutations. The recently identified duplication
from exons 5 to 9 in SLC3A1 could be detected
in 14.3% of chromosomes in middle Europe and
in 8.6% of the total patient cohort, respective�
ly. In the SLC7A9 gene no population specific
distribution of mutations can be observed. Nev�
ertheless, G105R is the most frequent mutation
in SLC7A9 with a frequency of 6.9%.To sum up,
a restricted mutation analysis considering the
patients ethnic origin is useful in routine diag�
nostics and allows the detection of mutations in
almost 80% of patients.

P 023

Genetic variants in Silver�Russell syndrome:
up�date and applications for genetic
diagnosis
Meyer, E. (1), Sharp, A. (2), Wollmann, H.A. (3),
Eggermann, T. (1)
(1) Humangenetik, Aachen (2) Wessex
Cytogenetic Laboratory, Salisbury, UK (3)
Kinderklinik, Tübingen
Silver�Russell syndrome (SRS) describes a uni�
form malformation syndrome characterised by
severe intrauterine and postnatal growth retar�
dation (IUGR/PGR), small triangular face, clin�
odactyly V, relative macrocephaly and other less
constant features. The syndrome is heteroge�
neous and various genetic findings have been
associated with SRS. However, only chromo�
somes 7 and 17 are consistently involved in
SRS. A subset of 7�10% of SRS patients shows
complete or segmental maternal uniparental di�
somy of chromosome 7 (upd (7)mat); additional�
ly, five SRS patients have been described carry�
ing rearrangements in 7p. Thus, a central role of
chromosome 7 in the etiology of SRS can be de�
lineated, while the contribution of chromosome
17 is uncertain. Disease causing mutations in
genes on chromosomes 7 and 17 have not yet
been identified. Nevertheless, the following di�
agnostic procedure should be offered routinely
to elucidate causative genetic factors in SRS:
After exclusion of chromosomal aberrations pa�
tients with the typical clinical signs of SRS (se�
vere IUGR/PGR <P3, triangular face, clinodacty�
ly V, relative macrocephaly, asymmetry), should
be tested for upd (7)mat, using microsatellite
markers localised in the candidate regions 7p12�
p14 and 7q31�qter. To exclude cryptic deletions
or duplications in 7p12�p14 escaping the afore�
mentioned techniques, we now established a
real�time PCR approach based on TaqMan tech�
nology. We thereby quantified the copy number
of GRB10 in 50 SRS patients, a gene in 7p
which has almost been affected by the chromo�
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somal disturbances reported for this region. By
testing DNA of a patient with a duplication in 7p
we could demonstrate the reliability and robust�
ness of this test.

P 024

Analysis of mutations in the epsilon�
sarcoglycan gene in an unselected group of
patients with different subtypes of dystonias
Grundmann, K. (1), Schöls, L. (2), Schulte, T.
(2), Dressler, D. (3), Vollmer�Haase, J. (4),
Bauer, P. (1), Stuhrmann, M. (5), Zimprich, A.
(1), Topka, H. (6), Riess, O. (1)
(1) Universitätsklinik Tübingen 
(2) Universitätsklinik Ruhr, Bochum
(3) Universitätsklinik Rostock 
(4) Universitätsklinik Münster 
(5) Universitätsklinik Hannover 
(6) Akad. Lehrkrankenhaus München�
Bogenhausen
Introduction: Primary dystonias are a clinically
and genetically heterogeneous group of move�
ment disorders. At least 13 different gene loci
are reported for the different subtypes of dysto�
nia, some of them associated with a character�
istic phenotype, however with a widely overlap�
ping spectrum of phenotypic expression. Muta�
tions in the epsilon�sarcoglycan (SGCE) gene
have recently been found to cause myoclonus
dystonia.This term refers to a specific subtype
of dystonia characterized by involuntary jerks
and dystonic movements of variable expression.
Although myoclonus�dystonia is thought to be a
distinct disease entity from idiopathic torsion
dystonia a widely overlapping spectrum of phe�
notypic expression of these dystonia subtypes
is reported. Considerable clinical variation of
SGCE mutation carriers and the variable expres�
sion of myoclonus and dystonia seen in different
myoclonus�dystonia families leads to the sug�
gestion that mutations in the SGCE gene might
be detected also in patients with other subtypes
of dystonias, especially in those involving the
neck (torticollis) or the upper limb (writer´s
cramp).Objective: To evaluate the contribution of
mutations in the SGCE gene in patients with dif�
ferent subtypes of dystonias and to determine
the phenotypic variability we analyzed the cod�
ing sequence of the SGCE gene in an unselect�
ed group of 298 patients of different movement
disorder outpatient clinics using dHPLC (WAVE
DNA Fragment analysis system). This informa�
tion might be helpful for the appropriate appli�
cation of DNA diagnostic testing and for genet�
ic counselling.Results: We could not detect any
mutation in the SGCE gene in this cohort of pa�
tients. However, we were able to detect one
published and three unknown polymorphisms in
Intron 1,3,4 and in Exon 2 (silent mutation), indi�
cating that dHPLC is a highly sensitive and rap�
id way of mutation detection in large cohorts of
patients. Our findings suggests that mutations
in the SGCE gene are only rarely involved patho�
genesis of other subtypes of dystonias and
seems to be associated with a very distinct phe�
notype. Genetic testing for mutations in the
SGCE gene of patients with dystonia as main
symtom is only recommended in cases of asso�
ciation with myoclonic features or psychiatric
symptoms. A positive family history is support�
ive especially if consistent with autosomal�dom�
inant inheritance pattern with incomplete pene�
trance indicating a maternal imprinting mecha�
nism. Genes involved in the aetiology of dysto�
nias remain to be characterized.

P 025

Molecular breakpoint mapping of
constitutional 5q deletions
Ofner, L. (1), Petek, E. (1), Raedle, J. (2),
Windpassinger, C. (1), Wagner, K. (1), Kroisel,
P.M. (1)
(1) Institut für medizinische Biologie, KF�
Universität Graz (2) Universitätskliniken des
Saarlandes, Medizinische Klinik und
Poliklinik
We report on a nine year old female patient with
mild dysmorphic signs as bilateral epicanthal
folds, low�set dysplastic ears, a short nose with
anteverted nostrils, conically shaped fingers, in�
creased subcutaneous fat, multiple fine venous
teleangiecatses on the back, mild pectus exca�
vatum, and a general, muscular hypotonia. Cy�
togenetic analyses and FISH studies including
region�specific YAC clones revealed a de novo
interstitial deletion of the long arm of chromo�
some 5 with the following karyotype: 46,XX.ish
del (5)(q14.3�q23.1)(957h11�,872d11�
,904b1x2,854g6x2). Molecular analyses of 12
polymorphic markers on the long arm of chro�
mosome 5demonstrated that the derivative chro�
mosome 5 is of paternal origin. FISH using re�
gion�specific BAC clones helped to narrow
down the breakpoint regions. Molecular break�
point mapping was also performed on an already
published case with an overlapping deleted
chromosomal segment (Raedle et al., 2001).The
deleted interval has already been considered as
a candidate region for schizophrenia. Due to
several cases of schizophrenia in the family his�
tory of the father a more detailed analysis was
also performed on him. No obvious structural
anomalies could be found.

P 026

Modelling germline mosaicism and
heterogeneous mutation rates in Duchenne
muscular dystrophy
Fischer, C. (1), Krüger, J. (1), Grimm, T. (2)
(1) Institute of Human Genetics Heidelberg
(2) Institute of Human Genetics Würzburg
For Duchenne muscular dystrophy two biologi�
cal phenomena have been recognised as impor�
tant: 1. germline mosaicism and 2. different new
mutation rates in male and female depending on
mutation type. Both principles have been inves�
tigated separately and their influence on risk es�
timation in families has been exemplified in the
literature.The aim of this paper is to present a
general model which allows to include germline
mosaicism an heterogenous mutation rates. Mo�
saicism is introduced by defining additional al�
leles at the disease locus in combination with
segregation rules. We derived the conditions
which have to be fulfilled for a population in mu�
tation selection equilibrium. As a prerequisite for
the use of the presented framework for practical
applications in genetic counselling model pa�
rameters had to be estimated. We use published
empirical data and some simplifying assump�
tions to find admissable solutions for the param�
eters. As consequence it can be directy demon�
stated that the proportion of sporadic cases is
lower than 1/3 in contrast to the classical hy�
pothesis of Haldane for lethal X�chromosomal
diseases incase of germline mosaicism and if
certain relations are true for the different muta�
tion rates.Our approach aims to describe the
model on the population level and not in individ�
ual subjects. This has the great advantage of re�

sulting in tractable algebra. It allows the use of
well known algorithms for calculation of likeli�
hoods in pedigrees.

P 027

Two novel candidate genes for the
neurological features of Wolf�Hirschhorn
syndrome
Pfarr, N. (1,2), Schlickum, S. (2), Richter, S. (2),
Zabel, B. (1), Endele, S. (2), Winterpacht, A. (2)
(1) Universität Mainz, Kinderklinik,
Langenbeckstr. 1, D�55131 Mainz, Germany
(2) Universität Erlangen�Nürnberg, Institut
für Humangenetik, Schwabachanlage 10, D�
91054 Erlangen, Germany 
The Wolf�Hirschhorn syndrome (WHS, MIM
194190) is caused by deletions in chromosome
region 4p16.3 and is thought to be a true con�
tiguous gene syndrome with a yet unknown
number of genes contributing to the phenotype.
Recently, several candidate genes have been
described (WHSC1, WHSC2, LETM1) which are
located in or immediately adjacent to the previ�
ously defined 165 kb WHS critical region 1 (WH�
SCR1). We have now focused our attention on
the identification and functional characterisation
of genes which are involved in the neurological
features (e.g. seizures, learning and motor defi�
ciencies, ADHD) of the syndrome. Besides
LETM1, which has become a strong candidate
for seizures, we identified two further candidate
genes by comparative sequencing and intensive
database analysis (WHSC3, WHSC5). WHSC5
encodes a protein of approximately 300 aa in
human and mouse. The protein most probably
belongs to the superfamily of GCN5 related N�
acetyltransferases (GNAT), showing the highest
homology to members of the camello family of
acetyltransferases. Northern Blot analysis re�
vealed two main transcripts of approximately 3
and 6 kb in brain and testis. Whole mount and
RNA in situ hybridisation in early developmental
stages showed that expression is restricted to
specific regions of the brain (roof of neopallial
cortex and roof of midbrain). WHSC3, the sec�
ond gene, is also expressed in brain and testis.
Here, the expression is restricted to specific
nerve cells (interneurons) in the brain. WHSC3
encodes two short proteins with no significant
homologies to sequences in the databases. We
have evidence that the proteins may be  prohor�
mone or neuropeptide precursors. We generat�
ed and tested peptide antibodies against
WHSC3. On a Western�blot the antibodies de�
tected two distinct bands between 16 and 18
kDa in protein lysate of murine whole brain,
which is in good agreement with the expected
protein sizes. The strong expression of both
genes in fetal and adult brain tissues strongly
suggests an implication in brain development
and/or function. Together with their predicted
functions in cell signaling and/or early develop�
mental processes, they represent excellent can�
didate genes for the neurological features in
Wolf�Hirschhorn syndrome.

P 028

WHSC4 � a novel ncRNA gene in the Wolf�
Hirschhorn syndrome critical region 1
Endele, S. (1), Schlickum, S. (1), Pfarr, N. (2),
Winterpacht, A. (1)
(1) Universität Erlangen�Nürnberg, Institut
für Humangenetik, Schwabachanlage 10, D�
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91054 Erlangen, Germany (2) Universität
Mainz, Kinderklinik, Langenbeckstr. 1, D�
55131 Mainz, Germany 
The Wolf�Hirschhorn syndrome (WHS) is a com�
plex and variable malformation syndrome asso�
ciated with the deletion of the terminal short arm
of one chromosome 4. The WHS critical region
has been confined to 165 kb in chromosomal
subband 4p16.3. Recently, Zollino et al. (2003)
suggested a second critical region (WHSCR2)
immediately distal to WHSCR1. Clinical and cy�
togenetic data indicate that WHS is a contigu�
ous gene syndrome, which means that haploin�
sufficiency of more than one gene in the affect�
ed chromosome region contribute to the pheno�
type. In order to elucidate the etiology and
pathogenesis of this syndrome our studies
aimed at identifying all genes and regulatory re�
gions (in WHSCR1) contributing to the pheno�
type by comparative sequencing, computer as�
sisted analysis, as well as functional studies.
Two known and three novel genes (WHSC1,
WHSC2, LETM1, WHSC3, WHSC5) were identi�
fied in the WHSCR1. In addition, we detected
several EST matches as well as predicted exon
sequences that did not correspond to any of
these transcription units. By extensive RT�PCR
analysis and rapid amplification of cDNA ends
(RACE) as well as Northern blot analysis we
could demonstrate that most of these se�
quences correspond to a single novel gene
(WHSC4) which is expressed in a complex pat�
tern in several tissues. WHSC4 contains repeti�
tive sequences, does not display any significant
open reading frame and therefore most probably
encodes a noncoding (nc) RNA. WHSC4 under�
goes complex alternative splicing, leading to at
least 4 different transcript classes (A�D). RACE
experiments suggested at least 3 different tran�
scriptional start sites and at least 3 different
3´exons. The 5´�end of one of these transcripts
(A) overlaps with exon 1 of WHSC3 on the oppo�
site strand indicating that it might function as an
antisense transcript. Other transcripts (B�D)
span the entire WHSC3 gene and/or overlap with
parts of WHSC2 in sense direction. All proved
exons of WHSC4 together span about 60 kb of
the WHSCR1. The lack of significant open read�
ing frames as well as it’s possible antisense
function suggests a putative regulatory function
of WHSC4. This is currently under further inves�
tigation.

P 029

Melanoma Susceptibility Genes CDKN2A
and CDK4: Lack of Germline Mutations in
German Melanoma Patients
Schmitt, Chr. (1), Klaes, R. (2), Stapelmann, H.
(1), Garbe, C. (1), Meyer, P. (1,3)
(1) Department of Dermatology, University
Hospital, Tuebingen, Germany (2) Institute
of Human Genetics, University of
Heidelberg, Heidelberg, Germany (3)
Genefinder Technologies Ltd., Munich,
Germany
Introduction: Germline mutations in the tumour
suppressor genes CDKN2A and CDK4 play an
important role worldwide in the development of
malignant melanoma, the most serious form of
skin cancer. The association between genetic
variants in CDKN2A and melanoma susceptibil�
ity seems to be especially strong in familial
melanoma cases, here the gene accounts for
about 25% of the cases. Mutations in CDKN2A
are also involved in pancreatic cancer. In order
to shed light on the role of these genes and their

contribution to melanoma disease for the first
time in the German population, we analysed a
group of German melanoma patients for muta�
tions in these two genes. Patients and Methods:
Pedigree analysis of 376 melanoma patients re�
vealed 209 patients who showed to have at least
one first degree relative with any kind of cancer.
Among these patients, we defined three groups:
Familial Melanoma Patients (FM) with at least
one first degree relative suffering from either
melanoma or pancreatic cancer, patients with
multiple primary melanomas (MM) and patients
with none of these two features (FDRc). The av�
erage age of onset among these patients was 52
years. DNA extraction from blood samples was
performed using standard methods, as well as
the DNA amplification by PCR and mutational
analysis by Denaturing High Performance Liquid
Chromatography (DHPLC). Results and Conclu�
sions: No deleterious CDKN2A or CDK4 muta�
tion could be detected among the 209 patients,
not even in patients deriving from families with
many affected members (FM). DHPLC mutation�
al screening revealed some well known polymor�
phisms which most likely do not have any func�
tional significance. Although patient selection
suggested a strong genetic background, the so
far best known melanoma susceptibility gene
CDKN2A does not seem to contribute to
melanoma disposition in this group of German
patients, nor does CDK4. The lack of mutations
even in familial melanoma patients questions the
definition of familial cases. It might be necessary
to define this group on the basis of stricter clin�
ical features. This could mean taking patients
having either more affected relatives or relatives
with earlier age of onset. However, the search for
other genes involved in melanoma susceptibili�
ty has to go on, as the genetic influence still
seems to be obvious.

P 030

FISH�detection of 15q microdeletions in
patients with clinically suspected Prader�
Willi syndrome
Polityko, A. D., Pisarik, I.V., Khurs, O.M;
Rumyantseva, N.V., Naumchik, I.V., Kulak, V.D.,
Nehai, N.A., Drozdowskaja, N.A.
Institute for Hereditary Diseaeses, Dept. of
Cytogenetics, Minsk, Belarus
Prader�Willi syndrome (PWS) is a genetically de�
termined disorder (occurrence 1:10,000�25,000
live�born infants) in which the absence of ex�
pression of one or more maternally imprinted
genes in the chromosomal region 15q11�13 re�
sults in a range of mental and physical symp�
toms: short stature, muscular hypotonia, exces�
sive appetite with progressive obesity, hypogo�
nadism, mental retardation, behavioral abnor�
malities, sleep disturbances, dysmorphic facial
appearance and other findings. Paternally de�
rived 15q microdeletion (approximately 4 Mb in
size) is in about 70% of cases, maternal disomy
15 is in 25% of patients, imprinting mutation is
in 2�5% and translocations are in 1% of cases.
Patients: In Republic Genetic Center database
there were several patients with clinically diag�
nosed PWS. The karyotypes were examined us�
ing GTG�banding (550�800 bands resolution), in
one case the visible deletion 15q 11�13 was de�
tected. We report the results of the first in Be�
larus molecular cytogenetic detection of dele�
tions in these suspected for PWS patients.
Method: Peripheral blood lymphocyte culturing
and preparation were performed according to
standard technique. FISH analysis was carried

out using LSI Prader�Willi/Angelman region
D15S10 (LSID15S10 SpectrumOrange/CEP 15
D15Z1 SpectrumGreen/PML SpectrumOrange)
and LSI Prader�Willi/Angelman region SNRPN
(LSI SNRPN SpectrumOrange/CEP 15 D15Z1
SpectrumGreen/PML SpectrumOrange) probes
(Vysis). In situ hybridization was performed in
details as described at http://www.vysis.com.
Results: FISH analysis has revealed the deletion
of chromosome 15 critical region in 2 out of 7
PWS suspected patients; that is 28,6%. Conclu�
sion: FISH diagnostics of PWS microdeletion is
the effective method and it is the first step in
molecular testing of other mechanisms of PWS
molecular defects.Work was supported by CAT�
ALOGUE CO LTD, and CHERNOBYL FOUNDA�
TION OF THE MOTHER AND CHILD (Japan)

P 031

Genetic diagnostics: Opinions of
counsellees, professionals, and members of
lay organizations
Kreuz, F.,
Institut für Klinische Genetik, Medizinische
Fakultät CG Carus, TU Dresden,Genetische
Beratungsstelle 
Objective: To obtain the opinions of various
groups about problems in connection with the
application of modern genetic diagnostics.Back�
ground: Because of the recent deciphering of
the whole human genome, possibilities for the
investigation of gene mutations responsible for
monogenetic diseases or for the predisposition
to polygenetic diseases are rapidly expanding.
However, possible cures for genetic diseases are
still lacking. Physicians, insurance companies
and employers are interested in using genetic di�
agnostics and the results thus obtained. To date,
there are no guidelines or laws regarding the
way in which genetic diagnostics should be han�
dled. In Germany, the National Ethics Council
has published statements with respect to pre�
implantation genetic diagnostics (PGD) and the
importing of embryonic stem cells. Recently, the
CDU/CSU grouping in the German Federal Par�
liament has discussed a draft bill covering as�
pects of genetic diagnostics.Design/Methods: A
multiple choice questionnaire consisting of 10
questions was prepared. To every question there
were three possible answers. The questionnaire
was sent to at least 9 different groups: coun�
sellees and accompanying persons, medical stu�
dents, technical students, members of lay or�
ganizations for genetic diseases, student mid�
wives and student occupational physicians. Be�
cause the study will only be completed by the
end of this year, preliminary aspects will be pre�
sented.Results: There is nearly complete agree�
ment in all groups that every person has to de�
cide for himself/herself whether to take predic�
tive genetic analysis. Opinions regarding to
whom the results of genetic analysis should be
made available are different in the various
groups. About two thirds to three quarters of the
medical students, accompanying persons, and
student midwives agree that results should be
available for insurance companies and employ�
ers with the person’s consent. Most of the mem�
bers of the lay organization agree with the opin�
ion that results of genetic analysis should nev�
er be available for insurance companies or em�
ployers. Only a few persons in all groups think
that PGD should be forbidden. There is a equi�
librium between the opinions that PGD should
only be carried out for couples who request this
method and the opinion that PGD should only be
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performed for couples with an increased risk for
a handicapped child. Most of the persons agree
with the opinion that a healthy child should only
be diagnosed when a genetic disease can be
protected. There is strong agreement in all
groups with the opinion that genetic diagnosis
should only be carried out within the framework
of genetic counselling after informed
consent.Conclusions: As expected, there are dif�
ferent opinions in the different groups. Persons
with (a risk of) genetic diseases and their part�
ners are more restrictive with respect to the use
of the results of genetic diagnosis. However, in
all groups there is strong agreement that pre�
and postnatal genetic analysis should only be
applied after comprehensive information is made
available to the respective parties.

P 032

Two siblings with ICF syndrome: clinical and
cytogenetical follow�up studies
Rumyantseva, N. (1), Polityko, A. (1, 2);
Naumchik, I. (1), Pisarik, I. (1), Khurs, O. (1),
Asadchuk, T. (1), Yutskevich, R. (2)
(1) Institute for Hereditary Diseases 
(2) Byelorussian Center of Pediatric
Hematology
ICF syndrome is a rare disorder characterized by
growth delay,  immunodeficiency, craniofacial
anomalies, high predisposition to malignancies
and chromosomal instability presenting specific
centromeric heterochromatin  phenomen of au�
tosomes. Mutations in the DNMT3B are respon�
sible for ICF  syndrome. Currently autosomal re�
cessive inheritence is suggested. We report  on
clinical and cytogenetical data of two sisters,
now 7 and 3 years old, affected from birth, that
were examined in dynamics.Family history: Un�
related young parents were healthy. G1 � spon�
taneous abortion, G2 � case 1 (proposita �
BW=2200g, BL=45cm, OFC=31.5cm), G3 � case
2 (affected sister � BW=1900g, BL=43cm,
OFC=31cm).  The course of full�term  pregnan�
cies and labors were unremarkable. Half�sister
(a child of father`s first marriage) was
healthy.Phenotype: Patients showed pre� and
postnatal severe growth delay (case1 at the age
of 6 years had W=13kg, L=110cm, OFC=46,5cm
and case 2 being 1 year old had W=6kg,
L=62cm, OFC=42cm), mild mental retardation,
recurrent respiratory infections, immunodeficien�
cy, anemia. Craniofacial features displayed mi�
crocephaly, „bird`s“ appearance, hypertelorism,
low�set ears, epicanthal folds, arched palate, mi�
croretrognathia, eye`s abnormalities (case 1 �
strabismus, myopia; case 2 � hypermetropic
astigmatism), chest deformation, arachnodacty�
ly,  plano�valgus feet. Renal and brain defects
were not found during ultrasound examination.
Additionally the proposita had cardiomyopathia
developing since 2 years old, anemia, trombo�
cytopenia since 4 years old, leukemia since 6
years old. Karyotypes (G�banding), biochemical
screening for metabolic diseases were normal in
both cases.Cytogenetics: We studied the cyto�
genetic status for spontaneous chromosome in�
stability of sibs during two years (2001�2002) us�
ing 48, 72 and 96 h blood lymphocyte cultures
(GTG banding, about 600 metaphases were
scored). The frequency of aberrant metaphases
increased with time from 15%  to 33%. We ob�
served: chromatide and chromosome deletions,
dicentric and ring chromosomes, reciprocal and
nonreciprocal translocations, markers, addition�
al chromosomes. The specific for ICF syndrome
rearrangements, such as chromatide and chro�

mosome breaks in pericentromeric region,
isochromosomes, triradial configurations and
destroyed triradial figures, interchanges between
pericentromeric chromosomal regions, fragmen�
tation and despiralization of the chromatin have
been found only recently. Chromosomes 1 and
2 were most unstable in our patients; 10,3%
metaphases had aberrant chromosome 1, and
7,1% cells included aberrant chromosome 2. We
have studied the bone marrow of proposita
when she showed a first signs of leukemia. Cy�
togenetical abnormalities of different types were
detected.  Conclusion: We believe that  all pa�
tients clinically suspected for ICF syndrome
should be investigatedfor chromosomal instabil�
ity signs in dynamics.

P 033

Maternal Uniparental Disomy 16: New case
and survey of published cases
Eggermann, Th. (1), Owen, C. (2), Roberts, S.
(2), Hughes, E. (2), Zerres, K. (1)
(1) Institut für Humangenetik, Aachen (2)
Dept. of Medical Genetics, Gogledd
Orllewin, Bangor, UK
Uniparental disomy (upd) is the occurrence of
both homologue chromosomes from only one
parent. Upd (16)mat is the most often reported
upd; almost all cases are associated with con�
fined placental mosaicism (CPM). Only few upd
(16)mat cases are clinically normal, whereas
most presented with intrauterine growth retarda�
tion (IUGR) in addition to different congenital
malformations. Upd (16)mat has therefore been
suspected to have clinical effects; however the
lack of specificity of the birth defects observed
suggests that the phenotype may be related at
least in parts to placental insufficiency. We re�
port on a new case of upd (16)mat associated
with low level trisomy 16 mosaicism in placen�
ta and fetus. At 19th gestational week intrauter�
ine growth retardation (IUGR) was noted, the fe�
tus died in utero. Apart from mild cranifacial dys�
morphisms, he showed anal atresia. While IUGR
is probably associated with trisomy 16 mo�
saicism, anal atresia is a feature previously de�
scribed only in upd (16)mat. Considering the
data in our patient as well as those in upd
(16)mat cases from the literature, the following
indications for upd (16) testing can be defined:
they include trisomy 16 mosaicism, IUGR in ad�
dition to congenital anomalies (anal atresia, con�
genital heart defects). However, there is an over�
lap of clinical signs in mosaic trisomy 16 cases
with upd (16)mat and in those with biparental di�
somy 16. Therefore, the management of trisomy
16 pregnancies should not differ from those in
which upd (16)mat is confirmed. A prenatal test�
ing for upd (16)mat is not useful, but it should be
offered postnatally.

P 034

Prenatal diagnosis of a duplication in
22q11.21 led to the identification of a
trisomy 22q11.21 in three generations
without clinical findings
Kuechler, A. (1, 2 ); Starke, H. (1), Mrasek, K.
(1), Ziegler, M. (1), Kelbova, C. (3), Kuepferling,
P. (3), Claussen, U. (1), Liehr, T. (1)
(1) Institut für Humangenetik und
Anthropologie Jena (2) Klinik f. Radiologie,
Abteilung Radiotherapie Jena (3) Praxis für
Humangenetik, Cottbus

We report on a family with a duplication in chro�
mosome 22p11.2�22q11.21 without apparent
phenotype. The duplication was initially detect�
ed in the fetus of a 20 year old woman referred
for amniocentesis. Karyotypic analysis of the fa�
ther and the grandmother showed a morpholog�
ically altered chromosome 22, as well. Accord�
ing to GTG�banding no clear conclusion could
be drawn about the type of rearrangement. Us�
ing the recently described subcenM�FISH probe
set [Starke et al., Med Genetik 2002, 14:262] the
derivative chromosome 22 showed two specific
signals for the centromeric probe D22Z4, for a
centromere�near BAC bK115F6 in 22q11.21 and
for the probe midi54, which is specific for all
acrocentric p�arms. To exclude an involvement
of the CATCH22�critical region a corresponding
probe was applied – only one specific signal on
each chromosome 22 was detected. Thus, the
dicentric chromosome 22 can be described as
dic (22)dup (p11.2q11.21). The here described
partial trisomy of the centromere�near region
22q11.21 is the first reported case without any
clinical signs (for review of genomic disorders on
22q11 see McDermid and Morrow, Am J Hum
Genet 2002, 70:1077�1088). Further molecular
and molecular cytogenetic characterization of
this case may help to further narrow down
CATCH22� and/or cat eye syndrome� critical re�
gions. Supported by the Dr. Robert Pfleger�
Stiftung and the EU (ICA2�CT�2000�10012).

P 035

Small supernumerary marker chromosomes
(SMC): genotype�phenotype correlation and
classification
Liehr, T. (1), Starke, H. (1), Nietzel, A. (1),
Weise, A. (1), Heller, A. (1), Mrasek, K. (1),
Kuechler, A. (1/2); Claussen, U. (1), von
Eggeling, F. (1)
(1) Institut für Humangenetik und
Anthropologie Jena (2) Klinik für Radiologie,
Abteilung Radiotherapie
Small supernumerary marker chromosomes
(SMC) are present in about 0.05% of the human
population. In about 30% of SMC carriers (ex�
cluding the ~60% SMC derived from one of the
acrocentric chromosomes) an abnormal pheno�
type is observed. Clinical outcome of an SMC is
difficult to predict as they can have different
phenotypic consequences due to (i) differences
in its euchromatic DNA�content, (ii) different de�
grees of mosaicism, and/or (iii) uniparental dis�
omy (UPD) of the SMC’s homologous chromo�
somes. Here we present data from 35 SMC,
which are derived from all human chromosomes,
apart from chromosome 6, as demonstrated by
the appropriate molecular cytogenetic ap�
proaches, such as centromere specific multicol�
or FISH (cenM�FISH), multicolor banding (MCB)
and subcentromere specific multicolor FISH
(subcenM�FISH). In nine cases without an aber�
rant phenotype neither partial proximal trisomies
nor UPD could be detected. Abnormal clinical
findings like psychomotoric retardation and/or
craniofascial dysmorphisms were associated
with seven of the cases where subcentromeric
single copy probes were proven to be present in
three copies. Conversely, in eight cases with
normal phenotype proximal euchromatic mate�
rial was detected as partial trisomy. UPD was
studied in twelve and subsequently detected in
two of the cases with SMC (partial UPD 4p and
maternal UPD 22 in a der (22)�syndrome pa�
tient), indicating SMC carriers to have an en�
hanced risk for UPD. At present small proximal
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trisomies of 1p, 1q, 2p, 6p, 6q, 7q, 9p and 12q
lead to clinical manifestations, while partial prox�
imal trisomies of 2q, 3p, 3q, 5q, 7p, 8p, 17p and
18p may not be associated with significant clin�
ical symptoms. With respect to the clinical out�
come a classification of SMC is proposed which
considers the present state of moleculargenetic
and molecular cytogenetic characteristics. Sup�
ported by the Dr. Robert Pfleger�Stiftung.

P 036

Enlarged chromosome 13 p�arm hiding a
cryptic partial trisomy 6p22.2�pter
Steinhäuser, U. (1), Starke, H. (1), Trifonov, V.
(1/2); Seidel, J. (3), Beensen, V. (1), Heller, A.
(1), Claussen, U. (1), Liehr, T. (1)
(1) Institut für Humangenetik und
Anthropologie Jena (2) Institut für Cytologie
und Genetik Novosibirsk, Russland (3)
Kinderklinik Jena
Here we report on a 2 years old male child with
developmental delay, short stature, blepharophi�
mosis, clinodactyly, hypolastic philtrum, abnor�
mal ears and microcephaly. Banding�analysis re�
vealed a normal karyotype apart from an en�
larged short arm of one chromosome 13. Rather
than NOR� and CBG�staining, we applied the
so�called acro�cenM�FISH probeset containing
a probe specific for the acrocentric human p�
arms, a NOR�specific probe, a probe for Yq12,
and all available centromere specific probes for
the human acrocentrics. The results allowed to
exclude that the enlargement on the suspect
chromosome was due to a centromere or p�arm�
polymorphism, an enhanced NOR�region or
Yq12�derived additional material. As M�FISH
was unable to resolve the nature of the re�
arrangement, the case was studied by glass
needle based microdissection and reverse paint�
ing. As a result, the region p22.2�pter on both
homologous chromosomes 6 was painted with
the microdissection�derived probe. The pres�
ence of a partial trisomy 6p was proven by mul�
ticolor banding, too. In the present case a
parental origin of the rearrangement could not
be excluded, as the child was adopted and par�
ents remained unknown. The literature revealed
that the symptoms of the present patient are in
high concordance with those reported for three
similar cases with trisomy 6p22or23�pter. In
summary, every abnormally large acrocentric
short arm marker should be studied in detail by
different molecular cytogenetics methods. It
must be kept in mind, that M�FISH alone may
not always be reliable a method to detect
translocations at the end of acrocentric p�arms.
Supported in parts by the DFG�436RUS17/
40/00�RUS17/49/02

P 037

Highly complex rearrangement between
chromosomes 3, 4, 7, 9 and 17 in a healthy
female characterized by M�FISH and
multicolor banding (MCB)
Ziegler, M. (1), Blank, C. (2), Rommel, B. (2),
Bullerdieck, J. (2), Ahrens, J. (3), Claussen, U.
(1), Liehr, T. (1), Kuechler, A. (1/4)
(1) Institut für Humangenetik und
Anthropologie Jena (2) Zentrum für
Humangenetik, Bremen (3) Praxis für
Gynäkologie, Westoverledingen (4) Klinik für
Radiologie, Abteilung Radiotherapie

Complex chromosomal rearrangements are – ac�
cording to the literature � constitutional structur�
al rearrangements involving three or more chro�
mosomes or having more than two breakpoints
We report on a case of a de novo complex chro�
mosomal rearrangement between 5 chromo�
somes found in a clinically healthy woman. The
only indication for chromosome analysis was a
planned ICSI; internal and external genitals,
ovaries and hormone status were normal. Con�
ventional cytogenetic analysis showed a re�
arrangement between chromosomes #3, #4, #7,
#9, and #17 whereas karyotype analysis of the
parents showed no cytogenetic abnormalities.
Application of M�FISH indicated the following
aberrations: del (3), der (4)t (17;4;7), der (7)t (3;7),
der (9)t (4;9), der (17)t (9;17). To concretize from
which chromosomal arm the translocated mate�
rial was derived, arm�specific probes were used
where necessary and revealed that the deriva�
tive chromosome 3 had no simple deletion but
contained a subtle translocation of material of
chromosome 4. In the next step, multicolor
banding (MCB) was applied to further character�
ize the exact breakpoints and to define the ori�
entation of the involved chromosomal material.
By this detailed analysis, the karyotype could be
established as follows: .ish 46,XX,der (3)t
(3;4)(3pter—>3q22::4q34or35—>4qter),der (4)t
(17;4;7)(17pter—>17p12or13::4p14—>4q34or
35::7p12or13—>7pter),der (7)t (3;7)(3qter—
>3q22::7p12or13—>7qter),der (9)t (4;9)(4pter—
>4p14::9q13—>9pter),der (17)t (9;17)(9qter—
>9q13::17p12or13—>17qter). The rearrange�
ment consisted of altogether 6 breaks and
seemed to be balanced on molecular�cytogenet�
ic level. Although the MCB�technique allows to
determine exactly the breakpoints, submicro�
scopic deletions or duplications close to the
breakpoints cannot be excluded. There are only
very few cases reported with such a complex
chromosomal rearrangement involving 5 chro�
mosomes without clinical signs. As such cases
are detected only by chance during course of
ICSI the frequency of them in the population still
remains unknown. Supported in parts by the
DFG (436 RUS 17/49/02).

P 038

Molecular genetic proven Andermann
syndrome in Turkish brothers – a clinical
report
Lemcke, B., Horst, J.
Institut für Humangenetik des
Universitätsklinikums Münster
We report on Turkish brothers with molecular ge�
netic proven agenesis of the corpus callosum
(ACCPN), also called Andermann syndrome. This
disorder is characterized by complete or partial
agenesis of the corpus callosum, severe and
progressive sensorimotor neuropathy, mental re�
tardation, muscular hypotonia, delay of motor
development and mild dysmorphic features.
Loss of  physical and mental abilities is typical.
Most of the patients have seizures, many devel�
op psychosis. The Andermann syndrome is pre�
dominantly observed in two regions of the
province of Quebec. The boys were born after
uneventful pregnancies and spontaneously de�
livered at term with  normal body measurements.
The parents are second degree cousins. The
elder brother showed a developmental delay and
muscular hypotonia and hyporeflexia at the age
of three months.  Furtheron a nystagmus and a
scoliosis were observed. Sonographically a cor�
pus callosum was not seen at the age of 4

months and this was confirmed at the age of 22
months by computertomography and magnetic
resonance imaging. The EEG examinations re�
vealed  disposition to epilepsy with sharp�wave
foci, but up to now seizures did not occur. Sen�
soric as well as motor nerve conduction veloci�
ties could be measured as too slow and with too
low amplitude (33 months of age). The myogra�
phy showed complex and polyphase fascicula�
tion potentials. He learned to speak single words
and to walk with 3�4 years. The younger boy
showed a similar but slightly worse course.Al�
though rare outside Quebec Andermann syn�
drome should be kept in mind in cases of slight�
ly dysmorphic children with neuromuscular
symptoms.

P 039

Frequency of Nijmegen breakage syndrome
(NBS) and prevalence of the founder
mutation 657del5 in Slovakia
Seemanová, E. (1), Pohanka, V. (2), Seeman, P.
(3), Misovicová, N. (4), Behunová, J. (5),
Kvasnicová, M. (6), Veghová, E. (7), Cisarik, F.
(8), Sperling, K. (9), Varon, R. (9)
(1) Dept. of Clinical Genetics, Institute for
Biology and Medical Genetics, 2nd Medical
School of Charles University Prague, Czech
Republic (2) Srobar´s Institute for
Respiratory Diseases, Dolny Smokovec,
Slovak Republic (3) Dept. of Pediatric
Neurology, 2nd Medical School of Charles
University Prague, Czech Republic (4) Dept.
of Medical Genetics, University Martin,
Slovak Republic (5) Dept. of Pediatrics,
University Košice, Slovak Republic (6) Dept.
of Medical Genetics Hospital Banská
Bystrica, Slovak Republic (7) Dept. of
Medical Genetics, University Bratislava,
Slovak Republic (8) Dept. of Medical
Genetics, Hospital Žilina, Slovak Republic
(9) Institute of Human Genetics, Humboldt
University Berlin, Germany; 
Introduction: Nijmegen breakage syndrome, an
autosomal recessive chromosomal instability
disorder, is clinically characterised by congeni�
tal microcephaly, facial dysmorphy, growth retar�
dation with prenatal onset, immunodeficicency,
and a highly increased risk for lymphoreticular
malignancy (1). Cells from NBS patients are hy�
persensitive to ionising radiation. The gene
product, nibrin, is a member of the hMRE11/
RAD50 protein complex involved in DNA double�
strand break repair and recombination (2). The
majority of NBS patients ate of Slav origin and
carry the same founder mutation, 657del5, in
exon 6 of NBS1 gene. Varon et al.(3) studied the
carrier frequency of the 657del5 mutation in
newborn of polish, czech and Ukrainian extrac�
tion and found a high prevalence of heterozy�
gotes ( 1/177). The prevalenece in the Czech Re�
public was 1/154. Based on this, the calculated
number of NBS homozygotes was 1/95000 live�
births. The observed number, however, was sig�
nificantly lower ( 1/271000). The most likely ex�
planation for this discrepancy was underdiagno�
sis. To our surprise the absolute number of ho�
mozygotes diagnosed in Slovakia was highee
than in the Czech Republic though the size of
the population is only half of it. This prompted
us to perform a systematic screen  for NBS ho�
mozygotes in Slovakia and to estimatethe pop�
ulation frequency of the 657del5 founder muta�
tion. Quite unexpectedly, we found a low fre�
quency of gene carriers and a much higher than
expected number of NBS homozygotes.Materi�
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al and Methods: We analysed a total of 2499
randomly selected anonymous Guthrie cards
drawn from newborn screening tests. The new�
borns were born in 2001 and 2002 in 15 mater�
nity houses of Slovakia. All samples were
analysed for the 657del5 mutation by PCR�sin�
gle strand conformation polymorphism ( PCR�
SSCP) analysis as describe before.The close
collaboration with pediatricians and clinical ge�
neticists of Slovakia allowed us to investigate
DNA samples of  19 children and adolescents
born in the period between 1983�2002 with con�
genital microcephaly of unknown aetiology. All
samples were analysed for 657del5 mutation by
direct sequencing.Results: The diagnosis of NBS
was confirmed by DNA analysis in 13 patients
from 10 families. Three families had two affect�
ed children. During the period between 1983 and
2002 11 patients from 8 families were born
among 1,200.000 recorded live births, the preva�
lence of NBS among newborn can be rougly cal�
culated as 1/110000. Based on the Hardy�Wein�
berg law and the above cited incidence of NBS
patients the carrier frequency can be formally
estimated to 1/150. To our surprise, we found
only 2 NBS heterozygotes of the 657del5 muta�
tion in 2499 Guthri cards, giving a carriers preva�
lence of 1/1250 for the Slovak newborn popula�
tion. This frequency is much lower than expect�
ed.

P 040

A new proximal interstitial deletion of
chromosome 4q,del (4)(13.2q21.22): 
Case report and characterisation of the
phenotype
Eggermann, K., Bergmann, C., Heil, I., Zerres,
K., Schüler, H.M.
Institut für Humangenetik,
Universitätsklinikum der RWTH Aachen
Deletions of the proximal portion of chromosome
4q are rare cytogenetic findings. While distal in�
terstitial and terminal deletions associated with
the loss of bands (4)(q31q33) result in a charac�
teristic and well�defined phenotype, in cases
with more proximal 4q deletions a distinct phe�
notype remains difficult to define. Even in pa�
tients sharing similar breakpoints phenotypes
may vary significantly. We report a four�year�old
girl with a proximal interstitial deletion of chro�
mosome 4 resulting in a karyotype 46,XX,del
(4)(pter�q13.2::q21.22�qter). To the best of our
knowledge, a deletion with exactly the same
breakpoints has not been described previously.
The girl presented with severe psychomotor re�
tardation, moderate growth retardation (3rd cen�
tile), relative macrocephaly, mild frontal bossing,
low�set ears, a left�sided pre�auricular tag, thin
upper lip, high arched palate, short fingers and
toes, and low�set thumbs. MRI showed mild hy�
poplasia of corpus callosum and several
periventricular lacunar lesions. In the neonatal
period, feeding problems were present. Interest�
ingly, at the age of 3.5 years, she had a single
episode of lactic acidosis and hypo� and hyper�
glycemia with glycosuria. Diabetes mellitus was
excluded. Comparing the phenotype with that of
previously reported patients with overlapping
deletions shows some common features but
there is no recognisable pattern of dysmor�
phism. In particular, in contrast to our case no
similar disturbances of carbohydrate metabolism
have been observed so far. In addition to our cy�
togenetic and clinical findings, we present re�
sults of molecular and molecular cytogenetic in�
vestigations in the patient.

P 041

Robinow Syndrome and renal abnormalities
� a familial case
Naumchik, I., Rumyantseva, N., Novikova, I.,
Savenko, L.
Institute for Hereditare Diseases, Minsk
Robinow syndrome is a rare disorder character�
ized by mesomelic shortening, typical facial ap�
pearance („fetal face“) and hypoplastic genitalia.
The original report of Robinow et al. (1969) doc�
umented an autosomal dominant mode of inher�
itance, but heterogeneity was recognized. The
recessive form of Robinow syndrome (RRS; MIM
286310) has a high incidence of spinal segmen�
tation defects such and ribs fusion, which are
not seen in the dominant form. The gene of re�
cessive form was identified as the ROR2 gene
on chromosome 9q22. The same gene is mutat�
ed in autosomal dominant brachydactyly type B.
We report a 12 years old girl with classical RRS.
She is a first child of healthy consanguineous
parents. The limb shortening was detected by
ultrasonography  at 28 weeks of gestation. At
birth severe mesomelic shortening, macro�
cephaly, characteristic face with hypertelorism,
prominent eyes, frontal bossing and alveolar hy�
perplasia  were noted. An X�ray detected tho�
racic hemivertebrae and ribs fusion. Reexamina�
tion at the age of 12 year showed mild mental
retardation, short stature, scoliosis, mesomelia,
brachydactyly with absent interphalangeal
creases and hypoplastic nails, macrocephaly,
midface hypoplasia with depressed nasal bridge,
high palate, irregular teeth. Ultrasonography de�
tected left incomplete renal duplication. Kary�
otype was 46,XX. The second pregnancy was
medically terminated because of ultrasono�
graphic detection of polycystic kidneys. The fe�
male fetus aged 22 weeks had enlarged kidneys
with medullary cysts and some features typical
for RRS: marked hypertelorism, short nose with
flat nasal bridge, short neck, hypoplastic labia
minora and clitor. But the length of limbs was
normal for gestational age. Karyotype was 46,
XX. The renal examination of the father revealed
mild enlarged polycystic kidneys without func�
tional abnormality. His two younger sisters also
have polycystic kidneys. It is not clear whether
renal abnormalities in both cases are RRS symp�
toms or accidental combination of RRS with
ADPK inherited from father. The other question
is time of limb shortening detection during preg�
nancy as an ultrasonographic marker of RRS.
The clinical findings in our patients are com�
pared to the data mentioned in the literature.

P 042

First Non�Mosaic Case of
Isopseudodicentric Chromosome 18 (psu
idic (18)(pter�>q22.1::q22.1�>pter) is
associated with Multiple Congenital
Anomalies Reminiscent of Trisomy 18 and
18q� Syndrome
Meins, M. (1), Böhm, D. (1), Großmann, A. (2),
Herting, E. (2), Fleckenstein, B. (3), Fauth, C.
(4,5), Speicher, M.R. (4), Schindler, R. (1), Zoll,
B. (1), Bartels, I. (1), Burfeind, P. (1), 
(1) Institute of Human Genetics, University
of Göttingen (2) Department of Pediatrics,
University of Göttingen (3) Department of
Obstetrics and Gynecology, University of
Göttingen (4) Institute of Human Genetics,

Technical University München and GSF,
Neuherberg (5) present address: Institute of
Human Genetics, University of Innsbruck
Cytogenetic abnormalities affecting chromo�
some 18 are relatively common, and character�
istic diagnostic patterns have been described for
both trisomy 18 and for the terminal deletion
syndromes of 18p and 18q. In contrast, isodi�
centric or isopseudodicentric chromosome 18 is
a rare cytogenetic aberration, which results in a
combination of partial trisomy and partial mono�
somy of chromosome 18. Only few cases of an
isopseudodicentric chromosome 18 with partial
deletion of 18q have been published, and all
these cases were mosaic. We describe here a
hypotrophic newborn with a lateral cleft lip and
palate and multiple craniofacial dysmorphisms,
a combined heart defect, unilateral hypoplasia
of the kidney, bilateral aplasia of thumbs, and
generalized contractures. Cytogenetic analysis
revealed an isopseudodicentric chromosome 18
with breakpoint in 18q (46,XX,psu idic (18)(pter�
>q22.1::q22.1�>pter)). The isopseudodicentric
chromosome 18 was observed in 100% of blood
lymphocytes and umbilical cord fibroblasts, thus
indicating a non�mosaic finding of the isopseu�
dodicentric chromosome in the child. An elon�
gated derivative chromosome 18 had also been
found prenatally in amniotic cells. In contrast, a
terminal deletion (18q�) was detected in placen�
tal cell cultures. The breakpoint was mapped to
a 0.9 Mb region on 18q22.1 (located 64.8 to 65.7
Mb from the telomere of the p�arm) by a novel
quantitative PCR approach with SYBR green de�
tection. The results indicate an identical break�
point of the isopseudodicentric chromosome 18
in the child and the 18q� chromosome in the pla�
centa. To our knowledge this is the first case of
a fetus carrying an isopseudodicentric chromo�
some 18 with breakpoint in 18q (46,XX,psu idic
(18)(pter�>q22.1::q22.1�>pter)) in non�mosaic
form that has been viable, but was associated
with severe congenital malformations of the
child.

P 043

Fibromuscular dysplasia�an important
differential diagnosis of Marfan  syndrome�
case report of an 52 year old patient
Neumann, L. (1), Robinson N.P. (2), Kunze J. (1)
(1) Institut für Humangenetik (2) Institut für
Medizinische Genetik
Fibromuscular dysplasia is an arterial occlusive
disease of children or young adults that can lead
to stroke, hypertension, claudication or myocar�
dial infarction. Additionally, aneurysms and arte�
rial dissections are frequently observed, as in
Marfan syndrome. Fibromuscular dysplasia of
arteries is occasionally associated in Reckling�
hausen neurofibromatosis and Noonan syn�
drome. Most nonsyndromic cases are sporadic.
However, case reports in sibs raise the possibil�
ity of recessive inheritance in some families, and
vertical transmission has been demonstrated re�
peatedly, suggesting autosomal dominant inher�
itance. Gene loci have not been identified.We re�
port a 52 year old German patient with
dolichostenomelia and tall stature. His body
length of 186 cm is above the 90th centile. He
has had spontaneous renal arterial dissection,
hypertension and extreme aneurysms of both ar�
teriae iliacae requiring aortobifemoral bypass
operations. Fibromuscular dysplasia of the inti�
mal type was verified pathohistologically. CCT
demonstrated older cerebral infarctions. It re�
mains unclear if the patient`s only adult daugh�
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ter is affected too. She has high diastolic blood
pressure of with unknown cause, but no other
manifestations. The family history is otherwise
unremarkable.We wish to call attention to fibro�
muscular dysplasia as a differential diagnosis of
Marfan syndrome.

P 044

Minor anomalies in a patient with a
karyotype 46,XY,der (3)t (3;4)(p26;p16)
Zoll, B. (1), Kuechler, A. (2,3), Boehm, D. (1),
Liehr, T. (2), Diepold, K. (4), Burfeind, P. (1)
(1) Institute of Human Genetics, Georg�
August� University, Goettingen (2) Institute
of Human Genetics and Anthropology,
Friedrich SchillerUniversity,Jena (3)
Department of Radiotherapy, Friedrich
Schiller University, Jena (4) Department of
Neuropediatrics, Georg� August�University,
Goettingen
Terminal deletion of the short arm of chromo�
some 3 has been proposed as a distinctive syn�
drome. In all  patients band 3p26 and a variable
extent of band 3p25 have been involved in the
mostly de novo deletions. The phenotype of
these patients is characterized by microcephaly,
growth retardation, mental retardation, and fa�
cial dysmorphism. Duplications of the short arm
of chromosome 4, however, are less common, in
most cases half of the p�arm is duplicated and
the phenotype is rather variable.We report on a
7 years old Turkish boy who presented with mild
mental retardation and moderate speech delay,
mild facial dysmorphisms as flat mid face, large
protruding ears, upslanting palpebral fissures,
mild progeny, prominent lower lip, and funnel
chest. No internal malformations have been
found, vision and hearing were normal as were
MRT, EEG, and extensive laboratory investiga�
tions.Cytogenetic analysis performed on periph�
eral blood lymphocytes using GTG banding
techniques revealed an abnormal karyotype, 46,
XY,del (3)(pter�>p26). Fish analysis with specific
whole chromosome painting probes (wcp1�22, X
and Y), MCB mixed probes for chromosome 3,
and subtelomere probes for chromosome 3p
confirmed the cytogenetic result. Conventional
cytogenetic and molecular cytogenetic analysis
of the boy’s parents with MCB mixed probes for
chromosome 3 and subtelomere probes for
chromosome 4 showed a balanced translocation
between chromosome 3 and 4 in the mother,
karyotype 46,XX,t (3;4)(p26;p16). Re�evaluation
with the subtelomeric probe of chromosome 4p
and subtelomere screening of 42 telomere ends
with subtelomeric localized primers confirmed a
partial monosomy of 3p26.1�pter and in addition
a partial trisomy of chromosome 4p16.1�pter.
The deletion was narrowed down to 3.7 Mb (±
0.1Mb). By using four different primer pairs the
duplication of chromosome 4p was estimated to
extend minimum 5.4 Mb and maximum
11Mb.Many patients with either terminal dele�
tions of chromosome 3 or 4 and either terminal
duplications of chromosome 3 or 4 have been
published. Only one report on a terminal 3p
deletion combined with a terminal 4p duplication
(Grammatico et al., 1998) exists. We will discuss
the genotype/ phenotype correlation of our pa�
tient with that published in the literature and with
that of patients presenting the phenotype of 3p�
deletion syndrome or 4p� duplication.

P 045

Identification of the origin of a marker
chromosome 7 in a child with dysmorphic
signs and congenital heart defect
Beust, G. (1), Sauter, S. (1), Wessel, A. (1),
Liehr, T. (2), Zoll, B. (1)
(1) University of Goettingen (2) University of
Jena
We report on a case of additional marker chro�
mosome mosaicism. Cytogenetic analysis was
performed postnatally and revealead mos 47, XX
+ mar [26] / 46, XX [14]. The karyotypes of the
parents were normal. The marker chromosome
was identified by fluorescence in situ hybridiza�
tion (FISH) and derived from chromosome 7. A
marker chromosome derived from chromosome
7 has not been reported until now. A uniparental
disomy 7 was excluded. The child revealed con�
genital heart defect and dysmorphic signs.The
psychomotoric development of the little girl was
retarded and followed up for two years.

P 046

PHENOTYPICAL VARIATION IN COUSINS
WITH THE IDENTICAL PARTIAL TRISOMY 9
(pter�q22.2) AND 7 (q35�qter) AT 16 AND 23
WEEKS GESTATION
Metzke�Heidemann, S. (1), Kühling, H.M. (2),
Caliebe, A. (1), Janssen, D. (3), Jonat, W. (2),
Grote, W. (1), von Kaisenberg, C.S. (2)
(1) Dept. of Human Genetics, Kiel (2) Dept.
of Obstetrics and Gynaecology, Kiel,
Germany (3) Dept. of Paidopathology, Kiel,
University of Schleswig�Holstein,
CampusKiel, Germany 
From the study of numerical and structural chro�
mosomal abnormalities there is convincing evi�
dence and accumulating information of a direct
karyotype to phenotype correlation. Knowledge
of phenotypical consequences of a specific
chromosomal imbalance is important for genet�
ic counseling and prenatal diagnosis. However,
for unbalanced non�Robertsonian translocations
a precise karyotype to phenotype correlation is
difficult to predict since varying breakpoints re�
sult in different lengths of the monosomic and
trisomic segments and the combination of the
same trisomy with different monosomies, or vice
versa, can result in diverging phenotypes. There�
fore, the study of the karyotype to phenotype
correlation in affected relatives of the same age
and the identical unbalanced translocation pro�
vides a good model to investigate phenotypical
consequences of a specific genetic imbalance.
We report of two second trimester fetuses with
the identical major partial trisomy 9 (9pter�
9q22.2) and minor partial trisomy 7 (q35�qter) re�
sulting from a familial translocation
(7;9)(q35;q22.2)mat. One fetus presented with a
Dandy�Walker malformation, micropolygyria and
mild dysmorphic features, whereas the other fe�
tus showed unilateral cleft lip and palate without
cerebral anomalies or dysmorphic features. Both
fetuses had no features in common. Potential
mechanisms for this different phenotypical ex�
pression of the same unbalanced translocation
resulting in partial trisomy 9 and 7 in the two
cousins and possible consequences for genetic
counseling and prenatal diagnosis are dis�
cussed.
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Mild ornithine transcarbamylase deficiency
in a boy caused by somatic mosaic for a
novel mutation
Zschocke, J. (1), Meng, M. (2), Wolff, G. (3)
(1) Institut für Humangenetik, Universität
Heidelberg (2) St. Josefsskrankenhaus
Freiburg (3) Institut für Humangenetik, Univ.
Freiburg
Ornithine transcarbamylase deficiency, inherited
as an X�chromosomal trait, is the most common
urea cycle disorder. Hemizygous boys typically
present with severe hyperammonaemic en�
cephalopathy in the neonatal period but may
have a milder phenotype usually depending on
the nature of the underlying mutation. We pres�
ent the case of a boy with developmental retar�
dation and recurrent episodes of restlessness,
vomiting and mild jaundice, in whom OTC defi�
ciency was diagnosed at the age of 2 years. Bio�
chemical findings at diagnosis included elevat�
ed transaminases and bilirubin, reduced Quick,
massive excretion of orotic acid, and plasma
ammonia concentrations of 221�273 µmol/L.
Molecular studies with denaturing gradient gel
electrophoresis and direct sequencing consis�
tently showed a pattern resembling heterozygos�
ity for a novel mutation at the stop codon (TGA�
>TTA), denoted X355L. Chromosomal studies
showed a normal male karyotype. Somatic mo�
saicism for X355L was confirmed by finding dif�
ferent proportions of normal and mutant alleles,
respectively, in lymphocytes and fibroblast cells.
X355L causes the addition of 14 C�terminal
amino acids to the OTC protein and may be ex�
pected to severely affect enzyme function. So�
matic mosaicism as cause of OTC deficiency
has only been reported once but may be difficult
to recognise with standard methods when the
wild type predominates in genomic DNA ob�
tained from blood. It could explain some cases
of OTC deficiency with normal molecular find�
ings. The results in our patient explain the rela�
tively mild phenotype and also excludes a germ
cell mosaic in one of the parents. There is thus
no increased risk for subsequent children with
OTC deficiency in this family.

P 048

Clinical findings in a patient with proximal
chromosome 6�duplication
Fiebig, B. (1), Schweiger, S. (2), Lehmann, K.
(1), Mundlos, S. (1), Bommer, C. (1), Tinschert,
S. (1)
(1) HU�Berlin (2) Max�Planck Institut für
Molekulare Genetik
We report on the first child of healthy, non�con�
sanguineous parents. The boy was born after 39
weeks of gestation. Birth measurements were
below average. He presented with facial dys�
morphisms (ptosis of the eyelids, small and
overlapping helices, anteverted nares, retrog�
nathia), microcephaly, and mental and motoric
retardation. Short fingers and toes, hypermobil�
ity of the joints, and hip dysplasia were also not�
ed. After the age of two weeks he developed
epilepsy as well as feeding problems.Sonogra�
phy of the brain showed agenesis of the corpus
callosum and a Dandy�Walker malformation. In
addition, an ASD II with L�R shunt was demon�
strated using echocardiography.Cytogenetic
analysis revealed a proximal duplication of chro�
mosome 6q11�q21. The parents had normal
karyotypes, 46,XX and 46,XY.While duplications
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of the distal region of chromosome 6q have
been reported in the literature in approximately
23 cases, only one case with a proximal dupli�
cation (46,XY,dup (6)q11�q15) was published by
Giordano et al. (Clin Genet 1994: 46:377�379),
but the clinical findings in that case do not show
much overlap with those of the patient reported
here.

P 049

Townes�Brocks syndrome: clinical variability
in two patients of one family
Strenge, S. (1), Müller, P. (2), Kurze, G. (2),
Froster, U.G. (1)
(1) Institut für Humangenetik, Universität
Leipzig (2) HELIOS Krankenhaus Leisnig
The autosomal dominantly inherited Townes�
Brocks syndrome (TBS) is a malformation syn�
drome including characteristic anal, thumb and
ear anomalies. Many other organ system abnor�
malities may be present. The expression is ex�
tremely variable. The disease�causing gene for
TBS was identified as SALL1, a zinc finger tran�
scription factor. We describe a new family with
TBS and demonstrate the variability of the dis�
order in an affected woman and her son. The
boy shows the full spectrum of anomalies in�
cluding anteposition of the anus, sacral dimple,
hypospadia penis, triphalangeal thumbs with ul�
nar deviation, postaxial hexadactyly of fingers,
clubfoot on the left and flatfoot on the right, mi�
crocephaly, cleft palate, retrogenia, deep set
ears and suspicion of hearing loss. He was born
in the 39th gestational week with a birth weight
of 3200 g and a length of 49 cm. There were
feeding problems. A gastrooesophageal reflux
was diagnosed. In contrast the mother has hy�
poplastic thumbs as the only feature of TBS.
There are bilateral short thumbs with shortening
of the distal phalanges. Cytogenetic analysis
was performed on peripheral blood lympho�
cytes. The analysis of G�banded chromosomes
revealed a normal karyotype 46,XY in the boy.
Molecular analysis is planned. TBS was de�
scribed first in 1972 by Townes and Brocks (J.
Pediat. 81: 321�326). Surka et al. stated that hy�
poplastic thumbs should be considered a feature
of TBS (Am. J. Med. Genet. 102: 250�257, 2001).
This case report illustrates the intrafamilial vari�
ability of TBS. Careful examinations of relatives
of patients are necessary for the differentiation
of sporadic and familial cases of TBS and for the
differential diagnosis to other disorders like the
VA (C)TER (L) association.

P 050

THE DYNAMIC OF LIPID CHANGES
DEPENDS ON APOLIPOPROTEIN E GENO�
TYPE AND LIFESTYLE
Englert, H. (1), Wirsam, B. (2), Meyer�Kleine, C.
(3), Leitzmann, C. (4)
(1) Institute of Social Medicine,Epidemiology
and Health EconomicsCharité Hospital,
Humboldt University Berlin, Germany 
(2) ALBAT + WIRSAM, Linden, Germany 
(3) Center for Human Genetic, Linden,
Germany (4) Institute of Nutritional
Sciences, University of Giessen, Germany
Introduction: Carrier of the apolipoprotein E4 al�
lele in industrialized countries show significant
higher serum cholesterol concentrations, and a
higher prevalence of cardiovascular diseases
compared to natives e.g. in Northern Mexico fol�

lowing a traditional lifestyle. Purpose: To deter�
mine the influence of a cardiovascular interven�
tion program on the lipid profile, stratified by
four different homozygous and heterozygous
manifestations of the apolipoprotein E (apo
E).Methods: This 3�week lifestyle intervention
study was composed of a special diet: low in
saturated fatty acids and sugar, and high in
complex carbohydrates, in combination with
high physical activity. At the beginning and dur�
ing the course of the study blood was drawn
weekly for plasma lipid profile and additionally
the participants’ apo E allele were determined
after the study. Results: Apolipoprotein E3/E3
(61%), was pointed out as the most common
apo E genotype in this sample followed by
E3/E4 (34%). Both heterozygous E2/E4 and ho�
mozygous E4/E4 polymorphism was represent�
ed each by one men. All participants decreased
their cholesterol levels: The serum cholesterol in
men dropped in average by 90,7±23,9 mg/dl,
and the triglyceride levels by 81,6±90,8 mg/dl.
The changes were slightly less in women:
62,5±16,7 mg/dl for cholesterol and 34,2±58,6
mg/dl for triglycerides. However, women with
geno�type apo E3/E4 improved their cholesterol
levels by 70,5±14,5 mg/dl compared to
58,6±16,6 mg/dl for those with geno�type E3/E3.
The dynamic of the lipid changes showed a
geno�type dependent structure. Conclusions: A
lifestyle intervention on the basis of a diet low in
fat and high in complex carbohydrates and
physical activity can outweigh the hypercholes�
terolemic predisposition with apo E4 allele car�
rier in women.

P 051

CORRELATION OF NUTRIENTS AND SERUM
CHOLESTEROL CONSENTRATION
DEPENDING ON APOLIPOPROTEIN E
GENOTYPE
Wirsam, B. (1), Meyer�Kleine, C. (2), Haas�
Andela, H. (2), Leitzmann, C. (3)
(1) ALBAT + WIRSAM, Linden, Germany (2)
Center for Human Genetic, Linden, Germany
(3) Institute of Nutritional Sciences,
University of Giessen, Germany
Introduction: The interaction of some nutrients
(saturated fatty acids, cholesterol, polyunsatu�
rated fatty acids, soluable dietaty fibre) with
serum cholesterol is well known by megastud�
ies. Carrier of the apolipoprotein E4 allele in in�
dustrialized countries show significant higher
serum cholesterol concentrations, and a higher
prevalence of cardiovascular diseases compared
to the wildtype ApoE E3/E3. To determine the in�
fluence of the geno�type of ApoE on the corre�
lation between nutrients and lipid profile, four
different homozygous and heterozygous mani�
festations of the apolipoprotein E were stratified.
Methods: From a 7�day food record the nutrients
for 100 participants were calculated, the serum
cholesterol levels were measured and the ApoE
genotypes were determined. Results: Apolipo�
protein E3/E3, was pointed out as the most
common apo E geno�type in this sample fol�
lowed by E3/E4. Both heterozygous E2/E4 and
homozygous E4/E4 polymorphism was present.
The correlation between nutrients and lipid val�
ues showed a genotype dependent structure.
Conclusions: A lifestyle intervention on the ba�
sis of a diet can outweigh the hypercholes�
terolemic predisposition with apo E4 allele.
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Complex cardiac malformation with
pulmonary atresia in a male infant with a
7q22 interstitial deletion
Schlüter, G. (1), Schiffmann, H. (2), Kraus, J.
(3), Speicher, M.R. (3), Bartels, I. (1)
(1) Universität Göttingen, Institut für
Humangenetik, Göttingen (2) Universität
Göttingen, Pädiatrie I, Robert Koch Str. 40,
37073 Göttingen (3) Institute of Human
Genetics, Technische Universität München
und GSF, Trogerstr. 32, 81675 München 
We describe a male infant with an interstitial
deletion on 7q22. The child was born at 36
weeks of gestation via cesarean section be�
cause of placental insufficiency. Manifestations
include a complex cardiac malformation with
pulmonary atresia, extremely hypoplastic pul�
monary arteries, atrial � and ventricular septum
defects (ASD,VSD) and atypical Ductus arterio�
sus Botalli. Main extracardiac manifestation
comprised severe hypotrophy (birthweight
1260g), low set ears, under riding toes and dig�
its and hypoplasia of the corpus callosum. Mol�
ecular cytogenetic analysis defined a deletion of
26 Mb at most. Reports on deletions of 7q22 in
patients with cardiac malformations are rare.
While some cases with ASD and VSD in patients
with similar deletions have been described, no
reports on conotruncal malformations and/or
pulmonary atresia exist.

P 053

Pseudoxanthoma elasticum (PXE): A case
report
Günther, U.P. (1,2), Struk, B. (2), Knoblauch, H.
(2)
(1) Department of Human Genetics,
Humboldt�University, Charité�Campus
Virchow�Klinikum, Berlin, Germany (2) Max�
Delbrueck Center for Molecular Medicine,
Berlin�Buch, Germany
Pseudoxanthoma elasticum (PXE) is an autoso�
mal recessive disorder of connective tissue, in�
volving elastic fibers in the skin, the arteries and
the retina. This results in laxity and loss of elas�
ticity in the affected dermal areas, arterial calci�
fications with a predisposition to early onset ar�
teriosclerosis and retinal haemorrhages leading
to the characteristic angoid streaks and macu�
la degeneration. Recently mutations in an ABC
transporter gene, ABCC6, have been identified
in PXE patients. Here we describe the clinical
findings and the identification of two mutations
in the ABCC6 gene in a 60 year old man with
PXE, who presented with severe atherosclerosis
of the peripheral and coronary arteries. The mo�
lecular diagnosis of PXE was complicated due
to a neighbouring pseudogene. The implications
for the molecular diagnosis of PXE are dis�
cussed.
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Subtelomere FISH using a checklist
detected rearrangements in 20% of
patients, including a de novo balanced
translocation with breakpoint near the CTNS
gene at 17p13.3
Bartsch, O. (1), Walter, S. (1), Hinkel, G.K. (1),
Sandig, K. (2), Mitulla, B. (3), Viertel, P. (4),
Kalscheuer, V. (4)
(1) Institut für Klinische Genetik, Technische
Universität Dresden (2) Praxis für
Humangenetik, Leipzig (3) Zentralklinikum
Suhl (4) Max�Planck Institut für Molekulare
Genetik, Berlin
Segmental aneusomy is a common cause of
malformation and mental retardation (MR). Re�
cently cryptic rearrangements diagnosed by the
FISH subtelomere test of the 41 unique chromo�
some ends (subtelomere FISH) or by alternative
approaches have been recognized as a major
cause of MR. Presently some 20 subtelomere
screen studies including more than 2500 pa�
tients have been reported. These studies are not
directly comparable because different tech�
niques and patient ascertainment criteria were
used, but a recent overall metaanalysis of 14
studies indicated that causal aberrations were
found in 5.8% of patients (97 out of 1718; rang�
ing 2�29%; 95% confidence interval 4.60�6.84).
We report 20% (10 out of 50; confidence inter�
val 10.03�33.72) cryptic rearrangements at the
chromosome ends, all bona fide causal, found in
a prospective subtelomere FISH study of 50 un�
related children ascertained using a clinical
checklist. The study group comprised 30% chil�
dren with mild (DQ 50�69) or yet unclassifiable
MR due to young age and this subgroup also
made up for 30% of detected chromosome
aberrations. Familial unbalanced inversion or
translocation was found in 5 patients, de novo
deletion in two patients and de novo unbalanced
translocation in two patients. Patient 5, who had
a large head, vision defect, increased body hair,
omphalocele, heart defect, enlarged kidneys,
MR, speech defect and transient homocyst (e)in�
emia, showed a de novo balanced translocation
of chromosomes 17p13.3 and 20q13.33. There
has been no previous report of a balanced dis�
ease�associated rearrangement diagnosed by
the subtelomere screen. We located his 17p
breakpoint near CTNS, the gene for cystinosis.
Dysfunction of CTNS could have caused or con�
tributed to his homocyst (e)inemia. � Analysis of
clinical data indicated that premature birth at
&#61603;36 weeks of gestation occurred slight�
ly more frequently in patients with vs without a
rearrangement (p=0.097). Possibly adding this
criterion would further improve the checklist. In
conclusion, the checklist�assisted patient ascer�
tainment for subtelomere FISH enabled finding
the probable cause of the MR in 20% of pa�
tients. The approach was also helpful in the very
young children with yet unclassifiable degree of
MR.

P 055

Screening unclassified Fanconi anemia cell
lines for mutations in BRCA2/FANCD1
Popp, H. (1), Kalb, R. (1), Fischer, A. (1),
Hanenberg, H. (2), Auerbach, A.A. (3), Howlett,
N. (4), Höhn, H. (1), Schindler, D. (1)
(1) Department of Human Genetics,
University of Wuerzburg (2) Department of
Pediatrics, University of Duesseldorf (3)

Rockefeller University, NY (4) Dana Faber
Cancer Institute, Boston
Biallelic mutations in the BRCA2 gene were re�
cently recognized as a rare cause of Fanconi
anemia (FA), explaining the underlying gene de�
fect in patients of complementation group FAD1.
Using BRCA2 immunoblotting we screened 37
lymphoblastoid cell lines from FA patients who
could not be assigned to complementation
groups FAA, FAC, FAD2, FAE, FAF and FAG via
retroviral gene transfer. 3 of the 37 cell lines re�
peatedly failed to show a BRCA2 signal, where�
as all other lines displayed the expected 380 kD
band. Exon scanning sequencing of
BRCA2/FANCD1 gene to date yielded two non�
sense mutations, one 2�bp�deletion and one
splicing mutation, all compound, in two of the
three BRCA2�negative cell lines. The deletion
and one of the stop mutations are listed in the
Breast Cancer Information Core data base (BIC).
Since most homozygous BRCA2 �/� knockout
mice are embryonic lethals, it is likely that only
certain types and combinations of biallelic mu�
tations are compatible with survival (albeit af�
fected by FA) in humans. Assuming a carrier fre�
quency for BRCA2/FANCD1 mutations in the or�
der of 1/250 in Germany, one would expect sev�
eral hundred  FAD1 patients in our population.
However, close to 90% of the 200 plus known
FA patients in Germany belong to complemen�
tation groups FAA, FAC and FAG, such that less
than 20 of such patients could be due to biallel�
ic mutations in BRCA2. The discrepancy be�
tween the expected and observed number of
patients implies that biallelic mutations in
BRCA2 contribute to spontaneous pregnancy
loss in humans.

P 056

Analysis of unclassified FA cell lines for
mutations in BRCA2
Kalb, R.,
Universität Würzburg, Institut für
Humangenetik
Recently it was found, that biallelic mutations in
BRCA2 are responsible for Fanconi Anemia (FA)
complementation group FA�D1 and FA�B. There�
fore we screened 42 unclassified lymphoblastoid
FA�cell lines on western blot for expression of
BRCA2/FANCD1. Three of the analyzed cell lines
showed no detectable BRCA2/FANCD1�protein,
why we started to sequence the BRCA2/
FANCD1�gene of these patients. By now we
found two stop�mutations, one deletion and one
splicing mutation in two of the three examined
cell lines. The deletion and one of the stop mu�
tations are registered in the Breast Cancer Infor�
mation Core (BIC) as breast cancer causing mu�
tations, while the other mutations are unrecord�
ed. Our data combined with the previous pub�
lished FANCD1�mutations show no hot spot re�
gions or specific mutations in the BRCA2/
FANCD1�gene leading to Fanconi anemia.
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Biomarker discovery and identification in
laser microdissected head and neck
squamous cell carcinoma with ProteinChip
technology, two�dimensional gel
electrophoresis, tandem mass spectrometry
and immunohistochemistry
Eggeling, F. von (1), Ernst, G. (1), Schimmel, B.
(1), Bleul, A. (1), Koscielny, S. (2), Wiesner, A.
(3), Bogumil, R. (3), Halbhuber, K�J. (4), Möller,
U. (4), Osterloh, D. (5), Melle, C. (1), 
(1) Core Unit Chip Application (CUCA),
Institut für Humangenetik, Klinikumder FSU
(2) Klinik für Hals�, Nasen� und
Ohrenkrankheiten (3) Ciphergen Biosystems
GmbH, Göttingen (4) Institut für Anatomie II,
Klinikum der FSU Jena (5) SIRS�Lab, Jena
Head and neck cancer is a frequent malignan�
cy with a complex, and up to now not clear eti�
ology. Therefore, despite of improvements in di�
agnosis and therapy, the survival rate with head
and neck squamous�cell carcinomas (HNSCC) is
poor. For a better understanding of the molecu�
lar mechanisms behind the process of tumorige�
nesis and tumor progression we have analyzed
changes of protein expression between mi�
crodissected normal and tumor tissue by Pro�
teinChip technology. For this cryostat sections
from head and neck tumors (n = 57) and adja�
cent mucosa (n = 44) were laser�microdissected
and analyzed on ProteinChip arrays. The derived
mass spectrometry profiles (n = 47/41) exhibit�
ed numerous statistical differences. One peak
significantly higher expressed in the tumor (p =
0.000029) was isolated by two�dimensional gel
electrophoresis and identified as annexin V by
in�gel proteolytic digestion, peptide mapping
and Tandem MS/MS analysis. The relevance of
this single marker protein was further evaluat�
ed by immunohistochemistry. In this study we
could show that biomarker in head and neck
cancer can be found, identified and assessed by
combination of ProteinChip technology, 2DE,
and immunohistochemistry. Such studies, how�
ever, make only sense if a relatively pure mi�
crodissected tumor tissue is used. Only there�
with minute changes of protein expression be�
tween normal and tumor tissue can be detected
and it will become possible to educe tumor as�
sociated protein pattern which might be used as
a marker for tumorigenesis and progression.This
work was supported by the BMBF.

P 058

Analysis of proteomic differences between
normal colon mucosa and colon adenomas
as well as colon carcinomas by tissue
microdissection and protein chip array
technology
Ernst, G. (1), Melle, C. (1), Schimmel, B. (1),
Bleul, A. (1), Mothes, H. (2), von Eggeling, F. (1)
(1) Core Unit Chip Application (CUCA),
Institut für Humangenetik, Klinikumder FSU
(2) Klinik für Chirurgie, Klinikum der FSU
Jena
To establish proteomic patterns of the molecu�
lar cancerogenesis in the colon deep frozen (�
80°C) tissue samples from normal colon mucosa
(n = 18), colon adenomas (n = 21), and colon
carcinomas (n = 19) were microdissected from
unstained histological sections with Laser mi�
crodissection and pressure catapulting (LMPC;
PALM). The crude protein extracts were ana�
lyzed on a strong anionic exchanger (SAX2) Pro�
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teinChip Array in a ProteinChip Reader (SELDI
PBS II; Ciphergen Biosystems). In colon adeno�
mas prominent new peaks – not detectable in
normal mucosa – appear at 15.1 kDa, 15.9 kDa,
24.6 kDa and 41.7 kDa. Expression of proteins
with mw of 4.7 kDa, 7.6 kDa, 9.1 kDa, 10.1 kDa,
10.3 kDa and 24.6 kDa is up regulated in com�
parison with the normal mucosa. No down reg�
ulated peaks are recognizable. In carcinomas
proteins with mw of 5.6 kDa, 10.5 kDa, 11.3 kDa,
12.0 kDa and 14.0 kDa are up regulated, where�
as peaks at 5.0 kDa, 8.4 kDa, and 9.0 kDa are
down regulated. The results indicate that protein
patterns of the normal colon mucosa, colon ade�
nomas and carcinomas are obviously different
and correlate with benign and malignant epithe�
lial growth in the colon. This allows the identifi�
cation of proteins and the estimation of their bi�
ological significance associated with develop�
ment and progression of colon neoplasias.
Bioinformatics and further analyses to identify
these proteins are in progress. Furthermore the
results demonstrate the high importance of the
combination of tissue microdissection and pro�
tein chip array technology in cancer
research.This work was supported by the BMBF.
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Molecular cytogenetic characterization of a
de novo translocation (7;10) in a patient with
some features of MATCHS syndrome
Yue, Y. (1), Holder, S.E. (1), Haaf, T. (2)
(1) The North West Thames Regional
Genetics Service, NWLH NHS Trust, Harrow,
UK (2) Department of Human Genetics,
Mainz University School of Medicine
We report a 4 year old girl who was investigated
for developmental delay, hypotonia and macro�
cephaly. She had a bossed forehead, downslant�
ing palpebral fissures, a broad flat nasal tip, tho�
racic kyphosis and slight pectus. Her hands and
feet were small and slender. She had significant
speech delay and oromotor dysfunction with
swallowing difficulties. Chromosome banding
analysis revealed a de novo translocation
46,XX,t (7;10)(q34;q23.3). Following FISH with
region�specific BAC clones from chromosome
7q33�q36.1 and 10q22.1�24.1, we identified
breakpoint�spanning clones on both derivative
chromosomes. In addition to the reciprocal
translocation, deletion of a 7 Mb segment from
7q34 had occurred. The deleted region lies
about 4 Mb distal to the breakpoint on the deriv�
ative 10. It is known that 10�30% of apparently
balanced de novo translocation in patients with
a human genetic disease are associated with mi�
crodeletions up to several megabases in length,
however these deletions are usually directly in a
breakpoint region (s). The patient´s phenotype
may be caused by haploinsufficiency of a
dosage�sensitive gene (s) in the deleted region.
Alternatively, it could be due to disruption of the
PTEN gene at the chromosome 10 breakpoint.
Mutations in PTEN are associated with MATCHS
(macrocephaly, autosomal dominant, thyroid dis�
ease, cancer, harmartomata and skin abnor�
malites) and this patient has some features com�
patible with a diagnosis of MATCHS. Studies are
underway to confirm inactivation of PTEN. To
our knowledge this is the first reported case of
a de novo translocation with a deletion at some
distance to the translocation breakpoint.

P 060

Evidence for a novel connexin 26 compound
heterozygous mutation resulting in deafness
Zechner, U. (1), Keilmann, A. (2), Napiontek, U.
(2), Haaf, T. (1), Kohlschmidt, N. (1)
(1) Institut für Humangenetik der Johannes�
Gutenberg Universität Mainz (2) Klinik für
Kommunikationsstörungen der Johannes�
Gutenberg Universität Mainz 
Mutations of the gap junction beta 2 (GJB2)
gene coding for the protein connexin 26 are
known to be a major cause of nonsyndromic
sensorineural hearing loss (NSHL). A family con�
sisting of normal hearing parents and two chil�
dren with NSHL was analyzed for Cx26 muta�
tions. Peripheral blood lymphocyte DNA was
used to amplify the Cx26 coding region by poly�
merase chain reaction, followed by complete se�
quencing. Phenotypic characterization including
audiometric testing was completed for both chil�
dren and their parents. The two affected children
were found to be compound heterozygous for
the very frequent mutation 35delG and a previ�
ously unreported nucleotide substitution 40A�>G
leading to substitution of an evolutionary con�
served amino acid (N14D). The parents were
each heterozygous, specifically the father a
35delG heterozygote and the mother a 40A�>G
heterozygote. Currently, 100 normal hearing con�
trol individuals are screened for the presence of
the novel nucleotide substitution. The informa�
tion based on conservation of amino acid
residues and coexistence with a second GJB2
mutation suggests that this missense change
should be responsible for the deafness pheno�
type.

P 061

Molecular cytogenetic analysis of a patient
with de novo translocation 46,XY,t (1;6)
Grossmann, B. (1), Yue, Y. (1), Stout, K. (2),
Pilz, D. T. (2), Haaf, T. (1)
(1) Mainz University School of Medicine (2)
Institute for Medical Genetics, University
Hospital of Wales, Cardiff, UK
We present a 8�year�old boy with macrocephaly,
development problems, a cardiac anomaly (atri�
al septal defect) and recurrent infections. He has
very distinct physical features: hypertelorism
with blue sclerae and small palpebral fissures,
prominent nose, thin tented upper lip, small and
low set ears. His hands showed fetal finger pads
more marked on the 3rd and 5rh finger and he
also had overlapping 3rd and 5rh  toes. Cytoge�
netic analysis demonstrated an apparently bal�
anced de novo translocation (1;6)(q32;q22). FISH
with region�specific large�insert clones identified
a breakpoint�spanning BAC, RP11�338c15 on
chromosome 1q32.3 and a breakpoint�spanning
PAC, RP1�157N22 on chromosome 6q22.31.
The breakpoint region on chromosome 1 con�
tains the Activating Transcription Factor 1 (ATF1)
gene, a cyclic�AMP�dependent transcription fac�
tor, and two genes with unknown function: The
breakpoint PAC on chromosome 6 contains only
one putative gene predicted by genescans. Mol�
ecular analyses are underway to show whether
the patient´s phenotype is caused by inactiva�
tion of a gene (s) in the breakpoint region.

P 062

A rare form of partial trisomy 20p �
accompanied by jumping translocations
Krüger, M.H., Brude, E., Koenig, R.
Institut für Humangenetik, Johann Wolfgang
Goethe Universität Frankfurt/Main 
Cases of partial trisomy 20p are not uncommon
and mostly caused by duplications of (20)(pter�
>p11 to q11) due to familial translocations.We
report on a newborn girl who was referred for
karyotype analysis because of VSD, ASDII with
aneurysma of the cardiac septum and a dystopic
kidney. The child was born after an uneventful
pregnancy at term by caesarean section. Birth
weight was 2650 g (3�10 %), lenght 53 cm (75�
90 %) and head circumference 35 cm (50�75 %).
Examination at 5 weeks shows a length of 56 cm
(50 %), a reduced weight of 3400 g (3�10 %) and
OFC of 37,5 cm (75�90 %).Several dysmorphic
features were found: brachycephaly, a round and
flat face, depressed nasal bridge, anteverted
nares, flat philtrum, mild retrognathia, posterior
rotated ears, wide�spaced nipples, ventral
placed anus and single palmar crease.The par�
ents are healthy and nonconsanguineous (the
mother was 33 years, the father 49 years, re�
spectively). The mother had had 3 abortions.The
karyotype analysis of the child showed a de
novo partial trisomy 20p caused by an isochro�
mosome i (20p) and “jumping translocations” of
the long arm of chromosome 20 to the telomers
of 5p, 6q,11p and 17p. The breakpoint is locat�
ed in 20q11.1 verified by FISH analysis with
probe CEP20 (D20Z1) which could not detect
any chromosome 20 centromer�alphoid se�
quences at the translocation chromosomes.This
is the first report of an isochromosome for the
short arm and jumping translocations involving
the whole long arm of chromosome 20.Similar
rearrangements have been reported rarely in the
literature. Reddy et al. (2000) described a patient
with multiple distinctive craniofacial features
caused by partial trisomy 9 with an isochromo�
some i (9p) and  jumping translocations of the
whole long arm and Marques�de�Faria and
Hackel for chromosome 12 (1989). Possible
mechanismens for these postzygotic rearrange�
ments are discussed.

P 063

The Hypermobility Syndrome
König, R. (1), Wesendahl, M. (2), Schmidt, H.
(3), Fuchs, S. (1)
Johann Wolfgang Goethe Universität (1)
Institut für Humangenetik (2) Kinderklinik (3)
Pädiatrische Radiologie
Hypermobility of multiple joints is a feature com�
mon to many Heritable Disorders of Connective
Tissue (HDCT). The vast majority of hyperlax in�
dividuals, particularly children,  are free of fur�
ther symptoms. However, there is also a small
group of patients, who experience frequent and
severe pain since early life. This combination of
joint hyperlaxity and symptoms including arthral�
gia, back pain, dislocations and sprains has
been called &#8222;Hypermobility syn�
drome&#8220; since the first publication of Kirk
in 1967.  It is most often seen in the Benign Joint
Hypermobility Syndrome (BJHS), which some
authors consider to be identical to the hypermo�
bility type of Ehlers�Danlos Syndrome (formerly
EDS III). It is rarely noticed in the genetic and
pediatric literature. We therefore report on a 16
years old female patient with recurrent  pain be�
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ginning at the age of ten years in the knees and
spreading to the ankles, wrists, fingers, shoul�
ders and back during the next years. The pain
increased with use of the joints and after inten�
sive physiotherapy. Rheumatoid arthritis was
ruled out by X�rays and blood tests. She re�
ceived psychological therapy for several months
and was unjustifiably accused of malingering
and hypochondria. We diagnosed hypermobility
according to the Beighton criteria with a score
of 7/9. In addition she has striae on the tighs
and two thin, but not papyraceous scars. We
urge to consider hypermobility syndrome in the
differential diagnosis of any patient with unex�
plained chronic musculoskeletal pain. Refer�
encesBeighton PH, Grahame R, Bird HG. Hyper�
mobility of joints. 3rd ed. London,  Heidelberg,
Springer Verlag 1999.Grahame R. Pain, distress
and joint hyperlaxity. Joint Bone Spine
2000,67:157. Kirk JH, Ansell BM, Bywaters EGL.
The hypermobility syndrome. Ann Rheum Dis
1967,26:425.

P 064

Detection of a partial trisomy of the
telomere�associated region of 11p and a
partial monosomy of the telomere�
associated region of 11q as a cause for
Jacobsen Syndrome
Gadzicki, D. (1), Happel, C.M. (2), Tönnies, H.
(3), Bertram, H. (4), Neitzel, H. (3), Welte, K. (2),
Klein, C. (2), Schlegelberger, B. (1)
(1) Institute of Cell and Molecular Pathology,
Hannover Medical School (2) Department of
Pediatric Hematology and Oncology,
Hannover Medical School (3) Institute of
Human Genetics, Charité, Berlin (4)
Department of Pediatric Cardiology,
Hannover Medical School
A neonatal thrombocytopenia (<150,000 throm�
bocytes/µl) occurs in 1% of all newborns. The
differential diagnosis includes infections, dis�
seminated intravascular coagulation, immune�
mediated thrombocytopenia, iatrogenic factors
(drugs) and genetic bone marrow failure syn�
dromes. Here we report on a premature infant
born in the 32nd week of pregnancy with com�
plex dysmorphic abnormalities including facial
dysmorphia, partial agenesis of the corpus cal�
losum, pulmonary hypertension, ureteral steno�
sis and thrombocytopenia associated with dis�
tinct dysmegakaryopoiesis. Cytogenetic analy�
sis revealed a structural aberration of the long
arm of one chromosome 11. On this chromo�
some, FISH (fluorescence in situ�hybridisation)
analyses showed the loss of the telomere�asso�
ciated region of the long arm being replaced by
additional material from the telomere�associat�
ed region of the short arm. The resulting partial
monosomy 11q and the partial trisomy 11p
could be confirmed by CGH analysis (compar�
ative genomic hybridisation). Jacobsen syn�
drome is a contiguous gene syndrome caused
by deletions of 11q of variable size. In the ma�
jority of patients breakpoints occur within the
fragile site in 11q23.3. The largest deletions de�
scribed so far extend from 11q23 to 11qter. The
clinical appearance depends on the size of the
deleted region: craniosynostosis and cardiac de�
fects are present when the deletion involves the
region distal of 11q23. In the case of smaller
deletions, only thrombocytopenia and facial dys�
morphisms are present. This indicates that can�
didate genes for differentiation and maturation
of thrombocytes may be located distal of the
marker D11S933. Our findings support the as�

sumption that defects of these genes cause
thrombocytopenia. Thus, we show that a new
genetic variant may be responsible for the phe�
notype of Jacobsen syndrome. Moreover, we
discuss the differential diagnosis of congenital
aberrations leading to defects of thrombopoiesis
and finally to thrombocytopenia.

P 065

Genetic Diagnostic of the GJB2�Gene:
Retrospection of one year experience
Kupka, S. (1,2), Haack, B. (1,2), Blin, N. (2),
Zenner, H.�P. (1), Pfister, M. (1)
(1) Department of Otolaryngology,
University of Tübingen (Germany) (2)
Department of Anthropology and Human
Genetics, University of Tübingen, Germany 
Mutations in GJB2 gene encoding the connexin
26 protein are the most common cause of famil�
ial, non�syndromal sensorineural severe hearing
impaiment (HI). Moreover, in sporadic non�famil�
ial cases of HI high frequencies (11�37%) of
GJB2 mutation carriers are observed.Due to its
small size of the coding sequence, the GJB2
gene can conveniently be screened for alter�
ations at relatively low expenses. Therefore, the
university clinic of Tübingen offers a diagnostic
testing of this gene.In 2002, 40 patients with se�
vere sensorineural HI underwent a molecular ge�
netic testing for GJB2. In all cases the coding re�
gion of GJB2 was analyzed by sequencing.Mu�
tations in GJB2 were detected in 35% (14/40) of
patients. While 12.5% (5/40) displayed two mu�
tations, in 22.5% (5/40) only one mutation was
observed. Mutations in a further connexin gene,
GJB6 encoding connexin 30, were previously
shown to occur in a compound heterozygous
manner with GJB2 mutations. Furthermore, reg�
ulatory defects, e.g. mutations in the GJB2 pro�
motor could be involved in manifestation of
hearing impairment in these patients. Because
of the high frequency of single mutation carriers,
these two regions should also be considered for
diagnostic testing.

P 066

Low incidence of PDS mutations in patients
displaying non syndromic hearing
impairment and German controls
Medrecka, K. (1), Kupka, S. (1,2), Zenner, H.P.
(1), Pfister, M. (1), Blin, N. (2)
(1) Department of Otolaryngology,
University of Tübingen (Germany) (2)
Department of Anthropology and Human
Genetics, University of Tübingen (Germany); 
Pendred syndrome is the most common form of
syndromic deafness characterized by congeni�
tal sensorineural hearing loss, thyroid goiter, and
positive perchlorate discharge test. Recently,
this autosomal recessive disorder was shown to
be caused by mutations in the PDS gene, which
encodes an anion transporter called pendrin. In
addition, patients demonstrating non syndromic
hearing impairment also displayed mutations
within this gene. Therefore, we analyzed 200
German patients with non syndromic, severe to
profound hearing impairment as well as 100
control individuals for three frequently observed
mutations in PDS. The DNA changes E384G,
T416P, L236P, and donor splice site mutation
1001+1G®A were analyzed using Readit, SSCP
and restriction digests.None of these mutations
was detected in control individuals indicating a

rare (0/100) occurence in the German normal
population. Although described as frequently in�
volved in other populations, the three mutations
analyzed also demonstrated a low frequency
(1/200) in the German patients.

P 067

Additional partial trisomy 17q in a de novo
translocation (3;11) in a newborn with
severe cardiac anomalies
Sodia, S. (1), Emberger, W. (1), Petwk, E. (1),
Pichler, G. (2), Zierler, H. (1), Wagner, K. (1),
Kroisel, P.M. (1)
(1) Institute of Medical Biology and Human
Genetics, University of Graz, Graz, Austria
(2) Division of Cardiology, Department of
Pediatrics, University of Graz, Graz, Austria 
We report on a male newborn with partial tri�
somy 17q in a de novo translocation (3;11), rec�
ognized by  a late prenatal diagnosis. He is the
second child of unrelated parents. No genetic
disorders in the family are known. Sonographic
examinations at 12th week of gestation revealed
a fetal nuchal translucency of 5,1 mm. Recom�
manded investigations like CVS or amniocente�
sis were refused by  the parents until 31th week
of gestation when further ultrasound anomalies
like a complex heart defect, brain malformations
and a general growth retardation of the fetus
were found. Cytogenetic investigation of amni�
otic cells  showed a de novo translocation t
(3;11)(p14.3;qter) which was confirmed by FISH
analysis. Due to the severe pathological  findings
a chromosomal unbalance was assumed. Par�
ents accepted further cytogenetic investigations
only after birth. The patient was born at term,
birth weight was 2250g, length 46cm, head cir�
cumference 29,5cm. He shows a complex heart
defect as a single ventricle with double outlet,
dysmorphic facial features, cleft palate, bilater�
al  low  grade kidney tissue differentiation as
judged sonographically, kryptorchism and club
feet. High resolution banding and multicolor
FISH revealed an additional segment of chromo�
some 17q on the derivative chromosome 3 lead�
ing to the following karyotype with no apparent
unbalance of chromosome 3 and 11 materi�
al.46,XY.ish der (3)t (3;17) (3qter�3p14.3::
17q23.2�17qter)(wcp3+,wcp11�, wcp17+, D3
S4559�, D34560+),der (11)(11pter�11qter::
3p21.2� 3pter)(wcp3+,wcp11+,wcp17�, 3S4560+,
D3S6571+,ViJ2yRM2072+) Most of the pheno�
type features of partial trisomy of comparable
chromosome 17q segments according to the lit�
erature are present in the patient.

P 068

The 342�kb deletion in GJB6 is not present
in patients with non�syndromic hearing loss
from Austria
Günther, B. (1), Steiner, A. (2), Nekahm�Heis, D.
(3), Albegger, K. (2), Zorowka, P. (3), Utermann,
G. (1), Janecke, A. (1)
(1) Institut für Med. Biologie und
Humangentik Innsbruck (2) Abteilung HNO,
Landeskrankenhaus Salzburg (3) Abteilung
HSS, Univ.�Klinik, Innsbruck
Hearing loss (HL) is the most prevalent inherited
sensory disorder. About 1 in 1000 children are
affected by moderate to profound hearing im�
pairment. The incidence of HL in children is
much higher if mild to moderate HL is included.
An unparalleled heterogeneity with more than
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100 genes is estimated to be involved in deaf�
ness. However, mutations in one single gene, the
connexin 26 gene (GJB2), account for up to
69% of autosomal�recessive non�syndromic
hearing loss (NSHL) and up to 37% of cases
with sporadic NSHL in various populations. Mu�
tations in other genes are rare causes of HL with
the exception of a 342�kb deletion involving
GJB6 (connexin 30 gene). This deletion has been
reported to be the second most common muta�
tion causing prelingual NSHL in Spain, and was
frequently observed in patients from France and
Israel. It results in NSHL in homozygous status
and, furthermore, in heterozygousity with a GJB2
mutation. We screened 331 patients with NSHL
being negative or heterozygous for GJB2 muta�
tions for this GJB6 deletion using a multiplex
PCR. All probands were of Austrian origin. None
of them was carrying the deletion in GJB6 indi�
cating that the occurrence of this deletion is re�
stricted to certain populations.

P 069

Branchio�Oto�Renal (BOR) syndrome in a
patient with mental retardation, visual
impairment and complete bilateral absence
of nipples
Kroisel, P., Windpassinger, C., Petek, E.,
Wagner, K., Zierler, H.
Universität Graz
BOR syndrome is a rare autosomal dominant
disorder that is caused by mutations of the EYA1
gene. Clinical expression is highly variable how�
ever typical manifestations include anomalies of
structures derived from the branchial arch, like
preauricular pits, pinnae abnormalities, hearing
loss and renal hypoplasia. The prevalence is
about 1:40.000 in the general population and
about 2% of deaf children. Some of the patients
with BOR syndrome show a contiguous gene
deletion syndrome involving the EYA1 gene lo�
cus at 8q13.3 and also resemble features of Du�
ane syndrome, which was mapped to the same
chromosomal region. A second BOR locus at
1q31 was recently identified by linkage analysis
of a large family with BOR syndrome where re�
nal anomalies are absent. This variant form is
therefore also called branchio�otic (BO) syn�
drome. Here we report on a severely impaired 8
year old male patient, who shows all character�
istic features of BOR syndrome fully expressed
except a serious renal anomaly. He rather has bi�
lateral slightly smaller kidneys still within the
lower normal size range. On the other hand he
shows several additional anomalies, some of
them were either not or extremely rarely report�
ed in BOR syndrome patients including some
distinct dysmorphic features, severe mental re�
tardation, visual impairment, choanal atresia and
absence of nipples. No further family members
show any of these anomalies or symptoms of
BOR or BO syndrome. Because of this plethora
of abnormalities in the patient an unbalanced
chromosomal aberration was suspected. An ob�
vious anomaly like a larger deletion could be
ruled out by routine cytogenetic and FISH analy�
sis using a BAC clone from the EYA1 gene locus
however the presence of a cryptic aberration as
a microdeletion at 8q13.3 or 1q31 is still not un�
likely. Since bilateral absence of breast and nip�
ples is a very rare anomaly but at least one pa�
tient with a combination of this and BOR syn�
drome has already been described it seems rea�
sonable to assume that a gene locus for an au�
tosomal dominant form of athelia might be locat�

ed close to one of the BOR or BO syndrome
gene loci

P 070

Clinical features of 6 patients with
LEOPARD�Syndrome and mutation analysis
of the PTPN11�gene
Hoeltzenbein, M. (1), Musante, L. (1),
Neubauer, B. (2), Stephani, U. (2), Wiegand, U.
(3), Tzschach, A. (1), Kalscheuer, V. (1), Ropers,
H.�H. (1), Tinschert, S. (4), Meinecke, P. (5)
(1) MPI für Molekulare Genetik, Berlin (2)
Klinik für Neuropädiatrie, Kiel (3) Klinik für
Kardiologie, Lübeck (4) Institut für
Medizinische Genetik, Berlin (5) Abt. Med.
Genetik, Altonaer Kinderkrankenhaus
LEOPARD�Syndrome (LS) is a rare autosomal
dominant disorder characterized by multiple
lentigines, electrocardiographic conduction ab�
normalities, ocular hypertelorism, pulmonic
stenosis, abnormalities of genitalia in males, re�
tardation of growth, and sensorineural deafness.
Many of these features including facial dysmor�
phism are shared with Noonan syndrome (NS)
and mutations in the PTPN11�gene have been
found in both conditions. We report clinical fea�
tures of 4 sporadic patients (patient 1�4) and one
family with at least 2 affected family members
(patients 5 and 6) with a diagnosis of LS. Patient
1 had been evaluated by neuropediatricians be�
cause of developmental delay prior to develop�
ment of lentigines. Patient 3 was only diagnosed
after cardiac arrest at age 26.  The other patients
were seen for evaluation of café�au�lait spots
and/or multiple lentigines. Analysis of the
PTPN11�gene revealed a Tyr279Cys mutation in
patients 1, 2 , 5 and 6 and a Thr468Met muta�
tion in patients 3 and 4. Both mutations are
known to be associated with LS. All patients had
facial features of NS. Echocardiography revealed
a hypertrophic cardiomyopathy in patient 3. Pa�
tient 1 and 4 had a mild aortic valve insufficien�
cy. However, no patient had a  pulmonary steno�
sis. Profound sensorineural deafness was pres�
ent in patient 2 and a very mild sensorineural
deafness could be diagnosed in patients 3 and
5.

P 071

MR/MCA�Syndrome due to a familial
translocation of chromosome 18p and 20q
Kobelt, A., Löffler, Chr.
Institut für Medizinische Genetik, Klinikum
Chemnitz
We present a dysmorphic and retardet child at
age 13 months. The boy was born after unevent�
full pregnancy. In retrospect, upslanting palpe�
bral fissures, a broad nose and broad nasal tip
could noted. During the second pregnancy the
mother introduced to us because of unclear re�
tardation of her first child. At age 13 month the
boy could not sit, walk and did not speak any
words. Chromosome analysis of periphere lym�
phocyte cultures revealed a suspected short arm
of chromosome 18. FISH analysis using telom�
ere probes (ToTelVysion Probes,Fa.Vysis) pre�
sented a trisomy of 20q tel and a monosomy of
18p tel. Further investigations demonstrated a
familial reciprocal balanced translocation of 18p
and 20q. Using telomere probes,a rapid and
save prenatal diagnosis could carried out. Oth�
er members of the family were diagnosed to car�

ry the balanced translocation. The clinical and
cytogenetical results are discussed.

P 072

A SALL4 missense mutation causes preaxial
polydactly, hypophyseal hypoplasia, and
Type II Duane anomaly.
Borozdin, W. (1), Kohlhase, J. (1), Liebers, M.
(1), Frecer, V. (2), Miertus, J. (3)
(1) Institut für Humangenetik, Universität
Göttingen (2) ICS�UNIDO, Area Research
Park, Trieste�Italy (3) Medical Genetics
Service I.R.C.C.S. „Burlo Garofolo“, Trieste,
Italy
Okihiro syndrome consists of radial ray anom�
alies in combination with Duane anomaly which
is caused by agenesis of the VI. cranial nerve
and/ or its nucleus in the hindbrain and misin�
nervation of the lateral rectus muscle of the eye
by fibres of the oculomotor nerve (N. III). Okihi�
ro syndrome results from truncating mutations in
the putative zinc finger transcription factor gene
SALL4 on chromosome 20q13.13�13.2. Similar
to SALL1 mutations in Townes�Brocks syn�
drome, missense mutations within the SALL4
gene have not been observed in Okihiro syn�
drome, raising the question if such mutations
would be pathogenic and if so, which phenotyp�
ic features would be associated with them. Here
we describe a missense mutation in the SALL4
gene which is the first pathogenic missense mu�
tation found in a SALL gene. The mutation re�
sults in an exchange of a zinc�coordinating His�
tidine within a C2H2 double zinc finger domain
which is crucial for zinc finger structure. The mu�
tation was found in a patient who shows unilat�
eral incomplete preaxial polydactyly, hypophy�
seal hypoplasia and a single central incisor.
Most notably, however, the patient has no Type
I Duane anomaly as typical for Okihiro syndrome
patients with limited abduction but displays lim�
ited adduction with only slight limitation of ab�
duction (Type II Duane anomaly). Based on this
observation, the phenotype of SALL4 gene mis�
sense mutations seems very difficult to predict,
and such mutations might not be identified in
typical Okihiro syndrome patients.

P 073

High incidence of the R276X SALL1
mutation in sporadic but not familial
Townes�Brocks syndrome and report of the
first familial case
Liebers, M. (1), Backe, J. (2), Baumann�Müller,
A. (3), Bembea, M. (4), Destrée, A. (5), Gattas,
M. (6), Grüßner, S. (7), Müller, M. (8), Mortier, G.
(9), Skrypnyk, C. (4), Yano, S. (10); Wirbelauer,
J. (11); Michaelis, R.C. (12); Kohlhase, J. (1)
(1) Institut für Humangenetik, Universität
Göttingen (2) Domstr. 12, 97070 Würzburg
(3) Kürschnerhof 6, 97070 Würzburg (4)
Genetics Department, Clinical Children
Hospital, Oradea, 3700, Romania (5) Centre
de Génétique Humaine, 6280 Loverval,
Belgium (6) Queensland Clinical Genetics
Service, Royal Children´s Hospital, Herston,
Queensland 4029, Australia (7) Universitäts�
Frauenklinik, Klinikstr. 32, 35392 Gießen (8)
Universitäts�Frauenklinik, Josef�Schneider�
Str. 4, 97080 Würzburg (9) Department of
Medical Genetics, Ghent University
Hospital, De Pintelaan 185, 9000 Ghent,
Belgium (10) Department of Medical
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Genetics, Childrens Hospital, 4650 Sunset ;
Boulevard, Los Angeles, CA 90027, USA (11)
Universitäts�Kinderklinik, Josef�Schneider�
Str. 2, 97080 Würzburg (12) ; Greenwood
Genetic Center, 1 Gregor Mendel Circle,
Greenwood, SC 29646, USA 
Townes�Brocks syndrome is a rare autosomal�
dominant malformation syndrome caused by
mutations in the SALL1 gene on chromosome
16q12.1. All mutations identified so far are trun�
cating, i.e. nonsense mutations, short deletions,
short insertions and one splice site mutation.
Previously, one mutation (826C>T; R276X) has
been detected in seven independent families
with sporadic TBS but not in families with inher�
ited TBS. We have detected the R276X mutation
in eight additional families with sporadic TBS,
and found that it causes TBS in 15 out of 29
cases of sporadic TBS with detectable SALL1
mutations. The absence of the mutation in famil�
ial cases of TBS with SALL1 mutations had pre�
viously raised the question if the R276X muta�
tion results in infertility, which proved to be a
problem for genetic counseling of  carriers of
this mutation. Here we present the first two gen�
eration family with the R276X mutation. Both the
mother and her newborn daughter have typical
TBS but the daughter is more severely affected.
Comparison of all known cases with the R276X
mutation suggests a higher incidence of congen�
ital heart defects (including two cases with
Tetralogy of Fallot previously not observed with
SALL1 mutations) as compared to other SALL1
mutations. Therefore, the low frequency of the
R276X mutation in familial cases is not due to
absence of fertility at least in females but might
result from reduced genetic fitness of mutation
carriers.

P 074

X�linked inheritance of corneal endothelial
dystrophy in a large family reveals further
genetic heterogeneity of this condition
Janecke, A. (1), Lisch, W. (2), Utermann, G. (1),
Schmid, E. (3)
(1) Institut für Medizinische Biologie und
Humangenetik, Universität Innsbruck (2)
Augenklinik Hanau (3) Universitäts�
Augenklinik Innsbruck
The endothelial (posterior) corneal dystrophies,
which result from primary endothelial dysfunc�
tion, include autosomal dominant Fuchs´ en�
dothelial dystrophy (FECD; MIM 136800), poste�
rior polymorphous dystrophy (PPCD; MIM
122000) and congenital hereditary endothelial
dystrophy in which an autosomal dominant
(CHED1; MIM 121700) and an autosomal reces�
sive form (CHED2; MIM 217700) have been de�
scribed, and which are all thought to represent
defects of neural crest terminal differentiation.
We studied 26 individuals from a large Austrian
family who were variably affected with features
of a corneal endothelial dystrophy. The pheno�
type ranged from scattered vesicles that went
unnoticed throughout life to a congenital en�
dothelial dystrophy requiring a graft in early
childhood. In this family, women were less se�
verely affected from corneal alterations than
men. In addition, no instance of male�to�male
transmission of the disease was encountered
establishing X�linked inheritance of the corneal
dystrophy in this family. While mutations in
COL8A2 and VSX1 account for a percentage of
FECD and PPCD cases, respectively, the map�
ping of the disease gene in the family reported

here can provide additional insight in the func�
tion and dysfunction of the corneal endothelium.

P 075

A new case of ring chromosome 12
Pabst, B. (1), Schmidtke, J. (1), Müller�Deile, K.
(2), Miller, K. (1)
(1) Institut für Humangenetik, Medizinische
Hochschule Hannover, Germany (2)
Kinderkrankenhaus auf der Bult, Hannover,
Germany
Constitutional ring chromosome 12 is a rare
structural aberration. We report on a 10 month
old girl with a ring chromosome 12. After an un�
eventful pregnancy the girl was delivered at 40
weeks of gestation. The birth weight (3090 g),
height (51 cm) and head circumference (34,5 cm)
were within the normal range. The girl is the third
child of a 34 year old woman. At the age of 5
months, she presented with respiratory prob�
lems. The only clinical findings were a develop�
mental delay (4370g/62 cm/39,5 cm) and a car�
diac myopathy with dilatation. Cytogenetic
analysis of peripheral blood lymphocytes re�
vealed a mosaic karyotype. Most of the
metaphases showed a ring chromosome 12
(75%) while 22% of the metaphases presented
a normal female karyotype, and the remaining
3% of the cells showed monosomy 12. In a
small number of cells two ring chromosomes
(1.5%) and double rings (0.5%) were seen. FISH
analysis with subtelomeric probes of chromo�
some 12 revealed the loss of subtelomeric re�
gions on both arms. A locus specific probe as�
signed to chromosomal region q24.2 to 24.3 hy�
bridised to the ring chromosome, thus suggest�
ing the breakpoint on the long arm is in q24.3.
Based on these studies the breakpoints were in�
terpreted as r (12)(p13.3q24.3). Ring chromo�
some 12 is a rare abnormality with only seven
patients reported in the literature. The clinical
findings observed are microcephaly, mild men�
tal retardation and some minor dysmorphisms
(e.g. low�set ears, clinodactyly, unusual or sin�
gle palmar creases, café�au�lait spots). In all
these cases the breakpoints were assigned to
the most telomeric regions which results in min�
imal deletion of chromosomal material. This is
similar to our case with only few clinical mani�
festations.

P 076

Mosaicism of partial Tetrasomy 14q: case
report and review of  the literature
Bosse, K. (1), Heidrich�Kaul, Chr. (2),
Schellberg, R. (1), Schwanitz, G. (1)
(1) Institute of Human Genetics, University
of Bonn, Germany (2) Institute of
Cytogenetics, Bensberg, Germany
The third boy of a healthy turkish consanguin
couple was born after an uneventful pregnancy
with weight 2490g (3. centile), length 48 cm (10.
centile) and head circumference 34 cm (10. cen�
tile). The boy presented with the following facial
dysmorphisms: High arched eye�brows, epican�
thal folds, broad and high nasal bridge, bulbous
nasal tip, flared nostrils, thin lips and retrog�
nathia. On his left hand a simian crease was
present. At age 6 weeks he developed inspirato�
ry stridor and vomiting. Further investigations
showed an omphalocele and abnormally wide
placed nipples. An eye examination proved bi�
lateral coloboma of the iris. Echocardiography
showed a minimal insufficiency of the mitral

valve. MRI�scan of the brain demonstrated a
thinning of the corpus callosum. Karyotype
analysis from lymphocytes revealed a marker
chromosome in part of the mitosis which origi�
nated of an isochromosome 14q proximal. Lym�
phocyte studies of the parents showed a normal
female and male karyotype, respectively. FISH
with the ?�satellite probe for the centromeric re�
gion of chromosome 14 and 22 showed two sig�
nals in the marker chromosome with sufficient
discrimination between the active and inactive
centromere. Thus, the boy´s karyotype raised
from lymphocyte cultures was 47,XY,+i.ish i
(14)(pter�q13 :: q13�pter)[16]/46,XY[47], QFQ,
GTG. A partial tetrasomy 14q was verified. Re�
examination of our patient at age 10 months
showed a marked psychomotor delay, he was
unable to sit idependently and showed no
speech development. His body measurements
were below the third centile. Currently, inter�
phase analysis is performed on buccal smear to
further investigate the distribution of the 2 cell
lines.An identical tetrasomy of the region 14pter�
14q13 has only been reported once in the liter�
ature. In this case ultrasound abnormalities and
the abnormal karyotype led to a termination of
the pregnancy in the second trimester. The fetus
showed ventriculogemaly, talipes, camptodacty�
ly and clinodactyly. Mild facial dysmorhisms in�
cluded a prominent nasal bridge, a protuberant
forehead and low�set ears with posterior angu�
lation. There are some common features with
our patient.

P 077

Bleomycin vs. ionizing radiation in
diagnostic testing for Ataxia telangiectasia
Prowald, C., Friedl, R., Kalb, R., Hoehn, H.,
Schindler, D.
Dept. of Human Genetics, Biozentrum,
University of Wuerzburg
Increased cellular radiosensitivity is a hallmark
of ataxia telangiectasia (AT), AT�like disorders
and the Nijmegen breakage syndrome. Large
size and a detection rate below 100% render
routine mutation analysis of the ATM gene diffi�
cult. Functional tests such as measuring the cel�
lular response to ionizing radiation (IR) employ
g�rays or so�called radiomimetic agents, of
which bleomycin (BM) is most widely used. BM
is a mixture of closely related glycopeptide an�
tibiotics isolated from Strept. verticillus and has
been shown to induce a type of DNA damage
similar to that of IR. We used two�parametric
flow cytometry to compare radiation� vs. BM�in�
duced G2 phase arrest relative to the growth
fraction (GF) in 72 h in vitro lymphocyte cultures
of 7 AT and 39 control blood samples. IR dosage
of 1.5 Gy ensured optimal discrimination be�
tween AT resp. AT�like disorders (G2/GF:
0,41+0,13) and control samples (G2/GF:
0,09+0,03). BM at 1 mg/ml was also capable of
discriminating AT from control cells (sensitivity
100% in our study). However, discrimination was
less pronounced and inter�sample variation was
greater using BM compared to IR (G2/GF[AT]:
0,36+0,07; G2/GF[control samples]: 0,15+0,06).
The aminothiols WR�1065 (amifostine) and cys�
teamine are potentiators of BM and showed
ID50 values of 7 µM and 100 µM, respectively, in
our study. Used at concentrations well below
these values, preliminary results show that these
compounds may allow to improve the discrimi�
nation of AT in the BM diagnostic assay. Differ�
ences in the composition of various BM prepa�
rations, different oxidative activation of DNA�
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bound BM depending of the redox status of cul�
tured cells, variations in the intracellular activity
of BM hydroxylase and greater non�specific tox�
icity of BM than IR may all contribute to the su�
perior performance of ionizing radiation in diag�
nostic testing for A�T.

P 078

Spectrum of Mutations in the Connexin 26
Gene among 142 Czech Patients with
Congenital or Prelingual Deafness
Seeman, P. (1), Rasková, D. (2), Malíková, M.
(2), Groh, D. (3), Kubálková, M. (1), Bendová, O.
(3), Seemanová, E. (2), Kabelka, Z. (3)
(1) Dept of Child neurology, DNA laboratory,
Charles University Prague, 2nd School of
Medicine (2) Institute of  Biology and
Medical Genetics, Charles University
Prague, 2nd School of Medicine (3) Dept of
ENT, Charles University Prague, 2nd School
of Medicine
Background: Mutations in Connexin 26 gene
(Cx26) are the most common known cause of
congenital and prelingual deafness. The muta�
tion 35delG is by far the most common in Cx26
in the Caucasian population. No data about
Cx26 mutation�spectrum from a larger group of
Czech patients with congenital deafness were
available before our study. In 2002 we published
the high frequency of 35delG mutation among
29 Czech cochlear implant users. We further ob�
served the 35delG heterozygous frequency in
Czech hearing population to be 1: 29,6, similar
to central Europe.  Now we report the spectrum
of mutations in the Cx26 gene in a serie of 142
Czech congenital deafness patients, including
the previously reported cochlear implant
users.Methods: Allele specific PCR together with
the fluorescent fragment analysis were used for
the detection of 35delG mutation. Direct se�
quencing of the entire coding region of the Cx26
was performed in the patients, which were not
homozygous for the 35delG mutation.Results:
178 individuals including 142 patients with con�
genital or prelingual deafness and their 36
healthy relatives were tested. No causal muta�
tion in Cx26 gene was detected in 70 out of  142
deafness patients (49,3 %), including 6 patients
with a harmless polymorphisms only ( Val153Ile
and Arg127His). Both disease�causing mutations
were detected in 58 out patients ( 40, 8 %). Only
one pathogenic mutation was detected in further
14 patients ( 9, 9 %), so at least one causal mu�
tation in Cx26 gene was found in 72 out of 142
patients ( 50, 7 %).Among the 58 patients in
whom both disease�causing mutations were de�
tected, the allele frequencies for the mutations
were as follows:  35delG on 95 alleles (82%),
T24X on 12 alleles (8,4 %), 313del12 on 5 alle�
les (3,5 %). Mutations: 358delGAG, Lys15Thr,
Glu147Lys, 340kb deletion involving the Cx30
gene were found once each in patients with both
causal mutations.Besides the 35delG, following
mutations were further detected in patients car�
riing one mutation only and in the patients rela�
tives: Met34Thr, Leu90Pro, Val37Ile,
Lys221Asn.The mutation W24X was in all cases
detected in the patients of the Gipsy origin. A di�
genic origin of the congenital deafness was de�
tected in one patient with a 313del12 mutation
in the Cx26 gene together with the 340kb dele�
tion involving the Cx30 gene. Both normaly hear�
ing parents of this patients are heterozygous for
each of the mutation. Neverthless, the Cx30
deletion seems to be very rare in the Czech pop�
ulation, since it was not found in any of the 600

control chromosomes.Conclusions: Spectrum of
mutations in Cx26 gene in the Czech population
was evaluated. Mutations in Cx26 gene are a
very frequent cause of autosomal recessive
prelingual hearing loss in the Czech population,
similarly to other European countries. 35delG is
by far the most common mutation in Cx26 in
Czech population and was found in homozygous
state in 30,3  % (43 out of the 142 ) of Czech pa�
tients with prelingual deafness. Surprisingly, the
W24X mutation found in Gipsy patients is the
second most common mutation.Supported by
IGA NM 7417�3 and by VZ 11100003

P 079

Supernumerary der (1) marker chromosome
containing the original centromere and
euchromatin from 1q21.1�>q21.3
characterized by reverse painting and FISH
Barbi, G. (1), Adolph, S. (2), Spaich, Ch. (2;
Kehrer�Sawatzki, H. (1)
(1) Universität Ulm (2) Olgahospital Stuttgart
The female patient described here showed dys�
tropy and marked dysmorphic stigmata at birth;
and at the age of 9 months developmental delay
of at least 2 � 3 months without growth retarda�
tion was noticed.  Cytogenetic analysis detect�
ed a very small supernumerary marker chromo�
some in almost 100% of PHA stimulated cul�
tured lymphocytes. The marker presented as un�
characteristically pale after G�banding and
seemed telocentric by C�banding in more than
95% of  metaphases examined. Only in few
metaphases the marker had the appearance of
a ring chromosome. To identify the chromoso�
mal origin, 15 copies of the marker were  collect�
ed by microdissection. Reverse painting of this
microdissection library gave strong FISH signals
flanking the 1q12 heterochromatic region. CISS
hybridization with a whole chromosome paint 1
resulted in strong signals on the whole marker.
Localized FISH probes from proximal 1p and 1q
helped to more precisely identify the contents of
the marker: The marker consists of the cen�
tromere and euchromatin from q21.1�q21.3 rep�
resenting a segment between 5 and 7 Mb, the
q12 heterochromatin was reduced to a still de�
tectable minimum. No euchromatin from 1p
could be detected on the marker. BACs RP11�
337�c18, RP11�458i7, RP11�363i22, and RP11�
674d19 presented each one single FISH signal
both on the normal chromosomes 1 as well as
on the marker suggesting that the marker con�
tains only a single dose of the corresponding ge�
nomic region. In contrast, BACs RP11�30i17,
RP11�300l20, and RP11�21j4, and YAC 966c10
hybridized each to a single locus on the normal
chromosomes 1, whereas on the marker they
presented two distinctly separated FISH signals
suggestive of a duplication. These findings im�
ply a multi�step process of consecutive structur�
al changes during formation of this marker. Even
regarding a „ring�history“ of the marker, the ob�
served single versus double FISH signals were a
consistent property of each clone tested and did
not vary from cell to cell. Therefore, our data dis�
close the structure of a relatively stable marker
chromosome derived from a ring chromosome
and do not support a variable behaviour of an
unstable ring chromosome itself.

P 080

An unusual reciprocal translocation
detected by subtelomeric FISH:Interstitial
and not terminal.
Riegel, M., Baumer, A., Schinzel, A.
Institüt für Medizinische der Universität
Zürich
An 11 month�old boy with a pattern of dysmor�
phic signs, an ASD, right inguinal hernia, bilater�
al undescended testes, bilateral urinary reflux
and right renal dysplasia, and developmental de�
lay revealed an abnormal chromosome 11 with
enlarged terminal long arm in his karyotype. The
paternal karyotype was normal 46,XY, while the
mother showed the same 11q+ and in addition
a 2q� chromosome. Chromosome paiting with
chromosome 2 and 11 libraries (Vysis, Inc.,
Downers Grove, IL, U.S.A.)  confirmed a recip�
rocal translocation with a tiny 11 signal on 2q
and a larger 2 signal on 11q. Thus, a reciprocal
terminal exchange was assumed resulting in du�
plication of distal 2q material and a small sub�
terminal 11q deletion. The karyotype of the
mother would thus be 46,XX,t (2;11)(q35;q24.3).
Fluorescence in situ hybridisation with 2q and
11q subtelomeric probes (Vysis, Inc., Downers
Grove, IL, U.S.A.) was performed in order to
confirm the reciprocity of the translocation.
However, to our great surprise we did not find
the expected pattern, namely an 11q signal on
the rearranged 2 and a 2q signal on the re�
arranged 11. Instead, there was no signal on the
2q� while the 11q+ contained both the 11q sig�
nal and, more proximally, the 2q signal. Thus, it
turned out that the translocation was not an ter�
minal reciprocal exchange, but was interstitial on
both chromosomes which is highly unusual
since most interstitial translocations are non�re�
ciprocal. Thus, the results “moved” the aneu�
ploid segments to a more proximal position, es�
pecially the deleted 11q segments since it does
not contain the subtelomeric FISH region. Mi�
crosatellite marker analysis confirmed a subter�
minal 11q deletion in 2 informative constellations
and was suspective for a 2q duplication in one
informative marker. The molecular cytogenetic
results in this family show that reciprocal
translocations should be investigated not only
with whole chromosome paiting, probes but also
with further probes for the subtelomeric region
since, for genetic counseling, karyotype�pheno�
type correlation and gene mapping it is of in�
creasing importance to determine the break�
points and aneuploid segments as precise as
possible.

P 081

Premature ovarian failure in an otherwise
normal woman with de novo unbalanced
X/autosome translocation characterised by
subtelomere screening
Schüler, H.M. (1), Senderek, J.(1), Heil, I.(1),
Raff, R.(2), Schellberg, R.(2), Zerres, K.(1)
(1) Institut für Humangenetik, Aachen (2)
Institut für Humangenetik, Bonn
We describe a thirty�one year old woman with a
de novo unbalanced t (X;1) that resulted in a
deletion of Xq26.3�qter and a trisomy of 1q42.1�
qter. To our knowledge, only a few cases of pure
trisomy 1q42�qter have been reported. The de�
lineation of a distinct phenotype of these cases
remains doubtful and difficult because of coex�
isting deletions of other chromosomes. Never�
theless, some clinical findings like macro�
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cephaly, and more unspecific minor craniofacial
dysmorphisms, intrauterine and postnatal
growth retardation, developmental delay, and
cardiac defects have been reported constantly.
Although being trisomic for the region 1q42.1�
qter, our patient lacked any of the above men�
tioned features. She was referred for chromo�
some analysis because of the diagnosis of pre�
mature ovarian failure. Conventional chromo�
some analysis was done on the patient and her
parents and revealed an altered X chromosome
in the majority of the metaphases. By the appli�
cation of FISH with X�specific library, with a sub�
telomeric probe set and with a probe generated
by microdissection of the aberrant X chromo�
some the patient`s chromosomal imbalance
could be interpreted as de novo partial trisomy
1q, present in all analysed mitoses. This discrep�
ancy between karyotype and phenotype sug�
gested the spreading of X inactivation through�
out the translocated segment of 1q. The prema�
ture ovarian failure of our patient can most like�
ly be explained by the distal deletion of the long
arm of the X chromosome. The maintenance of
genes and gene order within the „critical re�
gions“ on Xq have been proposed for a normal
ovarian function. The exact location of the
breakpoint on Xq and the parental origin of the
translocation, for which exclusively paternal der�
ivation has been demonstrated, are being deter�
mined.

P 082

A child with supernumerary small marker
chromosome and uniparental disomy 22 due
to trisomy rescue
Bartels, I. (1), Schlüter, G (1), von Eggeling,
F.(2), Starke,H. (2), Glaubitz, R. (3), Burfeind,
P.(1)
(1) Institut für Humangenetik, Universität
Göttingen (2) Institut für Humangenetik und
Anthropologie, Universität Jena (3) Wagner�
Stibbe�Kast�Bispink+Partner, Hannover
Trisomy rescue is one of various proposed
mechanisms in formation of supernumerary
marker chromosomes (SMC). However, postzy�
gotic reduction of a chromosome to a SMC has
never been observed in clinical cases. Indirect
evidence is given when a small SMC is associ�
ated with uniparental disomy (UPD). Here, we re�
port a child with SMC, UPD and confined pla�
cental mosaicism for trisomy 22. A small de
novo marker chromosome derived from chromo�
some 14 or 22 was diagnosed in amniocytic flu�
id during prenatal diagnosis due to maternal
age. Follow up investigations at birth revealed
mosaicism 47,XX,+min (14 or 22)46,XX. Using
FISH the SMC was positive for the probe
D14/22Z1, but negative for the probes MIDI54
(i.e. a probe for the acrocentric`s p�arms) and
D22Z4. According to microsatellite analysis,
both chromosomes 22 were inherited from the
mother (UPDmat). Trisomy of the whole chromo�
some 22 was present in short term culture of
placenta, where cytotrophoblast cells are inves�
tigated, but not in cultured placental cells which
represent esenchymal mesoderm. The newborn
girl was phenotypical normal. Motoric and men�
tal development is according or ahead of devel�
opmental milestones (free walking with 10
month, first words with 12 months). Cardiac and
abdominal formations were excluded by sono�
grafic examinations. The present case confirms
that maternal UPD 22 most likely is clinically
silent. According to FISH results, UPD 22 and
47,XX,+22 in the placenta we conclude that the

SMC was derived from heterochromatic cen�
tromeric material of chromosome 22. This case
gives evidence for the first time that early somat�
ic formation of a marker chromosome is a real
existing mechanism to rescue a conceptus with
trisomy. Supported in parts by the Dr. Robert
Pfleger�Stiftung.

P 083

Real Time PCR in diagnosis of 21�
hydroxylase deficiency
Preisler�Adams, S., Dworniczak, B., Horst, J.
Universitätsklinikum Münster, Institut für
Humangenetik
Congenital adrenal hyperplasia (CAH) is one of
the most common autosomal recessive metabol�
ic diseases and 90�95% of cases are due to 21�
hydroxylase deficiency. Identification of defects
in the corresponding gene, CYP21, is the basis
for prenatal diagnosis and therapy of female fe�
tuses  in attempts to reduce virilization of exter�
nal genitalia. Molecular diagnosis is hampered
by the complicated and variable structure of the
CYP21 gene locus on chromosome 6p, which
results from duplication events. Prevalent is a bi�
modular arrangement comprising the active
gene CYP21 and a highly homologous inactive
pseudogene, CYP21P, in near proximity. The
molecular defects result predominantly from re�
combinations between CYP21 und the CYP21P
pseudogene leading to deletion/duplication of
CYP21 or to conversions with transfer of delete�
rious sequences from the pseudogene. Since
deletions and large gene conversions account
for one third of CYP21 defect alleles determina�
tion of gene copy number is an important ele�
ment of mutation detection. To improve and en�
hance diagnostics of CAH we established a real�
time PCR approach for quantification of gene
copy number. The setup involves co�amplifica�
tion of CYP21 together with a known bi�allelic
reference gene (HSA). CYP21�specific primers
and probe were located within exon 3, a region
with clear differences between CYP21 and
CYP21P; the FAM�labelled TaqMan probe car�
ries a TAMRA quencher. HSA specific primers
and probe were designed according to Thiel et
al., 2002, using a VIC labelled probe with a non�
fluorescent quencher. Optimization of primer and
probes concentrations allowed synchronization
of CYP21 and HSA reactions resulting in nearly
identical amplification rates. Simulation of dele�
tion and duplication alleles was done by bisec�
tion and doubling of template DNA and resulted
in significant and reproducible shifts of the Ct
value. (Thiel et al., 2002, Eur J Hum Genet 11:
170�178)

P 084

Identification and characterisation of a
small supernumerary euchromatic marker
chromosome derived from chromosome 10
by microdissection and 
Trimborn, M. (1), FISHGrüters�Kieslich, A. (2),
Neitzel, H. (1), Tönnies, H. (1)
(1) Institute of Human Genetics, Charité,
Humboldt University, Berlin (2) Department
of Paediatric Endocrinology, Charité
Children`s Hospital, Humboldt University,
Berlin 
We report the identification and characterisation
of a supernumerary marker chromosome by mi�
crodissection followed by forward and reverse

painting in a female patient presenting with short
stature. The fluorescence in situ hybridisation
showed that the marker chromosome originates
from chromosome 10 and includes the euchro�
matic bands p11.2 and q11.2, which was veri�
fied by hybridising a whole chromosome paint�
ing probe (wcp10) specific for chromosome 10.
The marker was found in 17 % of the analysed
peripheral blood lymphocytes and this finding
could be confirmed in a second cell system (oral
mucosa cells) by interphase FISH  using an
alphoid centromeric probe for chromosome 10.
Parental karyotypes were normal. The karyotype
of the patient can be described as mos47,
XX,+mar.rev ish der (10)(p11.2q11.2)  (wcp10+)
/46,XX. Cytogenetic and clinical data on addi�
tional cases with marker chromosomes 10 are
extremely rare. To our knowledge there are only
two cytogenetically comparable cases with a su�
pernumerary marker chromosome  and small
partial trisomy for the pericentromeric regions of
chromosome 10. Only one of these cases has
been described clinically after birth.

P 085

Heart malformation in a boy with a 6 Mb
interstitial deletion in 8p23.1
Volleth, M. (1), Stumm, M. (2), Liehr, T. (3),
Heller, A. (3), Kalscheuer, V.M. (4), Korb, C. (5),
Wieacker, P. (1)
(1) Dept. of Human Genetics, Leipzigerstr.
44, 39120 Magdeburg (2) Praxis für
Pränataldiagnostik, Kurfürstendamm 199,
10719 Berlin (3) Inst. of Human Genetics and
Anthropology, Kollegiengasse 10, 07743
Jena (4) MPI of Molecular Genetics, Ihnestr.
73, 14195 Berlin (5) Centre for Pediadrics,
Wiener Str., 39112 Magdeburg
We report on a patient with a complete artri�
oventricular (AV) canal defect and pulmonary
stenosis. The boy was born after 37 weeks of
gestation with a birth weight of 2150g (<3.cen�
tile). Length was 41 cm (<3. centile) and head
circumference was 31 cm (<3. centile). Because
of heart malformation and dystrophy chromo�
some analysis was undertaken. Following GTG�
banding, a numerical normal male karyotype
with a deletion in the short arm of one chromo�
some 8 was supposed on a 450 band level. Flu�
orescence in situ hybridization (FISH) with 8 dif�
ferent YACs (RZPD, Berlin) from the 8p22�8p23
region confirmed that suspicion. The YACs
871a08, 966b05 and 770e09 showed hybridiza�
tion signals on only one chromosome 8 per
metaphase. FISH with a 8p subtelomeric probe
gave normal results. In conclusion, the patient
shows an interstitial deletion in 8p23.1 with an
estimated size of not more than 6 Mb. Addition�
ally performed multicolor banding (MCB) with a
chromosome 8 specific probe set gave normal
results, indicating for a resolution limit of MCB
similar to CGH � i.e. about 10 Mb. The location
of the deleted region coincides with the 6 Mb
critical deletion region for congenital heart de�
fects (Devriendt et al. 1999), which contains the
transcription factor GATA�4. Supported in parts
by the Wilhelm Sander�Stiftung (99.105.1�2).
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Molecular cytogenetic characterisation of
human papillomavirus�transfected cell lines
by spectral karyotyping
Meyer, B. (2), Stout, K. (1), Trottier, F. (1),
Schröck, E. (1), Rudolph, B. (2), Schneider, A.
(2), Dürst, M. (2), Backsch, C. (2)
(1) Charité, Berlin, Abteilung Tumorgenetik
(2) Frauenklinik der FSU Jena, Abt.
Gynäkologische Molekularbiologie
High�risk human papillomavirus (HPV) types 16
and 18 are involved in the multistep process of
cervical carcinogenesis. For HPV�induced im�
mortalisation � a prerequisite for tumour growth
� genomic changes such as HPV integration into
the host genome and distinct structural and nu�
merical aberrations are necessary. In the pres�
ent study cell lines of HPV�transfected ker�
atinocytes were analysed by spectral karyotyp�
ing (SKY). SKY�Fluorescence� in situ � hybridi�
sation (FISH) is a method which has revealed a
number of previously undetected or incomplete�
ly identified chromosome aberrations.We could
confirm previously described chromosomal im�
balances which had been identified by compar�
ative genomic hybridisation  (CGH) such as loss
of 10p and gain of chromosome 11 (Solinas�Tol�
do et al. 1997). These aberrations are stable and
were detected in all cell passages. Additional
new aberrations detected by SKY�FISH are a t
(3;5) � which we also found in HeLa�cells� and
the t (10,14), or i (10q) which might be a cause
for loss of 10p. Further frequently occuring new
aberrations were t (1;19), t (3;15) and  i (8q).In
conclusion, in this study we detected some nov�
el structural rearrangements in HPV 16 or 18�
transformed cell lines, whose relevance as prog�
nostic markers in cervical cancer will be investi�
gated further.

P 087

Definition of new BAC probes that enable
clinical FISH tests, including prenatal
diagnosis, of the CES marker chromosome
Rasi, S. (1), Schröder, K. (2), Hickmann, G. (3),
Blin, N. (2), Bartsch, O. (1)
(1) Institut für Klinische Genetik, TU
Dresden (2) Institut  für Humangenetik,
Universität Tübingen (3) Praenatal�Medizin
und Genetik Düsseldorf
Supernumerary bisatellited marker chromo�
somes (SBMCs), especially if found at prenatal
diagnosis, may pose serious diagnostic prob�
lems. SBMCs appear very similar by karyotyp�
ing, but there are various types and subtypes,
which are associated with very different clinical
prognoses, ranging from the fully normal pheno�
type at the mild end of the spectrum to the se�
vere syndromal mental retardation with the di�
centric 15q12�q13. The dicentric 22q11.2 (the
typical CES marker chromosome) represents a
major diagnostic problem. No specific diagnos�
tic test and no specific DNA probe for the CES
chromosome can be commercially purchased,
and the established FISH probe, cos121 (Liehr
et al. Clin Genet 1992, 42, 91�96), is not freely
available and genetically not well�defined by
modern standards. This study aimed at estab�
lishing new well�defined DNA probes to be used
in clinical FISH tests of SBMCs.We report
metaphase FISH studies on 8 new unrelated
cases of a typical or atypical CES marker chro�
mosome. Probes included alphoid probes,
cos121 and 10+ clones from the CTA library

(Kim et al. PNA, S 1996 , 93, 6297�6301). Some
map positions (Kim et al. 1996) were not sup�
ported by our results and current data (Genbank,
Ensembl, UCSC Genome Browser). Three BACs
yielding clear signals on typical CES chromo�
somes were identified and may be used in clini�
cal testing. Other BACs enabled the breakpoint
mapping on the CES chromosomes. � This study
included five prenatal cases of a CES chromo�
some. Complex ethical issues were discussed.
Following fetal ultrasonography and in�depth ge�
netic counselling, three children were born, one
pregnancy was terminated, and one pregnancy
is in progress. All cases, clinical and FISH find�
ings correlated favourably, i.e. inconsistencies
were not observed.We thank the referring col�
leagues Drs. C. Behrend, C. Gillitzer, K. Sandig,
M.�L. Mazauric, P. Kozlowski and G. K. Hinkel.

P 088

Terminal deletion 14q32 in a boy with severe
developmental delay and dysmorphisms
detected by FISH subtelomere screening
Ehrbrecht, A., Zahn, S., Schwanitz, G.,
Hoischen, A., Bosse, K., Engels, H., Kubisch,
C.
Institut für Humangenetik,
Universitätskliniken Bonn
We report on a mentally and motorically retard�
ed boy with dysmorphisms whom we investigat�
ed at the age of 2 3/4 and 3 3/4 years. He is the
first child of a healthy, non�consanguineous cou�
ple of Turkish descent. After an uneventful preg�
nancy and delivery by caesarean section due to
breech position, birth measurements were nor�
mal (2810g, 49cm, 34cm; apgar scores 10/10).
At the age of 5 months, the psychomotoric de�
lay was first noticed. His further development
was severely retarded (sitting with 22 months,
crawling with 28 months, no standing in upright
position and a speech ability of 2�3 words with
2 3/4 years). His craniofacial dysmorphisms in�
cluded epicanthal folds, down�slanting palpebral
fissures, small nose with broad nasal bridge and
anteverted nares, thin upper lip, large philtrum,
dysmorphic ears and a low hair line. He had bi�
lateral simian creases and hypospadia. At the
age of 2 1/2 years, his body weight was above
average (15,5kg; 90�97th centile). At the age of
2 3/4, his length was significantly above average
as well (103cm; >97th centile), his head circum�
ference was normal (50cm). Screening for meta�
bolic diseases and conventional cytogenetic
analyses of peripheral blood lymphocytes (400
bands per haploid genome) and skin fibroblasts
gave normal results. Brain MRI�scan showed a
disturbance of myelinisation. Re�examination at
the age of 3 3/4 years additionally showed gen�
eralised hyperlaxity of the joints. A screening for
subtelomeric chromosome aberrations (Vysis,
ToTelVysion) detected a terminal deletion 14q.
Parental chromosome analyses showed a nor�
mal karyotype. FISH with the subtelomeric
probes deleted in the patient did not reveal a
subtelomeric aberration in the parents demon�
strating that the aberration arose de novo. In or�
der to delineate the breakpoint, hybridisations of
a panel of BAC probes on patient´s metaphase
spreads are in progress. A genotype�phenotype
correlation based on the exact size of the 14q
deletion as well as on a review of the literature
will be presented.

P 089

Molecular cytogenetic characterisation of
Howell�Jolly Bodies
Lemke, J. (1), Felka, T. (1), Michel, S. (1),
Lemke, C. (2), Gruhn, B. (3), Liehr, T. (1),
Claussen, U. (1)
(1) Institut für Humangenetik und
Anthropologie, Friedrich�Schiller�Universität
Jena (2) Institut für Anatomie I,  Friedrich�
Schiller�Universität Jena (3) Klinik für
Kinder� und Jugendmedizin,  Friedrich�
Schiller�Universität Jena 
Howell�Jolly�Bodies (HJB) are known as nuclear
fragments in erythrocytes which often appear in
patients with pernicious anaemia and after
splenectomy. Its DNA content, however, has
never been defined unequivocally. Therefore, we
selected formaldehyde�fixed erythrocytes of a
splenectomised male patient with the help of an
extended Pasteur pipette and characterised the
DNA of the HJBs with molecular cytogenetic
techniques. For that, we amplified and labelled
the DNA by DOP PCR and performed reverse
painting on normal metaphase spreads. Prelim�
inary results of four HJBs led to different but
specific centromeric signals on chromosomes
1/5/19, X, 7, 17, respectively. Signals on euchro�
matic or other heterochromatic chromosome re�
gions could not be detected. Consequently, we
suppose that HJBs preferentially consists of
centromeric heterochromatin of different chro�
mosomal origin. Furthermore, we assume that
HJBs result from a normal DNA degradation
process which eliminates euchromatic material
first. This degradation process may have some
similarities to the formation of marker chromo�
somes which often consists of confined cen�
tromeric DNA as well.

P 090

Molecular cytogenetic analysis of a de novo
5q23.2q31.2 deletion in a dystrophic boy
with minor congenital anomalies
Tzschach, A. (1), Schulzke, I. (2), Menzel, C. (1),
Kalscheuer, V. (1), Tönnies, H. (3), Scherthan,
H. (1), Radke, M. (2), Ropers, H.�H. (1),
Hoeltzenbein, M. (1)
(1) Max�Planck�Institut für Molekulare
Genetik, Berlin (2) Klinikum Ernst von
Bergmann, Kinderklinik, Potsdam (3) Institut
für Humangenetik, Charité, Berlin
Only few patients with constitutional interstitial
deletions of 5q have been reported, and no
common phenotype could be established. Most
cases were investigated by conventional cyto�
genetic techniques only, and the size of the
deletions varies considerably. We report on a 1�
year�old boy with a de novo interstitial deletion
5q23.4q31.2 who presented with dystrophy,
statomotor retardation and multiple minor con�
genital anomalies, among which long slender fin�
gers and toes, bilateral clinodactyly of the toes
IV and V, and large low�set ears were the most
prominent. Additional features were a broad
nasal bridge, hypertelorism, long philtrum, ret�
rognathia, and a high palate.Conventional chro�
mosome analysis revealed a de novo interstitial
deletion 5q23.4q31.2 which was confirmed by
CGH. Further molecular cytogenetic investiga�
tions using YAC and BAC clones were undertak�
en to determine the precise extent of the dele�
tion which is about 24 Mb (proximal breakpoint
between markers D5S622 and D5S2120, distal
breakpoint between markers D5S463 and
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D5S638).Dystrophy, psychomotor retardation,
and minor facial anomalies are the only common
features in the few known cases with smaller in�
terstitial deletions of 5q (reviewed by Courtens
et al. Am J Med Genet 1998). Patients with larg�
er deletions comprising the FAP locus suffer
from Gardner syndrome.Interestingly, the Fibrillin
2 (FBN2) gene is located near the centromeric
breakpoint and might be deleted in our patient.
Mutations in FBN2 cause Beals�Hecht syndrome
(congenital contractural arachnodactyly). The
long toes and fingers which have also been de�
scribed in at least one other patient with a sim�
ilar deletion of 5q might be due to haploinsuffi�
ciency of FBN2.

P 091

Molecular analysis of the 17q breakpoint of
a patient with a translocation t
(17;20)(q25;q13) associated with SRS
Matthes, F., Ayala�Madrigal, M. L., Hansmann,
I., Schlote, D.
Martin�Luther�Universität Halle�Wittenberg
A severe Silver�Russell syndrome (SRS), a het�
erogenous disorder mainly characterized by pre�
and postnatal growth retardation, lateral asym�
metry and other morphological abnormalities,
ascertained in a girl with a translocation t
(17;20)(q25;q13) inherited from her phenotypi�
cally normal father, was reported by Ramirez�
Dueñas et al. (1992). Here we report the molec�
ular analysis of the breakpoint region on chro�
mosome 17q25 based on a BAC / PAC contig
established for this region. Efforts to map the
molecular breakpoint in 17q25 determined sev�
eral BAC and PAC clones giving signals on both
chromosomes 17 and der17 in FISH analysis us�
ing proband metaphase chromosomes so estab�
lishing a refined clone contig for the region of in�
terest. According to the mutation analysis of a
3,5 cM interval on chromosome 17q25 for
hereditary neuralgic amyotrophy (HNA; Meule�
man et al., 2001) we started mapping several
candidate genes onto the contig. One of these
genes (SEC14L1) could be localized nearby the
region of interest by PCR approach. Further re�
fining the existing clone contig by STS content
mapping and sequencing the BAC / PAC insert
ends resulted in defining the breakpoint within
81,5 kb in the 5`� region of SEC14L1. However,
there is evidence to localize the breakpoint to an
even smaller region of about 5 kb upstream
SEC14L1 considering the sequence data of a
single PAC clone showing conflicting results in
hybridization experiments. Corresponding analy�
sis of the breakpoint region on chromosome 20
resulted in the identification of a PAC clone RP1�
232n11 spanning the breakpoint including one
exon of the gene PTPRT, so far another candi�
date gene located nearby the region of interest.
FISH experiments using PAC and BAC subfrag�
ments and RFLP analysis in order to identify
aberrant fragments specific for the translocation
will now be used to further localize the molecu�
lar breakpoint hence giving novel information on
the genetic background of the development of
Silver�Russell syndrome.

P 092

Molecular characterization of a pericentric
inversion of chromosome 3
Peisker, K., Matthes, F., Hansmann, I., Schlote,
D.
Martin�Luther�Universität Halle�Wittenberg
Chromosomal rearrangements provide an impor�
tant resource for the analysis of mutations alter�
ating the phenotype of the affected patients in
consequence of shortened, deleted or different�
ly expressed gene products. Here we report the
case of two adult and one infant proband in a
family with reduced body height (below per�
centile 3) otherwise lacking dysmorphic features.
Karyotyping revealed a pericentric inversion
46XX inv (3)(p25;q26), being heterozygous in all
tested probands. Assuming an association be�
tween reduced body height and observed inver�
sion we established a BAC contig for each
breakpoint region 3p25 and 3q26 consisting of
eight clones in total by in silico analysis con�
firmed by FISH experiments. Searching for can�
didate genes in the region of interest we focused
on the gene SHOT (SHOX homologous gene on
chromosome three, SHOX2) as this is described
sharing 83% homology at amino acid level with
the homeobox gene SHOX (short stature home�
obox) (Blaschke et al., 1998) whose mutations
and haploinsufficiency are thought to be respon�
sible for several syndromes associated with
short stature like Ullrich�Turner syndrome (45,X0)
(Rao et al., 1997). FISH analysis so far results in
physical mapping of two BAC clones possibly
spanning the breakpoint covering SHOX2 con�
firmed by PCR approach and Southern hybidiza�
tion experiments. Further on RFLP analysis as
well as detailed FISH experiments using isolat�
ed subfragments of these BAC clones as probes
will result in narrowing of the breakpoint region,
so giving evidence for a relation between the in�
version and the altered phenotyp of the
probands.

P 093

Chromosomal evolution of the PKD1 gene
family in primates
Habura, I. (1), Bogdanova, N. (2), Wimmer, R.
(1), Dworniczak, B. (2), Schempp, W. (1)
(1) Universität Freiburg (2) Universität
Münster
The autosomal dominant polycystic kidney dis�
ease (ADPKD) is mostly caused by mutations in
the PKD1 (polycystic kidney disease 1)�gene lo�
cated in 16p13.3. Moreover, there are several
genes homologous to PKD1 that are located
proximal to the master gene in 16p13.1, and
there is evidence that these homologues form a
family of pseudogenes located in 16p13.1. In
contrast, there is a single copy gene on mouse
chromosome 17 and no pseudogenes could be
detected in the mouse genome. The question
arises how the human situation originated phy�
logenetically. To solve this question we applied
comparative FISH�mapping of a human PKD1�
containing genomic BAC clone and a PKD1�
cDNA clone to chromosomes of a variety of pri�
mate species and the dog as a non�primate out�
group species. Summarizing our comparative
mapping data, it may be concluded that PKD1
must have undergone amplification very early in
primate evolution while it is present as a single
copy gene in the dog. Interestingly, only in the
gorilla, the bonobo, the chimpanzee and the hu�
man further chromosomal rearrangements, i.e.

transpositions, in addition to the amplification
have clearly separated the pseudogenes from
the master PKD1 gene in a species�specific pat�
tern.

P 094

Molecular Cytogenetic Analysis of
Breakpoints in Two Cases with  Deletion
7q36
Leipoldt, M., Lehmann, D., Schempp, W.
Institute of Human Genetics and
Anthropology, Freiburg, Germany
Two female patients with de novo deletions 7q36
are reported. From the cytogenetic aspect both
deletion breakpoints seem to be identical. Mol�
ecular cytogenetic analysis by fluorescence in
situ hybridization (FISH) using a panel of 4 YAC
clones  mapped the breakpoint in both cases
within a 1 Mbp region in 7q36.2 . Subsequent
FISH�analysis by means of 8 BAC/PAC clones
derived from the breakpoint�overlapping YAC
clone narrowed down the positions of the break�
points within an interval as small as 300 � 400
kbp.  However,  the clinical symptoms in both
patients significantly differ. The differing pheno�
types are discussed in view of hemizygosity for
SHH and HLXB9, both genes being located
within the deleted segment.

P 095

Purification and biological activity of
recombinant hGH, TNFalpha and FeldI
proteins overexpressed in bacterial and
eucaryotic systems
Szalata, M. (1), Lipinski, D. (2), Kalak, R. (1),
Tobola, P. (3), Pienkowski, M. (4), Slomski, R.
(1,2)
(1) Department of Biochemistry and
Biotechnology, Agricultural
University,Wolynska 35, 60�637 Poznan,
Poland (2) Institute of Human Genetics,
Polish Academy of Sciences, Poznan,
Poland (3) Delta Pharma BV, Hengelo, The
Netherlands (4) PienGen Biomedical
Corporation, Knoxville, USA
In the last years proteomics is rapidly develop�
ing as a new field connected with protein struc�
ture and function. Now each protein predicted
by genome analysis can be obtained as recom�
binant protein. Biologically active recombinant
proteins can be expressed in bacterial or eu�
caryotic systems. We used for expression of re�
combinant proteins E.coli cells and mammary
glands of transgenic animals. Human tumor
necrosis factor TNFalpha and two chains of ma�
jor cat allergen FeldI were purified from bacteria.
Human growth hormone hGH was overex�
pressed in homozygotic female rabbit. All re�
combinant proteins have 6xHis tag for purifica�
tion on metal affinity chromatography column
(Talon). Histidine tags were removed from hGH
and FeldI chain 1 and 2 by cleavage of se�
quence recognized by thrombin or enterokinase
introduced between tag and protein sequence.
Biological and cytotoxic activity of recombinant
proteins was estimated. Additionally, for both
FeldI chains immunological analysis was accom�
plished by surface plasmon resonance technol�
ogy. Human growth hormone activity was ana�
lyzed towards growth promoting activity using
growth hormone dependent cells Nb2�11. For all
recombinant proteins amino acid sequencing
was performed.
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P 096

Evolution of the Y�chromosomal AZFa
region in higher primates
Wimmer, R. (1), Kirsch, S. (2), Rappold, G. (2),
Schempp, W. (1)
(1) Universität Freiburg (2) Universität
Heidelberg
Compared to other regions on the human and
great ape Y chromosomes, the genomic seg�
ment encompassing the functionally defined
AZFa locus has undergone higher X�Y sequence
divergence, which is detectable by fluorescence
in�situ hybridisation (FISH). We have compara�
tively mapped a human Y chromosomal PAC
contig that includes AZFa by FISH analysis in
human and great apes. The hybridisation results
for the PAC clones of the classical AZFa region
differ from the surrounding clones due to a low�
er conservation of the X/Y homology in higher
primates. This allows an evolutionary definition
of an interval enclosing AZFa with a size of
about 1.1 Mb. This region includes the genes
USP9Y, DBY and UTY and is limited by evolu�
tionary breakpoints within the PAC clones 41L06
and 46M11. These breakpoints restrict an area
of possible male specific evolution that may
have resulted in the acquisition of male specif�
ic functions, including a role in spermatogene�
sis.

P 097

The coherence between isochore pattern
and replication timing in the NF1 gene
region is conserved between human and
mouse
Schmegner, C., Berger, A., Vogel, W.,
Hameister, H., Assum, G.
Universität Ulm, Abteilung Humangenetik
A feature of the mammalian genome is the local
differentiation of its GC content: Long stretches
of alternate DNA sequence composition are sep�
arated by sharp boundaries. Beside the visible
banding pattern of chromosomes, this so�called
isochore structure is correlated with a number of
functional features like gene density, recombina�
tion frequency and replication timing. Within the
human NF1/FHN3 gene region a GC�poor iso�
chore (39% GC) of several hundred kb in length
is immediately followed by a long sequence
stretch with an average of 51% GC. The orthol�
ogous region of the mouse genome mirrors this
GC distribution and the sharp isochore bound�
ary exactly. The isochores of both species are
therefore evolutionary conserved, although after
the separation of human and mouse the DNA se�
quence diverged. To study the correlation be�
tween sequence composition and replication
timing for both species in detail interphase FISH
was performed. The results clearly demonstrate
that in both species GC�rich isochores are repli�
cated early during S phase whereas neighbour�
ing GC�poor sequences are replicated late. The
boundary between early� and late�replicating se�
quences is sharp and precisely coincides with
the boundary between the GC�rich and GC�poor
isochores. Moreover, fiber�FISH experiments
with a probe spanning the isochore boundary re�
vealed, apart from linear structures, a number of
Y�shaped structures representing replication
forks. This demonstrates directly that in the hu�
man and in the mouse NF1/FHN3 gene region
the replication fork is arrested for a longer time
period within the isochore transition region. The

isochore transition proves to be a conserved
landmark of mammalian chromosomes.

P 098

A repetitive sequence present in human
chromosome 1q21, 1p12 and 1p36.1 lead to
new insights into the evolution of
chromosome 1 and its homologues in
human and 4 ape species
Mrasek, K., Weise, A., Starke, H., Claussen,
U., Liehr, T.
Institut für Humangenetik und
Anthropologie Jena
The phylogeny of human and ape chromosomes
is not yet fully established as proven as well by
the present study. Here, a locus�specific probe
(BAC b35B4) together with probes of the MCB1�
probeset have been used. b35B4 derives from
1q21 and contains 143 kb of non�repetitive DNA,
however, it produces three specific FISH�signals
in 1q21, 1p12 and 1p36.1 of Homo sapiens
(HSA). According to database search (NCBI)
123kb of b35B4 are present in at least 5 copies
in 1q21, leading to a strong FISH�signal. In
1p36.1 59kb of b35B4 with ~95% sequence ho�
mology are present twice in tandem order. Addi�
tionally, 21.5 kb with ~90 homology to b35B4 are
located once in 1p12. Human chromosome 1
was studied in comparison to its homologues in
Hylobates lar (HLA), Gorilla gorilla (GGO), Pan
troglodytes (PTR) and Pongo pygmaeus (PPY).
The results clearly indicated, that there was an
up to present unrecognized pericentric inversion
in the evolution between apes and HSA #1.
Moreover, a duplication of the sequences homol�
ogous to human 1p36.1 could be detected in
PTR. Finally, in HLA there is also a homologous
region to HSA 1p36.1 and the region homolo�
gous to HSA 1q21/1p12 is split onto two differ�
ent chromosomes. The present ZOO�FISH study
using human BAC�probe led to new insight into
the evolution of chromosome 1; details not rec�
ognized by M�FISH, chromosome bar�code or
MCB could be detected. Supported by DFG
(PO284/6�1) and INTAS (2143). Ape cell lines
were kindly provided by Dr. Rocchi (Italy) and Dr.
Hameister (Germany).

P 099

SubcenM�FISH defines up to present hardly
characterizable centromere�near
rearrangements
Starke, H. (1), Weise, A. (1), Nietzel, A. (1),
Kuechler, A. (1/2); Heller, A. (1), Claussen, U.
(1), Liehr, T. (1)
(1) Institut für Humangenetik und
Anthropologie Jena (2) Klinik für Radiologie,
Abteilung Radiotherapie
Recently, we described an approach closing a
gap in molecular cytogenetic techniques: the
subcenM�FISH. We demonstrated, that sub�
cenM�FISH probe sets, consisting of a cen�
tromere specific satellite probe, one centromere�
near BAC in q and p (excluding the acrocentric
chromosomes) and arm�specific pcp probes,
characterizes the pericentric region in small su�
pernumerary marker chromosomes [Starke et al.,
Med Genetik 2002, 14:262]. In the present study
the suitability of subcenM�FISH for the charac�
terization of centromere�near breakpoints is es�
tablished for 14 cases with derivative or re�
arranged chromosomes derived from chromo�
some X, 1, 4, 5, 6, 2, 10, 16, 19, 20, 21 or 22.

The rearrangements have been defined as di�
centrics [idic (X)(p11.21 or 11.22), dic
(16;22)(16pter�> 16q24.3::22q11.22�>22pter),
dic (22)(p11.3�>q11.22 or q11.23::p11.1�
>q11.22 or q11.23), dic (22)(pter �
>q11.21::p11.2�>qter)], inversions [inv (1)
(p12;21.1), inv (2)(p11.2q11.2), inv
(10)(p11.1q21.1), inv (19)(p13.11q13.12�q13.13)],
duplications [inv dup (4)(p11p16), dup (5)(pter�
>q11.1::p12�>qter), dup (16)(q11.2q13)], translo�
cations [t (5;6)(p11�12;q11.2)] or derivative chro�
mosomes [der (21)(:q21�q22.1�>p11.2::q21�
q22.1�>qter), der (21)(p13�>p12�13::q13.33�
>q13.32::q11.21�>p12�13::q11.21�11.22�>(?
)q13.32::p13�>p13)]. In 2 additional cases, chro�
mosomes after GTG�banding suspected to have
pericentric rearrangements, could be shown to
have satellite sequence heteromorphisms; i.e. in
one case the alpha�satellite region of one chro�
mosome 6 was extremely small, in another case
the corresponding region on a chromosome 20
was extremely enlarged. In summary, we con�
clude that subcenM�FISH is the method of
choice for the characterization of SMC as well
as of centromere�near rearrangements in larger
derivative chromosomes. Supported in parts by
the Dr. Robert Pfleger�Stiftung, the Herbert
Quandt Stiftung der VARTA AG and the EU
(QLRT�1999�31590).

P 100

Towards generating a catalogue of genes
specifically expressed in the human retinal
pigment epithelium
Wiedemann, Chr. (1), Moula, Faisal F.  (1),
Rahman, Faisal M.  (1), Schulz, H. (1), Wagner,
M. (2), Weber, B.H.F.  (1)
(1) Institute of Human Genetics, University
of Würzburg, Germany (2) Lynkeus Biotech
Inc., Science Park, Würzburg, Germany
Our project is focused on the identification of
genes specifically or abundantly expressed in
the human retinal pigment epithelium (RPE), a
mononuclear layer of cells in the posterior pole
of the eye intimately involved in many hereditary
and complex eye disorders. To achieve this goal,
we generated an RPE cDNA library using a sup�
pression subtractive hybridisation (SSH) tech�
nique to enrich for differentially expressed genes
and rare sequences. Thus far, 2379 randomly se�
lected cDNA clones were sequenced and bioin�
formatically analysed. Overall, the sequences
correspond to 340 annotated or hypothetical
genes which were subjected to a number of se�
lection criteria to determine potential tissue�spe�
cific and ubiquitiously expressed genes. By
querying GeneAtlas and HuGeIndex, 122 house�
keeping genes and 35 tissue�restricted genes
(e.g. liver� or kidney�specific) were identified. By
Northern blot analyses, the expression profiles
of an additional 38 genes were determined iden�
tifying 21 housekeeping, 2 tissue�restricted and
15 RPE/neuronal�specific genes. An extensive
search of expression data from the literature
identified another 38 genes with ubiquitious ex�
pression. The remaining 122 genes were then
assessed by their hypothetical function and all
genes involved in ubiquitous cellular pathways
were determined bringing the number of hous�
keeping genes or genes expressed in a tissue�
restricted fashion to a total of 243. This renders
97 genes with an unknown and potentially RPE�
specific expression. Their expression is current�
ly being analyzed in ten human tissues by quan�
titative real�time (qRT)�PCR. This should provide
a number of genes with important functions in
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the RPE which then can be assessed for their
potential role in human retinopathies.

P 101

Malignant melanoma of the skin displayed
two deleted regions in 1p36.3
Poetsch, M. (1), Dittberner, T. (2), Woenckhaus,
C. (3)
(1) Institut für Rechtsmedizin, Universität
Greifswald (2) Medizinischer Dienst der
Krankenkassen, Stralsund (3) Institut für
Pathologie, Universität Greifswald
Deletions in 1p36 in malignant melanoma have
been found in high percentages in nodular
melanomas and melanoma metastases. Despite
many efforts, no candidate tumour suppressor
gene in this region could be assigned to malig�
nant melanoma so far. To further determine a
possible tumour suppressor gene locus, we car�
ried out a deletion mapping of chromosome
1p36 at nine microsatellite loci in 74 malignant
melanomas. Loss of heterozygosity (LOH) in this
region was found in 77% of nodular melanomas
(NM), 86% of metastatic melanomas, but only
20% of superficial spreading melanomas (SSM).
Regarding the allelic losses, the nodular and
metastatic melanoma samples could be divided
into three groups: one showing LOH at the more
telomeric loci D1S243 and D1S468 (1p36.33),
one displaying allelic loss at the more cen�
tromeric loci D1S214 and D1S253 (1p36.32�31),
and one with LOH over all informative loci be�
tween D1S243 and D1S160. We did not found
any significant correlation between a deletion in
any of the in vestigated loci and survival data of
the patients. But our data confine the deleted re�
gion in malignant melanoma to a very small area
around 1p36.32 thus facilitating the search for
the tumour suppressor gene with importance in
malignant melanoma.

P 102

Cloning and characterization of three
putative non�coding RNA genes exclusively
expressed in retina
Stojic, J. (1), Schulz, H.L. (1), Gehrig, A. (1),
Wagner, M. (2), Weber, B.H.F. (1)
(1) Institute of Human Genetics, Biocenter,
Würzburg (2) Lynkeus BioTech, Science Park
Würzburg, Würzburg
The human retina is a multi�layered neuronal tis�
sue specialized for the reception and process�
ing of visual information. To identify novel genes
expressed in this highly complex system, we
have generated a human retinal cDNA library by
a suppression subtractive hybridisation (SSH)
technique. We have sequenced 1113 clones and
on the basis of BLASTN algorithm analysis clas�
sified them into four categories including those
with i) significant homology to known human
genes (766/1113), ii) significant homology to par�
tial transcripts and hypothetical gene predictions
(162/1113), iii) no homology to known mRNAs
(149/1113), and iv) vector sequences and clones
derived from mitochondrial genes (36/1113).
Clones from category 2, representing a total of
92 unknown transcripts, were selected for ex�
pression analysis by RT�PCR in 20 human tis�
sues. This resulted in the identification of 29
genes specifically or abundantly transcribed in
the human retina. Of these, three were further
characterized. The putative full�length cDNA se�
quences were established for L33, L35 and L38

with a length of 1.6 Kb, 1.1 Kb and 3.0 Kb re�
spectively. These sizes correspond well with the
data obtained from Northern blot analysis. The
longest open reading frame was found for L35
with 44 amino acids. This led us to suggest that
these genes may belong to the growing number
of non�coding RNA genes, producing functional
RNA molecules rather than encoding proteins.
Such transcripts act directly as structural, cat�
alytic or regulatory RNAs, and are synthesized
under defined conditions (e.g. during specific
developmental stages or in a cell specific man�
ner). Our current efforts are directed towards es�
tablishing the exact nature of those three tran�
scripts. We expect this work to contribute to our
further understanding of retinal physiology.

P 103

Methylation analysis of several tumor
related genes shows low frequent
methylation of CDKN2A and RARB in uveal
melanomas
Zeschnigk, M., Tschentscher, F., Lich, Chr.,
Brandt, B., Horsthemke, B., Lohmann, D. R.
Institut für Humangenetik,
Universitätsklinikum Essen
Uveal melanoma is the most common form of
primary eye cancer. Loss of an entire chromo�
some 3 (monosomy 3) is present in about 50%
of uveal melanomas and is significantly correlat�
ed with metastatic disease. Long�term studies
have shown that 4 years after diagnosis approx�
imately 70% of patients showing monosomy 3 in
the primary tumor have died of metastases,
whereas tumors with disomy 3 rarely give rise to
metastatic disease. In many tumors, recurrent
loss of genetic material is part of a two step in�
activation of tumor suppressor genes. Inactiva�
tion of second alleles might be caused by local
mutations such as point mutations, gene dele�
tions or epigenetic silencing. The observation of
isodisomy of chromosome 3 in some uveal
melanomas supports the hypothesis that epige�
netic factors might play a role in tumor develop�
ment and metastatic disease. Therfore, we have
performed a comprehensive methylation study
of the promoter regions of genes reported to be
involved in tumorigenesis, with a special empha�
sis on genes located on chromosome 3 (fragile
histidine triad (FHIT), von Hippel�Lindau (VHL),
beta�catenin (CTNNB1), activated leukocyte cell
adhesion molecule (ALCAM) and retinoic acid re�
ceptor�beta 2 (RARB)). In addition, the methyla�
tion patterns of the CpG rich regions 5´of the E�
cadherin (CDH1), p16/cyclin�dependent kinase
inhibitor 2 A (CDKN2A) and retinoblastoma (RB1)
genes were analyzed by bisulfite genomic se�
quencing or methylation specific PCR (MSP).
Furthermore, the SNRPN and D15S63 loci,
which are located in the imprinted region on
chromosome 15, were included in the study. The
methylation patterns of these genes were ana�
lyzed in 20 uveal melanomas with monosomy 3
and in 20 uveal melanomas with disomy 3. Aber�
rant methylation was detected in 9 of 40 tumors
analyzed: three tumors showed hypermethyla�
tion of RARB, and in 3 other tumors, the
CDKN2A gene promoter region was methylated.
For both genes no correlation of chromosome 3
status and methylation was found. Interestingly,
the imprinted SNRPN and D15S63 loci showed
an altered methylation pattern in 3 tumors with
disomy 3. We conclude that methylation in the
analyzed genes occurs infrequently in uveal
melanoma and appears not to be associated
with the chromosome 3 status.
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Mutation analysis in autosomal dominant
hereditary spastic paraplegia in Germany
Sauter, S., Dörwald, N., Rüttgeroth, A., Engel,
W., Neesen, J.
Institut für Humangenetik der Georg�
August�Universität Göttingen
Hereditary spastic paraplegias (HSP) comprise
a genetically and clinically heterogeneous group
of neurodegenerative disorders characterised by
progressive spasticity and hyperreflexia of the
lower limbs. Autosomal dominant hereditary
spastic paraplegia 4 linked to chromosome 2p
(SPG4) is the most common form of autosomal
dominant hereditary spastic paraplegia (40 %).
It is caused by mutations in the SPG4 gene en�
coding spastin, a member of the AAA protein
family of ATPases. SPG3 accounts for approxi�
mately 10 % of autosomal dominant HSP. It is
caused by mutations in the SPG3A gene encod�
ing the protein atlastin. To date, only five disease
causing mutations in the SPG3A gene have been
described. In this study the spastin gene of HSP
patients from 130 apparently unrelated families
in Germany was analysed. We identified muta�
tions in 31 out of the 130 HSP families; only two
mutations were found in more than one family.
Among the detected 27 different mutations were
14 missense mutations, 8 deletions, 3 nonsense
mutations as well as 2 mutations that affect
splicing. Most of the mutations are located in the
conserved AAA cassette�encoding region of the
spastin gene. Missense mutations account for
the majority of SPG4 mutations in this popula�
tion. Out of the SPG4 negative families 13 fam�
ilies with early onset of symptoms were select�
ed for SPG3A gene analysis. In five out of these
families a mutation could be identified. Thus
SPG4 and SPG3A analysis should allow molec�
ular genetic diagnosis in about 50 % of autoso�
mal dominant HSP.
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Genetic characterization of Wilms’ tumors
(nephroblastoma)
Maurer, B. (1), Wittmann, S. (1), Jochem, T. (1),
Klamt, B. (1), Meusert, A. (1), Leuschner, I. (2),
Graf, N. (3), Gessler, M. (1)
(1) Physiologische Chemie I, Universität
Würzburg (2) Paidopathologie, Universität
Kiel (3) Kinderklinik, Universität
Saarbrücken
Occurring with a frequency of ~1 in 10.000,
Wilms’ tumor is one of the most common solid
tumors of childhood. It arises from embryonic
kidney cells and most frequently presents as an
unilateral (95 %) and sporadic (98 %) tumor. We
have established the German Wilms’ tumor bank
containing more than 300 Wilms’ tumor sam�
ples. All new tumor samples undergo screening
for mutations of WT1 and ß�catenin as well as
screening for loss of heterozygosity (LOH).Mu�
tations of WT1 and ß�catenin which occur in ap�
proximately 10 % of Wilms’ tumors, respective�
ly, are frequently associated with each other. A
high percentage of ß�catenin mutations includ�
ing both in�frame deletions (del ser 45) and base
pair substitutions is detected in Wilms’ tumors
with stromal histological subtype. These tumors
are also prone to WT1 mutations which are
analysed by DHPLC and SSCP. Sequencing tu�
mor samples deviating from the exon specific
DNA melting pattern, we identified new muta�
tions in WT1, e.g. insertions and nonsense mu�
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tations. LOH at different chromosomal regions
(e.g. 11q, 16q, 22q) could be correlated with a
weaker response to chemotherapy and poor
outcome. In Wilms’ tumors with predominantly
blastemal histology we found an almost com�
plete absence of ß�catenin mutations, but an in�
creased allele loss for chromosome 11q that ap�
pears independent of frequently found 11p13
and 11p15 alterations. Therefore, chromosome
11 seems to harbor three loci involved in Wilms’
tumor development, namely 11p13 (WT1), 11p15
and a locus at 11q which has to be narrowed
down in future. Aiming at a further characteriza�
tion of genetic alterations leading to the devel�
opment of  Wilms’ tumors we recently started
real time RT�PCR and cDNA microarray analysis
(12.000 clones). Expression profiles in different
Wilms’ tumors are combined with the stratified
clinical data in order to search for new molecu�
lar prognostic factors.
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Disruption of the PDGFB gene in a patient
with a chromosome 1;22 translocation and
presumed Costello syndrome: accumulation
of aberrant PDGFB fusion proteins in the
extracellular matrix
Sutajova, M., Neukirchen, U., Gal, A., Kutsche,
K.
Institut für Humangenetik,
Universitätsklinikum Hamburg�Eppendorf,
Germany 
Costello syndrome is a rare congenital disorder
characterized by postnatal growth deficiency,
mental retardation, coarse face, loose skin of the
neck, hands, and feet, cardiomyopathy, and
nasal papillomata. Autosomal dominant inheri�
tance of the trait with de novo mutations has
been suggested whereas the genetic basis of
the syndrome is yet unknown. We are studying
a female patient initially diagnosed with Costel�
lo syndrome carrying an apparently balanced
translocation t (1;22)(q24.2;q13.1). Molecular
characterization of the 1;22 translocation re�
vealed that the patient carries a mosaic of two
derivative chromosomes 1, including one in
which the PDGFB gene is disrupted. In 18 pa�
tients with Costello syndrome, mutation analy�
sis of six genes belonging to the PDGF (R) fam�
ily, PDGFA, PDGFB, PDGFC, PDGFD, PDGFRA,
and PDGFRB, revealed no pathogenic mutation
in any of them. These findings prompted us to
reevaluate the clinical symptoms of the translo�
cation patient, the results of which challenge the
diagnosis of Costello syndrome. In total RNA
isolated from lymphocytes of the translocation
patient, we identified four different fusion tran�
scripts by RT�PCR consisting of PDGFB exons
and of parts of chromosome 1q24.2. In two of
the mRNAs, exon 6 of PDGFB, encoding the 41
C�terminal amino acid residues, was absent. Im�
munofluorescence analysis showed that these
two aberrant PDGFB�EGFP proteins encoded by
the fusion RNAs are localized in aggregates in
the extracellular matrix (ECM), whereas the nor�
mal protein was dispersed and formed a net�
work�like structure in the ECM. Deposition of
PDGFB into the subcellular matrix provides the
potential for retention of growth factors in pre�
formed storage pools. Although the aberrant
PDGFB proteins lacking the basic C�terminus re�
main in the extracellular matrix, it is questionable
whether they are available for subsequent mobi�
lization, possibly by the release of appropriate
enzymes, and are able to bind to high affinity
PDGF receptors. Thus, we propose that aberrant

localization of the PDGFB mutant proteins in the
ECM may contribute to the disease phenotype
of the translocation patient.
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Loss of heterozygosity of the entire short
arm of chromosome 1 is a recurrent
alteration in uveal melanoma with
monosomy 3.
Häusler, Th. (1), Stang, A. (2), Anastassiou, G.
(3), Horsthemke, B. (1), Lohmann, D. R.(1),
Zeschnigk, M. (1)
(1) Universitätsklinikum Essen, Istitut für
Humangenetik (2) Universitätsklinikum
Essen, Institut für medizinische Informatik,
Biometrie und Epidemiologie (IMIBE) (3)
Augenklinik des Universitätsklinikums
Essen
Uveal melanoma is the most common primary
ocular tumor with an annual incidence of about
six cases per million people. Approximately 50%
of the patients die of metastases predominatly
in the liver. The metastases mainly arise from pri�
mary tumors which show loss of an entire chro�
mosome 3 (monosomy 3), whereas tumors with
disomy 3 rarely give rise to metastatic disease.
The results of global gene expression analysis of
20 primary tumors showed that uveal melanoma
with monosomy 3 and disomy 3 represent two
distinct entities. The same set of expression
data revealed genes differentially expressed be�
tween both entities. Three genes showing re�
duced or loss of expression in tumors with
monosomy 3 map within a region of 4 Mb on the
short arm of chromosome 1 (1p31). Previously,
this region was found to be deleted in all primary
uveal melanomas and metastases showing loss
of heterozygosity (LOH) at 1p by cytogenetic
analyses. This indicates a potential role of genes
located in this region in the initiation or progres�
sion of the tumor. To correlate chromosome 1p
alterations with disease outcome, we performed
microsatellite analysis of 50 uveal melanomas
(27 tumors with monosomy 3, 23 tumors with di�
somy 3) which were derived from patients with a
follow up between 6 to 12 years. We used 9
markers on the short arm, with 3 markers locat�
ed in 1p31, and one marker on 1q. LOH on 1p
was found in both uveal melanoma entities but
was more frequent in tumors with monosomy 3.
Interestingly, loss of the entire short arm of chro�
mosome 1 was observed in 8/27 tumors with
monosomy 3 but in no tumor with disomy 3 (p =
0.0035). By comparing partial 1p deletions in tu�
mors with monosomy 3 we were able to define
a smallest region of deletion overlap (SRO) at
1p35 flanked by the markers D1S233 and
D1S507. In tumors with disomy 3 an SRO was
defined by the marker D1S507 at 1p36. Kaplan�
Meier analyses revealed that patients with
monosomy 3 in the tumor have a reduced tumor
related survival when 1p LOH is also present in
the tumor. However, due to small number of
uveal melanoma patients included in this study
this result did not reach significance.
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Mitochodrial DNA variability in the Kazakh
population of Middle Asia
Berezina, G. (1), Svyatova, G.S. (1), Abdullaeva,
A.M. (1), Bermisheva, M.A. (2), Khusnutdinova,
E.K. (2)
(1) Republican center of health protection of
mother and child, Almaty, Kazakhstan (2)
Institute of Boichemistry and Genetics, Ufa,
Scientific Centre of RAS, Russian
Federation 
Information about mtDNA variation in Middle
Asia is very crucial for understanding of Asian
mtDNA phytogeny as well as for reconstruction
of Asian population history. The sequence of the
first hypervariable segment of mtDNA was de�
termined in 246 individuals from three district of
Kazakhstan. 120 polymorphic positions and 192
different HVS 1 haplotypes were revealed. For
correct haplogroup affiliation the ambiguous
HVS 1 sequences were additionally screened for
RFLP markers.  38 gaplogroups of mtDNA was
determined. HVS 1 haplotypes occuring once
(unicum haplotypes) were determined 64,6% in
Kazakhs. Unicum haplotypes is different values
in the populations of the Volga�Ural region: for
Chuvaschs �–64%, for Bashkirs–88%, for Tatars
–80%.Index variability of gaplotypes is 0,99 in
Kazakhs. Index variability of gaplotypes are ana�
logical values in the populations of the Volga�
Ural region: for Chuvaschs and for
Bashkirs–0,98, for Tatars –0,99.Index of gene di�
versity (calculated about of the frequencies
gaplogroups) is 0,93 in Kazakhs. From literature
it is known that the same values index of gene
diversity in population for Kirgizs � 0,87, for
Uzbeks – 0,92, Tajiks � 0,85 [Golubenko et.al.,
2002].The populations of kazakhs have general�
ly higher values of gene diversity  of mtDNA by
complicated ethnic history of the Kazakh popu�
lation. The comparison of Kazakhs  and other
ethnic origin reveals the complicated structure
of mtDNA gene pool in Middle Asia.
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Alu insertion polymorphisms (ACE, TRA25
and PV92) in Kazakhs
Svyatova, G. (1), Berezina, G.M. (1), Salimova,
A.Z. (2), Achmetova, V.L. (2), Khusnutdinova,
E.K. (2)
(1) Republican Center of health protection
of mother and child, Almaty, Kazakhstan (2)
Institute of Biochemistry and Genetics of
the Ufa Scientific Centre of RAS, Russia 
Alu insertion polymorphisms are objective mark�
ers for checking linguictic and archaeological
theories about the origin and migration of an�
cient human populations, because they have
played an important role in evolution by creating
new mutations and gene combinations. The vast
majority of Alu insertions occur in non�coding re�
gions and are thought to be evolutionarily neu�
tral. However, an Alu insertions in introns of
genes for tissue plasminogen activator (TPA) and
angiotensin converter enzyme (ACE) are associ�
ated with heart disease. The most a number of
human�specific Alus are dimorphic � an insertion
may be present or absent on each of the paired
chromosomes of different people and were in�
serted within the last million years, during the
evolution and dispersion of modern humans.
Three Alu insertion polymorphisms were exam�
ined in Kazakh population of Middle Asia, repre�
sent to Turkic�speaking ethnic groups. A total of
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224 unrelated healthy Kazakh people were stud�
ied. A portion of ACE, TPA25, PV92 genes from
genomic DNA was amplified by PCR and ana�
lyzed on a 6% polyacrylamide gel. Each frag�
ment was classified according to genotypes.
Genotypes and allelic frequencies were revealed:
for ACE gene � 26,3% (II), 22,3% (DD), 51,4%
(ID), 52,0% (I), 48,0% (D), for TRA25 gene �
21,9% (II), 26,3% (DD), 51,8% (ID), 47,8% (I),
52,2% (D), for PV92 � 28,1% (II), 23,2 (DD),
48,7% (ID), 52,5% (I), 47,5% (D). The results
were compared with available data on other
modern Caucasian and Asian populations. The
area of Kazakhstan has been a place of interac�
tion of many ethnic layers during a historically
long period. Thus, these revealed differences in
allele and genotype frequencies of Alu dimor�
phisms are possible to explain by a complicated
ethnic history of Kazakh population.  It was con�
firmed, that the analysis of Alu insertion poly�
morphisms are tools for reconstructing human
prehistory.
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Antiphospholipid antibody syndrome in a
large kindred is associated with at least two
genetic defects one of which maps to
chromosome 10p12
Gerull, B. (1), Schütt, M. (2), Heuser, A. (1),
Klüter, H. (3), Wiedemann, G.J. (4), Ivandic, B.
(2), Thierfelder, L. (1)
(1) Max�Delbrueck�Center for Molecular
Medicine (2) Medical University of Lübeck,
Internal Medicine (3) Institute for
Transfusion Medicine and Immunology,
University of Heidelberg (4) Oberschwaben�
Klinik GmbH, Ravensburg
The antiphospholipid antibody syndrome (APS)
is an acquired thrombophilic and/or thrombocy�
topenic condition of unknown origin associated
with the presence of antiphospholipid antibod�
ies. This general definition conflicts with evi�
dence for multifold clinical courses and the ex�
istence of familial APS. A large, four generation
family (24f/20m) was evaluated both clinically
and genetically. 11 family members presented
with thrombocytopenia (<150/nl), 10 with mi�
graine and 5 with arterial and/or venous throm�
bosis. 10 persons had more than 2 different an�
tiphospholipid antibodies and 4 carried a factor
V Leiden mutation. According to standard diag�
nostic criteria 10 patients had APS characterized
by autoimmune age�dependent thrombocytope�
nia (9), migraine�like headaches (8) and  throm�
bosis (3). Severe thromboembolism did only oc�
cur in the presence of a factor V Leiden mutation
(2). Under a genetic model of dominance with in�
complete penetrance of APS in this family, a
genome wide linkage analysis with 170 highly
polymorphic short tandem repeat (STR) markers
was performed. Although no evidence for link�
age of APS was identified, thrombocytopenia
maps to chromosome 10p12, a genomic locus
previously identified for non�syndromic throm�
bocytopenia by Savoia et al., 1999. Maximum 2�
point LOD scores for thrombocytopenia in fam�
ily L1 at chromosome 10p12 ranged between
2.4 and 5.0 (at 95% penetrance). Detailed hap�
lotype analyses mapped the thrombocytopenia
gene between STR�markers D10S2325 and
D10S1426, a genomic locus of 26 cM. Only pa�
tients with thrombocytopenia share the affected
haplotype. No linkage of antiphospholipid anti�
body titers, migraine or thrombotic events could
be identified. Our data suggest a complex ge�
netic model for an APS�like phenotype in this

family: thrombocytopenia but no other features
of APS are linked to chromosome 10p12. Two
family members with APS carry the factor V Lei�
den mutation. The nature of at least one addi�
tional genetic factor remains enigmatic.
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Mild citrullinemia caused by mutations in
the argininosuccinate synthetase (ASS)
gene
Pauli, S., Häberle, J., Schmidt, E., Koch, H.G.
Universitäts�Kinderklinik Münster
Citrullinemia can be caused by deficiency of the
argininosuccinate synthetase (ASS), argininosuc�
cinate lyase (ASL), or defects of the mitochon�
drial transporter citrin (encoded by the
SLC25A13 gene). Patients with classical cit�
rullinemia present in the neonatal period with se�
vere encephalopathy due to hyperammonemia.
Mainly from Japan, there are also reports of pa�
tients with a mild or late�onset citrullinemia in�
duced by citrin deficiency. Since the introduction
of extended newborn screening programs using
tandem mass spectrometry, some asymptomatic
children with elevated plasma citrulline levels
have been detected in Germany. The need for
treatment and follow�up programs of those hith�
erto asymptomatic patients are uncertain. In this
study, we provide evidence for the genetic de�
fect in 19 individuals from 16 unrelated families
with a mild phenotype (11 homozygotes and 8
heterozygotes). Molecular analysis showed mu�
tations in both alleles of the ASS gene in all pa�
tients investigated. Most of the found mutations
(35/38 alleles) are private missense mutations.
The mutation Ivs11+49 C>T generating a cryp�
tic splice site and creating a premature stop
codon was found on 3/38 alleles. The mutation
W179R was detected on 15/38 alleles, mostly in
patients with turkish origin. In summary, geno�
typing of individuals with mild citrullinemia
demonstrated that mild citrullinemia in european
and turkish patients is allelic to classical cit�
rullinemia rather than to citrin deficiency as
found in Japan. The knowledge about certain
mutations which are associated with mild, late�
onset, or asymptomatic citrullinemia will be im�
portant for prenatal diagnostics and may guide
the medical care of affected individuals.
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Mutation analysis and in vitro expression of
human N�acetylglutamate synthase
Schmidt, E. (1), Häberle, J. (1), Pauli, S. (1),
Nuoffer, J.M. (2), Wermuth, B. (2), Koch, H.G.
(1)
(1) Universitäts�Kinderklinik Münster (2)
Inselspital Bern, Chemisches Zentrallabor,
Schweiz
The mitochondrial enzyme N�acetylglutamate
synthase (NAGS) produces N�acetylglutamate
serving as an allosteric activator of CPS1, the
first enzyme of the urea cycle. Activity of mam�
malian NAGS is enhanced by L�arginine. Auto�
somal recessively inherited NAGS�deficiency
(NAGSD) leads to severe neonatal or late�onset
hyperammonemia.Until now only few patients af�
fected by NAGSD have been reported and the
gene involved was described very recently. In
this study, 10 families were analyzed for NAGS
gene mutations (8 neonatal onset, 2 late�onset).
9/10 patients revealed homozygous for the indi�
vidual mutations. In total we identified 10 private

mutations, 7 missense, 1 nonsense, 1 splice�site
mutation, and 1 insertion. In order to functional�
ly analyze the deficient NAGS activity, we devel�
oped an in vitro expression system using the
NAGS deficient E. coli strain NK5992. We ex�
pressed the NAGS pre�protein including the mi�
tochondrial target sequence, the mature protein
as well as a highly conserved core protein.
NAGS activity was detected in all three ex�
pressed proteins but varied regarding activity
level and response to stimulation by L�arginine.
Expression of mutations showed a decrease in
enzyme activity as well as in response to stimu�
lation by L�arginine. In conclusion, we provide
the genotypes of a series of NAGS deficient pa�
tients and a NAGS in vitro expression system for
the characterization of mutations which will help
to understand the highly variable clinical course
of patients.
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An efficiency�compensating mathematical
model for real�time quantitative PCR
Sun, Y., Wirth, B.
Institute of Human Genetics, University of
Bonn
The newly developed real�time quantitative PCR
(polymerase chain reaction) technology is be�
coming a commonly accepted quantification
method for DNA and mRNA within a wide range
of concentration. It provides real�time analysis
of product generation by detecting fluorescent
signal given by double strand DNA binding dye
SYBR Green I or hybridization probe. There are
two types of quantification methods: relative and
absolute. In most quantification assays of both
methods, a standard curve based on a serial of
known DNA/mRNA input is used. The assump�
tion of these methods is that all standard and
unknown samples have the same value of PCR
efficiency. In this study, we present a mathemat�
ical model by which users can achieve the actu�
al curve of target samples to calculate the start�
ing concentration of DNA/mRNA based on a
standard curve, even when PCR efficiencies of
standard and unknown samples are different.
Suppose the standard curve is expressed as:
CP=Ss×lgC0+Is, then the actual curve is:
CP=Su×lgC0+ Is× Su / Ss (CP crossing point, S
slope, C0 initial concentration, I intercept). The
standard curve can be obtained from LightCy�
cler software by making a serial dilution of stan�
dard samples. The amplification efficiency of un�
known samples can be calculated by different
methods. The CP value is given by LightCycler
software. Thus, the initial concentration of target
sample (C0) can be calculated. This mathemat�
ical model provides a more accurate method of
nucleotide quantification.
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Spectrum of mutations in the factor VIII
gene among patients with severe and mild
to moderate haemophilia A
Bogdanova, N. (1), Dworniczak, B. (1),
Pollmann, H. (2), Nowak�Göttl, U. (3), Eisert, R.
(4), Eigel, A. (1), Horst, J. (1)
(1) Institut für Humangenetik, Münster,
Germany (2) Hämophilie�Zentrum an der
Raphaelsklinik, Münster, Germany (3)
Universitätskinderklinik, Münster, Germany
(4) Medizinische Hochschule, Hannover,
Germany
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Haemophilia A is a common X�linked bleeding
disorder caused by various types of mutations
in the factor VIII gene. The most common intron
22�inversion is responsible for about 40% of the
severe hemophilia A cases while large deletions,
point mutations and small rearrangements are
responsible for the disease in the rest of pa�
tients. We report on the spectrum of mutations
in the factor VIII gene, found in 100 German
haemophilia A patients (50 severely affected and
50 with mild to moderate bleeding disorder),
negative for the intron 22�inversion. The whole
coding region of the gene has been sequenced
in all patients. Southern blot analysis for detec�
tion of gross rearrangements was performed in
addition in the patients with an obvious normal
sequence. Disease causing mutations (30 nov�
el and 62 recurrent) were identified in 92 of the
patients. Thirty of the mutations, identified in the
severely affected group (about 55%)are leading
to a premature termination of the protein biosyn�
thesis. More than the halve of these changes are
located in exon 14 of the factor VIII gene. We
also identified 18 missense and 2 splice site mu�
tations. The majority of the missense mutations
(12/18) affect the A1 and C1 domains, whereas
no such mutation was detected in the factor VIII
B�domain.The prevalence of missense mutations
among the moderately/mildly affected patients
was 72% (36/50). About one third of these mu�
tations lie in the A2 domain, one affects the B/A3
junction and the rest are spread over the A1, A3,
C1 and C2 domains. Three splice mutations and
four small deletions/insertions in exon 14 of the
factor VIII gene were also detected in this group.
Our analyses failed to identify disease causing
mutations in the remaining seven individuals.
Thus, the detection rate of the methods used in
this study was 100% for the group of the severe�
ly affected haemophiliacs, negative for the com�
mon intron 22 inversion, whereas only 86% of
the mild/moderate affected patients show dis�
ease causing mutations in the coding region of
the factor VIII gene. Genotype�phenotype corre�
lations and possible explanations for the lack of
factor VIII mutations in a certain proportion of
mildly affected haemophiliacs will be discussed.
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Identification of whole�exon RB1 gene
deletions in patients with retinoblastoma
Albrecht, P. (1), Gallie, B. L. (2), Lohmann, D.
(1)
(1) Humangenetik Essen (1) Ontario Cancer
Institute
Hereditary predisposition to retinoblastoma is
caused by mutations in the RB1 gene. Onco�
genic point mutations, base substitutions and
small length mutations, have been detected in
almost all of its 27 exons and the promoter re�
gion. With the progress in point mutation�
screening�technologies, detection of these kinds
of mutation has become available as a routine
service. However, identification of large dele�
tions, which probably add up to 20% of all
oncogenic RB1 gene mutations, is still difficult if
only single or few exons are lost. Medium sized
deletions of various size and location are noto�
riously difficult to detect and, therefore, different
methods have been developed to address this
problem. In order to screen the RB1 gene for
mutations of this kind, we have used an ap�
proach based on quantitative multiplex PCR am�
plification. In 3 sets, 25 regions that contain ex�
ons of the RB1 gene are simultaneously ampli�
fied (QM�PCR). Each reaction set also contains

primers for amplification of a region located on
chromosome 15 (internal control). One primer of
each pair carries a fluorescent label (FAM) at its
5’�end. QM�reactions are run for 19 cycles only
in order to stop the reaction while in the expo�
nential phase. QM�products are evaluated using
a capillary DNA analyzer (ABI). Relative amounts
of individual products are determined by com�
paring peak integrals. We have analyzed DNA
from tumors (36) and peripheral blood (34) of 70
patients with retinoblastoma. Most of these
samples had previously been screened for point
mutations with negative result.Samples from 18
patients, including five tumors with loss of het�
erozygosity, showed a marked reduction or com�
plete loss of products for single or several neigh�
bouring exons. Peripheral blood DNA from one
patient showed significantly more product cor�
responding to the exon 10 region thus indicating
the presence of an insertion including the PCR
target region. Samples from 15 patients showed
less clear�cut changes in relative product
amounts: we found signal reductions for single
exons and neighboring exons in 10 and 5 sam�
ples, respectively. In order to confirm deletions
involving exon 7 we performed quantitative real�
time PCR using Taqman technology. Results of
real�time PCR were concordant with that of QM�
PCR in the two samples with marked reduction
of exon 7 products. Of the 6 samples with less
clear�cut changes 3 showed real�time PCR re�
sults compatible with hemizygous deletions. To
confirm deletions in other regions of the RB1
gene we are now establishing appropriate Taq�
man and long�range PCR assays. Our results
confirm that quantitative multiplex PCR comple�
ments existing methods for RB1 gene mutation
screening.
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Update on the spectrum of TRPS1
mutations in the tricho�rhino�phalangeal
syndrome types I and III
Lüdecke, H.�J., Groß, S., Brega, P.
Institut für Humangenetik,
Universitätsklinikum Essen
Mutations in the TRPS1 gene, which codes for a
zinc finger transcription factor, lead to the devel�
opment of the tricho�rhino�phalangeal syndrome
(TRPS) types I and III. They are characterized by
craniofacial dysmorphism, brachydactyly and
short stature. The latter signs are more severe in
TRPS type III. In a previous study (Lüdecke et al.
, 2001, Am J Hum Genet 68:81�91), we de�
scribed 35 different mutations in the TRPS1
gene. Nonsense mutations were associated with
TRPS I and missense mutations, exclusively
found in the GATA�type zinc finger (GATA�zf),
caused TRPS III.Here we report the identification
of 22 novel TRPS1 mutations. Together with sev�
en mutations reported by others, a total of 64
different TRPS1 mutations have been found in
88 unrelated patients, up to now. Twelve muta�
tions are recurrent mutations. Worth noting is
that 24 (27 %) of the 88 patients have mutations
in the 123 bp exon 6 or the adjacent intron 6
splice donor site. Nineteen of the 33 base sub�
stitutions as well as the twelve out�of�frame in�
sertions and the nineteen out�of�frame deletions
lead to premature translation stop codons. The
Y915X mutation in the GATA�zf is the first non�
sense mutation that is associated with a TRPS
III phenotype as determined by metacarpopha�
langeal pattern profile analysis. Three base sub�
stitutions affect splice signals. The remaining
eleven base substitutions cause missense mu�

tations. Seven of them affect the GATA�zf, and
five of them cause TRPS III. Interestingly, the
A919T mutation causes TRPS III, whereas ex�
change of the same amino acid to valine (A919V)
results in a TRPS I phenotype. Two missense
mutations (R952C and R952H) affect the nuclear
localization signal and prevent nuclear entrance
of TRPS1. Two missense mutations (C1217R
and C1217Y) alter the first cysteine residue of
the first IKAROS�like zinc finger. The six patients
in whom we identified the last four missense
mutations present with a TRPS I phenotype.Our
current results extend our knowledge of TRPS1
mutation and confirm, in general, the previously
described genotype�phenotype correlation in
TRPS.
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Analysis of gene expression by cDNA arrays
to identify candidate markers in renal cell
carcinomas (RCC)
Diegmann, J. (1), Rosenhahn, J. (1),
Gerstmayer, B. (2), Schubert, J. (3), Claussen,
U. (1), Junker, K. (3), von Eggeling, F. (1)
(1) Core Unit Chipapplikationen, Institut für
Humangenetik und Anthropologie, Klinikum
der Friedrich�Schiller�Universität Jena (2)
memorec (Medical Molecular Research
Cologne), Köln (3) Institut für Urologie,
Klinikum der Friedrich�Schiller�Universität
Jena
Renal Cell carcinomas can be classified in con�
ventional (both granular and clear cell variants),
papillary, and chromophobe carcinomas. An op�
timal clinical management of renal cell carcino�
mas requires an accurate pathological charac�
terization of these tumor types. But also the mo�
lecular mechanisms for the transition from non�
metastatic tumor to metastatic forms are of in�
terest. To find and analyse these complex mech�
anisms high parallel techniques like cDNA mi�
croarrays has to be used. For this study we con�
sidered histologically well characterized samples
of the conventional clear cell variant. To charac�
terize candidate markers in metastatic (n=5) and
non�metastatic tumor (n=5) samples versus nor�
mal tissue (n=10) we monitored the expression
levels of 648 genes by using cDNA microarrays.
Total RNA was isolated from snap frozen tissue
with commonly used protocols. After purification
of mRNA a T7 amplification was performed and
the cDNA was labelled with Cy3 or Cy5, respec�
tively. We hybridized tumor mRNA against a ref�
erence of mRNA from normal renal tissue of the
same patient as well as tumor mRNA from
metastatic samples against tumor mRNA from
non�metastatic samples. Patterns of gene ex�
pression revealed several genes that were up or
down regulated in the tumor samples. These
genes were for instance VWF, VEGF and VCAM1
which were previously described as markers for
renal cell carcinomas by other groups. Further�
more we found specifically over expressed
genes in the metastatic tumor samples with the
potential to characterize a renal cell carcinoma
as metastatic or non�metastatic. These results
show that cDNA arrays are an appropriate tool
to find markers responsible for classification of
renal cell carcinomas. For further evaluation of
these differentially expressed genes a specific
real�time RT�PCR assay has to be per�
formed.This project was supported by the
BMBF.
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Consequences of reversible ERBB2�
expression in breast carcinoma cells:
Molecular analyses of intracellular signaling
cascades and regulated target genes
Trost, T.M. (1), Lausch, E. (1), Fees, S.A. (1),
Prawitt, D. (1), Hengstler, J.G. (2), Türeci, Ö.
(3), Sahin, U. (3), Schmidtke, P. (1), Zabel, B.U.
(1), Spangenberg, C. (1)
(1) Children’s Hospital, University of Mainz
(2) Institute of Toxicology, University of
Mainz (3) Dept. of Medicine III, University of
Mainz
The ERBB2 protooncogene is a member of the
EGFR gene family consisting of ERBB1 (synony�
mous: EGFR), ERBB2 (synonymous: HER2),
ERBB3 and ERBB4. The genes encode type I re�
ceptor tyrosine kinases involved in the transmis�
sion of proliferative as well as differentiating sig�
nals. The level of ERBB2 expression is directly
correlated with the prognosis of several human
malignant neoplasias, like breast and ovarian
carcinoma. Upregulation of ERBB2�expression
in tumor tissue can frequently be attributed to
genomic amplification of the ERBB2�locus on
chromosome 17q21. A different mechanism
known to result in an inadequate ERBB2�activa�
tion is shedding of large parts of the aminoter�
minal extracellular portion of the receptor pro�
tein. Both processes lead to ligand�independent
activation of ERBB2 signaling cascades that ul�
timately lead to the cellular changes associat�
ed with malignant transformation. We used the
Tet�regulatory system to reversibly overexpress
a mutant version of the ERBB2�protein (NeuNT;
the homologous rat�protein constitutively acti�
vated by a point�mutation) in human MCF7
breast carcinoma cells. Tet�induced NeuNT�ex�
pression in several independent MCF7/Tet�NeuT
clones resulted in prominent phenotypic alter�
ations of the cells 16�48h after NeuNT�induction.
Morphologically the cellular changes that could
be observed resemble the epithel�to�mes�
enchyme transition that has been described for
the process of carcinogenesis. In addition we
observed complete reversibility of these pheno�
typic alterations in experiments with transient
oncogene�expression. In order to correlate the
phenotypic response with intracellular signaling
pathways, inhibitors for different signal trans�
duction cascades known to be engaged in
ERBB2�signaling (PI3K/AKT, P42/P44 MAPK,
JNK, P38 MAPK) were applied. Using this ap�
proach we could attribute the NeuNT�mediated
phenotypic epithelial�mesenchymal transition of
MCF7�cells to the activation of the p38 MAPK�
pathway. Interestingly, NeuNT�expression was
not accompanied by a proliferative response of
the MCF7/Tet�NeuNT cells, as judged by FACS�
and thymidine�incorporation analyses. Compar�
ative expression�analyses of NeuNT�induced vs.
non�induced cells yielded several transcripts
displaying a differential expression profile com�
patible with a block in cellular proliferation.
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Pitfalls in the molecular diagnosis of Ehlers�
Danlos syndrome (EDS) Type IV, the vascular
type
Mayer, K. (1), Neumann, L.M. (2), Haußer, I. (3),
Nerlich, A. (4), Pontz, B.F. (5), Müsebeck, J. (6),
Kreuz, F. (7), Blech, H. (8), Klein, H.�G. (1)
(1) Labor für Medizinische Genetik,
Martinsried (2) Institut für Humangenetik,

Virchow Klinikum, Berlin (3)
Elektronenmikroskopisches Labor,
Universitäts�Hautklinik Heidelberg (4)
Institut für Pathologie, Krankenhaus
München�Bogenhausen (5)
Stoffwechselzentrum München�Schwabing,
Kinderklinik der TU München (6) Zentrum
für Humangenetik, Universität Bremen (7)
Institut für Klinische Genetik, TU Dresden
(8) Klinik für Dermatologie und Allergologie,
Philipps Universität Marburg
Among the heterogeneous group of Ehlers Dan�
los syndrome, EDS type IV is the most severe
one often resulting in life�threatening complica�
tions as a consequence of the extreme arterial
fragility and spontaneous rupture of the colon or
the gravid uterus. Major diagnostic features are
thin translucent skin with a visible venous pat�
tern over the chest, abdomen, and extremities;
extensive bruising and delayed wound healing;
a characteristic facial appearance with tight skin,
a thin nose, thin lips, hollow cheeks and promi�
nent eyes. EDS type IV is an autosomal domi�
nant trait and is most often caused by structur�
al defects in the pro�alpha1 (III) chain of colla�
gen III encoded by the COL3A1 gene. Despite
the above mentioned characteristic clinical
symptoms there is a broad phenotypic spectrum
making the diagnosis difficult unless a compli�
cation has occurred. When suspected, the diag�
nosis of EDS type IV can be supported by ultra�
structural and biochemical findings and is con�
firmed by the identification of a pathogenic mu�
tation in the COL3A1 gene. Since EDS type IV
results from abnormalities in structure, synthe�
sis, or secretion of type III procollagen, these
may be detectable in dermal fibroblasts. Elec�
tron microscopy can detect a thinned dermis
with small collagen fibre bundles and small fib�
ril diameters.  Decreased immunhistochemical
staining of collagen III in dermal fibroblasts or
organ tissue indicates reduced synthesis, re�
duced incorporation or increased degradation of
collagen fibrils. Biochemical demonstration of
procollagen or collagen III with abnormal stabil�
ity or electrophoretic mobility in skin fibroblasts
hints to a structural COL3A1 defect.We report on
the molecular diagnosis in four cases with clin�
ically suspected EDS type IV, two sporadic indi�
viduals and two families. Only in one case the
dermatological diagnosis which was made after
the occurrence of a carotid�cavernous fistula
lead directly to the request of a molecular genet�
ic analysis of the COL3A1 gene. In the two fam�
ilies preceding ultrastructural investigation of a
skin biopsy of the index patients was in agree�
ment with a collagen type III defect. Additional
immunhistochemical examination in one of the
familial cases indicated decreased collagen type
III staining and supported the clinical diagnosis.
Surprisingly, biochemical analysis of skin fibrob�
lasts detected no aberrant electrophoretic mo�
bility of collagen III alpha chains. Biochemical
analysis in the fourth case argued against a
structural COL3A1 defect in the same way. Nev�
ertheless, subsequent mutation screening of all
52 coding exons of the COL3A1 gene by direct
sequencing identified characteristic glycine sub�
stitutions in all four cases,  located at different
positions in the triple�helical domain and sus�
pected to be pathogenic. In one of the sporadic
cases clinical and biochemical investigations
would have been misleading and the patient
would not have been diagnosed for EDS type IV
without the identification of a COL3A1 mutation.
This study encourages the combination of diag�
nostic approaches for the confirmation of the
clinical diagnosis EDS type IV and supports the
application of mutation screening especially if ul�

trastructural and biochemical findings are con�
tradictory.
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A novel missense mutation Gly1579Ser in
the GAP related domain of the TSC2 gene is
associated with minimal clinical
manifestations in a three generation TSC
family
Mayer, K. (1), Goedbloed, M. (2), Nellist, M. (2),
Rott, H.�D. (3)
(1) Labor für Medizinische Genetik,
Martinsried (2) Department of Clinical
Genetics, Erasmus MC, Rotterdam (3)
Institut für Humangenetik, Erlangen
Tuberous sclerosis (TSC) is an autosomal domi�
nant disorder with a broad phenotypic spectrum.
The clinical manifestations of the disease can
vary considerably, both between and within fam�
ilies, making genotype�phenotype correlations
in general not possible. Here we describe a fam�
ily segregating a novel missense mutation,
4753G>A (G1579S), in exon 36 of the TSC2
gene. Only the index patient fulfilled the present
diagnostic criteria for TSC: prenatal sonography
revealed two cardiac rhabdomyomas, at the age
of eight weeks he developed first hypomelanot�
ic macules, subsequent development is normal
up to now. Molecular genetic analysis at the age
of two years identified the missense mutation
G1579S in exon 36 of the TSC2 gene by direct
sequence analysis of all TSC1 and TSC2 exons.
In an attempt to classify the variation, three ad�
ditional mutation carriers could be identified in
the family. However, they all showed clinical
signs associated with TSC but insufficient for a
definitive diagnosis. The 4753G>A mutation
leads to a change of a glycine residue in the
GAP related domain of tuberin highly conserved
between human, mouse, rat, fugu, drosophila
and even caenorhabditis. To obtain additional
evidence that the TSC2 4753G>A mutation was
the pathogenic mutation in this family, the effect
of the G1579S substitution on tuberin function
was investigated. Compared to wild�type tu�
berin, the G1579S variant was hypophosphory�
lated, showed a reduced ability to form a com�
plex with hamartin and was unable to inhibit the
phosphorylation of ribosomal protein S6, sup�
porting the conclusion that the TSC2 4753G>A
substitution was the pathogenic mutation in this
family. For the understanding of the molecular
pathogenesis of tuberous sclerosis findings in
families like this strengthen the importance of
careful clinical examination in patients who lack
classical signs of TSC and of functional investi�
gation of missense changes in potentially func�
tional domains of tuberin.
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Translationally silent mutations can cause
epidermolysis bullosa
Klausegger, A., Lanschuetzer, C.M., Pohla�
Gubo, G., Muss, W., Hintner, H., Bauer, J.W.
Department of Dermatology and Institute of
Pathological Anatomy*, General Hospital
Salzburg, Salzburg, Austria 
Translationally silent mutations are generally
considered to be not pathogenetically relevant
in human disease. In rare instances the change
of a nucleotide cause interference with the
spliceosome leading to aberrant splicing. The
genotypical and morphological consequences of
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a silent mutation leading to preferred usage of a
weak splice site have not been analysed yet. We
report on a patient suffering from junctional epi�
dermolysis bullosa, an inherited blistering skin
disease. Blistering was noticed since birth. Lat�
er severe teeth decay and nail dystrophy did ac�
company the skin symptoms. Immunofluores�
cence microscopy showed profound reduction
of linker protein laminin 5, which is located in the
dermo�epidermal junction zone. Transcriptomic
analysis revealed homozygosity for the muta�
tions 3009C�>T in the exon 20 of the LAMB3
gene, which is coding for the beta3 chain of the
laminin�5 protein. The nucleotide transition
3009C�>T does not alter codon translation.
Rather it introduces an exonic splice site, which
is preferentially recognized by the spliceosome
over the unaltered consensus splice site farther
downstream, although the newly introduced
consensus sequence shows only a splice site
score of 68.6 in contrast to 92.2 of the original
one. The aberrantly used 5´splice site did not re�
sult in correct 3´splicing. Rather, two cryptic
splice sites in the exon 21 leading to at least two
new transcript which are 44 and 170 bp shorter,
respectively. These result in premature stop
codons. The results show that translationally
silent mutations can be pathogenetically rele�
vant.
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Novel PCR�Reagent systems for Molecular
analysis in Human Genetics
Besser, H. von (1), Simon, M. (1), Albrecht, P.
(1), Schmidt, H.J. (1), Halley, G. (2), Halcome,
J. (2), Huitt, G. (2), Grutt, J, (2), Westberry, R.
(2), Peters, L.E. (2)
(1) Universität Kaiserslautern (2) Eppendorf�
5 Prime, Inc., Boulder, CO, USA
Recently Eppendorf AG introduced a set of nov�
el PCR�Reagents, which represent versatile tools
for the  molecular analysis of mutations and
function of genes in the post HUGO period:A to�
tally new Hot Start technology that raises ques�
tions about virtually every feature of established
technologies and an RT�PCR system covering all
common RT applications with a simple modular
system which enables maximum compatibility
and flexibility. Both systems  use a novel buffer
technology which is able to buffer the magne�
sium concentration and in this way provides the
correct magnesium quantity at all times without
an optimization step. Here we present Data
for:**Hotstart and quantitaive Real�Time PCR us�
ing Hotmaster Taq Polymerase**Sensitive single
cell Multiplex RT�PCR using cMasterRTplusPCR
**Longe Range and High Fidelity PCR using
Triplemaster PCR SystemThese newly intro�
duced reagents, in combination with existing
products such as the TripleMaster PCR System,
demonstrate the consistent conversion of the re�
searcher’s desire for simplification of tools
through innovative technologies.
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X�linked spondyloepiphyseal dysplasia tarda
– A new missense mutation
Fiedler, E. (2), Thiele, H. (1), Mitulla, B. (3),
Matthes, F. (1), Worch, S. (1), Hansmann, I. (1),
Schlote, D. (1)
(1) Institut für Humangenetik und
Medizinische Biologie, Universität Halle /;
Wittenberg (2) Universitätsklinik und

Poliklinik für Dermatologie und Venerologie,
Universität Halle / Wittenberg (3) Abteilung
für Pediatrie, Zentralklinikum Suhl
Spondyloepiphyseal dysplasia tarda is a genet�
ically heterogeneous disorder of the skeletal sys�
tem characterized by short stature and proge�
nient osteoarthritis with an early onset. This X�
linked disorder is caused by deletions or point
mutations in the SEDL gene, coding for a 140
amino�acid protein with a putative role in endo�
plasmatic reticulum�to�Golgi vesicle transport as
part of the transport protein particle (TRAPP)
and mapping to Xp22.2. Herein we report a fam�
ily with two male cousins showing symptoms of
Spondyloepiphyseal dysplasia tarda as dispro�
portionate short stature, barrel chest, lower back
pain and early need for hip arthroplasty. After
amplification by PCR followed by sequencing
protein coding exons of the SEDL gene we
demonstrated a substitution of a single nu�
cleotide in exon 5 at nucleotide position 254 re�
sulting in an exchange of a T for a G (ATG to
AGG) causing a missense mutation M85R in the
translated gene product. Genotype analysis of
the mothers was carried out also confirming the
X�linked type of inheritance as both were found
to be female carrier of this recessive
disease.Compared to the already described 4
missense mutations (F83S, S73L, V130D, D47Y),
this new M85R transition causes more severe
symptoms comparable to mild courses of non�
sense mutations assuming the alteration of a
significant protein domain.These data may con�
tribute to figure out the complex function of this
evolutionarily highly conserved protein in eukary�
otic organism.
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Identification of candidate genes for Emery�
Dreifuss muscular dystrophy using
GeneSeeker
Wasner, C., Wehnert, M.
Universitaet Greifswald, Institute of Human
Genetics
Until now two genes, STA and LMNA, have been
associated to Emery�Dreifuss muscular dystro�
phy (EDMD). Scanning 93 patients suffering
EDMD or associated phenotypes at the Institute
of Human Genetics Greifswald revealed that mu�
tations in STA and LMNA together account only
for 36 % of the cases. Obviously, further genes
are likely to be involved in EDMD. Forced by the
lack of families suitable for a classic positional
cloning approach we started a candidate gene
approach.A priori functionally related proteins to
emerin and lamin A/C such as lamin B1 (LMNB1)
and B2 (LMNB2), lamin B receptor (LBR), lami�
na�associated polypeptides  (LAP1 and LAP2),
nurim (NRM) and the integral inner nuclear mem�
brane protein (MAN1) are promising functional
candidates. Moreover, factors interacting with
emerin and/or lamin A/C (Narf: nuclear prelamin
A recognition factor, Zmpste24: zinc metallopro�
teinase) were considered as candidates. An ad�
ditional group of candidates were those, which
are expressed specifically in heart and skeletal
muscle � the preferentially affected tissues in
EDMD (FLNC encoding filamin C and SMPX en�
coding a small muscular protein). But until now
we have not been  able to identify any certain
disease causing mutation for EDMD in the genes
examined.So we used a new web�based tool for
the identification of candidate genes for human
genetic disorders called GeneSeeker (Van Driel
et al., 2003). Using GeneSeeker with the as�
sumption that EDMD and limb�girdle muscular

dystrophy (LGMD) are clinically overlapping, we
identified a new candidate gene designated
Popeye 1 (POP1). POP1 belongs to the Popeye
gene family including also the paralogs POP2
and POP3. All three paralogs encode peptides
showing a perinuclear distribution. Additionally,
their strong conservation and preferential ex�
pression in heart and skeletal muscle prove all
three genes as promising candidates for EDMD.
So far seven out of eight exons of POP1 have
been tested in 47 patients. Until now one intron�
ic DNA variant has been identified. The investi�
gation will be extended to POP2 and POP3.
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Targeted gene repair of hprt mutations by 45
base single stranded oligonucleotides
Kenner, O., Kneisel, A., Klingler, J., Bartelt, B.,
Speit, G., Vogel, W., Kaufmann, D.
Abteilung Humangenetik, Universität Ulm
Targeted repair of a single base in a gene of an
eucaryotic cell by specific oligonucleotides is a
yet controversial technique. Here, we introduce
the repair of point mutations in the hypoxan�
thine�guanine�phosphoribosyl�transferase
(HPRT) gene as an additional model system to
test targeted gene repair. In human, Hprt muta�
tions cause Lesch�Nyhan syndrome. Using ham�
ster V79 cells, we generated three cell lines with
one hprt point mutation each. These cell lines
were treated with specific single stranded 45
base phosphothioate modified oligonucleotides
and selected by HAT medium. The surviving
clones were investigated for the repair of the re�
spective hprt mutation. Treatment with the
oligonucleotides was successful in repairing all
three hprt mutations (hprt cDNA position 74, C
to T; position 151, C to T; position 400, G to A).
The repair rate was very low but reproducible.
We suggest that this system allows to investi�
gate targeted gene repair in dependence of the
target sequence and the oligonucleotides used.
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A 5;13 translocation identified in an affected
father and son is not implicated in the
autosomal dominant epidermolysis bullosa
Zemke, K. (1), Stefanova, M. (2), Dimitrov, B.
(3), Gal, A. (1), Kutsche, K. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Hamburg�Eppendorf,
Germany (2) Department of Medical
Genetics, Medical University, Plovdiv,
Bulgaria (3) Section of Clinical Genetics,
University Pediatric Hospital, Sofia, Bulgaria 
Epidermolysis bullosa (EB) describes a group of
clinically and genetically heterogenous disorders
characterized by blistering of skin and other ep�
ithelia. The blisters are manifestations of a sep�
aration between the epidermis and the dermis
along the basement membrane and usually re�
sult from friction or microtrauma. There are three
major subtypes of EB, simplex, junctional, and
dystrophic. For the autosmal dominant inherited
forms of EB, 4 different genes are known, KRT5,
KRT14, COL7AI, and PLEC1. We are studying a
family with autosomal dominant EB of hands
and feet in which the disease segregates in three
generations. Conventional cytogenetic analysis
by GTG�banding showed a reciprocal and ap�
parently balanced translocation t (5;13)(q13;q32)
in the affected father and affected son. Howev�
er, the affected daughter shows a normal kary�
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otype suggesting that the translocation is not
primarily associated with the disease phenotype
in the family. In order to identify the disease
gene, we perform segregation analysis using
polymorphic DNA markers closely linked to
known EB loci. So far, the data excluded the in�
volvement of the genes KRT5 and KRT14 that
are mutated in the autosomal dominant simplex
EB. Analysis of the COL7AI gene, mutated in the
dystrophic form of autosomal dominant EB, is in
progress. To characterize the 5;13 translocation
at the molecular level, we delineated the break�
point regions and identified an overlapping BAC
clone for each breakpoint by FISH analysis. The
ERBB2IP gene was found to be disrupted by the
breakpoint in 5q13, and the GPC6 gene by the
breakpoint in 13q32. By RT�PCR analysis of
RNA isolated from lymphocytes of father and
son, we identified three different fusion RNAs
that consist of various exons of ERBB2IP in their
5´ region and GPC6 at the 3´ end. These data
confirmed that two genes were interrupted by
the translocation. The protein encoded by
ERBB2IP, erbin, was shown to interact with
BPAG1 and the integrin beta 4 subunit, both
components of hemidesmosomes (HDs) that are
cell�substrate adhesion complexes in stratified
epithelia. These data suggest that erbin may be
involved in the assembly of hemidesmosomes.
Consequently, the ERBB2IP gene may be con�
sidered a candidate gene for epidermolysis bul�
losa. However, the fact that the 5;13 transloca�
tion is present in only two of three affected fam�
ily members argues against its involvement in
the disease in the present family. Clearly, we can
not exclude that disruption of ERBB2IP may
modulate the EB phenotype in the family de�
scribed here.
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Scanning of DDX16, Nesprin1alpha,
Nesprin2alpha1 and SREBF1 as candidates
for Emery�Dreifuss muscular dystrophy
Bethmann, C., Wasner, Chr., Wehnert, M.
Universität Greifswald
Until now Emery�Dreifuss muscular dystrophy
(EDMD) has been considered as a monogenic
disorder caused by mutations in STA or LMNA.
But mutations in STA and LMNA account togeth�
er only for 36 % of  the patients,  thus pointing
to further genes likely to be involved. Forced by
the lack of families suitable for positional
cloning, we started a candidate gene ap�
proach.Emerin and lamin A/C are components of
the inner nuclear membrane and the nuclear
lamina. Thus it seems very likely, that defects in
other genes encoding interacting peptides to
emerin and lamin A/C are involved. Thus we
considered DEAD/H�Asp�Glu�Ala�Asp/His�box
polypeptide 16 (DDX16) and sterol response el�
ement binding protein factor 1 (SREBF1) as can�
didates for EDMD. Additionally, we considered
genes, which are expressed specifically in heart
and skeletal muscle and show a perinuclear lo�
calization such as nesprin1alpha1, nesprin1al�
pha2 and nesprin2alpha1 encoding nuclear en�
velope spectrin repeat containing peptides 1 and
2. The candidate genes were scanned for DNA
variations by using primers to amplify all exons
including the exon/intron boundaries in 95 pa�
tients from Germany excluded to carry muta�
tions in STA or LMNA. The PCR fragments were
studied by heteroduplex analysis. Until now we
have scanned 49 exons of DDX16, nesprin1 and
nesprin2.  24 aberrant heteroduplex patterns
have been found so far and 18 DNA variations

were validated by sequencing. Testing approx.
200 chromosomes of a German reference pop�
ulation, two unique variations in DDX16  (R125Q,
T810M) and four in nesprin1alpha (29A>G,
N323H, V572L, E646K). Interestingly, one patient
carried two unique amino acid changing muta�
tions – one in DDX16 (T810M) and one in nesprin
1 (N323H), pointing the first time to a digenic
pathogenesis in Emery�Dreifuss muscular dys�
trophy.
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Analysis of cellular processing and function
of TSPY
Krick, R. (1), Hasgün, D. (1), Aschrafi, A. (2),
Benjamin, P. (3), Buxton, R.S. (3), Arnemann, J.
(1)
(1) Institut f. Humangenetik, Uniklinik
Frankfurt (2) Institut f. Pharmakologie und
Toxikologie, Uniklink Frankfurt (3) NIMR, Mill
Hill, London, UK
TSPY (Testis�specific protein, Y�encoded) shows
a distinct expression pattern as well in human
testis and testicular tumors, as in some prostate
cancer samples and cell lines. TSPY is charac�
terized by homology to the increasing SET/NAP
gene family, which has been postulated to be in�
volved in gene regulation due to the chromatin
binding properties of the NAP�(nucleosome as�
sembling protein) domain. We now have studied
the cellular processing of the TSPY protein. Us�
ing various GFP�reporter constructs with intro�
duced mutations or deletions we were able to
demonstrate the importance of the C�terminus
for the integrity and stability of the TSPY protein.
While the wild�type TSPY protein is detectable
in the cytoplasm and in the nucleus,e.g. muta�
tions of the terminal CK2�Phosphorylation site
led not only to an enhanced degradation of the
protein, but also to the loss of the signal within
the nucleus. Current pull�down assays with a
cloned GST�NAP domain of TSPY should iden�
tify potential interacting proteins. To understand
possible effects on genes downstream of TSPY,
we applied the micro�array approach. Using the
cDNA of a cell line, stably transfected with the
expression plasmid pRO�K2, as a probe we
started to test the Affimetrix chip, and a home�
made micro�array of about 1200 genes for an al�
tered expression pattern. Actually we are evalu�
ating candidate genes, like MKK6, for their rele�
vance.
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Real�time RT�PCR assay for validation of
cDNA array supported candidate markers in
renal cell carcinomas (RCC)
Rosenhahn, J. (1), Diegmann, J. (1), Junker, K.
(2), Schubert, J. (2), Claussen, U. (1), Eggeling,
F. von (1)
(1) Institut für Humangenetik und
Anthropologie der FSU Jena (2) Klinik für
Urologie der FSU Jena
The identification of new biomarkers in renal cell
carcinomas (RCC) is needed for early diagnosis
and progression monitoring. Especially the mo�
lecular mechanisms for the transition from non�
metastatic tumors to metastatic forms are of in�
terest. To find and analyse these complex mech�
anisms high parallel analyses involving cDNA mi�
croarray data has to be used to identify up� or
down�regulated genes in cancer cells, whose
products may then be further validated as po�

tential biomarkers. A widely used method for the
validation of differentially expressed genes is the
real�time reverse transcription polymerase chain
reaction (RT�PCR) technique that monitors prod�
uct accumulation and thereby allows a precise
quantification. Four genes identified by previous�
ly performed cDNA microarray analysis were se�
lected for validation. Primers flanking the appro�
priate cDNA sequences were selected and syn�
thesized. The T7 amplified cDNA hybridized in
the microarray analysis was used as template.
The real�time quantitative PCR assay was per�
formed with SYBR Green I dye�based detection
system including product melting curve analysis
to validate differentially expressed genes. In this
way 20 probes (10 normal controls, 5 non�
metastatic and 5 metastatic RCC) were analysed
threefold. For all probes also an internal stan�
dard (PCNAb, MCPb) was co�amplified. Relative
expression levels were quantified by creating a
standard curve using cDNA dilutions of highly
expressed genes. The whole experiment was
performed on two different SYBR Green based
real�time PCR cyclers (LightCycler, Roche; Op�
ticon 2, MJ, Biozym). The amount of gene ex�
pression found by LightCycler and Opticon 2
was statistically compared and then correlated
to the results found by microarray analysis.
Based on the current results it can be conclud�
ed that deviation between quantification with ar�
rays and real�time PCR are in the same dimen�
sion as between the two used real�time PCR
systems.
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Expression of H�/T�Cadherin during kidney
development
Hasgün, D. (1), Sultani, O. (1), Krick, R. (1),
Coerdt, W. (2), Arnemann, J. (1)
(1) Inst. f. Humangenetik � Uniklinik
Frankfurt/Main (2) Abt. Kinderpathologie,
Uniklinik Mainz
H�/T�cadherin (CDH13) is another member of the
cadherin�superfamily of cell adhesion molecules
with a postulated tumorsuppressor activity as
deduced from expression studies in various pri�
mary tumors. H�/T�cadherin is an unusual cad�
herin molecule as an intracellular cytoplasmic
domain, which is etc. a linker to the cytoskele�
ton, is missing. Instead it is coupled to a GPI�an�
cor and localizes to lipid rafts, which form so�
called supramolecular activation centres
(SMACs) on the apical surface of the cell. The
postulated function therefore should be more
cell recognition than cell adhesion. We now have
generated a H�/T�cadherin�antiserum and DNA
probes to study various developmental aspects.
Our special interest focuses on human and
mouse kidney development as we were able to
show an upregulation during the differentiation
of the glomeruli. In fetal kidneys no H�/T�cad�
herin protein expression was detectable in the
early „S�shape“ stage, but it was very prominent
and broad in the the early glomeruli stage,
namely the inner layer of epithelial cells, before
the mesangium and podocytes differentiate. This
pattern changes with ongoing differentiation and
becomes more punctate. Using an in situ hy�
bridisation and immunohistochemistry approach
we try to characterise the pattern of gene ex�
pression of defined members of the cadherin
family and the question of a possible hierarchi�
cal order during nephron differentiation. Using
the human kidney cell line HEK�293 we further�
more test for possible interactions with caveolin�
1, another tumorsuppressor, which is localized
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in the caveoli of lipid rafts and linked to the in�
tracellular signalling pathway.
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Expression and mutational analysis of
selenoprotein phospholipid hydroxyperoxide
glutathione peroxidase (PHGPx) gene
Nayernia, K. (1), Tangat, Y. (1), Diaconu, M. (1),
Kühn, H. (2), Haidl, G. (3), Schreiber, G. (4),
Aumüller, G. (5), Engel, W. (1)
(1) Institute of Human Genetics, University
of Göttingen, Germany (2) Institute of
Biochemistry, University of Berlin, Germany
(3) Clinic and Polyclinic of Dermatology,
University of Bonn, Germany (4) Clinic of
Dermatology, University of Jena, Germany
(5) Institute of Anatomy and Cell Biology,
University of Marburg
Phospholipid hydroperoxide glutathione peroxi�
dase (PHGPx) is an intracellular antioxidant of
spermatozoa and protects it against the oxida�
tive stress generated by reactive oxygen
species. The abundance of PHGPx in the mito�
chondrial capsule of the spermatozoa midpiece
and impaired sperm motility in selenium�defi�
cient animals, is considered to result from insuf�
ficient PHGPx content, suggest the role of PHG�
Px in male fertility. In an attempt to verify the ex�
pression pattern and localization of PHGPx, im�
munostaining and electron microscopical stud�
ies were performed on sections and spermato�
zoa of different species. In mouse, PHGPx was
detected in Leydig cells and spermatids.  A lo�
calization of PHGPx was found in midpiece of
spermatozoa of Drosophila melanogaster, frog,
fish, cock, mouse, rat, pig, bull and human. This
result was verified using electron microscopical
analysis. Furthermore, we studied the relation�
ship between sperm PHGPx expression, muta�
tion in PHGPx gene and human oligoastheno�
zoospermia, a defect in which both the number
and the motility of spermatozoa are significant�
ly below normal. Sperm specimens from 44 in�
fertile males were analysed for fertility�related
parameters according to World Health Organisa�
tion and were classified as suffering from
oligoasthenozoospermia. Two patients (4.54%)
showed no expression of PHGPx and in 9 pa�
tients (20.45%) a reduced expression of PHGPx
was observed. Genomic DNA sequences of
PHGPx coding and its 5´flanking regions  from
these patients and 9 fertile volunteers were
analysed for polymorphisms by PCR amplifica�
tion and direct sequencing. Sequence analysis
revealed no cause/effect relationship for any of
the polymorphisms. From these data it can be
concluded that oligoasthenozoospermia is asso�
ciated with a decrease in the level of expression
of mitochondrial PHGPx in mitochondria in the
spermatozoa of some infertile men (24.4%) but
is not linked to mutations in PHGPx gene.
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Characterization of a novel brain specific
transcript on human chromosome 20q13
Worch, S., Hansmann, I., Schlote, D.
Martin�Luther�Universität Halle�Wittenberg
Based on human EST�markers we have identi�
fied a novel human gene on HSA20q13.32
whose expression appears to be restricted to
the brain as Northern analysis of 8 human tis�
sues revealed expression of a 3.2 kb and a 3.0
kb transcript in brain only. One corresponding

cDNA (AJ311122) contains a 1680 bp ORF dis�
tributed on 13 exons, a second one as part of
the EMBL sequence database owns a different
initial exon resulting in a 1671 bp ORF. Both
ORFs show a homology of the endmost 1557 bp
beginning in exon 2. Multiple tissue Northern
analysis of the corresponding mouse transcripts
has revealed 3 major signals of 3.3 kb, 2.9 kb
and 2.5 kb visible in brain only emphasizing the
tissue specifity of the human expression pattern.
Analysis of the 5`�end of the transcribed RNA by
RACE�PCR yielded four initial exons suggesting
alternative splicing, as supposed to be in hu�
man. These four mRNAs of the gene, mapping
to mouse chromosome 2H4, could be verified by
RT�PCR. Further on, this complex expression
pattern is not restricted to the 5’�end as we
could demonstrate alternative polyadenylation
in hybridization experiments. The transcripts
vary in ORF size but all show the 1557 bp ho�
mology as found in human. Searching the data�
bases a striking homology of approximately 120
aa at the C�terminal end of the predicted protein
was found shared with 3 other human proteins
with so far unknown function, suggesting a pu�
tative domain which seems to be highly con�
served down to D. melanogaster and C. elegans.
Therefore further experiments should lead to
characterization of the gene product, possibly
relevant in brain development or function.
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Molecular characterization of the novel
human TRAP240�like gene which maps
close to the chromosome 12 breakpoint in a
patient with Noonan syndrome, and its
mouse orthologue mtrap240�like
Musante, L. (1), Bartsch, O. (2), Ropers, H.�H.
(1), Kalscheuer, V.M. (1)
(1) Max�Planck�Institute for Molecular
Genetics, Ihnestrasse 73, 14195 Berlin�
Dahlem, Germany (2) Institut für Klinische
Genetik, Technische Universität, Dresden,
Germany
During the characterization of the chromosome
12 breakpoint region in a patient with a balanced
t (2;12)(q37;24) translocation and a clinical diag�
nosis of Noonan syndrome, we identified a nov�
el human gene, thyroid hormone receptor�asso�
ciated protein (TRAP) 240�like. Interestingly this
gene is expressed at a lower level in the patient
lymphoblastoid cell line than in control cell lines,
although the breakpoint maps 28 kb to its 5´
end. We therefore investigated the human and
mouse counterpart in more detail. Transcripts
were cloned in silico by aligning several human
and mouse expressed sequence tags (ESTs) and
mRNA sequences. The complete cDNA se�
quences of 9546 bp and 6812 bp were deter�
mined by RT�PCR and 5´RACE experiments. The
human and mouse genes span a genomic region
of 310 kb and 170 kb, respectively and contain
31 exons. Their open reading frames code for
proteins of 2211 and 2204 amino acids which
are 87% identical. By northern blot analysis hu�
man TRAP240�like appeared to be expressed at
low levels and could be detected in fetal brain,
liver and kidney and adult brain, kidney, skeletal
muscle, lung, placenta, pancreas and heart. The
mouse ortholog showed ubiquitous expression
and was particularly abundant in brain and heart.
The TRAP240�like protein is 56% identical to hu�
man TRAP240, which belongs to the TRAP com�
plex and is evolutionary conserved up to yeast.
This complex is involved in transcription regula�
tion and is believed to serve as adapting inter�

face between regulatory proteins bound to spe�
cific DNA sequences and RNA polymerase II.
Mutations in Drosophila dTRAP240 (pap) result�
ed in loss of segmental identity specification.
Further investigations are needed to determine
the biological role of the human TRAP240�like
protein.
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Molecular characterization of four patients
with microphthalmia and linear skin defects
syndrome (MLS)
Gaal, A. (1), Meinecke, P. (2), Werner, W. (3),
Gillessen�Kaesbach, G. (4), Voigtländer, T. (5),
Gal, A. (1), Kutsche, K. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Hamburg�Eppendorf,
Germany (2) Abteilung für Medizinische
Genetik, Altonaer Kinderkrankenhaus,
Hamburg, Germany (3) Institut für Klinische
Genetik, Medizinische Fakultät der
Technischen Universität Dresden, Germany
(4) Institut für Humangenetik,
Universitätsklinikum Essen, Germany (5)
Institut für Humangenetik,
Universitätsklinikum Heidelberg, Germany
The microphthalmia with linear skin defects
(MLS) syndrome is a severe developmental dis�
order. Major clinical signs are localized dermal
hypoplasia and microphthalmia. Occasional ab�
normalities include agenesis of the corpus cal�
losum, sclerocornea, chorioretinal abnormalities,
congenital heart defects, infantile seizures, and
mental retardation. The MLS syndrome is con�
sidered an X�linked dominant disorder with in
utero lethality in males. In the majority of pa�
tients with MLS syndrome, cytogenetic studies
revealed an XX complement with a variety of X�
chromosomal aberrations, including deletions of
Xp22�pter or unbalanced translocations between
the X chromosome and an autosome or the Y
chromosome, that all resulted in segmental
monosomy of Xp22.3. By physical mapping, a
~570 kb minimal region of monosomy has been
identified in Xp22.3 containing the genes MID1,
HCCS, and ARHGAP6. We are investigating four
patients (three females and one male) with MLS
syndrome. The male patient is the first MLS case
with a 46,XY karyotype. He carries a paracentric
inversion of the short arm of the X chromosome
in 15% of his blood lymphocytes with the distal
breakpoint in Xp22.32~p22.33 and the proximal
breakpoint in Xp22.13~p22.2. Currently, we are
performing FISH experiments of fibroblast cells
of the patient to detect the inversion in a second
tissue. Further studies aimed at the delineation
of both breakpoint regions. Two of the female
patients show a de novo terminal deletion of
Xp22�pter. Polymorphic microsatellite markers
are being used for segregation analysis in the
patients and their parents to define the extent of
the cytogenetically detected deletion. In the third
female patient, high resolution cytogenetic
analysis revealed an apparently normal female
karyotype. DNA samples of the patient and her
parents were analyzed by microsatellite markers
to detect a microdeletion.
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Genotype Phenotype Correlation in the
Noonan Syndrome
Zenker, M. (1), Buheitel, G. (2), Rauch, R. (3),
König, R. (4), Bosse, K. (5), Kress, W. (6), Dörr,
H.�G. (2), Hofbeck, M. (3), Singer, H. (2), Reis,
A. (1), Rauch, A. (1), 
(1) Institut für Humangenetik, Erlangen (2)
Univ.�Kinderklinik, Erlangen (3) Univ.�
Kinderklinik, Tübingen (4) Institut für
Humangenetik, Frankfurt/Main (5) Institut
für Humangenetik, Bonn (6) Institut für
Humangenetik, Würzburg
Mutations in the gene PTPN11 have recently
been identified as the molecular defect underly�
ing Noonan syndrome (NS) in 33�50% of pa�
tients. In order to study genotype phenotype
correlations, we performed mutational analysis
by direct sequencing of the entire coding se�
quence of the PTPN11 gene in 57 patients from
50 families with the clinical diagnosis of NS as�
certained according to standardized inclusion
criteria. 13 known and 4 novel PTPN11 muta�
tions could be detected in 30/50 (60%) of index
cases. A causative PTPN11 mutation was found
in all familial but only in 51% of the sporadic
cases. Presence of pulmonic stenosis, short
stature, easy bruising, and thorax deformities
was significantly associated with a PTPN11 mu�
tation, whereas cardiomyopathy was more com�
mon in patients without. Mutation�positive
probands were more likely to exhibit three and
more typical clinical features of NS whereas
oligosymptomatic patients were found more fre�
quently in the non�mutated group. However,
more than half of the patients in the non�mutat�
ed group � among them all with cardiomyopathy
� had the full clinical picture of NS indistinguish�
able from typical cases with PTPN11 mutation.
Our findings suggest that the phenotype of NS
due to PTPN11 mutations is clinically unambigu�
ous in the majority of the patients and repre�
sents a highly penetrant trait. The higher muta�
tion detection rate in our study compared to pre�
vious reports is most likely due to more strict
clinical inclusion criteria. Individuals with the
clinical diagnosis of NS but without a PTPN11
mutation presumably represent a heterogeneous
group in which patients with cardiomyopathy ap�
pear to constitute an interesting subgroup for fu�
ture research. The recurrent Asn308Asp muta�
tion was associated with a very broad pheno�
type, but very mild facial anomalies occurred
more frequently with this mutation. No PTPN11
mutation was found in 12 additional patients not
fulfilling the diagnostic criteria for NS but ex�
hibiting only single anomalies of the phenotypic
spectrum.
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Characterization of differentially expressed
genes involved in cardiac hypertrophy
Bonath, I., Hahn, T., Worch, S., Hansmann, I.,
Schlote, D.
Martin Luther Universität Halle�Wittenberg
Spontaneously hypertensive rats (SHR) provide
a well known animal model to investigate hyper�
tension and heart failure. In order to identify can�
didate genes participating in initiation and/or
progression of the observed phenotype RNA
was isolated from hearts of SHR and its nor�
motensive genetic control, the Wistar�Kyoto rat
(WKY), to screen for differentially expressed
genes using a subtractive hybridization system

based on cDNA selection and suppression PCR.
Here we report the characterization of two can�
didate cDNA clones out of the group of putative
deregulated genes we could neither assign a
function so far nor find any homology to already
known transcripts or proteins. Based on the 900
bp cDNA clone 65 and the 1000 bp cDNA clone
36 Northern Blot analysis using polyA+ � RNA
from heart tissue of SHR and WKY rats has re�
vealed transcripts of about 1,8 kb (clone 65) and
4 kb (clone 36), respectively. In silico analysis of
clone 65 yielded a rat transcript of 1221 bp in
size encoding 406 aa consisting of two exons
spanning a genomic region of about 3,4 kb on
chromosome 17 (q11). The homologous genes
of mouse and human are mapped on chromo�
some 13 (A3.2) and 6 (p22.1). The second clone
36 shows homology to an 1456 bp rat mRNA
containing 306 bp ORF (101 aa) distributed on
12 exons on chromosome 13 (q11) with a ge�
nomic length of about 27,5 kb. The homologous
genes of mouse and human are located on chro�
mosome 1 (E2.3) and 2 (q13). RACE�PCR will be
performed in order to complete with cDNA se�
quences and refine the genomic structure. Fur�
ther experiments will focus on verifying the
quantitative expression data and studying the
tissue specific expression pattern of the candi�
date genes. Quantitative trait loci (QTL) in the
genomic regions of interest will be examined
with respect to known genes involved in cardiac
hypertrophy.
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The high mobility group protein gene
HMGA2 is strongly conserved among
individuals
Seebeck, B., Lemke, I., Rogalla, P., Bullerdiek,
J.
Center of Human Genetics, University of
Bremen, Germany
The role of HMGA proteins in different diseases
including benign and malignant tumors, and
restenosis can be explained easily by their mo�
lecular functions. They act as master switches
of the cell regulating a high number of target
genes by modulating their chromatin. However,
despite a number of interesting findings very lit�
tle is known about variation of the HMGA pro�
teins within human populations. Therefore, we
have sequenced the coding region of HMGA2 of
50 healthy volunteers aimed at the detection of
single nucleotid polymorphisms. The description
of such polymorphisms may be of considerable
interest because in most of the HMGA2�associ�
ated diseases familial cases have been reported
that may be linked to mutations of HMGA2.
Herein, we were able to show identical coding
regions of HMGA2 in all 100 alleles analysed.
Thus, HMGA2 is not only well conserved be�
tween species but there is also a high interindi�
vidual conservation of HMGA2 further support�
ing the important role of HMGA proteins in cel�
lular processes.
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Cloning, genomic organisation and
expression pattern of a human tuberin�
homology gene, the tuberin�like protein 1
(TULIP1), and its murine and rat homolog
Schwarzbraun, T., Windpassinger, C.,
Ledinegg, M., Ofner, L., Kroisel, P.M., Wagner,
K., Petek, E.
Universität Graz
We have previously described the clinical and
molecular characterisation of a 14q13.1�21.1 mi�
crodeletion of less than 3.5Mb in size in a pa�
tient with severe microcephaly, psychomotor re�
tardation and further clinical anomalies. Here we
report the characterisation of the genomic struc�
ture of the human tuberin�like protein gene
(TULIP1) found to be deleted in our patient as
well as its murine and rat homolog. The human
TULIP1 gene could be mapped to the chromo�
some band 14q13.2 by fluorescence in situ hy�
bridisation of BAC clone RP11�355C3
(GeneBank Accession No. AL160231), contain�
ing the 3’�end of the gene. In addition, the hu�
man genome contains a processed pseudogene
of TULIP1 on chromosome 9q31.2. Expression
analysis for the active locus was performed. No
pseudogene could be found in the available
mouse and rat sequence data. The gene is high�
ly conserved in all three species. The function,
expression profile and location of TULIP1 make
it a candidate gene for at least some of the neu�
rological findings in our patient and other 14q re�
lated cases.
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Phenotypic expression in Fish�eye disease
with G71R/R140H compound heterozygosity
in the lecithin:cholesterol acyltransferase
(LCAT) gene
Petek, E., Hörl, G., Wagner, E., Windpassinger,
C., Wagner, K., Kroisel, P.M., Steyrer, E.
Universität Graz
Lecithin:cholesterol acyltransferase  (LCAT) is a
key enzyme of lipoprotein metabolism. It cat�
alyzes the esterification of free cholesterol (FC)
in plasma to produce cholesteryl esters (CE),
which represent the main core lipid components
of plasma lipoproteins LDL and HDL. Primary
(familial) LCAT�deficiency (LCAT�D) is a rare ge�
netic, autosomal recessive, disease caused by
the lack or near absence of LCAT activity. In a
second genetic disorder known as  fish eye dis�
ease (FED)(partial LCAT deficiency), LCAT ester�
ifies FC only in LDL particles. In the present
study, we describe the molecular defects in the
LCAT gene of a 30 year old patient presenting
with typical symptoms of FED including corneal
opacity, virtual absence of alpha�LCAT activity,
presence of reduced amounts of CE (low HDL�
Cholesterol level), and elevated TG values. DNA
sequencing revealed two separate mutations in
exon 2 and in exon 4 of the patient´s LCAT gene:
a G to C transversion converting  Gly 71 to Arg,
and a G to A transition converting Arg 140 to
His. Digestion of the patient´s DNA with the re�
striction endonucleases StyI, and HhaI, respec�
tively, confirmed that the patient is a compound
heterozygote for both mutations. In addition a
15% mosaicism of a reciprocal 11/12 transloca�
tion was found by routine cytogenetic analysis
of peripheral blood lymphocytes. To exclude
chromosomal unbalances we determined the
boundaries of the t (11;12)(q13.2;p13.3). Via
BAC�FISH analysis we narrowed down each of
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the two breakpoint regions to approximately
200�kb intervals. No loss or gain of genomic ma�
terial could be identified.
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Towards characterisation of loricrin
keratoderma: diffuse palmoplantar
keratoderma and generalised ichthyosis
associated with a loricrin frameshift
mutation
Gedicke, M. (1,2), Thiele, H. (1), Nürnberg, P.
(1,2), Traupe, H. (3), Tinschert, S. (2), Hennies,
H.C. (1)
(1) Gene Mapping Centre and Dept. of
Molecular Genetics, Max�Delbrück�Centre
for Molecular Medicine, Berlin, Germany (2)
Inst. of Medical Genetics, Charité, Humboldt
University of Berlin, Germany (3) Dept. of
Dermatology, University of Münster,
Germany
We present a German family with an autosomal
dominant syndrome of a mild type of generalised
congenital ichthyosis and diffuse, honeycombed
palmoplantar keratoderma (PPK). Some family
members were born as collodion babies and
some reported pruritus. The ichthyosis was
overall mild but showed keratotic lichenification
in particular on the flexural body parts such as
the wrists, antecubital folds, popliteal folds, ax�
illae, and around the navel. In a genome wide
linkage study comprising 13 members of the
family linkage was suggested with the marker at
D1S498 with a maximum lod score of 2.6
(theta=0). This locus maps to a region on chro�
mosome 1q21 containing the cluster of epider�
mal differentiation complex (EDC) genes. The
cluster comprises many genes encoding pro�
teins of the cornified cell envelope such as lori�
crin, involucrin, and filaggrin. A mutation in the
gene for loricrin (LOR) was previously shown to
be associated with mutilating keratoderma with
ichthyosis, also known as PPK type Camisa�Vo�
hwinkel. Because of the prominent honeycomb
pattern of PPK in affected members of the fam�
ily reported here resembling the PPK in Camisa�
Vohwinkel disease, we considered loricrin a
good candidate for the disorder in this family.
We have subsequently identified a 1�bp inser�
tion, 730insG, in LOR extending the protein by
an arginine�rich domain. Interestingly, the same
mutation was described in a family with mutilat�
ing keratoderma. A total of seven mutations
have been found in loricrin so far underlying a
heterogeneous group of palmoplantar ectoder�
mal dysplasias nowadays referred to as loricrin
keratoderma. Most of these phenotypes were
initially diagnosed as mutilating keratoderma
based on the finding of constrictions of fingers
or toes leading to mutilation (pseudoainhum).
Remarkably, there were no constricting bands
visible in any affected member of our family.
Hence these results demonstrate the importance
of honeycombed PPK for the diagnosis but re�
veal that constrictions of digits are not an oblig�
atory feature of loricrin keratoderma. Our find�
ings allow to further delineate the clinical spec�
trum of the group of genodermatoses caused by
loricrin mutations.
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Spectrum of mutations in the epidermal
lipoxygenase genes ALOXE3 and ALOX12B
in patients with autosomal recessive
congenital ichthyosis (ARCI)
Eckl, K. M. (1,7), André, F. (1), Küster, W. (2),
Seemanová, E. (3), Verma, I. (4), Traupe, H. (5),
Krieg, P. (6), Nürnberg, P. (1,8), Hennies, H.C.
(1)
(1) Gene Mapping Centre and Dept. of
Molecular Genetics, Max�Delbrück�Centre
for Molecular Medicine, Berlin, Germany (2)
TOMESA Clinics, Bad Salzschlirf, Germany
(3) Dept. of Clinical Genetics, Charles
University, Prague, Czech Republic (4) Dept.
of Medical Genetics, Sir Ganga Ram
Hospital, New Delhi, India (5) Dept. of
Dermatology, University of Münster,
Germany (6) Div. of Eicosanoids and Tumour
Development, German Cancer Research
Centre, Heidelberg, Germany (7) Faculty of
Biology, Chemistry, and Pharmacy, Free
University of Berlin, Germany (8) Inst. of
Medical Genetics, Charité, Humboldt
University of Berlin, Germany ; 
Autosomal recessive congenital ichthyosis
(ARCI) forms a heterogeneous group of severe
hereditary keratinization disorders characterized
by more or less intense scaling of the whole in�
tegument, often associated with erythema, and
a pronounced clinical and genetic heterogene�
ity. Up to the present, five loci for ARCI have
been mapped to chromosomes 2q33�q35,
14q11, 17p13, 19p13, and 19p12�q12. Muta�
tions in TGM1 on 14q11 account for approx. one
third of ARCI cases with a phenotypic spectrum
ranging from dark brownish bark�like skin until
the so�called self�healing collodion baby. The
underlying gene defect has been identified at
only one of the other loci so far. Mutations in
ALOXE3 and ALOX12B on chromosome 17p13,
which encode two different lipoxygenases of the
epidermis type, were recently found in six ARCI
patients from the Mediterranean area. Here we
have analyzed 150 families with ARCI without
mutations in TGM1. In ALOX12B we discovered
two homozygous missense mutations in two
consanguineous families from Turkey. Another
homozygous missense mutation was found in
ALOXE3 in a consanguineous family from South�
west Germany. Patients of an extended, consan�
guineous Indian pedigree showed a homozygous
nonsense mutation in ALOXE3. Two different
mutations in two exons of ALOXE3 � one non�
sense, one missense � were found in a non�con�
sanguineous family from Czechia. In total, less
than ten percent of all ARCI patients carry mu�
tations in one of these two genes. Lipoxygenas�
es are involved in the production of leukotrienes
and various hydroxyeicosatetraenoic acids
(HETE) from arachidonic acid and hydroxyoc�
tadecaenoic acids (HODE) from linoleic acid. Ex�
act functions, however, of the members of the
epidermis subgroup exclusively found in epider�
mal keratinocytes and hair follicle cells are part�
ly still unclear. In order to functionally analyze
the mutations leading to ichthyosis, we are de�
veloping an in�vitro assay for these enzymes.
Further analysis of the enzyme specificities and
characterization of different mutations will give
insight into the molecular mechanisms underly�
ing ARCI.
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Mutation analysis in Bardet�Biedl syndrome
Oeffner, F. (1), Lerche, D. (1), Hoffmeister, H.
(1), Bornholdt, D. (1), Kersten, J. (1), Abdel�
Aleem, A. (2), Rubeck, A. (1), Neundorf, A. (1),
Moch, C. (1), Grzeschik, K.�H. (1), Koch, M.C.
(1), 
(1) Institute of Human Genetics, Bahnhofstr.
7a, Philipps�University,  35037 Marburg,
Germany (2) Department of Human
Genetics, National Research Centre, Cairo,
Egypt
Bardet�Biedl syndrome (BBS) is a rare, multi�
system disorder with an autosomal recessive
mode of inheritance. The cardinal features are
central obesity, rod�cone dystrophy, postaxial
polydactyly, learning difficulties, hypogenitalism
in males and renal dysplasia. The population
prevalence ranges from 1:13500 livebirths
among the Bedouin of Kuwait to approximately
1:160000 in Western�Europe. BBS is genetical�
ly heterogeneous with at least seven different
chromosome loci linked to the disease: BBS1 on
11q13, BBS2 on 16q21, BBS3, on 3p12�p13,
BBS4 on 15q22.3�q23, BBS5 on 2q31, BBS6 on
20p12, and BBS7 on 4q27. To date, five BBS
genes – MKKS,BBS2,BBS4,BBS1,and BBS7 –
have been identified. MKKS presumably codes
for a type II�chaperonin, whereas the BBS4 gene
product shows strongest homology to O�linked
N�acetyl�glucosamine transferase (OGT) from
several species. The BBS1, BBS2,and BBS7
proteins are similar to each other but do not dis�
play significant similarity to any known proteins
or protein families.Here, we report on the identi�
fication of novel mutations in BBS genes. A
1247delG mutation was observed in exon 14 of
BBS4, homozygous in an Egyptian BBS patient,
who presented with the typical clinical features
of the syndrome. The deletion causes a
frameshift resulting in a truncated protein of pre�
sumably 467 amino acid residues. This is the
first report of a homozygous single base deletion
causing a truncated BBS4 gene product. In
BBS1 we describe a homozygous deletion of
complete exons 12 and 13. The breakpoints
were identified by sequence analysis and the
deletion was confirmed by MAPH. To elucidate
the function of the BBS proteins, we search for
potential binding partners using the yeast�two�
hybrid system. Supported by: Deutsche
Forschungsgemeinschaft (DFG, OE 262/1�1) and
the Kempkes�Stiftung.
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Variable expression of the phenotype of a
variant form of Vohwinkel syndrome caused
by a small insertion in exon 1 of the loricrin
gene
Windpassinger, C. (1), Smolle, J. (2), Günther,
B. (3), Janecke, A.R. (3), Kroisel, P.M. (1),
Wagner, K. (1), Petek, E. (1)
(1) Universität Graz (2) Universität Graz (3)
Universität Innsbruck
Vohwinkel´s syndrome (VS) is a rare heterogenic
disorder, which can be caused either by a muta�
tion of the connexin 26 (CX26) gene or in a vari�
ant form by a mutation of the loricrin (LOR) gene.
Both variants are transmitted in an autosomal
dominant mode of inheritance. The two sub�
types of VS are usually characterized by the
presence of congenital deafness as observed in
patients with CX26 mutations or absence of
deafness but show different skin lesions in non�
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palmoplantar areas like in patients with LOR mu�
tations.  Here we report on a 34 year old female
patient with all phenotypic features of VS like hy�
perkeratosis and constrictions on fingers and
toes with further skin lesions in non�palmoplan�
tar areas like elbows and congenital deafness.
Mutation analysis of both genes revealed a 6 bp
insertion in the first exon of the LOR gene how�
ever no mutation in CX26 was found. Subse�
quently performed mutation analysis of her par�
ents demonstrated that the insertion was inher�
ited from her asymtomatic father. No other
familiy member shows any symptom of VS. Such
an extreme phenotype variation has not been re�
ported thus far. The number of different muta�
tions of the LOR gene is still very low. Therefore
we assume that the new mutation described
here could be responsible for variability as well
as divergence in phenotype expression.
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Classical xathinuria type 2 associated with a
missense mutation in molybdenum cofactor
sulfurase
Finckh, U. (1), Wagener , C. (2), Gal, A. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Hamburg�Eppendorf,
Hamburg, Germany (2) Abteilung für
Klinische Chemie, Universitätsklinikum
Hamburg�Eppendof, Hamburg, Germany 
The frequency of classical xanthinuria (XU) is es�
timated roughly to lay between 1:6,000 and
1:65,000. Clinically, XU may be fully asympto�
matic or associated with more or less progres�
sive nephropathy along with other signs due to
deposition of xanthine crystals. Based on clini�
cal laboratory findings XU can be divided into
two subtypes (XU1, XU2). In XU1 but not in XU2
oxidation of allopurinol and excretion of oxypuri�
nol can be demonstrated. XU1 is linked to mu�
tations in XDH, the gene for xanthine dehydro�
genase (XDH). XDH catalyzes both the conver�
sion of hypoxanthine to xanthine and of xanthine
to uric acid, thus being essential for oxidative
elimination of terminal purine nucleotide
metabolites. XDH also oxidizes purine analog al�
lopurinol to oxypurinol that in turn blocks irre�
versibly XDH. Allopurinol may be oxidized alter�
natively by aldehyde oxidase (AO). Therefore, in
XU1 oxypurinol may be detected after an allop�
urinol challenge. In cattle, XU2 has been shown
to be linked to a deletion in MCSU, the bovine
homolog of HCMS, the human gene for molyb�
denum cofactor sulfurase (MCS). For both XDH
and AO presence of sulfurated molybdenum co�
factor is functionally essential. MCS catalyzes
sulfuration of the molybdenum cofactor. There�
fore, it was assumed that deficiency of MCS
should lead to the combined loss of activity of
XDH and AO recognizable by absence of oxy�
purinol following an allopurinol challenge. In
HCMS of two Japanese patients with XU2 the
same homozygous nonsense mutation (R419X)
has been reported recently (Ichida et al.,
Biochem Biophys Res Commun 282:1194�1200,
2001). Here we report the first missense muta�
tion in HCMS of a German patient with XU2.
cDNA (AK000740) and genomic sequence of
HCMS were identified by BLAST searching Gen�
Bank using published MCSU cDNA. All 15 cod�
ing exons of HCMS from genomic DNA of our
patient and an anonymous Caucasian proband
were amplified by PCR and sequenced. Besides
some apparently homozygous single nucleotide
changes in both subjects, respectively com�
pared to AK000740 we found a single and ap�

parently homozygous missense mutation (T294I)
in our patient only. The mutation was not pres�
ent in 144 Caucasian control alleles analyzed by
restriction enzyme. The patient’s daughter is het�
erozygous carrier of the mutation. Parental DNA
was not available for analysis. Therefore we can�
not exclude compound heterozygosity of the
missense mutation and a deletion in the patient.
The residue corresponding to T294 is fully con�
served among all species analyzed so far, in�
cluding vertebrates, drosophila, C. elegans, bac�
teria, neurospora crassa, and arabidopsis.
Whereas we can conclude that mutations in
HCMS may be causative for XU2, this does not
exclude other possible molecular causes of XU2.
(Correspondence: finckh@uke.uni�hamburg.de)

P 145

Mutations of PKHD1 and genotype�
phenotype correlations in autosomal
recessive polycystic kidney disease
(ARPKD)
Zerres, K. (1), Senderek, J. (1), Küpper, F. (1),
Schneider, F. (1), Dornia, C. (1), Rudnik�
Schöneborn, S. (1), Moser, M. (2), Büttner, R.
(3), Bergmann, C. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Aachen (2) Abteilung
für Molekulare Medizin, Max�Planck�Institut
für Biochemie, Martinsried (3) Institut für
Pathologie, Universität Bonn
Autosomal recessive polycystic kidney disease
(ARPKD/PKHD1) is one of the most common
causes of renal� and liver�related morbidity and
mortality in childhood. We have recently shown,
with others, that mutations in the PKHD1 gene
on chromosome 6p21.1�p12 underlie ARPKD.
The longest continuous open reading frame is
encoded by a 67 exon transcript and predicted
to yield a 4,074 amino acid protein
(polyductin/fibrocystin) of thus far unknown
function. Mutations were found to be scattered
throughout the gene without evidence of cluster�
ing at specific sites which makes analysis ex�
tremely cumbersome. A mutation can be ob�
served in approximately two thirds of disease
chromosomes. We have compiled molecular and
clinical information in a database encouraged by
HUGO (http://www.humgen.rwth�aachen.de).
Most PKHD1 mutations are unique to single
families („private mutations“) which hampers
genotype�phenotype correlations. Correlations
could be drawn for the type of mutation rather
than for the site of the individual mutation. All
patients carrying two truncating mutations dis�
played a severe phenotype with perinatal or
neonatal demise. PKHD1 mutation screening is
justified as a basis for prenatal diagnosis and
genetic counselling in cases where no
material/DNA of an affected child/fetus is avail�
able anymore or in cases with atypical
clinical/pathoanatomical features. We provide an
overview of PKHD1 mutations, review them in
the context of their clinical implications and dis�
cuss putative genotype�phenotype correlations
in ARPKD.
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SNP frequency, haplotype structure and
linkage disequilibrium in human FBN1�gene
Kraus, C., Krumbiegel, M., Reis, A.
Institute of Human Genetics, Friedrich�
Alexander University Erlangen�Nuremberg 

The fibrillin gene (FBN1) is a relatively large (ap�
proximately 110 kb) and highly fragmented (65
exons) gene. Mutations in FBN1 cause Marfan
syndrome and autosomal dominant Weill�March�
esani syndrome. Moreover, it is a candidate for
association studies in complex diseases. To de�
termine the SNP frequency and haplotype struc�
ture of the human FBN1 gene we analyzed a to�
tal of 28 single�nucleotide polymorphisms
(SNPs) spanning the entire 110kb locus. 17 of
these 28 SNPs were initially identified as se�
quence variants in Marfan patients, of which 8
were already published in the database. Addi�
tionally, 11 SNPs were selected from the
genome SNP database (dbSNP), whereas het�
erozygosity of 0.3 was the major criteria. SNPs
were genotyped on 96 unrelated individuals from
Caucasian origin by sequencing the correspon�
ding fragments. For the analysis of the linkage
disequilibrium (LD) and haplotypes structure of
the region we chose those SNPs, which showed
a minor allele frequency of at least 9% in our
control group. Only 18 of the 28 SNPs analyzed
fulfilled this criteria. Of the published 11 SNPs
with a given heterozygosity of more than 0.3,
three were not detected in our control samples
and two were found only twice. LD was calculat�
ed with ldmax using an expectation�maximiza�
tion algorithm and visualized with GOLD. SNPs
in a region of 110 kb covering the entire FBN1
locus are in significant pair wise LD. Haplotypes
and their frequencies were estimated using the
PHASE program. Within this region 5 common
haplotypes were observed accounting for 91%
of chromosomes. The most frequent one was
found in 64% of the control samples. All but two
of the rare haplotypes can be reconstructed
from the three most common by chancing only
one site. To review the quantity of chromosomes
which are necessary for definition of  LD and
haplotype structure of the FBN1 locus, calcula�
tion were repeated with 48 control persons. Re�
peated calculation with only 48 control persons
demonstrated the same LD and haplotype struc�
ture.
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Methylation status of the 5´ promoter region
of the CAVEOLIN�1 gene in human prostate
cancer cell lines and prostate cancer
tissues
Häusler, J., Reutter, P., Bachmann, N.,
Vesovic, Z., Bochum, S., Vogel, W.
Institut für Humangenetik, Universität Ulm
In an ongoing study on the role of methylation of
the CAVEOLIN�1 promoter for the silencing of
the gene, we reported that 4 out of 7 CpGs (�
881bp to �518bp relative to the translation start
site) abolish gene activity when methylated.
These results were based on reporter gene as�
says and reactivation of CAV�1 in prostate can�
cer cell lines by 5�aza�2´deoxycytidine. Methy�
lation of CpG sites influences gene activity by
specific binding of proteins which we tested us�
ing gel retardation assays. We report now that
the PCR fragment containing the CAV�1 promot�
er is able to bind such a protein when methylat�
ed. This binding probably constitutes the mech�
anism which inactivates the CAV�1 promoter.
The best known of these proteins is MECP2. Us�
ing competition experiments with MECP2, we
were able to demonstrate that it does not bind
to the CAV�1 promoter and that it is different
from the protein which causes the band shift in
the gel. All these in vitro results do not consti�
tute direct evidence for CAV�1 being involved in
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tumorigenesis in vivo. This prompted us to as�
sess the methylation status of the CAV�1 pro�
moter in prostate cancer directly. For that pur�
pose, 20 prostate tumor and 4 healthy control
DNAs are under investigation at present. Ge�
nomic DNA was bisulphite treated to convert un�
methylated cytosines to uracils. A 363bp frag�
ment of the CAV�1 promoter containing seven
CpG sites was amplified by PCR. PCR products
are cloned und will be sequenced. The sequenc�
ing results will be reported and will definitely tell
how frequently methylation of the CAV�1 pro�
moter is involved in prostate cancer. This study
was aimed to reveal the possibility of an epige�
netically inactivation of CAV�1 and its crucial role
in the development and progression of prostate
cancer.
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Detection of large duplications including the
PLP gene in Xq22 by comparative
quantitation using real�time PCR
Steglich, C., Wimmer, U., Orth, U., Gal, A.
Institut für Humangenetik,
Universitätsklinikum Eppendorf Hamburg
Pelizaeus�Merzbacher disease (PMD) is a dys�
and hypomyelinating disorder of the central
nervous system. The most frequently seen X�
chromosomal form is caused by mutations of
the proteolipid protein gene (PLP). Typically, pa�
tients present with severe neurological symp�
toms and psychomotor retardation. Since there
is no biochemical assay to confirm clinical diag�
nosis, mutation detection in the PLP gene is an
important tool both for diagnostic purposes and
for proper genetic counselling of the families. In
about 20% of the PMD patients, point mutations
(mainly missense) and smaller rearrangements
affecting a few nucleotides can be found, where�
as large intrachromosomal duplications includ�
ing the entire PLP gene are the predominant
cause of PMD (in up to 60 % of the patients). In
the past, various techniques have been used to
detect these duplications spanning usually 0.5�
1 Mb, e.g. interphase FISH, quantitative South�
ern blot analysis, or quantitative multiplex PCR.
None of these approaches have been found to
be optimal. In our hands, the method of compar�
ative quantitation of an amplicon from exon 4
(263 bp) of the PLP gene and that from exon 4
(189 bp) of the CFTR gene by real�time PCR of�
fers a major break�through in detecting the du�
plication. The high sensitivity of  the method to�
gether with the possibility to select the most ap�
propriate parameters by monitoring the reaction
„on�line“, greatly improves both reliability  and
reproducibility of the results. Compared to a fe�
male reference sample, DNA samples of 20 un�
affected males and females showed a relative
value of 0,47 (+/� 0.06) and 1.02 (+/� 0.08), re�
spectively. In a subsequent large experimental
series, we examined 115 male patients with clin�
ical symptoms of  a leukodystrophy resembling
PMD. In 13 patients, data were strongly sugges�
tive of a PLP duplication. Our preliminary results
also suggest that the method is sensitive
enough to reliably detect carriers, i.e. to discrim�
inate between two and three gene copies. In
conclusion, the method of comparative quanti�
tation by real�time PCR is a fast and convenient
way to genotype PMD patients for the duplica�
tion in the PLP gene.
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Frequent allelic Variants of the Myocardial
Ikr�alpha�Subunit Gene KCNH2 modulate
the Duration of the QT Interval in the
General Population
Pfeufer, A., Perz, S., Jalilzadeh, S., Müller, J.,
Illig, T., Schöpfer, A., Hinterseer, M., Löwel, H.,
Meitinger, T., Steinbeck, G., Näbauer, M.,
Wichmann, H.�E., Kääb, S.
Klinikum rechts der Isar, Technische
Universität, München; GSF
Forschungszentrum für Umwelt und
Gesundheit, Neuherberg; Medizinische
Klinik und Poliklinik I, Klinikum der
Universität München, Grosshadern, LMU
München 
The QT interval in the surface ECG is a sensitive
and specific indicator of myocardial repolariza�
tion. QT prolongation is indicative for repolariza�
tion disturbances potentially leading to Torsades
de Pointes tachycardia and sudden cardiac
death. We investigated the influence of minor
gene variants in known monogenic long QT syn�
drome genes on the QT interval. We analyzed
gene variants and surface�ECG recordings from
participants of a population based epidemiolog�
ical survey in the Augsburg region (n=4149). Pa�
tients on cardiac medication or those showing
signs of any disease pathology in their ECGs
were excluded (remaining n=1035). QT correc�
tion parameters for heart rate (RR interval,
+0.148 ms/ms) age (+0.245 ms/y) and sex (�7,70
ms for female) were determined by linear regres�
sion and were applied to transform measured
values to heart rate�, age� and sex� independent
QTc values. Mean QTc was 409,5 ms (SD +/�
15,1 ms) standardized to a 45 yr old male with a
heart rate of 60/min.Four of five SNPs in KCNH2
exhibited strong pairwise LD and showed the
most significant association to the QTc interval.
The strongest association was at rs740952
(p=0,011) by ANOVA analysis of the SNP ‘s three
genotypes. QTc values according to genotypes
were in GG�homozygotes (n=634): 408,1±15,4
ms,  in AG�heterozygotes (n=304): 410,0±14,9
ms and in AA�homozygotes (n=41): 414,6,1±17,3
ms. If analyzed for each sex separately the ef�
fect was significant and more pronounced in
men (p=0,015) and was not significant but had
the same trend in women (p=0,228).Haplotype
analysis revealed the presence of 5 major hap�
lotypes (AF>0,05) in KCNH2.Haplotype associ�
ation analysis gave similar results but with a loss
of significance due to increased degrees of free�
dom in the statistical analysis.
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Gene constructs for xenotransplantation
Lipinski, D. (1), Juzwa, W. (2), Zeyland, J. (2,3),
Plawski, P. (1), Slomski, R. (1,2)
(1) Institute of Human Genetics, Polish
Academy of Sciences, Strzeszynska 32, 60�
479 Poznan, Poland (2) Department of
Biochemistry and Biotechnology,
Agricultural University,Poznan, Poland (3)
Delta Pharma BV, Hengelo, The Netherlands
The presence in humans of xenoreactive anti�
bodies directed against swine Gal antigen pres�
ent on the surface of xenograft donor cells,
leads to the complement activation and immedi�
ate xenograft rejection – as a consequence of
hyperacute immunological reaction. The Gal
antigen (Gala1,3Gal) is synthesized by the a1,3�
galactosyltransferase. In aim to prevent hypera�

cute rejection it is possible to modify swine
genome by transfection of human genes � con�
trolling enzymatic cascade of complement or
modifying set of the cell surface proteins of the
graft donor. For this purpose genetic constructs
containing human CD59, CD55 and CD46 genes
and human gene encoding a1,2�fucosyltrans�
ferase were prepared. CD59 blocks formation of
the membrane attack complex. CD46 blocks for�
mation of C3 convertases in the classical and al�
ternative pathways of complement activation.
CD46 has Factor I cofactor activity, which
cleaves and inactivates C4b and C3b com�
pounds. CD55 accelerates decay of C3 conver�
tases in the classical and alternative pathways.
It dissociates C2 and C2a from C4b and disso�
ciates B and Bb from C3b. Introduction of addi�
tional copies of human gene encoding a1,2�fu�
cosyltransferase into the swine genome leads to
reduction of the Gal antigen level on the surface
of donor cells. This results in reduced binding of
xenoreactive natural antibodies to endothelial
cells of xenograft and protection from comple�
ment mediated lysis.
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Studies on the gene expression profiles in
patients with abdominal aortic aneurysm
(AAA)
Korcz, A. (1), Waliszewski, K. (2), Lipinski, D.
(1), Gabriel, M. (2), Zapalski, S. (2), Slomski, R.
(1,3)
(1) Institute of Human Genetics, Polish
Academy of Sciences, Strzeszynska 32, 60�
479 Poznan, Poland (2) Clinics of General
and Vascular Surgery, University of Medical
Sciences,Poznan, Poland (3) Department of
Biochemistry and Biotechnology,
Agricultural University,Poznan, Poland 
Abdominal aortic aneurysm (AAA), a localized
abnormal dilatation of aorta, is a life�threatening
condition affecting 4�9% of population with a
risk increasing with age. Other risk factors in�
clude hypertension, atherosclerosis and smok�
ing. Familial occurrence of abdominal aortic
aneurysm indicates involvement of genetic fac�
tors in development of AAA however no single
gene was shown to be responsible for it. Based
on the results of the studies done so far, it is be�
lieved that pathogenesis of abdominal aortic
aneurysm is a complex and probably multifacto�
rial process. Since gene expression profiling of
abdominal aortic aneurysm tissues in compari�
son with clinically unchanged aorta may help to
understand complex biological processes re�
sponsible for pathogenesis of AAA we applied
DNA array technique in our studies. The expres�
sion profiling experiments were performed on
cDNA arrays supplied by Clontech covering 588
genes from Atlas (Tm)  Human Cardiovascular
Array and 234 genes from Atlas (Tm) Human
Stress Array. We have identified several up�reg�
ulated and down�regulated gene expression
changes in abdominal aortic aneurysm tissues
when compared to control unchanged aortas.
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Rapid and highly sensitive pharmacogenetic
diagnostics using real�time PCR
Schnakenberg, E.,
artus GmbH, Koenigstraße 4a, D�22767
Hamburg
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Adverse drug reaction can be frequently ob�
served during treatment of several diseases and
may occur due to genetic reasons. According to
a meta�analysis published by Lazarou et al.
(1998) drug�induced site reactions rank on place
four of death rate. However, it is not known
which of these cases of death have a genetic
cause. A huge number of single nucleotide poly�
morphisms have been described in the last ten
years. Many of these SNP’s were identified with�
in drug receptor, phase I and phase II genes.
They may alter enzyme activity and thereby have
influence on the individual drug metabolism. It
has been described that drug treatment of pa�
tients can lead to severe adverse drug reactions
including death due to enzyme deficiency from
genetic alterations.  In the last decade the direct
detection of single nucleotide polymorphism us�
ing the versatile polymerase chain reaction or
PCR�related methods has revolutionized the
field of medical diagnostics. Nevertheless, con�
ventional PCR�based methods require a post�re�
action analysis by gel electrophoresis, which is
time�consuming and prone to cross�contamina�
tion. Also, carrier of a single nucleotide polymor�
phism need to be identified by further steps, for
example RFLP.A highly specific detection sys�
tem is required to identify doubtless heterozy�
gous and homozygous carrier of a genetic poly�
morphism. The artus GmbH is specialised in the
field of real�time PCR and offers pharmacoge�
netic assays for use with the LightCycler(R) in�
strument (Roche Diagnostics), which allows
genotyping of four important genes. The exon 14
skipping within the dehydropyrimidine dehydro�
genase gene (DPD), three SNP’s of thiopurine S�
methyltransferase (TPMT), two SNP’s  of meth�
ylenetetrahydrofolate reductase (MTHFR) and
seven of N�acetyltransferase 2 (NAT2) can be
analysed. Using these assays the number of ad�
verse drug reactions due to genetic reasons can
be reduced, when substrates like 5�fluorouracil,
thiopurines, methotrexate or isoniazid are ad�
ministered. In addition, genotyping of these
genes can help to optimise drug dosage and du�
ration before starting patients therapy. All of
these assays have been developed according to
the requirements of the technical documentation
and are CE�certified.
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No evidence of submicroscopic deletion or
segmental uniparental disomy within the
candidate regions 7p11.2 and 7q31�qter in a
series of non�UPD Silver�Russell syndrome
cases
Riegel, M., Baumer, A., Niedrist, D., Schinzel,
A.
Institut für medizinische Genetik der
Universität Zürich
Different authors demonstrated that 7�10% of
patients with the phenotype of Silver�Russell
syndrome (SRS) have maternal uniparental dis�
omy for chromosome 7. No single genetic cause
for this syndrome has been found but the evi�
dence of maternal uniparental disomy of chro�
mosome 7 in several cases suggests that at
least one imprinted gene on chromosome 7 is
involved in the pathogenesis of SRS. 7p11.2�
p13 and 7q31�qter might be separate candidate
regions for a gene or genes involved in SRS. We
re�investigated 107 patients with the clinical di�
agnosis SRS with a panel of more than a dozen
markers from the 7p11.2�p13 and 7q31�qter re�
gions. 95 families were informative for the region
7p11.2�p13 and 83 for the region 7q31�qter. The

markers tested did not show evidence for mi�
crodeletion, duplication or uniparental maternal
disomy for the critical segments 7p11.2�p13 and
7q31�qter in our patients. Although the markers
used were specific and the method sensitive, it
should be considered that low�level mosaicism
in UPD is often difficult to detect. More cases of
SRS and additional markers within the critical re�
gions should be investigated for segmental
matUPD7.

P 154

Ext1 regulates chondrocyte differentiation
Koziel, L. (1), Kunath, M. (1), Kelly, O. (1),
Skarnes, B. (1), MacMahon, A. (1), Vortkamp,
A. (1)
(1) Max�Planck�Institute for Molecular

Genetics, Berlin
Hereditary multiple exostoses (HME) syndrome
is an autosomal dominant inherited human dis�
order, which is characterized by the formation of
multiple cartilaginous capped benign tumors (ex�
ostoses) that develop from the growth plate of
endochondral bones. So far HME has been
linked to missense or frameshift mutations in the
tumor suppressor genes Ext1 and Ext2. Both are
glycosyltransferases involved in heparan sulfate
(HS) biosynthesis.It has been shown that in
Drosophila the homolog of Ext1, tout velu (ttv),
is required for transport of hedgehog (Hh). One
of the vertebrate homologs of Hh, Indian hedge�
hog (Ihh), is a key regulator of endochondral os�
sification.Ext1 knockout mice are embryonic
lethal due to gastrulation defects. We are ana�
lyzing a mouse line carrying a hypomorphic al�
lele of Ext1 obtained from a genetrap screen
(Ext1�GT). Since Ext1 mutations lead to skeletal
deformations in human patients we started to
analyze the role of Ext1 and HS�chains during
endochondral ossification focussing on the po�
tential role of Ext1 in mediating the Ihh
signal.Analysis of the Ext1�GT mutants revealed
a severe delay in chondrocyte differentiation. We
could show that less amounts of HS in these
mutants allow further diffusion of Ihh whereas
treatment of limb explants in a limb culture sys�
tem with heparin leads to a restriction of the Ihh
signal. These experiments implicate an impor�
tant role of HS in establishing a gradient of Ihh
signalling in cartilage thereby regulating chon�
drocyte differentiation.
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No evidence for an increased malignancy
risk in LGI1�caused epilepsy
Brodtkorb, E. (1), Nakken, K.O. (2), Steinlein, O.
(1)
(1) Department of Neurology, St. Olavs’s
Hospital, Trondheim, Norway (2) The
National Center for Epilepsy, Sandvika,
Norway (3) Institute of Human Genetics,
University Hospital Bonn, Germany
The LGI1 gene (Leucine�rich Glioma Inactivated�
1) was first cloned from a glioblastoma cell line,
where it was interrupted by a t (10;19)(q24;q13)
translocation event. Additional evidence for a
possible role of LGI1 in tumorigenesis came
from the observation that its expression is re�
duced in low grade brain tumors, and signifi�
cantly reduced or absent in advanced gliomas.
It was therefore proposed that LGI1 is a tumor
suppressor gene involved in the formation and
malignant progression of glial tumors. Surpris�

ingly, it has been recently shown that LGI1 is
mutated in families with autosomal dominant lat�
eral temporal lobe epilepsy (ADLTE). An urgent
question soon emerged: are LGI1�mutation car�
riers in ADLTE families at a higher risk for brain
tumors and other malignancies? The mutations
found so far either cause a truncation of the
LGI1 protein or affect structurally or functional�
ly important sequence motifs. It can therefore be
predicted that the individuals carrying one of
these mutations express either a markedly re�
duced amount of LGI1 protein in their brain and
other tissues, or an LGI1 protein with impaired
function. We have now studied the comorbidity
in the largest ADLTE family described so far, a 5�
generation Norwegian family in which 17 individ�
uals are known to carry an LGI1 mutation. Our
analysis showed that in only one individual a
malignancy had been diagnosed. This individual
underwent surgery for gastric cancer 18 years
ago and is now in good health. Sudden death
had occurred in two individuals with epilepsy.
One young man with sporadic seizures from age
12, but otherwise in good condition, was unex�
pectedly found dead in bed in his usual sleeping
position with no signs of a preceding seizure.
His sister suffered from multiple chronic disor�
ders and died suddenly at age 64. The obligate
carriers in generation II and the likely carrier in
generation I all reached an above�average age
(90�95 years). None of them had a known histo�
ry of cancer. Neuroimaging in 11 of the subjects
with clinical ADLTE revealed no signs of intracra�
nial neoplasms. The present study demonstrates
that the heterozygous LGI1 mutation C46R does
not increase the number of malignancies or low�
er their age of onset, two features which are typ�
ical for familial cancer syndromes caused by
germ line mutations of tumor suppressor genes.
Thus, our clinical findings do not support the hy�
pothesis that carriers of an LGI1 mutation might
have a higher risk of malignant disease.
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Familial Amyotrophic Lateral Sclerosis
(FALS): Pathogenic Mutations and Non�
pathogenic Variants in the Gene for Cu/Zn
Superoxide Dismutase (SOD1)
Steinbach, P. (1), Hanemann, O. (2), Gläser, B.
(1), Wöhrle, D. (1), Wolf, M. (1)
(1) Universität Ulm � Klinikum � Abteilung
Humangenetik (2) Universität Ulm � Klinikum
� Abteilung Neurologie
Amyotrophic lateral sclerosis (ALS) is the most
common motor neuron disease in adults. The
typical age of onset is between 50 and 60 years.
Loss of motor neurons in the brain and spinal
cord give rise to muscular weakness and
wastage, leading to paralysis. The disease man�
ifests itself in different ways depending on which
muscles weaken first. In 5 to 10 % of cases,
ALS is inherited in an autosomal dominant man�
ner. The discovery of mutations in the gene for
Cu/Zn superoxide dismutase (SOD1) prompted
to oxidative damage as a mechanism contribut�
ing to the disease. We have performed genetic
testing on probands from 22 clinically diagnosed
ALS families (FALS), and 3 apparently sporadic
cases (SALS). Sequencing of intronic and exon�
ic sequences associated with exons 1 to 5 of the
SOD1 gene revealed a number of intronic se�
quence variants (e. g.  T359A, A738C, G1107A,
A1119T, C1152G,  T1460C, G1399A, A3536G),
and three ?approved? pathogenic missense mu�
tations (R115G, E100K, I104F) that are listed in
the ALS mutation data base (www.alsod.org).
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SOD1�associated ALS is commonly assumed to
result from a toxic gain of function process
whereas most of the detected intronic mutations
could only operate via a loss of function mech�
anism. The intronic mutations, therefore, most
probably represent non�pathogenic sequence
variants. This conclusion is substantiated further
by estimating allele frequences among FALS
probands and normal controls.
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DIAGNOSTIC PITFALL: SOMATIC MOSAIC
FOR HETEROZYGOUS SMN1 DELETION
Anhuf, D., Eggermann, T., Zerres, K., Rudnik�
Schöneborn, S.
Institute for Human Genetics, University of
Technology, Aachen
Objective: Infantile spinal muscular atrophy
(SMA) is caused by a homozygous deletion of
the SMN1 gene in nearly 95% of patients. Iden�
tification of carriers for the SMN1 deletion can
be done by quantitative analysis of the SMN1�
gene copies or via linkage studies in close rela�
tives. We herewith present a family consisting of
an affected boy with a proven SMN1�gene dele�
tion, whose paternal uncles wanted to clarify
their carrier status. Methods and results: Link�
age analysis for the SMN�region flanking mark�
ers (D5S681, D5S629, D5S557 and D5S610) re�
vealed identical haplotypes for the patient’s fa�
ther and his youngest uncle, while the second
uncle was excluded as carrier. By analysing the
multicopy�markers C212 and AG1�CA only one
marker copy each on the deletion�carrying chro�
mosome could be detected in the father in con�
trast to two copies on the identical haplotype of
his youngest brother. To clarify the situation, the
paternal grandmother was investigated and
showed two marker copies on either chromo�
some but with different intensity on the deletion�
carrying chromosome. The second copy, which
was clearly present in the youngest uncle, gave
a very weak signal in the grandmother’s lympho�
cytes. Thereupon, a quantitative PCR based on
a Real�Time�PCR (TaqMan technology) was per�
formed to calculate the gene copy number in the
family members. In the father a heterozygous
SMN1 deletion could be confirmed, while his
youngest brother had two SMN1 copies and was
not classified as a carrier. The grandmother
however showed an amplification�pattern corre�
sponding to 1,34 SMN1 copies lying between
the clear�cut ranges for one (0,6�1,2) and two
(1,56�2,2) SMN1 copies (Anhuf et al., Hum Mu�
tat, in press). Conclusions: The results can be
explained by a somatic mosaic for a heterozy�
gous SMN1�deletion in the grandmother. The
correct evaluation of the SMA carrier status in
this family was only realized by the combination
of linkage analysis and quantitative determina�
tion of SMN1 copy number. Further investiga�
tions (e.g. FISH�analysis) are in progress.
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Mutations in the DJ�1 gene (PARK7) are not
a common cause of early onset Parkinson´s
Disease.
Hedrich, K. (1), Djarmati, A. (1,2), Schäfer, N.
(1), Hering, R. (3), Weiss, P. H. (4), Wellenbrock,
C. (1), Schwinger, E. (1), Vieregge, V. (1), Noth,
J. (4), Riess, O. (3), Klein, C. (1), 
(1) Universität zu Lübeck (2) Universität zu
Belgrad (3) Universität zu Tübingen (4)
Universität zu Aachen
Background: Parkinson´s disease (PD) is the
second most common neurodegenerative disor�
der characterized by tremor, rigidity, bradykine�
sia, and postural instability. Genetic and/or en�
vironmental factors are discussed as disease
cause. In the past seven years, five genes and
six gene loci (PARK1�10 and Nurr1) have been
shown to be associated with inherited forms of
PD. Monogenic forms of PD were mostly identi�
fied in patients with an early onset of the dis�
ease. While dominant forms of PD are very rare,
recessively inherited forms, such as Parkin
(PARK2), appear to occur much more frequent�
ly. Recently, two different homozygous muta�
tions (a point mutation and a large deletion) in a
second recessive PD gene, DJ�1 (PARK7), were
identified in two families.Patients and Methods:
We performed mutational analysis of all six cod�
ing exons of the DJ�1 gene in 37 patients with
early�onset PD. This included 33 patients from a
cohort of patients previously studied for muta�
tions in the Parkin gene (Group 1) and four pa�
tients referred for genetic testing of recessively
inherited PD genes (Group 2). For the detection
of point mutations and small deletions, we used
denaturating high performance liquid chro�
matography (dHPLC) on the WAVE system
(Transgenomics). In addition, we developed a
quantitative duplex PCR assay on the LightCy�
cler (Roche Diagnostics) for the detection of
large deletions (exon rearrangements). Results:
We screened 37 patients with an age of onset <
40 years (32.0 +/� 6.4 years; range 15�39 years)
of different European ethnic origin, but mostly
German (n = 34). In Group 1, no DJ�1 mutation
was identified, however, a heterozygous se�
quence alteration was found in intron 6
(IVS6+38T>C) in one case. One patient of Group
2 carried a heterozygous 11�bp deletion involv�
ing the highly conserved intronic splice site
(IVS5+2�12del). RNA of this Russian patient with
an age of onset of 17 years was not available.
Neither exon rearrangements nor homozygous
mutations were detected in our patient sample.
Discussion: We identified only one heterozygous
DJ�1 mutation in 37 patients with early onset
PD, whereas mutations in the Parkin gene oc�
curred more frequently (n = 6; Group 1: one
compound heterozygous, two heterozygous;
Group 2: one compound heterozygous). Interest�
ingly, the identified DJ�1 mutation that is expect�
ed to affect splicing and predicted to result in a
truncated protein occurred in the heterozygous
state only. It remains to be investigated whether
this patient carried a second mutation in anoth�
er  region of the gene (e. g. promoter or introns)
or in another as yet unidentified (recessive) PD
gene. In conclusion, mutations in the DJ�1 gene
seem to be a rare cause of early�onset PD, and
the role of single heterozygous mutations in this
gene remains to be elucidated.
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Point mutations in the genes for Friedreich
ataxia and the ataxia�oculomotor apraxia
syndrome
Habeck, M., Hellenbroich, Y., Atici, J.,
Schwinger, E., Zühlke, Ch.
Humangenetik Universität Lübeck
Friedreich ataxia (FRDA OMIM 229300) charac�
terised by juvenile onset, progressive ataxia,
sensory loss and absence of tendon reflexes, is
the common autosomal recessive neurodegen�
erative disorder in Caucasians. In about 95% of
patients the disease is caused by a GAA triplet
expansion in the first intron of the FRDA gene.
In 2% to 5%, FRDA alleles are created by point
mutations. The analysis of 6 patients with symp�
toms of FRDA and heterozygosity for the repeat
expansion identified point mutations in two cas�
es. In one patient the second allele shows an
Asn�>Lys mutation, in the other person the re�
peat expansion is combined with a Leu�>Arg ex�
change.Recently, the investigation of DNA sam�
ples from patients with FRDA�like clinical pre�
sentations, hypoalbuminemia, and oculomotor
apraxia identified recessive mutations in the
aprataxin gene APTX (AOA1: ataxia�oculomotor
apraxia syndrome OMIM 208920). We investigat�
ed 165 patients with FRDA phenotypes but
missing GAA repeat expansions. Two patients
revealed homozygosity for the Trp279stop mu�
tation, in three patients a heterozygous  Ser�>Tyr
change was found. Our results show that point
mutations in the FRDA� and APTX�gene are
present in ataxia patients of German origin.
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Heterogeneity of breakpoints in non�LCR
mediated large constitutional deletions of
the 17q11�q12 NF1 tumor suppressor region
Kehrer�Sawatzki, H. (1), Tinschert, S. (2),
Jenne, D.E. (3)
(1) Universität Ulm, Abteilung Humangenetik
(2) Institute of Medical Genetics, Charité,
Humboldt�University, Berlin (3) Department
of Neuroimmunology, Max�Planck�Institute
of Neurobiology, Martinsried 
Deletions of the NF1 region at 17q11.2 most fre�
quently span 1.4 mbp and are caused by meiot�
ic recombination between low copy repeats (NF1
LCR) derived from the WI�12393 gene and se�
quences with homology to chromosome 19.
Several NF1 patients with even larger deletions
at 17q have been reported, but the position of
their breakpoints within a contiguous BAC/PAC
contig were not determined. Therefore it re�
mained unclear whether deletions larger than the
common 1.4 mbp deletions are also LCR medi�
ated. Here, we describe the molecular charac�
terization of the deletion of an NF1 patient en�
compassing 4.7 mbp and compare it with those
of four other NF1 patients with very large dele�
tions in 17q which have previously been charac�
terized by marker analysis and Southern hybridi�
sations. Both the proximal and distal break�
points of all five patients clearly fall at different
locations and are not flanked by LCRs. The cen�
tromeric break in patient BUD was mapped to
BAC 271K11 at 17q11.2 between a partial SMS�
repeat and the WI�12393 derived LCR, whereas
the distal break was located between the two
SCHLAFEN (SLFN) genes SLFN1 and SLFN3 at
17q12. Comparisons between the otherwise
conserved human and mouse segment revealed
major differences in the number and orientation
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of SLFN genes. Thus the distal breakpoint of pa�
tient BUD is located in a region containing mul�
tiple evolutionary breakpoints. We show that the
deletion was paternally inherited and occurred
by an intrachromosomal mechanism. Since 3 out
of 4 previously analyzed NF1 deletions that were
also not bordered by LCRs were also found to
be of paternal origin, non�LCR�triggered dele�
tions are most likely mitotic events during sper�
matogenesis. Patient BUD as well as patient
UWA106�3, who also has a large deletion ex�
tending beyond the distal NF1 LCR at 17q11.2
suffer from multiple bilateral spinal neurofibro�
mas. We suggest, that their deletions include a
modifier locus which predisposes these patients
to the development of multiple spinal neurofibro�
mas.
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Detection of a private SPG4�nonsense�
mutation in a large German pedigree by
using dHPLC
Dalski, A. (1), Bürk, K. (2), Gehlken, U. (1),
Schwinger, E. (1), Zühlke, C. (1)
(1) UK S�H Lübeck (2) Universität Tübingen
Spastic paraplegia type 4 (SPG4) is the most fre�
quent form of autosomal dominant hereditary
spastic paraplegias (AD�HSP). Mutations in the
SPG4 gene, which encodes spastin, an ATPase
belonging to the AAA protein family, are scat�
tered along the 17 exons of the coding region.
We investigated a large German family with AD�
HSP. Among the 27 members of this pedigree 11
individuals show clinical evidence of SPG4. We
mapped the causative region for this family to
chromosom 2p21�p22 which is identical to the
SPG4 locus. Interestingly four out of seven gene
carriers in one generation were unaware of
symptoms. Initial sequencing analysis of all ex�
ons did not detect a mutation. By screening the
17 exons with the new technology of dHPLC
DNA analysis we were able to find a novel mu�
tation in exon 5 of the SPG4 gene. This muta�
tion, which leads to an early stop codon on one
allel, has not been reported so far.

P 162

Spinocerebellar ataxia type 5 (SCA5) in a
German kindred
Hellenbroich, Y. (1), Bürk, K. (2), Pawlack, H.
(1), Tomi, D. (1), Schwinger, E. (1), Zühlke, C.
(1)
(1) Institut für Humangenetik, Universität zu
Lübeck (2) Klinik für Neurologie, Universität
Tübingen
Spinocerebellar ataxia type 5 (SCA5) is an auto�
somal dominant neurodegenerative disorder
linked to chromosome 11. To date, only two
SCA5 families have been published, the under�
lying mutation is still unknown. We here report
on a large 5�generation family with autosomal
dominant cerebellar ataxia tightly linked to the
SCA5 locus. Linkage analysis yielded a maxi�
mum two�point lod�score at D11S1889 (Z=4.21
at theta=0.0). All affected individuals in the fam�
ily shared a common haplotype between mark�
ers D11S1883 and D11S4136, spanning an in�
terval of approximately 6.5 cM, resp. 6.35 Mb.
The clinical phenotype is characterised by a
purely cerebellar syndrome with a downbeat
nystagmus occurring prior to the development
of other cerebellar features. In accordance to the
clinical phenotype, imaging studies demonstrate

pure cortical cerebellar atrophy. Progression is
slow even in patients with a disease onset dur�
ing the second decade. The age of onset varied
from 15 to 50 years with no statistical evidence
for anticipation.
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Identification of an atypical duplication in
Charcot�Marie�Toth disease type 1A
Thiel, C., Huehne, K., Hueffmeier, U.,
Surmann, C., Rauch, A., Kraus, C., Ekici, A.B.,
Reis, A., Rautenstrauss, B.
Institute of Human Genetics, Friedrich�
Alexander�University; Erlangen�Nuremberg,
Germany 
A Duplication of a 1.4�Mb region in Chromo�
some 17p11.2�12 that is delimited by two 24�kb
low copy number repeats (CMT1A�REPs) repre�
sents frequent genomic rearrangements result�
ing in two common inherited peripheral neu�
ropathies, Charcot�Marie�Tooth disease
(CMT1A) and hereditary neuropathy with liabili�
ty to pressure palsy (HNPP). CMT1A is the most
frequent inherited peripheral neuropathy, with an
estimated prevalence of 1 in 2500. About 70%
of the cases of the demyelinating form of Char�
cot�Marie�Tooth disease (CMT1A/HMSN) are
caused by the autosomal dominantly inherited
1.4�Mb submicroscopic duplication, encom�
passing the peripheral myelin protein 22
(PMP22) gene. Additional small repeats within
the 1.4�Mb Region have been proposed to orig�
inate in atypical rearrangements leading to alter�
natively sized duplications also causing the
HMSN I phenotype. We screened 252 Patients
suspected for HMSN I / HNPP by means of
polymorphic markers in�between the repetitive
elements flanking the CMT1A region, fluores�
cence in situ hybridisation (FISH) with the
PMP22 overlapping probe p150M21 and multi�
plex quantitative real�time�PCR using a FAM la�
belled Taqman�probe from PMP22 exon 3. One
patient suspected for HMSN I due to distal mus�
cle weakness, abandoned reflexes and reduce
nerve conduction velocities of the nervus tibialis,
ulnaris and medianus, showed a normal poly�
morphic marker pattern excluding the standard
CMT1A�Duplication recognized with a likelihood
of 95.6%. Multiplex quantitative real�time PCR
in quadruplicates was repeatedly carried out and
resulted in a DDCt ratio within the predefined
duplication area, indicating a duplication of the
PMP22 gene. FISH analysis was at first incon�
sistent, but repeated in higher resolution as�
sumed a duplication of the PMP22 gene, as well.
Southern�hybridisation (EcoRI/SacI) using probe
pLR 7.8 resulted in a normal pattern, excluding
a standard 1.4�Mb duplication. Southern�hy�
bridisation specific for PMP22 revealed a novel
junction fragment due to a smaler duplication in�
cluding the PMP22 gene. Implications for routine
analysis of patients with the clinical diagnosis of
HMSN I include the application of PMP22 spe�
cific hybridisation methods to detect atypical
duplications.
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Quantitative expression analysis of neutral
endopeptidase (NEP) in CRPS patients
Huehne, K. (1), Leis, S. (1), Maihoefner, C. (1),
Birklein, F.  (2), Rautenstrauss, B. (3)
(1) Institute of Physiology and Experimental
Pathophysiology, Erlangen (2) Neurological

Department, Mainz (3) Institute of Human
Genetics, Erlangen
Neurokinins play an important role in the neuro�
genic inflammatory process which characterizes
the complex regional pain syndrome (CRPS).
The release of calcithonin gene related protein
(CGRP) and substance P (SP) from nociceptive
C�fibers results in vasodilatation and protein�ex�
travasation in the impaired tissue region. This re�
lease is followed by edema, increased skin tem�
perature and pain. After noxious events, serum
concentrations of CGRP and SP are increased
in CRPS patients. They also display  hyper�re�
sponsiveness to experimentally applyed sub�
stance P, even in none�acute disease states.
One of the reasons for the SP hyperreactivity
could be a decreased proteolytic activity keep�
ing the SP level high. The patient collective un�
der investigation consisted of  6 familial cases
and 13 sporadic patients who suffered from
CRPS once or repeatedly. In a first approach we
analyzed the neutral endopeptidase (NEP) gene
as a key enzyme for SP inactivation for SNPs.
Overall 7 NEP gene variations could be located
in exon 1, intron 6, 17, 19, 22 and exon 23.
These variations allowed the construction of
haplotypes suitable for association studies in the
future. In total 13 different haplotypes were iden�
tified for the families. A female Met8Val variation
carrier was identified in one CRPS family. Her
yet unaffected mother showed the identical vari�
ation, but not her repeatedly affected father. We
used quantitative PCR to measure NEP expres�
sion in peripheral blood cells in order to analyse
a (hypothetical) influence of the variations on
NEP expression. The control group (n=7)
showed homogeneous NEP expression in a nar�
row range defined as 1. For 9 patients the ex�
pression level was decreased down to half of the
control group value, for 12 CRPS patients the
expression was in the range of the control
group. Interestingly, the Met8Val carrier and her
not yet affected mother exhibited the highest
NEP expression with an increase up to 3.4 fold.
The functional consequences of the Met8Val
variation are not yet clear, but the increased ex�
pression may indicate that an impaired prote�
olytic activity may increase the intracellular NEP
level by an unknown feed back mechanism. No
single haplotype could be associated with the
decreased expression level. Our results indicate
that NEP plays a role in CRPS which deserves
further investigation.
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Cloning, Physical Mapping and Expression
Analysis of the Human Serotonin Receptor
Genes HTR3C, HTR3D and HTR3E
Niesler, B., Frank, B., Kapeller, J., Möller, D.,
Rappold, G.
Institute of Human Genetics, University of
Heidelberg, Im Neuenheimer Feld 328,
69120 Heidelberg, Germany 
For more than 50 years the serotonin system has
been the subject of intense research. This has
provided an exciting insight and led to the dis�
covery of multiple drugs targeting serotonin re�
ceptors, metabolising enzymes and re�uptake
sites. During the past few years researchers fo�
cussed especially on elucidating the complexity
of different physiological actions in the seroton�
ergic network. We have identified two novel hu�
man serotonin 5�HT3 receptor genes, HTR3D
and HTR3E, by performing homology searches
using the public human sequence databases
and subsequently cloned the full length cDNAs
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by 5&#8217; and 3&#8217; RACE. Mapping of
HTR3D and HTR3E by hybridisation, PCR and
FISH revealed that both genes together with
HTR3C are clustered in a subinterval of less than
100 kb on chromosome 3q27. Comparative ex�
pression analysis of all HTR3 genes, namely
HTR3A, B, C, D and E showed HTR3D expres�
sion to be restricted to kidney, colon and liver
and HTR3E expression to colon and intestine,
whereas all other genes are widely expressed in
many tissues including brain.
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A female patient with Rett syndrome
carrying a de novo t (1;7)(p22;q32) balanced
translocation
Freude, K. (1), Borg, I. (1,2,3); Kübart, S. (1),
Ferguson�Smith, M. (3), Firth, H. (4), Schwartz,
M. (5), Tommerup, N. (6), Ropers, H.H. (1),
Sargan, D. (3), Kalscheuer, V. (1)
(1) Max Planck Institute for Molecular
Genetics, Ihnestrasse 73, 14195 Berlin�
Dahlem, Germany (2) Department of Medical
Genetics, Addenbrooke´s NHS Trust,
Cambridge, UK (3) Centre for Veterinary and
Biomedical Science, University of
Cambridge, Cambridge, UK (4) Dept of
Clinical Genetics, NHS Trust, Addenbrooke´s
Hospital, Cambridge (5) Department of
Clinical Genetics, National University
Hospital, Rigshospitalet, Copenhagen,
Denmark (6) Wilhelm Johannsen Centre for
Functional Genome Research, Department
of Medical Genetics, IMBG, University of
Copenhagen, ; Denmark 
Rett syndrome (RTT) is a severe neurodevelop�
mental disorder affecting young girls. In approx�
imately 80% of patients mutations in the MECP2
gene encoding the transcriptional repressor
methyl�CpG binding protein (MeCP2) have been
identified.We have investigated a female patient
with Rett syndrome carrying a de novo t
(1;7)(p22:q32) balanced translocation but no ob�
vious MECP2 mutation. Systematic FISH analy�
sis of both breakpoints identified an overlapping
BAC clone (AL513187) on chromosome 1. This
clone contains the Netrin�G1 gene. By semi�
quantitative RT�PCR we could show that in lym�
phoblastoid cells of the patient, Netrin�G1 ex�
pression levels are markedly reduced compared
control cell lines. Detailed FISH studies and in
silico sequence analysis region failed to identify
an obvious candidate gene for the chromosome
7 breakpoint. NetrinG�1 belongs to the UNC�
6/netrin family, a small phylogenetically con�
served protein family playing a role in axon guid�
ance. However, it has characteristics which dif�
fer from those of classical netrins: it is predom�
inatly linked to the plasma membrane via a gly�
cosyl phosphatidyl�inositol anchor and lacks
affinity to receptors for netrins (Nakashiba et al.,
2000). In both fetal and adult mouse netrin�G1 is
predominantly  expressed in the brain.These
findings suggest the possibility that mutations in
Netrin�G1 give rise to a RTT phenotype. There�
fore, we are performing mutation analysis in RTT
patients without MECP2 mutation.
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Trinucleotide repeat expansions in TBP is
the second most common monogenic cause
for a Huntington’s disease�like phenotype in
Caucasians
Bauer, P. (1), Laccone, F. (2), Rolfs, A. (3),
Wüllner, U. (4), Bösch, S. (5), Peters, H. (6),
Liebscher, S. (1), Schaible, M. (1), Epplen, J.T.
(7), Weber, B.H.F. (8), Holinski�Feder, E. (9),
Weirich�Schwaiger, H. (5), Morris�Rosendahl,
D. (10); Rieß, O. (1)
(1) Universität Tübingen (2) Universität
Göttingen; 3) Universität Rostock (4)
Universität Bonn (5) Universität Innsbruck
(6) HU Berlin (7) Ruhr�Universität Bochum
(8) Universität Würzburg (9) Medizinisch�
Genetisches Zentrum München (10)
Universität Freiburg 
Expansion of a CAA/CAG trinucleotide repeat in
the TATA�binding protein (TBP/spinocerebellar
ataxia 17, SCA17) has recently been involved in
autosomal dominant cerebellar ataxias. SCA17
is a rare cause of dominant cerebellar ataxia in
Caucasians with particular interesting clinical
features. Beside cerebellar signs psychiatric dis�
turbances such as psychosis, depression, and
dementia may be first symptoms of the disease.
Moreover, within SCA17 families, affected mem�
bers may present only with psychiatric symp�
toms while others show a cerebellar phenotype
with dementia. Therefore, a remarkable overlap
between SCA17 phenotypes and Huntington’s
disease�like (HDL) phenotypes exists. To inves�
tigate whether a CAA/CAG repeat expansion in
the TBP/SCA17 gene may underlie the HDL fea�
tures in Caucasian patients we analysed the
CAA/CAG repeat in a large group of 1.323 pa�
tients who were referred for Huntington’s dis�
ease (HD) testing to DNA laboratories in Ger�
many and Austria. None of the patients carried
an expansion of more than 38 CAG repeat units
in the IT 15 gene, thus excluding HD as the
cause for the symptoms. More than 45
CAA/CAG repeats in the TBP/SCA17 gene were
detected in nine independent patients. Their
phenotypes were indistinguishable from HD al�
though cerebellar ataxia was noticed in many of
these patients during disease progression. In
conclusion, repeat expansion in the TBP/SCA17
gene can be found in HDL phenotypes. Particu�
larly, the co�occurence of psychiatric and cere�
bellar symptoms in addition to choreatic distur�
bances in different members of a pedigree are
suggestive for this differential diagnosis of HD.
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ASSOCIATION AND NON�ASSOCIATION OF
NMDA RECEPTOR 2B SUBUNIT
POLYMORPHISMS WITH SOME ASPECTS
OF ALCOHOLISM
Wernicke, C. (1), Samochowiec, J. (2), Smolka,
M. (1), Gallinat, J. (1), Schmidt, L.G. (3),
Kucharska�Mazur, J. (2), Horodnicki, J. (2),
Rommelspacher, H. (1)
(1) Clinical Neurobiology and Psychiatry,
University Hospital Benjamin Franklin, Free
University of Berlin, 14050 Berlin, Germany
(2) Department of Psychiatry, Pomeranian
Academy of Medicine, 71�469 Szczecin,
Poland (3) Clinic of Psychiatry, University of
Mainz, 55131 Mainz, Germany
The ionotropic glutamatergic N�methyl�D�aspar�
tate receptors (NMDAR) have been implicated as
main target sites for acute and chronic effects of

ethanol. The ethanol sensitivity seems to depend
on the composition of the heteromeric receptor.
Those receptors which contain the NMDAR2B
subunit are known to be the most sensitive to
ethanol1. In an earlier study2 we showed an as�
sociation of the silent C2664T polymorphisms in
exon 8 of the gene of the NMDAR2B  with some
aspects of ethanol dependence Recently, Miy�
atake et al3 reported a novel T�200G variant lo�
cated in one of the SP1 binding sites of this
gene. By reporter gene assays they found func�
tional consequences of this variant. We investi�
gated, whether this new polymorphism is asso�
ciated with ethanol dependence and if there is
an linkage to the previously studied polymor�
phism in exon 8. The study included 367 alcohol
dependent individuals and 335 control individu�
als of German origin in the case control study.
Additionally  trios of Polish origin were recruited
for the family based study. Genotyping was done
using FRET�probes in a PCR/melting curve
analysis. For the promoter polymorphism, there
was no association to alcoholism or some relat�
ed traits. In the case control study we found a
trend to the personality scale „reward depend�
ence“ and an association of the G allele preva�
lence and an alcoholic mother. Evaluation of the
exon 8 polymorphism revealed a significantly re�
duced prevalence of the T allele in patients with
an early age at onset (chisquare=4.130, df=1,
p=0.042), and in Cloninger type 2 alcoholics
(chisquare=5.939, df=1, p=0.015). Furthermore,
patients carrying the C�allele showed higher
rates in the personality trait subscale of impul�
sivity compared to those lacking it (p=0.012).
Our family based study revealed a preferred
transmission of the C allele by fathers to the af�
fected offspring with an early onset. Our results
show an association of the NMDAR gene and al�
coholism. The recently reported functional T�
200G polymorphism in the promoter region
seems not to contribute to this association. Ac�
knowledgements: This study was supported by
the German (BMBF, #Pol 01/63) and Polish
(KBN, #Po5D 14622) governments.Refer�
ences:1Lovinger D. Alcohol Clin Exp Res (Sup�
pl) 2000; 24: 183A.2Wernicke C et al.  Biol Psy�
chiat 2003; in press, available online.3Miyatake
et al. Mol Psychiat 20027: 1101�1106.
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Further evidence for genetic heterogeneity
in restless legs syndrome
Lichtner, P. (1), Winkelmann, J. (1,2), Strom,
T.M. (1), Bettecken, T. (1), Trenkwalder, C. (3),
Meitinger, T. (1,4), Müller�Myhsok, B. (2)
(1) GSF, Institute of Human Genetics,
Neuherberg (2) Max Planck Institute of
Psychiatry, Munich (3) Paracelsus�Elena�
Klinik Kassel, University of Göttingen (4)
Institute of Human Genetics, Technical
University of Munich
The restless legs syndrome (RLS, OMIM 102300)
is a neurological disorder characterized by
dysesthesias, usually located in the lower limbs,
associated with an irresistible urge to move
these limbs. The symptoms occur predominant�
ly at rest in the evening or at night, seriously in�
terfering with sleep onset and disruption. Limit�
ed population based surveys revealed an age
dependent disease prevalence of 5 � 10%. Clin�
ical surveys showed that 40 � 60% of RLS pa�
tients report a positive family history. A segrega�
tion analysis in 238 families suggested evidence
for a single major gene acting dominantly in ear�
ly age�at�onset families, but with an additional

G
fH

  Ö
G

H
  S

G
M

G
  T

ag
un

gs
b

an
d

 2
00

3 
  

A
b

st
ra

ct
s

331medgen  15  (2003) 



multifactorial component and a high phenocopy
rate. So far, two major susceptibility loci for RLS
in two large pedigrees have been published. In
a French Canadian family, linkage was shown to
chromosome 12q12�q21. For this family a reces�
sive pattern of inheritance was suggested. Re�
cently, a second RLS locus was described in a
large Italian family. A genome�wide linkage
analysis in this family with an autosomal domi�
nant pattern of inheritance led to the identifica�
tion of a locus on chromosome 14q13�q21. We
report a large family from Bavaria with 113 indi�
viduals, 32 of them being affected. Genotyping
of the published RLS loci on 12q and 14q was
performed in 46 family members using mi�
crosatellite markers. To save costs, PCRs were
performed with three primers, one fluorescent
dye labeled universal primer and two microsatel�
lite specific primers. One of the specific primers
was designed with a universal sequence tag at
the 5´end. Altogether, 18 markers (12q: 11 mark�
ers, 14q: 7 markers) spanning these RLS sus�
ceptibility loci were analyzed. Linkage analysis
was performed with different mode of inheri�
tance models, including the recessive model of
the French Canadian pedigree and the autoso�
mal dominant model of the Italian family. Both,
two�point and multipoint LOD scores, excluded
linkage of our family to the 12q and 14q loci.
This indicates further genetic heterogeneity of
RLS with a locus outside the two published sus�
ceptibility regions on chromosomes 12q12�q21
and 14q13�q21.
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Characterisation of a complex chromosomal
rearrangement (CCR) including a t
(2;12)(q21;q12) and a pericentric inversion of
chromosome 2 associated with mental
retardation
Ledinegg, M. (1), Windpassinger, C. (1), Petek,
E. (1), Zierler, H. (1), Merl, M. (2),
Schwarzbraun, T. (1), Ofner, L. (1), Wagner, K.
(1), Kroisel, P.M. (1)
(1) Universität Graz (2) Landes�Kinderklinik
Linz
We report on a five year old patient with a 2/12
translocation and a pericentric inversion of chro�
mosome 2 leading to the following karyotype:
46,XY,t (2;12)(q21.1;q12) inv (2)(p13.3;q14.3) de
novo, who was referred for cytogenetic analysis
because of a relatively mild mental retardation,
mainly an impaired speech development, char�
acterised as orofacial dyspraxia and motor retar�
dation. In addition mild dysmorphic facial fea�
tures were observed. By fluorescence in situ hy�
bridisation (FISH) using a panel of mapped bac�
terial artificial chromosome (BAC) clones, we
narrowed down the breakpoint regions to about
100kb respectively. No chromosomal unbal�
ances were found up to that resolution. BACs
spanning all four breakpoints have been identi�
fied. Up to now only one known transcript, re�
ported as  DKFZp434K2435 from the 12q12 re�
gion could be found to be disrupted by the com�
plex rearrangements. A detailed characterisation
of this gene was performed.
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DHPLC as a diagnostic method in hereditary
motor and sensory neuropathies
Miltenberger�Miltenyi, G. (1), Löscher, W. (2),
Weirich�Schwaiger, P. (1), Wanschitz, J. (2),
Utermann, G. (1), Janecke, A. (1)
(1) Institut für Medizinische Biologie und
Humangenetik, Universität Innsbruck (2)
Universitätsklinik für Neurologie, Universität
Innsbruck
Hereditary motor and sensory neuropathies
(HMSN; CMT) are the most common inherited
peripheral neuropathies in humans. A wide range
of clinical as well as genetic heterogeneity has
been observed. In up to 50% of the cases
HMSN is associated with a duplication of chro�
mosome 17p11.2�12 (containing the peripheral
myelin protein�22 gene; PMP22). In most of the
other cases mutations in 17 genes [e.g. the
PMP22, the myelin protein zero (MPZ) and the
gap junction protein 1 gene (GJB1 or Connexin
32)] causing a variety of HMSN phenotypes have
been described. In this study we investigated
sporadic and familial HMSN cases after exclud�
ing the dup17p11.2�12, for mutations in the
PMP�22, MPZ, Cx 32 and the early growth re�
sponse 2 (EGR2) genes by the denaturing high
pressure liquid chromatography (DHPLC)
method. DNA samples of several patients
showed aberrant elution pattern on the DHPLC
run. Upon sequencing sequence variants were
identified in these patients. We detected sever�
al mutations and non�pathologic sequence vari�
ants. Furthermore we could describe novel mu�
tations that were confirmed by co�segregation
analysis and that were absent in 94 healthy con�
trols. We found that under optimized conditions,
DHPLC screening had the same sensitivity as
DNA sequencing. Our results suggest that DH�
PLC is an easy and reliable method of screening
for mutations in several genes that have been
described as causing HMSN. Findings of novel
mutations point out the complexity of the genet�
ic background of the disease.
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A diagnostic procedure in two steps for
DM2 (PROMM)
Kress, W. (1), Riedel, A. (1), Halliger�Keller, B.
(1), Jakubiczka, S. (2), Grimm, T. (1)
(1) Institut für Humangenetik, Universität
Würzburg (2) Institut für Humangenetik,
Universität Magdeburg
Recently, myotonic dystrophy type 2 (DM2,
PROMM, MIM #602668, MIM#600109) has been
described as a separate disease entity that is
distinctive from classical Steinert’s disease DM1,
since it lacks a CTG repeat expansion on chro�
mosome 19q. A gene locus for DM2 has been
mapped to chromosome 3q, and recently it was
demonstrated, that a CCTG repeat expansion in
the first intron of the ZNF9 gene is the causative
mutation. The repeat track is transcribed in DM1
as well as in DM2 and is detectable in muscle
nuclei in form of ribonucleoprotein inclusion
bodies, probably disturbing the transcription�
splice�machinery.The repeat expansions in DM2
are huge, extending more than 10000 repeats in
many patients. Due to the extensive mitotic in�
stability during the whole life, each patient pres�
ents an extreme mosaic hardly to detect by rou�
tinely used lab methods. To overcome this prob�
lem we developed a two step procedure for rou�
tine molecular diagnosis of DM2. In a first step

the polymorphic marker CL3N58 which includes
the CCTG repeat tract is typed. It sorts out all
persons with two alleles having no CCTC expan�
sion and has a positive predictive value of 0.81
in the German population. Additionally analysis
of CA�repeatmarker CL3N59 was performed,
which is in a strong linkage disequilibrium with
the repeat expansion (77.5% of German
PROMM patients have a special allele with 27
CAs). A patient having this allele and being ho�
mozygous for CL3N58 has a probability of about
97% that he is affected by PROMM. In a second
step, a special developed long range PCR for all
homo/hemizygous patients was performed. The
procedure is described and the results are com�
pared with those of Southern blots. There was
no contradiction between both methods. The
PCR test has a sensitivity and specifity of near�
ly 100%, shown in selected members of definite�
ly 3q�linked PROMM families. So, our procedure
done in more than two hundred independent pa�
tients, seems to be feasible and reliable.
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Plexin B3 mediates neurite outgrowth and
homophilic binding
Hartwig, C., Veske, S., Veske, A., Finckh, U.
Institut für Humangenetik,
Universitätsklinikum Hamburg�Eppendorf,
Hamburg, Germany 
Searching genes contributing to neurological
disorders linked to Xq28 we identified PLXNB3,
the gene encoding plexin B3 (B3). Plexins are
multifunctional neuronal transmembrane recep�
tors implicated in semaphorin mediated axon
guidance. In mammals there are known nine
plexins. Their biological activities and signal
transduction mechanisms are poorly under�
stood. We have cloned human PLXNB3 and
characterized its structure and expression. It is
strongly expressed in the developing and adult
CNS with a preferential neuronal expression pat�
tern (see poster of S. Veske et al.). After trans�
fection of NIH�3T3 cells with  PLXNB3 cDNA, B3
strongly stimulates neurite outgrowth of cultivat�
ed murine cerebellar neurons. Using different
cell aggregation assays and various PLXNB3
deletion constructs we could show that B3 ex�
hibits Ca2+�dependent homophilic binding in
trans mediated through the sema domain. Fur�
thermore we could demonstrate that human B3
interacts with its murine homolog. Most likely
this interaction is responsible for stimulation of
neurite outgrowth in our model. These data sug�
gest that PLXNB3 may be essential in neurode�
velopment and maintenance of CNS functions.
Therefore, PLXNB3 appears to be promising
candidate gene for X�linked neurological disor�
ders. However, up to now we did not find muta�
tions associated with clinical phenotypes (see
poster of S. Veske et al.). [Supported by DFG,
SFB444, C3; correspondence: finckh@uke.uni�
hamburg.de]
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Mutations in the set binding factor 2 (SBF2)
gene are a cause of the rare autosomal
recessive form of Charcot Marie Tooth
neuropathy
Senderek, J. (1), Bergmann, C. (1), Nelis, E. (2),
Erdem, S.  (3), Schreiber, S.  (1), Tan, E. (3), De
Jonghe, P. (2), Topaloglu, H. (4), Zerres, K. (1)
(1) Department of Human Genetics, Aachen
University of Technology, Aachen, Germany
(2) Molecular Genetics Department,
Flanders Interuniversity Institute for
Biotechnology, University of Antwerp,
Antwerpen, Belgium (3) Hacettepe
University Department of Neurology and
Neuromuscular diseases Research
Laboratory, Ankara, Turkey (4) Pediatric
Neurology Department, Hacettepe
Children´s Hospital, Hacettepe University,
Ankara, Turkey 
We have recently shown, with others, that muta�
tions in the set binding factor 2 (SBF2) gene on
chromosome 11p15 are responsible for autoso�
mal recessive Charcot Marie Tooth disease (AR�
CMT)type 4B2. So far, three pathogenic muta�
tions have been identified in the SBF2 gene
(Hum Mol Genet 2003;12:349�356, Am J Hum
Genet 2003 72:1141�53). We screened the cod�
ing region of the SBF2 gene in a Turkish consan�
guineous Charcot Marie Tooth disease family
compatible with linkage to chromosome 11p15.
A homozygous duplication of 5 bp, leading to a
frameshift, was detected in exon 38 of the SBF2
gene (F1765fsX1769). This mutation is predict�
ed to result in a truncated protein with deletion
of the C�terminal pleckstrin homology (PH) do�
main. The PH motif, putatively involved in bind�
ing to lipids or proteins, is highly conserved in
SBF2 and its orthologues across species. Our
results provide further evidence that mutations
in SBF2 are responsible for ARCMT in some in�
dividuals. While locus heterogeneity and the
usually small size of families have so far ham�
pered genetic analysis of ARCMT, progress in
the identification of disease genes, e.g., SBF2,
will facilitate future molecular diagnostics.
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Chromosomal Aberrations in Patients with
Motor Neuron Disease
Dullinger, J. (1,2), Meyer, T. (2), Martin, T. (3),
Zang, K.D. (3), Menzel, C. (1), Ropers, H.�H.
(1), Kalscheuer, V.M. (1)
(1) Max�Planck�Institute for Molecular
Genetics, Ihnestrasse 73, 14195 Berlin�
Dahlem, Germany (2) Department of
Neurology, Charité University Hospital,
Augustenburger Platz 1, 13353 Berlin,
Germany (3) Department of Human
Genetics, University Hospital, Kirrberger
Str., 66421 Homburg, Germany., 
In amyotrophic lateral sclerosis (ALS) we most
recently found an increased rate of constitution�
al chromosome aberrations (5.9%, compared to
0.05�0.1% in the normal population). ALS is a
common neurodegenerative disorder character�
ized by the selective loss of upper and lower
motor neurons in the brain and spinal cord, typ�
ically resulting in an adult�onset motor syn�
drome. The paralytic disease is uniformly fatal
within five years. 5�10% of the patients are fa�
milial cases, and different human gene loci have
been implicated in this disorder. In contrast, the
cause of the far more common sporadic form of

ALS and its relation to similar forms of motor
neuron disease is still unknown. Here we report
on a sporadic patient with late�onset lower mo�
tor neuron disease (LMND) and an apparently
balanced chromosomal rearrangement. Kary�
otype analysis revealed a constitutional re�
arrangement inv (10)(p11q21). At the age of 49
years, the patient had developed a slowly�pro�
gressive lower motor syndrome with prominent
peroneal lesions. 15 years later, the motor syn�
drome is still confined to the lower extremities.
The clinical diagnosis is a progressive motor
neuropathy of the lower limbs (LMND), a hetero�
geneous disorder encompassing pure motor
Charcot�Marie�Tooth (CMT) disease, distal spinal
muscular atrophy (dSMA) and hereditary motor
neuropathy (HMN). Ongoing FISH mapping ex�
periments have already led to the identification
of a breakpoint�spanning BAC clone which con�
tains several possible candidate genes. Analysis
of this and other patients with balanced chromo�
some rearrangements may provide new insight
into the etiology of  ALS and clinically related
forms of motor neuron disease such as LMND.
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Variable clinical spectrum of X�linked
lissencephaly with abnormal genitalia
(XLAG) in three families with identified ARX
mutation
Gross, C. (1), Uyanik, G. (2), Martin, P. (3),
Marschner�Schäfer, H. (4), Arslan�Kirchner, M.
(5), Hartmann, H. (6), Aigner, L. (2), Hehr, U. (1),
Winkler, J. (2)
(1) Zentrum für Gynäkologische
Endokrinologie, Reproduktionsmedizin und
Humangenetik Regensburg (2) Klinik und
Poliklinik für Neurologie der Universität
Regensburg (3) Epilepsiezentrum Kork,
Kehl�Kork (4) Pränatalzentrum Hamburg (5)
Institut für Humangenetik, Medizinische
Hochschule Hannover (6) Kinderklinik,
Abteilung für Neuropädiatrie, Medizinische
Hochschule Hannover 
Nonsense mutations and missense mutations in
the highly conserved homeodomain of the
aristaless�related homeobox gene (ARX;
Xp22.13) have recently been reported in males
with the clinically distinct phenotype of X�linked
lissencephaly with abnormal genitalia (XLAG,
OMIM 300215, Kitamura et al., 2002). Typical
clinical features of XLAG include lissencephaly
with neonatal�onset intractable epilepsy, agen�
esis of the corpus callosum as well as ambigu�
ous or underdeveloped genitalia. Female muta�
tion carriers might present with hypoplasia of the
corpus callosum.Here we present the clinical
data of three male patients with identified ARX
mutation and clinical features of the XLAG spec�
trum. One previously reported frameshift muta�
tion (nt790delC) in exon 2 of the ARX gene was
identified in the index patient with XLAG, result�
ing in premature truncation of the predicted
gene product with complete loss of home�
odomain and aristaless domain. The second
XLAG patient was found to carry a hemizygous
ARX missense mutation R332C in the highly
conserved homeodomain of the predicted pro�
tein. Both mothers were found to be heterozy�
gous mutation carriers with hypoplasia of the
corpus callosum on MRI, but without obvious
neurological abnormalities on clinical examina�
tion. In a subsequent pregnancy of the mother
of proband two the male fetus was found to car�
ry the normal allele.In addition, a 2 bp duplica�
tion within exon 4 of the ARX gene (nt1416_

1417dupAC) was identified in another male pa�
tient with neonatal onset intractable epilepsy
and agenesis of the corpus callosum (ACC), but
without typical imaging signs of a neuronal mi�
gration defect. A positive family history suggests
the presence of female carriers including the
mother of the index patient. Our data further
contribute to the clinical spectrum observed in
probands with identified ARX mutation, which
also includes the allelic disorders Partington
syndrome, X�linked West syndrome (ISSX) and
X�linked mental retardation with myoclonic
epilepsy (XMESID).
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Two new mutations in the 3‘coding region of
the LIS1 gene cause different grades of
lissencephaly
Mainberger, L. (1), Steuernagel, P. (2), Meng,
M. (3), Korenke, C. (4), Wolff, G. (1), Morris�
Rosendahl, D.J. (1)
(1) Institut für Humangenetik and
Anthropologie, Universität Freiburg,
Germany (2) Institut für Klinische Genetik
und Zytogenetik, Klinikum Oldenburg,
Germany (3) St. Josefskrankenhaus
Freiburg, Germany (4) Zentrum für Kinder�
und Jugendmedezin, Klinikum Oldenburg,
Germany
Disorders of neuronal migration are an important
cause of mental retardation and epilepsy. Clas�
sical lissencephaly is a severe human brain mal�
formation characterized by an absence or reduc�
tion of the normal cerebral convolutions (agyria
/ pachygyria). Mutations in the LIS1 gene (chro�
mosome 17p13.3) and the DCX gene (Xq22.3)
have been found to cause classical
lissencephaly as well as subcortical band het�
erotopia. The sequencing of both genes has re�
vealed two new mutations in the 3‘ end of the
LIS1 gene in patients with different degrees of
lissencephaly. Patient AG, a 2�year old female,
is severely developmentally delayed with mus�
cle hypotonia and a highly pathological EEG
which shows an increased tendency for
seizures. Brain MRI showed severe grade 1
lissencephaly with almost no cerebral gyration.
We detected a heterozygous C to T transition
mutation in codon 399 of the LIS1 gene (S399R),
which is neither present in either of the patients‘
parents, nor in 50 healthy control individuals.
This new mutation is the most 3‘ mutation yet to
be described and alters one of the amino acids
in the 7th WD40 repeat of the LIS1 protein.The
second mutation, the heterozygous deletion of a
single nucleotide (1050delG) results in a
frameshift from codon 350 ending with a stop
codon at amino acid position 354. This mutation
would result in the LIS1 protein being truncat�
ed in the 6th WD40 repeat. The patient (HH),
now 3 years old, is severely developmentally
handicapped, is blind and deaf, and has epilep�
sy. Brain MRI showed lissencephaly of approxi�
mately grade 3, with occipital and temporal
pachygyria and mild cerebellar hypoplasia. The
mutation was not found in the patient’s par�
ents.The clinical severity of the mutations in
these patients reinforces the suggestion that all
seven WD repeats are necessary for the proper
folding of the LIS1 protein. Functional analysis
of the mutations may help to explain the differ�
ence in grade of lissencephaly between the pa�
tients and which LIS1 interactions are crucial for
proper cortical layering.
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CGH�detectable losses of 9p21 are
embedded in highly complex but consistent
patterns of genomic imbalances in head and
neck squamous cell carcinomas (HNSCC)
Gebhart, E. (1), Ries, J. (2), Liehr, T (3)
(1) Institut f. Humangenetik, Universität
Erlangen�Nürnberg (2) Klinik für Kiefer�,
Mund� und Gesichtschirurgie, Univeristät
Erlangen�Nürnberg (3) Institut f.
Humangenetik u. Anthropologie, Universität
Jena
The deletion of 9p21 in human neoplasias has
attracted increasing interest because not only
the cell cycle control genes CDKN2A and B but
also the gene of methylthioadenosine phospho�
rylase (MTAP)are localized on this chromosomal
band. The latter seems to be associated with
certain phenomena of therapy sensitivity or re�
sistance in human neoplasia. In addition, prog�
nostic value has been attributed to this deletion
in HNSCC. Considering the complex patterns of
genomic imbalances found previously in these
carcinomas, 74 head and neck cancers (35 oral,
20 oropharynx, 14 larynx and 5 hypopharynx
carcinomas) analysed by comparative genomic
hybridisation (CGH) were re�examined for visible
losses including 9p21.In 13 of the oral and in 10
of the non�oral tumors dim (9p21) was detected.
Tumors carrying this loss were characterized by
a higher number of  additional DNA copy num�
ber alterations (CNAs) as compared to the tu�
mors of the same localization but without the
deletion. In addition, the complex pattern of
CNAs in the deletion�positive tumors was more
consistent than in the deletion�less tumors. Nev�
ertheless, in oral carcinomas this associated
pattern was very similar to that found in a sub�
group of deletion�less tumors characterized by
a high number of CNAs. In the non�oral cancers
the overall pattern of genomic imbalances was
not only more heterogenic than in the oral carci�
nomas but differed more distinctly between dim
(9p21)�positive and negative tumors.The only
clinical associations between presence or ab�
sence of dim (9p21) and clinical parameters in
oral carcinomas was a shorter disease free sur�
vival (dfs) in the tumors carrying the deletion and
a surplus of pT4�class tumors in this group. Be�
side the  dim (9p21)�associated patterns of ge�
nomic imbalances, some additional minimal
combinations of specific CNAs seemed to be
associated with short dfs. In the non�oral HN�
SCCs, in contrast, no evident association could
be found between presence of 9p21 loss and
any clinical parameter.Therefore, the clinical and
prognostic impact of del (9p21) in HNSCC can�
not be separated from the complex pattern of
genomic imbalances accompanying this deletion
in human HNSCC. It is this pattern which, inter�
acting with a complex network of genetic alter�
ations not visible by CGH, apparently is of high
impact on the clinical features of this type of tu�
mors.Supported by Deutsche Krebshilfe.
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DNA copy number changes in Thyroid
Carcinoma of children
Vollrath, K. (1), Ernst, G. (1), Breuer, M. (2),
Parlowsky, T. (3), Bucsky, P. (3), Claussen, U.
(1), Loncarevic, IF. (1)
(1) Institut für Humangenetik und
Anthopologie, FSU, Jena (2) Institut für
Pathologie, FSU, Jena (3) Klinik für Kinder�

und Jugendmedizin, Medizinische
Universität Lübeck
The genetic changes leading to thyroid cancer
in children are poorly characterized. We studied
DNA copy number changes by comparative ge�
nomic hybridization (CGH) in 29 thyroid carcino�
ma in collaboration with the multicentric thera�
py study for malign endocrine tumors; GPOH�
MET�97. All 20 papillary carcinoma (PTC)
showed 1 to 10 individual DNA copy number
changes (median= 3). Gains and losses affected
11 different chromosomes. The most frequent
aberrations were +17 (18/20), +15q11.2�q15
(13/20), +1q32.2�qter (8/20) and +6p22.1�p23
(7/20). In follicular carcinoma (FTC), we found
chromosomal imbalances in all but one of the 7
tumors. Each showed 1 to 14 individual DNA
copy number changes, respectively (median= 4).
Gains and losses affected 16 different chromo�
somes. The most frequent aberrations were +17
(6/7), �1p22.1�q32.1 (4/7) and +1q32.2�qter (3/7).
Therefore, PTC and FTC showed common
(+17,+1q) as well as different chromosomal
anomalies. Aberrations in FTC are spread on a
larger number of different chromosomes than in
PTC. PTC and FTC are often grouped together
as differentiated thyroid cancers but the present
results indicate some genetic based differences.
Evaluation of CGH findings and the clinical data
is part of ongoing work. The results of this analy�
sis will be discussed in the poster.
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High amplification of c�myc in a patient with
a carcinoma of unknown primary site (CUP)
Pelz, A. (1), Koenigsmann, M. (2), Wieacker, P.F.
(1)
(1) Institut für Humangenetik Magdeburg (2)
Klinik für Hämatologie und Onkologie
Magdeburg
CUP is a carcinoma with metastatic invasion but
without known localisation of the primary tu�
mour. The incidence is between 0,5% and 10%
of all malignant diseases. It is only possible to
diagnose the primary tumour in 10% to 20%
during the course of diagnostic investigations.
The problems of CUP are difficulty of diagnosis,
heterogeneity of manifestation, often an atypical
way of metastasis and an adverse clinical course
of a subgroup. Changes of chromosome 1 are
often observed in CUP. Furthermore, an in�
creased expression or a high amplification of
several proto�oncogenes are observed in CUP,
such as c�myc, ras, c�erbB�2. We report about
a 54 years old male patient with the diagnosis of
CUP. Our patient had an adverse clinical course.
He died three weeks after diagnosis. Firstly, as
primary site the head of the pancreas was
favoured because of increased CA 19�9 level,
swelling of a lymph node in the epigastric region
and an enlarged pancreatic duct. However, no
imaging technique could confirm this suspicion.
Thus, a reliable diagnosis was not possible.
Conventional cytogenetic analysis (CCA) and flu�
orescence in situ hybridisation (FISH) were per�
formed on unstimulated bone marrow cells.
These cells showed besides normal metaphas�
es two different hyperdiploid aberrant kary�
otypes with a chromosome number of 48 and
with trisomy of chromosome 2 and 7 in both
clones. Differences between the aberrant clones
are a variable number of „double minute“ chro�
mosomes (dmin) and the presence of addition�
al material of unknown region on the short arm
of chromosome 1 [add (1)(p)]. Dmin chromo�
somes are frequently associated with the ampli�

fication of proto�oncogenes. Such an amplifica�
tion has been correlated with a poor clinical out�
come in a variety of human tumour types. We
detected a high c�myc amplification on the dmin
chromosomes after FISH with a locus�specific
probe for the proto�oncogene c�myc [Vysis].
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Breakpoint differentiation in chromosomal
aberrations of hematological malignancies –
identification of 33 previously unrecorded
breakpoints
Heller, A. (1), Loncarevic, I.F. (1), Glaser M. (1),
Gebhart E. (2), Trautmann U. (2), Claussen U.
(1), Liehr T. (1)
(1) Institut für Humangenetik und
Anthropologie Jena (2) Institut für
Humangenetik  Erlangen
Routine cytogenetic analysis provides important
information of diagnostic and prognostic rele�
vance for hematological malignancies. In spite
of this, poorly spread metaphase chromosomes
and highly rearranged karyotypes with numerous
marker chromosomes, are often difficult to inter�
pret. In order to improve the definition of chro�
mosomal breakpoints multicolor banding (MCB)
was applied on 45 samples of patients suffering
from hematological malignancies like myelodys�
plastic syndrome (MDS), acute myelocytic
leukemia (AML), chronic myelocytic leukemia
(CML) or acute lymphoblastic leukemia (ALL).
The breakpoints defined by GTG banding were
confirmed by MCB in only 8 cases, while in the
remaining 37 the breakpoints had to be rede�
fined. In 20/45 cases the breakpoints could only
be characterized after application of MCB. In
summary, 73 different breakpoints were charac�
terized, thereof 33 were not described up to
present. 11 cases showed known acquired aber�
rations and 21 cases had previously described
aberration types like del (5q�), del (7q�), del (13q�
) or t (1;5) as sole rearrangement or in connec�
tion with other complex ones. In 11 cases in
summary 19 breakpoints described before in
hematological malignancies were involved, while
in 14 cases 33 up to present not recognized
breakpoints were identified. Thus, MCB has
proven to be a powerful and reliable method for
screening of chromosomal aberrations, which
considerably increased the accuracy of cytoge�
netic diagnosis. Supported by the Wilhelm
Sander�Stiftung (99.105.1�2) and the EU (QLRT�
1999�31590).
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Cryptic chromosomal changes in the non�
proliferating cells of acute myeloid leukemia
with monosomy 7
Karst, C. (1), Heller, A. (1), Loncarevic, I.F. (1),
Haas, O.A. (2), Claussen, U. (1), Liehr, T. (1)
(1) Institut für Humangenetik und
Anthropologie Jena (2) St. Anna
Kinderspital, Wien
Mosaic Monosomy 7 is one of the most frequent
abnormality in myeloid disorders. However, for
cases with pure monosomy 7 no clear clinical
correlation is available up to now. In the present
study 6 AML cases with pure monosomy 7, as
identified in GTG�banding were analyzed. Multi�
color banding (MCB) using a probe set for chro�
mosome 7 excluded additional cryptic re�
arrangements on the remaining chromosome 7
prior to micro�CGH analyses (Heller et al., Int J
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Oncol 2000, 16: 461�468). For the latter, bone
marrow interphase cells of the six mentioned
AML cases, were collected using an extended
glass needle under microscopic view. In each
case ten to fifteen nuclei were collected and
their DNA was amplified and labeled separately
by DOP�PCR. In divergence to previous micro�
CGH protocols, in this approach specifically
those interphase nuclei were collected, which
were significantly larger in diameter than the av�
erage, with the aim to microdissect a specific
subpopulation – the malignant cells. In 5 of the
6 studied cases the monosomy 7 was identified
in CGH. Additionally, in one of those five cases
(case 1), gain of whole chromosome 9 was pres�
ent according to the CGH�profiles. In the sixth
case (case 6) the monosomy 7 could not be de�
tected in micro�CGH, however, gain of whole
chromosome 15 was detectable. Both, the gain
of chromosome 9 and of chromosome 15, re�
spectively, could be confirmed by interphase
FISH using the corresponding centromere�spe�
cific probes. Trisomy 15 was found in 5/60, tri�
somy 9 in 4/100 interphase nuclei, indicating to
malignant subclones in cases 6 and 1, respec�
tively. These subclones escaped conventional
analyses as they are only present in a small and
– presumably in cell�culture � non�proliferative
subpopulation. In this pilot study, micro�CGH
identified a biclonality in AML case 6 and a kary�
otypic evolution in case 1. Thus, cryptic chromo�
somal changes in the non�proliferating cells in 2
out of 6 AML cases were identified. It can be
speculated that this is an up to present over�
looked more general mechanism obscuring clear
clinical correlations. Supported by the Wilhelm
Sander�Stiftung (99.105.1�2).
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Is NBS1 a melanoma suceptibility gene?
Stapelmann, H. (1,2), Varon, R (3), Schmitt, C.
(2), Garbe, C. (2), Sperling, K. (3), Meyer, P
(1,2,4)
(1) Institute of Human Genetics and (2)
Department of Dermatology, University of
Tuebingen, Tuebingen, Germany (3) Institute
of Human Genetics, Charité, Humboldt�
University, Berlin, Germany (4) Genefinder
Technologies Ltd., Munich, Germany
Introduction: Nijmegen Breakage Syndrome
(NBS) is a rare chromosomal instability disorder
associated with microcephaly, immune deficien�
cy, growth retardation, hypersensitivity to ioniz�
ing radiation, cutaneous manifestations and an
increased incidence of malignancies. The NBS1
gene product Nibrin as part of the
Mre11/RAD50/Nibrin complex is involved in
DNA�repair mechanisms and recombination, and
thus it has been suggested that NBS1 might
have a tumor suppressor gene function. Since
UV�induced damage plays a major role in
melanoma development and NBS patients dis�
play frequently sun sensitivity and various skin
pigmentation abnormalities, the aim of  this
study was to  elucidate the potential involvement
of  NBS1 in the pathogenesis of melanoma. Pa�
tients and Methods: We screened samples of
376 melanoma patients for mutations in exon 6
of NBS1, where the most frequent 657del5 mu�
tation occurs. Among 376 patients we defined
four groups: 50 familial melanoma patients with
at least one first degree relative suffering from
either melanoma or pancreatic cancer (FM), 27
patients with multiple melanomas (MM), 119
melanoma patients with at least one first degree
relative suffering from any other cancer (FDRC)

and 180 patients with none of these features, di�
agnosed with sporadic melanoma (SM). The av�
erage age of primary diagnosis of melanoma in
these cases was 50 years. Methods: DNA was
extracted from peripheral blood lymphocytes
and exon 6 of NBS1 was amplified by means of
the polymerase chain reaction (PCR). All sam�
ples were analyzed by denaturing high perform�
ance liquid chromatography (DHPLC) and those
samples showing shifts were directly se�
quenced. Results and Conclusions: Three cod�
ing sequence alterations could be identified in�
cluding one novel amino acid substitution not
published to date. One patient was heterozy�
gous for the major NBS1 mutation 657del5,
which causes a frameshift and thus a premature
truncation of the protein. The frequency of the
657del5 mutation in our study population was
less than 1%. We  therefore presume that this
mutation does not play a major role in the devel�
opment of melanoma. A second case was het�
erozygous for the missense mutation V210F
(628G�>T), which has recently been found in pa�
tients with non�Hodgkin� lymphoma (NHL) and
Acute Lymphoblastic Leukaemia (ALL). Finally,
in one patient a novel amino acid substitution
F222L (664T�>C) was detected. Since this mu�
tation could not be shown in approximately
4,000 newborns of Slavic origin and among 800
German newborns around Berlin, it is most like�
ly that this sequence alteration is not a polymor�
phism. Loss of heterozygosity (LOH) analysis of
tumor tissue in NBS1 mutation carriers as well
as functional experiments will be performed to
further assess the causative nature of the amino
acid substitutions found here. Since only exon 6
of NBS1 was screened for mutations it remains
to be investigated if there are other changes in
this gene leading to melanoma predisposition.
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Gains of 2p involving the REL locus
correlate with nuclear c�Rel protein
accumulation in neoplastic cells of classical
Hodgkin`s lymphoma
Martín�Subero, J.I. (1), Siebert, R. (1), Joos, S.
(3), Menz, C.K. (2), Harder, L. (1), Hasel, C. (2),
Ehrlich, S. (2), Rother, J.U. (2), Weniger, M. (2),
Mechtersheimer, G. (4), Parwaresch, R.M. (5),
Lichter, P. (3), Möller, P. (2), Barth, T.F.E. (2)
(1) Institut für Humangenetik,
Universitätsklinikum Schleswig�Holstein
Campus Kiel, Kiel, Germany (2) Abteilung
für Pathologie des Universitätsklinikums
Ulm, Ulm, Germany (3) Abteilung
Organisation komplexer Genome,
Deutsches Krebsforschungszentrum,
Heidelberg, Germany (4) Pathologisches
Institut der Universität Heidelberg,
Heidelberg, Germany (5) Institut für
Hämatopathologie, Universitätsklinikum
Schleswig�Holstein Campus Kiel, Kiel,
Germany 
Structural aberrations of the short arm of chro�
mosome 2 mostly resulting in gain of 2p13~16
have recently been described as being highly re�
current in Hodgkin/Reed�Sternberg (HRS) cells
of classical Hodgkin`s lymphoma (cHL). In cHL
cell lines and primary cases with available
metaphase spreads, sequential chromosome
analyses and fluorescence in situ hybridridiza�
tion (FISH) have shown that such gains in 2p are
frequently associated with segmental chromo�
somal aberrations, which constitute a novel ge�
netic mechanism leading to gene copy gain. As
the gains in 2p consistently lead to increased

copy numbers of the REL oncogene locus, we
investigated the expression of the c�Rel protein
in a series of 30 cHL cases with known genom�
ic REL status as determined by comparative ge�
nomic hybridization and interphase cytogenet�
ics. Expression of the c�Rel protein was investi�
gated in 26 biopsies by immunohistochemistry.
Distinct patterns were observed in HRS cells
with no staining, cytoplasmic, and/or nuclear
staining for c�Rel. All 13 samples with addition�
al copies of the REL locus displayed nuclear
staining for c�Rel while 13 cHL lacking 2p gains
displayed a significantly lower proportion or
complete absence of HRS cells with nuclear c�
Rel expression. Detailed analysis using com�
bined immunophenotyping and interphase cyto�
genetics of individual HRS cells demonstrated
that REL gains correlated with the presence of
nuclear c�Rel staining. Additionally, in two cHL
with translocation breakpoints in 2p13~16, nu�
clear staining of c�Rel was observed, in one of
them with a staining pattern indicative of a trun�
cated c�Rel protein. The correlation between
structural aberrations involving the REL locus
and nuclear c�Rel accumulation in HRS cells
qualifies REL as a target gene of the frequent
gains in 2p in cHL. The data suggest that REL
aberrations are a genetic mechanism contribut�
ing to constitutive NF�kB/Rel activation in cHL.
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Deletions in the HLA class II locus in
chromosomal band 6p21 in primary
lymphomas of the central nervous system
Gesk, S. (1), Stefan, S. (1), Zühlke�Jenisch, R.
(1), Montesinos�Rongen, M. (2), Mungall, A. (3),
Martín�Subero, J.I. (1), Schaller, C. (4), Van
Roost, D. (4), Grote, W. (1), Wiestler, O.D. (5),
Deckert, M. (2), Siebert, R. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Schleswig�Holstein
Campus Kiel, Kiel, Deutschland (2) Institut
für Neuropathologie, Universität Köln, Köln,
Deutschland (3) The Wellcome Trust Sanger
Centre, Hinxton, UK (4) Klinik für
Neurochirurgie, Universität Bonn, Bonn,
Deutschland (5) Institut für
Neuropathologie, Universität Bonn, Bonn,
Deutschland
Primary lymphomas of the central nervous sys�
tem (PCNSL) belong to the heterogenous group
of diffuse large B�cell lymphomas (DLBCL). In
contrast to extracerebral DLBCL, the molecular
pathogenesis of PCNSL particularly in immuno�
competent patients is poorly understood. It was
recently shown, that HLA�expression is absent
in more than 50% of DLBCL in the immune priv�
ileged organs CNS or testis but only in about
10% of nodal DLBCL. In part of the cases loss
of HLA�expression was associated with deletion
in the HLA gene cluster, particulary with dele�
tions of the HLA class II genes. Only very few
PCNSL have been hitherto analysed for such
HLA class II deletions. Thus, we performed FISH
with two FISH probes for the HLA class II genes
DQA1 and DRA on stereotactic biopsies of a se�
ries of 19 PCNSL. A FISH probe for the cen�
tromeric region of chromosome 6 served as a
control. Signal constellations indicating a dele�
tion of both HLA genes were detected in 5 of 19
PCNSL. In one additional case a deletion of only
the HLA�DQA1 gene was detected. Thus, a total
of 6 of 19 PCNSL displayed deletion in the HLA
class II gene cluster. In 2 of these 6 cases the
losses were biallelic. These data indicate that a
considerable percentage of PCNSL shows dele�
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tions of HLA class II genes. The pathogenetic
meaning of loss of HLA expression in immune
privileged organs warrants further investigations.
This study was supported by Deutsche Krebshil�
fe (10�1641�De 1).
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Identification of gene dosage alterations in
the progression of retinoblastoma
Gratias, S. (1), Buiting, K. (1), Rieder, H. (2),
Radlwimmer, B. (3), Zielinski, B. (3), Stange, D.
(3), Lichter, P. (3), Kestler, H.A. (4), Schüler, A.
(5), Horsthemke, B. (1), Lohmann, D. (1), 
(1) Institut für Humangenetik,
Universitätsklinikum Essen (2) Zentrum für
Humangenetik, Philipps�Universität
Marburg (3) DKFZ Molekulargenetik,
Heidelberg (4) Universität Ulm (5)
Augenklinik, Universitätsklinikum Essen
Mutations that inactivate both alleles of the
retinoblastoma gene (RB1) are a prerequisite for
the initiation of retinoblastoma, a childhood ma�
lignant tumor of the eye. As cytogenetic analy�
ses have shown multiple recurrent chromosomal
alterations, additional mutations seem to be re�
quired for progression of this tumor. Compara�
tive genomic hybridization has shown that gains
involving chromosomes 6p and 1q and losses of
chromosome 16q material are frequent in tumors
from patients with late age at diagnosis of uni�
lateral retinoblastoma whereas tumors from pa�
tients with early diagnosis have only few DNA
copy changes. The minimal region of gain on the
short arm of chromosome 1 is 1q31�q32. This
region contains the GAC1 gene, which is a pu�
tative oncogene and was found to be 5�fold am�
plified in one retinoblastoma. We have chosen
this region for high�resolution analysis with Ma�
trix�CGH and selected and verified 48 BACs that
are located in this region. The Matrix�CGH slides
also contain DNA from 219 clones representing
various regions of the human genome. In order
to confirm the Matrix�CGH data and to deter�
mine minimal regions affected by dosage
changes we have adapted a quantitative assay
based on Real Time PCR of CA�repeat loci. As
these loci have a common core sequence a uni�
versal TaqMan probe composed of multiple TGs
can be used to monitor the reaction. We have
chosen CA�repeat loci from the 1q31�q32 region
including one locus located in the GAC1 gene
and have analyzed a set of tumors with known
CGH status. Concordant with CGH data, all tu�
mors without gains of the 1q31�q32 region in
CGH show no increased dosage in real time
PCR. However, of 13 tumors with gains of 1q
material in CGH, 5 show no increased dosage.
Interestingly, dosage of CA�repeat locus in the
GAC1 gene is not amplified in all of the 8 tumors
that are positive in Real Time PCR.
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Characterization of the OSTL gene which is
located near the breakpoint of the t
(6;12)(q23;p13) that involves ETV6 in a B�ALL
cell line: possible role in B cell receptor
signalling and survival
Fontanari Krause, L. (1), Przemeck, G. (2),
Hrabe de Angelis, M. (2), Bohlander, S. K. (1)
(1) Medizinische Klinik und Poliklinik III,
LMU, München (2) Institute of Experimental
Genetics, GSF, Neuherberg

Reciprocal translocations affecting band 12p13
are found as recurring chromosomal changes in
myeloid and lymphoid malignancies. We have
cloned and characterized a new gene (OSTL),
that is involved in the translocation t
(6;12)(q23;p13). This translocation results in the
fusion of ETV6 with STL in a B�cell acute lym�
phoblastic leukaemia (ALL) cell line (Suto et al.,
Genes Chromosomes Cancer 18:254�268
(1997)). 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 might be the deregulation of
OSTL.The human STL/OSTL genomic locus
spans more than 450 kbp on 6q23 and there are
several alternative splice forms of OSTL. OSTL
encodes a protein of 307 amino acids contain�
ing a RING finger related motif, a modified B�box
domain and a RING finger motif.We have se�
quenced the complete cDNA of both the human
and the murine OSTL gene. The homology be�
tween the mouse and human protein is about
99%. There is also an 83% homology between
human OSTL and a puffer fish protein over a 250
amino acid region. Indicating that this highly
conserved protein has an important function. A
green fluorescent protein OSTL fusion protein
expressed in mouse fibroblast cells (NIH3T3)
was localized to the cytoplasm. Multiple tissue
Northern blot analysis showed high expression
of human OSTL in testis and skeletal muscle.
Northern analysis of different mouse tissues re�
vealed high expression in liver, ovary and testis.
Whole mount in situ hybridization experiments
were performed to investigate the temporo�spa�
tial expression pattern of Ostl during mouse em�
bryogensis. There was distinct expression of
Ostl in the somites (myotome), first and second
branchial arches, optic and otic vesicles, limb
buds and in the hair  follicles of the  vibrissae in
mouse embryos of embryonal days 9.5 to 13.5.
This expression pattern suggests an important
role for Ostl in the early development of these
structures.Interestingly, a yeast two hybrid
screen identified two OSTL interacting proteins
that are important in B�cell receptor signalling
and B�cell survival (SIVA, HAX�1). These results
support our hypothesis that deregulated OSTL
expression can lead to hematologic malignan�
cies.
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Prognostic impact of increased copy
number of the MALT1 locus detected by
fluorescence in situ hybridization in
surgically resected t (11;18)–negative
gastrointestinal B�cell lymphomas
Erdel, M. (1), Tzankov, A. (1), Dirnhofer, S. (2),
Fend, F. (3), Greil, R. (4), Utermann, G. (6),
Siebert, R. (5), Krugmann, J. (1)
(1) Institute of Pathology, University of
Innsbruck, Austria (2) Institute of Pathology,
University of Basel, Switzerland (3) Institute
of Pathology, Technical University of
Munich, Germany (4) Department of Internal
Medicine, Division of Hematology and
Oncology,University ofInnsbruck and
Tyrolean Cancer Research Institute of ;
University of Innsbruck, Austria (5) Institute
of Human Genetics, University Hospital
Schleswig�Holstein Campus Kiel, Germany
(6) Institute of Medical Biology and Human
Genetics, University of Innsbruck, Austria 

Gastrointestinal B�cell lymphomas lacking the t
(11;18)(q21;q21) are heterogeneous with regard
to biology and clinical outcome. Among the var�
ious genetic aberrations in t (11;18)�negative
gastrointestinal B�cell lymphomas, trisomy of
chromosomal band 18q21 containing the MALT1
locus is a common event and has been suggest�
ed to be an alternative means of MALT1 activa�
tion. Using dual color interphase fluorescence in
situ hybridization on isolated nuclear suspen�
sions we investigated retrospectively the prog�
nostic importance of MALT1 gene dosage in sur�
gically resected primary gastrointestinal B�cell
lymphomas with a median follow�up of 56
months. From the 29 t (11;18)�negative lym�
phomas evaluated, four cases showed complete
trisomy 18 and three cases partial trisomies
18q21. Increased MALT1 gene dosage was de�
tected in 2 of 10 low grade marginal zone lym�
phoma of MALT type and in 5 of 19 gastroin�
testinal B�cell lymphomas with large cell compo�
nent. Increased MALT1 gene dosage was asso�
ciated with a significantly shorter disease spe�
cific survival time in the complete group
(p=0.0458) as well as in the subgroup of gas�
trointestinal B�cell lymphomas with large cell
component (p=0.0447). These data suggest in�
creased MALT1 gene dosage to be a predictor
of poor outcome in gastrointestinal B�cell lym�
phomas.
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Clonal chromosome imbalances in bone
marrow cells of Fanconi anemia patients:
gains of 3q26q29 as an adverse risk factor
Tönnies, H. (1), Huber, S. (1), Volarikova, E. (1),
Kühl, J.S. (2), Gerlach, A. (1), Ebell, W. (2),
Neitzel, H (1)
(1) Charité, Institut für Humangenetik (2)
Charité, Klinik für Allgemeine Pädiatrie,
Transplantationszentrum
Fanconi anemia (FA) is a heterogeneous autoso�
mal recessive disease characterized by chromo�
some instability, progressive bone marrow fail�
ure and an increased susceptibility to myelodys�
plastic syndrome (MDS) and acute myeloid
leukemia (AML). FA cells have a reduced fidelity
in processing DNA double strand breaks (DBS)
which leads to unbalanced chromosomal aber�
rations such as deletions, insertions and translo�
cations. This specific intrinsic susceptibility
might, together with extrinsic factors, influence
the course of the disease resulting in the out�
growth of clones with chromosomal aberrations
in bone marrow cells (BM). We report on a high
incidence of expanding clonal aberrations with
partial trisomies and tetrasomies of chromosome
3q in bone marrow cells and peripheral blood
cells of 18 out of 53 FA�patients analyzed, de�
tected by conventional cytogenetics and specif�
ic molecular cytogenetic approaches (Tönnies et
al. 2003; Blood 101:3872�4). To determine the
clinical relevance of these findings, we com�
pared the cytogenetic data, the morphologic
features of the bone marrow, and the clinical
course of these patients with 35 FA patients
without clonal aberrations of 3q. Both groups
did not differ significantly in respect to age, gen�
der, and complementation group. There was a
significant survival advantage of patients with�
out abnormalities of chromosome 3q. Even more
pronounced was the risk assessment of patients
with gains of 3q material in respect to the devel�
opment of morphologic MDS and AML. Thus,
our data of patients with 3q aberrations reveal
that gains of 3q are strongly associated with a
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poor prognosis and represent an adverse risk
factor in FA. Supported by a grants from the
Deutsche Fanconi Anämie Hilfe e.V. and the
Charité Research Fund (No.2000�627), Hum�
boldt�University, Germany.
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Determination of the heterozygote
frequency of the 657del5 mutation in the
NBS1 gene in saxon population and multi
tumor families
Kujat, A., Sakschewski, K., Heinritz, W.,
Froster, U.G.
Institut für Humangenetik, Universität
Leipzig
Introduction: The Nijmegen Breakage Syndrome
(NBS) is an autosomal�rezessive hereditary dis�
order characterized by dysmorphic features, im�
munodeficiency and radiation sensitivity. The
gene product, Nibrin, plays an important role in
DNA double�strand repair. NBS heterozygosity
is supposed to be associated with an increased
cancer risk. The most frequent mutation is
657del5. Heterozygote frequency for this muta�
tion was estimated to be 1 to 154 (Varon et al.,
2000) in Czech population. However the fre�
quency in Germany was just 1 to 866 (Carlomag�
no et al., 1999). Saxony is a close neighbour to
Slavic population. Therefore it should show a
higher heterozygous frequency than the remain�
der of Germany. Aim of the study was to esti�
mate the frequency of the 657del5 mutation in
the NBS1 gene in Saxony. Method: We tested
DNA probes of 552 anonymous and unrelated
individuals and 171 patients with a family histo�
ry of cancer. All probands have originated from
Saxony. We amplified the 111 bp region carrying
the mutation within exon 6 by standard PCR us�
ing a labeled primer set (FAM�5“�TGTTTTG�
GCATTCAAAAAT�3“ and 5“�CCCAC�
CTCTTTGATGA�ACCAT�3“ (Matsuura et al.,
1998)). PCR products were sized using the
GeneScan Analysis Software. DNA of probands
with heterozygous fragments were sequenzed
using the ABIPrism 377 Sequencer (Applera),
and the 5�bp deletion in one allele was demon�
strated. Results and conclusion: Among the 552
anonymous DNA probes we could identify three
heterozygous carriers of the 657del5 mutation
giving an estimated frequency of heterozygotes
of 1 to 184 in our population. Within the 171 fa�
milial cancer patients there was one heterozy�
gote carrier. The frequency in both groups � Sax�
on population and multitumor families � corre�
sponds well to the estimated frequency of the
mutation in the Czech population (1:156) and is
much higher compared to other parts of Ger�
many. In view of this high heterozygous frequen�
cy we suggest that the 657del5 mutation should
be considered if clinical findings such as micro�
cephaly, growth retardation, immunodeficiency
and predisposition to cancer as well as high
sensitivity towards radiation are found in pa�
tients originating from Saxonia. Our data do not
suggest a close relationship between hereditary
cancer syndromes and the common NBS1 gene
mutation. Further studies should be performed
analysing the relevance of heterozygous NBS1
mutation for the incidence of radiation induced
cancer.
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Higher incidence of malignancies in Peutz�
Jeghers patients with specific missense
mutations in the STK11 gene
Schumacher, V. (1), Vogel, T. (2), Leube, B. (1),
Driemel, C. (2), Goecke, T. (1), Möslein, G. (2),
Royer�Pokora, B. (1)
(1) Universität Düsseldorf, Institut für
Humangenetik und Anthropologie (2)
Universität Düsseldorf, Klinik für Allgemein�
und Unfallchirurgie
Peutz�Jeghers syndrome (PJS) is a cancer asso�
ciated disease and most often caused by STK11
mutations. The aim of the present study was to
identify specific mutations associated with an in�
creased tumor risk in PJS patients. STK11 mu�
tation analysis was performed in 41 PJS patients
by PCR�SSCP and DNA sequencing. For geno�
type�phenotype correlation studies we have re�
viewed the literature and have added STK11 mu�
tations from 25 references. These included 22
PJS patients with tumors, 47 PJS patients with�
out tumors and 28 patients with sporadic tu�
mors. By mutational screening we have found
germline mutations in 27 of our 41 patients
(66%). They consisted of seven nonsense, ten
deletions, five insertions, one splice mutation
and four missense mutations. In nine of the 27
cases malignant tumors have occurred in the in�
dex patient and/or in affected relatives. Togeth�
er with the data from the literature we found cor�
relations between the STK11 genotype and the
tumor frequency. Missense mutations in the part
of the gene corresponding to functional protein
domains VIB�VIII were  associated with a high
incidence of malignancies. In contrast, in�frame
deletions and splice mutations were only rarely
associated with tumor development suggesting
a lower tumorigenic potential. In conclusion this
demonstrates that the mutation type and posi�
tion of the STK11 mutation in the gene may have
a prognostic significance for tumor develop�
ment. This observation has to be verified in a
larger patient cohort. The clinical significance of
screening for cancer predisposing mutations is
to identify mutation carriers at an early age and
thus to improve disease management.
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Early age of Wilms’ tumor onset in patients
with WT1 germline mutations
Schumacher, V. (1), Beier, M. (1), Henzler, M.
(1), Vicki, H. (2), Rita, A. (2), Weirich, A. (3),
Royer�Pokora, B. (1)
(1) Universität Düsseldorf, Institut für
Humangenetik und Anthropologie (2) Dept.
Molecular Genetics/Cancer Genetics, UT
M.D. Anderson Cancer Center, Houston,
USA (3) Universität Heidelberg, Kinderklinik
Germline alterations in the WT1 gene are found
in a subset of WTs. We report here a combined
database containing our 24 new cases with
germline WT1 alterations and our previously de�
scribed cases as well as literature cases for
whom age of tumor onset, gender and laterality
were known. This combined database contains
117 patients with and 165 patients without WT1
germline alterations. Using this information we
have determined the median age of tumor onset
for patients with (13 months) and without WT1
gene alterations (36 months). When patients
were grouped according to their type of muta�
tion the earliest onset was found in patients with
nonsense/truncation (12 mo, 66 patients), fol�

lowed by missense mutations (18 mo, 30 pa�
tients) and deletions (22 mo, 21 patients). Pa�
tients with the two most frequent nonsense mu�
tations R362X and R390X and the Denys�Drash
syndrome hot spot mutation R394W/Q/L had a
very early onset (9 mo, 12 mo and 18 mo, re�
spectively). The highest number of bilateral tu�
mors was observed in the group of
nonsense/truncation mutations, with a higher
percentage of bilateral tumors when the stop
codon occurred in the 5’ half of the WT1 gene.
There was no significant difference in age of tu�
mor onset between males and females either
with nor without WT1 mutations, although a
slightly younger age was observed in males in all
subgroups. In addition to genital tract anomalies
and stromal�predominant histology, tumor bilat�
erality and early age of tumor onset may indicate
a risk for carrying a germline WT1 mutation.
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Hyperdiploidy defines a distinct cytogenetic
entity of aggressive meningiomas
Henn, W. (1), Ketter, R. (2), Freiler, A. (1),
Steudel, W. I. (2), Feiden, W. (3), Zang, K.D. (1)
(1) Inst. f. Humangenetik, Universität d.
Saarlandes, Homburg/Saar (2)
Neurochirurgische Universitätsklinik,
Homburg/Saar (3) Abteilung f.
Neuropathologie, Homburg/Saar
Although meningiomas are usually benign WHO
grade I tumors, a minority of meningiomas are
more aggressive (grades II or III) and tend to re�
cur. The principal cytogenetic feature of all
grades of meningioma is monosomy 22, where�
as tumor progression and recurrence is usually
associated with stronger hypodiploidy, i.e.,
monosomy of further autosomes and, most fre�
quently, heterozygous loss of chromosome 1p.
Within a series of over 400 cytogenetically char�
acterized meningiomas, we identified a sub�
group of 15 cases without the common chromo�
some aberrations but instead a strikingly similar
pattern of hyperdiploidy. In the absence of any
structural chromosome rearrangements, these
meningiomas each have between 49 and 56
chromosomes, with trisomy12 (13/15 cases), tri�
somy 20 (12/15 cases), trisomy 5 (11/15 cases),
and trisomy 17 (9/15 cases), along with variable
trisomies of all other autosomes except #1, #2,
and #21. Chromosome losses are rare, affecting
#7, #22, and Y each in only 1/15 cases. Histo�
morphologically, the hyperdiploid meningiomas
do not show distinct peculiarities as compared
to usual meningiomas. However, their growth
potential in terms of the Ki�67 proliferation index
is significantly elevated; 14/15 hyperdiploid
meningiomas were assigned to WHO grade II.
We conclude that hyperdiploidy constitutes a
small but clinically relevant entity of unusually
aggressive meningiomas which, although lack�
ing distinct histomorphological features, are cy�
togenetically unrelated to the majority of com�
mon�type meningiomas.
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Cytogenetic Characterization of Vulva�
Melanoma
Emberger, W. (1), Sodia, S. (1), Pfragner, R. (2),
Regauer, S. (3), Reich, O. (4), Petek, E. (1),
Windpassinger, C. (1), Zierler, H. (1), Kroisel,
P.M. (1), Wagner, K. (1)
(1) Institute of Medical Biology and Human
Genetics, University Graz, Austria (2)
Institute of Pathophysiology, University
Graz, Austria (3) Institute of Pathology,
University Graz, Austria (4) Department of
Obstetrics and Gynaecology, University
Hospital Graz, Austria 
Melanomas develop in different organs and are
characterized by different clinical and biological
features. Cutaneus�melanomas grow localized
for a relatively long time before they develop
lymphogenic secondary. Uveal�melanomas tend
to set hematogenic secondary after a long pe�
riod of local growth. Primary mucosa associat�
ed melanomas have a very poor prognosis due
to local invasive growth and/or early hemato�
genic secondary. Probably mucosa associated
melanomas evolve from multifocal origin. The
most important pathogenetic factor of cutaneus�
and uveal�melanoma is UV light exposure
whereas mucosa�melanomas are UV independ�
ent. Vulva�melanoma is a rare condition of mu�
cosa associated melanoma. Cytogenetics,
pathophysiology, and oncogenesis of vulva�
melanomas are widely unknown. We character�
ized cytogenetically three cases of vulva�
melanomas and revealed complex aberrations in
all cases. Molecular cytogenetic analysis using
multicolour in situ hybridization was performed
in two cases for detailed characterization.The re�
sults of combined analysis of G�banded
metaphases and M�FISH staining were drawn
into an aberration map for efficient comparison
of breakpoints gains and losses. So far only two
independent cases have been analysed in detail,
but a high grade of similarity of breakpoints
gains and losses, with hotspots on chromo�
somes 1, 6, 8, 10, 12, 13, 17 and 21, have been
found.
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Interphase FISH using YAC�derivated
probes reveals losses on 4q (4q32�>4qtel) in
high grade lesions and in cervical cancers
Backsch, C. (1), Rudolph, B. (1), Meyer, B. (1),
Kühne�Heid, R. (2), Köllner, S. (2), Bartsch, O.
(3), Kalscheuer, V. (4), Jansen, L. (1), Schneider,
A. (1), Dürst, M. (1)
(1) Gynäkologische Molekularbiologie,
Abteilung Frauenheilkunde, Frauenklinik der
FSU Jena (2) Institut für Pathologie, FSU
Jena (3) Institut für Klinische Genetik, TU
Dresden (4)Max�Planck�Institut für
Molekulare Genetik, Berlin
In ongoing functional studies we have demon�
strated that putative senescence genes are lo�
cated on the long arm of chromosome 4 (4q32�
>4qter). We are now evaluating the potential sig�
nificance of loss of gene function (LOH) in this
region by interphase FISH of paraffin sections
using YAC�derivated probes on high grade le�
sions and cervical cancer. Our final aim is to find
useful genetic markers involved in cervical tu�
mour progression.Sections of paraffin�embed�
ded cervical cancers (21 cases) and high grade
cervical intraepithelial neoplasias (CIN 2/3) (20
cases) were selected. After slide preparation Flu�

orescence� in situ� hybridisation (FISH) was per�
formed. Specific FISH�probes binding to 4q
were generated from YAC�clones (MPI Berlin).
The centromeric chromosome 4�probe (Qbio�
gene Heidelberg) served as control probe.Inter�
phase FISH analyses revealed allelic losses in
the 4q terminal region at frequencies ranging
from 23% to 47% in cervical cancer and from
12% to 20% in high�grade lesions, depending
on the probe used. These findings underline the
significance of our functional data obtained by
microcell�mediated chromosome transfer and
data from LOH�analyses, thereby suggesting
that inactivation of genes within this region on
chromosome 4 may represent an essential step
in cervical carcinogenesis.
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Mitotic instability of different chromosomes
in glioma cell lines
Klein, A., Urbschat, S.
Institut für Humangenetik, Universität des
Saarlandes
Mitotic chromosome malsegregation produces
aneuploidy, which is commonly detected in can�
cer cells. In glioma cells, especially in glioblas�
toma multiforme, a high number of numerical
chromosomal aberrations are found and espe�
cially gains of chromosome 7 and losses of
chromosome 10 are very characteristic. Al�
though chromosomal loss and gain is well
known, only little is known about the mecha�
nisms leading to specific recurrent aneuploidies.
Abnormalities in the chromosomal segregation�
al apparatus are very likely to play a role. These
include centrosomal defects, defects in kineto�
chore microtubule attachment, and movement of
the chromosomes relative to the poles. In a re�
cent study we investigated frequent mitotic er�
rors in glioblastoma cells, where we found loss�
es of chromosome 7 and gains of chromosomes
10 and 17. Chromosomes 8, 12 and 18 were ei�
ther lost or gained. We now analyzed whether
these different types of chromosomal malsegre�
gation are due to a defect of the mitotic spindle
apparatus in glioma cells. We therefore investi�
gated 6 glioma cell lines by combined immuno�
histochemistry with an alpha�tubulin specific an�
tibody and fluorescence in situ hybridization with
centromere specific probes for chromosomes 7,
8, 10, 12, 17 and 18. We found an equal distri�
bution of the chromosomes 10, 12, 17, and 18 in
mitotic cells. Chromosome 8 was mostly distrib�
uted equally but also unequally by spindle mi�
crotubules, whereas surprisingly chromosome 7
was not distributed correctly to the opposite
spindle poles in most of the investigated cells.
The mitotic instability of the chromosomes 7 and
8 does not seem to derive only from a defect of
the spindle apparatus, because the mitotic spin�
dle seems to be intact in 5 of 6 investigated cell
lines. Furthermore chromosomes 10, 12, 17 and
18, which are often malsegregated in glioma
cells, are separated correctly to the opposite
spindle poles during mitosis. Therefore, an un�
known mechanisms has to determine the numer�
ical aberrations of the investigated chromo�
somes.In one glioma cell line we found an in�
crease of the number of spindle poles, which
could not be detected in the other cell lines.
These multipolar spindle apparatus might cause
mitotic instability at least in some tumors. We
suppose at least two different mechanisms of
chromosomal malsegregation in glioma cell
lines.
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Evaluation of the potential significance of a
senescence gene locus on chromosome 4
involved in cervical carcinogenesis by LOH
analyses
Rudolph, B. (1), Meyer, B. (1), Kühne�Heid, R.
(2), Bartsch, O. (3), Kalscheuer, V. (4), Beer, K.
(1), Jansen, L. (1), Schneider, A. (1), Dürst, M.
(1), Backsch, C. (1)
(1) Gynäkologische Molekularbiologie,
Abteilung Frauenheilkunde, Frauenklinik
FSU Jena, Deutschland (2) Institut für
Pathologie, FSU Jena, Deutschland (3)
Institut für Klinische Genetik, TU Dresden,
Deutschland (4) Max�Planck�Institut, Berlin,
Deutschland
Using microcell fusion we had demonstrated
that the loss of putative senescence genes is es�
sential for HPV�induced cervical tumorigenesis.
These genes may be located on the long arm of
chromosome 4 (4q34.1�>4qtel). In the present
study we evaluate the potential significance of
loss of gene function in this region by mi�
crosatellite�PCR.Histologically verified microdis�
sected areas consisting of 10<hoch>3<hoch>�
10<hoch>4<hoch> dysplastic or tumour cells
were studied for loss of heterozygosity (LOH).
Twenty�five cases of cervical cancer and 25 cas�
es of cervical intraepithelial neoplasia II/III (CIN;
2 to 5 areas per individual tumour) were exam�
ined. DNA from microdissected specimens was
amplified by DOP�PCR. Microsatellite PCR was
performed on DOP�PCR products using highly
polymorphic repetitive sequences located on
chromosome 4.Highest frequencies of allelic
loss in cervical carcinomas were observed for
the loci 4q35.1 (47%), 4q28.2 (43%), 4q32.1
(40%) and 4p16.3 (42%). LOH was more fre�
quent in the q arm as compared to the p arm.
Studies of CIN II/III are in progress. Complemen�
tation assays and methylation studies will be
performed to map the putative senescence gene
locus more precisely.
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Characterisation of a Complex Chromosome
3 Rearrangement in Familial Renal Cell
Carcinoma
Reutzel, D. (1), Liehr, T. (2), Lausch, E. (1), Holl,
M. (1), Düsterhöft, S. (1), Spangenberg, C. (1),
Prawitt, D. (1), Naylor, S. (3), Brauch, H. (4),
Decker, H.J. (5), Zabel, B. (1), 
(1) Molekulargenetisches Labor der
Kinderklinik, Johannes�Gutenberg
Universität Mainz (2) Institut für
Humangenetik und Anthropologie, Friedrich
Schiller Universität Jena (3) University of
Texas, Health Science Center at San
Antonio Genome Center, Texas, USA (4) Dr.
Margarete Fischer�Bosch�Institut für
Klinische Pharmakologie, Stuttgart (5)
Bioscientia Institut , Ingelheim am Rhein
Hereditary renal cell carcinoma (RCC) is a rare
disease and most commonly associated with the
von Hippel�Lindau (VHL) syndrome. In addition,
a small number of families with constitutional
chromosome 3 translocations and dominant in�
heritance of clear cell RCC have been described.
Identifying genetic changes in these patients
may help to understand the molecular pathogen�
esis of the common sporadic clear cell RCC. We
have identified a novel family affected by early
onset clear cell RCC. Cytogenetic analysis
showed a so far undescribed constitutional
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chromosome rearrangement. Involvement of the
VHL gene in renal carcinogenesis was excluded
by sequence analysis, fluorescence in situ hy�
bridisation (FISH) applying a VHL�specific probe
and expression studies. Here we present addi�
tional data from cytogenetic, molecular cytoge�
netic and molecular studies. The karyotype pres�
ent in two members of the family shows a com�
plex chromosome 3 rearrangement with more
than two different breakpoints on chromosome
3. Multiplex fluorescence in situ hybridisation
applying 19 band�specific probes for chromo�
somes 3 and 8 have been performed. These re�
sults allow to narrow down the breakpoints of
the chromosomal regions affected by the re�
arrangement: 46,XY, der (3)t (3;8;3;8)(3pter�
>p12.1::8p21.1�>8p21.3 or 8p21.3�>8p21.1::
3p13.1�>3p12.1::8p21.3�8pter), der (8)t (3;8)
(q13.1;p21.1). Data of the deletion mapping on
chromsomes 3 and 8 will be presented.
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INTERPHASE�CYTOGENETIK BEI
CHRONISCH LYMPHATISCHER LEUKÄMIE
(B�CLL) &#8211 KORRELATION MIT ZAP�70
mRNA�EXPRESSION
Krömer, E. (1), Heintel, D. (2), Gaiger, A. (2),
Jäger, U. (2), Fonatsch, Ch. (1)
(1) Institut f. Medizinische Biologie
Universität Wien (2) Universitätsklinik für
Innere Medizin I, AKH Wien
Die chronisch lymphatische Leukämie (B�CLL)
ist die häufigste bei Erwachsenen diagnostizierte
Leukämieform. Da die CLL�Zellen durch einen
sehr niedrigen Proliferationsindex charakterisiert
sind, ist die Chromosomenbandenanalyse aus
unstimulierten Kulturen nur in 40�50% der Fälle
erfolgreich. Einige B�CLL�spezifische Chromo�
somenaberrationen haben sich jedoch als
wichtige unabhängige Prognosefaktoren er�
wiesen, weshalb es für ein Risiko�adaptiertes
klinisches Management der Patienten von großer
Bedeutung ist, bereits bei Diagnosestellung eine
cytogenetische Analyse mittels Interphase�FISH
durchzuführen. Wir haben mononukleäre Zellen
von mehr als 60 CLL�Patienten auf folgende
Aberrationen untersucht: Deletionen der Chro�
mosomenbanden 13q14 (Rb1�Gen bzw.
D13S272�Locus), 11q22~23 (ATM�Locus) und
17p13 (p53�Gen), Trisomie 12 bzw. der Bande
12q13 und Translokationen mit Bruchpunkt in
14q32 (IgH�Gen). Mit diesem Sonden�Panel kon�
nten wir in knapp 80% der Fälle eine oder
mehrere Veränderungen nachweisen.Die häufig�
ste Anomalie war die Deletion in 13q14 (47,8%),
gefolgt von der Deletion in 11q22~23 (39,1%)
und der Trisomie 12 (28,2%). In rezenten Unter�
suchungen konnte gezeigt werden, dass die
mRNA�Expression des den IGVH �Gen Mutation�
sstatus anzeigenden Markerproteins ZAP�70 sig�
nifikant mit der prognostischen Bedeutung der
beobachteten Chromosomenaberrationen korre�
liert und somit einen weiteren potentiellen Prog�
nosefaktor für die B�CLL darstellt.
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Identification of fusion genes involving a
novel gene called THADA in benign thyroid
tumors with 2p21 rearrangements
Drieschner, N. (1), Rippe, V. (1), Hommes, J. (1),
Meiboom, M. (1), Escobar, H.M. (1), Bonk, U.
(2), Belge, G. (1), Bullerdiek, J. (1)
(1) Zentrum für Humangenetik, Universität
Bremen (2) Institut für Pathologie,
Zentralkrankenhaus Bremen�Nord und
St.Jürgenstr., Bremen 
Cytogenetic aberrations occurred in about 20%
of benign thyroid tumors and were divided in dif�
ferent subgroups. Of these, numerical aberra�
tions of chromosome 7 i.e. trisomy 7 (alone or
with additional trisomies), structural rearrange�
ments involving 19q13.4 and chromosome 2 are
the three main cytogenetic subgroups. Recent�
ly, we have narrowed down the 2p21 breakpoint
region to a segment of about 450kb. Further se�
quence� and RT�PCR�analyses revealed a can�
didate gene located within the breakpoint region.
In two cell lines derived from benign thyroid tu�
mors with the translocations t (2;20;3)
(p21;q11.2;p25) and t (2;7)(p21;p15) we have de�
tected two fusion genes both involving the can�
didate gene called THADA (thyroid adenoma as�
sociated). In both fusion genes (THADA�FUS3p
and THADA�FUS7p) the 3’�part of THADA is
truncated. Due to the possible function of THA�
DA as a death receptor interacting protein the
loss of the 3’�part may lead to an altered apop�
tosis induction resulting in an increasing of the
population of epithelial cells of the thyroid. Thus,
we presume that the translocations in benign
thyroid tumors involving the chromosomal region
2p21 affecting THADA are an important event in
the development of these lesions.
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Cytogenetic and molecular genetic
characterisation of six malignant thyroid
carcinoma cell lines
Belge, G. (1), Schmutzler, C. (2), Rommel, B.
(1), Rippe, V. (1), Drieschner, N. (1), Köhrle. J.
(2), Brabant, G. (3), Bullerdiek, J. (1)
(1) Zentrum für Humangenetik, Universität
Bremen (2) Institut für Experimentelle
Endokrinologie und Endokrinologisches
Forschung�Centrum der Charite EnForCe,
Medizinische Fakultät der ; Humbold�
Universität zu Berlin (3) Abteilung Klinische
Endokrinologie, Medizinische Hochschule
Hannover 
Thyroid goiters and adenomas are frequent dis�
eases of the follicular thyroid epithelium, where�
as follicular thyroid carcinomas are rather rare.
In contrast to the malignant thyroid tumors, fol�
licular thyroid goiters and adenomas are cytoge�
netically well examined epithelial tumors. So far,
cytogenetic studies of about 500 thyroid goiters
and adenomas have revealed that in addition to
cases with normal karyotype in 20% of them re�
current clonal changes are found. The aberrant
cases were divided in different cytogenetic sub�
groups. One of these subgroups is characterized
by structural rearrangements involving the chro�
mosomal band 2p21. Recently, we mapped the
breakpoints in two established cell lines from
benign thyroid tumors showing translocations in
this region within a segment of about 450 kb
flanked by BAC�clones 339H12 and 1069E24.
By 3´�RACE analyses on these cell lines we have
identified fusion genes consisting of the thyroid

adenoma associated gene (THADA) located in
2p21 and unknown genes located in 3p25 and
7p15. We have analysed the follicular thyroid
carcinoma cell lines FTC133, FTC238, and WRO
and the anaplaslic thyroid carcinoma cell lines
C643, HTH74, and S277 by karyotyping of 20
metaphases of each cell line. The cytogenetic in�
vestigation revealed complex karyotypes in all
investigated cell lines. To investigate the ques�
tion of an involvement of the thyroid adenoma
associated gene (THADA) in these cell lines, we
have performed FISH with two BAC clones that
covered this gene and the breakpoint region of
2p21 in benign thyroid adenomas. Interestingly,
we found no rearrangement of THADA in the ma�
lignant thyroid tumors analysed.
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Identification and application of stage�
specific genetic markers for molecular
cytogenetic diagnostics of breast tumors
based on fine�needle aspiration
Montag, U. (1), Heiden, E. (2), Steinhoff, S. (3),
Trotier, F. (1), Köster, U. (3), Spieckermann, S.
(2), Klein, C. (4), Steinbeck, R. (3), Schröck, E.
(1)
(1) Institute of Medical Genetics, Humboldt
University, Charité, Berlin, Germany (2)
metaGen Pharmaceuticals GmbH, Berlin,
Germany (3) Labor for Molecular Pathology,
Kiel, Germany (4) Institute of Immunology,
Ludwig�Maximilians�University, Munich,
Germany 
It is well established that the early detection of
breast tumors is essential for enabling an effec�
tive treatment of the patients. However, the
many genetic aberrations identified for breast
cancers result mostly from studies of invasive
carcinomas or of earlier lesions located in the
close vicinity of invasive carcinomas. Therefore
we are in the process of analyzing 20 cases of
ductal carcinoma in situ (DCIS), 20 cases of lob�
ular carcinoma in situ (LCIS) and 10 cases of
atypical ductal hyperplasia (ADH) to detect ge�
nomic changes (gains, losses, amplifications) in
non�invasive breast tumors. The approach in�
cludes laser capture microdissection (LCM) of
paraffin�embedded tumor material, whole
genome amplification by ligation�mediated PCR
and comparative genomic hybridization
(CGH).BAC�contigs have been designed and es�
tablished for all known genetic markers, includ�
ing chromosomal regions on 1q32, 8q24, 11q13,
16q22, 17p13, 17q12 and 20q13. These FISH�
probes have been successfully used for tests on
imprints and paraffin sections obtained from in�
vasive breast carcinomas, from DCIS and LCIS
cases, as well as from fibrocystic mastopathies.
The identified genetic changes mirrored the
CGH�results. Based on our own CGH�data we
will include additional markers for early lesions.
The aim of our project is the identification and
validation of stage�specific genetic markers for
the diagnostics of early breast tumors as well as
invasive carcinomas based on the analysis of
fine�needle aspirates (FNA). Fine needle aspira�
tion causes less traumatic stress to patients
compared with conventional core biopsies.
However, cytological diagnostics of FNA is
rather difficult to perform. We therefore combine
molecular pathology and molecular cytogenet�
ics that may allow for the introduction of fine
needle aspiration into routine clinical diagnos�
tics of breast tumors.
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Molecular diagnostics of medullary thyroid
cancer in Polish patients
Kaczmarek, M. (1), Ziemnicka, K. (2), Hoppe�
Golebiewska, J. (3), Wielgus, K. (4), Sowinski,
J. (2), Slomski, R. (1,4)
(1) Institute of Human Genetics, Polish
Academy of Sciences, Strzeszynska 32, 60�
479 Poznan, Poland (2) Clinics of
Endocrinology, University of Medical
Sciences, Poznan, Poland (3) Delta Pharma
BV, Hengelo, The Netherlands (4)
Department of Biochemistry and
Biotechnology, Agricultural
University,Poznan, Poland 
Medullary thyroid carcinoma (MTC) occurs in fa�
milial and sporadic forms and is the major fea�
ture of the multiple endocrine neoplasia type 2
syndromes (MEN 2). Hereditary form of MTC
may occur as familial medullary thyroid cancer
(FMTC) or more commonly is associated with
phaeochromocytoma and hyperparathyroidism
in multiple endocrine neoplasia type 2A (MEN
2A) and also with mucosal neuromas, gan�
glioneuromatosis of the gastrointestinal tract in
multiple endocrine neoplasia type 2B (MEN 2B).
It is an autosomal dominant cancer syndrome,
caused by mutation in RET protooncogene,
mapped to the centromeric region of chromo�
some 10q11.2. Protooncogene RET encodes a
member of the receptor tyrosine kinase family of
transmembrane receptors and is expressed in
various tissues as thyroid, adrenal, developing
kidney, nerve tissue and in some human neoec�
todermal tumors as well. It is possible that RET
play also a role in the differentiation and prolif�
eration of neural cells. In case when the
medullary thyroid cancer is recognized, genetic
tests are performed, independently from data
obtained on basis of family interview and phys�
ical recognition, indicating hereditary form of
cancer. It is estimated that individuals with neg�
ative interview in direction of hereditary form
show 10% probability of genetic predisposition.
Genetic tests include analysis of mutation in RET
protooncogene in DNA obtained from whole
blood lymphocytes. Positive results prove direc�
tions to testing patient’s families. In our labora�
tory at Institute of Human Genetic in Poznan we
perform screening analysis of six exons of RET
gene (10, 11, 13, 14, 15, 16) by PCR�SSCP
analysis with using fluorescent�labeled primers
as it enabled analysis of many samples in rela�
tively short time. Every detected change in
SSCP band pattern predisposed to sequencing.
Group of 168 individuals was analyzed, includ�
ing patients diagnosed and hospitalized in Clin�
ics of Endocrinology at University of Medical
Sciences in Poznan and their families. The group
included families with FMTC, MEN 2A syndrome.
The most frequently identified changes occurred
in exon 11 (26 changes) and in exon 10 (21
changes). Occasionally we detected irregulari�
ties in exon 13, 14 and 16. Virtually all patients
with FMTC, MEN 2A and MEN 2B develop MTC,
what is a clear rationale for performing
thyreoidectomy as soon, as RET mutation has
been identified. Statistically in families of pa�
tients with hereditary form of MTC, 50% of 1st
degree relatives are carriers of mutations, and
genetic analysis should be performed for all 1st
and 2nd degree relatives. Consequently full
medical characteristics describing development
of the disease should be performed immediate�
ly to consider necessity of surgery. In case when
clinical symptoms are not present prophylactic
thyroidectomy should be considered, as much

better solution than frequent monitoring of blood
calcitonin level.
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Incidence of t (12;21)(p12;q22) in the Polish
population of children with diagnosed acute
lymphoblastic leukemia
Ladon, D. (1), Sawinska, M. (1), Januszkiewicz
D. (1,2)
(1) Institute of Human Genetics, Polish
Academy of Sciences, Strzeszynska 32, 60�
479 Poznan, Poland (2) Institute of
Peadiatric, University of Medical Sciences,
Poznan, Poland
The reciprocal translocation t (12;21)(p12;q22)
constitutes the most frequent chromosomal le�
sion observed in acute lymphoblastic leukemia
and leads to the fusion of TEL (12p12) and AML1
(21q22) genes. We performed the nested RT�
PCR study on 24 children with ALL in order to
distinguish the children with the expression of
TEL/AML1 fusion gene and for the positive cas�
es, the FISH analysis with ETV6/AML1 probe
was done to confirm the RT�PCR results. The
samples of bone marrow and/or peripheral blood
from 24 patients and healthy donor (negative
control) accounted for the material. The total
RNA was isolated with the usage of QIAGEN
commercial kit. The specific fusion sequence
TEL/AML1 on cDNA was amplified using nested
RT�PCR reaction and PCR products were
analysed on 2% agarose gel with ethudium bro�
mide staining. The REH line made up the posi�
tive control (product PCR – 181 bp). The inci�
dence of t (12;21)(p12;q22) on der (21) was stud�
ied by means of fluorescence in situ hybridiza�
tion with ETV6/AML1 probe on interphase nuclei.
For each patient, at least 200 interphase nuclei
were estimated. Among 24 analyzed patients
with the help of nested RT�PCR, 10 showed the
presence of gene fusion transcript TEL/AML1.
All of them had PCR product of 181 bp (stan�
dard) in the bone marrow and/or in the peripher�
al blood. In one case the product length 142 bp
(variant) occurred in the bone marrow, whereas
these two different size products (181 bp and
142 bp) appeared simultaneously in one pa�
tient’s peripheral blood. After applying the FISH
for these 10 patients, it turned out, that 6 of
them showed the fusion signal on der (21) and
also del (12p12) and amplification of  AML1
gene. These changes constituted 3%, 3.4%,
2.9% of evaluated interphase nuclei, respective�
ly. In the remaining 4 patients, the nested RT�
PCR outcomes were not in agreement with the
FISH results, but additional chromosomal abnor�
malities presented above emerged. The inci�
dence of t (12;21)(p12;q22) in the examined
group of children was 42% on the basis of nest�
ed RT�PCR and 25% on the basis of FISH. This
discrepancy might result from the fact, that sen�
sitivity of nested RT�PCR reaction is higher in
comparison with FISH. This points at the strict
correlation between molecular and cytogenetic
methods, which complement each other and in
connection with it, they should be applied simul�
taneously at the time of diagnosis. Moreover, the
small group of patients underwent analysis
might be a reason for these divergences in RT�
PCR and FISH results.
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Hereditary non�polyposis colorectal cancer:
Detection of large genomic deletions in
MSH2 and MLH1 genes by MLPA (multiplex
ligation�dependent probe amplification)
Leister, M., Pagenstecher, C., Friedl, W.,
Sengteller, M., Propping, P., Mangold, E.
Institut für Humangenetik,
Universitätsklinikum Bonn
Hereditary nonpolypolis colorectal cancer (HN�
PCC) is an autosomal�dominant disease, that is
based on germline mutations in DNA mismatch
repair genes, mainly in MSH2 and MLH1. A sig�
nificant percentage of mutations in these genes
consists of large genomic deletions encompass�
ing one or several exons. Large deletions have
been identified by Southern hybridization and by
semiquantitative multiplex PCR methods. Re�
cently, MLPA (multiplex ligation�dependent
probe amplification), a new method for relative
quantification of DNA sequences, has been de�
veloped for deletion screening in HNPCC pa�
tients (J. P. Schouten, MRC�Holland).In this
method each probe consists of two oligonu�
cleotides that hybridize to adjacent sites of the
target sequence; hybridized probe oligonu�
cleotides are ligated, permitting subsequent am�
plification. All ligated probes have identical end
sequences, permitting simultaneous PCR ampli�
fication using only one pair of primers. With the
MLPA test probes for all 16 exons of MSH2, 19
exons of MLH1, and 7 control probes from oth�
er genes can be amplified in a single PCR reac�
tion, separated on a sequencing gel and quanti�
tatively evaluated for the presence of
deletions.By using the MLPA test, we examined
6 patients with known large deletions that had
been previously detected with multiplex PCR; all
6 deletions were confirmed by MLPA. We then
examined 107 patients by MLPA who were sus�
pected of HNPCC but in whom no point muta�
tion had been detected by using DHPLC and se�
quencing, for deletions in MSH2 and MLH1
genes and identified 9 deletions. The size of
deletions ranged from one exon to a deletion of
a whole gene. 6/9 (67%) deletions were located
in MSH2 and 3/9 (33%) in MLH1. We conclude
that MLPA is an efficient and easy to perform
method for detection of unusual copy numbers
of genomic sequences. It is at least as sensitive
as the semiquantitative multiplex PCR method
used before. In addition, results are easier to
evaluate by this method when compared to the
multiplex PCR method.The overall frequency of
large deletions in patients examined for muta�
tions in MMR genes within our study was about
10%: Of 618 unrelated colorectal cancer pa�
tients fulfilling the Bethesda criteria for HNPCC,
296 exhibited microsatellite instability in their tu�
mor tissue or met the Amsterdam criteria for
HNPCC. Among these pre�selected patients 108
disease�causing point mutations (36%) had pre�
viously been detected in the MSH2 and MLH1
genes by SSCP, heteroduplex analysis or DH�
PLC followed by direct sequencing. 185 of the
remaining patients were examined for large ge�
nomic deletions by semiquantitative multiplex
PCR and / or MLPA. Overall, we identified large
genomic deletions in 28 patients (28/296=9%),
of which 17 (61%) are located in the MSH2 gene
and 11 (39%) in the MLH1 gene.Supported by
the Deutsche Krebshilfe
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Cytogenetic analyses refine the impact of
INK4a/ARF defects on chemoresistance of
primary lymphomas in vivo
Helmrich, A. (1), Lee, S. (2), Dörken, B. (2),
Lowe, S.W. (3), Schrock, E. (1), Schmitt, C.A.
(2)
(1) Department of Cytogenetics, Charité,
Humboldt�University, Berlin, Germany (2)
Max�Delbrück�Center for Molecular
Medicine and Charité, Campus Virchow�
Hospital, Department of
Hematology/Oncology, ; Humboldt�
University, Berlin, Germany (3) Cold Spring
Harbor Laboratory, Watson School of
Biological Sciences, Cold Spring Harbor, NY
11724 
The INK4a/ARF tumor suppressor locus has
been identified as one of the most frequently
mutated gene loci in human cancer entities.
Both products ARF and INK4a are implicated in
stress responses and cellular growth control.
Using the Eµ�myc transgenic lymphoma model,
INK4a was recently found to mediate a cytosta�
tic response to anticancer treatment that dis�
plays features of premature senescence and
contributes to the outcome of cancer therapy.
Accordingly, treatment�mediated selection
against INK4a genes in tumors that became ARF
deficient during tumor development can com�
promise senescence and render these tumors
resistant to therapy.We applied spectral kary�
otyping (SKY), comparative genomic hybridiza�
tion (CGH) and fluorescence in situ hybridization
(FISH) analyses to untreated primary lymphomas
with defined genetic defects at the INK4a/ARF
locus, and correlated the cytogenetic results
with clinical responses of these lymphomas fol�
lowing anticancer drug therapy in vivo. More�
over, relapsed lymphomas underwent exon�spe�
cific re�evaluation of the INK4a/ARF locus. CGH
analysis unveiled that virtually all myc�driven
lymphomas acquired additional chromosomal
gains or losses, irrespective of their INK4a and
ARF expression status. Remarkably, a gain of
chromosome 14 was detected in the vast major�
ity of ARFnull lymphomas, while this observation
was never made in INK4a/ARF null lymphomas.
ARFnull lymphomas with gain of chromosome
14 achieved a much better long�term outcome
as compared to those with no detectable gain.
In contrast, gain of chromosome 6 in untreated
ARFnull lymphomas  which do express INK4a
was found to precede therapy�induced loss of
INK4a encoding alleles, previously shown to dis�
able drug�induced senescence and to compro�
mise long�term outcome to therapy.In conclu�
sion, our data suggest that disruption of the
ARF�p53 axis is not sufficient to allow acceler�
ated tumor formation in the context of activated
Myc, since INK4a/ARF deficient lymphomas typ�
ically acquired additional alterations. Moreover,
cytogenetic lesions were identified that refine the
prognostic impact of INK4a/ARF defects on
treatment outcome. Linking cytogenetic data to
functional genomics of treatment responses in
vivo, our approach outlines the technology to
screen for chromosomal aberrations that mimic,
compensate for or that are incompatible with de�
fects at a key locus controlling tumorigenesis
and chemosensitivity.
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Recurrent APC gene mutations in Polish
FAP Families
Plawski, A., Slomski, R.
Institute of Human Genetics, Polish
Academy of Sciences, Strzeszynska 32, 60�
479 Poznan, Poland 
Familial adenomatous polyposis (FAP) is a ge�
netically determined disorder, inherited in an au�
tosomal dominant manner. The occurrence of
FAP is associated with mutations in the adeno�
matous polyposis coli (APC) gene described in
1991. APC gene mutations arise de novo in 1
per 10,000 newborns. The APC gene is localized
on chromosome 5q21 and consists of 21 exons.
Mutations of the APC gene, in most cases, are
small deletions or insertions with the most fre�
quent mutations the AAAGA deletion at codon
1309, which occurs in 10% of FAP families and
the ACAAA deletion at codon 1061, which oc�
curs in 5% of FAP families.  The dysfunction of
the APC gene causes the accumulation of B�ca�
thenin and the expression of genes, which pro�
mote cell division. The FAP syndrome consti�
tutes a relatively low percentage of colorectal
carcinomas (1�2%) and is characterized by the
presence of numerous (at least 100) polyps lin�
ing the mucosa of the large intestine and rectum.
The DNA bank of Polish FAP families was estab�
lished in 1997. This study is a report presenting
a spectrum of mutations of the APC gene in Pol�
ish FAP patients. One hundred twenty unrelated
Polish FAP families were screened for mutations
in the APC gene using HA and SSCP methods.
Most frequent mutations in Polish FAP families
were 3927�3931delAAAGA, which occurred in 15
families (12.5%), while 3183�3187delACAAA was
observed in 6 families (5%). The frequency of
these mutations was similar to other popula�
tions. In exon 15, we observed another two re�
current mutations and each of them was ob�
served in two families. One of them was a
known 2626C>T substitution and the second
one was a new mutation 3202�3205delTCAA.
Also in exon 11 we observed the 1491insT in
two families. It should be mentioned that in
studied group of 120 families, the recurrent mu�
tation were observed in 27 (22.5%) Polish FAP
families.

P 208

RET Proto�oncogene Polymorphisms in the
Context of C�Cell hyperplasia and Sporadic
and Hereditary Medullary Thyroid
Carcinoma
Weinhäusel, A. (1), Kaserer, K. (2), Scheuba, C.
(2), Niederle, B. (2), Haas, O.A. (1)
(1) Ludwig Boltzmann�Institute for
Cytogenetic Diagnosis (LBICD) and
Children´s Cancer Research Institute
(CCRI), St. Anna Children´s Hospital, ;
Vienna, Austria (2) University Clinic Vienna,
Austria
RET protooncogene mutationscreening of pa�
tients suffering from MTC or CCH, assumed as
precancerosis, is widely acknowledged to eluci�
date hereditary thyroid carcinoma. We have test�
ed 415 patients suffering from sporadic disease
and 40 index cases with hereditary MTC and de�
termined SNPs in exons 11, 13, 14 and 15.  We
could not find any significant difference of fre�
quencies to controls, excluding a disease pre�
disposing function of  any polymorphism. We
found however allelic colocalisation of the

Ser691 variant located in RET exon11 on the
exon15 codon 904 C allele. Our analysis con�
firmed also the 836 T base exchange to be lo�
cated exclusively  onto the 769 G allele.We ex�
amined 199 subjects for their histopathological
data in relation to SNPs presence. Thereby we
could find a higher frequency of the 769 G vari�
ant in the group of patients without CCH
(P=0,0499), however exon 13 SNP frequencies
of subgroups with and without CCH did not dif�
fer significantly. Other SNPs did not show any
significance with regard to C cell disease or ad�
ditional presence of NMTC (FTC, PTC). We
found however neoplastic CCH more frequent in
males (P<0,0001 ) and found an additional
NMTC 3,7 times more frequent in males than fe�
males with C cell disease (P=0,0136), which is
clearly distinct from NMTC male/female ratio of
1:9,7. Thus C cell disease seems to change
pathophysiological base of NMTC inverting sex
ratio / influence of gender.
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Gonadoblastoma and mixed germ cell tumor
in dysgenetic gonads of XY female
Jakubowski, L. (1), Alaszewski, W. (1),
Jeziorowska, A. (2), Bielak, A. (3), Slowikowska�
Hilczer, J. (4), Kula, K. (4)
(1�3) Polish Mother’s Memorial Hospital –
Research Institute in Lodz: (1) Department
of Genetics (2) Department of
Endocrinology (3) Department of Maternal�
Fetal Medicine (4) Department of Andrology
and Reproductive Endocrinology, Medical
Uniwersity of Lodz, Poland 
Gonadoblastoma is a neoplasm defined histo�
logically by the occurrence of discrete aggre�
gates of germ cells and epithelial cells resem�
bling immatureSertoli or granulosa cells. In some
cases more malignant germ cell tumors, such as
dysgerminoma, occur with gonadoblastoma in
dysgenetic gonads. We report 25�year�old XY
female patient with clinical signs of pure gonadal
dysgenesis. She underwent a laparoscopic go�
nadectomy, and histological examination
showed gonadoblastoma on the left side and
mixed germ cell tumor in the right gonad. The
karyotype of fibroblasts in both gonads was
46,XY. The SRY gene was apparently normal in
lymphocytes of peripheral blood as well as in
gonadal fibroblasts. PCR analysis showed no
deletion of Y chromosome specific sequences.
We recommended early gonadectomy in XY fe�
males with gonadal dysgenesis.Supported in
part by grant No  PO5E 135 21 from the Polish
Committee for Scientific Research
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Prenatal Diagnosis of Chondrodysplasia
Punctata
Fiebig, B. (1), Lehmann, K. (1), Chaoui, R. (2),
Grzeschik, K.�H. (3), Mundlos, S. (1), Tinschert,
S. (1)
(1) Institut für Medizinische Genetik,
Humboldt�Universität, Campus Virchow
Klinikum, 13353 Berlin (2) Abteilung für
Pränatale Diagnostik und Therapie,
Frauenklinik, Humboldt�Universität, Campus
Mitte, 10098 Berlin (3) Institut für
Humangenetik, Universitätsklinik, 35037
Marburg
Several different disorders with similar punctate
cartilaginous changes are known. We report on

G
fH

  Ö
G

H
  S

G
M

G
  T

ag
un

gs
b

an
d

 2
00

3 
  

A
b

st
ra

ct
s

341medgen  15  (2003) 



prenatal findings in two brothers with rhizomel�
ic chondrodysplasia punctata (RCDP) and in a
female fetus with Conradi�Hünermann�Happle
syndrome (CDPX2). In the two male fetuses
(week 22 and week 14/3 of gestation) prenatal
sonographic examinations revealed shortening
of the long bones and punctate calcifications.
The diagnosis of RCDP (autosomal recessive)
was established by X�ray findings and the bio�
chemical verification of a marked deficiency in
peroxisomal plasmalogen synthesis. In the fe�
male fetus (week 32 of gestation) prenatal sono�
graphic examinations showed shortening of long
bones and a complex malformation of the spine.
The diagnosis of Conradi�Hünerman�Happle
syndrome (X�linked dominant) was established
by X�ray findings and the molecular verification
of a mutation in the gene encoding delta (8)�
delta (7) sterol isomerase emopamil�binding pro�
tein (EBP gene). We want to underline the impor�
tance of biochemical or molecular examinations
for accurate diagnosis of RCDP.
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A prenatal case of a X�autosome
translocation in a male fetus with a normal
phenotypic outcome
Mazauric, M.�L., Hammer, R., Knabe, R.,
Kozlowski, P.
Praenatal Medizin und Genetik Düsseldorf
Cytogenetic investigation of cultured amniotic
cells after amniocentesis at 14+4 weeks of ges�
tation showed a reciprocal translocation be�
tween the X�chromosome and one chromosome
3 in a male fetus. At a band resolution of 400
bands no chromosomal imbalance was detect�
ed. Ultrasonographic examination of the fetus at
14+4 and 20+4 weeks of gestation showed no
abnormalities. Cytogenetic investigation of the
parents revealed the same translocation in the
mother also in her first son. At the age of 11
years this boy presented no particularities in his
physical development as in his mental status.
After extensive genetic counselling the parents
decided to prolonge the pregnancy until birth. A
boy was born at term without any abnormalities.
At the age of 7 months the boy only showed hy�
pertonus and neurodermitis. This case presents
a rare familiar X�autosome translocation without
any phenotypical abnormalities in both sons of
the carrier mother until now.
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Ultrasound biometry of the fetal nose in the
second trimester: Physiologic variability and
preliminary evaluation of its value in the
screening for fetal aneuploidy
Dudarewicz, L.,
Department of Medical Genetics, Polish
Mother’s Memorial Hospital –; Research
Institute 
Objective of the present study was to define the
optimal conditions for fetal nose ultrasound as�
sessment and to calculate the range of physio�
logic variability of examined parameters. Prelim�
inary assessment of fetal nose biometry value in
the screening for fetal aneuploidy, by compari�
son of the aneuploid and healthy fetuses. The
study group consisted of 529 pregnant women
with euploid singleton fetuses between 14 and
21 weeks of gestation, and 7 fetuses with chro�
mosomal aneuploidies. Ultrasound measure�
ments of fetal nasal bone length and nasal width

were performed in both groupsResults: The in�
fluence of gestational age and fetal position
upon the nasal measurements was assessed.
The range of physiologic variability of every pa�
rameter was calculated. Influence of fetal posi�
tion on measurements was noticed. Decrease of
nasal bone length and increase of nasal width in
the group of fetal trisomy 21 was noted, but
scarcity of the aneuploidy group does not let to
draw statistically significant conclusions.Conclu�
sions: Fetal nose biometry seems to be a valu�
able additional marker of fetal trisomy 21 in the
second trimester, requiring further studies. The
study was supported in part by the grant of the
Polish State Committee for Scientific research
no 3 PO5E 156 22.
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Quality Assurance in Assessment of Growth
Characteristics of Complete Cell Culture
Media in Routine Diagnostic Caryotyping – A
Comparison Study of a New developed
Synthetic Safety Medium with Conventional
Non�synthetic Media in Amniotic Fluid Cell
and CVS Cultures regarding to the European
In Vitro Diagnostic Device Directives to
meet the Requirements for CE Mark
Conformity
Latham, K. (1), Buttgereit, W. (2)
(1) Innovative Technologies LLC, Bristol VA,
U.S.A. (2) CytoGen GmbH, Sinn, Germany
Since the European In Vitro Diagnostic Device
Directives and quality assurance regulations for
laboratory work (cGLP) request co�operation in
production (cGMP) and routine diagnostic cyto�
genetic analysis of chromosomes (caryotyping)
R&D is focussed on standardised material and
methods.  Fetal bovine serum (FBS) was used as
a main component of ”ready�to�use”complete
cell culture media to iniiate cell growth since
nearly 20 years. The fluctuation of the character�
istics of such biological source material and and
the risk of unexpected effects caused by virus or
endotoxin contamination (non�specific stimula�
tion, chromosomal aberrations, pseudomo�
saicism) forced the efforts to develop a new gen�
eration of fully synthetic cell culture media to re�
place FBS�containing products in cytogenetics.
First in�house pilot studies indicate and an ex�
ternal multicenter study shall confirm the possi�
bility to grow amniotic fluid cells and CVS with�
out FBS within a propriate short time. If further
results confirm the feasibility of usage of such
type of material, cell culture in cytogenetics
could be safer and done under better defined
conditions. The new developed Safety Medium
could be an advantage to meet the requirements
of high quality standards in laboratory work.
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A Novel Type of Autosomal Recessive
Syndactyly: Clinical and Molecular Studies
in A Family of Pakistani Origin
Malik, S. (1,2), Arshad, M. (2), Amin�ud�Din, M.
(3), Oeffner, F. (1), Dempfle, A. (4), Haque, S.
(2), Koch, M.C. (1), Ahmad, W. (2), Grzeschik,
K.�H. (1)
(1) Zentrum für Humangenetik, Philipps�
Universität Marburg, Bahnhofstr., 7, 35037
Marburg, Germany (2) Department of
Biological Sciences, Quaid�I�Azam
University, Islamabad 45320, Pakistan (3)
Department of Biology, Government

College, DG Khan 32200, Pakistan (4)
Institut für Medizinische Biometrie und
Epidemiologie, Philipps�Universität
Marburg, Bunsenstr. 3, 35037 Marburg,
Germany 
Non�syndromic syndactylies have been classi�
fied into five major types (I�V), all showing auto�
somal dominant mode of inheritance. Later, the
classification was extended and three addition�
al variants (VI�VIII) were defined. Type VII, the
Cenani�Lenz syndactyly, is the only non�syn�
dromic, autosomal recessive type. It is charac�
terized by fusion of all phalanges with
metacarpal synostosis, dislocated and dysplas�
tic carpals and infrequently, radio�ulnar fusion.
Here, we present a Pakistani family with a novel
non�syndromic autosomal recessive syndactyly
manifesting a unique combination of clinical fea�
tures. In both hands, reduction of certain pha�
langes is evident. Radiological examination
shows synostosis of third and fourth
metacarpals bearing single phalanges. The first
three toes are webbed, with hypoplastic termi�
nal phalanx in all the toes. The phenotype seg�
regating in our family is the second well docu�
mented autosomal recessive, non�syndromic
syndactyly. Since the clinical features had min�
imal overlap with syndactyly types I, II and III, we
have performed microsatellite marker screening
to look for the cosegregation of this phenotype
with any of the known loci for these respective
types. We show that the phenotype in our fami�
ly is not linked to chromosomal regions 2q34�
q36, 2q31 and 6q22�q23 encompassing loci for
syndactyly types I, II and III.

P 216

Disruption of the Pelota Gene Causes Early
Embryonic Lethality and Defects in Cell
Cycle Progression
Shirneshan, K., Steding, G., Korabiowska, M.,
Brinck, U., Hoyerfender, S., Engel, W., Adham,
I. M.
Institut für Humangenetik, Universität
Göttingen
Mutations in either the Drosophila pelota , pelo,
or the Saccharomyces cerevisiae homologous
gene, DOM34, cause defects of spermatogen�
esis and oogenesis in Drosophila, and delay of
growth and failure of sporulation in yeast. These
phenotypes suggest that pelota is required for
normal progression of the mitotic and meiotic
cell cycle. To determine the role of the pelota in
mouse development and progression of cell cy�
cle, we have established a targeted disruption of
the mouse Pelo. Heterozygous animals are vari�
able and fertile. Genotyping of the progeny of
heterozygous intercrosses shows the absence of
Pelo�/� pups and suggests an embryonic lethal
phenotype. Histological analyses reveal that the
homozygous Pelo deficient embryos fail to de�
velop past day 7.5 of embryogenesis (E7.5). The
failure of mitotic active inner cell mass (ICM) of
the Pelo�/� blastocyts to expand in growth after
4 days in culture and the survival of mitotic in�
active trophoplast indicates that the lethality of
Pelo null embryos is due to defects in cell prolif�
eration. Analysis of the cellular DNA content re�
veals the significant increase of aneuploid cells
in Pelo�/� embryos at E7.5. Therefore, the per�
centage increase of aneuploid cells at E7.5 may
be directly responsible for the arrested develop�
ment and suggests that Pelo is required for the
maintenance of genomic stability.
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Identification of an novel Lim domains
containing gene that interacts specifically
with Ror2
Verhey van Wijk, N. (1), Stricker, S. (1),
Schaeper, U. (2), Birchmeier, W. (2), Mundlos,
S. (1)
(1) Max Planck Institut f. molek. Genetik (2)
Max Dellbrück Centrum f. molek. Medizin
ROR2 is a membrane�bound receptor tyrosine
kinase, that belongs to a family of receptor tyro�
sine kinases with a conserved cytoplasmatic ki�
nase domain, distally located serine/threonine�
rich and proline�rich domains and several dis�
tinct extracellular domains, including an im�
munoglobulin, a cysteine�rich and a kringle do�
main. Ror2 has been implicated in chondroge�
nesis as shown by the severe chondrodysplasia
phenotype in Ror2 knock out mice. However, the
signalling pathways in which Ror2 participates
remain unidentified to date. Mutations in ROR2
have been described to be responsible for auto�
somal dominant brachydactyly type B (BDB) and
the autosomal recessive Robinow syndrome
(RRS). We used the cytoplasmatic part of ROR2
to perform yeast two hybrid�assays. We phos�
phorylated Ror2 by coexpression of constitutive�
ly active src kinase. In a second set of experi�
ments we used unphosphorylated cytoplasmat�
ic Ror2 as bait. Screening was performed
against a cDNA library obtained from mouse em�
bryos stage E9.5 to E10.5. In both screens we
were successful in identifying several clones that
are potential interaction partners. In particular,
we succeeded in identifying a novel Lim do�
mains containing protein that was shown to in�
teract with ROR2 in a phosphorylation inde�
pendent manner. The identified Lim protein in�
teracts specifically with Ror2 but not with other
tested receptor tyrosine kinases. Interaction
could be confirmed by co�immunoprecipitation
in 293�cells and was located to the distal ser�
ine/threonine� and proline�rich domains. This
Ror2 interacting partner is a novel member of
the Lim protein gene family. It locates to mouse
chromosome 7 and consists of 9 exons. Lim do�
main proteins belong to a diverse family that all
share different numbers of Lim domains, which
have been shown to mediate protein�protein in�
teractions. This and other identified potential tar�
gets may help to elucidate Ror2 signalling path�
ways.

P 218

TBX5, essential for heart formation, is not
associated with the etiology of transposition
of the great arteries (dTGA)
Muncke, N. (1), Weiss, B. (1), Rüdiger, H.J. (2),
Goodship, J. (3), Rappold, G. (1)
(1) Institut für Humagenetik, Universität
Heidelberg (2) Kinderklinik, Universität
Heidelberg (3) Institute of Human Genetics,
International Center for Life,  Newcastle
upon Tyne, UK 
Cardiac development is a complex process re�
quiring the integration of several signaling fac�
tors and cascades. TBX5, a member of the T�
box gene family, has turned out to be a major
player in the patterning of the heart during early
embryonic development, being involved in com�
partmentalization and septation processes. We
therefore addressed the question whether de�
fects in TBX5 are causative for the phenotype in
a group of patients displaying a transposition of

the great arteries (TGA). TGA reflects a septation
defect of the common outflow tract of the heart,
affecting 0.2 per 1000 live births. Despite this
high incidence very little is known about the reg�
ulating mechanisms. Screening 37 patients with
isolated TGA for mutations within the TBX5 gene
by means of direct sequencing, we identified
one missense mutation in exon 4, Asp111Tyr,
and two polymorphisms in intron 4 and the 3´
UTR, that were detected in similar frequencies
in control individuals. Our data suggest that
TBX5 mutations are not causative for TGA.

P 219

Novel genes expressed in human fetal
growth plate cartilage – characterization of
candidate genes for skeletal disorders
Tagariello, A. (1), Stauffer, K. (1), Zabel, B. (2),
Hankeln, T. (3), Schmidt, E.R. (3), Winterpacht,
A. (1)
(1) Institute of Human Genetics, University
of Erlangen�Nuremberg, Germany (2)
Children‘ s Hospital, University of Mainz,
Germany (3) GENterprise GmbH, Mainz,
Germany
Based on a unique human fetal growth plate car�
tilage cDNA�library an EST�project was initiated
in the context of the German Human Genome
Project. The project aims at the identification of
genes and pathways involved in bone growth
and differentiation. Candidate genes are expect�
ed to be of value for diagnosis and treatment of
monogenic and multigenic heritable disorders of
the skeleton. Here, we describe the further char�
acterization of two promising candidates from
this EST�project.Clone 86H12 corresponds to a
novel gene located on chromosome Xq, which is
represented only four times in the NCBI EST�
database. The 13 exons of the gene could be
verified by RT�PCR. Northern blot analysis
showed a fairly low expression in various tis�
sues. A strong expression was detected in pla�
centa and fetal cartilage. Analysis of the de�
duced putative protein structure anticipated 12
leucine�rich repeats. A significant sequence ho�
mology to biglycan and ECM2 as well as the fact
that the only four ESTs in the databases are from
two different osteoarthritic cartilage and a chon�
drosarcoma cDNA libary, make this clone an ex�
cellent candidate for further analysis. Conse�
quently, first expression studies have been per�
formed in different tissues including os�
teoarthritric cartilage using real time�PCR. The
data suggest that 86H12 is strongly expressed
in some normal and arthritic cartilage samples.
The second clone, 68F08, corresponds to a nov�
el hypothetical protein in man and mouse. We
verified the complete cDNA sequence by RT�
PCR. The main transcript detected by Multiple
Tissue Northern blot analysis is about 9 kb in
size. Protein domain analysis (SMART) revealed
a Thrombospondin N�terminal�like domain
(TSPN), a triple�helical domain with 335 Gly�X�
Y�repeats and a fibrillar collagen C�terminal do�
main  (COLF1). The domains are highly con�
served between man and mouse and indicate
that this gene most probably encodes a novel
fibril�forming collagen. Meanwhile the gene,
which is located on chromosome 9q, has been
submitted to the databases by P. Byers/Seattle
and was named COL27A1. The gene shows a
ubiquitous expression in several tissues and a
strong expression in developing skeleton. The
high homology to other fibrillar collagens in�
volved in skeletal development together with it’s

expression pattern makes COL27A1 an excellent
candidate gene for skeletal dysplasias.

P 220

Novel mutations of the androgen receptor
gene in patients with androgen insensitivity
syndromes
Jakubiczka, S., Wieacker, P.
Otto�von�Guericke�Universität Magdeburg
The androgen receptor gene, mapped to chro�
mosome Xq12, belongs to the subfamily of
steroid hormone receptor genes within a large
superfamily of ligand�responsive DNA�binding
transcription factors. Mutations within the andro�
gen receptor gene cause a spectrum of X�linked
recessive disorders that range from complete
androgen insensitivity (CAIS) (MIM 300068) over
partial androgen insensitivity (PAIS), such as
Reifenstein syndrome (MIM 312300) to minimal
androgen insensitivity syndrome (MAIS) or infer�
tile male syndrome (MIM 308370). So far, only
few recurrent mutations have been reported
while most patients have individual mutations,
the vast majority of them being missense muta�
tions. Nonsense�mutations and insertions or
deletions are rare. Here, we report on eight nov�
el mutations, six of which are missense muta�
tions (C614Y, I680T, P682A, M745I, M761T,
A870Q) identified in five patients being affect�
ed with CAIS and in one patient with PAIS, re�
spectively. In a patient affected with CAIS a du�
plication of a AGG triplett following nucleotide
2726 (2726_2727dupAGG) was detected. In a
further CAIS family DNA sequencing revealed a
13 bp deletion from nucleotide 2461 to 2473
(2461_2473delTGCTCTCTAGCCT), altering the
reading frame and leading to a premature termi�
nation codon at position 783. In a ninth patient
being affected with MAIS we found a missense
mutation (R840C), that was so far only reported
in patients with PAIS.

P 221

Effect of age on the frequency of
aneuploidies in human sperms
Ditzel, N. (1), Gläser, B (1), Sterzik, K (2)
(1) Universität Ulm, Abteilung Humangenetik
(2) Christian�Lauritzen�Institut
Inherited numerical chromosomal aberrations
can be deleterious to human reproduction and
to the viability and health of the offspring. Ma�
ternal age has been known to be the most im�
portant aetiological factor implicated in human
trisomy formation. In order to assess the possi�
ble risk of chromosomal abormalities in offspring
from older fathers, we investigated the effects of
age on the frequency of chromosomal aneu�
ploidy rates of human sperm, using the fluores�
cence in�situ hybridization (FISH) for the chro�
mosomes 13, 16 and 21. Semen sample were
collected from 16 men aged > 40 years and from
11 men aged < 38 years as controls. Multicolour
fluorescence in�situ hybridization was used to
determine the aneuploidy and diploidy frequen�
cies of chromosome 13, 16 and 21 using direct�
ly labelled DNA probes on decondensed sperm
nuclei. A minimum of 500 sperm per donor and
> 13000 sperms in total were evaluated. The av�
erage aneuploidy rate was 1,5% in spermatozoa
of older men and 1,4% in younger men. The
diploidy rate in spermatozoa of older and
younger men were 0% � 1,43% and 0% � 1,4%,
respectively. The incidence of aneuploidy was
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not significantly higher in older men (Wilcoxon
test p=0.21). The results suggest that men of ad�
vanced age still wanting to become father do not
have a significantly higher risk of procreating off�
spring with chromosomal abnormalities com�
pared with younger men.

P 222

Expression and functional analysis of ADAM
27
Bolcun�Filas, E. (1), Zawacka, A. (2), Nayernia,
K. (1), Engel, W. (1)
(1) Institute of Human Genetics, Georg�
August University Goettingen, Germany (2)
Copernicus University, Institute of General
and Molecular Biology, Laboratory of
Genetics, Torun, Poland 
ADAM 27 (also known as ADAM 18) is a mem�
brane�anchored sperm protein belonging to the
ADAM (A Disintegrin And Metaloprotease) fam�
ily of the proteins, which are proposed to be in�
volved in gamete interactions and membrane fu�
sion in mammals. This gene shows testis specif�
ic expression restricted to germ cells. Generat�
ed antibodies detect the protein on the posteri�
or sperm head. Interestingly, protein seems to be
relocated after the capacitation process, initial�
ly concentrated protein is present in a spot�like
structures on the surface of posterior sperm
head, than becomes diffused but still restricted
to the same area. Since ADAM 27 protein is de�
tected on the sperm it is proposed that this pro�
tein is taking part in the complicated process of
fertilization as an adhesion molecule. To deter�
mine what role ADAM 27 plays in fertilization, we
have expressed the putative extracellular do�
mains of mouse ADAM 27 in bacteria as a fusion
protein with maltose�binding protein and used in
in vitro assays to characterize its binding to
mouse eggs. In order to elucidate the physiolog�
ical function of ADAM 27 gene in vivo we have
disrupted its locus by homologous recombina�
tion. In the present study we report generation
of knock out mouse lacking functional protein
and its phenotype. Human orthologue gene
hADAM 18 was shown to be functional in con�
trast to three other non�functional well known
ADAM family genes.

P 223

Molecular and cellular approaches for study
of proliferation and differentiation of
spermatogonial stem cells
Jaroszynski, L., Lee, J. H., Li, M., Engel, W.,
Nayernia, K.
Institute of Human Genetics, Georg�August
University Goettingen, Germany
Male reproductive success ultimately depends
on the ability of the testis to produce prodigious
numbers of sperm at a consistent rate during the
spermatogenesis process. Spermatogonial stem
cells (SSC) initiate and maintain spermatogene�
sis in the seminiferous tubuli of the testis. To
perform this role, the SSC must self replicate as
well as produce daughter cells that can expand
and differentiate to form spermatozoa. The aims
of this study are to study the molecular and cel�
lular aspects of SSC proliferation and differenti�
ation. We started with expression analysis of
SSC expressed genes Tex18 and Stra8. Tex18 is
a novel gene which is localized on chromosome
10 of mouse and consists of only one exon.
1191 bp long mRNA of this gene is coding for 80

aa protein. Cellular localization of the gene is not
known yet. Stra 8 gene is localized on the
mouse chromosome 8. Its mRNA is 1455 bp
long and includes 9 exons. Expression of Stra 8
is induced by retinoic acid. Stra 8 protein is 393
aa long and is localized in cytoplasm. Using RT�
PCR analysis it was shown that expression of
these genes start in prenatal male germ cells (as
for now we know, that expression occurs at the
15,5 dpc) in the mouse and correlates with the
appearance of spermatogonial stem cells.Ex�
pression was also shown after birth (days 5�30)
and in the adult mice.Expression of both genes
was observed in mutant mice, Tfm/y, Insl3�/�,
olt/olt, qk/qk, but not in w/wv mice, which lack
any germ cells. Detailed functional and expres�
sion analysis of genes therefore provide an im�
portant step toward the elucidation of molecular
mechanisms underlying spermatogonial stem
cell division and differentiation. In second ap�
proach, we generated transgenic mouse lines
expressing a selective marker protein which is
specific for spermatogonial stem cells. For this
purpose we used the promoter region of Stra8
gene to direct expression of EGFP protein, as a
selective marker, respectively. Different trans�
genic lines were produced. These mice provide
a useful source for isolation and purification of
SSC by FACS sorting. Using differential screen�
ing of gene expression in purified SSC and testis
of germ cell�deficient mutant mice, SSC specif�
ic genes should be identified and analysed.

P 224

Low level gonosomal mosaicism in women
undergoing ICSI cycles
Voigt, R. (1), Schröder, A. (2), Hinrichs, F. (1),
Diedrich, K. (2), Schwinger, E. (1), Ludwig, M.
(3)
(1) Institut für Humangenetik, Universität zu
Lübeck (2) Klinik für Frauenheilkunde und
Geburtshilfe, Universität zu Lübeck (3)
Endokrinologikum Hamburg
Cytogenetic analyses of couples presenting with
male factor infertility show a higher frequency of
chromosomal abnormalities in infertile males
compared to unselected male newborns. There
is also an increased risk of low�level X�chromo�
somal mosaicism in female partners of couples
undergoing intracytoplasmic sperm injection
(ICSI). 891 consecutive females scheduled for
ICSI treatment had routine cytogenetic analysis
in our Institute from 1996�2001. 46 of them
showed chromosomal abnormalities, from which
35 were low�level gonosomal mosaicisms. For
these 35 women a control cohort of females with
normal karyotypes also scheduled for ICSI was
matched. To compare the incidence of low�lev�
el gonosomal mosaicism in the group of ICSI fe�
males to other females without fertility problems
due to male factor infertility, two further groups
were analysed: 294 consecutive females with re�
current abortions and 104 consecutive women
with clinical or cytogenetical affected children
who also had routine chromosome analysis. The
incidence of low�level gonosomal mosaicism in
the group of females with recurrent abortions
(25/294; 8.5%) was significantly higher than in
the group of females undergoing ICSI (35/891;
3.93%) (p<0.01). The incidence of low�level mo�
saicism was similar between the groups of ICSI
females and females with cytogenetical or clini�
cal affected children (6/104; 5.76%). Regarding
anamnestic factors like menarche, menstrual cy�
cle stability, treatment parameters and pregnan�
cy rates no significant difference for the females

undergoing ICSI with gonosomal mosaicism and
the females undergoing ICSI without chromoso�
mal abnormalities was found. We can conclude
from this case�control study that low�level gono�
somal mosaicism has no impact on the fertility
rate of females undergoing assisted reproduc�
tion.  Data about the incidence of low�level
gonosomal mosaicism of the general population
of females in the reproductive age without fertil�
ity problems or abortions are not known. It is
possible that there might be an increased risk of
habitual abortions in conjunction with low�level
gonosomal mosaicism. This, however, should be
addressed in a separate study.

P 225

A case of an unusual familial reciprocal
translokation 46,XX,der (14;15)(q10;q10),der
(14)t (14;15)(q10;p12)
Pleyers, A.�M. (1), Parczewska, J. (1), Schießel
, K. (2), Neulen, J.�L. (2), Lemmens , M.(1)
(1) Humangenetik, Eisenhütte 23, 52076
Aachen (2) Institut für endokrinologische
Gynäkologie und Reproduktionsmedizin,
RWTH Aachen 
We report a case of a de novo reciprocal translo�
cation. We obtained a blood sample of a 32 yaer
old woman and her husband from a centre of re�
production for cytogenetic analysis. The couple
is over three yaers childless and plan to under�
go ICSI�therapie. The male karyotyp (46,XY) was
normal. The female had the karyotyp: 46,XX,der
(14;15)(q10;q10),der (14)t (14;15)(q10;p12). At
first it seemed to be a normal Robertsonian
translocation with an additional very small mark�
er chromosom. But after further investigation
with NOR�banding, CBG�banding and FISH
analysis the result was an reciprocal transloca�
tion between the centromeric regions of the
chromosoms 14 and 15. To decide whether the
small chromosom obtains euchromatic material
or not a cytogenetic analysis of the parents and
the three brothers of our patient was performed.
The results: the mother and one of the brothers
were carriers of the same rearrangement as the
daughter respectively the sister; the second
brother had only the small chromosom
47,XY,+der (14)t (14:15)(q10;p12) and the third
brother was carrier of the Robertsonian translo�
cation 45,XY,der (14;15)(q10;q10). Because of
the random segregation of the translocated
chromosoms in healthy family members we can
assume that the small marker chromosom does
not carry euchromatic material.Therefore we
suppose that there is no increased risk but that
for missed abortion and uniparental disomy
14;15 (UPD). Adjacent segregants are invariably
lethal in utero (translocation trisomy 14, translo�
cation trisomy 15). UPD 14 and UPD 15 are pos�
sible outcomes, although the only proven case
is a child with UPD 15 (mat) (Smith et al.,
1993)(R. J. M. Gardner, G. R. Sutherland, 1996).
At this moment our patient is pregnant after
ICSI�therapie and wants to undergo prenatal di�
agnosis.
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Characterization of a conditional mouse�
model for alpha�synucleinopathies
Nuber, S. (1), Schmidt, Th. (1), Berg, D. (1),
Grasshoff, U. (1), Holzmann, C. (2), Schmitt, I.
(3), Neumann, M. (4), Bornemann, A.(5),
Zimmermann, F. (6), Prusiner, S.B. (7), Kuhn, W.
(8), Wree, A. (9), Riess, O. (1)
(1) Dept. of Medical Genetics,
Univ.Tuebingen (2) Dept. of Medical
Genetics, Univ.Rostock (3) Dept. of
Neurology, Univ.Bonn (4) Dept.of
Neuropathology, Univ.Munich (5) Inst.of
Brain Research, Univ.Tuebingen (6) Center
of Molecular Biology, Univ.Heidelberg (7)
Inst.of Neurodegenerative Diseases,
Univ.California, USA (8) St.Josef Hospital,
Bochum (9) Inst.of Anatomy, Univ.Rostock; 
The presynaptic protein alpha�synuclein is a ma�
jor component of Lewy bodies in the substan�
tia nigra and cortex of patients with alpha�synu�
cleinopathies, i.e. Parkinson´s disease, demen�
tia with Lewy bodies and other diseases. Patho�
genetic research of these diseases has been
rapidly advanced by the development of animal
models. By using the inducible tetracycline�re�
sponsive system, we have created a condition�
al mouse model of alpha�synucleinopathies. This
system allows expression of transgene, in this
case human wildtyp or mutated [A30P]alpha�
synuclein, to be turned off by oral administration
of tetracycline�analogs. In order to direct the ex�
pression of human alpha�synuclein to the brain,
we used both the prion protein promoter and the
CamKII�alpha promoter. We investigated the
conditional overexpression by performing West�
ern blot analysis with protein extracts from sev�
eral tissues and immunostaining of paraffin�em�
bedded brains. These analysis showed, that
double�transgenic mice express human alpha�
synuclein in a brain�specific manner, whereas lit�
tle alpha�synuclein was detected in tissues of
single�transgenic mice, carrying only the alpha�
synuclein construct. This pattern was mainly due
to cross�reaction of the ?human�specific? anti�
body. Histological analysis of transgenic mice at
different ages showed aberrant expression of the
human alpha�synuclein protein in cell soma but
no Lewy body�like alpha�synuclein�inclusions
could be identified, yet. Administration of doxy�
cycline, a tetracycline�analog, downregulates al�
pha�synuclein expression to basal levels in the
brain of double�transgenic mice. We currently in�
vestigate if elderly transgenic mice show a neu�
ropathological or a behavioral phenotype. Our
mouse�model may help to gain insights to the
precise role of human alpha�synuclein in the de�
velopment of synucleinopathies and will  be
used to demonstrate if neuropathological symp�
toms are reversible.

P 227

Molecular characterisation of the canine
HMGB1
Murua Escobar, H. (1,2), Meyer, B. (1), Richter,
R. (1), Becker, K. (1), Flohr, A.M. (1), Bullerdiek,
J. (1), Nolte, I. (2)
(1) Center for Human Genetics, University of
Bremen, Germany (2) Clinic for Small
Animals, School of Veterinary Medicine
Hanover, Germany 
As witnessed by a number of recent articles a
growing number of scientists predict that human
genetics will be ”going to the dogs” in this cen�

tury. Due to the emerging advantages of numer�
ous canine diseases as a genetic model for hu�
man orthologs, the dog could join the mouse as
the species of choice to unravel genetic mech�
anisms of e.g. cancer predisposition, develop�
ment, and progression. A very interesting gene
in terms of oncology is the high mobility group
protein gene B1 (HMGB1). This best analysed
member of the HMGB protein family, HMGB1
(synonymously known as HMG1 or amphoterin),
can modify chromatin structure by bending DNA
thus influencing the transcription of a number of
target genes. Beside its function as an architec�
tural transcription factor, HMGB1 can also be
secreted by certain cells, e.g. macrophages. As
an extracellular protein HMGB1 is a ligand for
the receptor for advanced glycation end prod�
ucts (RAGE) thus activating key cell signalling
pathways, such as p38MAPK, JNK, and
p42/p44MAPK and playing an important role in
inflammation and tumour metastasis. In our
studies we characterised the canine gene
HMGB1 on various levels. The canine cDNA se�
quence consists of 2236 bp spanning five exons
with a total homology of 90.8 % to its human
counterpart. The genomic structure of the gene
consists of the five exons and four introns of
which exon 1 (76 bp) and a contig spanning
exon 2 – exon 5 (3959 bp) were characterised.
Homology comparison to the human ortholog re�
vealed 98.7 % similarity for exon 1 and 73.9 %
for the contig spanning exon 2 – exon 5. The
protein deduced from the generated cDNA se�
quence is a 215 amino acid (AA) molecule with
a weight of 24892.67 Daltons. Homology com�
parison to the human counterpart showed 100%
homology of the molecules. The chromosomal
locus was mapped by FISH to CFA 25. Expres�
sion analyses by northern blot revealed two tran�
scripts of approx. 1.4 and 2.4 kb in various tis�
sues.

P 228

Runx2 and Runx3 Cooperate During
Cartilage Differentiation
Stricker, S. (1), Seeman, P. (1), Mundlos, S.
(1,2)
(1) Max Planck Institut für molekulare
Genetik Berlin (2) Institut für medizinische
Genetik, Charite, Berlin
Runx genes encode evolutionary conserved
transcription factors, that are involved in a vari�
ety of embryonic cellular differentiation path�
ways. Runx2 is an essential factor for bone for�
mation as demonstrated by the absence of os�
teoblasts/bone in Runx2 (�/�) mice. Runx2 also
is known as a positive regulator of cartilage dif�
ferentiation. Runx3 is expressed in TrkC positive
neurons and is essential for their survival. Addi�
tionally, Runx3 has been involved in intestinal
development and human gastric cancer. We
have shown previously, that Runx3 is expressed
in cartilage in distinct but partially overlapping
domains with Runx2. Here we show, that in the
chick Runx2 is expressed in domains compara�
ble to the mouse. In chicken micromass cul�
tures, Runx2 and Runx3 both weakly stimulate
chondrogenesis. Both proteins strongly induce
differentiation to Alkaline phosphatase positive
chondrocytes. These results indicate, that Runx2
as well as Runx3 positively influence chgondro�
genesis but play their main role in later steps of
chondrocyte differentiation. To asess the role of
Runx3 in vivo, we crossed a Runx�dominant
negative transgene on the Runx2 (�/�)�back�
ground. Double mutant mice exhibit a complete

block in chondrocyte differentiation in skeletal
elements that are only mildly affected in Runx2
(�/�) mice. Thus, we demonstrate that Runx3 is a
positive regulator of chondrocyte differentiation
in vivo, acting in concert with Runx2.

P 229

Microarray analysis of Calcium channel (P/Q
type) mutant mice (B6.D2�
Cacna1atg/tottering)
Bichelmeier, U., Poths, S., Bonin, M., Riess, O.
(1) Universität Tübingen, Medizinische
Genetik
Calcium controls diverse cellular processes,
which include muscle contraction, hormone or
neurotransmitter release, gene expression and
cell proliferation. To evoke these responses, mul�
tiple voltage�dependent Ca2+ channel types
form major Ca2+ entry pathways. Of these, P/Q
type Calcium channels are multisubunit com�
plexes and the channel activity is directed by a
pore�forming alpha�1 subunit, which is often suf�
ficient to generate voltage�sensitive Ca2+ chan�
nel activity. Spinocerebellar ataxia�6 is caused
by expansion of a CAG repeat in the coding re�
gion of the alpha�1A voltage�dependent calcium
channel subunit (Cacna1a). We analysed mice
with a mutation in Cacna1a (tottering mutant
mice) by microarray analysis.Tottering mice have
a nucleotide substitution in the calcium channel
alpha 1a gene, Cacna1a, which alters pore func�
tion of the protein product. So the RNA level of
Cacna1a is not affected in the microarray re�
sults. RNA for microarray analysis was isolated
from total mouse brains of homozygous mice for
the tottering mutation (Cacna1atg). Because
C57Bl6 is the genetic background of the totter�
ing mice, we used this mouse strain as a control.
Three 3 month�old males were analysed both for
the tottering and the wild type mouse strain with
the Affymetrix U74A array. For data analysis of
the microarrays we used the Affymetrix software
tool (MA
S 5
.0, MicroDB, DMT 3.0) and the internet portal
NetAFFX. We found 207 genes differently regu�
lated, which we could divide into 12 functional
groups. Only those genes, which were found in
at least 7 of 9 comparisons similarly adjusted,
were defined as differently expressed genes. We
will present the complex pattern of altered ex�
pression of neuronal genes in the tottering mice
to gain insights into the pathogenesis of cerebel�
lar diseases in humans.

P 230

Microarray analysis to define expression
networks altered in alpha�synuclein knock�
out mice (SNCA �/�)
Kuhn, M., Bonin, M., Poths, S., Rieß, O.
Department of Medical Genetics, University
of Tübingen
Alpha�synuclein plays a central role in the devel�
opment of Parkinson´s disease (PD) and repre�
sents the main component of intracellular pro�
tein aggregation (Lewy bodies) in PD patients.
The currently unknown function of alpha�synu�
clein and the complexity of the affected path�
ways led us to employ Microarray expression
profile analysis to gain insights into the patho�
mechanism underlying PD. RNA for chip�analy�
sis was isolated from total mouse brains of
SNCA�/�mice (Abeliovich, et al. 2000 / Jackson
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Laboratories). As controls we used mouse strain
C57Bl6 which is the genetic background of the
knock�out mice. Three 3�month�old males were
analysed for each model using the Murine
genome U74v2 oligonucleotide chip (Affymetrix,
USA).By comparing the microarray�data of
SNCA�/� mice with wild�type we used the follow�
ing conditions: At least 7 of 9 comparisons must
show a signal log ratio (SLR) of min +/� 0,75
(which means a Fold Change of +/�1.6). In con�
sideration of these points we found about 25
genes which are differently regulated in the
SNCA�/� mice. Most of the genes differently reg�
ulated between controls and synuclein knock�
outs are involved in vesicle transport. This is in
particular intriguing as alpha�Synuclein is
thought to be involved in vesicle transport in
dopaminergic neurons. Interestingly, one of
these down regulated genes, which also is part
of the vesicle transport cascade, is the Ataxia
telangiectasia mutated (ATM) gene. In current
studies we investigate, which of the down regu�
lated proteins interact directly with alpha�synu�
clein. Furthermore, it will be interesting to learn
the dependence of expression regulation be�
tween the differentially regulated genes. Using
this approach we hope to establish expression
profile networks to further gain insights into the
role of alpha�synuclein in the pathogenesis of
PD.

P 231

A TSPY transgenic mouse line
Schubert, S. (1), Skawran, B. (1), Dechend, F.
(2), Nayernia, K. (3), Meinhardt, A. (4), Nanda, I.
(5), Schmid, M. (5), Engel, W. (3), Schmidtke, J.
(1)
(1) Institut für Humangenetik, Medizinische
Hochschule Hannover (2) Labor für
Zytogenetik und Molekulargenetik
Hildesheim (3) Institut für Humangenetik,
Universität Göttingen (4) Institut für
Anatomie und Zellbiologie, Justus�Liebig�
Universität (5) Institut für Humangenetik,
Universität Würzburg
We have generated a transgenic mouse line har�
bouring a complete structural human TSPY
gene. FISH analysis shows that the human TSPY
transgene is integrated to a single chromosome
of the transgenic mice and the transgene inte�
gration site maps ectopically to the distal long
arm of the Y chromosome. The human TSPY
construct was introduced into the mouse
genome in  approximately 50 copies. The trans�
gene is correctly transcribed and spliced  ac�
cording to the human pattern and is mainly ex�
pressed in testes. Within the testes we identified
spermatogonia and early primary spermatocytes
as TSPY expressing germ cells. With the estab�
lishment and molecular genetic characterization
of a transgenic TSPY mouse line, an easy to ma�
nipulate in vivo model for further investigations
of regulation, expression and function of human
TSPY is available.

P 232

Searching for maternal uniparental disomy
of chromosome 11 (UPD11)  in Silver�
Russell syndrome patients
Obermann, C. (1), Meyer, E. (1), Wollmann, H.A.
(2), Eggermann, T. (1)
(1) Institut für Humangenetik Aachen (2)
Universitätskinderklinik Tübingen

Silver�Russell syndrome (SRS) is characterised
by pre� and postnatal growth restriction (PNGR)
and a characteristic small, triangular face ac�
companied by other dysmorphic features includ�
ing fifth finger clinodactyly and skeletal asymme�
try. The syndrome is genetically and clinically
heterogeneous and various genetic findings
have been associated with SRS. However, only
chromosomes 7 and 17 have been consistently
implicated in SRS patients.  In up to 10% of SRS
maternal uniparental disomy for chromosome 7
has been demonstrated. As SRS seems to have
a heterogeneous background other chromo�
somes may also be involved. We focused on
chromosome 11 as a possible candidate region
in the aetiology of SRS on the basis of the fol�
lowing observations: Firstly paternal UPD
(11p15) is associated with Beckwith�Wiedemann
syndrome (BWS) resulting in overgrowth. Fur�
thermore three cases of maternal duplication of
11p15 were recently described in association
with growth retardation, two of which showed a
SRS�like phenotype.To elucidate whether mater�
nal UPD11 is a common finding in growth retar�
dation and SRS, we screened 46 SRS patients
and their parents for mUPD (11). Hereby we fo�
cused on the region 11p15 in which the BWS
critical region is localised. Six microsatellite
markers between the markers D11S922 and
D11S1758 were analysed by fluorescent PCR
and subsequent gel electrophoresis. Data were
evaluated by using the ABI377 DNA sequencer.
No case of maternal UPD (11) could be detect�
ed in any of the 46 cases by the use of the
aforementioned methods. However, partial UPDs
of other regions of chromosome 11 could not be
excluded. Nevertheless, UPD of the chromo�
some 11 region which appears to be involved in
growth is not a major cause for SRS.

P 233

Dysproportional growth retardation and
multiple bone dysplasias in three different
highly consanguineous sibships
Kennerknecht, I. (1), Hämmerle, J.M. (2), Zega,
A.I. (3)
(1) Institut für Humangenetik der Universität
Münster (2) Yayasan Pusaka Nias,
Gunungsitoli, Nias, Sumatra Utara,
Indonesia (3) Pemerintah Kabupaten Nias,
Dinas Kesehatan, Gunungsitoli
In the course of population genetic studies on
the island of Nias/North Sumatra/Indonesia we
came across familial disproportionate short
stature and bone dysplasias such as mid�face
hypoplasia, scoliosis, bowing of the long bones,
rhizomelic shortening of the arms, incomplete el�
bow extension, and brachymetapodia. As ex�
pected in a highly inbred family of more than 100
members we could also find the same malforma�
tions in both sexes in sibs of two other distant
branches. This suggests it to be an autosomal
recessive entity. Two of the 3 sibships could be
studied with 4 of 7 and 4 of 5 affected individu�
als, respectively. Within a sibship phenotypic ex�
pression is quite similar but differs in some as�
pects in the other sibship. Mid�face hypoplasia
is common in all affected probands of both sib�
ships whereas in the second sibship there was
no scoliosis, growth retardation was less and the
hands and feet were milder affected. This is
compatible with endogenic and/or exogenic
modifiers. A genome wide scan is in progress.

P 234

Identification of the second mutation in the
grey lethal gene in human malignant
infantile osteopetrosis
Ramirez, A. (1), Faupel, J. (1), Stiller, A. (1),
Beyer, S. (1), Stöckel, C. (1), Hasan, C. (2),
Bode, U. (2), Propping, P. (1), Kubisch, C. (1)
(1) Institut fuer Humangenetik Bonn (2)
Zentrum fuer Kinderheilkunde Bonn
Malignant infantile osteopetrosis is characterized
by osteosclerosis, hepatosplenomegaly and
pancytopenia, becoming apparent during the
first months of life. The pathophysiology is due
to an osteoclast dysfunction leading to an inad�
equate bone resorption. Mutations have been
found in the human a3 subunit of the H+�ATPase
and the voltage�gated chloride channel CLCN7.
In a small inbred family with malignant infantile
osteopetrosis no mutation was found in the a3
subunit of the H+�ATPase nor in CLCN7. In this
family, we excluded several candidate gene loci
which in mice cause severe osteopetrosis by
linkage analysis, among them c�FOS on 14q24,
c�SRC on 20q11, OPGL on 13q14, CSF�1 on
1p13. We also investigated a locus on chromo�
some 6q21 flanked by the genes Fyn and Ros1,
which is syntenic to a region of mouse chromo�
some 10, where the causative gene for the os�
teopetrotic mouse grey lethal has been mapped.
In our family, we detected homozygosity for a re�
gion spanning approximately 15cM between the
markers D6S1717 and D6S287. Interestingly, the
comparison of the grey lethal region between
both species revealed an inversion on the hu�
man locus putting the human grey lethal locus
centromeric to Fyn. We conducted a mutation
analysis on several functional candidate genes
in this critical region, which revealed no
causative alterations. Recently mutations in a
novel gene of unknown function in this region
were described in the grey lethal mouse and in
one human family. Based on the published data,
we performed a mutation analysis in all six ex�
ons and the corresponding intron/exon bound�
aries of the grey lethal gene. A homozygous
two�base pair deletion was found in the child in
exon 2, both parents were heterozygous for this
deletion. In summary, we describe here the iden�
tification of the second human family carrying a
mutation in the grey lethal gene responsible for
autosomal recessive malignant infantile os�
teopetrosis.

P 235

Is intrauterine growth modulated by
variations in the insulin gene variable
number of tandem repeats locus and a
variation in the gene for insulin�like growth
factor�1?
Landmann, E. (1), Geller, F. (1), Schilling, J. (2),
Hospes, B. (2), Gortner, L. (2)
(1) Universität Marburg (2) Universität
Giessen
Background: Intrauterine growth retardation
(IUGR) affects approximately 10% of all new�
borns. Associations between IUGR and in�
creased risks for type 2 diabetes and cardiovas�
cular disease later in life are well established. In�
sulin and insulin�like growth factors 1 and 2
(IGF�1 and�2) are essential intrauterine growth
factors. Common genetic variations in their en�
coding genes might explain the association be�
tween low birth weight and the predisposition for
metabolic syndrome. An association between
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birth weight and genetic variations in the insulin
(INS) gene variable number of tandem repeats
(VNTR) locus has been described. Newborns
with genotype III/III, which is present in 10% of
all Caucasians, were shown to be longer and
heavier at birth (Dunger, Nature Genetics 1998).
In vitro, it could be shown that the length of the
INS VNTR locus influences transcription of INS,
which might explain this association (Bennett,
Annu Rev Genet 1996). Absence of the wild�type
allele of a polymorphism in the promotor region
of the IGF�1 gene is associated with low birth
weight (Vaessen, Lancet, 2002) as well as with
diminished insulin�secreting capacity, and an in�
creased risk of type 2 diabetes and myocardial
infarction (Vaessen, Diabetes 2001). Aims of the
study: We thus investigated in 1400 six�year�old
Caucasian children living in the region of
Giessen, Germany, whether an association ex�
ists between birth weight and the polymor�
phisms in the INS VNTR region and the IGF�1�
promotor gene.The secondary aim of the study
was to investigate whether children with IUGR
show an increased rate of obesity and an in�
creased blood pressure as early symptoms of
metabolic syndrome. Furthermore we aimed to
study whether there is an association between
these symptoms and the polymorphisms under
study. As the datasets of the questionnaires and
the genotype information are currently trans�
ferred to the database, the results of this study
will be presented at the meeting.

P 236

Relationship between different clinical
diagnoses of short stature: implications for
genetic studies
Schröter, F. (1), Dempfle, A. (1), Hagemann, S.
(2), Ringler, G. (1), Gortner, L. (2), Wudy, S. (2),
Hebebrand, J. (3)
(1) Universität Marburg, IMBE (2) Universität
Gießen (3) Universität Marburg, KJP
Short stature is a common concern in pediatric
practice and stature is known to be highly heri�
table (heritability approx. 80%). Constitutional
delay in growth and puberty (CDGP, defined via
small stature � less than 3rd age� and sex�spe�
cific percentile �, bone age retardation of at least
one year and the absence of any other specific
underlying disorder), familial short stature (FSS,
short stature and lower confidence limit of adult
target height as determined from parental
heights also below 3rd percentile) and idiopath�
ic short stature (ISS, short stature, no underly�
ing disorder) are considered normal variations in
growth and seem to cluster in families. To inves�
tigate whether these clinical definitions represent
useful entities for molecular genetic studies, we
retrospectively collected clinical and anthropo�
metrical data on 304 children and their parents
who presented because of short stature at the
endocrinological out�patient unit of the Univer�
sity Childrens Hospital Gießen in 2000 � 2002.
We find that 24.5% of these children were diag�
nosed with CDGP, 7.5% with FSS, 29.5% with
both and 8.2% with ISS. When comparing the
two differentiating features, bone age retardation
(CDGP vs. FSS and ISS) and target height (FSS
vs. CDGP and ISS), we do not find bimodal dis�
tributions which would be expected if the con�
ditions are clearly distinct. In the CDGP and ISS
groups, parental heights are mostly just above
the threshold for FSS and in the FSS and ISS
groups many children also have delayed bone
age, but less than one year. Growth and puber�
tal development of parents were not different in

the groups. The large overlap of 29.5% with
CDGP and FSS also underlines the close rela�
tionship between these conditions. We conclude
that the clinical differentiation as based on the
thresholds for target height and bone age retar�
dation does not reflect a truly different underly�
ing etiology. Based on these retrospective analy�
ses, we decided to use an affected sib pair de�
sign and prospectively recruit CDGP, FSS and
ISS patients in order to perform a linkage
genome scan scheduled for the end of 2003 in
an attempt to identify chromosomal regions and
subsequently genes related to growth and de�
velopment. Detailed physical examination and
laboratory tests are used to exclude any other
disorders underlying the short stature (such as
growth hormone deficiency, Turner’s syndrome,
dystrophy). For inclusion, one sib has to be be�
low the 5th height percentile, the other below
the 15th. Bone age and data on body weight
and eating behavior are collected as secondary
phenotypes. Acknowledgements: We thank the
patients and their families for their participation.
This study is supported by the National Genome
Network (NeuroNetz Marburg; BMBF).

P 237

Two�step inactivation of the tissue non�
specific alkaline phosphatase (ALPL) gene
during progression of meningiomas by
deletion plus promotor 
Prowald, A. (1), methylationVater, K. (2), Peters,
J. (2), Ketter, R. (1), Henn, W (2), Feiden, W (3),
Zang, K. D. (2), Steudel, W.�I. (1)
(1) Neurochirurgische Klinik, Universität des
Saarlandes (2) Institut für Humangenetik,
Universität des Saarlandes (3) Institut für
Neuropathologie, Universität des
Saarlandes
Microscopic deletions of chromosome 1p in�
cluding bands 36.1�34 and loss of expression of
tissue non�specific alkaline phosphatase (also
called liver/bone/kidney�type ALPL; gene locat�
ed on 1p36.1�34), i.e., inactivation of both alle�
les in the tumor tissue are strongly associated
with progression of meningiomas, indicating a
growth�suppressing function of ALPL or in com�
bination with a closely linked gene in normal
meninges and low�grade meningiomas. We in�
vestigated different possible mechanisms for the
somatic inactivation of this enzyme. One possi�
bility is inactivation by mutation of the ALPL
gene. ALPL sequencing showed indeed a muta�
tion known from hypophosphatasia patients in 1
out of 10 meningiomas. A second possibility is
down�regulation of ALPL transcription by DNA
methylation. The ALPL gene has two promotors
(liver�type and bone�type) which are active in a
tissue�specific manner. In all analyzed menin�
giomas only the bone�type ALPL gene promotor,
which is CpG�rich, was active. CpG�rich promo�
tors can be regulated by DNA methylation. By
high�resolution bisulfite genomic sequencing of
six meningiomas, we found elevated levels of
methylation in the meningioma�specific bone�
type ALPL gene promotor. In primary cell cul�
tures of meningiomas treated with 5�azacytidine
� an inhibitor of DNA methylation � for 6 days,
we found increased amounts of ALPL tran�
scripts, supporting the notion of in vivo down�
regulation by promotor DNA methylation. We
conclude that the tissue non�specific alkaline
phosphatase gene can be somatically silenced
in a two�step process through deletion of one al�
lele plus methylation of the second allele, con�

stituting a crucial step in the progression path�
way of meningiomas.

P 238

Identification of a novel retina�specific
gene, C12orf3, encoding a putative
transmembrane protein.
Benz, P.M., Schulz, H., Weber, B.H.F., Stöhr,
H.
Institut für Humangenetik, Universität
Würzburg
Age�related macular degeneration (AMD) is a de�
generative retinal disease of multifactorial gen�
esis ultimately causing severe, irreversible loss
of visual acuity. To date, little is known about the
genetic factors conferring susceptibility to AMD.
In our effort to identify candidate genes, we
cloned C12orf3, a novel gene of 26 exons local�
ized to chromosome 12p13.3. Quantitative re�
verse transcriptase (qRT)�PCR and Northern blot
analysis demonstrate that this gene is exclusive�
ly expressed in the retina suggesting an impor�
tant role of this protein in the retinal tissues. The
3950 bp mRNA of C12orf3 is coding for 1002
amino acids with a calculated mass of approxi�
mately 114 kDa. Transmembrane prediction pro�
grams suggest a secondary structure with eight
transmembrane helices. Searches in protein
databases identified at least three hypothetical
proteins with high similarity to C12orf3 indicat�
ing the presence of a novel family of transmem�
brane proteins. As a first step to address func�
tional aspects of C12orf3 and its possible impli�
cation in retinal disease, we first aimed to estab�
lish the cellular and subcellular localization of
C12orf3. Towards this goal, polyclonal antisera
were raised in rabbits and mice immunized
against fusion proteins representing various
C12orf3 epitopes. Sera have been used for
Western blotting analysis as well as for immuno�
cytochemical studies. In addition, heterologous
expression of C12orf3 in 293�EBNA cells facili�
tated the subcellular localization of the protein.
Immunofluorescence microscopy on mouse eye
sections show that C12orf3 is expressed main�
ly in both rod and cone outer segments. This in�
dicates that C12orf3 may play a role in the struc�
tural organization of the photoreceptors or, alter�
natively, may be involved in the phototransduc�
tion pathway.

P 239

Expression analysis of DNA�repair related
genes in Fanconi anemia fibroblasts using a
medium density cDNA microarray
Galetzka, D. (1), Kalb, R. (2), Schindler, D. (2),
Haaf, T. (1)
(1) Universität Mainz, Institut für
Humangenetik (2) Universität Würzburg,
Institut für Humangenetik
Microarrays can be used for simultaneously
quantifying the expression of multiple genes in
parallel, thus providing the basis for identifying
genes that are differentially expressed in distinct
cell types, developmental or disease stages. We
have developed a specialized cDNA microarray
with approximately 500 genes involved in the
different DNA repair pathways. This DNA repair
chip allows us to monitor the mRNA expression
levels in a complex disorder such as Fanconi
anemia (FA). FA�patients are characterised by
congenital abnormalities, bone marrow failure,
and a high risk of developing acute myeloid
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leukaemia and squamous cell carcinomas. Sev�
en FA genes have been cloned, and some or all
of their products were found to interact with
well�known DNA damage response proteins, in�
cluding BRCA1, ATM, BLM and NBS1. Thus, FA
proteins are likely to be involved in cell�cycle
checkpoint (s) and DNA repair. The cellular sen�
sitivity of FA cells towards DNA crosslinking
agents and the discovery of BRCA2 as a bone
fide FA�gene suggest a role for FA proteins in
homologous recombination�mediated repair.
Disruption of the FA pathway results in chromo�
some instability, a cytogenetic hallmark of many
human cancers. To evaluate the effects of FA
mutations on DNA�repair gene expression, the
mRNA expression patterns of fibroblasts from
six different FA complementation groups were
analysed. The gene expression patterns were
found to differ between complementation
groups, suggesting separate or additive roles of
the various FA�proteins in specific DNA repair
pathways.

P 240

Towards the functional analysis of innate
host defense peptides on human chr. 8p23
Siddiqui, R.A. (1), Luge, C. (1), Reichwald, K.
(1), Möllmann, U. (1), Zipfel, P. (1), Harder, J.
(2), Schröder, J.M. (2), Platzer, M. (1)
(1) Institut für Molekulare Biotechnologie,
Hans�Knöll�Institut, Jena (2) Klinik für
Dermatologie, Universität Kiel
Defensins (DEF) are small disulfide�bridged,
cationic peptides contributing to innate host de�
fense of higher organisms against microorgan�
isms and enveloped viruses. They are character�
ized by typical disulfide patterns, and classified
as alpha� and beta�defensins (DEFA, DEFB), and
the cyclized rhesus�theta�defensin (RTD).  Five
alpha�  (DEFA1�4, HE2/EP2), four beta�defensin
genes (DEFB1�4), and RTD pseudogenes are
clustered on human chr. 8p23, we  have charac�
terized on two contigs of 0.7 and 0.3 Mb
(http://genome.imb�jena.de ).The defensins per�
meabilize cell membranes mediated by the pos�
itively charged and amphipathic peptide back�
bone. However, they show little primary struc�
ture conservation, that presumably accounts for
their high variation in antimicrobicidal capacity
and in salt�resistance. By random and site�di�
rected mutagenesis of recombinantly expressed
DEFB3 (1, 2) we have constructed variants with
a different relation of positive charges and hy�
drophibicity in the DEFB3 backbone, which are
tested against E. coli, Pseudomonas aeruginosa,
Salmonella spec., and Staphylococcus aureus to
understand the structure�function�relationship of
the broad�spectrum antimicrobicidal activity and
salt resistance.

P 241

Extended in vitro lifespan of porcine
hepatocytes by transfection with the gene
for the human catalytic subunit of
telomerase reverse transcriptase
Fiedler, W. (1), Reinicke, D. (1,2), Aurich, H. (1),
Christ, B. (1), Fleig, W. (1), Ballhausen, W.G.
(1,2)
(1) Klinik und Poliklinik f. Innere Medizin I,
Martin�Luther�Universität Halle�Wittenberg
(2) Klinik und Poliklinik f. Innere Medizin I �
Sektion Molekulare Gastroenterologische

Onkologie, Martin�Luther�Universität ;
Halle�Wittenberg 
As in vitro maintenance of primary hepatocytes
is difficult the availability of liver cells is limited.
Improvement of the expansion of hepatocytes in
cell culture would provide a new source of liver
cells for several downstream applications. It has
been shown for some human somatic cells that
the reconstitution of telomerase only resulted in
infinite proliferation without oncogenic transfor�
mation. Thus, as an initial model, we tried to
stimulate the proliferation of porcine hepato�
cytes by ectopic expression of the gene for the
human catalytic subunit of telomerase reverse
transcriptase (hTERT). For that, porcine primary
hepatocytes were obtained by perfusion the liv�
er with collagenase after total hepatectomy. The
cells were transfected in several attempts with
hTERT cloned in an eukaryotic expression plas�
mid. In two independent approaches transfect�
ed cells still proliferate since now 5 months un�
der specific culturing selection whereas the non
transfected control cells died in the meanwhile.
Determination of the telomerase activity by
TRAP assay revealed active telomerase in these
cells in comparison to untransfected control
cells. The maintenance of the hepatocytic char�
acter and the telomere lengths are currently un�
der investigation. The establishment of immor�
talized hepatocytes by ectopic expression of
telomerase without oncogenic transformation
could be helpful for the development of a human
bioartifical liver.

P 242

Functional characterisation of the nuclear
localisation signal in the bHLH transcription
factor TWIST
Singh, S., Godmann, M., Kosan, C., Kunz, J.
Philipps�Universität Marburg, Zentrum für
Humangenetik
TWIST, a bHLH transcription factor, regulates its
target genes as a heterodimer with other HLH
proteins. Mutations in the TWIST gene are de�
scribed to cause the Saethre�Chotzen syndrome
(SCS; MIM #101400), an autosomal dominant
craniosynostosis syndrome. It ischaracterised by
the premature fusion of coronal sutures which
leads to skull deformation, accompanied by limb
abnormalities of variable severity and facial dys�
morphisms.Several domains of the TWIST pro�
tein, i.e. the glycin�rich domain, the basic do�
main and two conserved classical NLS motives
(NLS1 and NLS2), have previously been dis�
cussed as possible nuclear localisation signals.
In an immunofluorescence assay, several myc�
tagged deletion constructs of the TWIST protein
were analysed in order to determine, which of
the mentioned motives are responsible for nu�
clear localisation/import. Human U2OS os�
teosarcoma cells were transiently transfected
with the generated deletion constructs. The
transfection experiments indicated that the re�
gion upstream of NLS1 is not necessary for nu�
clear localisation. The other constructs, howev�
er, were localised in the cytoplasm. In order to
analyse the functionality of the classical nuclear
localisation signals in more detail, NLS1 and
NLS2 were destroyed by site�directed mutage�
nesis. Transfection experiments were performed
again. Only NLS1 seems to be essential for nu�
clear transport of TWIST. Subsequent cotrans�
fection analysis of the NLS1�mutated construct
and E12 � a putative heterodimerisation partner
– led to a compensation of the mislocalisation:
nuclear localisation of TWIST could be observed

in spite of the non�functional NLS1. Therefore
we conclude that there is a co�import of TWIST
and E12 as a heterodimer using the functional
NLS of E12.

P 243

Identification and Characterization of the
Human OSF�2�Promoter as a Potential
Target for Regulation by TWIST
Uebe, S., Singh, S., Hock, A., Kunz, J.
Zentrum für Humangenetik, Philipps�
Universität Marburg, Germany
We have identified the human homolog of the
mouse Periostin Gene by BLAST searches and
literature research. The homology of the human
and mouse genes was subsequently confirmed
by alignments of proteins, mRNA and the pro�
moter sequences of both the human and the
mouse gene. Two pieces of different lengths of
the human OSF�2 promoter – one 1000 bases
upstream of the mRNA start, the other 500
bases upstream of it – were cloned into pGL3�
Basic, and the effect of cotransfection with a
TWIST overexpressing vector carrying a CMV�
promoter or an Actin�C5�promoter – depending
on the cell line – was measured by dual lu�
ciferase assay in OHS, a human osteosarcoma
line, and SL�2, a Drosophila embryonic meso�
derm�derived cell line, the latter being used to
prevent unspecific background effects found in
human systems. The results indicate that OSF�
2 is upregulated by TWIST after at least 48 hours
of incubation if cells are not confluent. In all oth�
er cases, we see a downregulation as it is usu�
ally reported for TWIST. By a consensus search
(CANNTG) we have found four potential E�Box�
es in the putative promoter area of OSF�2, at
least one of which we suspect to be a TWIST
box. Site�directed mutagenesis was performed
to generate point mutations in all four potential
E�Boxes. Luciferase assays with the mutated
promoters show an effect of some mutations on
regulation by TWIST. Furthermore, cotransfec�
tion with overexpressed TWIST and E12 showed
a very strong downregulation on the Actin�C5
promoter, but only if both Proteins are overex�
pressed. If an OSF�2 promoter was cotransfect�
ed with those two Proteins, this downregulation
was strongly inhibited, likely due to sequestra�
tion effects of the OSF�2 promoter, which further
identifies it as a potential target for the binding
of TWIST heterodimers.

P 244

The homoallelic complementation of the
Lys423Glu MYOC mutation is resembeld by
a protective effect in heterologous
expressing insect cells
Oezbey, S., Michels�Rautenstrauss, K.,
Rautenstrauss, B.
(1) Institute fuer Humangenetik, Erlangen
Mutations in the MYOC gene are responsible for
about 3.5% of juvenile open angle glaucoma
(JOAG) patients. A large glaucoma pedigree,
harbouring the Lys423Glu mutation in homo�
and heterozygous state was reported. Surpris�
ingly the homozygous carriers do not develop a
glaucoma, but the heterozygous ones. Hence it
was interesting to investigate possible effects of
this mutation compared to others in homo� and
heterallelic conditions on a cellular level. The bi�
ological function of MYOC remains unknown,
but a transmembrane domain and some adhe�
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sive properties were predicted. Since Myelin
Protein Zero (P0) belongs to the adhesion mole�
cules, the P0 expressing insect cells was con�
sulted as a reference expression system. We
have investigated the effects of hetero� and ho�
moallelic expression of different mutant forms of
MYOC in insect cell lines. Cultured cells were
cotransfected with wildtype MYOC�GFP and
mutant forms of MYOC not fused to a reporter
gene. An insect cell expression vector (pIB/V5�
His, Invitrogen) was modified (pEXIV) to express
the mutation Lys423Glu in frame with GFP, while
a second one was constructed to determine any
unexpected effects of GFP on the expression. A
Gln368stop and a Pro370Leu MYOC mutation
have been investigated similarly. An adhesion
test performed with cells cotransfected with wt�
MYOC and the 3 mutated constructs did not
lead to any increased cell�cell adhesion com�
pared to cells expressing P0, the peripheral
myelin „glue“. Using fluorescence microscopy
the mutation carrying cells revealed the same in�
tracellular localization in the cytosol and vesicles
as the MYOC wildtype. An MYOC accumulation
in these vesicles followed by a cell death was
observed. Surprisingly the cells expressing the
Lys423Glu mutation homoallelic showed a sev�
eral hours retarded entrance of the cells (trypan
blue uptake) compared to the overexpressed
wildtype. This indicates a reduced cytotoxicity
of this MYOC variation on the cells. Retarded
cell death due to Myocilin accumulation in cy�
tosolic vesicles indicates that the mutated pro�
tein has indeed a protective effect supporting
the hypothesis of homoallelic complementation
in glaucoma patients.

P 245

Gene expression in superficial bladder
carcinoma
Kuschel, C. (1), Huland, H. (2), Friedrich, M. (2),
Finckh, U. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Hamburg�Eppendorf,
Hamburg, Germany (2) Klinik und Poliklinik
für Urologie, Universitätsklinikum Hamburg�
Eppendorf, Hamburg, Germany 
This study was designed to combine gene ex�
pression profiling with analysis of genetic alter�
ations in superficial transitional cell carcinoma
(TCC) of the urinary bladder. Ten patients under�
went transurethral resection (TUR) of a pTa/pT1
GI�III�tumor. We analyzed gene expression pro�
file and DNA microsatellites both in tumor and
mucosa specimens. Each tumor specimen was
compared directly with its mucosal counterpart.
Specimen DNA and RNA were prepared simul�
taneously using trifast reagent kit (MRC Inc.).
Ten microsatellite markers were analyzed using
PCR and fluorescence�based detection system
ABI 310 and GeneScan software (Applied
Biosystems). Expression data were obtained by
using hybridization of radioactively labelled
specimen cDNA to ATLAS HumanCancer 1.2Ar�
ray (Clontech) representing 1176 tumor�related
genes. In six out of the ten patients we found at
least one microsatellite alteration like loss of het�
erozygosity (LoH) or allelic imbalance (AI). Com�
bined statistical analysis of the ATLAS�arrays re�
vealed 77 differentially expressed genes, with 48
of them being up�regulated and 29 down regu�
lated in tumor. Among the latter ones there were
several transcripts of proteins of extracellular
matrix including collagens 6, 8, 11, 16, and 18.
Preliminary cluster and tree analysis of the ex�
pression data separated two major branches,

the first one grouping together all but two of the
tumors and the second one containing all mu�
cosa samples in addition to two tumor samples.
Interestingly, these two tumor samples were
among the four samples without microsatellite
alterations. Therefore, we cannot exclude that
these two samples were not suitable for molec�
ular analyses due to a reduced proportion of tu�
mor cells in specimen. The clustering of the two
other microsatellite�negative tumor samples to
the tumor branch suggests that the number of
microsatellites should be increased in order to
improve the diagnostic power of this method.
There were some physically closely neighboring
genes down regulated in tumors suggesting the
possibility of a loss of at least one allele, respec�
tively due to chromosomal deletions. This could
be further investigated by detailed microsatellite
analysis of the suspected chromosomal regions.
[Supported by DFG, FR 1397/2�1; correspon�
dence: finckh@uke.uni�hamburg.de]
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A new array�based diagnostic tool for
detection of uniparental disomy?
Altug�Teber, Ö. (1), Bonin, M. (1), Mau, U. (1),
Dufke, A. (1), Poths, S. (1), Gillessen�Kaesbach,
G. (2), Eggermann, T. (3), Riess, O. (1)
(1) Medizinische Genetik, Universität
Tübingen (2) Institut für Humangenetik,
Universität Essen (3) Institut für
Humangenetik, Universität  Aachen
Uniparental disomy (UPD) occurs when an off�
spring receives both copies of a particular chro�
mosome or part of a chromosome from only one
of its parents. Recent studies have revealed that
problems arise if the transmitted chromosome or
part of a chromosome contains the so�called
”imprinted genes”. The imprinted allele is the
one switched off and the term ”genomic imprint�
ing” describes a process underlying differences
in expression of a gene according to its parental
origin. UPD may lead to an imbalanced expres�
sion of these imprinted genes and cause an ab�
normal phenotype. To date, UPDs with a pheno�
typic relevance are described for different chro�
mosomes. Among them are Prader�Willi syn�
drome (maternal UPD15), Angelman syndrome
(paternal UPD15) and Silver�Russell syndrome
(maternal UPD7) which are classical examples of
UPD related to imprinted genes. However, it is
likely that additional not yet identified UPD phe�
notypes exist. A whole genome search for UPDs
is time consuming and laborious. We thought to
use the oligonucleotide microarray analysis to
approach the problem of whole genome UPD
search. As a first step, we therefore analyzed
single nucleotide polymorphisms (SNPs) in six
families (child and mother/father) where the child
was already diagnosed of having Prader�Willi
syndrome, Angelman syndrome or Silver�Russell
syndrome. Oligonucleotide microarray analysis
was performed according to manufacturer’s in�
structions by using the Affymetrix HuSNP�Ar�
rays. The HuSNP Mapping Array is designed to
interrogate approximately 1500 SNPs distributed
throughout the whole human genome. On aver�
age, 4�5 SNPs were informative for detection of
UPD in the way that the child and the parent un�
der study are differently homozygous for one al�
lele. We also detected on average two false pos�
itive SNPs per family, which we could confirm as
being false positive signals through direct se�
quencing. Although the system needs to be re�
evaluated this new, array�based tool is extreme�
ly fast compared to classical diagnostic meth�

ods and data are completed within 3�5 days. Im�
provement of the number of significant signals
will shorten the time required to diagnose a
UPD.
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Identification and characterization of
candidate genes from chromosomal region
1p22 in mantle cell lymphomas
Steinemann, D. (1), Balakrishnan, A. (1),
Campo, E. (2), Merz, H. (3), Schlegelberger, B.
(1)
(1) Institut für Zell� und
Molekularpathologie, Medizinische
Hochschule Hannover (2) Hematopathology
Section, Laboratory of Anatomic Pathology,
University of Barcelona 3) Institut für
Pathologie, University of Lübeck, Germany
Aims: Overexpression of cyclin D1 due to t
(11;14) is not sufficient for the development of
mantle cell lymphomas (MCL). Thus, secondary
genetic alterations are necessary for the malig�
nant transformation. They may also trigger the
progression into blastic variants and determine
the outcome of the disease. This project focus�
es on the delineation of deletions on 1p22, fre�
quent secondary changes in MCL, and on the
analysis of functionally interesting candidate tu�
mor suppressor genes mapping to this region.
Methods: To detect the exact borders of losses
in 1p22 we used the technique of quantitative
microsatellite analysis (QuMA). The ensembl
database (Sanger Institute) was screened for
functionally interesting genes, present in the
1p22 region. Genomic DNA from 15 MCL pa�
tients (5 with a known deletion of 1p22 and 10
with an unknown karyotypic status) was used to
screen for mutations leading to the inactivation
of the second allele by direct sequencing.
Methylation�specific PCR was performed on
bisulfite�modified DNA from these 15 MCL pa�
tients to check the methylation status of the pro�
moter region of interesting candidate genes. Re�
sults: The commonly deleted region of 1p22
contains a putative tumor suppressor gene,
SH3GLB1, functionally interesting due to its in�
teraction with the apoptosis�inducer Bax. In two
cell lines GRANTA�519 and NCEB�1 as well as in
15 primary cases of mantle cell lymphomas, no
mutations were detected. Methylation of CpG is�
lands as the mode of inactivation could not be
excluded since the promotor region could not be
amplified, in most likelyhood, due to a very high
GC content. QuMA on 58 MCL cases highlights
one region of loss affecting locus AC092392
containing LMO4, a gene which is known as a
candidate tumor suppressor in neuroblastoma.
Conclusions: Loss of only one copy of
SH3GLB1, i.e.  haplo�insufficiency, may itself
play a pathogenic role in MCL and induce tumor
progression into blastic variants, in which dele�
tions of 1p22 occur in approximately 40%.
Screening of further genes mapping to the de�
lineated region for inactivating mutations, includ�
ing LMO4, is under investigation.
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On testing causality of genotype data for
binary traits in incomplete nuclear families
Boehringer, St. (1), Steland, A. (2)
(1) Universität Essen�Duisburg, Institut für
Humangenetik (2) Ruhr�Universität Bochum,
Lehrstuhl für Stochastik
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In genetic data sets, observations of alleles can
be highly correlated on account of high linkage
disequilibrium (LD) and therefore hamper the ef�
fort to pinpoint causal loci influencing some phe�
notypic trait. We exploit the interesting fact that
conditioning on genotypes the phenotypes of
parent�offspring pairs are uncorrelated whenev�
er a causal locus is observed. The dependence
structure induced by the genetic mechanism is
analyzed in detail. The corresponding likelihood
can be generalized to more extensive pedi�
grees.A likelihood�ratio test is presented to test
hypotheses about the conditional correlation as
quantified by the LD parameter \delta of an al�
lele at an observed candidate locus and an al�
lele at a linked unobserved causative locus. The
statistical properties of the test are studied by
simulations. Power turns out to be excellent for
many common situations (e.g. allele frequencies
0.3 at both loci, LD: \delta`=0.4, penetrance:
f=0.8 result in power of 0.97 with just 80 pairs).
Applications of this method include fine mapping
efforts and the assessment of contributions of
individual polymorphisms to traits. Additionally
the method can be used to reconstruct haplo�
types in incomplete or ambiguous nuclear fami�
lies.
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Molecular genetic analysis of autism
Klauck, S. M. (1), Beyer, K.S. (1), Rauskolb, S.
(1), Benner, A. (2), Poustka, F. (3), Poustka, A.
(1)
(1) Deutsches Krebsforschungszentrum,
Molecular Genome Analysis, Heidelberg (2)
Deutsches Krebsforschungszentrum,
Biostatistics, Heidelberg (3) Department of
Child and Adolescent Psychiatry, J.W.
Goethe University, Frankfurt (4)
http://www.well.ox.ac.uk/~maestrin/iat.html
Autism is a complex neurodevelopmental disor�
der with an onset in early childhood, character�
ized by impaired social and communication skills
and patterns of repetitive and stereotyped be�
haviours and interests. A geneticetiology is
strongly indicated by twin and family studies
with a risk to siblings of idiopathic cases which
is 50�100 times greater than the general popu�
lation prevalence of 5/10,000 births. In order to
identify autism susceptibility genes we have cur�
rently collected 259 patients from 213 families
throughout Germany and Austria available for
candidate gene screening, while 150 complete
trios are available for association studies. In ad�
dition, IMGSAC has collected approximately 250
families with more than one child or relative af�
fected. The latest genome�wide linkage screen
by IMGSAC identified four autism susceptibility
regions including chromosome 2q, 7q, 16p and
17q, three of which have been replicated by oth�
er groups. Coding regions of several candidate
genes in these regions have been systematical�
ly screened with DHPLC (denaturing high per�
formance liquid chromatography), SSCP and se�
quencing by us and IMGSAC (e.g. WNT2,
WNT16, TAC1, RELN, PEG1/MEST, gamma2�
COP, CPA1, CPA5, FOXP2, cAMP�GEFII). Most
of the variants detected have been polymor�
phisms or did not co�segregate with the autism
phenotype in the families. The low frequency of
the remaining number of mutations segregating
with autism does not explain the relatively strong
linkage results on 7q and 2q. Therefore, analy�
ses of genes will be extended also to intronic
and 5’ and 3’UTR sequences to search for alter�
native mechanisms possibly involved in the eti�

ology of autism. Furthermore, we started a pro�
teomic approach by antibody profiling of plasma
probes from more than 70 autistic patients to in�
vestigate the possible influence of immune reac�
tions in the disease.
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Chromosome 3p and genetic susceptibility
to sarcoidosis
Schürmann, M. (1), Albrecht, M. (1,2), Müller�
Quernhein, J. (3), Schwinger, E. (1)
(1) Institute of Human Genetics, University
Lübeck, Lübeck/Germany (2) Department of
General Internal Medicine, Christian�
Albrechts�Universtität, Kiel/Germany (3)
Department of Pneumology, Medical
University Hospital Freiburg,
Freiburg/Germany 
Sarcoidosis is a complex disease of systemic in�
flammation, affecting a wide variety of organs,
primarily the lung and lymph system. It is char�
acterised by enhanced T helper 1 cell activity
and non�caseating granulomas. The aetiology of
sarcoidosis is unknown, presumably based on
the interaction of environmental triggers and an
inherited susceptibility of the patient. A major
contribution to the genetic predisposition is as�
sumed to be linked to the major histocompati�
bility complex on chromosome 6p. However, ad�
ditional susceptibility genes are most likely in�
volved. The short arm of chromosome 3 with
non�parametric linkage scores of up to 2.39
(p=0.009) in a previous low density genome scan
appears to be a promising candidate chromoso�
mal region. This segment harbours functional
candidate genes coding for interleucin 5 recep�
tor, a cluster of chemokine receptors,
macrophage stimulating protein and its receptor,
and toll like receptor 9. We have genotyped ex�
tended panels of patients (complex families, af�
fected sib pairs and single patients plus parents
/ trios) suffering from sarcoidosis for 34 mi�
crosatellites and for intragenic polymorphisms
of the named functional candidate genes. Non�
parametric linkage calculations and family based
association analyses have been conducted by
use of Genehunter 2.0. From our results, the
D3S3624 to D3S1300 interval of approximately
10 cM appears to be the most interesting target
for on�going detailed studies
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Group sequential study designs in genetic�
epidemiological case control studies
König. I.R., Ziegler, A.
Universität zu Lübeck
In the past years, the focus of genetic�epidemi�
ological studies has shifted to the analysis of
complex diseases. Here, a single gene often
contributes only little to the manifestation of a
trait; hence, many patients have to be included
in a study to reliably detect small effects. To re�
duce the number of required phenotypings and
genotypings in a study and thus facilitate the
analysis of complex traits, sequential study de�
signs can be applied. In this presentation, sev�
eral sequential procedures that have been sug�
gested for use in genetic�epidemiological set�
tings are described an compared. Formal group
sequential procedures fare best with regard to
error rates, efficiency, and practical applicabili�
ty.
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Evolution of a non�channel vertebrate
protein superfamily involved in epilepsy
Gu, W. (1), Begemann, G. (2), Meyer, A. (2),
Steinlein, O. (1)
(1) Universität Bonn,Institut für
Humangenetik (2) Universität
Konstanz,Institut für Evolutionsbiologie
Until recently, all genes found to be mutated in
idiopathic epilepsies coded for subunits of ion
channels. The aetiology of these epilepsies
could be directly related to the impaired electric
transduction.  Two exceptions to this rule were
identified  last year. The human LGI1 gene is
mutated in ADLTE (autosomal dominant lateral
temporal lobe epilepsy) and the MASS1 gene is
mutated in the Frings mouse model of audio�
genic epilepsy. The human orthologue of MASS1
was also found to be mutated in febrile seizures.
Neither gene apparently codes for  an ion chan�
nel, pointing to  a formerly unknown mechanism
of epilepy aetiology.Sequence analysis revealed
a novel  sequence motif EPTP common to both
LGI1 and MASS1, defining them as a new pro�
tein superfamily. LGI2, LGI3 and LGI4, the three
paralogues of human LGI1, harbor the same
EPTP motif and  also belong to this superfamily.
We cloned five formerly unknown Danio rerio ho�
mologues of the LGI genes  (dLGI1� dLGI5) and
one homologue of MASS1 gene (dMASS1) via
RT�PCR using  degenerated primers. The zebra
fish genes and their human counterparts share
60�80 % similarity between their predicted pro�
tein sequences. The fact that there are five ze�
bra fish LGI genes but only four human counter�
parts is probabaly another example of the obser�
vation that multigene families in teleosts often
have more members  than their  mammalian
counterparts. One possible explanation for this
phenomenon is that the alternative splicing and
differential regulation of gene expression in
mammals compensates for the fewer gene
copies. In situ  hybridization experiments
demonstrated the expression patterns of the ze�
bra fish EPTP superfamily genes in different de�
velopmental stages. Additional database analy�
sises were performed using  the genomic se�
quence database of Xenopus laevis, Drosophila
melanogaster, Caenorhabditis elegans  and the
Tunicate Ciona  interstinalis, the latter being the
the most primitive chordate sequenced today.
These database analysises clearly demonstrat�
ed that the EFTP superfamily is of vertebrate ori�
gin.
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Functional analysis of the Cl—channel ß�
subunit Barttin
Kurth, I., Estévez, R., Marnitz, T., Boettger, T.,
Jentsch, T.J.
Zentrum für Molekulare Neurobiologie
(ZMNH), Universität Hamburg, Falkenried
94, 20246 Hamburg, Germany 
Renal salt loss in Bartter`s syndrome is caused
by impaired transepithelial transport in the loop
of Henle. NaCl is taken up apically by the com�
bined activity of NKCC2, Na�K�2Cl cotrans�
porters and ROMK K+ channels. Cl� exits from
the cell through basolateral ClC�Kb channels.
Mutations in the three corresponding genes
were identified in Bartter syndrome types 1�3.
The recently identified gene encoding the inte�
gral membrane protein Barttin is mutated in a
form of Bartter syndrome that is associated with
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congenital deafness and renal failure. Barttin
acts as a an essential ß�subunit for ClC�Ka and
ClC�Kb with which it co�localises in basolateral
membranes of renal tubules and of K+�secreting
epithelia of the inner ear (Estévez  et al., Nature.
2001 Nov 29;414 (6863):558�61). ClC�K/Barttin
heteromers are crucial for renal salt reabsorption
and inner ear K+ recycling.ClC�K currents can
be further stimulated by mutating a tyrosine�
residue on Barttin in position 98 to alanine. This
region of the protein contains a putative PY�mo�
tif and/or a tyrosine�based sorting motif. The
analysis of this region provides further insight
into the regulation and proper function of ClC�
K/Barttin complexes.
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Molecular identification of genes involved in
skeletogenesis � potential candidates for
osteoarthritis
Stelzer, C., Rieck, M., Busch, J., Zabel, B.
University of Mainz
Our project aims at the identification of genes
and pathways involved in the complex process�
es of cartilage/bone formation, growth, differen�
tiation and homeostasis. The goal is to isolate a
number of candidate genes for inherited mono�
genic (skeletal dysplasias) as well as for muli�
genic disorders with specific attention to os�
teoarthritis (OA). A main aspect of OA seems to
be an imbalanced cartilage matrix turnover, and
a deeper understanding of molecular events
within the chondrocytes � as the cells of this tis�
sue � will provide not only a better understand�
ing of pathogenetic mechanisms but should also
help to identify new diagnostic markers and cel�
lular targets for therapeutic intervention.To mon�
itor the entire spectrum of genes expressed dur�
ing the OA disease process the cDNA array
technology is a powerful tool. As member of a
BMBF supported project („Molecular medicine
as diagnostic and therapeutic approach to study
osteoarthritis“) we have access to microarray ex�
periments identifying differentially regulated
genes in osteoarthritic cartilage. Besides a num�
ber of known and well�characterized genes there
are a multitude of genes without cartilage or
bone specific functional data. We have focused
our interest on this group of genes which now
are been characterized by light cycler analysis.
Six genes show significant upregulation in
murine chondrocytes. To further elucidate their
role in skeletogenesis we will determine the car�
tilage specific expression by in situ hybridiza�
tion. The analysis of these genes might provide
clues to specify pathogenetic processes and
pathways essential for the development of OA.
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Molecular diagnostics in hypertrophic
cardiomayopathy: development of a rapid
screening assay for TNNT2 mutations
Dörr, S., Schlüter, G.
Institut für Humangenetik, Universität
Göttingen
Hypertrophic cardiomyopathy (HCM) is charac�
terized by ventricular hypertrophy, disarray of
myocytes and fibrosis. Arrhythmias and sudden
cardiac death are common, and HCM often re�
sults in heart failure. HCM is transmitted as an
autosomal�dominant trait and exhibit substantial
inter� and intragenic heterogeneity. Most HCM
mutations are missense mutations or short in�

frame deletions in at least 11 different genes, al�
most exclusively sarcomere protein genes. Pen�
etrance and expressivity varies widely and only
in part depends on the specific mutation. Some
mutations carry a high risk of malignant arrhyth�
mias (so called ”malignant” mutations). Muta�
tions in beta�myosin heavy chain (MYH7) or car�
diac troponin T (TNNT2) are found in 50�70% of
cases. Routine genetic screening of HCM pa�
tients for mutations in the mostly involved genes
provides important diagnostic and prognostic in�
formation.Molecular diagnosis by complete se�
quencing aiming to identify the causative muta�
tions is time�consuming and labour�intensive. In
this study we report the successful use of DH�
PLC to analyse rapidly the complete coding se�
quence of the TNNT2 gene. In our screening
protocol all TNNT2 amplicons were adjusted to
one common PCR condition. Amplicons of HCM
patients together with controls were analysed in
one run with suitable DHPLC protocols followed
by direct sequencing of aberrantly migrating
fragments. This genotyping platform was tested
on 56 samples of a pre�determined genotype,
which had been previously identified by direct
sequencing. By this analysis it was proved that
this genotyping technique is a sensitive and fast
method for the detection of TNNT2 mutations.Fi�
nally, we report novel mutations in the TNNT2
gene identified in patients with HCM.
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Balanced chromosomal rearrangements and
late�onset diseases � a survey among
carriers
Tzschach, A. (1), Hoeltzenbein, M. (1), Bache, I.
(2), Tinschert, S. (3), Kalscheuer, V. (1),
Tommerup, N. (2), Ropers, H.�H. (1)
(1) Max�Planck�Institut für Molekulare
Genetik, Berlin (2) Department of Medical
Genetics, IBMG, University of Copenhagen
(3) Institut für Medizinische Genetik,
Charité, Berlin
Adult carriers of balanced chromosomal re�
arrangements (BCRs) are usually healthy. There
are, however, numerous reports of families in
which BCRs co�segregate with late�onset dis�
eases, e.g. schizophrenia or maturity�onset dia�
betes. An increased frequency of BCRs has re�
cently been described among patients with
Amyotrophic Lateral Sclerosis (Meyer et al.,
Neurology 2003, and abstract by Dullinger et al.).
Therefore, a survey among adult carriers of
BCRs to investigate possible associations be�
tween chromosomal breakpoints and late�onset
diseases was initiated. We send out question�
naires to carriers of balanced chromosomal re�
arrangements above the age of 18 years who
were healthy at the time of chromosome analy�
sis. In these questionnaires we inquire about all
aspects concerning health and disease, partic�
ularly focusing on late�onset diseases such as
neurodegenerative, cardiovascular, and metabol�
ic diseases, as well as cancer and fertility prob�
lems.We thus aim to find associations between
chromosomal loci and susceptibility for late�on�
set diseases. Such an association is likely either
if a breakpoint co�segregates with a disease in
a family; or if it lies in a region mapped by link�
age and/or association studies; or if there is a
significant association of a breakpoint with the
same disease in many unrelated individuals.
Probands will then be asked to give blood for a
molecular cytogenetic breakpoint analysis which
might reveal genes with disturbed expression at
the breakpoints.This survey has been success�

fully undertaken in Denmark (I. Bache and N.
Tommerup). In a pilot study in Berlin, 60% of
contacted translocation carriers have so far re�
turned the questionnaires. They reported sever�
al common disorders such as hypo� and hyper�
thyroidism, depression, allergy, cardiac arrhyth�
mia, and others. For example, in one patient with
psoriasis and a t (2;4) translocation, the break�
point on chromosome 4 (4q31.1) is located in a
region where a psoriasis susceptibility locus has
been mapped (Zhang et al, J Invest Dermatol
2002). To increase the number of participating
carriers of BCRs, we intend to collaborate with
many human genetics institutes and laborato�
ries.
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Construction of a linkage disequilibrium
map in a schizophrenia locus on 15q with
microsatellite markers
Ekici, A. B. (1), Stöber, G. (2), Beckmann, H.
(2), Reis, A. (1)
(1) Institute of Human Genetics, University
Erlangen, Germany (2) Dept. of Psychiatry
and Psychotherapy, University Wurzburg,
Germany
We earlier reported significant evidence for link�
age on chromosome 15q15 in periodic catatonia
(PECA), a sub�phenotype of schizophrenic psy�
choses. Recently we were able to replicate this
initial finding in a second independent set of
families. Linkage and haplotype analysis in a set
of exceptionally large multiplex families each
showing linkage to this locus revealed an 11 cM
critical region. In order to aid the positional
cloning effort, we set out to construct a linkage
disequilibrium (LD) map of this region using 57
microsatellite markers.We genotyped these
markers in 179 individuals from 44 families, 27
trios and 17 extended families with PECA. Next
we determined phase using Simwalk2 and ex�
tracted the non�transmitted haplotypes. We as�
sessed LD using HaploXT from the GOLD soft�
ware package. We detected significant LD
(D’>0.5; p<0.05) for 22 marker pairs. Six of them
had significant values of p<0.0001 and chisq>68
for distances up to 830 kb. Three marker pairs
showed D’>0.6 and strongest LD (D’=0.71) was
seen for one marker pair 87kb apart. As expect�
ed, LD tended to clearly decline with intermark�
er distance. LD was significantly higher in the
cytogenetic light band 15q15.1 as compared to
the adjacent darker bands and correlates with
the distributaion of recombination frequencies.A
block�like pattern of LD over longer distances in�
terrupted by short stretches without any de�
tectable LD was observed. Although this LD pat�
tern resembles those generally seen for regions
with high density SNP genotyping, resolution of
LD block structure was imprecise.More dense
typing of markers including SNPs is in progress
for use in disease oriented LD studies.
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No support for association of the DTNBP1
(dysbindin) gene with schizophrenia in large
samples from Germany, Poland, and
Sweden
Cichon, S. (1), Van Den Bogaert (1), Otte,
A.C.J. (2), Schulze, T. (3), Schumacher, J. (2),
Ohlraun, S. (3), Czerski, P. (4), Hauser, J. (4),
Jönsson, E. (5), Maier, W. (6), Propping, P. (2),
Rietschel, M. (3), Nöthen, M.M. (1)
(1) Dept. Medical Genetics, University of
Antwerp, Belgium (2) Inst. Human Genetics,
University of Bonn, Germany (3) Central
Inst. Mental Health, Mannheim, Germany (4)
Dept. Psychiatry, University of Poznan,
Poland (5) Dept. Clinical Neuroscience,
Karolinska Institute and Hospital,
Stockholm, Sweden (6) Dept. Psychiatry,
University of Bonn, Germany
Chromosomal region 6p24�21 is one of the most
consistently replicated susceptibility regions in
schizophrenia. Recently, Straub et al. (2002)
identified significant associations between sin�
gle nucleotide polymorphisms (SNPs) within the
positional candidate gene DTNBP1 (dystro�
brevin�binding protein 1, or dysbindin) on 6p22.3
and schizophrenia in the Irish population. Since
then, two replication studies have been pub�
lished: Schwab et al. (2003) tested six SNPs in
two independent parent�offspring trio samples
from Germany and obtained confirmatory evi�
dence for association. However, different sus�
ceptibility alleles appeared to be present in their
sample. The second study by Morris et al. (2003)
tried to replicate the finding by Straub et al. in
an independent case�control sample of schizo�
phrenia from the Irish population. No evidence
was found to suggest an association between
the dysbindin gene and schizophrenia in their
sample. This was surprising because inter�mark�
er LD of the tested SNPs suggested that the
samples of Straub et al. and Morris et al. had
been drawn from the same homogeneous pop�
ulation. The major difference between their study
and the reports by Straub et al. (2002) and
Schwab et al. (2003) was that the case�control
sample used by Morris et al. (2003) was not se�
lected for familiality. We have performed an in�
dependent replication study in a large sample of
418 schizophrenic cases from Germany that
were not selected for familiality and 284 con�
trols. We genotyped five SNPs: P1635, P1325,
P1320, P1757, and P1578. According to the
odds ratios given by Schwab et al. (2003) this
sample had a good power to replicate their find�
ing. Two other, smaller case�control samples
were tested, one from Sweden (158 cases/292
controls) and one from Poland (296 cases/115
controls). In all three samples, no significant p�
values were observed in single�marker and hap�
lotype analyses. Likewise, no significant p�val�
ues were observed in a seperate analysis of the
subsamples with a positive family history of
schizophrenia and other psychiatric
disorders.Our results are in line with the finding
by Morris et al. (2003) and might reflect different
genetic mechanisms underlying individuals de�
rived from high�density families (as in the study
by Straub et al. and Schwab et al.) and cases
coming from families less heavily loaded with
schizophrenia.
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Linkage disequilibrium analysis in a
susceptibility region for bipolar affective
disorder on 8q24
Van Den Bogaert, A. (1), Kaneva, R. (2,3),
Schumacher, J. (2), DeZutter, S. (1), Schulze,
T.G. (4), Becker, T. (5), Richter, C. (2), Kapur, L.
(1,6), Diaconu, C.C. (1,7), Ohlraun, S. (4),
Propping, P. (2), Rietschel, M. (4), Nöthen,
M.M. (1), Cichon, S. (1)
(1) Dept. Medical Genetics, University of
Antwerp, Belgium (2) Inst. Human Genetics,
University of Bonn, Germany (3) Univ.
Hospital Obstetrics, University of Sofia,
Bulgaria (4) Central Inst. Mental Health,
Mannheim, Germany (5) Inst. Medical
Biometry, Informatics, Epidemiology
(IMBIE), University of Bonn, Germany (6)
Inst. Genetic Ingeneering, Univ. Sarajevo,
Bosnia and Herzegovina (7) Inst. Virology,
University of Bucharest, Romania
A recent genome�wide screen for linkage to
bipolar affective disorder (BPAD) has suggested
a new susceptibility locus on 8q24 (Cichon et al.,
2001). In our sample comprising 66 German, 8
Israeli, and 1 Italian family with BPAD (n=445 in�
dividuals), chromosomal region 8q24 provided
the best evidence for linkage: marker D8S514
gave a two�point LOD score of 3.62 and a
GENEHUNTER�NPL score of 3.56 (p=0.00029).
The positive linkage region is large and extends
over approximately 30 cM. We have been per�
forming linkage disequilibrium studies to narrow
down the candidate region in two samples: 1)
120 independent trios, partially derived from the
linked families; 2) 300 cases and 300 controls.
In a first step, eight microsatellite markers (A�H)
located in the highest linked region (about 5 Mb)
were tested for LD and revealed a region of in�
terest covered by one particular two�marker
haplotype (F�G) which was significantly under�
transmitted in the trio�sample (p=0.017). The
same haplotype was also significantly associat�
ed with BPAD in the 300 cases and 300 controls
(p=0.026).Database searches indicate that there
are only three known genes located in the region
covered by the two�marker haplotype F�G. We
re�sequenced the coding regions of these genes
in a representative, European population�based
sample of 80 healthy individuals to determine
the naturally occurring variability. The identified
SNPs plus non�coding SNPs derived from the
public databases were genotyped in the case�
control sample. In one of the genes, which cov�
ers a genomic region of 30 kb, we identified
three SNPs that are significantly associated with
BPAD in both single�marker and haplotype
analyses. Replication of these findings in the in�
dependent trio sample as well as genotyping of
additional SNPs in this particular gene is under�
way.
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Periodic catatonia: systematic mutation
scan of candidate genes at the major
disease locus on chromosome 15q15
Stöber, G. (1), Ekici, A. (2), Rothe, P. (2),
Beckmann, H. (1), Reis, A. (2)
(1) Universität Würzburg (2) Institut für
Humangenetik, Universität Erlangen
In genome�wide linkage analyses on 12 multi�
plex pedigrees segregating for periodic catato�
nia (MIM 605419) we identified a major disease
locus on chromosome 15q15, and recently repli�

cated the chromosomal locus in an independent
set of four pedigrees. Linkage and haplotype
analysis in three exceptionally large pedigrees
linked to chromosome 15q15 disclosed an 11
cM critical region between marker D15S1042
and D15S659. Periodic catatonia is character�
ized by qualitative hyperkinetic and akinetic psy�
chomotor disturbances through acute psychot�
ic episodes, and debilitating symptoms in the
long term with psychomotor weakness, grimac�
ing facial movements, and apathy. In our efforts
in revealing the disease gene we perform linkage
disequilibrium mapping and haplotype analyses
in multiplex pedigrees and parent�offspring trios
in new sets of microsatellite markers. Concur�
rently, we complete systematic mutation scans
of a series of candidate genes annotated in that
region by automated sequencing of DNA frag�
ments of individuals from the linked pedigrees
and controls. We systematically analyze the cod�
ing region including the exon�intron boundaries
as well as large fragments of the 5’�UTR and 3’�
UTR regions. The mutation scan of KIAA0252,
TYRO3, and SNAP23 revealed a highly polymor�
phic structure with a total of 27 SNPs, and these
SNPs are included in ongoing linkage�disequi�
librium mapping and family�based and case�
control association studies.
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ASSOCIATION OF A COMT HAPLOTYPE
WITH BIPOLAR AFFECTIVE DISORDER –
EVIDENCE FOR A GENDER�SPECIFIC
EFFECT
Abou Jamra, R. (1), Schumacher, J. (1), Becker,
T. (2), Freudenberg, J. (1), Czerski, P. (3),
Tullius, M. (4), Kovalenko, S. (4), Gross, M. (4),
Ohlraun, S. (5), Schulze, T.G. (5), Klopp, N. (6),
Illig, T. (6), Leszczynska�Rodziewicz, A. (3),
Hauser, J. (3), Rietschel, M. (5), Propping, P.
(1), Cichon, S. (7), Nöthen, M.M. (7)
(1) Institute of Human Genetics, University
of Bonn (2) Institute for Medical Biometry,
Informatics and Epidemiology, Universityof
Bonn, Germany (3) Laboratory of Psychiatric
Genetics, Department of Psychiatry,
Universityof Medical Sciences, Poznan,
Poland (4) Department of Psychiatry,
University of Bonn, Germany (5) Central
Institute of Mental Health, Mannheim,
Germany (6) Institute of Epidemiology, GSF�
National Research Center for Environment
and Health, Neuherberg, Germany (7)
Department of Medical Genetics, University
of Antwerp, Belgium
Catechol�O�methyltransferase (COMT) catalyzes
the transfer of a methyl group from S�adenosyl�
methionine to catecholamines, including the
neurotransmitters dopamine, epinephrine, and
norepinephrine. This O�methylation results in
one of the major degradative pathways of the
catecholamine neurotransmitters, pointing to a
putative involvement in the aetiology of psychi�
atric disorders. In addition, COMT is located in
an interesting candidate region for psychiatric
disorders, the VCFS region on 22q11. A recent
study by Shifman et al. (2002; Am J Hum Genet
71:1296�1302) reported a significant association
between a COMT haplotype and schizophrenia.
In the present study, we aimed at investigating
the COMT gene in bipolar disorder. We genotyp�
ied seven single nucleotide polymorphisms
(SNPs) in the COMT gene in two case�control
samples with bipolar affective disorder (BPAD),
of German (300 patients, 837 controls) and Pol�
ish (301 patients, 301 controls) origin, respec�
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tively. Analysis of the German and Polish sam�
ple failed to show any association in the single�
locus and haplotype�analysis. Since the findings
of Shifman et al. (2002) suggested a sex�specif�
ic effect in schizophrenia, we analyzed our BPAD
samples with respect to gender. We observed a
five�locus haplotype in the German sample that
was more common in males with BPAD (n=137)
compared to healthy males (n=417) (haplotype
frequency: 56,3% vs. 44,2%, p=0.00078,
OR=1.63). In the Polish sample, a two�locus
haplotype (located within the five�locus haplo�
type associated in the German sample) was as�
sociated with BPAD males (n=130) compared to
control males (n=116) (haplotype frequency:
70.9% vs. 62.3%, p=0.036, OR=1.47). Our find�
ings suggest COMT as a risk factor in males
with BPAD. Regarding this gender specific ef�
fect, it is interesting to know that the identified
haplotypes are close to the promoter region,
which contains an estrogen sensitive element.
Further studies of genetic variation in the COMT,
in particular in the promoter region, will be pre�
sented.
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A GENOME�WIDE SCAN FOR LINKAGE IN 42
ANDALUSIAN MULTIPLEX FAMILIES WITH
BIPOLAR AFFECTIVE DISORDER
Abou Jamra, R. (1), Schumacher, J. (1), Diaz,
O. (3), Lee, Y.A. (6), Rivas, F. (3), Ohlraun, S.
(5), Kaneva, R. (8), Windemuth�Kieselbach, C.
(2), Gay, E. (9), Sans, S. (9), González, M.J.
(10); Gil, S. (11); Cabaleiro, F. (12); Wienker,
T.F. (2), Cichon, S. (7), Nürnberg, P. (6),
Propping, P. (1), Rietschel, M. (5), Nöthen,
M.M. (7)
(1) Institute of Human Genetics, University
of Bonn (2) Institute for Medical Biometry,
Informatics and Epidemiology, Universityof
Bonn, Germany (3) Civil Hospital Carlos
Haya, Málaga, Spain (4) Department of
Psychiatry, University of Bonn, Germany (5)
Central Institute of Mental Health,
Mannheim, Germany (6) Max Delbrück
Center for Molecular Medicine, Berlin,
Germany (7) Department of Medical
Genetics, University of Antwerp, Belgium (8)
Laboratory of Molecular Pathology, Medical
University, Sofia, Bulgaria (9) University
Hospital Reina Sofía, Córdoba, Spain (10)
Mental Health Care Centre Lucena,
Córdoba, Spain (11) Mental Health Care
Centre Montoro, Córdoba, Spain (12)
Province ; Hospital, Jaén, Spain 
Bipolar affective disorder (BPAD), also known as
manic depression, is a severe psychiatric illness
characterized by episodes of mania and depres�
sion. It has a lifetime prevalence of approximate�
ly 1% in all human populations. In order to iden�
tify chromosomal regions containing genes that
might play a role in determining susceptibility to
this psychiatric condition, we have performed a
genome�wide screen for linkage with 413 STR
markers in a sample of 42 families consisting of
357 individuals recruited in Andalusia, Spain.
Parametric and non�parametric affecteds�only
linkage analyses were carried out under three af�
fection status models: a narrow model which in�
cluded only individuals with bipolar I (103 affect�
eds), an intermediate model which included also
individuals with schizoaffective disorder and
bipolar II (144 affecteds) and a broad modell
which also comprised persons with recurrent
unipolar depression (209 affecteds). Best results
under the non parametric analysis were obtained

on chromosome 1p36, 2p22 4q31, 6q23�q24,
11q13, and 13p13. The highest findings in the
parametric two�point�analysis were on chromo�
somes 1p36, 4q31, 8p22, 13q13, and 19p13.
Multipoint�analysis provided evidence for link�
age of BPAD to chromosome 19p13. We are cur�
rently performing fine mapping with dense sets
of STR markers at chromosomal regions 1, 2, 4,
6 and 13. These regions are very promising be�
cause linkage findings in these regions have pre�
viously been reported in independent genome
screens of BPAD.
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Strong association of a haplotype block in
SLC12A8 to PSORS3 suggests a role in the
etiology of psoriasis arthritis rather than of
psoriasis vulgaris
Hüffmeier, U. (1), Burkhardt, H. (2), Lehmann, J.
(3), Wendler, J. (4), Traupe, H. (5), Reis, A. (1)
(1) Institute of Human Genetics, University
Erlangen�Nuremberg, Germany (2) Dept. of
Internal Medicine III (Rheumatology),
University Erlangen�Nuremberg (3) Psoriasis
rehabitation clinic, Bad�Bentheim (4) Private
practice of Rheumatology, Erlangen (5)
Dept. of Dermatology, University of Münster
Recently SLC12A8 has been proposed as a can�
didate gene for psoriasis susceptibility at locus
PSORS3 on chromosome 3q. Association of var�
ious intronic SNPs was detected in a Swedish
cohort. We attempted to replicate this finding in
a group of 200 trios with psoriasis originating
from Germany but failed to identify significant
association using TDT statistics. Since in a pre�
vious study linkage to this locus was stronger
when families were stratified according to joint
involvement we hypothesized SLC12A8 might
be a susceptibility locus for psoriasis arthritis
rather than psoriasis vulgaris. We therefore re�
cruited an independent cohort of patients with a
verified diagnosis of psoriasis arthritis and inves�
tigated previously reported SNPs for association
in a case control design. We detected significant
association to one intronic SNP 15S1533 (chi�
square = 21.46; p < 0.0001) supporting this hy�
pothesis. Next we systematically screened the
entire coding region for sequence variations in
24 psoriasis patients and determined the haplo�
type structure of SLC12A8. We detected a total
of 24 SNPs which we grouped into five LD�
blocks based of 30�50 kb size each. We used
these haplotypes to test for association in both
cohorts and again failed to detect association in
the psoriasis cohort. In contrast, we detected
strong association in the psoriasis arthritis co�
hort to the haplotype encompassing B1551S3
(chi�square = 46.05; p << 0.0001) with an OR of
3.56. This haplotype spans more than 30 kb and
includes the 5’ end of an alternative spliced tran�
script starting in exon 5. The other haplotypes
showed only weak association. Our findings in�
dicate that SLC12 A8 is rather a susceptibility lo�
cus for psoriasis arthritis than for psoriasis vul�
garis and confirms the different nature of these
two conditions. We conclude that a variant with�
in this haplotype is involved in the aetiology of
this disorder and further functional analyses are
required to identify it’s exact nature.
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Single nucleotide polymorphisms in PPARG
are associated
Zürn, C. S. (1), Kammerer, S. (5), Langdown, M.
(5), Braun, A. (5), Hermanns, N. (4), Dietz, K.
(2), Northoff, H. (3), Heeren, M. (4), Wernet, D.
(3), Haak, T. (4), Meyer, P. (1,6), 
(1) Universität Tübingen, Institut für
Anthropologie und Humangenetik (2)
Universität Tübingen, Institut für
Medizinische Biometrie (3) Universität
Tübingen, Klinik für Anaesthesiologie und
Transfusionsmedizin (4) Forschungsinstitut
der Diabetes Akademie Bad Mergentheim
(5) Sequenom Inc., San Diego, CA, USA (6)
Genefinder Technologies Beteiligungs�
GmbH, München
Introduction: PPARG (OMIM *601487) encodes
PPAR�gamma, a nuclear receptor that induces
transcription of genes involved in insulin sensi�
tivity, adipocyte differen�tiation and inflamma�
tion. Therefore, PPARG was thought to be a
promising candidate gene for several disorders
including type 2 diabetes, obesity and dys�
lipoproteine�mia. Amino acid position 12 of this
transcription factor is a polymorphic site (OMIM
*601487.0002) showing either a more common
proline allele (Pro12) or an alanine allel (Ala12)
due to a single nucleotide polymorphism (SNP).
Pro12 was associated with higher body mass in�
dex (BMI) in Caucasians, suggesting a contribu�
tion of this mutation to genetic susceptibility of
obesity. In Danish subjects the homozygous
state of Pro12 was associated with an increased
risk of insulin resistance syndrome. In Japanese
and Scandinavians, Pro12 was shown to be sig�
nificantly higher in type 2 diabetic patients than
in controls. In contrast to that, Ala12 � the less
frequent allele � was strongly associated with
type 2 diabetes in Oji�Cree women, but not in
men. The objective of our study was to investi�
gate whether the well char�acterised coding
Pro12Ala polymorphism and one non�coding in�
tronic SNP of PPARG were associated with type
2 diabetes in patients of German origin.Material
and Methods: 489 type 2 diabetes patients and
454 controls were recruited in the Diabetes Hos�
pital Bad Mergentheim and the Center of Blood
Transfusion Tuebingen, Germany. Individual
genotyping of Pro12Ala and an intronic G�>A
SNP located 1.715 base�pairs downstream of
Pro12Ala was performed using matrix�assisted
laser desorption/ionization time�of�flight mass
spectrometry (MALDI�TOF MS) after PCR and
primer extension reactions.Results: The mean
age at diagnosis of type 2 diabetes was 47.9
years for male and 49.3 for female patients suf�
fering from type 2 diabetes. For male vs. female
controls the mean age was 50.6 vs. 49.0 years.
Pro12 was found to be significantly higher in
German type 2 diabetes patients than in the
control group (89.7% vs. 86.7%; delta 0.03;
p=0.044). The more frequent G�allele of the SNP
1.715 base�pairs downstream of Pro12Ala
showed a strong association with type 2 dia�
betes (89.6% in patients vs. 85.9% in controls;
delta 0.037; p=0.0015). These two SNP loci were
in near�complete linkage disequilibrium. Discus�
sion: Two polymorphic sites of PPARG were as�
sociated with type 2 diabetes in patients of Ger�
man origin. Being in near�complete linkage dis�
equilibrium these two polymorphic loci form part
of a common risk haplotype. In the majority of
populations tested so far, the more common al�
lele Pro12 of PPARG was more frequent in the
type 2 diabetes groups. Our data confirm this
observation for the German population. The
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functional significance of this finding remains to
be investigated. We conclude, that PPARG may
play an important role among genetic factors
contributing to the development of type 2 dia�
betes.
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Polymorphisms of genes involved in bone
metabolism and their association with
osteoporosis in Poland
Kalak, R. (1), Horst�Sikorska, W. (2),;
Wawrzyniak, A. (2), Marcinkowska, M. (2),
Celczynska�Bajew, L. (2), Slomski R. (1,3)
(1) Department of Biochemistry and
Biotechnology, Agricultural
University,Wolynska 35, 60�637 Poznan,
Poland (2) Department of Family Medicine,
University of Medical Sciences,
Poznan,Poland (3) Institute of Human
Genetics, Polish Academy of Sciences,
Poznan, Poland 
Osteoporosis is a common disease character�
ized by decrease in bone mineral density (BMD)
and microarchitectural deterioration of the bone
structure leading to higher susceptibility to frac�
tures. Development of osteoporosis is multifac�
torial process in which environmental and genet�
ic factors play an important role. Recent studies
have indicated that the majority (up to 80%) of
the variability in bone mass and density is genet�
ically determined. Molecular genetic basis of os�
teoporosis remains difficult to define because
the bone mass, a major determinant of osteo�
porosis fracture risk, is quantitative trait, influ�
enced by interaction between many genes and
environmental factors. To date several candidate
genes have been analyzed in relation to osteo�
porosis in many populations. We studied poly�
morphisms of osteoprotegerin gene (OPG),
transforming growth factor b1 gene (TGF�b1), vi�
tamin D receptor gene (VDR), estrogen receptor
1 gene (ESR1), collagen type 1a1 gene (COLIA1)
and ANKH gene (craniometaphyseal dysplasia
gene) in group of over 150 Polish patients with
BMD determined in lumbar spine and femoral
neck. Statistical analysis of all single polymor�
phisms and analysis of interaction between
these polymorphisms were performed.
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Quantitative trait linkage analysis of
longitudinal change in body weight
Golla, A., Strauch, K., Dietter, J., Baur, M.P.
Institut für Medizinische Biometrie,
Informatik und Epidemiologie, Universität
Bonn, Bonn, Germany 
One of the great strengths of the Framingham
Heart Study data, provided for the Genetic
Analysis Workshop 13, is the long�term survey
of phenotypic data. Participating in GAW13 we
used this special kind of data to create new phe�
notypes representing the pattern of longitudinal
change of the provided phenotypes, especially
body weight. We peformed a linear regression of
body weight on age and took the slope as a new
phenotype for quantitative trait linkage analysis
using the SOLAR package. Heritability was esti�
mated as 0.15 for adult life ”body weight
change”, measured as the regression slope, and
”body weight gain” (including only individuals
with a positive regression slope), and of 0.22 for
body weight ”change up to 50” (regression slope
of weight on age up to an age of 50). With mul�

tipoint analysis two regions on the long arm of
chromosome 8 showed the highest LOD scores
of 1.6 at 152 cM for ”body weight change” and
of >1.9 around location 102 cM for  ”body
weight gain” and ”change up to 50”. The latter
two LOD scores reach the threshold for sugges�
tive linkage. We conclude that the chromosome
8 region may harbour a gene acting on long term
body weight regulation, and thereby contribut�
ing to the development of metabolic syndrome.
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EXAMINATION OF G72 AND D�AMINO ACID
OXIDASE AS GENETIC RISK FACTORS FOR
SCHIZOPHRENIA AND BIPOLAR AFFECTIVE
DISORDER
Schumacher, J. (1), Abou Jamra, R. (1),
Freudenberg, J. (1), Becker, T. (2), Ohlraun, S.
(3,4), Otte, A.C. (1), Tullius, M. (4), Kovalenko,
S. (4), Van Den Bogaert (5), Maier, W. (4),
Rietschel, M. (3,4), Propping, P. (1), Cixhon, S.
(5), Nöthen, M. (5)
(1) Institute of Human Genetics, University
of Bonn, Germany (2) Institute for Medical
Biometry, Informatics and Epidemiology,
Universityof Bonn, Germany (3) Central
Institute of Mental Health, Mannheim,
Germany (4) Department of Psychiatry,
University of Bonn (5) Department of
Medical Genetics, University of Antwerp,
Belgium
Recent studies had suggested that the brain�ex�
pressed genes for G72 and D�amino acid oxi�
dase (DAAO) exert an influence on susceptibili�
ty to schizophrenia. Our aim was to replicate this
finding in German schizophrenia patients and to
assess whether G72 and DAAO might also con�
tribute to the development of bipolar affective
disorder (BPAD). We genotyped 7 single nu�
cleotide polymorphisms (SNPs) in the G72 gene
and 3 in the DAAO gene in 599 patients (299
schizophrenic, 300 bipolar (BPAD)) and 300 con�
trols, all of German origin. We noted for both
diseases significant associations with genetic
variation at G72. In schizophrenia 4 SNPs
showed association, the strongest evidence in
the single�locus analysis was observed for M23
(53% vs. 46%; p=0.033; OR 1.28). The same
SNP was significantly associated with BPAD
(53% vs. 46%; p=0.013; OR 1.33). Haplotype
analysis strengthened the statistical significance
for schizophrenia and – to a lesser extent – also
for BPAD. We tested the two three�locus haplo�
types M12�M15�M23 and M15�M23�M24 and
found that M12�M15�M23 was associated in
schizophrenic patients (global p=0.006) as well
as in patients with BPAD (global p=0.029). Hap�
lotype M15�M23�M24 was associated with
schizophrenia (global p=0.002), but was not sig�
nificant in BPAD (global p=0.083). The 3 SNPs in
the DAAO gene were associated with schizo�
phrenia, the strongest evidence in the single�lo�
cus analysis was observed for DAAO5 (78% vs.
72%; p=0.019; OR 1.37). In BPAD single�locus
analysis failed to reach statistical significance.
At the haplotype level, the three�locus haplotype
did not give significant global p�values in both
schizophrenia (global p=0.06) and BPAD (global
p=0.149). Association of variation at G72 with
schizophrenia as well as BPAD provides molec�
ular support for the hypothesis that these two
major psychiatric disorders share some of their
etiologic background.
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MUTATION SCREEN OF THE BRAIN
DERIVED  NEUROTROPHIC FACTOR GENE
(BDNF): IDENTIFICATION OF SEVERAL
GENETIC VARIANTS IN PATIENTS WITH
OBESITY, EATING DISORDERS AND
ATTENTION DEFICIT HYPERKINETIC
DISORDER
Friedel, S. (1), Fontenla Horro, F. (1), Wermter,
A.�K. (1), Geller, F. (2), Reichwald, K. (3),
Konrad, K. (4), Herpertz�Dahlmann, B. (4),
Warnke, A. (5), Hemminger, U. (5), Kiefl, H. (6),
Remschmidt, H. (1), Hebebrand, J. (1), Hinney,
A. (1)
Linder, M. (6) (1) Child and Adolescent
Psychiatry, Philpps�University, Marburg (2)
Institute of Medical Biometry, Philipps�
University, Marburg (3) IMB, Jena (4) Child
and Adolescent Psychiatry and
Psychotherapy, Technical University of
Aachen (5) Child and Adolescent Psychiatry,
Julius�Maximilians�University, Wurzburg (6)
Child and Adolescent Psychiatry and
Psychotherapy, Bezirksklinik Regensburg 
Several lines of evidence indicate an involve�
ment of brain derived neurotrophic factor (BDNF)
in body weight regulation and activity: Heterozy�
gous BDNF knockout mice (BDNF +/�) are
obese, hyperphagic and hyperactive; further�
more, central infusion of BDNF leads to severe,
dose� dependent appetite supression and
weight loss in rats. We investigated the role of
genetic variants of BDNF in obesity, eating dis�
orders and hyperactivity. We performed a muta�
tion screen (SSCP & DHPLC) of the single trans�
lated exon of BDNF in 183 extremely obese chil�
dren and adolescents and 187 underweight stu�
dents. Additionally we genotyped two common
polymorphisms (V66M & 270C>T) in 118 patients
with anorexia nervosa, 80 patients with bulimia
nervosa, 77 patients with attention deficit hyper�
kinetic disorder and 96 normalweight controls.
We identified three rare (273G>A, I2T,
247+140A>G) and one common variant (V66M).
We found no association between V66M or
270C>T and weight regulation, hyperkinetic syn�
drome or anorexia nervosa, respectively. Ex�
ploratory, we detected a trend towards a differ�
ence between allele� and genotype frequencies
for 270C>T in 80 patients with bulimia nervosa
compared to 82 controls (nominal p<0.06). We
found no evidence for an involvement of variants
in the BDNF and human body weight regulation,
attention deficit hyperkinetic disorder or eating
disorders. Grants: BMBF 01KW0006, 01GS0118
EU QLK1�CT�1999�00916
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GALANIN SNPs IN BODY WEIGHT
REGULATION AND FAT INTAKE
Schäuble, N. (1), Hölter, K. (1), Geller, F. (2),
Schaller�Bals, S. (1), Grassl, W. (1), Blundell, J.
(3), Lawton, C. (3), Whybrow, S. (4), Stubbs, J.
(4), Mercer, J. (4), Hinney, A. (1), Hebebrand, J.
(1)
Clinical Research Group: (1) Department of
Child and Adolescent Psychiatry (2) Institute
of Medical Biometry and Epidemiology,
Philipps�University of Marburg, Germany (3)
School of Psychology, University of Leeds,
United Kingdom (4) Rowett Research
Institute, Aberdeen, United Kingdom
roduction: The neuropeptide galanin (GAL) was
first isolated from porcine intestine (1). In most
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species GAL consists of 29 amino acids and is
amidated at the carboxy�terminal end. However,
in humans GAL consists of 30 amino acids and
is not amidated. The 15 N�terminal amino acids
are identical in birds, reptiles, amphibia and
mammals; the remaining sequence is also high�
ly conserved throughout vertebrate evolution (2,
3). The injection of GAL into the hypothalamic
paraventricular nuclei (PVN) or in the third ven�
tricle led to an increased fat intake in rats (4, 5,
6). The effect of GAL on body weight regulation
and fat consumption in rats as well as in humans
has been analysed in different studies with con�
flicting results (7�11). We screened the coding
region of GAL in 93 extremely obese children
and adolescents with either high�fat or low�fat
intake. To detect a possible role of variants in
GAL in body weight regulation an additional
sample of 180 extremely obese and 183 healthy
lean controls was genotyped. Methods: Mutation
screen in GAL was carried out in 88 (37 male)
extremely obese children and adolescents (mean
age 13.6 ± 2.6 years, mean BMI 31.7 ± 5.4
kg/m²)  and 94 (60 male) healthy underweight
students (mean age 25.5 ± 4.0 years; mean BMI
18.5 ± 1.2 kg/m2,) by SSCP and DHPLC. We de�
tected two new SNPs in the untranslated first
exon: g.�264T>C and g.�244G>A. These two
new SNPs together with two known SNPs
rs1042577 (intron five; 16+5C>T) and rs3136540
(3’ UTR of exon six; g.4019C>T) were analysed
by PCR�RFLP. Of the young extremely obese pa�
tients 45 were classified as low�fat (lowest quar�
tile) and 48 as high�fat (highest quartile) con�
sumers according to a food frequency question�
naire (Leeds�FFQ). All four GAL SNPs were
genotyped in the 45 obese low�fat consumers
and 48 obese high�fat consumers and in 180 (90
male) independent extremely obese patients
(mean BMI 33.5 ± 7.1 kg/m2, mean age 14.2 ±
2.7 years) and 183 healthy lean controls, com�
prising 86 (46 male) normal weight (mean age
24.7 ± 2.6 years, mean BMI 21.9 ± 1.1 kg/m2)
and 95 (43 male) underweight individuals (mean
age 25.7 ± 3.9 years, mean BMI 18.3 ± 1.0
kg/m2). Results: There were no significant differ�
ences in allele� or genotype frequencies for the
SNPs of GAL for high�fat compared to low�fat
consumers or between extremely obese children
and adolescents and controls. Discussion: We
found no evidence for an involvement of any of
the analysed SNPs of GAL in percent energy
consumed as fat or in body weight regulation.
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GHRELIN RECEPTOR  GENE:
IDENTIFICATION OF SEVERAL SEQUENCE
VARIANTS IN EXTREMELY OBESE
CHILDREN AND ADOLESCENTS, HEALTHY
NORMALWEIGHT AND UNDERWEIGHT
STUDENTS AND CHILDREN WITH SHORT
STATURE
Wang, H.�J. (1), Geller, F. (3), Dempfle, A. (3),
Schäfer, H. (3), Bettecken, T. (4), Lichtner, P.
(4), Fontenla�Horro, F. (2), Wudy. S. (5),
Gortner, L. (5), Hinney, A. (2), Hebebrand, J. (2)
Remschmidt, H. (2) (1) Institute of Child and
Adolescent Health, Health Science Center,
Peking University, Beijing, China (2) Clinical
Research Group, Department of Child and
Adolescent Psychiatry (3) Institute of
Medical Biometry and Epidemiology,
Phillips�Universtity of Marburg, Germany (4)
GSF�National Research Center for
Environment and Health, Institute of

Humangenetics, Neuherberg, Germany (5)
Endocrinological Out�patient Unit of
University Children Hospital Gießen,
Germany 
Introduction Growth hormone secretagogue re�
ceptor (GHSR), the receptor of endogenous
ghrelin and synthetic growth hormone secreta�
gogues (GHSs), is involved in regulation of body
weight and growth hormone (GH) secretion. In�
tracerebroventricular and peripheral administra�
tion of ghrelin or GHSs leads to increased food
intake and decreased fat utilisation and stimu�
lates GH secretion in rodents. Previously, the hu�
man ghrelin gene has been studied in several
association studies pertaining to obesity with
controversial results. GHSR mRNA is expressed
at high levels in the hypothalamus and pituitary.
Transgenic rats with impaired GHSR function in
the arcuate nucleus of hypothalamus had lower
body weight and reduced GH secretion. Sub�
jects and methods At first we performed high
throughput genotyping of two single nucleotide
polymorphisms (SNPs) of the GHSR in 182 ex�
tremely obese children and adolescents and 183
healthy underweight students. For SNP
rs495225, additional association studies in 270
obese, 49 underweight and 95 normal weight in�
dividuals and a transmission disequilibrium test
in 332 obesity�trios were performed. Additional�
ly, the entire coding region of GHSR 1a and 1b
was systematically screened in 93 extremely
obese children and adolescents, 96 normal
weight students, 94 underweight students and
43 children with body height 5th percentile with�
out detected pathological cause (subsequently
referred to as short stature). Results We found
that the frequency of the 171T allele at SNP
rs495225 is higher in the obese (75.0%) than in
the underweights (70.2%, nominal p=0.14). Ad�
ditional association studies showed the same
trend. The TDT revealed that the 171T allele was
transmitted only slightly more frequently to
obese index patients (52%, two sided p=0.46),
indicating a lack of involvement of this SNP in
obesity. By mutation screen, we identified sev�
en sequence variants in the coding region of
GHSR in different weight groups or children with
short stature. Five SNPs were found in similar
genotype frequencies among obese, nomal
weight and underweight individuals and in chil�
dren with short stature (nominal p>0.05). The
two novel variants detected only in an obese
carrier and a child with short stature need to be
functionally characterized. Conclusion We did
not obtain conclusive evidence for an involve�
ment of the ghrelin receptor gene in body weight
regulation or short stature.
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MAJOR CONTRIBUTION OF A HAPLOTYPE
ENCOMPASSING A NON�CONSERVATIVE
MISSENSE SNP IN THE MCHR1�GENE TO
HUMAN OBESITY IN GERMAN CHILDREN
AND ADOLESCENTS
Wermter, A.�K.(1)*; Reichwald, K. (2)*; Geller, F.
(1), Huse, K. (2), Platzer, C. (3), Platzer, M. (2),
Gudermann, T. (4), Hess, C. (4), Vollmert, C. (5),
Wichmann, H.E. (5), Illig, T. (5), Hinney, A. (1),
Hebebrand, J. (1)
(1) Clinical Research Group, Dept. of Child
and Adolescent Psychiatry, Philipps�
University, Marburg (2) Institute of
Molecular Biotechnology, Dept. of Genome
Analysis, Jena (3) Institute of Anatomy II,
FSU, Jena (4) Institute of Pharmacology and
Toxicology, Marburg (5) GSF� Center for

Environment and Health, Institute of
Epidemiology, Neuherberg 
The lean phenotypes of the melanin�concentrat�
ing hormone (Pmch�/�) and melanin�concentrat�
ing�hormone receptor 1 (Mchr1�/�) knockout
mice and the anorectic effects of MCHR1�antag�
onists underline the importance of the MCH�sys�
tem in regulation of energy homeostasis and
body weight. We screened 13,379 bp of the
MCHR1 locus in obese and lean individuals us�
ing single�stranded conformation polymorphism
analysis and genomic sequencing. Within the
coding sequence 11 variants (allele frequencies
1%) and the SNPs rs133072 (G/A) and rs133073
(T/C) were detected. In the 5’� and 3’�regions 18
additional SNPs were detected, 8 of them being
novel. Both association and transmission dise�
quilibrium to obesity were detected for several
of these SNPs in large and independent study
groups of German obese children, overweight,
normal weight and underweight young adults,
respectively. The MCHR1�haplotype associated
with obesity includes the A�allele of the SNP
rs133072 which leads to the exchange of Asp32
to Asn32 within the N�terminus. The measure�
ment of receptor�induced inositol phosphate
production revealed that MCH is a more potent
agonist in COS�7 cells transiently expressing
Asn32�MCHR1 (EC50: 9.4nM±4.9) when com�
pared to Asp32�MCHR1 (EC50: 242nM±2.4).
Gain�of�function of the MCHR1�haplotype asso�
ciated with obesity was also detected in a pro�
moter luciferase assay. The relative risks for a
BMI ³ 90th percentile were estimated as 1.51 for
heterozygous and 1.95 for homozygous carriers
of the A�allele (Asn32). The attributable risk of
the A�allele for obesity was 24%. Two German
samples, including an epidemiological sample
encompassing 4,056 probands (KORA), geno�
typed to confirm our original findings showed a
trend towards association.
*authors contributed equally. 
Supported by Bundesministerium für Bildung
und Forschung
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Megalocornea�mental retardation
syndrome: a suspicious case
Welling, B., Lemcke, B., Horst, J.
Universitätsklinikum Münster
Megalocornea�mental retardation syndrome
(MMR�syndrome) is a recessively inherited clin�
ical entity which was first descriebed by
Neuhauser et. al in 1975. The two minimal diag�
nostic criteria are megalocornea and mental re�
tardation which can be accompanied by addi�
tional non�obligatory manifestations like short
stature, neurological symptoms, micro� or
macrocephaly and further minor anomalies. We
present a today 23,5 year old woman who was
first seen in our institute at the age of 14 years.
She was born as second girl of non�consan�
guinous parents in 42nd week after uneventful
pregnancy (body weight 3530 g [ 50. percentile],
body length 52 cm [> 50. percentile], head cir�
cumference 34 cm [10. percentile], APGAR
8/9/10). The older sister of our propositus is
healthy. Family history is apart from a miscar�
riage and twin�stillbirth, respectively, in second
degree relationship uneventfull. Our propositus
presented after birth and for the first nine month
of life healthy. Than symptoms concerning mo�
toric and speech development delay became
more and more recognizable. The following
physical examinations revealed neurological
symptoms like muscular hypotonia, tremor and
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ataxia. A pathological EEG was without clinical
appearent seizures and CCT was evaluated nor�
mal. Metabolic defects could be excluded with
high probability. Ophthalmologic examinations
showed a nystagmus, strabismus and a suspi�
cious big cornea�diameter for a one year old girl.
The exact cornea�diameter could not be meas�
ured because of incompliance of the little girl
during examination. Because of the remarkable
speech delay a hearing impairment was exclud�
ed. Summarizing all the above mentioned symp�
toms there was at the age of 14 years suspicion
for a MMR�syndrome. The cytogenetic analysis
for the propositus was normal as well as an ex�
amination for the FMR1�gene. Our case report
describes the symptoms of a young woman sus�
picious of suffering from the rare megalocornea�
mental retardation syndrome and reviews the lit�
erature of the so far less than thirty known
MMR�cases. The small number of published
cases may be due to the fact that the associa�
tion of the two minimal diagnostic signs (mega�
locornea combined with mental retardation) has
not given enough attention to.
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Decrease of mature dendritic spines in the
Arhgef6�deficient mice, a model for non�
specific X�linked mental retardation
Kiemann, K. (1), van Galen, E.J.M. (2), Baker,
R.E. (2), Ramakers, G.J.A. (2), Gal, A. (1),
Kutsche, K. (1)
(1) Institut für Humangenetik,
Universitätsklinikum Hamburg�Eppendorf,
Germany (2) Neurons and Networks,
Netherlands Institute for Brain Research,
Amsterdam, The Netherlands 
Mutations in ARHGEF6, the gene encoding a
guanine nucleotide exchange factor for the Rho
GTPases Rac1 and Cdc42, are associated with
X�linked non specific mental retardation. We
generated an Arhgef6 knock�out mouse that will
help to elucidate and understand the pathophys�
iological mechanisms underlying the phenotype
in patients. By western blot analysis, we showed
that the Arhgef6 protein was expressed in thy�
mus, spleen, and brain in wild�type mice where�
as in the Arhgef6�deficient mice, the protein was
absent in these tissues. Remarkably, a smaller
Arhgef6 isoform of ~83 kD was present in brain
of wild�type mice compared to the protein ex�
pressed in thymus and spleen which has a mo�
lecular weight of ~87 kD. To characterize the
novel, brain�specific Arhgef6 isoform, we per�
formed RT�PCR using total RNA extracted from
wild�type brain and primers flanking different re�
gions of the Arhgef6 cDNA. For one primer com�
bination, we obtained two PCR products of dif�
ferent sizes that were cloned and sequenced. In
addition to the normal Arhgef6 transcript, two
RNA variants were identified lacking either exon
16 alone or in combination with exon 17. These
transcripts were most likely generated by alter�
native splicing and could give rise to the small�
er Arhgef6 isoform present in brain. Mental re�
tardation in patients was found to be associat�
ed with decreased dendritic complexity and
dendritic spine density. Moreover, spine mor�
phology often appears immature. This suggests
that mental retardation results from abnormal
neuronal connectivity causing deficient informa�
tion processing. Thus, we investigated the spine
density and morphology in the Arhgef6�deficient
mice. Spines were visualized by Golgi staining,
followed by quantitation of their density along
the dendrites of pyramidal neurons in the visual

cortex. In Arhgef6 knock�out mice, the density
of mushroom spines (the mature type of spines)
along basal dendrites was decreased by 25 %,
relative to that of wild�type mice, whereas the
density of filiform spines (an immature spine
morphology) was not altered. These data sug�
gest that the mental retardation phenotype in
patients with ARHGEF6 mutations may be
caused by altered synaptic connectivity in the
cerebral cortex. In the near future, Arhgef6�defi�
cient mice will be tested for behavioural and
cognitive deficits.
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Identification of a missense mutation in the
putative HP1 interacting domain of the
XNP/ATR�X gene in severe X�linked mental
retardation syndrome
Wieland, I. (1), Holinski�Feder, E. (2), Röpke, A.
(1), Wieacker, P.F. (1)
(1) Institut für Humangenetik, Otto�von�
Guericke�Universität, D�39120 Magdeburg
(2) Medizinisch Genetisches Zentrum, D�
80335 München
Mutations in the XNP/ATR�X gene have been
identified in patients with alpha thalassaemia /
mental retardation syndrome (ATR�X) as well as
those with other severe X�linked mental retarda�
tion syndromes. The XNP/ATR�X protein is a pu�
tative global transcription factor of chromatin�
mediated transcriptional regulation. It contains
a zinc�finger domain with striking similarity to
PHD finger domains followed by a putative het�
erochromatin protein 1 (HP1) interacting domain
in the N�terminal region and a DNA helicase do�
main in the C�terminal region. Most mutations in
the XNP/ATR�X gene have been found within the
PHD zinc finger and the helicase domain.We
identified a novel XNP/ATR�X missense mutation
located in the putative HP1 interacting domain
in a 14 year old boy with X�linked severe mental
retardation and facial dysmorphy. Linkage analy�
sis of the family has previously included the
XNP/ATR�X gene as a candidate gene. In addi�
tion, obligate�carrier females had a skewed pat�
tern of X inactivation that is associated with
XNP/ATR�X gene mutations. This novel missense
mutation TTG to TCG (Leu to Ser) in codon 409
of the XNP/ATR�X gene was not detected in 130
X chromosomes of normal control individuals (50
females, 30 males) excluding the possibility of a
common single nucleotide polymorphism (SNP).
Comparison of the human, mouse and rat
XNP/ATR�X amino acid sequences showed evo�
lutionary conservation of Leu[409] in all three
species suggesting structural or functional im�
portance of Leu[409]. When analysing the wild�
type XNP/ATR�X amino acid sequence by the
computer program Plotstructure (GCG version;
DKFZ) amino acids 390 � 440 fold into an alpha�
helical structure. In the mutated protein contain�
ing Ser[409] this alpha�helical structure is dis�
rupted suggesting some impact on the overall
structure of the protein. In conclusion, these re�
sults suggest that Leu409 to Ser in the putative
HP1 interacting domain of XNP/ATR�X interferes
with the chromatin�mediated transcriptional reg�
ulation leading to the observed disease pheno�
type.

P 275

A comparative expression analysis of four
MRX genes regulating intracellular
signalling via small GTPases
Kohn, M., Hameister, H., Fromm, S., Kehrer�
Sawatzki, H.
Universität Ulm, Abt. Humangenetik
The X chromosomal mental retardation genes
have attained high interest in the past. A rough
classification distinguishes syndromal mental re�
tardation, MRXS, and non�syndromic mental re�
tardation, MRX, conditions. The latter are sug�
gested to be responsible for human specific de�
velopment of cognitive abilities. These genes
have been shown to be engaged in chromatin
remodelling or in intracellular signalling. During
this analysis we have compared the expression
pattern in the mouse of four genes from the lat�
ter class of MRX genes: Ophn1, Arhgef6 (also
called &#945;Pix), Pak3, and Gdi1. Ophn1, Pak3,
and Gdi1 show a specific neuronal expression
pattern with certain overlap which allows to as�
sign these signalling molecules to the same
functional context. We noticed highest expres�
sion of these genes in the dentate gyrus and
cornu ammonis of the hippocampus, in struc�
tures engaged in learning and memory. A com�
pletely different expression pattern was ob�
served for Arhgef6. It is expressed at sites where
neuronal cells originate during development, but
is found also in other non�neuronal tissues. Our
analysis provides evidence that these signalling
molecules are involved in spatio�temporal spe�
cific expression domains of common signalling
cascades and that considerable functional re�
dundancy of Rho mediated signalling pathways
must exist in the brain.
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Identification of interaction partners of
serine�threonine kinase 9 (STK9), which was
functionally absent in two female patients
with severe infantile spasms
Tao, J., Kübart, S., Schweiger, S., Ropers, HH.,
Kalscheurer, VM.
Max�Planck Institute for Molecular Genetics
Recently we have shown that the X�chromoso�
mal serine�threonine kinase 9 (STK9) gene was
disrupted in two mentally retarded female pa�
tients with infantile spasms and a de novo bal�
anced X;autosome translocation (Kalscheuer,
Tao et al, AJHG, in press). Functional absence of
STK9 in two unrelated patients with almost iden�
tical phenotype suggests its causal role in this
disorder. To learn more about the function of the
STK9 protein, its signaling pathway and the bi�
ological mechanism underlying the pathogene�
sis of the disease, we searched for STK9 inter�
action partners by a yeast two�hybrid screen. In
addition to the wild type STK9, a kinase deficient
mutant which carries a lysine to arginine muta�
tion at position 42 in the ATP binding domain
has been used as a bait, assuming that this site
mutation might lead to the stabilization of STK9
� substrate interactions. From approximately
8.8x10E6 human fetal brain cDNA clones
screened, 170 positive clones were isolated. Se�
quencing has revealed that several of these
cDNA clones overlap and correspond to 3 differ�
ent genes. One of these has been implicated
previously in non�syndromic X�linked mental re�
tardation. To confirm these findings, protein�pro�
tein interactions are currently being studied in a
mammalian system.
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Monosomy 1p36 � a mental retardation�
metabolic disorder?
Hillig, U. (1), Fritz, B. (1), Herberg, K�P. (2),
Dietze, I. (1), Kornmann, E. (1), Schäfer, J. (3),
Rehder, H. (1)
(1) Institut für Klinische Genetik, Philipps�
Universität Marburg, Germany (2) Klinikum
Kassel, Neuropädiatrie mit
Sozialpädiatrischem Zentrum, Kassel,
Germany (3) Klinik für Innere Medizin,
Philipps�Universität Marburg, Germany
Monosomy 1p36 is the most common terminal
deletion syndrome, presumably caused by hap�
loinsufficiency of a number of genes and is as�
sociated with a distinct and complex phenotype,
including physical, developmental, and neurobe�
havioral features. The frequency of monosomy
1p36 has recently been estimated to be 1 in
5000 birth since recent advances in cytogenet�
ic technology have greatly improved the ability
to identify 1p36 deletions. Clinical characteris�
tics include moderate to severe psychomotor re�
tardation, seizures, growth abnormalities (growth
retardation, microcephaly, obesity), and dysmor�
phic features (large anterior fontanel, prominent
forehead, deep set eyes, flat nasal bridge and
midface hypoplasia, ear asymmetry, a pointed
chin). Additional clinical characteristics include
seizures, cardiomyopathy, developmental delay,
and hearing impairment. Similarity between pa�
tients with 1p deletions and those with Prader�
Willi syndrome has been noted. Here, we report
on a 31�year�old man with monosomy 1p36. Cy�
togenetic analysis of peripheral blood cells
showed mosaicism for the deletion being the
second observation of 1p36 deletion in mosaic
form. Parental karyotypes were normal. The de�
velopment of a rather distinctive phenotype in
the patient was personally observed from H.K�P
over a period of 30 years. He has characteristic
facial dysmorphic features with flat midface,
small mouth with high arched palate, deep set
and malformed ears, and a pointed chin. Mea�
surements at birth were normal, but reduced
growth was detected during the first year of life.
No malformations of the internal organs are
known. In II. decennium he developed severe
obesity and seizures. Behavioural problems in�
cluding temper outbursts became apparent. In
recent years metabolic studies showed hyperc�
holesterolemia and severe hyperferritinemia.
Marked mental deficiency and speech delay is
apparent. In spite of many attempts, a diagnosis
had not been made until the deletion was de�
tected by molecular�cytogenetic techniques at
the age of 31 years during a follow up visit. Fur�
ther characterization of this phenotype and long
follow ups from further patients should assist in
the clinical diagnosis of this chromosome abnor�
mality.

P 278

Study of disease�associated balanced
chromosome rearrangements in four
patients with mental retardation and
congenital abnormalities
Mayer, M. (1,2,3); Glazar, R. (2), Wisniewska, M.
(2), Materna�Kiryluk, A. (2), Kolowska, J. (4),
Mazurek�Grzadka, M. (4), Hoeltzenbein, M. (1),
Scherthan, H. (1), Latos�Bielenska, A. (2,4),
Ropers, H.H. (1), Kalscheuer, V.M. (1), 
(1) Max�Planck�Institute for Molecular
Genetics, Ihnestrasse 73, 14195 Berlin�

Dahlem, Germany (2) Chair and Department
of Medical Genetics, University of Medical
Sciences in Poznan, Poland (3)
Postgraduate School of Molecular Medicine,
Warsaw, Poland (4) Medical Genetics
Centre, Poznan, Poland
Studying patients with disease�associated bal�
anced chromosome rearrangements is a power�
ful strategy for the isolation of disease genes
and for linking phenotype and genotype. We in�
vestigated the breakpoints in four patients with
different degrees of mental retardation, dysmor�
phisms and congenital malformations, who car�
ry de novo balanced translocations.The first pa�
tient presenting with mild mental retardation,
short stature and mild dysmorphism has a t
(1;10)(p22;p11.2) translocation. Iterative fluores�
cent in situ hybridisation (FISH) of YAC clones to
metaphase chromosomes of the patient identi�
fied a breakpoint�spanning clone for chromo�
some 1 and narrowed the breakpoint region on
chromosome 10 to an interval of 7 cM.The sec�
ond patient presenting with severe mental retar�
dation and epilepsy carries a t (1;11)(p34.1;p13)
translocation. A breakpoint�spanning YAC clone
has been identified for chromosome 1. On chro�
mosome 11, FISH hybridisation signals indicat�
ed that one PAC clone overlapped the break�
point. This clone contains part of the excitatory
amino acid transporter 2 (EAAT2) gene (MIM #
600300) which may be disrupted by the re�
arrangement.The third patient presenting with
mild mental retardation, mild hearing impair�
ment, obesity and eunuchoid proportions carries
a t (7;8)(p13;q22.3). FISH with YAC clones nar�
rowed the breakpoint region to 6 and 3 cM, re�
spectively.In the fourth patient presenting with
mild mental retardation and ectrodactyly with
apparently balanced t (11;16)(p13;q13) translo�
cation, systematic FISH analysis revealed a
more complex chromosome rearrangement,
which also involves chromosome 8.Ongoing
breakpoint mapping studies and in silico se�
quence analyses should soon shed more light on
underlying gene defects.
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GIANT CELL LESION ________________P 016
GIEMSA DARK BANDS ______________W2 04
GIEMSA LIGHT BANDS ____________W2 04
GJB2 ______________________________P 068
GJB2 GENE ________________________P 065
GJB6 ______________________________P 068
GLI3 ____________________________W14 03
GLIOMA ____________________P 155, P 196
GLOMERULOPATHY ________________P 019
GMALL 05/93 ______________________W5 04
GONADAL DYSGENESIS __________W10 03
GONADAL TISSUE ________________W10 03
GONADOBLASTOMA ________________P 209
GRB10 ____________________________P 023
GREAT APE CHROMOSOMES ________P 098
GREIG CEPHALOPOLYSYNDACTYLY 

SYNDROME____________________W8 01
GREY LETHAL ______________________P 234
GROWTH RETARDATION______P 091, P 092, 

________________________P 233, P 236

H
H�/T�CADHERIN ____________________P 130
HAEMOPHILIA A ____________________P 114
HAPLOTYPE________________P 271, W15 01
HAPLOTYPE STRUCTURE __________P 146
HCM ______________________________P 255
HEAD AND NECK CANCER ____P 057, P 178
HEARING IMPAIRMENT ______________P 066
HEART FORMATION ________________P 218
HEART MALFORMATION ______P 073, P 085
HEDGEHOG ______________________W8 03
HEIGHT __________________________W15 02
HEREDITARY CANCER SYNDROME __P 208
HEREDITARY MOTOR AND 

SENSORY NEUROPATHIES ______P 171
HEREDITARY MOTOR AND 

SENSORY NEUROPATHY ________P 174
HEREDITARY MULTIPLE EXOSTOSES P 154
HEREDITARY NON�POLYPOSIS 

COLORECTAL CANCER__________P 205
HEREDITARY SPASTIC PARAPLEGIA __P 104
HERITABLE DISORDERS OF 

CONNECTIVE TISSUE__________W12 06
HETEROZYGOSITY__________________P 190
HETEROZYGOUS DELETION ________P 157
HHT ______________________________W1 05
HIGH MOBILITY GROUP PROTEINS __P 137
HIPPOCAMPUS ____________________W4 06



HLA DELETION ____________________P 185
HLXB9 ____________________________P 094
HMCS ____________________________P 144
HMGB1 ____________________________P 227
HMSN ____________________________P 163
HNPCC ____________________________S2 04
HOLT�ORAM�SYNDROM ____________W1 02
HOMEOBOX GENES ______________SEL 003
HOMINIDS ________________________W2 06
HOMOPHILIC INTERACTION __P 173, P 173
HOMOZYGOTE MUTATION __________P 009
HOWELL�JOLLY BODIES ____________P 089
HP1P 274
HPRT MUTATIONS __________________P 125
HTR3 ______________________________P 165
HUMAN FETAL GROWTH 

PLATE CARTILAGE ______________P 219
HUMANFUSED ____________________W14 03
HUNTINGTON´S DISEASE�LIKE ______P 167
HYPERACUTE REJECTION __________P 150
HYPERDIPLOIDY __________________P 193
HYPERMOBILITY __________________P 063
HYPEROSTOSIS ____________________P 015
HYPERTENSION __________________W13 03
HYPOTHETICAL GENE PREDICTIONS P 102
HYPOTRICHOSIS __________________W3 02

I
IANGIOTENSIN CONVERTER 

ENZYME (ACE)__________________P 109
ICF SYNDROME ____________________P 032
ICHTHYOSIS __________P 140, P 141, W8 03
ICSI ________________P 037, P 224, W10 04
IGF�1 ______________________________P 235
IGHMBP2�MUTATIONS ______________W1 03
IHH/PTHLH PATHWAY ____________W13 04
IMMUNODEFICIENCY ______________P 032
IMMUNOHISTOCHEMISTRY __P 057, P 238
IMPRINTING ________________W3 06, W6 01
IN VITRO DIAGNOSTIC DEVICE 

DIRECTIVES ____________________P 214
INBORN ERRORS OF METABOLISM __P 047,

W12 05
INDEX OF GENE DIVERSITY__________P 108
INDUCIBLE MOUSE MODEL ________W11 04
INFANTILE CORTICAL 

HYPEROSTOSIS________________W6 03
INFANTILE SPASMS ________________P 276
INFERTILITY________________________P 224
INFORMED CONSENT ____________W12 02
INK4A/ARF ________________________P 206
INSECT CELLS ____________________P 244
INSL3 ____________________________W8 05
INSULIN GENE ____________________P 235
INTERNET ________________________W12 04
INTERPHASE FISH ____P 195, P 199, W5 03
INTERSPECIFIC HYBRID 

PLACENTAL DYSPLASIA ______W11 02
INTERSTICIAL TRANSLOCATION ____P 080
INTERSTITIAL DELETION ____________P 085
INTERSTITIAL DELETION 4Q ________P 040
INTERSTITIAL DELETION 5Q ________P 090
INTRACELLULAR TRAFFICKING ____W11 05
INTRACELLULAR TRANSPORT ____SEL 004
INTRAUTERINE GROWTH 

RETARDATION____________P 033, P 235
INTRON CONSERVATION ____________P 021
INVERSION ________________________P 098
ION�CHANNELS ____________________P 253
IONTRANSPORTERS ______________W11 03
IRF6 ______________________________W8 04
ISOPSEUDODICENTRIC 

CHROMOSOME 18 ______________P 042
ITA W6 06

J
JACOBSEN SYNDROME ____________P 064
JUMPING TRANSLOCATIONS ________P 062

K
KCNH2 ____________________________P 149
KIAA1882__________________________W3 03
KIDNEY ____________________________P 198

KIDNEY DEVELOPMENT ____________P 130

L
LACZ ____________________________W14 04
LAMB3 ____________________________P 121
LARGE DELETIONS ________________P 160
LATE�ONSET DISEASES ____________P 256
LATERALITY ________________________P 192
LCAT ______________________________P 139
LD BLOCKS ______________________W8 06
LEKTI ____________________________W3 01
LENTIGINES________________________P 070
LEOPARD�SYNDROME ______________P 070
LEUKEMIA ____________P 032, P 181, P 182, 

________________W2 01, W5 01, W5 02
LGI1 ______________________P 155, W15 05
LGI4 ____________________________W15 05
LIFE SPAN ________________________W1 03
LI�FRAUMENI SYNDROME __________P 006
LIGAND�GATED ION CHANNEL ______P 165
LIGHTCYCLER______________________P 113
LIKELIHOOD ______________________P 248
LIM DOMAINS ______________________P 217
LIMB ______________________________W8 02
LIMB DEFECTS ____________________P 215
LINKAGE ANALYSIS ________P 162, P 169M 

__________P 215, P 260, P 262, W15 05, 
______________________________W15 06

LINKAGE DISEQUILIBRIUM__________P 146, 
______P 248, P 257, P 258, P 259, P 263

LINKAGE GENOME SCAN____________P 236
LIPID METABOLISM ______________W15 01
LIPID PROFILE ____________________P 051
LIPOXYGENASE ____________________P 141
LIS1 ______________________________P 177
LISSENCEPHALY ______P 176, P 177, W4 04
LOCUS ____________________________P 234
LOH ______________________________P 101
LOH ANALYSES ____________________P 197
LORICRIN __________________P 140, P 143
LOSS OF HETEROZYGOSITY __P 107, P 245
LOW LEVEL MOSAIC ________________P 224
LOW PENETRANCE ________________P 006
LOW�COPY REPEATS______________W16 03

M
MAIS ______________________________P 220
MALIGNANT THYROID TUMORS ____P 201
MALT1 ____________________________P 188
MANTLE CELL LYMPHOMAS ________P 247
MAPH ______________________P 142, W8 01
MAPPING __________________________P 074
MARFAN __________________________P 043
MARKER CHROMOSOME __________P 045, 

__________________P 082, P 084, P 225
MATCHS SYNDROME ______________P 059
MATERNAL UNIPARENTAL DISOMY 16 P 033
MATERNAL UPD7 __________________P 153
MC4R ____________________________W15 04
MCH ______________________________P 271
MCHR1 ____________________________P 271
MECP2 __________________________SEL 002
MECP2 GENE ______________________W1 06
MEDULLLARY THYROID 

CARCINOMA ____________P 203, P 208
MEGALOCORNEA __________________P 272
MELANOCORTIN�4 ________________W15 04
MELANOMA ____P 029, P 101, P 183, P 194
MENINGIOMA ________________P 193, P 237
MENTAL RETARDATION ______P 054, P 069, 

P 088, P 272, P 273, P 276, P 278, S5 03,
SEL 004, W16 03, W16 04, W2 03, W4 03

META�ANALYSIS __________________W15 02
METABOLIC PARAMETERS __________P 277
METHODS ________________________P 251
METHYLATION ______________P 147, P 237
M�FISH ______________P 037, W6 04, W9 01
MICROARRAY ________P 129, P 229, P 230, 

____P 239, P 246, P 254, W14 05, W4 05
MICROCEPHALY __________P 138, SEL 004
MICRO�CGH ______________________P 182
MICRODELETION ____________P 030, P 059, 

____________P 069, P 134, P 138, W9 01
MICRODELETION 7P11.2�P13 

AND 7Q31�QTER ________________P 153
MICRODISSECTION ____P 057, P 058, P 084
MICRO�FISH ______________________P 081
MICRONUCLEUS�ASSAY __________W15 03
MICROSATELLITE ____P 025, P 245, W10 05
MID1 PROTEIN ____________________S7 04
MID1/PP2A ______________________W14 03
MIDAS ____________________________P 134
MIDBODY ________________________W14 02
MILD CITRULLINEMIA ______________P 111
MINIGENE ASSAY __________________P 017
MISSENSE MUTATION ________P 123, P 274
MITOTIC GENE CONVERSION ______W3 04
MITOTIC INSTABILITY ______________P 196
MLH1 ______________________P 205, S2 04
MLL ______________________________W5 01
MLPA ______________________________P 010
MLS ______________________________P 134
MNDA�REZEPTOR __________________P 168
MODEL ORGANISIM ________________P 227
MODIFIER GENES ____S2 03, W4 01, W8 06
MOLECULAR DIAGNOSIS____________P 053
MOLECULAR GENETICS ____________P 111
MOLYBDENUM COFACTOR 

SULFURASE ____________________P 144
MONOSOMY 1P36 __________________P 277
MONOSOMY 3 ____________________P 107
MOSAIC __________________________P 076
MOSAICISM ____P 045, P 277, W4 05, W6 04
MOTOR NEURON DISEASE __________P 175
MOUSE MODEL ______________P 226, S6 02
MOWAT�WILSON SYNDROME________S5 03
MRX ______________________P 275, W16 05
MSH2 ______________________P 205, S2 04
MTC ________________________P 203, P 208
MTDNA ____________________________P 108
MUIR�TORRE SYNDROME __________S2 04
MULTICOLOR BANDING (MCB) ______P 037, 

__________P 181, P 182, W2 01, W2 04
MULTICOLOR INTERPHASE FISH ____W9 05
MULTIPLE ENDOCRINE 

NEOPLASIA ______________P 203, P 208
MULTIPLE MYELOMA ______________W9 05
MULTIPLEX LIGATION�DEPENDENT 

PROBE AMPLIFICATION ________P 205
MULTIPLEX RT�PCR ________________P 122
MUTATION ANALYSIS ________P 017, P 022, 

P 112, P 114, P 115, P 119, P 131, P 142,
P 158, P 161, P 234, W16 02

MUTATION SCREEN __________P 124, P 127, 
________________________P 269, P 270

MYELOMA ________________________W5 03
MYOC ____________________________P 244
MYOCARDIAL IKR�ALPHA�SUBUNIT __P 149
MYOCILLIN ________________________P 244
MYOCLONUS ______________________P 024
MYOTUBULAR MYOPATHY 1 ______W12 06

N
NAGS DEFICIENCY ________________P 112
NAP ______________________________P 128
NASAL BONE ________________P 212, S6 04
NASAL WIDTH ______________P 212, S6 04
NBS ______________________________P 039
NBS1________________________P 183, P 190
NCRNA ____________________________P 028
NEONATAL THROMBOCYTOPENIA __P 064
NEONATAL�ONSET EPILEPSY ________P 176
NEPHROBLASTOMA ________________P 105
NEPHROGENESIS __________________P 019
NESPRINS ________________________P 127
NETHERTON SYNDROME __________W3 01
NETRIN�G1 ________________________P 166
NEURITE OUTGROWTH ____________P 173
NEURODEGENERATION ____________P 159
NEUROFIBROMATOSE 

TYPE 1 __________________P 007, P 017
NEUROGENETICS ________________W11 04
NEUROLOGICAL DISORDER ________P 027
NEURONAL DEVELOPMENT ________W4 06
NEURONAL MIGRATION ______P 177, W4 04
NEURONAL MORPHOGENESIS ____W16 05
NEUROPSYCHIATRIC 

DISEASES ______________P 258, P 259
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NEUTRAL ENDOPEPTIDASE ________P 164
NF1 TUMOR SUPPRESSOR __________P 160
NIJMEGEN BREAKAGE 

SYNDROME ______P 039, P 077, P 183
NMD ______________________________S7 04
NON SYNDROMIC __________________P 066
NON�BALANCED TRANSLOCATION __P 046
NON�CODING RNA__________________P 102
NON�CONSERVATIVE 

MISSENSE SNP ________________P 271
NON�LCR MEDIATED ________________P 160
NON�ROBERTSONIAN 

TRANSLOCATION ______________P 046
NONSENSE MEDIATED 

MRNA DECAY __________________W8 01
NONSYNDROMIC SENSORINEURAL 

HEARING LOSS ________________P 060
NOONAN SYNDROME ________P 016, P 016, 

________________________P 070, P 135
NORRIE DISEASE ________________W10 04
NOVEL GENE FAMILY ______________P 238
NSD1 ____________________________W1 04
NSDHL ____________________________W8 03
NSHL ______________________________P 068
NUCLEAR C�REL __________________P 184
NUCLEAR LOCALISATION SIGNAL____P 242
NUTRIENTS ________________________P 051

O
OBESITY ____________P 142, P 268, P 269, 

__________P 270, P 271, P 277, W15 04
OKIHIRO�SYNDROM ________P 072, W1 02
OLIGONUCLEOTIDES ______________P 125
OOGENESIS ______________________W12 06
OPHN1 ____________________________P 275
OPITZ BBB/G SYNDROME __________S7 04
OPITZ SYNDROME ________________W14 03
OPSIN GENE ______________________W7 06
ORIGIN OF MUTATIONS____________W12 06
ORNITHINE TRANSCARBA�

MYLASE DEFICIENCY __________P 047
OROFACIAL DYSPRAXIA ____________P 170
OSF�2 ____________________________P 243
OSTEOARTHRITIS __________________P 254
OSTEOCLAST ____________________W14 06
OSTEOPETROSE __________________W14 06
OSTEOPETROSIS ____________P 015, P 234
OSTEOPOROSIS____________________P 265
OSTEOPROTEGERIN ________________P 265
OSTL ______________________________P 187
OVARIAN BORDERLINE TUMORS ____W9 03
OVARIAN CANCER ________________W9 04
OVEREXPRESSION__________________P 095

P
P/Q CHANNEL ______________________P 229
PAIS ______________________________P 220
PAK3 ______________________________P 275
PALLISTER�HALL SYNDROME ______W8 01
PALMOPLANTAR KERATODERMA ____P 140
PANCREATIC CANCER ______________W5 06
PARAFFIN MATERIAL ______________W9 03
PARK7 ____________________________P 158
PARKINSON´S DISEASE ______P 158, P 230
PARTIAL TETRASOMY 14Q __________P 076
PARTIAL TRISOMY __________________P 067
PARTIAL TRISOMY 18 ______________P 042
PARTIAL TRISOMY 2________________W6 04
PARTIAL TRISOMY 20P ______________P 062
PARTIAL TRISOMY 7 ________________P 046
PARTIAL TRISOMY 9 ________________P 046
PATERNAL AGE ____________________P 221
PCR EFFICIENCY __________________P 113
PCR�REAGENTS ____________________P 122
PDGFB ____________________________P 106
PDS MUTATIONS __________________P 066
PELOTA____________________________P 216
PERICENTRIC INVERSIONS ________W2 06
PERIODIC CATATONIA ______________P 260
PEUTZ�JEGHERS SYNDROME ______P 191
PHARMACOGENETIC ______________P 152
PHARMACOTHERAPY ______________P 018
PHENOTYPE EXPRESSION ____P 002, P 143
PHENYLKETONURIA ______________W12 05

PHGPX ____________________________P 131
PHILADELPHIA CHROMOSOME ______P 001
PKD1 GENE ________________________P 093
PLACENTAL DYSPLASIA __________W11 02
PLACENTAL MOSAICISM ____________P 082
PLASMINOGEN ACTIVATOR (TPA) ____P 109
PLAU ____________________________W4 02
PLEXIN B3 ________________P 173, W16 04
PLXNB3____________________P 173, W16 04
POL3______________________________W7 03
POLAR BODY DIAGNOSIS__________W10 04
POLYCYSTIC KIDNEY AND HEPATIC 

DISEASE 1 (PKHD1) ____P 145, W11 05
POLYDACTYLY ____________________P 142
POLYDUCTIN/FIBROCYSTIN ________P 145
POLYGLUTAMINE DISEASE __________S6 02
POLYHYDRAMNIOS ________________W6 03
POLYMORPHISM ____________P 036, P 099, 

____________P 109, P 152, P 264, P 264
POPEYE GENE FAMILY ______________P 124
POPLITEAL PTERYGIUM SYNDROME W8 04
POPULATION GENETICS______P 022, P 026, 

______________________W12 05, W7 04
POWER SIMULATIONS ______________P 248
PPARG ____________________________P 264
PRADER�WILLI SYNDROME __P 030, W6 01
PRAENATAL CASE __________________P 211
PREDICTICE DIAGNOSTICS__________P 031
PREDISPOSITION ____________P 012, P 137
PREIMPLANTATION DIAGNOSTICS __P 031
PRENATAL CORTICAL 

HYPEROSTOSIS________________W6 03
PRENATAL DIAGNOSIS P 145, P 210, W6 02
PRENATAL SCREENING ______P 212, S6 04
PRIMARY CENTRAL NERVOUS 

SYSTEM LYMPHOMAS __________P 185
PRIMARY LYMPHOMAS ____________P 206
PRIMATES ________________________W2 05
PRIMER�JUMPING ________________W2 03
PROGRESSIVE SPINAL 

INVOLVEMENT ________________W13 02
PROMM ____________________P 172, S6 04
PROMOTER ASSAY ____P 004, P 147, P 243
PROPHYLACTIC SCREENING ________P 011
PROSTATE CANCER ________________P 147
PROTEIN ARRAYS __________________P 058
PROTEIN SORTING ______________SEL 004
PROTON PUMP __________________W14 06
PSEUDOXANTHOMA ELASTICUM ____P 053
PSORIASIS ARTHRITIS ______________P 263
PSYCHIATRIC DISORDERS ________W15 06
PTPN11 ______________P 016, P 070, P 135
PULMONARY ATRESIA ______________P 052
PULMONARY STENOSIS ____________W1 01
PURIFICATION______________________P 095
PWS ______________________________W4 05

Q
QUANTITATIVE PCR ________________P 164
QUANTITATIVE TRAIT________________P 266
QUESTIONNAIRE__________________W12 03

R
RABENOSYN 5 ____________________W2 05
RAD51 ____________________________P 004
RADIATION IN DIAGNOSTIC__________P 077
RADIATION SENSITIVITY ____________P 005
RAGE______________________________P 020
RB1P 013, P 186
RCC ______________________________P 198
REAL TIME PCR ____________P 023, P 083, 

____P 113, P 122, P 148, P 163, W2 03
REAL�TIME RT PCR ________________P 129
RECEPTOR TYROSINE KINASE ______P 217
RECESSIVE ________________________P 123
RECOMBINANT PROTEIN____________P 095
RECOMBINATION __________________W7 06
RECURRENT CHROMOSOMAL 

ABERRATION __________________W5 04
REGULATION OF SMN COMPLEX ____W4 01
REL AMPLIFICATION ________________P 184
RENAL ____________________________P 198
RENAL CELL CARCINOMA 

(RCC)____________________P 117, P 129

REPAIR DEFECT __________________W15 03
REPEAT EXPANSION ________________P 172
REPLICATION TIMING ______________P 097
REPORTER GENES__________P 243, W11 04
REPRODUCTIVE GENETICS __________P 131
RESTENOSIS ______________________P 137
RESTLESS LEGS SYNDROME ________P 169
RET PROTOONCOGENE ____________P 208
RETARDATION ______________P 048, W1 01
RETINAL PIGMENT EPITHELIUM ____P 100
RETINA�SPECIFIC __________________P 238
RETINOBLASTOMA __________P 013, P 115, 

________________________P 186, S2 03
RETT SYNDROME __P 166, SEL 002, W1 06
REVERSE FISH ______________P 079, P 089
REVERSION OF SPLICING __________P 018
RHABDOMYOSARCOMA ____________W7 05
RHO�SIGNALING __________________W16 05
RING CHROMOSOME ______________P 075
RISK CALCULATION__________P 026, W6 05
RLGS ____________________________W5 01
RNF4 ____________________________W7 02
ROBINOW SYNDROME ______P 041, W8 02
ROR2 ______________P 217, W13 05, W8 02
RUNX2 ____________________________P 228
RUNX�2 __________________________W13 05
RUNX3 ____________________________P 228

S
SALL ______________________________W1 02
SALL1 ____________________________P 073
SALL4 ____________________________P 072
SARCOIDOSIS______________________P 250
SBF2 ______________________________P 174
SCA17 ____________________________P 167
SCA3 ______________________________S6 02
SCA5 ______________________________P 162
SCA6 ______________________________P 229
SCCN ____________________________W5 04
SCHIZOPHRENIA ____________P 257, P 258, 

________________________P 260, P 267
SCHLAFEN GENES__________________P 160
SCM ______________________________W6 04
SCREENING ______________________W6 06
SEDL ______________________________P 123
SEGMENTAL UPD __________________P 153
SEGREGATION ANALYSIS ____P 126, P 134
SELECTIVE SCREENING __________W13 05
SENESCENCE ______________________P 197
SEQUENCE VARIATION ____________W7 04
SERINE PROTEASE INHIBITOR ______W3 01
SEROTONIN RECEPTOR GENES ____P 165
SET BINDING FACTOR 2 ____________P 174
SEX�CHROMOSOMAL MOSAICISM W10 03
SGA ______________________________P 235
SHH ______________________________P 094
SHORT ARM ______________________P 036
SHORT STATURE ____P 135, P 270, SEL 003
SHOX __________________________SEL 003
SHR ______________________________P 136
SIGNALLING ______________________P 187
SILENT MUTATIONS ________________P 121
SILVER�RUSSELL SYNDROME ______P 023, 

__________________P 091, P 153, P 232
SINGLE NUCLEOTIDE 

POLYMORPHISM ______________P 137
SKELETAL DISORDERS______________P 219
SKYP 086, W2 02
SLEEP ____________________________P 169
SLOS ____________________________W3 05
SLOVAKIA__________________________P 039
SMA ______________________________P 157
SMALL MARKER CHROMOSOMES __P 035
SMC�CLASSIFICATION ______________P 035
SMITH�LEMLI�OPITZ SYNDROME ____W3 05
SMN ______________________________P 018
SOCIAL ISSUES ____________________P 031
SOD1 GENE MUTATIONS ____________P 156
SOLID TUMOR______________________P 193
SOLUBLE __________________________P 020
SOMATIC MOSAICISM __P 007, P 047, P 157
SOMITE __________________________W8 02
SONIC HEDGEHOG________________W14 03
SOST�GENE ________________________P 015



SOTOS SYNDROME ________________W1 04
SOX9 ____________________W14 04, W3 04
SPASTIN __________________________P 104
SPECIATION ______________________W2 06
SPERMATID ________________P 221, W10 02
SPERMATOGENESIS ________ P 131, P 231,

______________________ W8 05, W12 06
SPERMATOGONIAL STEM CELLS ____P 223
SPG3A ____________________________P 104
SPG4________________________P 104, P 161
SPINAL MUSCULAR ATROPHY 

(SMA) ______P 018, S7 03, W1 03, W4 01
SPINAL NEUROFIBROMAS __________P 160
SPINDLE APPARATUS ______________P 196
SPINOCEREBELLAR ATAXIA ________P 162
SPLICE SITE MUTATIONS ____________P 008
SPLICING ____________P 005, P 132, P 158
SPLITTING OF BANDS ______________W2 04
SPONDYLOEPIPHYSEAL   

DYSPLASIA TARDA______________P 123
SPONDYLOEPIPHYSEAL 

DYSPLASIA OMANI TYPE ______W13 02
ß�CATENIN ________________________P 105
STANDARD CURVE__________________P 113
STEROL SYNTHESIS________________W8 03
STK11 MUTATIONS ________________P 191
STK9 ______________________________P 276
STRUCTURAL ABERRATION ________P 075
STRUCTURAL REARRANGEMENTS __W5 05
STUDY DESIGNS __________________P 251
SUBCENM�FISH ______P 034, P 035, P 099
SUBTELOMERE ____________________W2 03
SUBTELOMERE FISH ________P 054, P 080
SUBTELOMERE SCREENING __P 071, P 081
SUBTELOMERIC DELETION __________P 044
SUPPRESSION SUBTRACTIVE 

HYBRIDISATION ________________P 100
SURVEILLANCE ____________________P 011
SURVIVAL OF MOTOR 

NEURON GENE (SMN) ____S7 03, W4 01
SUSCEPTIBILITY____________________P 250
SYNDROMES ______________________S5 04
SYNTHETIC SERUM FREE 

CELL CULTURE MEDIUM ________P 214
SYNUCLEIN ________________________P 230
SYNUCLEINOPATHIES ______________P 226

T
T(10;11) __________________________W5 02
T(12;21)(P12;Q22) __________________P 204
TANDEM MS________________________P 057
TARGETED GENE REPAIR____________P 125
TBPP 167
TBX5 ______________________________P 218
TELOMERASE ______________________P 241
TELOMERASE REVERSE 

TRANSCRIPTASE ______________P 241
TELOMERES ______________________W2 02
TERMINAL DELETION ______________P 088
TET�OFF�SYSTEM ________________W11 04
TET�SYSTEM ______________________P 118
TFNR ____________________________W7 03
THADA ____________________________P 201
THROMBOCYTOPENIA ______________P 110
THYROID __________________________P 200
THYROID ADENOMAS ______________W5 05
THYROID CANCER __________________P 179
TIGR ______________________________P 244
TISSUE ____________________________P 020
TISSUE SPECIFICITY ________________S7 04
TNNT2 ____________________________P 255
TOWNES�BROCKS 

SYNDROME ______________P 049, P 073
TRANSCRIPTION FACTOR ________W14 01
TRANSCRIPTIONAL 

REGULATION ____________P 133, W7 02
TRANSGENIC ______________________P 226
TRANSGENIC MICE P 231, W11 04, W11 05
TRANSGLUTAMINASE ________P 141, W3 01
TRANSLOCATION ____________P 044, P 059, 

P 086, P 106, P 126, P 139, P 170, P 198
TRANSMEMBRANE PROTEIN ________P 238
TRANSPOSITION __________________P 093
TRANSPOSITION OF THE 

GREAT ARTERIES ______________P 218
TRAP (THYROID HORMONE RE�

CEPTOR�ASSOCIATED PROTEIN) P 133
TREATMENT OUTCOME ____________P 224
TRICHO�RHINO�PHALANGEAL 

SYNDROME __________________W14 01
TRIGLYCERIDE ____________________P 050
TRIGONOCEPHALY ________________P 014
TRISOMIE 21 ______________________W6 06
TRISOMY 6PTER____________________P 036
TROPONIN T ______________________P 255
TRP ______________________________W7 01
TRPS ______________P 116, W14 01, W7 02
TSC ______________________________P 120
TSPY ________________________P 128, P 231
TUBERIN __________________________P 120
TUBEROUS SCLEROSIS ____________P 120
TULIP1 ____________________________P 138
TUMOR CYTOGENETICS ____________W9 03
TUMOR GENETICS__________________P 103
TUMOR PROGRESSION ____________P 013
TUMOR RISK ______________________P 191
TUMOR SUPPRESSOR GENE________P 009, 

____P 103, P 155, P 247, W7 05, W7 05
TWIST ______________________P 242, P 243
TWO�DIMENSIONAL GEL 

ELECTROPHORESIS ____________P 057
TYPE 2 DIABETES __________________P 264

U
ULTRASOUND________________P 212, S6 04
UNICUM HAPLOTYPE ______________P 108
UNIPARENTAL DISOMY ______P 023, P 035, 

____________P 082, P 232, P 246, W4 05
UPD11 ____________________________P 232
UPD22 ____________________________W6 02
UPD7 ______________________________P 153
UROKINASE ______________________W4 02
UVEAL MELANOMA __________P 103, P 107

V
VALIDATION ________________________P 129
VALPROIC ACID ____________________P 018
VALPROIC ACID (VPA) ______________S7 03
VAN DER WOUDE SYNDROME ______W8 04
VARIABILITY________________________P 002
VHL ______________________________P 009
VOHWINKEL________________________P 143
VON HIPPEL�LINDAU________________P 009
VULVA�MELANOMA ________________P 194

W
WEAVER SYNDROME ______________W1 04
WILMS TUMOR ______________P 105, P 192
WOLF�HIRSCHHORN 

SYNDROME ______________P 027, P 028
WT1 ______________________________P 105
WT1 MUTATIONS ____________P 019, P 192

X / Y / Z
X CHROMOSOME ________________W16 03
XANTHINURIA ______________________P 144
X�AUTOSOME 

TRANSLOCATION ________P 081, P 211
XENOTRANSPLANTATION __________P 150
X�INACTIVATION __________________W8 03
XLAG ______________________________P 176
X�LINKED__________________________W4 03
X�LINKED MENTAL 

RETARDATION __________P 274, W16 02
XNP/ATR�X GENE __________________P 274
XRCC4 ____________________________P 005
XY FEMALE ________________________P 209
Y CHROMOSOME __________________P 096
YEAST TWO�HYBRID SCREEM ______P 276
ZEBRAFISH ________________________P 252
ZFHX1B____________________________S5 03
ZIMMERMANN�LABAND SYNDROME W3 03
ZNF297B __________________________W7 03
ZNF41 ____________________________W4 03
ZOO�FISH __________________P 098, W2 01

G
fH

  Ö
G

H
  S

G
M

G
  T

ag
un

gs
b

an
d

 2
00

3
S

ti
ch

w
o

rt
ve

rz
ei

ch
ni

s

368 medgen  15  (2003)



S
te

lle
na

nz
ei

g
en

 

369medgen  15  (2003) 

Am Institut für Humangenetik, Universitätsklinikum
Essen (Direktor: Prof. Dr. rer.nat. B. Horsthemke,
Ltd. Ärztin: Prof. Dr.med. G. Gillessen�Kaesbach) 

ist die Stelle einer/eines

Ärztin/Arztes im Praktikum
bzw. Ärztin/Arztes

ab sofort halbtags zu besetzen. (Erlaubnis für eine Tätigkeit als AiP
wird für 18 Monate erteilt).

Aufgabengebiet:
Diagnostik und genetische Beratung bei Patienten mit einem breiten
Spektrum genetisch bedingter Erkrankungen, ungeklärten Entwik�
klungsstörungen, chronischen Erkrankungen des Erwachsenenalters,
Beurteilung von Risiken für Embryo und Fetus während der Schwan�
gerschaft, Pränataldiagnostik, Bewertung von genetischen Labor�
untersuchungen für die ärztliche Praxis. Die Tätigkeit ist klinisch und
hat eine Reihe von allgemeinmedizinischen Aspekten. Teilnahme an
konsiliarischer Tätigkeit bei stationären Patienten vor allem in der Kin�
derklinik und der Neugeborenenstation. Eine volle Weiterbildungser�
mächtigung ist vorhanden.

Anforderungen: Erlaubnis für eine Tätigkeit als AiP bzw. Erlaubnis für
eine Tätigkeit als Arzt.

Bewerbungen erbeten an:
Prof. Dr. med. G. Gillessen�Kaesbach
Institut für Humangenetik, Universitätsklinikum Essen
45122 Essen

humangenetik@uni�essen.de
Telefonische Auskunft im Sekretariat unter (0201) 723 4560.

In einer humangenetischen Praxis in Berlin suchen wir einen 

Zytogenetiker /Zytogenetikerin
mit Erfahrungen in der pränatalen und postnatalen Diagnostik 
sowie Molekularzytogenetik. 

Ansprechpartnerin: Tel.: 030 577 987 18 
Frau Dr. Britta Belitz Belitz@pdmg.de 

Facharzt / Fachärztin für Humangenetik
in leitender Position für ein humangenetisches Labor 
in Österreich gesucht.

Tätigkeitsbereich: prä� und postnatale zytogenetische Diagnostik, 
Befundung, genetische Beratung

Tätigkeitsbeginn: 
nach Vereinbarung

Bewerbungen bitte an:
Ao. Univ.�Prof. Mag. Dr. K. Wagner
Institut für Medizinische Biologie und Humangenetik
Harrachgasse 21/8
A�8010 Graz
Österreich
Tel.: +43�316�3804110
klaus.wagner@uni�graz.at

Medizinische Laboratorien Dr. med. H. Drescher
_____________________________________________
eines der führenden schweizerischen medizinisch�
diagnostischen Labors im Herzen der Schweiz 

(Stammhaus in Düdingen, zwischen Bern und Freiburg) suchen

Zytogenetikassistentin / 
Zytogenetikassistent

zur Verstärkung eines multinationalen und innovativen Teams. 
Erwartet werden Erfahrung in Prä� und Postnatal�Diagnostik. 
Wünschenswert sind Erfahrungen in der FISH�Technologie sowie
mündliche Englischkenntnisse.

Wir bieten Ihnen ein angenehmes Arbeitsumfeld, Support bei 
Weiterbildungen, ein attraktives Gehalt sowie fortschrittliche 
Sozialleistungen. Weitere Informationen zu MCL finden Sie 
unter http://www.mcl.ch. 

Sind Sie interessiert? Wir freuen uns auf Ihre Bewerbung an 
unsere Personalchefin, Frau Nellie Freiburghaus, 
MCL Medizinische Laboratorien, 
Chännelmattstrasse 9, CH�3186 Düdingen

Unverbindliche Auskünfte erteilen Ihnen: 
Frau Sandra Franke Frau Dr. S. Gerber�Huber 
Tel. +41 26 492 72 26; Tel. +41 26 492 72 57; 
sfranke@mcl.ch gerber@mcl.ch
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