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Dear colleagues, 

Two years ago we celebrated the 60th anniversary of our society. We organised 
a meeting entitled ‘Genetics into the Future’. This title was chosen because 
we wanted to off er our members a look into the future of genetics: where are 
we standing now and what could the future bring us? Several talks touched 
upon the new opportunities given by all sorts of new technologies with most 
prominent the ‘Next Generation Sequencing’. Although data were still limited at 
that time, clearly we all were aware of the great opportunities. 

Now, we have as title ‘Genetics, the future is now’. The reason to choose this title 
is obvious because what seemed out of reach just a few years ago, is possible 
now. Great progress has been made in: unravelling rare monogenic diseases 
with Next Generation Sequencing Technology; identifying genetic causes of 
complex diseases and in functional genetics. Additionally, more and more 
developments are made in diagnostics for better care.

During this meeting we will see the progress made in the fi eld. But where will 
all this lead us to and what will be next? Will entire genomes be sequenced on 
a routine basis within a few years? We have asked both established and young 
scientists to present their ideas on the future of genetics and to outline the 
contributions they anticipate to make. We hope you will get an impression of 
the exciting things that are about to happen.

I wish you all a great and inspiring meeting!

Robert Hofstra
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Venue
NH Hotels Conference Centre Koningshof
Locht 117
5504 RM Veldhoven
Tel.: 040-2537475

Registration
Registration is open on Thursday March 31 2011: 
10.00 h – 11.00 h

Abstracts
Abstracts are grouped in:
Abstracts presentations, 1 to 24
Abstracts posters, 1 to 27

Posters
Poster boards have a size of 200 cm (height) en 
100 cm (width)

Language
The official language of the biannual spring 
meeting will be English

Accreditation
Accreditation forms are available at the 
registration desk

Badges
You are requested to hand in your badge at the 
end of the symposium

Presentations
You are requested to timely hand in an USB stick 
with your presentation to the chairperson of 
your symposium session

NVHG board and scientific organization
Prof. Robert Hofstra
Dr. Hans Kristian Ploos van Amstel
Dr. Lies Hoefsloot
Prof. Peter Devilee
Prof. Frank Baas
Dr. Joke Verheij
Dr. John Engelen
Prof. Hans van Bokhoven
Prof. Roel Hennekam
Dr. Cecile Janssens

Administrative organization
Wilmy Swaerdens
nvhgsecretariaat@umcutrecht.nl  
Henny Schurmann
henny.schurmann@mumc.nl

  General information  
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Beckman coulter

Attendee
Gerrit Portier
g.portier@beckman.com
Beckman Coulter (Nederland) B.V.
Pelmolenlaan 15
3477 GW Woerden
Tel: +31 348 462 413
Fax: +31 348 462 482
Barry Pfaff, secretary: BPFAFF@
beckman.com
Website: www.beckmancoulter.com

BIOKÉ B.V.

Attendees
Stephan Schrooten
Martijn Kramer
Chris Zwanenburg
Koos Kranenborg 
Solutions for Life Sciences
Plesmanlaan 1d
2333 BZ Leiden
The Netherlands
Contact: Lindsay Chung
Marketing & Communication
Tel. +31 (0)71 568 1000
Tel. Belgium 0800 71640
Fax +31 (0)71 568 1010
Website www.bioke.com
E-mail: k.kranenborg@bioke.com
Mobile +31651525961

GC Biotech BV

Attendees
Glenn Nohar
Alfred Veenman
Hatice Barutci
Contact: Arjan van Maanen
Office assistent
GC biotech BV
Leidse schouw 2 
2408 AE  Alphen aan den Rijn 
The Netherlands
Tel:     +31(0) 172 78 21 70 
Fax:    +31(0) 172 78 21 74 
http://www.gcbiotech.com

LIFE technologies

technologiesTM

Attendees
Ilja Weijers
Olivier Dangoisse
Contact:
Katie Hanretty
Associate Conference and Events 
Planner
102 Fountain Crescent
Inchinnan Business Park
Paisley
PA4 9RE
United Kingdom
Tel: +44 (0) 141 814 6085
Mob: +44 (0) 7931840913
Website: www.lifetechnologies.com

Westburg B.V.

Attendees
Cathleen van der Lee
Stefan Voost
Robert Hovingh
Product Manager Cell Biology &
Applications Specialist Cell Biology
Frank van der Loop
E-mail: f.vanderloop@westburg.eu
Westburg B.V.
P.O. Box 214
3830 AE Leusden
The Netherlands 
Tel: +31 (0)33 495 0094 
Fax: +31 (0)33 495 1222 
Website: www.westburg.eu

Annovum B.V.

Attendee and contact
Helen van Voorthuizen
Annovum B.V.
Hollands End 28
1244 NR Ankeveen
The Netherlands
Tel: +31 (0)35 642 1216
Fax +31 (0)35 656 4806
E-mail: helen@annovum.nl
Website: www.annovum.nl

Sanbio

Attendee 
Faïçal Marmouk
Sanbio 
Frontstraat 2c
5405 PB  UDEN
Tel: 0413-251115
Fax: 0413-266605
Bregje van de Kerkhof, secretary:
bvandekerkhof@sanbio.nl
Website: www.sanbio.nl

Illumina Netherlands BV

Attendee
John Kuijpers
Sr. Account Manager
Illumina UK Ltd
Chesterford Research Park
Little Chesterford
Nr Saffron Walden
Essex, CB10 1XL, UK
Tel: +44 (0) 1799 534 172
Fax:  +44 (0) 1799 532 301
Web page: www.illumina.com
Colette King
Marketing Co-ordinator
E-mail: cking@illumina.com

Sigma-Aldrich

Attendees
Tom van Cauteren
Irina van der Vlies
Tamara Baptist
Stationsplein 4e
3331 LL Zwijdrecht
The Netherlands
Tel: +31 (0)78 620 5411
Direct: 6631 5463
Contact: Irene Otten-Reynhout
Material Science – Inside Sales 
Specialist
E-mail:
Irene.Otten-Reynhout@sial.com
Web page: www.sigma-aldrich.com

Shire

Attendee
Lars van Markus
Contact
Kim Hovenkamp
KHovenkamp@shire.com
Strawinskylaan 847
1077 XX Amsterdam
Tel: 020-4702923
Fax: 020-4706209
Website: www.shirenederland.nl

  We thank the following companies for their support:   
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10.00-10.30 Registration  (until 11.00 hrs. registration open)

10.30-12.40  Plenary session
Auditorium
Chair: Robert Hofstra

10.30-10.40 Opening: Robert Hofstra

10.40-11.20 Michel Ferrari (Leiden UMC)
Migraine: from genes to prophylactic treatment targets

11.20-12.00 Marcel Jonkman (UMC Gronngen)
  Natural gene therapy of the skin 

12.00-12.40 Philip Beales (Institute of Child Health, London) 
Ciliopathies: time for management consequences?

12.40-14.00 Lunch
  Huishoudelijke vergaderingen NVHG en VKGL

14.00-15.15 Parallel sessions

14.00-15.20 Symposium 1A: VKGL 
  Auditorium

Chair: Lies Hoefsloot

14.00-14.20 Rob Collin (UMC St. Radboud, Nijmegen) 
Molecular diagnostics for retinitis pigmentosa using targeted NGS: successes and 
challenges 

March 31 & April 1, 2011
Genetics, the future is now!

The NVHG Spring Meeting - Dutch Society of Human Genetics: 
Nederlandse Vereniging voor Humane Genetica (www.nvhg-nav.nl)

Conference Centre Koningshof, Veldhoven 
Locht 117, 5504 RM Veldhoven. 040 2537475 

  ProGram thursday march 31, 2011 
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14.20-14.35 Marielle van Gijn (UMCU, Utrecht)  
An inflammasome genome screen to detect novel disease genes in hereditary 
autoinflammatory disorders (1)

14.35-14.50 Birgit Sikkema-Raddatz (UMCG, Groningen) 
A standardized statistical decision procedure for mosaic detection by array CGH (2)

14.50-15.05 Jessica M.E. van den Oever (LUMC, Leiden) 
A validation study for non-invasive fetal sexing and the comparison of different 
maternal discrimination tests in diagnostics (3)

15.05-15.20 Brigitte Faas ((UMC St. Radboud, Nijmegen)
Multiplex massively parallel sequencing for noninvasive prenatal diagnosis (4)

14.00-15.15 Symposium 1B: VKGN 
  Parkzaal 

Chair: Alice Brooks 

14.00-14.30 Isabel Karen Temple (University of Southampton) 
Epigenetics- lessons to learn from human imprinting disorders? 

14.30-14.45 Cathryn Poulton (Erasmus MC, Rotterdam) 
Microcephaly with simplified gyration, West syndrome and infantile diabetes linked 
to inappropriate apoptosis of neural progenitors (5)

14.45-15.00 Debby Hellebrekers (MUMC, Maastricht) 
Pre-implantation genetic diagnosis offers a fair chance of having unaffected offspring 
for mitochondrial DNA disorders (6)
 

15.00-15.15 Rudolf P. Talens (LUMC, Leiden) 
Epigenetic discordance in young, middle aged and old monozygotic twin pairs (7)

15.15-17.00  Posters, coffee, tea
  Presenters at posters

17.00  Lodewijk Sandkuijl lecture
  Auditorium
  Chair: Robert Hofstra

Gerard te Meerman (UMCG, Groningen)
Coalescence to common ancestors: a concept with applications to haplotype sharing 
and resequencing analysis (8)

Evening Drinks    Dinner    Party
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9.00-10.00 Plenary session
  Auditorium   

Chair: Frank Baas

9.00-9.30  Silvère M. van der Maarel (LUMC, Leiden) 
Genetic and Epigenetic Organization of Macrosatellite Repeats: Lessons from FSHD

9.30-10.00 Bas van Steensel (NKI/AVL Amsterdam)
Genome - nuclear lamina interactions: gene regulation and spatial organization of 
the genome

10.05-11.15 Parallel sessions

10.05-11.15 Symposium 2A: Genes and Syndromes 1  
  Parkzaal
  Chair: Peter Devilee

10.05-10.30 Hans Scheffer (UMC St. Radboud, Nijmegen)
Targeted next generation sequencing of a 12.5 Mb homozygous region reveals 
ANO10 mutations in patients with autosomal recessive cerebellar ataxia (9)

10.30-10.45 Jun Wang (LUMC, Leiden)
Loss of function mutations in ZBTB24 cause immunodeficiency, centromeric 
instability and facial anomalies (ICF) syndrome type 2 (10)
 

10.45-11.00 Marian Weterman (AMC, Amsterdam)
Identification of LRSAM1 as the causative gene for a dominant form of hereditary 
polyneuropathy (11)

11.00-11.15 Richarda M. de Voer (UMC St. Radboud, Nijmegen)
Constitutional mono-allelic BUB1 deletion in a patient with non-classical mosaic 
variegated aneuploidy syndrome and early onset colorectal cancer (12)

10.05-11.15  Symposium 2B: Complex Genetics 
  Auditorium
  Chair: Frank Baas
  
10.05-10.30 Guido H.C.G. Dolmans (UMCG, Groningen)

Genome-wide association study finds 9 susceptibility loci for dupuytren’s disease and 
suggests a major role for wnt-signaling (13)

  ProGram friday aPril 1, 2011 
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10.30-10.45 Barbara Franke (UMC St. Radboud, Nijmegen)
Local brain structure alteration is a mediator of genetic risk for neuropsychiatric 
disorders and facilitates gene finding in these disorders (14)

10.45-11.00 Peter A.C. ‘t Hoen (LUMC, Leiden)
Next generation sequencing-based mRNA profiling of total blood in a large human 
cohort (15)

11.00-11.15 Kirsten Renkema (UMC St. Radboud, Nijmegen)
Identification of two novel genetic factors for CAKUT origin: results from the AGORA 
project (16)

11.15-11.45 Coffee-tea break

11.45-12.55 Parallel sessions

11.45-12.55 Symposium 3A: Genes and Syndromes 2  
  Auditorium

Chair: Peter Devilee

11.45-12.10 Bianca J.C. van den Bosch (MUMC, Maastricht)
Identification and validation of nuclear gene defects underlying OXPHOS 
diseases (17)

12.10-12.25 Elisabeth M. Lodder (AMC, Amsterdam)
TNNI3K modulates cardiac conduction in a mouse model of cardiac sodium 
channelopathy (18)

12.25-12.40 Heleen H. Arts (UMC St. Radboud, Nijmegen)
Sensenbrenner syndrome is caused by dysfunctional IFT-A mediated retrograde 
transport in the cilium (19)

12.40-12.55 Christine S. van der Werf (UMCG, Groningen)
Identification of the gene underlying Congenital Short Bowel Syndrome, pointing to 
its major role in intestinal development (20)

11.45-12.55 Symposium 3B: General Genetics 
  Parkzaal

Chair: Hans Kristian Ploos van Amstel
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11.45-12.10 Najim Ameziane (VUMC, Amsterdam)
Multiplexed targeted next-generation sequencing as a comprehensive mutation 
screening approach for Fanconi anemia (21)

12.10-12.25 Magdalena Harakalova (UMCU, Utrecht)
Highly multiplexed barcoded enrichment of up to 96 samples for next-generation 
sequencing (22)

12.25-12.40 Peter C. van den Akker (UMCG, Groningen)
The Inversa Type of Recessive Dystrophic Epidermolysis Bullosa is Caused by Specific 
Arginine and Glycine Substitutions in Type VII Collagen (23)

12.40-12.55 Phillis Lakeman (VUMC, Amsterdam)
Governance and future of preconception carrier screening (24)

12.55-13.55 Lunch and posterviewing 

13.55-14.10 Auditorium:  Young Investigators Award      
    

NVHG Annual Award 

Chair:    Hans Kristian Ploos van Amstel 

14.10-15.55 Plenary session
Auditorium
Chair: Robert Hofstra 

14.10-14.40 Joris Veltman (UMC St. Radboud, Nijmegen)
De novo mutations; A common cause of disease? 

14.40-15.10 Cisca Wijmenga (UMCG, Groningen) 
 The Dutch Genome 

15.10-15.55 Xavier Estivill (Centre de Regulació Genòmica, Barcelona)
Genome sequencing insights into chronic lymphocytic leukemia

15.55  Sluiting  
Chair: Robert Hofstra
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An inflammasome genome screen to detect novel disease genes in hereditary autoinflammatory 
disorders

1

Marielle van Gijn, Wigard Kloosterman, Joost Frenkel, Ies Nijman, Jose van de Belt, 
Karen Duran Robert van de Burgh, Lieneke Jongeneel, Marianne Boes en Edwin Cuppen

Department of Medical Genetics, Department of General Pediatrics and Department of Pediatric Immunology, 
University Medical Center Utrecht, Utrecht, The Netherlands.

Hereditary autoinflammatory disorders are a new and expanding class of inflammatory diseases. 
They are caused by mutations of the so-called ‘autoinflammation-related genes ,́ which include genes 
in which a mutation can trigger an uncontrolled, aimless activation of the inflammatory process in 
response to innocuous stimuli. Examples of autoinflammatory diseases include Familial Mediterranean 
Fever (FMF), pyogenic arthritis, tumor necrosis factor receptor-associated periodic syndrome (TRAPS); 
hyperimmunoglobulinemia D with periodic fever syndrome (HIDS) and the cryopyrinopathies (CAPS). A 
very large number of patients with autoinflammatory diseases, however, remain genetically unexplained. 
Several studies have shown that aberrant activation of the IL-1ß pathway via the inflammasome is a 
common mechanism in the pathogenesis of autoinflammatory diseases. We hypothesize that mutations 
in a variety of genes involved in the control of inflammasome function can result in autoinflammatory 
disease in a specific patient. Each mutation, on its own or together with some modifier genes, is 
responsible for the clinical development of the syndrome. To test this hypothesis an ‘inflammasome 
genome´ was designed. This ‘inflammasome genome´ consists of 120 genes known to be involved in, 
or associated with proteins functioning in the inflammasome. Next Generation Sequencing was used 
to efficiently screen the ‘inflammasome genome´ in 60 selected patients, for novel disease associated 
variations. A combination of 60 barcoded patient DNA libraries was pooled and enriched on a single 
custom Agilent CGH 1M array followed by SOLID sequencing. Sanger Sequencing confirmed 50 novel 
candidate disease associated variations in 34 different patients. A selection of 13 variants in 9 different 
genes was made for functional testing. First, they were tested in approximately 384 Dutch control 
chromosomes to exclude they might be population specific polymorphisms. In these controls 4 variants 
were detected and excluded from functional analysis. We are currently in the process of functionally 
testing the identified disease associated variations for their effect on inflammasome function in human 
cells to determine their implication in the disease. The identification of these new disease-causing genes 
are expected to not only help diagnostics but also future therapies. Moreover, this study will shed more 
light on the function of various inflammasomes, which are still poorly understood. 

Keywords: NGS, Hereditary autoinflammatory disorders, inflammasome, enrichment array, barcoded 
patient DNA libraries 
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A standardized statistical decision procedure for mosaic detection by array CGH

2

B. Sikkema-Raddatz, L. F. Johansson, T. Dijkhuizen, C. M. A. van Ravenswaaij-Arts, R.J. Sinke, G. J. te Meerman

Department of Genetics, University Medical Centre Groningen, University of Groningen.

Somatic chromosomal mosaicism is a well established cause for mental retardation and multiple 
congenital abnormalities (MR/MCA). In 0.4 - 1% of patients with MR/MCA a mosaic pattern is detected 
(Hoang et al, 2010). It has been reported that array-CGH is able to detect up to 5% mosaicism (Conlin et 
al, 2010). However, until now, detection of mosaicism is predominantly based on visual inspection of the 
graphical representation of the array results. We developed a statistical decision procedure to detect 
mosaic genotypes. Input parameters are the assumed a priori probability, e.g. the chance of 0.0001% that 
at a certain chromosomal region mosaicism is present, the variability of probe intensities, the desired 
area under the curve (AUC) of the receiver operating characteristic (ROC) curve and the mean deviation 
of a specific interval. The output is the minimal number of adjacent probes needed for a significant 
deviation of the interval from the mean array intensity. For practical use we constructed tables. If an 
observed number of probes in an interval with a known average ratio surpass the threshold number of 
probes needed for the specific interval ratio given in the table, mosaicism is a reasonable explanation and 
confirmation studies should be performed. We aim to evaluate this decision procedure in a retrospective 
approach using 2000 patients with MR/MCA including 14 confirmed mosaic cases detected by visual 
inspection of the graph. The results of this retrospective study will be presented as well as a practical 
guideline for the use of the table in daily practice. Hoang et al. 2010; Europ J Med Genet 1016; 1-9 Conlin 
et al. 2010; Human Mol Genet 1093, 1-13. 

Keywords: mosaic detection, array, statistical decision procedure 
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A validation study for non-invasive fetal sexing and the comparison of different maternal 
discrimination tests in diagnostics

3

van den Oever, J.M.E.1, Balkassmi, S.1, Segboer, T.1, Adama van Scheltema, P.N.2, Oepkes, D.2, 
Bakker, E.1, Boon, E.M.J.1

1Leiden University Medical Center, Department of Clinical Genetics, LDGA, Leiden, The Netherlands 
2Leiden University Medical Center, Department of Obstetrics, Leiden, The Netherlands.

While prenatal diagnosis for fetal sex determination in case of X-linked disorders or clinical fetal 
management mainly relies on invasive procedures which carry a risk of fetal loss of 1-2%, there is 
a growing need to explore more alternative tests for non-invasive prenatal diagnosis (NIPD) early 
in gestation. We have explored the application of free fetal DNA (ffDNA) from maternal plasma for 
non-invasive fetal sexing and maternal discrimination tests. In 2008 we started a large validation and 
implementation study for non-invasive fetal sexing from maternal plasma in diagnostics. In this study 209 
pregnant women (all singleton pregnancies) were included (n=112 male and n=97 female pregnancies). 
As described earlier we used a combination of Real-Time PCR and Pyrophosphorolysis-activated 
Polymerization (PAP) for the detection of the Y-chromosome. All fetal gender results were concordant 
with gender confirmed at birth or after karyotyping in n=194 cases with a sensitivity and specificity of 
both 100% (CI95% [98.5%-100%]). In n=15 cases results were inconclusive. To confirm the presence of fetal 
DNA in plasma in cases with a negative result (i.e. no Y-chromosome detected), we performed maternal 
discrimination tests. We compared 2 previously described methods based on Real-Time PCR detection 
of methylation sensitive restriction enzyme digested RASSF1A and detection of paternally inherited 
polymorphisms respectively. Also we developed and validated a new PAP assay based on differences in 
epigenetic signature of RASSF1A between maternal and fetal DNA. This study shows that fetal gender 
could be determined from ffDNA in maternal plasma, using a combination of Real-Time PCR and PAP. 
Although we can detect fetal sex reliably using only these two methods, we do perform a maternal 
discrimination test for diagnostics in cases with negative results. This study shows a comparison of 3 
different methods for maternal discrimination testing. This validation study has been completed. As of 
March 1 2011, fetal sexing is implemented for diagnostics in our department and can be performed upon 
request. 

Keywords: Non-invasive prenatal diagnostics, free fetal DNA, fetal sexing, maternal discrimination.
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Multiplex massively parallel sequencing for noninvasive prenatal diagnosis 

4

B. H. W. Faas, L. E. L. M. Vissers, I. M. Janssen, J. de Ligt, A. Eggink, J. A. Veltman, A. Geurts van Kessel

Radboud University Nijmegen Medical Centre, Nijmegen, Netherlands.

Blood plasma of pregnant women contains circulating fetal DNA, with great potential for non-invasive 
detection of fetal chromosomal aneuploidies. We have explored the possibility for multiplex massively 
parallel sequencing to detect such fetal chromosomal aneuploidies. From three women, carrying 
euploid fetuses (46,XY [N=1], 46,XX [N=2]) blood samples were drawn prior to invasive procedures and 
from five women, carrying aneuploid fetuses (47,XX,+21; 47,XY,+21; 47,XXX; 47,XX,+13; 47,XY,+18) blood 
samples were drawn after invasive procedures. Samples were taken at various gestational ages, ranging 
from 12+4 to 19+6. DNA was isolated from 3.5-8 mL of plasma using either a QIAamp DSP Mini Blood 
Kit or a QIAamp Circulating Nucleic Acid Kit. Sequencing libraries were prepared individually and DNA 
was multiplexed after ligation of an unique sequencing barcode. Sequencing was performed on a 
SOLiDTM 4 system. Next, the sequence reads were mapped to the human reference genome (hg19) and 
quantified according to their genomic location. Subsequently, ?-scores per chromosome were calculated 
as described elsewhere. Thresholds for aneuploidy were set at ?>+3.0 and ?<-3.0 for over- or under-
representation, respectively, of a chromosome. All aneuploidies yielded ?-scores >3.0 for the aberrant 
chromosomes (range +3.38 to +9.43), whereas all other chromosomes were detected as normal (range 
-2.27 to +2.31). Our data thus indicate that full-blown fetal aneuploidies can be reliably detected in 
maternal plasma using a multiplex massively parallel sequencing approach. Further improvements in the 
rate of multiplexing samples to reduce costs and increase efficiency are currently under investigation. 

Keywords: noninvasive prenatal diagnosis, massively parallel sequencing
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Microcephaly with simplified gyration, West syndrome and infantile diabetes linked to 
inappropriate apoptosis of neural progenitors

5

C. Poulton1, R. Schot1, Sima Kheradmand Kia1, M.C.Y. deWit2, M. Jones3, Hanka Venselaar 4, Geert Vriend 4, 
E. de Graaff 5, A.M. Bertoli-Avella1, G.M.S. Mancini1 

1Clinical Genetics, 2Paediatric Neurology, Erasmus MC, Rotterdam, The Netherlands, 3Pathology, La Plata, 
Argentina, 4CMBI Nijmegen, 5Neuroscience Erasmus MC, Rotterdam. 

We describe the causative gene defect in a new syndrome with primary microcephaly, infantile spasms 
epilepsy, diabetes and early death. Microcephaly with simplified gyration (MSG) is a rare malformation of 
cortical development, not always associated with severe epilepsy. Infantile onset permanent diabetes is 
caused by inappropriate apoptosis of pancreatic beta cells, e.g. Wolcott-Rallison syndrome (WRS).We have 
previously described a WRS patient with MSG suggesting abnormal apoptosis as a common mechanism. 
Additional families exhibiting this combination have been collected. Genomic linkage revealed a region 
on chromosome 18 with a LOD score of 4.3.This corresponded to an area of overlapping homozygosity on 
SNP array. Two homozygous non-conservative missense mutations in a novel gene were found in patients 
from two unrelated consanguineous families, but not in 300 matched controls, and were predicted as 
pathogenic by Poliphen-2, SIFT programs and the HOPE project. The gene involved is highly expressed in 
ventricular and subventricular zone of the fetal brain cortex and pancreas and is presumably implicated 
in regulation of apoptosis. Patient fibroblasts and cells treated with specific siRNA showed an increased 
susceptibility to apoptosis under stress conditions. Autopsy specimen from one patient showed increased 
apoptosis in the cerebral cortex. qRT-PCR revealed dysregulation of other genes in the apoptotic control 
system.in patient cells. We have identified a new syndrome with MSG, epilepsy and infantile diabetes 
caused by novel mutation pointing to apoptosis of neural progenitors in the developing cortex as the 
causal mechanism. This work sheds light on the mechanisms of brain development and West syndrome. 

Keywords: Microcephaly, diabetes, epilepsy, apoptosis
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Pre-implantation genetic diagnosis offers a fair chance of having unaffected offspring for 
mitochondrial DNA disorders

6

Debby M.E.I. Hellebrekers, Rory Wolfe, Alexandra T.M. Hendrickx, Irenaeus F.M. de Coo, Christine E. de Die, 
Joep P.M. Geraedts, Patrick F. Chinnery, Hubert J.M. Smeets 

Department of Clinical Genetics, Maastricht University Medical Centre, Joseph Bechlaan 113, 6229 GR 
Maastricht, The Netherlands School of Public Health and Preventive Medicine, Monash University, Alfred 
Hospital, Melbourne VIC 3004, Australia Department of Pediatric Neurology, Erasmus MC-Sophia Childreń s 
Hospital, PO box 2060, 3000 CB Rotterdam, The Netherlands Research Institute GROW, Maastricht University 
Medical Centre, Universiteitssingel 40, 6200 MD Maastricht, The Netherlands Institute of Human Genetics, 
Newcastle University, Central Parkway, Newcastle upon Tyne, NE1 3BZ, UK. 

Background: Oxidative phosphorylation disorders due to maternally inherited homoplasmic or hetero-
plasmic mtDNA mutations affect approximately 1 in 5,000 individuals. The mutation level of transmitted 
heteroplasmic mtDNA point mutations varies significantly between embryos due to a segregational bot-
tleneck. Prenatal (PND) or pre-implantation genetic diagnosis (PGD) of mtDNA disorders is complicated 
by the inability to accurately predict the threshold of clinical expression for most heteroplasmic mtDNA 
mutations. The aim of this study was to define a minimal mutant level below which the chance for an 
embryo of being affected is acceptably low, irrespective of the exact mtDNA point mutation. Methods: 
A systematic review was performed on muscle mutant levels of 159 different heteroplasmic mtDNA 
point mutations derived from 327 unrelated patients or pedigrees, excluding three overrepresented 
mtDNA mutations. We generated a distribution of mutation levels of all affected individuals (n=195) and 
their unaffected maternal relatives (n=19) from 137 pedigrees with a familial mtDNA mutation, and pre-
dicted the risk of being affected given a varying mutant level. This prediction required an assumption 
of overall prevalence of affected status in familial pedigrees. Findings: For familial mutations, little dif-
ference in mean muscle mutant level was observed between probands and affected maternal relatives. 
Also, mean mutant level in affected individuals with a tRNA- versus protein- coding mutation is similar. 
The overall prevalence of affected status in familial pedigrees was estimated as 0.477. A 95% or higher 
chance of being unaffected was associated with a muscle mutant level of 18% or less (95% confidence 
limit). Conclusions: Our data show that PGD provides carriers of heteroplasmic mtDNA point mutations a 
screening test that substantially increases the chance of having healthy offspring. This option should be 
considered in relation to clinical context and risk perception during genetic counselling of these women. 

Keywords: Preimplantation genetic diagnosis, Mitochondrial DNA mutations, Heteroplasmy 
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Epigenetic discordance in young, middle aged and old monozygotic twin pairs

7

R.P. Talens1, K. Christensen2, H. Putter3, G. Willemsen4, L. Christiansen2, D. Kremer1, H.E. Suchiman1, 
P.E. Slagboom1, D.I. Boomsma4, B.T. Heijmans1

1Department of Molecular Epidemiology, Leiden University Medical Center, Leiden, The Netherlands; 
2Danish Aging Research Center, Epidemiology, University of Southern Denmark, Odense C, Denmark; 
3Department of Medical Statistics and Bioinformatics, Leiden University Medical Center, Leiden, The Netherlands; 
4Department of Biological Psychology, VU University Amsterdam, Amsterdam, The Netherlands.

Monozygotic (MZ) twins can display considerable phenotypic differences with their co-twins despite a 
(nearly) identical genotype. The accumulation of epigenetic differences, which may originate in utero and 
progress with age, is frequently proposed to explain this phenomenon. Here we present data of a twin 
study evaluating the occurrence of changes in DNA methylation across the complete adult lifespan. We 
investigated DNA methylation of young, middle aged, and senior MZ twins from the Netherlands Twin 
Register (NTR); of old MZ twins from the Danish Twin Registry (DTR), and of a 10 year follow-up sample for 
19 of these DTR pairs. We measured DNA methylation, with mass spectrometry, of 9 locus specific assays 
(INSIGF, KCNQ1, 3 assays at IGF2 all located on the chromosome 11p15.5 region), GNASAS, ABCA1, LEP and 
CRH), and a LINE1 assay that assesses global DNA methylation. Previous studies indicate that the 9 loci are 
sensitive to prenatal conditions, have important epigenetic features and are implicated in growth and 
metabolism. The first analyses comparing the young NTR and old DTR twins showed that DNA methyla-
tion was higher in old individuals at ABCA1, GNASAS, and LEP (+ 3.6 % to + 5.4 % methylation; p < 0.001), 
and was lower in old individuals at all loci measured across 11p15.5 ( - 2.5 % to - € 3.5 % methylation; p 
< 0.001). Within-pair difference in DNA methylation was similar for young and old MZ twins at GNASAS 
and KCNQ1OT1. At the other 7 loci within-pair differences were significantly higher in old MZ twins (1.5 
to 2.5 fold higher; p < 0.001). Global (average) DNA methylation was similar between young and old indi-
viduals, as was the within-pair difference. These results show that old MZ twins are epigenetically more 
discordant. We are currently investigating the linear relation between epigenetic discordance and age. 
Supported by NHF grant 2006B083 and by the European Union-funded Network of Excellence LifeSpan 
(FP6 036894). 

Keywords: Monozygotic Twin pairs Epigenetic Discordance DNA methylation of specific genes Full adult 
life span
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Coalescence to common ancestors: a concept with applications to haplotype sharing and 
resequencing analysis 

8

Gerard te Meerman
Dept Genetics UMCG and University Groningen.

One of Lodewijk Sandkuyl ‘s contributions to genetic analysis has been to stress the importance of haplo-
type sharing between distantly related individuals. Ronald Fisher has elucidated the mathematics under-
lying coalescent processes in his ‘Genetical theory of natural selection’ . He studied the concept of haplo-
type sharing already in his ‘The theory of inbreeding’. Little could Fisher know about the current methods 
that deliver high density marker information at affordable cost. Haplotypes observed in Human popula-
tions span typically so many markers that Identity by Descent can be inferred with high confidence, even 
for unphased genotypes. Genes can be mapped by extending the concept of homozygosity mapping to 
heterozygous shared haplotype mapping. A basic understanding of the mathematics underlying evolu-
tionary branching processes is important to understand why haplotype sharing analysis complements 
single marker association in association and linkage studies. The same concepts are applicable to the 
new field of next generation sequencing. This leads to a better understanding of the applicability of next 
generation sequencing to mutation detection and expression analysis.  

 lodeWiJK sandKuiJl lecture 2011 
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Targeted next generation sequencing of a 12.5 Mb homozygous region reveals ANO10 mutations 
in patients with autosomal recessive cerebellar ataxia

9
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Autosomal recessive cerebellar ataxias comprise a clinically and genetically heterogeneous group of 
neurodegenerative disorders. In contrast to their dominant counterparts, unraveling the molecular back-
ground of these ataxias has proven to be more complicated and the currently known mutations provide 
an incomplete coverage for genotyping patients. By combining SNP array-based linkage analysis and 
targeted resequencing of relevant sequences in the linkage interval using next generation sequencing 
technology, we identified a mutation in a gene and have shown its association with autosomal recessive 
cerebellar ataxia. In a Dutch consanguineous family with three affected siblings a homozygous 12.5 Mb 
region on chromosome 3 was targeted by array-based sequence capture. Prioritization of all detected 
sequence variants led to four candidate genes one of which contained a variant with a high base pair 
conservation score (phyloP score 5.26). This variant was a leucine-to-arginine substitution in the DUF 
590 domain of a 16K transmembrane protein, a putative calcium-activated chloride channel encoded by 
anoctamin 10 (ANO10). The analysis of ANO10 by Sanger sequencing revealed three additional mutations: 
a homozygous (c.1150_1151del [p.Leu384fs]) mutation in a Serbian family and a compound heterozygous 
splice-site mutation (c.1476+1G>T) and a frameshift mutation (c.1604del [p.Leu535X]) in a French fam-
ily. This illustrates the power of using initial homozygosity mapping with next-generation sequencing 
technology to identify genes involved in autosomal recessive diseases. Moreover, identifying a putative 
calcium-dependent chloride channel involved in cerebellar ataxia adds another pathway to the list of 
pathophysiological mechanisms that may cause cerebellar ataxia.

Keywords: autosomal recessive cerebellar ataxia, ANO10 and TMEM16K.
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Loss of function mutations in ZBTB24 cause immunodeficiency, centromeric instability and facial 
anomalies (ICF) syndrome type 2

10
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Immunodeficiency, centromeric instability and facial anomalies syndrome (ICF; MIM 242860) is a rare au-
tosomal recessive immune disorder. It is characterized by recurrent, often fatal, respiratory and gastroin-
testinal infections due to greatly reduced serum immunoglobulin levels. About half of ICF patients (ICF1) 
have mutations in the DNA methyltransferase 3B (DNMT3B) gene. Consequently, specific repetitive DNA 
sequences in the genome of ICF patients are hypomethylated. The remaining patients do not carry muta-
tions in DNMT3B (ICF2), but are otherwise identical to ICF1 patients with similar immunological and epi-
genetic features including hypogammaglobulinemia and hypomethylation of juxtacentromeric hetero-
chromatic DNA. By homozygosity mapping and whole exome sequencing we identified nonsense muta-
tions in the zinc finger and BTB domain containing 24 (ZBTB24) gene in five consanguineous ICF2 patients 
and in an affected sibling pair. ZBTB24 is a member of a family of transcriptional repressors including 
BCL-6 (also known as ZBTB27) and PATZ1 (ZBTB19), with regulatory roles in hematopoietic development 
and malignancy. By FACS analysis and quantitative RT-PCR, we analyzed ZBTB24 mRNA levels in various 
human tissues and cell lines, as well as in subpopulations of primary B, T and NK cells isolated from human 
peripheral blood. Despite the ubiquitous expression of ZBTB24 in humans, the highest ZBTB24 mRNA 
levels are observed in blood B cells, especially in the naive B-cell subpopulation. Altogether, this argues 
that ZBTB24 is not only involved in the methylation of juxtacentromeric heterochromatic regions, but also 
in the regulation of B-cell development and/or differentiation.

Keywords: ICF syndrome, DNMT3b, ZBTB24, DNA hypomethylation
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Identification of LRSAM1 as the causative gene for a dominant form of hereditary polyneuropathy
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Many genes involved in hereditary neuropathies (HMSN/CMT) are identified thus far, however most mu-
tations occur only at low frequencies and in many families the genetic defect is still unknown. Here we 
report a large three-generation family presenting with an axonal neuropathy. No mutations were found 
in any of the known genes associated with CMT. Using linkage analysis assuming dominant inheritance, 
a region of 5 Mb was identified on 9q33-34 with a LOD score of 3.14 that cosegregated with the disease. 
Next generation sequencing was performed after sequence capture of this region on Nimblgen arrays. 
We found six non-synonymous heterozygous nucleotide changes that have not been reported before as 
polymorphisms in five different genes. Sanger sequencing and analysis of additional affected and non-
affected family members confirmed the presence of four of the found mutations. Two cosegregated with 
the disease and were consequently screened in control DNAs. A 2 bp insertion found in the last exon of 
LRSAM1 was absent in 740 ethnicity matched control chromosomes and found to be present in all af-
fected family members whereas it was absent in all non-affected individuals. LRSAM1 is a Leu-rich repeat 
and alpha sterile motif containing ring finger protein, possibly involved in cell adhesion, ubiquitin ligase 
activity, and receptor endocytosis. The found insertion leads to a frame shift resulting in a stop codon 28 
amino-acids downstream (p.Leu708Argfx28) and could affect the C-terminal ring finger motif. Injections 
of morpholinos in Zebrafish embryos directed against the ATG or last splice site of the Zf LRSAM1 both 
disturbed neurodevelopment, affecting tail formation and movement. Recently, a null allele has been de-
scribed in a family with recessive axonal polyneuropathy. Our data support the hypothesis that LRSAM1 
mutations can cause both dominant and recessive forms of CMT.

Keywords: CMT HMSN LRSAM1
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Constitutional mono-allelic BUB1 deletion in a patient with non-classical mosaic variegated 
aneuploidy syndrome and early onset colorectal cancer
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Mosaic variegated aneuploidy (MVA) syndrome is a rare recessive disorder marked by growth retardation, 
microcephaly, childhood cancer and constitutive aneuploidy. Some cases of MVA have been associated 
with homozygous mutations in the BUB1B gene, a component of the spindle assembly checkpoint (SAC). 
We have applied high-resolution SNP array profiling as an approach to identify novel cancer predispos-
ing genes in patients with early onset mismatch repair proficient colorectal cancer. We encountered a 
constitutional mono-allelic deletion encompassing another important SAC gene, BUB1, in a patient who 
developed a colon carcinoma at age 37. Clinical examination revealed microcephaly and brachydactyly, 
two characteristic features of MVA syndrome. No mutations were found in the remaining BUB1 allele. 
In addition, no germline mutations in the APC gene were found. Since defects in the SAC are known to 
be associated with aneuploidy, metaphases of the patient´s lymphocytes were analyzed and, by doing 
so, an increased level of constitutive aneuploidy (32%) was observed. Regulation of the SAC has been 
shown to be dependent on gene dosage. Bub1 hypomorphic mice revealed reduced checkpoint activ-
ity and increased aneuploidy in a dose-dependent manner with increased spontaneous tumorigenesis. 
Furthermore, in a patient, who presented with early onset gastrointestinal cancer, a homozygous muta-
tion in BUB1B leading to a reduced BUBR1 expression was recently reported. These data imply that, next 
to recessively inherited syndromes like MVA, haploinsufficiency of BUB1 or other SAC components may 
result in non-classical forms of MVA with a predisposition to develop gastrointestinal malignancies. 

Keywords: colorectal cancer, spindle assembly checkpoint, BUB1
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Genome-wide association study finds 9 susceptibility loci for dupuytren´s disease and suggests a 
major role for wnt-signaling

13
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Dupuytren´s disease (DD) is a benign fibromatosis of the hands and fingers, often leading to the pa-
tients being unable to straighten affected fingers fully. We hypothesized that the susceptibility to DD is 
influenced by multiple genetic and environmental factors. We performed a genome-wide association 
study to identify DD susceptibility genes and further understanding of its pathogenesis. Methods The 
genome-wide association study included 960 Dutch DD cases and 3,117 controls. The top-35 associated 
single nucleotide polymorphisms (SNPs) were replicated in three independent cohorts, comprising 1,365 
DD cases and 8,445 controls from Germany, the UK and the Netherlands. Results Initially we observed 
genome-wide significance for eight SNPs at three loci. After replication and joint analysis of 2,325 DD 
cases and 11,562 controls, we had 11 SNPs from nine different loci that showed genome-wide significance. 
Six DD loci contain genes known to be involved in the WNT signaling pathway. Conclusions This study 
implicates nine different loci involved in the genetic susceptibility to DD. The presence of WNT signaling 
pathway genes in six of the nine loci suggests that it is likely to be a key player in the fibromatosis process 
observed in DD. 
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Local brain structure alteration is a mediator of genetic risk for neuropsychiatric disorders and 
facilitates gene finding in these disorders
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Alteration of regional brain structure is an inherent feature of neuropsychiatric disorders, but it remains 
unclear if this is causally related to pathogenesis. If this were the case, alterations of brain structure should 
also be present in healthy individuals carrying genetic risk factors for such disorders. This, in turn, would 
imply that brain structure in the healthy population can be used as an intermediate phenotype for gene 
finding in neuropsychiatric disorders. We enrolled >1700 young healthy adults in the Brain Imaging 
Genetics (BIG) study (mean age 28 years). Structural MRI brain images of all participants are available from 
scans at 1.5 or 3 Tesla. FSL-FIRST is used to assess volumes of specific brain structures. Genotyping of sev-
eral candidate genes and genome-wide genotyping (Affymetrix 6.0, n=1000) was performed. Hypothesis-
driven testing of candidate genes for neuropsychiatric disorders lead (among others) to the following 
findings: A GWAS-derived risk SNP for Alzheimer´s disease (AD) in CR1 was associated with a significant 
reduction of gray matter volume in entorhinal cortex, the first structure to be affected by AD, using voxel-
based morphometry (n=430, p=0.032; replication: n=492, p=0.039). By gene-wide (set-based) testing of 
the Alzheimer´s disease (AD) gene SORL1 we found a significant association with hippocampus volume, 
another structure affected early on in AD, in a discovery sample of 446 BIG-participants (p=0.0432) and 
replication in 490 additional subjects (p=0.0093). Preliminary GWAS of amygdala volume in 600 samples 
resulted in suggestive association findings for several psychiatric risk genes, such as CDH13, featuring 
among the GWAS top-findings for ADHD, addiction and schizophrenia. This analysis is currently repeated 
in 1000 individuals, with replication in samples of our collaborators within the international ENIGMA 
(Enabling NeuroImaging Genetics through Meta-Analysis) Consortium. In conclusion, risk factors for neu-
ropsychiatric disorders indeed affect brain structure in healthy individuals suggesting that altered brain 
structure is cause rather than consequence of disease. In addition, healthy brain structure seems a power-
ful intermediate phenotype for gene discovery in neuropsychiatric disorders. 

Keywords: multifactorial disorder, Alzheimer´s disease, intermediate phenotype, imaging genetics, 
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Next generation sequencing-based mRNA profiling of total blood in a large human cohort
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With rapidly decreasing sequencing cost, sequencing-based gene expression profiling becomes an at-
tractive alternative over array-based studies. We report on one of the first sequence-based studies into 
the inter-individual variability of gene expression levels in total blood (n=94). Despite the high abundance 
of reticulocyte-derived hemoglobin mRNAs (20-80% of reads), the sequencing depth of 14 ± 6 million 
reads per sample allows for the reliable quantification of mRNAs derived from around 10,000 genes with 
an expression level down to 0.3 copies per cell. We compared healthy individuals with high and low fast-
ing glucose levels and identified 124 differentially expressed genes. Among these, there were many genes 
in the PKA and MAPK signaling pathways with higher expression in subjects with low fasting glucose 
levels, confirming the importance of these pathways for the maintenance of glucose homeostasis. Unlike 
array-based studies, sequence-based studies enable the quantification of allele-specific expression us-
ing single nucleotide variants in the mRNA-derived sequence reads. We found that the majority of genes 
demonstrate preferred expression of one of the two alleles, ranging from very strong skewing (80:20) to 
very subtle but yet significant differences (55:45). There was remarkable inter-individual differences in the 
preference of one allele over the other. Finally, we integrated genome-wide SNP data with expression 
data (eQTL analysis). Our results suggest that RNA sequencing is more sensitive than microarray-based 
expression profiling in the detection of subtle differences in gene expression conferred by cis-acting ele-
ments in the DNA. This research was funded through EC´s FP7 Programme (FP7/2007-2013) ENGAGE, grant 
agreement HEALTH-F4-2007-201413. 

Keywords: Next generation sequencing; gene expression profiling; metabolic syndrome; genotype-
phenotype relationships; biobanking
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Identification of two novel genetic factors for CAKUT origin: results from the AGORA project
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Congenital Anomalies of the Kidneys and Urinary Tract (CAKUT) occur frequently in man and comprise 
the most common cause of end-stage renal disease in children. Structural disorders belonging to the 
spectrum of these anomalies include renal agenesis, multicystic kidney dysplasia, ureteropelvic junction 
obstruction, and duplex collecting system. Not much is known about the origin of CAKUT. Alterations 
in genes expressed during nephrogenesis are considered to be important, with the final phenotypic 
outcome depending on additional modifying genetic and environmental factors. The aim of this study is 
to identify new genetic factors involved in CAKUT aetiology. From the AGORA biobank of the Radboud 
University Nijmegen Medical Centre over 700 well-documented CAKUT case-parent triads and 10 fami-
lies with multiple affected members were recruited, comprising the largest CAKUT cohort world-wide. 
Mutation analysis of two novel CAKUT candidate genes was performed and revealed interesting genetic 
variants. Genome-wide exome sequencing in CAKUT families identified variants possibly involved in 
CAKUT aetiology. In addition, linkage analysis of a large CAKUT family demonstrated suggestive linkage 
for a locus on chromosome 4. The present identification of new genetic factors for CAKUT contributes to 
the understanding of the pathogenesis and the design of genetic diagnostic screening tests, facilitating 
early detection and recurrence risk estimations for CAKUT.
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Identification and validation of nuclear gene defects underlying OXPHOS diseases
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Mitochondrial disorders are associated with abnormalities of the oxidative phosphorylation (OXPHOS) 
system and, with an incidence of ~1 in 5000-8000, cause significant morbidity and mortality in the 
population. The extensive clinical and genetic heterogeneity of these disorders due to mutations in 
either the mitochondrial DNA (mtDNA) or in nuclear DNA (nDNA), impedes an easy genetic diagnosis. 
Homozygosity mapping was performed in four consanguineous families using the Affymetrix GeneChip 
Human Mapping Arrays. Candidate genes present in the significant homozygous regions were identified 
using the MitoP2 database, the MitoCarta compendium and our own literature based information. In a 
Turkish girl with leukoencephalopathy and a complex IV deficiency, a pathogenic mutation was identified 
in COX6B1. This mutation has been reported only once before in an Italian patient and functional studies 
confirmed its pathogenicity. Until now it is the only mutation identified in this gene. In three Moroccon 
children with Leigh syndrome and complex I deficiency a pathogenic mutation was identified in c20orf7. 
Blue Native gel electrophoresis demonstrated an altered complex I assembly, showing that c20orf7 is a 
novel assembly factor for complex I and a new candidate gene for Leigh syndrome associated with com-
plex I dysfunction. In a family with progressive cerebellar ataxia, a mutation in CABC1 was identified. This 
protein is involved in CoQ10 biosynthesis and defects are a frequent cause of progressive cerebellar ataxia 
and cerebellar atrophy on MRI. Finally, in a Caucasian family with riboflavin-responsive complex I defi-
ciency, a mutation in ACAD9 was identified. Complex I activity was restored in fibroblasts of the patient 
by lentiviral transduction with wild type but not mutant ACAD9, confirming that the mutation causes the 
complex I deficiency and related disease. For this protein, a role in the beta-oxidation of long-chain fatty 
acids has been suggested, but our results demonstrate a new role in complex I function. In addition, our 
findings show that riboflavin may be beneficial for our subgroup of complex I deficient patients. Our data 
shows that homozygosity mapping and candidate gene analysis is still an efficient way to detect muta-
tions in consanguineous patients with OXPHOS deficiency, especially when the enzyme deficiency in 
fibroblasts allows appropriate candidate gene selection and functional complementation.

Keywords: OXPHOS (oxidative phosphorylation) disorders, homozygosity mapping, complex I deficiency, 
complex IV deficiency, COX6B1, ACAD9, c20orf7, CABC1
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TNNI3K modulates cardiac conduction in a mouse model of cardiac sodium channelopathy
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Mutations in cardiac ion channels lead to rhythm disorders associated with a high risk of sudden car-
diac death. As for other Mendelian diseases, incomplete penetrance and variable clinical expression 
complicate the management of patients with these disorders. We have employed a disease-sensitized 
mouse model, carrying a mutation in the voltage-gated sodium channel to map genetic factors that 
modify cardiac conduction disease severity and arrhythmia susceptibility. Transgenic mice harboring 
the Scn5a1798insD/+ mutation recapitulate many of the electrocardiographic (ECG) manifestations in 
patients with the homologous SCN5A-1795insD mutation. The severity of the observed phenotype varies 
greatly depending on the genetic background. Exploiting the genetic variability in F2 progeny of 129P2 
and FVBN/J mice with the Scn5a1798insD/+ mutation, we have previously mapped a quantitative trait 
locus (QTL) on chromosomes 3 that influences the variance in the electrocardiographic PR-interval, a 
measure of atrio-ventricular conduction. Since genetic variation underlying a QTL may affect the clinical 
phenotype through effects on gene expression, we carried out an expression QTL study (eQTL), map-
ping genetic factors influencing the transcript levels in the left ventricle. We identified 16 eQTLs that map 
within the 1.5 LOD drop interval of the PR-interval QTL on Chr 3, 7 of which were cis-eQTLs (localizing 
together with the gene coding for the transcript). Of these 7 only Tnni3k maps to the SNP displaying the 
highest LOD score found for the PR-interval QTL. Furthermore, of these cis-eQTLs, only the Tnni3k tran-
script correlates with the PR-interval (rho=0.28, p=0.003). Tnni3k encodes for troponin 1 cardiac-3 inter-
acting kinase, recently identified as a genetic modifier of cardiomyopathy disease progression in mice. In 
vitro overexpression of Tnni3K in mouse cardiomyocytes leads to a hypertrophic response. In human a 
copy number variation (CNV) located within TNNI3K has been associated with hypertension. Furthermore, 
a gene-environment interaction has been found for a SNP in TNNI3K in relation to coronary heart disease. 
Our data provide novel evidence for a role of this gene in controlling the electrocardiographic PR-interval, 
indicating a role for Tnni3K in atrial and/or atrio-ventricular conduction. This study was funded by the 
Netherlands Heart Foundation Established (NHS 2005T024) and the Inter-University Cardiology Institute 
of the Netherlands (ICIN 06401).

Keywords: cardiac arrhythmias (expression) quantitative trait loci Tnni3K
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Sensenbrenner syndrome is caused by dysfunctional IFT-A mediated retrograde transport in the 
cilium
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Sensenbrenner syndrome (a ciliopathy) is mainly characterized by skeletal and ectodermal anomalies, 
and can be accompanied by other features (e.g. chronic renal disease). We performed SNP array analy-
sis and positional candidate gene sequence analysis in two siblings with Sensenbrenner syndrome of 
a consanguineous Moroccan family. Both patients suffered from nephronophthisis, and the youngest 
sibling had end-stage renal disease since the age of 3 years. We identified a homozygous mutation in the 
initiation codon of C14ORF179 in both siblings. C14ORF179 encodes IFT43, a subunit of the intraflagellar 
transport complex A (IFT-A) machinery of primary cilia. We show that the mutation disrupts translation; 
due to the mutation translation starts at an ATG in exon 2 instead of at the canonical initiation transla-
tion codon in exon 1. This results in a shortened N-terminally truncated IFT43 protein. The IFT-A protein 
complex (together with the dynein motor) drives retrograde axonemal transport in the cilium. We show 
that in fibroblasts of one of the affected siblings, disruption of IFT43 affects this transport from the tip of 
the cilium to its base. In fibroblasts of the patient with mutated C14ORF179, we found that IFT-B complex 
proteins aberrantly accumulate in the ciliary tips. Interestingly, we observed the same defect in fibro-
blasts from a Sensenbrenner syndrome patient with mutations in WDR35/IFT121, encoding another IFT-A 
subunit. Our results suggest that Sensenbrenner syndrome is caused by dysfunctional IFT-A mediated 
retrograde transport in the cilium.

Keywords: Sensenbrenner syndrome, cilia, IFT-A
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Identification of the gene underlying Congenital Short Bowel Syndrome, pointing to its major role 
in intestinal development
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Congenital Short Bowel Syndrome is an autosomal recessive disorder characterized by substantial short-
ening of the small intestine and by intestinal malrotation. Until recently, nothing was known about the 
genetic cause. Homozygosity mapping was performed using 610K SNP arrays of Illumina on five patients 
of four different families, including one consanguineous family with two affected siblings and one unaf-
fected child. We found an overlapping homozygous region in four of the five patients. In this region a 
homozygous deletion concerning one exon of a gene encoding a tight-junction protein, was detected in 
one of the patients. Furthermore, a homozygous deletion in the first intron was detected in the affected 
siblings of the consanguineous family, this deletion co-segregates with the disease phenotype in this 
family. Sequencing of the gene in three other patients resulted in the identification of additional muta-
tions: one patient proved to have a heterozygous frameshift mutation and a heterozygous splice site 
mutation, whereas two other patients were homozygous for a nonsense mutation and a missense muta-
tion, respectively. The gene is expressed in the intestine of human embryos throughout development. 
The missense mutation abrogated the normal localization of the encoded protein at the cell membrane. 
Knock-down experiments in zebrafish resulted in general developmental defects, including shortening of 
the intestine and absence of goblet cells, which are characteristic for the mid-intestine. Therefore, loss-of-
function of the identified gene leads to Congenital Short Bowel Syndrome, likely by interfering with tight-
junction formation, with intestinal development and with gut length determination.

Keywords: Congenital, Short Bowel Syndrome, autosomal recessive, intestinal development.
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Background: Fanconi anemia (FA) is a recessive chromosomal instability syndrome characterized by con-
genital malformations, bone failure, and susceptibility to malignancies. Mutations in 15 genes have been 
shown to cause FA. Since FA patients require special treatment, and syndromes with overlapping clinical 
symptoms exist, molecular diagnosis is required. The current screening approach is neither time- nor 
cost-effective and may miss various aberrations, such as large deletions. Here we evaluate the use of a 
multiplexed targeted next-generation sequencing (NGS) approach in the diagnosis of FA. Methods: We 
selected samples from 12 FA patients with various hetero-/homozygous variations including large dele-
tions and small deletions/insertions. For one sample, only one pathogenic mutation had been found 
by Sanger sequencing. We used a custom Agilent in-solution SureSelect kit to enrich for the known FA 
genes. The 12 resulting sequence libraries were tagged with a unique barcode and pooled before se-
quencing 74 cycles paired-end in one lane on the Illumina GAIIx platform. An in-house variation detection 
pipeline, including a tool for large deletion detection, was used to score for relevant mutations. Results: 
An average of 2.8 million unique reads were obtained per sample, resulting in a median coverage of ~100 
fold. All disease causing mutations have been detected in our validation panel. In addition, a novel large 
deletion mutation in an unresolved case has been detected and validated through conventional sequenc-
ing. Conclusion: Multiplexed targeted NGS offers a fast and reliable method for molecular diagnosis, 
without the need for preselection by complementation studies.

Keywords: Fanconi anemia, next-generation sequencing, High throughput sequencing, massively parallel 
sequencing 
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The unprecedented increase in throughput of next-generation sequencing (NGS) technologies allows for 
efficient sequencing of multiple exon-centric samples in a single sequencing run. However, library prepa-
ration and enrichment of multiple samples has now become a limiting step for high-throughput genomic 
analysis. To address this, we developed an efficient strategy for enriching pools of pre-barcoded samples 
using both microarray-based as well as solution-based approaches. We have optimized custom protocols 
and pipelines for probe design, library preparation, enrichment and variant analysis and prioritization. 
The multiplexed enrichment protocol is highly efficient and provides the experimental flexibility that 
meets the needs of various types of variant discovery projects, ranging from small families to population 
studies, while screening small sets of candidate genes or large genomic intervals. We found that perfor-
mance for pools between 3 and up to 96 samples is similar in comparison to non-multiplexed samples. 
Here, we focus on detection of causal variants using X-chromosome exome sequencing in families with 
an X-linked inheritance pattern. We designed a custom enrichment array for all protein and RNA coding 
genes on human chromosome X with a densely tiled probe overlap, which resulted in a very even cover-
age distribution (>99% of all positions covered by at least 1 read). Using this array, it is possible to enrich 
approximately 30 individuals from different families in a single assay, which fits the capacity of a single 
SOLiD sequencing run and provides a flexible strategy for high-throughput variant detection with signifi-
cantly lowered costs and efforts. 

Keywords: Next-generation sequencing, Targeted genomic enrichment, Multiplexing, Barcoding, Exome, 
X-exome
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3Department of Dermatology, Great Ormond Street Hospital NHS Trust, London, UK; 4The Robin Eady National 
Diagnostic Epidermolysis Bullosa Laboratory, GSTS Pathology, St John’s Institute of Dermatology, St Thomas’ 
Hospital, London, UK; 5Department of Human Genetics, Radboud University Nijmegen Medical Centre, 
Nijmegen, the Netherlands; 6St John’s Institute of Dermatology, King’s College London (Guy’s Campus) and 
Guy’s and St Thomas’ NHS Foundation Trust, London, UK; 7Department of Dermatology, University Medical 
Center Groningen, University of Groningen, Groningen, the Netherlands.

The inversa type of recessive dystrophic epidermolysis bullosa (RDEB-I) is a rare variant of the heritable 
blistering disorder dystrophic epidermolysis bullosa (DEB). RDEB-I is characterized by blistering in the 
body flexures, trunk, and mucosal membranes. Like other DEB types, RDEB-I is caused by mutations in the 
type VII collagen encoding gene COL7A1. However, only a limited number of RDEB-I patients has been 
reported and, consequently, the genotype-phenotype correlation and the pathophysiologic mechanism 
underlying the typical disease distribution are largely unknown. The aim of this study was to gain more 
insight into the intriguing pathophysiology of RDEB-I. We identified 20 Dutch and British RDEB-I patients 
and conducted an extensive genotype-phenotype correlation study. All patients had generalized blister-
ing at birth and during early infancy. The age of transition to an inversa distribution was in most patients 
before the age of 4 years. Most patients had severe involvement of the oral and esophageal mucosa, 
and genital mucosa in half of the female patients. We noted a spectrum of disease severity ranging from 
the mildest ‘mucosal only´ phenotype to the severest phenotype with limited acral involvement. The 29 
complete genotypes of our RDEB-I patients and those reported in the literature revealed that RDEB-I is 
associated with specific recessive arginine and glycine substitutions in the triple-helix domain of type VII 
collagen. No differences in location and nature of substituting amino acids were evident between these 
RDEB-I mutations and missense mutations causing other RDEB phenotypes. Our data could not confirm 
the recent speculation that RDEB-I might be caused by mutated glycine codons located close to imper-
fections in the triple-helix domain of type VII collagen. The precise pathophysiological mechanism by 
which the arginine and glycine substitutions lead to the intriguing inversa distribution therefore remains 
obscure. We hypothesize that the higher skin temperature in the affected body areas plays an important 
role in the pathophysiology of RDEB-I. Protein modeling techniques are currently used to study this 
theory in more detail.

Keywords: Epidermolysis bullosa; genodermatosis; genotype-phenotype correlation
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Recessive disorders cause serious morbidity and mortality in 25/10,000 children. Most of them are born 
unexpectedly without family history of the condition. In about 1/100 couples, both partners are carriers 
of the same disorder, facing 25% risk of affected offspring in each pregnancy. Carriers are usually unaware 
of their carrier status. Preconceptional carrier screening enables carrier couples to make informed repro-
ductive decisions before pregnancy. Our offers of preconceptional carrier screening for cystic fibrosis (CF) 
and/or hemoglobinopathies (2002 and 2005) were favoured by the target population and stakeholders. 
Despite positive results in pilot studies, meeting genetic screening criteria and constructive debates 
about ethical, technical and financial aspects, in most European countries a systematic healthcare of-
fer of preconceptional carrier screening for the general population is lacking. Meanwhile, uncontrolled 
commercial private testing is available online. Is this development desirable in terms of informed con-
sent, counselling, and medical supervision? In the absence of a healthcare offer, the Clinical Genetics 
Department of VU University Medical Center in Amsterdam recently started to offer preconceptional 
CF screening tests on the hospital website, accompanied by sufficient medical information, without com-
mercial goals and with availability of counselling. The experiences of (potential) users will be monitored 
and integrated when further developing the service. Is this the ideal answer in diversifying contexts of 
screening? Will screening for more recessive disorders become available in regular healthcare in the 
future? And how to enable beneficial application of whole genome sequencing, which allows parallel 
screening for all known recessive disorders, in this preconception setting? 

Keywords: carrier screening preconception whole genome sequencing
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The occurrence of phenotypic differences between monozygotic (MZ) twins is commonly attributed to en-
vironmental factors, assuming that MZ-twins have a 100% identical genetic make-up. Yet, recently several 
lines of evidence showed that both genetic and epigenetic factors could play a role in phenotypic dis-
cordance after all. One report suggested a high occurrence of low-mosaic CNVs within MZ-twin pairs dis-
cordant for Parkinson disease, thereby stressing on the importance of post-zygotic mutations as disease-
predisposing events. In this study, we analyzed the prevalence of discrepant somatic CNVs in discordant 
MZ-twins of the Esophageal Atresia (EA) and Congenital Diaphragmatic Hernia (CDH) cohort in Rotterdam. 
We used high-resolution SNP-arrays on blood- derived DNA from 11 pairs of MZ-twins; 4 from the CDH and 
7 from the EA cohort. Paired analysis was executed with specific attention to isolated allelic imbalances as 
a marker for low-mosaic CNVs. In this way, we showed that somatic CNVs are not the cause of phenotypic 
discordance in this cohort of MZ-twins. Yet, in 5/11 of the twin patients inherited CNVs were established 
and these could function as a susceptible genetic background. In addition, bead chip genotyping showed 
no evidence for pathologic SNP differences within each MZ-pair either. To exclude the possibility of so-
matic mutations restricted to the affected tissues, we screened for CNVs in proximal pouch- and diaphragm 
tissue of a separate group of patients as well. In line with the twin data, no target-tissue specific CNVs were 
revealed in DNA from 12 pouch- and 13 diaphragm biopsies. Yet, recurrent, germ-line chromosome 22q11-
13 were discovered. In conclusion, post-zygotic structural mutations are not a common cause of OA and 
CDH. The availability of next-generation sequencing methods enables somatic SNP screening in this type 
of material in the near future. Although collection of healthy twin material will remain a difficult hurdle to 
take, genome-wide analysis of epigenetic changes in twin pairs might produce additional evidence under-
mining the classical theory of MZ-pairs as a “genetic mirror” as well. 

Keywords: Monozygotic Twins, somatic CNV, congenital anomaly, phenotypic discordance, Congenital 
Diaphragmatic Hernia, Esophageal Atresia 
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Fragile X syndrome is the most common form of inherited mental retardation. In the brain of fragile X ani-
mal models, we found a decreased mRNA expression of several subunits of the GABA(A) receptor. GABA(A) 
receptors are the major inhibitory neurotransmitter receptors in the mammalian brain. This ionotropic 
receptor plays a role in learning and memory, hyperactivity, insomnia, epilepsy, anxiety and depression; 
processes that are disturbed in fragile X patients. This indicates that a dysfunction of the GABA(A) recep-
tor is involved in the behavioural problems observed in the fragile X syndrome. The GABA(A) receptor is 
therefore a target for rational treatment of the syndrome. In a set of experiments we already demonstrated 
that GABAergic drugs are able to correct some of the symptoms in fragile X mice. However, before therapy 
on patients can be initiated, it is required to validate GABAergic abnormalities in human. As post-mortem 
studies are not feasible, we set up a study to image and quantify the GABA(A) receptor distribution in vivo. 
Using positron emission tomography (PET) with [11C]Flumazenil, a known GABA(A) receptor antagonist, as 
a radioligand we determined the amount of GABA(A) receptors in the brain. We found an overall significant 
decrease (6-17%) in GABA(A) receptor availability in fragile X patients. The decrease was most prominent in 
specific brain regions, including cortical regions. This confirms that the GABAergic system is involved in the 
pathophysiology of the fragile X syndrome and suggests that GABAergic drugs might ameliorate several 
symptoms of fragile X patients, improving their quality of life. 

Keywords: Fragile X syndrome, Fmr1, GABA(A) receptor, Positron Emission Tomography
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Autosomal Dominant Polycystic Kidney Disease (ADPKD) is characterized by the formation of many fluid-
filled cysts in the kidneys and progressive deterioration of renal function, finally leading to renal failure. 
Previously we showed that tubular epithelial injury accelerates cyst formation in inducible Pkd1-deletion 
mice. In these mice expression of the Planar Cell Polarity (PCP) component Four-jointed (Fjx1) is decreased 
during epithelial repair but at later stages, in cystic kidneys, Fjx1 expression is increased. Additional to a 
role in PCP-signaling, Four-jointed is also implicated in the Hippo-signaling pathway, which controls organ 
size by regulating proliferation and apoptosis. In humans, this pathway is also known from its involvement 
in several types of cancer, and in neurofibromatosis type 2 (NF2). The role of Hippo-signaling, together with 
the opposing expression pattern of Fjx1 during epithelial repair and at cystic stages, led us to investigate 
the activity of the Hippo pathway during these processes. Examining the Hippo pathway´s final effector 
molecule, the transcriptional co-activator Yes-associated protein (YAP), we found no differential expression 
between Pkd1-deletion mice and controls during tissue repair. However, in epithelia of dilated tubules 
and cysts, strong nuclear YAP accumulation was observed, which was accompanied by up-regulation of 
the suspected YAP transcriptional targets Birc-3, Ctgf, InhbA and Fjx1. Altered Hippo-pathway activity was 
confirmed in human renal ADPKD and ARPKD tissues, as well as cystic renal tumors. These data support the 
notion that during epithelial repair Four-jointed is involved in PCP-signaling, while in cystic kidneys this 
protein is related to Hippo-signaling and cyst growth. 

Keywords: Hippo pathway, polycystic kidney disease, tissue regeneration, YAP/TAZ, Pkd1
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Approximately 10% of the beta-thalassemias and 80% of the alpha-thalassemias are caused by dele-
tions in the beta- or alpha-globin gene clusters, respectively. In a previous study, we applied Multiplex 
Ligation-dependent Probe Amplification (MLPA) to characterize large rearrangements in the globin gene 
clusters. Several new deletions were found, however, the exact breakpoint sequences are still unknown. 
To facilitate confirmation by gap-PCR and to gain more insight in the mechanisms causing these rear-
rangements we decided to determine the precise location of breakpoints. Array Comparative Genomic 
Hybridization (aCGH) measures DNA copy number differences between a reference and a patient’s genome 
sample, thereby detecting and mapping deletions and duplications. We used high resolution tiling arrays 
(NimbleGen®) with 135,000 unique probes with an average spacing of ~20 bp to map the breakpoints to 
an interval that can be validated by PCR and sequencing. The probes cover the telomeric 2 Mb of chromo-
some 16p and a 600 kb region on chromosome 11p including the ß-globin gene cluster. We tested a co-
hort of 36 thalassemia carriers (9 positive controls and 27 patients) of different ethnic backgrounds, show-
ing clear microcytic hypochromic anemia and normal iron levels. All patients were carrier of a deletion in 
the alpha- or beta-globin gene cluster, which was identified by MLPA. The results of the array showed a 
deletion in all patients and were in concordance with the MLPA results. Results from the 9 positive controls 
showed that the fine-tiling array technology is suitable to detect small and large rearrangements with high 
resolution. In the other 27 patients, the location of the deletion could be determined in detail, for 15 cases 
gap-PCR primers were designed and breakpoint fragments generated. For 11 of these, the breakpoint was 
determined at sequence level. Our results suggest that this fine-tiling aCGH technology is a valuable tool 
for high resolution breakpoint characterization in a- and ß-globin gene cluster rearrangements. The delin-
eation of breakpoints will further improve our understanding of the mechanisms causing the rearrange-
ments. Furthermore, the information provided by the aCGH led to the design of simple PCR-based tests 
to detect the variant alleles, useful in a diagnostic setting. With the expected reduction in costs, the aCGH 
technology will replace the current techniques to detect copy number variation (Southern blot, MLPA) in 
the future. 

Keywords: aCGH, breakpoint mapping, thalassemia
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Biochemical and functional characteristics of a synthetic truncated IGF-I protein encoded by a novel 
IGF1 mutation found in two heterozygous carriers with very short stature

H.A. van Duyvenvoorde1,2,3, J. van Doorn4, J. Koenig5, L. Gauguin5, W. Oostdijk1, J.D. Wade6, M. Karperien7, 
C.A.L. Ruivenkamp3, M. Losekoot3, P.A. van Setten8, M.J.E. Walenkamp9, C. Noordam10, P. De Meyts5, and J.M. Wit1 

1Dept. of Pediatrics, 2Dept. of Endocrinology and Metabolic Diseases, 3Center for Human and Clinical Genetics, 
LUMC, Leiden, The Netherlands 4Dept. of Metabolic and Endocrine Diseases, and Laboratory of Clinical 
Chemistry and Hematology, UMC Utrecht, Utrecht, The Netherlands 5Receptor Systems Biology Laboratory, 
Hagedorn Research Institute, Gentofte, Denmark 6Howard Florey Institute, University of Melbourne, Victoria, 
Australia 7Dept. of Tissue Regeneration, MIRA Institute for Biomedical Technology and Technical Medicine, 
University of Twente, Enschede, The Netherlands 8Dept. of Pediatrics, Alysis Zorggroep Ziekenhuis Rijnstate, 
Arnhem, The Netherlands 9Dept. of Pediatrics, VUMC, Amsterdam, The Netherlands 10Dept. of Pediatrics, 
RUNMC, Nijmegen, The Netherlands.

We recently described the clinical characteristics of two siblings with severe short stature with a maternally 
transmitted heterozygous duplication of 4 nucleotides, resulting in a frame shift and a premature termina-
tion codon (c.243_246dup, p.Ser83GlnfsX13) in the IGF1 gene. We now present the biochemical and func-
tional characteristics of the putative truncated IGF-I protein, which were investigated to observe whether 
the truncated mutant (MT) IGF-I may exert a dominant negative or antagonistic effect on the function of 
wild-type (WT) IGF-I. MT IGF-I was synthesized in oxidized and reduced form using two methods. Neutral 
gel filtration studies were carried out with WT and synthetic MT IGF-I. Binding analysis of synthetic MT IGF-I 
to the IGF1R and insulin receptor were performed with EBNA-293 cells, stably transfected with the IGF1R, 
and IM9 cells, respectively. L6 cells were used to examine the mitogenic potency and the potential antago-
nizing effect of synthetic MT IGF-I by 3H-thymidine incorporation assays. In the sera of both the carriers 
and non-carriers the proportion of 125I-IGF-I that was associated with the 150 kDa complex was somewhat 
less (varying between ~37 and ~52 %) than in normal pooled serum (~53 and ~ 63 %) and, instead, slightly 
increased amounts of radioactivity were eluted in the 40-50 kDa fraction (consisting of binary IGF-IGFBP 
complexes) or remained unbound. Synthetic MT IGF-I did not bind to the IGF1R or insulin receptor, was 
not able to stimulate mitogenesis in normal physiological concentrations, nor to antagonize the growth-
promoting effect of WT IGF-I. It did bind to IGFBPs, but was barely incorporated into 150 kDa complexes. 
Because WT IGF-I immunoreactivity was recovered in one peak, corresponding to the MW of WT IGF-I, an 
interaction of circulating truncated mutant peptide with WT IGF- I is very unlikely. In conclusion, there is no 
evidence that the severe short stature associated with heterozygosity for this novel IGF1 mutation in chil-
dren born from a mother with the same mutation is caused by a dominant negative effect of the truncated 
protein. We speculate that the growth failure, which can be successfully treated with GH, is caused by a 
combination of partial IGF-I deficiency, placental IGF-I insufficiency, and other genetic factors.

Keywords: IGF1, mutation, growth, short stature
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Three new cases with a mosaicism with a normal cell line and a cryptic unbalanced autosomal 
reciprocal translocation 

Antoinet CJ Gijsbers, Johannes Dauwerse, Cathy AJ Bosch, Elles MJ Boon, Wilco van den Ende, Sarina G Kant, 
Kerstin MB Hansson, Martijn H Breuning, Egbert Bakker and Claudia AL Ruivenkamp

Center for Human and Clinical Genetics; Leiden University Medical Center (LUMC), Leiden, The Netherlands.

Mosaicism involving a normal cell line and an unbalanced autosomal translocation are rare. In this 
study we present three new cases with such a mosaicism, which were detected by Single Nucleotide 
Polymorphism (SNP) array analysis in our routine diagnostic setting. These cases were further character-
ized using Fluorescence in situ Hybridisation (FISH) analysis and conventional karyotyping. The first case is 
a mentally retarded male who carries an unbalanced translocation in 87% of his cells. The phenotypically 
normal mother carries the balanced form of the translocation in all her cells. The second case is a pheno-
typically normal female who has an unbalanced translocation in 52% of her cells. The inheritance could 
not be determined. The third case is a female referred for Rubinstein-Taybi syndrome who carries an unbal-
anced translocation in 60% of her cells. Both parents of this case showed a normal karyotype. The mecha-
nisms that might be responsible for these mosaic karyotypes are discussed. Furthermore, we demonstrate 
that high-resolution whole-genome SNP array is a powerful tool to reveal cryptic unbalanced transloca-
tions and mosaicisms, including the more rare cases.

Keywords: mosaicism, unbalanced autosomal reciprocal translocation 
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A diagnosis of X-linked Opitz G/BBB syndrome by array-CGH in a boy and a girl

M. Maiburg, E. van Binsbergen, E. Brilstra, P. Terhal

UMC Utrecht.

X-linked Opitz G/BBB syndrome (OS) is characterized by facial dysmorphisms, laryngo-tracheo-esophageal 
defects and genitourinary abnormalities, with mental retardation in 50% of affected (male) patients. By se-
quencing/mutation scanning of the MID1-gene mutations, deletions or insertions are detected in 15-45% 
of males with a clinical diagnosis of OS. We report a male and a female patient in whom the diagnosis of OS 
was either confirmed or suggested by array-CGH. The first case is a now 21-year old girl with severe mental 
retardation and facial dysmorphisms including a prominent forehead, hypertelorism and upslanting pal-
pebral fissures. Additional abnormalities included a tracheo-esophageal fistula, laryngotracheomalacia, 
minor velum insufficiency and absent secondary sexual development. She has a normal female karyotype 
(46,XX). At the age of 18 months, the clinical diagnosis of OS was made. Sequencing of the MID1-gene 
revealed no mutations. However, array-CGH analysis showed a 5.2 Mb deletion in Xp22.2p22.32, includ-
ing the MID1-gene, as well as the KAL1-, STS- and OA1-genes. Our patient shows features of Kallmann 
syndrome, but no ichthyosis or ocular albinism. X-inactivation studies are pending. This case is remarkable 
because female carriers of a MID1 mutation usually manifest only ocular hypertelorism. A few male cases 
with a deletion of the entire MID1-gene are reported in the literature, but to our knowledge this is the first 
female patient with a MID1 deletion. Our second case is a now 2-year old boy who presented with multiple 
congenital anomalies: cryptorchidism, kidney cysts, glottic web, heart defect and a thin corpus callosum. 
He showed dysmorphic features including hypertelorism, dysplastic ears, a small midline defect of his up-
per lip and skin syndactyly. His development was normal. Array-CGH analysis revealed a 220 kb and a 60 kb 
duplication in Xp22.2, with one of the breakpoints mapping within MID1 and therefore possibly disrupting 
it. This led to the probable diagnosis of OS in our patient, which indeed explains most of his features. Mate-
pair analysis could provide further insight into the precise structure of the MID1-gene in this patient. One 
patient with OS due to a duplication of the first exon of MID1 has been reported in the literature. These 
cases illustrate that there can be a role for array-CGH in the diagnosis of OS and show an example of full OS 
in a female patient.

Keywords: Opitz G/BBB syndrome; array-CGH; MID1
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A first report of an unstable transmitted familial complex chromosome rearrangement 

Hochstenbach, R. Giltay, J. Swinkels, M.

University Medical Center Utrecht, Department of Biomedical Genetics.

Complex chromosome rearrangements (CCRs) are rare structural aberrations involving three or more 
breakpoints on two or more chromosomes. CCRs are classified as type I when they contain four or fewer 
breakpoints, or type II, when they contain more than four breakpoints. About one third of all CCRs are fa-
milial. Transmittance of such a CCR results either in non-disjunction at meiosis or is stably passed on to the 
next generation. Here we present a case of a phenotypically normal mother with a type II CCR involving 
chromosomes 1, 3 and 5 that gave birth to a phenotypically abnormal son. The boy presented with hypo-
tonia and mild facial dysmorphisms. At the age of three he was severely mentally retarded, hypotonic and 
there were feeding disorders. Conventional karyotyping revealed the same CCR as previously was found 
in the mother. However, by use of array-CGH and FISH we discovered that during transmission of the CCR, 
a de novo deletion and duplication were evoked on two of the breakpoints by a mechanism of inversion/
duplication on one of the derivative chromosomes. This is the first presented case of this mechanism in a 
structurally abnormal chromosome. Furthermore with this case we demonstrate the importance of break-
point analysis in CCRs and stress that genetic counseling of a familial CCR is not straightforward.

Keywords: Complex chromosome rearrangement, array-CGH, unstable transmission
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Congenital heart malformation due to CHD7-mutations; classification and associations

Nicole Janssen1, Marlies E. Baardman1,2, Gideon J. du Marchie Sarvaas3, Lies H. Hoefsloot 4, 
Mieke W.S. Kerstjens-Frederikse1, Livia Kapusta5, Conny M.A. van Ravenswaaij-Arts1

1Department of Genetics, 2EUROCAT, and 3Department of Paediatric Cardiology, University Medical Centre 
Groningen, Groningen, The Netherlands 4Department of Human Genetics, and 5Children’s Heart Centre, 
Radboud University Nijmegen Medical Centre, Nijmegen, The Netherlands. 

Introduction: Loss-of-function mutations in the CHD7 gene cause CHARGE-syndrome, an autosomal 
dominantly inherited combination of multiple congenital malformations. Congenital heart malforma-
tions (CHMs) occur in 66-92% of patients with a CHD7-mutation. Until now no detailed descriptive study 
of CHMs in CHD7 mutation carriers has been performed. Detailed information on the most frequent types 
of CHMs and the association CHM with other CHARGE features may give insight into the role of CHD7 
in cardiac embryonic development. This is the first large study that focuses on CHMs in patients with a 
CHD7-mutation. Methods: We collected clinical data on 345 patients with a CHD7-mutation, with special 
focus on CHMs. We compared their CHMs with 1007 non-syndromic CHM-patients collected between 
1997 and 2008 by EUROCAT. We used Botto´s classification to evaluate the CHMs. Chi-square test was 
used to compare several features of patients with and without CHM. Results: Clinical information could be 
obtained for 299 patients with a CHD7-mutation, of whom 220 had a CHM (74%). Detailed classification 
was possible for 202 CHMs and showed a diverse spectrum of malformations with a higher frequency of 
AVSD and conotruncal defects compared to non-syndromic CHMs. TE-anomalies and choanal anomalies 
were significantly associated with a CHM (p=0.004, p=0.004) CHMs were significantly more often present 
in patients with a truncating compared to a missense or splice site mutation (p=0.000). Not surprisingly, 
preliminary death occurred more often in patients with a CHM, especially in those who also had choanal 
atresia (p<0.05). Discussion: CHMs due to a CHD7-mutation are embryologically diverse. CHD7 is assumed 
to play an important role in the development of neural crest cells. Cardiac neural crest cells are involved in 
conotruncal development. However, not all CHMs in patients with a CHD7-mutation can be explained by 
cardiac neural crest involvement. The association of CHMs with preliminary death and TE-anomalies is well 
known. Also the association with truncating mutations supports the previous suggestion that missense 
mutations result in a milder phenotype. The association with choanal anomalies was unexpected and 
needs further study. Conclusion: CHMs in patients with a CHD7-mutation are variable, but the amount of 
AVSDs and conotruncal defects are remarkable. CHMs are associated with TE-anomalies, preliminary death, 
choanal anomalies and truncating mutations. 

Keywords: CHD7, Heart, CHARGE syndrome
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Somatic mutations in MLH1 and MSH2 are a frequent cause of mismatch-repair deficiency in Lynch 
syndrome - like tumors. 

Arjen R. Mensenkamp, Wendy A.G. van Zelst-Stams, Monique Goossens, Michael Kwint, Nicoline Hoogerbrugge, 
Marjolijn J. Ligtenberg

Department of Human Genetics, and department of Pathology, Radboud University Nijmegen Medical Center, 
Nijmegen, the Netherlands.

Introduction - Lynch syndrome (previously called hereditary nonpolyposis colorectal cancer (HNPCC)) is 
caused by germline mutations in the mismatch repair (MMR) genes MLH1, MSH2, MSH6, and PMS2 and 
EPCAM, and accounts for ~3% of all colorectal cancers. Tumors associated with Lynch syndrome are charac-
terized by microsatellite instability (MSI) and loss of expression of one or more MMR proteins. In a consider-
able number of patients with tumors that fulfill these criteria a germline mutation cannot be identified. 
To elucidate the cause of the MMR-deficiency in these tumors, we analyzed whether somatic mutations in 
the suspected MMR gene could explain the phenotype. Methods - In total 13 unexplained MLH1-deficient 
tumors and 9 unexplained MSH2-deficient tumors were screened for somatic mutations in MLH1 and 
MSH2, respectively. Results - In 10 out of 22 (45%) tumors one mutation could be identified that was not 
present in the surrounding normal tissue. In 4 MSH2- and 3 MLH1-deficient tumors (32% in total), a second 
mutation or LOH was identified. Conclusion - In 10 tumors, especially those that are MLH1-deficient, we 
could only identify one mutation, suggesting the presence of an as yet unidentified second mutation in 
either the tumor or the germline. In the 32% of cases with two tumor-specific mutations in MLH1 or MSH2 
the presence of an additional germline MMR gene mutation is unlikely, thereby reducing their familial risk 
for Lynch syndrome-related tumors considerably. 

Keywords: Lynch syndrome, HNPCC
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Unexpected findings using QF-PCR as a rapid test for anauploidy detection in prenatal diagnosis

K.D. Lichtenbelt K. Kusters G.C.M.L. Page-Christiaens A.C.C. van Oppen G.H. Schuring-Blom

Afdeling Medische Genetica, Divisie Biomedische Genetica, UMC Utrecht Afdeling Verloskunde, Divisie Vrouw en 
Baby, UMC Utrecht.

Rapid aneuploidy testing in prenatal diagnosis using MLPA or QF-PCR with markers for the chromosomes 
13, 18, 21 and XY is now being widely used. Arguments for using these tests are the short reporting time, 
high throughput and low costs. Additionally, unexpected findings as seen in full karyotyping and leading 
to difficult counselling issues, which cause anxiety for the parents, can be avoided. The tests may be used 
in combination with karyotyping or as a standalone test for specific indications such as advanced maternal 
age or increased risk for Down syndrome. In 2010 a total of 397 amniotic fluid samples were analysed in 
our laboratory with QF-PCR, using Aneufast kit S1/S2 and M13, M18, M21 and MXY (Genomed Ltd, Kent, 
UK), followed by karyotyping. QF-PCR yielded unexpected findings in two cases: in one case the two most 
distal markers on the long arm of chromosome 18 were trisomic. Additional karyotyping showed an unbal-
anced translocation (47,XX,+der(9)t(9;18)). The second case showed a mosaic 46,XX/46,XY, but no peak 
was seen for the SRY-marker. Karyotyping showed a 45,X cell line and a cell line with an additional small 
derivative Y-chromosome. We report two cases of unexpected findings with QF-PCR in prenatal diagnosis. 
We conclude that, when offering QF-PCR as a standalone test, unexpected findings are not completely 
excluded and should be discussed with the patient. In a minority of cases, full karyotyping will still be nec-
essary to enable appropriate prenatal counselling on the significance of the QF-PCR results. 

Keywords: prenatal QF-PCR unexpected findings
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A HPE-like phenotype and heterotaxy associated with a 1,3 Mb deletion encompassing the GLI2 
gene at 2q14.2

S. H. G. Kevelam, J. J. T. van Harssel, B. van der Zwaag, H. J. Smeets, A. D. C. Paulussen, K. D. Lichtenbelt 

Department of Medical Genetics, University Medical Center Utrecht, Utrecht, Netherlands Department of Clinical 
Genetics, Maastricht University Medical Center, Maastricht, Netherlands. 

Loss-of-function mutations of GLI2 are associated with holoprosencephaly (HPE)-features, including ab-
normal pituitary gland formation and/or function, craniofacial abnormalities, branchial arch anomalies 
and polydactyly. We report a patient carrying a 1,3 Mb submicroscopic deletion in 2q14.2, encompass-
ing the GLI2 gene. She presented with a HPE-like phenotype (bilateral cleft lip and palate and abnormal 
pituitary gland formation with panhypopituitarism),heterotaxy and normal psychomotor development. 
Submicroscopic deletions encompassing GLI2 have not been reported so far. Large microscopically visible 
interstitial deletions spanning 2q14.2 are rare and have been reported sporadically in patients with mul-
tiple congenital anomalies and mental retardation. The clinical and molecular findings in our proband and 
her family are presented. Additionally, we review the features of previously reported index patients with a 
GLI2 aberration (17 mutations and 7 large deletions spanning 2q14.2). With the report of this GLI2 deletion 
we confirm that haploinsufficiency of GLI2 is associated with HPE-like features. Comparable to what has 
been described in families with GLI2 mutations, we observed an incomplete penetrance of the deletion in 
our family, illustrating the multifactorial etiology of HPE and HPE-like features. The deletion contains five 
other genes, including the Epb4.1l5 gene. Based on observations in Epb4.1l5 mutant mice embryo´s, we ar-
gue that haploinsufficiency of Epb4.1l5 might be the cause of the heterotaxy in our proband. A pathogenic 
effect of the GLI2 deletion cannot be excluded. Finally, we conclude that, while other HPE-genes have been 
excluded, GLI2 is still a candidate gene for the Holoprosencephaly-polydactyly syndrome, also known as 
Pseudotrisomy 13.

Keywords: Holoprosencephaly GLI2 Heterotaxy
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Copy number variations in patients with electrical status epilepticus in sleep 

S.H.G. Kevelam, F. E Jansen, E. van Binsbergen, K. Braun, N. Verbeek, D. Lindhout, M. Poot, E. H. Brilstra

Department of Medical Genetics, University Medical Centre Utrecht, Utrecht, Netherlands Department of Child 
Neurology, Rudolf Magnus Institute of Neuroscience, University Medical Centre Utrecht, Utrecht, Netherlands.

Electrical Status Epilepticus in Sleep (ESES) refers to an electroencephalographic pattern of continuous, 
subclinical sleep induced spikes-and-waves. ESES related epilepsy syndromes share an association of infre-
quent seizures, deficits in language or global cognitive functioning and behavioural problems. The aetiol-
ogy is often unknown, but genetic risk factors have been implicated. In this study we used array compara-
tive genomic hybridization (aCGH) analysis to detect copy number variations (CNVs) in patients with ESES 
syndrome in order to identify possible underlying genetic risk factors. We included a consecutive series of 
patients diagnosed with ESES between January 2000 en August 2009, at the Paediatric Neurology outpa-
tient Clinic of the University Medical Centre Utrecht. To gain more insight into the possible pathogenic con-
tribution of the identified CNVs, we reviewed the literature, searched in databases for similar CNVs in pa-
tients and studied the function of the genes located within the CNVs. The Mann -Whitney U test and Fisher 
exact test were used to compare clinical data of patients with and patients without CNVs. We detected 
seven CNVs in four of the thirteen patients with ESES, which consisted of six novel gains and one loss, the 
recurrent 15q13.3 microdeletion. The copy number variant genes in two of these patients belonged to the 
cholinergic pathway. There were no differences in clinical characteristics between patients with CNVs and 
patients without CNVs. In conclusion, our data on CNVs in patients with ESES indicate that specific chro-
mosomal loci and genes may be involved in the aetiology of ESES. In particular, our findings point towards 
putative alterations in the cholinergic pathway.

Keywords: Electrical status Epilepticus in Sleep Copy number variation
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Know how to recognize and appropriately follow-up a recombinant pericentric inversion detected 
by array CGH

Dijkhuizen,T., Leegte,L.K., Sikkema-Raddatz, B., Suijkerbuijk, R.F., Verheij, J.B.G.M., 
Sinke, R.F., van Ravenswaaij- Arts, C.M.A. 

Department of Genetics, University Medical Centre Groningen, University of Groningen, Groningen, 
the Netherlands.

Nowadays, array-based analysis is the first diagnostic tool to examine patients with mental retardation and 
congenital anomalies. If a genetic imbalance is observed and confirmed by karyotyping and/or FISH, par-
ents are usually analysed with FISH using probes localized in the unbalanced regions to exclude a balanced 
rearrangement. This is needed to assess the risk for further children with an unbalanced chromosome 
complement and to provide prenatal diagnostic options. We present a 20-year old male patient with se-
vere developmental delay and autism. Array CGH analysis revealed a terminal gain of 1.07 Mb of 18p11.32 
and a terminal loss of 16.8 Mb of 18q21.33q23. The terminal deletion 18q, also known as DeGrouchy syn-
drome, explained the phenotype in our patient. At this point, parental chromosome studies were offered 
but denied. Recently, we received amniotic fluid of the sister-in-law of our proband, because of ultrasound 
abnormalities. Chromosome analysis showed an abnormal chromosome 18, suggesting an unbalanced 
18;18 translocation with extra 18q-material on terminal 18p. After karyotyping, the prospective father and 
paternal grandfather proved to be carriers of an inv(18)(p11.32q21.33). Consequently, the fetus and the 
proband exhibited each a different recombinant chromosome 18. The paternal pericentric inversion would 
remain unrecognized when FISH with probes from the abnormal regions was performed. In conclusion, 
the concomitant gain and loss of the terminal long and short arm of the same chromosome at array diag-
nostics should alert to a recombinant pericentric inversion. Further karyotyping studies in proband and 
parents are highly recommended, if necessary combined with metaphase FISH. 

Keywords: pericentric inversion, follow-up, array-CGH
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Hunting for Novel Dilated Cardiomyopathy Genes using Haplotype Sharing and Exome Sequencing

Anna Pósafalvi; Karin Y. van Spaendonck-Zwarts; J. Peter van Tintelen; Paul A. van der Zwaag; Ludolf G Boven; 
Jelkje J. Bergsma; Wil B. Koetsier; Dirk J. van Veldhuisen; Maarten P. van den Berg; Robert M.W. Hofstra; 
Richard J. Sinke; Jan D.H. Jongbloed

University Medical Center Groningen, Groningen, the Netherlands

Background: Idiopathic dilated cardiomyopathy (DCM) is a clinically highly heterogeneous disorder, char-
acterized by dilation and impaired contraction of the left ventricle. Monogenic inheritance is observed 
in one-third of the idiopathic cases and mutations in the >40 known genes explain only ~25% of familial 
cases. In order to identify novel DCM disease genes, we investigated two DCM families by Haplotype 
Sharing Test (HST) combined with exome sequencing. Methods: To localise novel DCM genes, 250K SNP ge-
notyping was performed to identify regions shared between patients from a single pedigree. The HST was 
applied to (I) a family with 4 DCM and 2 peripartum cardiomyopathy patients and (II) a family with 3 DCM 
patients and 1 patient with reduced left ventricular function. To subsequently identify the corresponding 
disease genes, DNA of the index-patient and an affected relative from each family were analysed by exome 
sequencing. Results: The HST revealed largest shared haplotypes of 71 cM on chromosome 15 containing 
~600 genes (family I) and 46 cM on chromosome 9 containing ~475 genes (family II). Exome sequencing 
revealed potentially pathogenic variants shared by the two affected family members in both families. 
Confirmation by Sanger sequencing and carriership analysis in affected family members and healthy con-
trols is in progress. Conclusions: We identified potentially pathogenic variants in the largest shared hap-
lotypes in two DCM families. Our results show that a combination of the HST and exome sequencing is a 
promising approach to identify novel genes underlying familial cardiomyopathies.

Keywords: cardiomyopathy, exome sequencing, haplotype sharing
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Comprehensive search for exonic deletions within the CREBBP gene in Rubinstein-Taybi syndrome 
patients using MLPA.

van Belzen, M.J.1, van der Lans, C.A.C.1, Dauwerse, J.G.1,2 and Peters, D.J.M.2 

1Clinical Genetics and 2Human Genetics, LUMC, Leiden, The Netherlands.

Rubinstein-Taybi syndrome (RSTS) is a rare disorder affecting approximately 1/100,000 newborns. The 
syndrome is characterized by mental and growth retardation, and a particular dysmorphology mainly 
concerning the face, hands and feet. The most frequent cause of RSTS are mutations in the CREBBP gene, 
which are found in 30-50% of patients. Mutations in the EP300 gene are less common, with a frequency of 
<10%. Mutations in CREBBP are primarily nonsense, frameshift and splice site mutations that occur over 
the entire coding region, although also several pathogenic missense mutations have been identified. In 
addition, large deletions, mostly of the entire gene, have been detected by FISH. Recently, smaller dele-
tions were detected by quantitative multiplex fluorescent PCR and multiplex PCR/liquid chromatography. 
We used the multiplex ligation-dependent probe amplification (MLPA) technique, with probes for every 
exon of CREBBP, to test for the presence of deletions and duplications in a group of 121 patients suspected 
of having RSTS. For all patients the coding region of CREBBP, including intron/exon boundaries, was 
completely sequenced and in 39 patients a pathogenic mutation was detected. In 10 of the remaining 
82 mutation-negative patients, eight different deletions were detected. Only one deletion comprised the 
entire gene. The other deletions were much smaller, between 1 and 8 exons, and two deletions had oc-
curred twice. One deletion occurred in mosaic form in both blood and buccal cells of the patient. No ex-
onic duplications were found. In total, deletions were found in 8% of this group of RSTS patients, and they 
represented 20% of all detected pathogenic CREBBP mutations. Therefore, screening for exonic CREBBP 
deletions is an important part of mutation scanning in RSTS patients. 

Keywords: Rubinstein-Taybi syndrome, deletions, MLPA.
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Characterisation of unclassified variants in the BRCA1/2 genes with a putative effect on splicing

Brandão, R.D.1, 2, Roozendaal, K. van3, Tserpelis, D.3, Gómez García, E.1, 2, 3, Blok. M.J.3

1Department of Genetics and Cell Biology, University of Maastricht2 - GROW - School for Oncology and 
Developmental Biology, University Maastricht3 - Department of Clinical Genetics, Maastricht University Medical 
Center 

Background. A subset of the unclassified variants (UVs) identified during genetic screening of BRCA1/2 
genes may affect splicing. We assessed at RNA level the effect of 4 BRCA1 and 10 BRCA2 UVs with a puta-
tive splice effect, as predicted in silico. Methods. The variants selected were beyond the positions -1,-2 or 
+1, +2 from the exon and were not previously described (n=8) or their effect on splicing was not assessed 
previously (n=6). Lymphocytes from UV carriers and healthy controls were cultured and treated with 
puromycin to prevent nonsense-mRNA mediated decay. The relative contribution of each allele to the 
various transcripts was assessed using combinations of allele-specific and alternative transcript specific 
primers. Results. BRCA1 c.4987-3C>G, BRCA2 c.425G>T, c.7976+3_7976+4del, and c.8754+3G>C, gave rise 
to aberrant transcripts: BRCA1delta17, BRCA2delta4, BRCA2delta17 and retention of 46nt of intron 21, 
respectively, and were considered pathogenic. BRCA1 c.692C>T, c.693G>A and BRCA2 c.6935A>T, besides 
expressing the full-length transcript, induced increased expression of BRCA1delta11 and BRCA2delta12, 
respectively. As these are natural occurring isoforms, also observed in controls, the clinical relevance is 
unclear. The seven remaining UVs did not affect splicing, three of which were classified as neutral intronic 
variants. Conclusion. The RNA analysis results clarified the clinical relevance of the majority of the studied 
UVs. This improves the genetic counselling of the high risk breast/ovarian cancer patients carrying these 
variants dramatically. 

Keywords: BRCA1; BRCA2; RNA; splicing
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Identification of novel TAAD loci on 2q37 and 7p15 in a large Dutch family: further evidence of 
disease heterogeneity and support of a bi-or multigenetic inheritance model 

A.F. Baas1,6, M. Harakalova1,6, C. de Kovel1,6, I. Nijman2, W. Kloosterman1, S. Lieshout1, M. Mokry 2, J. Medic1, 
R. van ´t Slot1, J. Deckers3, J.W. Roos-Hesselink3, G. Pals4, C. Wijmenga5, D. Lindhout1, E. Cuppen1,2

1Department of Medical Genetics, University Medical Center Utrecht, The Netherlands 2Hubrecht Institute, 
University Medical Center Utrecht, The Netherlands 3Department of Cardiology, Erasmus Medical Center, The 
Netherlands 4Department of Medical Genetics, VU Medical Center, The Netherlands 5Department of Medical 
Genetics, University Medical Center Groningen, The Netherlands 6These authors contributed equally 

Background: It is estimated that 20% of the non-syndromic thoracic aortic aneurysm and dissection (TAAD) 
cases is inherited in an autosomal dominant pattern with variable expression and reduced penetrance. 
With mutation analysis of the currently known TAAD genes; TGFBR1, TGFBR2, ACTA2 and MYH11, less than 
20% of the familial TAAD cases are solved, indicating that there are more TAAD genes to be found. Methods 
and results: We have characterized a large Dutch family in which TAAD was inherited in a seemingly auto-
somal dominant inheritance pattern, with reduced penetrance and variable expression. No segregating 
alterations in the known TAAD genes were identified by routine diagnostic testing. Genome-wide linkage 
analysis followed by fine-mapping exposed two novel TAAD loci on chromosome 2q37.1 and chromosome 
7p15.3-7p14.3. The coding sequence of all protein-coding genes within these loci was analysed using a 
targeted massively parallel sequencing approach, by two independent exon-centric enrichment methods. 
However, the causal mutation was not identified. Conclusions: The identification of two novel TAAD-loci 
within one family that do not contain any of the known TAAD genes and do not overlap with formerly 
reported loci, emphasizes the heterogeneity of the disease and suggests an interaction of two or more ge-
netic factors in the development of TAAD within this family. In general, this assumption would explain the 
reduced penetrance and variable expression in familial TAAD. In the reported family, causative alterations 
may be present in non-coding regulatory sequences. 
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UPK3A and FGF7 mutation analysis in Dutch renal adysplasia patients provides further evidence for 
the role of UPK3A in congenital anomalies of the kidneys and urinary tract (CAKUT) pathogenesis

Albertien M. van Eerde1, Kirsten Y. Renkema2, Karen Duran1, Els van Riel1, Rob B. van der Luijt1, 
Wouter F. Feitz3, Ernie M.H.F. Bongers2, Carlo Marcelis2, Marc R. Lilien4, Tom P.V.M. de Jong5, 
Carolien G.F. de Kovel1, Nine V.A.M. Knoers1, 2, Jacques C. Giltay1
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Renal adysplasia is part of the spectrum of congenital anomalies of the kidney and urinary tract (CAKUT) 
that forms a major cause of end-stage renal disease in children. Little is known about the origin of renal 
dysplasia, though it is anticipated that genetic and environmental factors are involved. There is a role 
for genes expressed during early nephrogenesis in CAKUT etiology. In this study, two genes, uroplakin 
3A (UPK3A) and fibroblast growth factor 7 (FGF7), were screened for variants in a phenotypically diverse 
cohort of 19 Dutch renal adysplasia patients. Four novel, inherited, UPK3A mutations were identified in 
3/19 (16%) patients with unilateral multicystic dysplastic kidney. The mutations - c.356T>C (p.Ile119Thr), 
c.418G>A (p.Gly140Arg), c.450C>A (p.Gly150Gly) and c.545G>A (p.Trp182X) - were not described before 
and not observed in 96 control chromosomes. As c.418G>A was detected in a patient with VACTERL as-
sociation (Vertebral defects, Anal atresia or stenosis, Cardiac defects, Tracheo-Esophageal fistula, Radial 
defects and Renal anomalies, Limb defects), 25 additional DNA samples of VACTERL cases were screened; 
no mutations in UPK3A were detected. In FGF7, no likely pathogenic mutations were detected. This is the 
first time a stop-mutation in UPK3A is reported. All UPK3A mutations published so far were reviewed and 
in silico analyses are presented. This study revealed novel UPK3A mutations strengthening the position of 
variants in UPK3A in the etiology of renal adysplasia.

Keywords: Multicystic Dysplastic Kidney; Hereditary renal agenesis; Netherlands; Congenital Abnormalities; 
Kidney; uroplakin III; FGF7 protein, human; Sequence Analysis, DNA; Databases, Genetic; VACTERL 
association; Renal adysplasia



56 Posters

Poster 20

Sorting defects of mutant CLC-Kb in Bartter syndrome.

E.J. Kamsteeg, R.D.A Weren, J. Schoots, Robben J., N.V.A.M. Knoers, H. Scheffer, P.M.T Deen en L.H. Hoefsloot.

Bartter syndrome (BS) is an autosomal recessive disorder characterized by renal salt wasting and hypoka-
laemic metabolic alkalosis. The primary defect is a reduced NaCl reabsorption in the thick ascending limbs 
of Henle´s loop. Bartter syndrome type 3 (BS3) is caused by mutations in CLCNKB, encoding the renal chlo-
ride channel CLC-Kb. This chloride channel functions in the basolateral plasma membrane and transports 
chloride from the cell´s interior to the interstitium. CLCNKB has many non-pathogenic variants, making 
detected missense variants difficult to interpret. Defects of these variants may include a disturbed subcel-
lular sorting or defective gating. Analysis of these variants in polarized epithelial cells is a valuable tool to 
assess their sorting properties. Here, we present the analysis of the subcellular distribution of eleven CLC-
Kb missense variants in such cells. CLC-Kb needs the scaffolding protein barttin to reach the basolateral 
plasma membrane. Therefore, barttin was stably-expressed in the polarized renal epithelial MDCK type II 
cells. These cells were then transiently transfected with GFP-tagged CLC-Kb encoding constructs and sub-
jected to imunnofluorescence studies and confocal laser-scanning microscopy. Of the eleven variants, six 
(S113T, V170M, A204T, M427V, G465R and R595Q) were transported to the basolateral plasma membrane, 
like wt-CLC-Kb. Three others (P124L, G164R en L656P) were retained intracellularly, and colocalized to a 
major extend with an endoplasmic reticulum (ER) marker. The last two variants (G433E and C626Y) showed 
a unexpected staining of the nucleus, although the latter also is expressed in the basolateral plasma 
membrane. These data indicate that a subset of the CLC-Kb variants is properly sorted to the basolateral 
plasma membrane. These variants may reflect non-pathogenic variants, or pathogenic variants that are 
functionally impaired (i.e. defective gating). However, another subset is retained in the ER, as is common 
with misfolded membrane proteins, such as CFTR or AQP2. Finally, two other variants were missorted to 
the nucleus. The mechanism causing nuclear missorting remains to be determined. Altogether, studying 
the subcellular distribution of CLC-Kb variants in polarized cells is a valuable additive tool to test their 
pathogenicity. 
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Digenic inheritance model in Pendred syndrome patients carrying only one disease causing 
SLC26A4 allele?

Rinne T, Tjon-Pon-Fong M, and Hoefsloot L

Pendred syndrome is one of the most common causes for autosomal recessive inherited syndromal deaf-
ness. It is characterized by sensorineural deafness, enlarged vestibular aqueduct (EVA) with or without 
cochlear hypoplasia and enlarged thyroid gland. Mutations in the SLC26A4 gene are known to cause syn-
dromic and nonsyndromic hearing loss associated with EVA. Mutations in this gene explain approximately 
fifty-percent of the cases with hearing loss with EVA. Recently, a digenic model for hearing loss with the 
EVA phenotype has been established. Mutations in either the FOXI1 or the KCNJ10 gene in combination 
with a pathogenic mutation in the SLC26A4 gene have been reported to cause nonsyndromic hearing 
loss with EVA. The aim of our study is to investigate the prevalence of the digenic inheritance in patients 
with hearing loss with the EVA phenotype, and whether FOXI1 and KCNJ10 genes can be included in the 
routine diagnostics of Pendred syndrome. We first investigated the FOXI1 gene in a group of patients carry-
ing only one pathogenic mutation in the SLC26A4 gene. In a group of 32 patients only one possible splice 
site mutation was identified. Investigation of a group of 113 patients without pathogenic mutations in the 
SLC26A4 gene revealed two possible pathogenic mutations in the FOXI1 gene. The analysis of the KCNJ10 
gene in the same patient cohorts is ongoing. Although this study is not yet completed, we can already con-
clude that yet unknown mutations in regulatory and non-coding regions or other gene(s) are also involved 
causing hearing loss with EVA phenotype. 

Keywords: Pendred, autosomal recesive deafness, SLC26A4, FOXI1, KCNJ10
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Prenatal cerebral cysts: presentation of the first prenatally diagnosed Molybdenum cofactor 
deficiency (MOCD
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Molybdenum Cofactor Deficiency (MOCD) is a rare autosomal recessive metabolic disorder, caused by a 
disrupted function of sulfite oxidase (SO) that requires MOC for proper functioning. Case 1 After a full term 
pregnancy of healthy Caucasian non-consanguineous parents, a girl was born by emergency caesarean 
section. Amniotic fluid contained thick meconium . Six hours postpartum she developed seizures. Care 
was withdrawn five days after birth because of severe brain damage. The microscopic abnormalities in 
the brain were compatible with severe peripartum asphyxia. Case2 Ultrasound examination in the sec-
ond pregnancy at 34 weeks of gestation showed bilateral cerebral cysts, ventriculomegaly and cerebellar 
hypoplasia. On suspicion of a SO deficiency or MOCD an amniocentesis was performed, showing high 
S-Sulfocysteine in the amniotic fluid. Delivery was induced and a macrosomic girl was born with full cheeks 
and deep-set eyes. MOCD was confirmed in urine, plasma and amniocytes postnatally. Beyond the neona-
tal period she developed seizures. Brain MRI showed progressive cerebral atrophy. She died at the age of 3 
½ months. Sequence analysis of MOCS1 showed a homozygous splice site mutation (c.418+1 G>A) in both 
cases and heterozygosity in their parents. Conclusion These sibs display the variable expression of MOCD, 
ranging from severe asphyxia with neonatal convulsions to extensive cerebral deformations. Metabolic 
work-up, including measurement of S-sulfocysteine, should be performed in a fetus with prenatal brain 
cysts and newborns with unexplained asphyxia or brain damage to make a timely diagnosis and offer 
parents the opportunity of prenatal diagnosis or PGD in a future pregnancy. 

Keywords: Molybdenum cofactor deficiency, sulfite oxidase deficiency, peripartum asphyxia, prenatal cysts, 
MOCS1
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Dravet syndrome caused by SCN1A mutations, and other genetic causes of epilepsy, with onset after 
vaccination in infancy

N.E. Verbeek, M. J.A. van Kempen, F.E. Jansen, D. Lindhout, N.A.T. van der Maas, E.H. Brilstra

UMC Utrecht; RIVM

Background: Vaccinations are one of the most cost-effective health interventions of the 20th century. 
Alleged adverse effects, like (a)febrile seizures, may have great impact on public acceptance of vaccination 
programs. In this study we investigated the etiology of epilepsy following vaccination, in a national cohort. 
Methods: Medical data of 1301 children, reported with convulsion(s) after vaccination in the first two years 
of life between 1997-2006 to the National Institute for Public Health and Environment in the Netherlands, 
were re-evaluated. Parents of children with onset of epilepsy within 24 hours after a DTP-IPV-+Hib vaccina-
tion, or 5-12 days after MMR-vaccination were re-contacted for follow-up. Results: Twenty-seven children 
(2,1%) had epilepsy with onset after vaccination. Follow-up was available for 24. Ten children had a genetic 
cause: Dravet syndrome due to a SCN1A-mutation (8), epilepsy in females with mental retardation (EFMR) 
due to a PCDH19-mutation (1) and a submicroscopic 1q deletion (1). A genetic cause was presumed in four 
others: neuronal migration disorder (2) and autosomal dominantly inherited form of epilepsy (2). Of the 
remaining 10 children, three had a first or second degree relative with seizures. In one child the cause of 
the epilepsy was probably viral. Conclusions: In the majority of cases with epilepsy onset following vaccina-
tion in the first two years of life, a genetic cause is detected or suspected (14/24). Early diagnosis of Dravet 
syndrome and other genetic causes is not only important for treatment and genetic counselling, but also 
for safety surveillance of vaccination programs. 

Keywords: Epilepsy, Vaccination, Dravet syndrome, SCN1A, PCDH19
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Genome wide association analysis of rheumatoid arthritis patients treated with anti-TNF 
medication. Results of the DREAM registry.

Marieke JH Coenen1, Maša Umicevic-Mirkov1, Sita H Vermeulen1,2, Erik JM Toonen1, Annette Lee3, 
Franak Batliwalla3, Wietske Kievit 4, 8, Hans Scheffer1, Tim LThA Jansen4, 8, Knijff-Dutmer E.J.6, 8, 
Timothy RDJ Radstake4, Mart AFJ van de Laar7, 8, Pilar Barrera4, Piet LCM van Riel4, 8, Peter K Gregersen3, 
Barbara Franke1.
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Background: Treatment strategies blocking tumour necrosis factor (anti-TNF) have proven very success-
ful in patients with rheumatoid arthritis (RA) showing beneficial effects in at least 60% of the patients. 
However, a significant subset of patients does not respond for reasons that are unknown, and there is 
currently no means of identifying these patients. Objective: We aimed to identify genetic factors predict-
ing anti-TNF treatment outcome in patient with RA using a genome-wide association approach. Methods: 
We selected RA patients treated with anti-TNF from the Dutch Rheumatoid Arthritis Monitoring (DREAM) 
registry. Disease activity scores (DAS28) at baseline and after 14 weeks was available of 508 patients. 
Single nucleotide polymorphisms (SNPs) markers were genotyped using the Illumina HumanHap550-Duo 
BeadChip or the Human660W-Quad. Association analysis using the relative DAS28 change as outcome 
was performed using the whole genome association analysis toolset PLINK. Results: 511.499 SNPs and 502 
patients passed quality control. 75 SNPs showed suggestive association (uncorrected p-value<10-4) with 
relative DAS change. Several SNPs of the top ten associated SNPs can be linked to genes that play a role in 
anti-TNF pathways or RA. Identified candidate genes are ASPH (p=1.36*10-6), a gene involved in calcium 
homeostasis and regulated by STAT4, one of the confirmed genetic risk factors for RA, TIAM1 (p=2.79*10-6) 
which plays a role in apoptosis, one of the working mechanisms of anti-TNF therapy and the UBE2E2 gene 
(p=1.21*10-5), whose protein product has ubiquitin-protein ligase activity and is involved in cell death. In 
addition, it has been shown that the UBE2E2 protein decreases the activation of the NF?B complex, one 
of the main downstream targets of TNF. Conclusions: The identified genes may serve as new biomarkers 
predicting anti-TNF response. However, significant findings need to be replicated in other patient cohorts. 
Confirmed biomarkers can be used to personalize medication for the individual patient. 

Keywords: rheumatoid arthritis, genome-wide association study, pharmacogenetics, anti-TNF
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Replication study of genome-wide discovered loci associated with anti-tumour necrosis factor 
treatment outcome in patients with rheumatoid arthritis. Results from the DREAM registry.
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Background: One of the most widely used biologicals, medication targeting specific components of the 
inflammatory cascade, for the treatment of rheumatoid arthritis (RA) is an agent blocking tumour necro-
sis factor (anti-TNF). Unfortunately, approximately 30% of the patients do not respond to this treatment. 
Although there is some indication that genetic variants may influence the response to anti-TNF none of 
the genetic factors identified thus far can reliably predict treatment outcome. Objectives: We aimed to 
replicate findings from two previously published genome-wide association studies1,2 and one candi-
date gene study3. Methods: We selected RA patients treated with anti-TNF from the Dutch Rheumatoid 
Arthritis Monitoring (DREAM) registry. Disease activity scores 28 (DAS28) at baseline, 3 (n=503) and 6 
months (n=386) were available. Single Nucleotide Polymorphisms (SNPs) located within 50 kb of SNPs 
previously found associated with anti-TNF outcome were extracted from genome-wide data (Illumina 
HumanHap550-Duo/Human660W-Quad BeadChips). A single SNP and a gene-based association analysis 
using the percentage DAS28 change as outcome was performed using the whole genome association 
analysis toolset PLINK. Results: 16 of the 24 SNPs included in this study were located near or within the 
following genes GBP6, LASS6, AKO93144, PON1, MOBKL2B, C9orf72, TEC, PDZD2, EYA4, BC118985 and 
PTPRC. The other SNPs were located in gene-desserts on chromosome 1p22.3, 1q24.1, 4p15.1,11p14.2, 
12p12.3 and 20p11.21. None of the SNPs showed association with anti-TNF outcome at three months. At 
6 months three SNPs, located in GBP6 (p=0.016), which is regulated by inflammatory cytokines, the locus 
20p11.21 (p=0.006) and PDZD2 which plays a role in insulin secretion a feature of severe disease in patients 
with early RA (p=0.045), were associated with treatment outcome. The gene-based analysis testing if other 
SNPs in the reported regions were associated with anti-TNF outcome showed no significant results. All as-
sociations lost significance after correction for multiple testing. Conclusions: Three previously reported loci 
show suggestive association with anti-TNF treatment outcome in the Dutch population. Larger datasets 
are required to determine whether these genetic variants are indeed associated with anti-TNF outcome. 
References: 1Liu et al. Mol Med. 2008;14:575-81; 2Plant et al. Arthritis Rheum. 2010 DOI:10.1002/art.30130; 
3Cui et al. Arthritis Rheum. 2010;62:1849-61. 
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Exome sequencing of 12 familial breast cancer cases without a mutation in BRCA1 or BRCA2
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The large majority of families with multiple cases of breast cancer can not be linked to mutations in BRCA1 
or BRCA2. In this study, we investigate the possibility that a proportion of the non-BRCA1/2 families is 
due to rare high-risk genes. To reduce the genetic heterogeneity, we selected six non-BRCA1/2 families in 
which the breast cancers of most patients shared a particular array CGH profile. By means of next genera-
tion sequencing, we performed exome sequencing on germline DNA of two family members affected with 
breast cancer per family. Only variants that were shared between the family members were considered. 
Intergenic, intronic or synonymous coding variants, together with homozygous variants were excluded. 
Variants present in dbSNP or 1000 genomes were excluded if the allele frequency in any population was 
higher than 1%. The selected families collectively showed a linkage peak on chromosome 4 with a homo-
geneity LOD score of 2,49. When focusing on this region, there were no genes in which breast cancer pa-
tients of all six families had a variant. At the moment of abstract submission, we are following up on genes 
having variants in two or more families and are extending the data analysis to genes outside the chromo-
some 4 region. 

Keywords: familial breast cancer, non-BRCA1/2, exome
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Differential allelic expression of BRCA1 and BRCA2 in normal cells does not drive specificity of allelic 
imbalance in tumors of breast cancer patients

M.P.G. Vreeswijk1,2, F. Blanken1, P. van der Bent1, C.M. Meijers1, E.W. van Zwet3, C.J. Cornelisse4, R.A.E.M. Tollenaar 5, 
V.T.H.B.M. Smit 4, P. Devilee1,4
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Differential allelic expression (DAE) is a phenomenon in which the two alleles of a gene are not expressed 
at equal levels. DAE affects a substantial fraction of the human genome, and has been suggested to be 
an important cause for human phenotypic variability, including complex traits and diseases. We have 
explored the hypothesis that DAE at BRCA1 or BRCA2 may play a role in the pathogenesis of breast can-
cer. Both BRCA1 and BRCA2 are tumor suppressor genes; breast tumors developing in women who have 
inherited an inactivating mutation in either of these genes have virtually always lost the wild type allele 
at the gene locus. In a series of 130 breast cancer cases, we determined allele-specific expression levels of 
BRCA1 and BRCA2 in normal skin fibroblasts cultured from mastectomy tissue. DAE was detected in 23% 
of patients at BRCA1, and 38% of patients at BRCA2. We then analyzed the allelic status of both genes in 
genomic DNA isolated from matching tumor samples. Allelic imbalance was detected in 73% and 52% 
of tumors at BRCA1 and BRCA2, respectively. DAE at BRCA1 in normal fibroblasts was not correlated with 
allelic imbalance at the BRCA1 gene locus in the tumor, nor did we observe a preferential loss in the tumor 
of the allele that was expressed at highest level in corresponding normal tissue. A similar finding was made 
for BRCA2. We conclude that DAE at BRCA1 and BRCA2 does not operate in conjunction with allelic imbal-
ance to contribute to tumorigenesis in the breast.

Keywords: Breast Cancer; BRCA1; BRCA2; Differential Allelic Expression; LOH




