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PROPOSAL SUMMARY PAGE 
 
CHeartED: Congenital Heart and Environment/Epidemiological Database 
 
 
Research topic addressed 
HEALTH-2007-2.4.2-4: Congenital pathologies affecting the heart Research should focus on 
mechanisms of normal and abnormal heart development leading to congenital heart diseases, 
including studies on genetic basis (e.g. transcription factor genes) and the interaction between 
genes and environment in the development of heart defects and should build on the existing 
epidemiological data. 
 
Project summary 
Cardiovascular malformation (CVM) is the commonest cause of childhood death in developed 
countries. In the EU there are 51,000 new cases each year and two million affected individuals. 
Yet, despite intensive research, the cause of 80% of CVM remains elusive. The mission of 
CHeartED is to identify genetic and environmental pathways that can be modified with the goal of 
reducing preventable CVM incidence. 
 
Epidemiological studies have shown that the stress of maternal hypo or hyperglycemia increases 
the incidence of CVM. We plan a genetic association study in individuals with and without CVM 
born to diabetic mothers, to test whether genetic variants are associated with CVM. A similar study, 
without prior risk hypothesis, addresses tetralogy of Fallot, a CVM, which requires surgery in early 
life. These studies will reveal common genetic variants associated with CVM and thus add to 
existing knowledge on the aetiology of CVM. Moreover, the identification of genetic factors that 
differ in the context of maternal diabetes will disclose any associations in genetic pathways 
influenced by environmental factors. RNA expression studies in the mouse to identify new genes 
and pathways involved in outflow tract malformations and maternal diabetes associated with CVM, 
will complement the human studies. Finally, we will develop a 3D atlas of gene expression patterns 
and cardiac morphology at key developmental stages that will serve as a morphological 
framework. 
 
Central to our proposal is the development of a bioinformatics tool complemented by an open-
access Wiki-based database. The bioinformatics tool will combine the sequence data and 
expression data generated by the human and mouse studies with morphology and literature to 
prioritize genes and generate hypotheses. The Wiki, which will contain existing and new genetic 
and environmental knowledge on heart development, will be an aid for many groups working on 
cardiovascular development and a novel means of disseminating our findings. 
 
In a major effort to tackle the underlying biological and genetic questions our project has 
formulated four work themes, bringing together existing and novel knowledge on the environment 
and its interaction with genetic factors in causing cardiovascular malformation: 
The Genetic epidemiology line (1) will focus on genome wide association studies using patient 
DNA samples referenced and stored at the major European patient CVM databases, readily 
accessible to the groups in this proposal. The Animal study line (2) will make use of a mouse 
diabetic pregnancy model and a mouse model of cardiac outflow tract malformations to back up 
the genetic and bioinformatics studies. The Genetic bioinformatics line (3) will improve existing 
bioinformatics tools to integrate current and new knowledge and enable better candidate gene 
identification. The Management and Dissemination line (4) will set up a website for communication 
within the consortium and will generate an interactive database, containing existing genetic and 
environmental knowledge on heart development linked to gene expression and genetic association 
data, allowing dissemination on a pan European scale. 
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1: SCIENTIFIC AND/OR TECHNICAL QUALITY, RELEVANT TO THE TOPICS 
ADDRESSED BY THE CALL 
 
 
1.1 Concept and objectives  
 
Cardiovascular malformations (CVM), defined as gross structural abnormalities of the heart or 
great vessels present at birth and having functional importance, are the commonest birth defect 
affecting 7 per 1000 live births. Marelli and co-workers found that the prevalence increased 
between 1985 and 2000, as management improved (Marelli AJ et al, 2007, Circulation 115,163-
172), and that there are now as many adults as children with severe cardiovascular malformations. 
The overall prevalence is in the order of 4 per 1000 and for severe malformations 0.4 per 1000 
(Marelli AJ et al, 2007, Circulation 115,163-172, Rosamond W et al, 2007, Circulation 115,e69-
e71). Applying these incidence and prevalence figures to population data for the European Union 
(http://epp.eurostat.ec.europa.eu/) illustrates the scale of the problem. It predicts 51,000 new CVM 
cases per year in the EU and 2,000,000 people across the EU having a CVM, 200,000 of which 
have a severe malformation. It is the purpose of our project to identify factors in the aetiology of 
CVM, some of which can be modified. This, in turn, should lead to reduction in the incidence of 
CVM.  
 
The underlying aetiology of CVM appears as diverse as it is complex. Chromosomal abnormalities, 
including 22q11 deletions and trisomy 21 (Down syndrome), account for approximately 12% of the 
cases of cardiovascular malformations. Several genes, for example Tbx5 (Holt Oram syndrome), 
Tbx1 (DiGeorge syndrome), and Nkx2.5 [atrial septal defects and tetralogy of Fallot (ToF)] have 
now been identified as monogenic causes of CVM, though still represent only a fraction of cases. 
The cause of more than 80% of all cases of CVM remains unknown, though it is clear that there is 
a substantial genetic component. The 80% of CVM of presently unknown aetiology behaves as a 
“complex disease”, that is, one where disease risk is determined by the interplay of a number of 
genetic and environmental factors. In this regard the genetic contribution to CVM is significantly 
larger than for other complex diseases where causative genes have been successfully mapped 
(e.g. Crohn’s disease, diabetes). A number of well-defined teratogenic factors increase the risk of 
CVM, but such environmental exposures are present in only a small proportion of cases. We 
hypothesize that hitherto unidentified environmental factors interact with genetic susceptibility 
alleles to cause CVM, and that these environmental factors could be subject to intervention either 
in the whole population or in high-risk families. Identifying such biological pathways leading to CVM 
that are amenable to intervention is the core goal of this proposal. 
 
As knowledge increases, it is of paramount importance to record, map and link this information in a 
logical manner. To this end, we will use up-to-date techniques and technologies in order to 
facilitate access and integrate information from a wide range of currently unconnected sources. 
CHeartED (Congenital Heart and Environment/Epidemiological Database, pronounced charted = 
mapped) sets out to create a user-friendly database, akin to that of the well-known Wikipedia. The 
database, of comparable input as the EMBL-DNA database, will link epidemiological, genetic and 
environmental information with detailed expression studies to generate an atlas of heart 
development. This permits efficient linkage of genetic and environmental factors to anatomical 
structures present during different stages of normal development. The initial research focus, 
maternal diabetes, put forward in this proposal, provides not only crucial answers in an area of 
intense study, but lays down strong foundations from which to build such a database. Once 
created, the design should become self-expanding after its launch on a pan-European scale. The 
more users that discover and use the database, the more information will be entered and thus the 
better the database becomes, eventually encompassing many different environmental studies all of 
which share a common link, namely the study of cardiovascular malformation. Needless to say that 
stringent quality checks on third party entries into this database will be part of its implementation. 
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CHeartED specifically and directly addresses the issues put forward in the call upon which this 
proposal is based. To accomplish this, leading and established European and Australian groups 
using the latest techniques to identify genetic and environmental factors underlying CVM will be 
brought together to share their knowledge and expertise, in an attempt to clearly and logically 
record and integrate data, whilst efficiently collaborating in a parallel and complementary fashion. 
Each of the partners deals with a specific issue of the call based upon their areas of expertise, to 
generate new knowledge on the aetiology of heart disease. The groups chosen for this are all 
experts in their own field and have a wealth of resources. Bringing their expertise and resources 
together, and building on existing knowledge, provides a unique and key starting point for this 
proposal's research.  
  
For maximal efficiency, a total of 9 work packages have been structured under 3 research lines 
and 1 management/dissemination line. The relationships and interrelationships between the 
research lines are clearly set out in the Pert diagram in which arrowheads indicate information flow 
as well as interaction between research lines and work packages.  
The research line Genetic Epidemiology of cardiovascular malformations will focus on genome 

wide association studies 
using patient DNA samples 
referenced and stored at 
the major European patient 
CVM databases, readily 
accessible to the groups in 
this proposal. CHeartED will 
perform a genome-wide 
association study to identify 
genes involved in the 
occurrence of tetralogy of 
Fallot, as one of the 
commonest forms of CVM, 
as well as in the 
mechanism by which 
maternal diabetes, as an 
environmental factor for the 
developing embryo, affects 
cardiac development. Three 
work packages will take 
care of the sample 
collection, DNA analysis 
and statistical analysis in 
this research line.  
This genetic association 
study will be supplemented 
by data originating from the 

research line Animal Models. Two work packages will explore two animal models, the Diabetes 
Mellitus model and the Outflow Tract model, respectively, and use micro arrays to obtain gene 
expression data.  
The work package Genetic Morphology will generate a standard series of 3D reconstructions of 
heart development and use the expression patterns of a limited set of key marker genes to 
annotate cardiac compartments during development. Together the six work packages in the 
periphery of the diagram interact with the work package Genetic Bioinformatics. This work package 
employs all gene association, expression and localization information, as well as existing 
knowledge on cardiogenetic signaling pathways, in a novel method for gene prioritization. 
Improved versions of existing bioinformatics tools under ENDEAVOUR will be used to integrate 
current and new knowledge and enable better candidate gene identification. This will result in a set 
of best candidates for genes involved in the environmental effects on heart development. The total 
knowledge generated by the different work packages will be combined into the Knowledge Base on 
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Heart Development that forms the core of the effort of CHeartED and will be the main task of the 
Management and Dissemination Line. The aim of this line is the creation of an interactive 
database, containing existing and new genetic and environmental knowledge on heart 
development linked with gene expression and genetic association data. This database will allow 
easy input and clear output access on a pan European scale. 
 
 
1.2 Progress beyond the state-of-the-art 
 
Knowledge of pregestational and gestational modifiable risk factors, which bring about increased 
risks of cardiovascular defects is essential, as removal of the risk by a simple lifestyle choice or 
readily available treatment, may eradicate the linked cardiovascular malformation. Despite 
extensive genetic and epidemiological studies, the cause of the majority of cardiovascular 
malformations remains unknown. Epidemiological approaches to identify and link environmental 
factors to normal or abnormal heart development are major undertakings and, up until now, most 
studies remain statistically inconclusive in their findings. Even the well-described studies involving 
the administration of folic acid during pregnancy fail to reach a clear and conclusive analysis 
(Jenkins K.J. et al. 2007, Circulation 115, 2995-3014). Other epidemiological studies linking 
maternal phenylketonuria to increased risk of congenital CVM or assessing the use of retinoids in 
pregnancy, although clear in conclusion, only account for a very minor fraction of CVM cases. The 
large studies undertaken simply serve to demonstrate the difficulty of identifying environmental 
factors contributing to CVM. Further, once a potential factor has been postulated, analysis of its 
effect is often hampered by the 'recall' effect. An inevitable problem with interviewing parents after 
their child is born is that there may be recall differences between parents of cases and parents of 
controls. CHeartED is a novel approach in this respect because it uses a whole genome 
association analysis, to identify causes of abnormal cardiac development and gene-environment 
interactions that does not depend on parental recall. This proposal works on the hypothesis that 
the individual’s response, based on their genetic constitution, to common environmental factors 
influences heart development and that some of these genetic variants may be amenable to 
modification e.g. by diet, avoidance of risk factors or by medication. The paradigm for considering 
that environmental factors may affect incidence of developmental defects was the finding that folic 
acid decreases the incidence of neural tube defects in the MRC randomized control trial. Moreover, 
the risk of neural tube defects is associated with genetic polymorphisms in genes implicated in 
folate metabolism. We, therefore, aim to identify genetic variants that are associated with abnormal 
heart development. Genome wide association studies have recently become feasible (Nannya, Y. 
et al., 2007, Hum. Mol. Gen. online pub. ahead July 31) especially when sample sizes are large 
and coupled to well referenced patient data sets, as is the case in the CHeartED proposal. 
 
As a starting point for this proposal maternal diabetes will be explored. This is one of the major 
pregestational risk factors for cardiovascular malformations, which displays up to an 18-fold 
increase in the risk of a wide spectrum of CVM at birth (Jenkins K.J. et al. 2007, Circulation 115, 
2995-3014). This study will run alongside a study, to detect genetic associations with tetralogy of 
Fallot in the absence of this risk factor. Given the increasing prevalence of diabetes, a clearer 
understanding of the mechanism by which it perturbs normal heart development is essential. To 
back-up the bioinformatic and genetic analysis, expression profiles of the heart during the critical 
phases of CVM development will be determined in a mouse model of diabetic pregnancy. 
Together, these studies will produce highly publishable key data on the question of diabetes and 
CVM at birth. 
 
Presently, transcription factor localization studies, which often serve as the major tool for linking 
anatomical malformation and associated genes, are typically represented by single 2D organ 
cross-sections through the area of interest showing either presence or absence of the expressed 
protein. Although convenient for journal publication, such representations miss out on the wealth of 
information which can be gained from looking at the expression in the whole organ with a singular 
3D image and even relating this to localized expression over time, allowing new links to be made to 
malformation and possible candidate gene expression. An example of one such study by one of 
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the groups involved in CHeartED has neatly examined and mapped out the expression of Tbx3, 
identifying this factor as a major player in the formation of the sinuatrial node (Hoogaars WM. et al, 
2007, Genes Dev. 21, 1098-1112). With the help of detailed 3D reconstructions of the heart that 
show the precise expression patterns of specific candidate genes and transcription factors, a 3D 
atlas of heart development will be put together. The knowledge and expertise of one of the leading 
groups in this field will be used to reach this goal, providing for the first time a fully interactive 
multidimensional view of the developing heart. Once available this resource will greatly facilitate 
the interpretation of data from gene association analysis. This 'Cardiogenetic Morphology 
Database' will allow automated localization of new genes to specific areas of the heart and will 
permit rapid assessment for candidate gene prioritization. Therefore, one of the chief milestones in 
this proposal is: 
 
To collate information generated from the genome wide association screen and the atlas by 
generating a large network database, which will link this and all existing information on cardiac 
development in an extended Wikipedia format.  
 
Taking modern high throughput data generating techniques as a whole, current experience clearly 
demonstrates that the quality and amount of data created is never the problem. The difficulties 
come with the shear scale and complexity of interpretation of the data. The success of databases 
such as NCBI, EMBL and the public domain Wikipedia, has been their ease of data input and 
output access. It is the intention of this proposal to create a simple, but cutting edge database for 
CVM for eventual wide user input and usage on a pan European scale. 
 
The strength of this proposal lies in the synergy between the partners. The genetic association 
analysis brings together clinicians with a longstanding interest in the field of heart development 
with a centre of expertise in DNA analysis with an internationally recognized statistical geneticist 
and groups at the forefront of animal model studies, bioinformatics and modeling heart 
development. 
 
 
1.3 S/T methodology and associated work plan 
 
1.3.1 Overall Strategy 
 
This proposal in its basic essence sets out to scientifically and conclusively discern environmental 
risk factors that have detrimental effects on the cardiovascular system of the developing human 
embryo. The work set out in this proposal is the means to this end. Using maternal diabetes and 
tetralogy of Fallot, which in themselves represent key issues, as study focus, the foundations will 
be laid to permit the building of a pan-European 'Wikipedia' type database with focus on normal 
and abnormal heart development. Once up and running and in motion, the writers of this proposal 
possess a united realistic vision of a key domain reference database which will, much like the 
EMBL databases, grow as new users provide input and be able to provide critical new insights for 
researchers and clinicians alike. 
 
To achieve this goal the work plan has been divided into 3 research lines (RL) and 1 dissemination 
line (see organigram below). 
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1.3.2 Research Line 1 Genetic Epidemiology 
 
Background 
Understanding the aetiology of cardiovascular malformations is a necessary prerequisite to our 
goal of reducing the incidence of this group of conditions. Both genetic and epidemiological 
approaches have been taken to understanding the aetiology thus far, but no study has harnessed 
the recently available power of high-throughput chip-based genotyping technology and the genome 
wide catalogue of common human genetic variation available from the HapMap. The genetic 
approach has made a substantial contribution in understanding chromosomal and single gene 
abnormalities, which are currently thought to account for approximately 20% of CVM. In the 
remaining 80%, CVM appears to behave as a complex disease, that is, one in which a variety of 
susceptibility genes, coupled with environmental exposures, influence disease risk. Studies that 
have examined recurrence risks of CVM in families clearly show a substantial genetic component 
to many of these conditions. The genetic component to a complex disease may be assessed by 
means of comparing the recurrence risk in particular classes of first-degree relatives of a disease 
case with the recurrence risk in randomly selected members of the population. Up to sixty fold 
higher recurrence risk of CVM has been shown in children of parents affected with conditions such 
as atrioventricular septal defect and tetralogy of Fallot (Burn et al, 1999 Lancet 351,311-6). These 
recurrence risks are highly favorable for genetic mapping when compared with those in other 
complex diseases for which genes have been successfully identified (e.g. diabetes, multiple 
sclerosis). 
 
The genetic architecture of non-chromosomal, non-Mendelian CVM is almost entirely unknown. It 
is likely that both rare and common variants are contributors to susceptibility, as has been shown 
for other complex diseases such as coronary heart disease. In the latter disease, rare variants in 
the PCSK9 gene confer substantially lower risk due to their effects on LDL cholesterol levels; and 
common variants in a region of chromosome 9 close to the CDKN2A and 2B genes have recently 
been shown to increase risk through an as yet unknown mechanism. Although CVM is 
substantially less common than diabetes or coronary disease, the population prevalence of CVM 
(~0.7%) is higher than that of Crohn’s disease (~0.18%), which is the complex disease where 
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susceptibility genes have been perhaps most successfully identified.  The “common disease-
common variant” hypothesis that has been shown to be valid for several complex diseases in 
genome-wide association studies in the last twelve months may well, therefore, be anticipated to 
be true of CVM as well. These recent genome-wide association studies, exemplified by the 
Wellcome Trust Case-Control Consortium’s (WTCCC) investigation of seven complex diseases, 
have conclusively shown that the genomic knowledge and technology developed over the past five 
or so years is adequate to identify even relatively small genetic effects on disease risks. With 
specific relevance to CVM, it might be thought that negative selection pressure due to the much-
reduced reproductive fitness of individuals affected with CVM would restrict the emergence of 
common susceptibility alleles. Therefore, a systematic search for common variants affecting 
susceptibility to CVM is both likely to identify susceptibility loci and timely. 
 
Very few previous studies have investigated the relationship between common genetic variation 
and CVM, and none has done so on a genome wide scale. Studies so far have been hampered by 
their small size and the genotyping of only a very few polymorphisms; results have accordingly 
been inconclusive. There is no common genetic variant that has a robust and consistently 
replicated association with CVM at the present time. The study we propose will enable the 
detection of common alleles conferring moderate risks, in an unbiased fashion, with high degrees 
of statistical significance. Common alleles conferring moderate risks would be expected to make 
more substantial contributions to the population attributable risk of disease than rare alleles, even if 
those rare alleles carried much larger disease risks; therefore, from the public health perspective, 
the detection of common alleles is a particularly important undertaking. Previous studies, largely 
focused on mutation detection, have shown rare variants in cardiac transcription factors (for 
example Nkx2.5) to be present in only a small proportion of non-Mendelian cases of CVM, but in 
most cases parents have not been studied and so transmission cannot be assessed. Different 
participants of this proposal have systematically sequenced the group of transcription factors 
characterizing the second heart field in a large number of CVM cases and their parents. Our 
results show that de novo mutation in these genes, all of which have been shown to be critical for 
normal cardiac development in mouse models, occurs only rarely in CVM patients and can only 
account for a very small proportion of disease cases. 
 
Recently, copy number variation (CNV) has been identified as an important source of 
polymorphism in the human genome. Indeed, most of the 1% difference between two randomly 
selected genomes is due to CNVs, only one tenth of the total difference being due to single 
nucleotide polymorphisms (SNPs). At least 10% of the genome is thought to exhibit CNV, and the 
locus-specific mutation rate for genomic rearrangements may be two to four orders of magnitude 
greater than nucleotide-specific rates for base substitutions. Mechanisms have been proposed 
whereby CNVs could affect the penetrance of rare variants that cause disease; this may be 
particularly relevant to CVM where transmission from parents of rare variants in transcription factor 
genes that potentially affect protein function has been most usually observed. Chromosomal 
rearrangements affecting copy number varying from Down’s syndrome to microdeletion of 
chromosome 22q11 have been recognized for many years as important causes of CVM. In a 
systematic study of syndromic patients with a CVM, the K.U. Leuven group has detected a causal 
CNV in 17% of patients (Thienpont B. et al; 2007 Eur Heart J March 23 Mar 23; [Epub ahead of 
print]. Therefore the study of CNV in CVM is a clear priority. The current generation of gene-chips 
have the capacity to tag biallelic CNVs using SNPs and therefore we will investigate the 
contribution of these CNVs to CVM in our studies. Such a genome wide survey of common CNVs 
in CVM has not been undertaken before.  
 
There have been a number of epidemiological studies of CVM, the largest of which have been the 
1981-1989 Baltimore –Washington Infant Study (Ferencz C. et al, 1997 Genetic and environmental 
risk factors of major cardiovascular malformations. Armonk, NY. Futura Publishing) and the 1982-
1984 Finland Study (Tikkanen J. and Heinonen O.P. 1990 Eur. J. Epidemiol. 6,348-356). No recent 
studies have matched the scale of these two studies undertaken several decades ago. These 
studies largely focused on maternal environmental exposures predisposing to CVM. They did not 
have the capacity to investigate the role of maternal genetic factors affecting the fetal environment 
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(for example fetal levels of homocysteine, which are significantly affected by maternal MTHFR 
genotype), or gene-environment interaction. The observation from the British Offspring Study 
(among other studies) that the recurrence risk to offspring of affected mothers was twice that of the 
recurrence risk to offspring of affected fathers suggests that such maternal genotype-determined 
differences in the fetal environment may be important in CVM susceptibility. If this were so, then 
neither case-control studies of people with and without CVM, nor family-based association studies 
investigating parent-offspring transmission would necessarily detect the responsible genes. Our 
trio design will enable us to survey common variation genome wide in mothers of CVM cases and 
compare these genotypes with those in control women (publicly available from the WTCCC control 
cohort) to specifically investigate this mechanism. To our knowledge, this is a unique approach in 
the field thus far. 
 
Looking at the epidemiological surveys conducted to date (recently reviewed Jenkins K.J. et al, 
2007, Circulation 115, 2995-3014) evidence for most factors is inconclusive but maternal diabetes 
stands out as a definite risk factor. Maternal pregestational diabetes increases the incidence of 
major congenital malformations in the offspring 5-fold, irrespective of whether type 1 or type 2 is 
involved (e.g. Suhonen L et al, 2000, Diabetologia 43, 79-82; Jaeggi ET, 2001, Ultrasound Obstet 
Gynecol 17, 311-315; Loffredo CA et al, 2001, Teratology 63, 87-93 & 98-106; Ray JG et al, 2001, 
QJ Med 94, 415-444; Farrell T et al, 2002, Diabetes 19, 322-326; Wren C et al, 2003, Heart 89, 
1217-1220; Evers IM et al, 2004, BMJ 328, 915; Jenkins KJ et al, 2007, Circulation 115, 2995-
3014). This increased relative risk applies to a broad spectrum of cardiovascular malformations. 
Not only does diabetes confer a high odds ratio but it is also relatively common (3 per thousand) in 
women of childbearing age and its prevalence is rising. Identifying the mechanisms by which 
maternal diabetes confers malformation risk to offspring is therefore important. We propose that 
the biological stress of maternal hyperglycemia during pregnancy is “buffered” by developmental 
genetic networks, and that the capacity for such “buffering” is affected by fetal genotype. When the 
system breaks down, CVM is the result. Therefore, the comparison of genotypes between cases of 
CVM that were exposed to maternal diabetes in utero and controls who were similarly exposed to 
maternal diabetes but did not develop CVM may identify differences in key “buffering” genes. The 
investigation of this particular example of gene-environment interaction may also lead to the 
identification of genetic regulatory networks that have importance beyond diabetic pregnancies and 
are of wider relevance to the occurrence of CVM. A genome-wide analysis will enable the unbiased 
testing of this hypothesis. 
 
Rationale  
We hypothesize that CVM may be to some extent a preventable condition. The UK Medical 
Research Council randomized controlled trial showed that neural tube defects were preventable by 
folate supplementation. Better diet, including greater folate fortification, and to some extent 
periconceptual folate supplementation, have considerably reduced the incidence of neural tube 
defect since that time. Common variants which influence plasma concentrations of particular 
molecules (such as the effect of the MTHFR gene on plasma homocysteine) are well recognized. 
We aim to identify genotypes which affect the metabolism or bioavailability of particular 
micronutrients, or the levels of compounds that are teratogenic, or genotypes which modulate the 
response to such species. Bioinformatic analyses in WP3a, and the animal model experiments in 
WP2a and 2b, will facilitate the mapping of the significant SNP and CNV associations we discover 
to regulatory pathways of intermediary metabolism. This genetic approach may thereby identify 
particular novel environmental factors (beneficial, analogous to folate in the setting of neural tube 
defects, or detrimental, analogous to the known teratogen retinoic acid) which can be modulated in 
the population, or in high-risk families, to avert CVM. Our approach has the advantage that the 
investigator is no longer limited to testing focused hypotheses of suspected environmental factors; 
instead, the gene networks identified direct the identification of novel environmental factors. These 
studies are likely to identify both associations with cardiac developmental genes and also 
associations with genes in pathways directly affected by environment. The results will give an 
indication of the total contribution of common genetic variation to cardiovascular malformation.  
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Study Design  
Study 1: Genome wide association study of cardiovascular malformation  
This study will give, for the first time, an indication of the total contribution of common genetic 
variation to cardiovascular malformation. An important decision in study design is whether to pool 
all cardiac malformations or select a single cardiac malformation. If genetic associations differ 
between malformations then pooling samples would mask associations, thus studying patients with 
the same phenotype optimizes the prospects of finding associations. We have therefore decided to 
study one malformation and have selected tetralogy of Fallot for both clinical and genetic reasons. 
Tetralogy is the most common cyanotic cardiac lesion, which invariably requires surgery in early 
life; genetic studies have shown that the recurrence risk for CVM to a sibling or offspring of a 
tetralogy proband is among the highest for any cardiac lesion. A further pragmatic reason for 
selecting tetralogy of Fallot is that large sample collections for this malformation (due to the above 
considerations) already exist in Newcastle, Leuven and Erlangen with obvious time and cost 
savings. Associations found in tetralogy of Fallot patients can readily be tested in samples from 
patients with a broader spectrum of heart defects. 
 
We plan to use SNP chips that are also able to detect copy number variants (CNVs) as these are 
likely to be major contributors in the aetiology of malformations. Experience with the chips that 
incorporate CNVs is limited as they are so new but indicates a high number of artifacts. Thus it is 
important to be able to analyze CNVs but equally important that our study design can distinguish 
between real copy number variation and artifact. Currently, trio (child + parents) based studies with 
built in transmission checking is the best approach for detecting artifacts. Another advantage of the 
trio design is that it will be possible to analyze for parent-of-origin effects, for example occupational 
exposures may differ between mothers and fathers, or particular SNP alleles or CNVs may 
differentially influence risk depending on maternal or paternal transmission.  
 
Whilst the main aim of this study is to identify associations between common variants and 
cardiovascular malformation, CNV analysis may also identify submicroscopic chromosomal 
deletions. That is, whilst de novo copy number variation is often artefactual it may indicate genuine 
de novo deletions, akin to the chromosome 22q11 deletions which are a common cause of 
cardiovascular malformation. A side benefit of using the trio study design is that we anticipate 
identifying new submicroscopic chromosomal deletions that cause cardiovascular malformation.  
 
Study 2: The mechanism by which maternal diabetes affects cardiac development  
We plan to look specifically for gene-environment interactions with the one factor that has 
consistently been identified as a risk factor for abnormal cardiac development - maternal diabetes. 
The approach again is a genome wide association study, in this case comparing two groups of 
offspring of diabetic women, those who have a cardiac defect with those who do not have a cardiac 
defect. This is a completely novel approach. European collaboration is essential, as no single 
centre would be able to identify sufficient cases. It will still be necessary to pool all cardiovascular 
malformations but as the hypothesis is that the ‘diabetic environment’ is affecting common 
pathways we do not anticipate this causing a problem. The aim of this study is to shed light on the 
mechanism by which the diabetic milieu perturbs development and identify any variants that 
protect against abnormal development in this high-risk situation 
 
Objectives 

1. Identification of genetic loci influencing cardiovascular malformation, tetralogy of Fallot. 

2. Identification of genetic loci influencing cardiovascular malformation in the presence of 
maternal diabetes. 

3. Assess whether the genetic loci associated with cardiovascular malformation are the same 
or differ in these two groups. 

 
Implementation 

 WP1a: Sample Collection �     WP1b: DNA analysis �   WP1c: Statistical analysis 
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1.3.3 Research line 2 Animal Models 
 
Background 
 
Female pregestational diabetes increases the incidence of major congenital malformations in the 
offspring 2-5-fold, irrespective of whether type 1 or type 2 is involved (e.g. Suhonen L et al, 2000, 
Diabetologia 43, 79-82; Jaeggi ET, 2001, Ultrasound Obstet Gynecol 17, 311-315; Loffredo CA et 
al, 2001, Teratology 63, 87-93 & 98-106; Ray JG et al, 2001, QJ Med 94, 415-444; Farrell T et al, 
2002, Diabetes 19, 322-326; Wren C et al, 2003, Heart 89, 1217-1220; Evers IM et al, 2004, BMJ 
328, 915; Jenkins KJ et al, 2007, Circulation 115, 2995-3014). The relative risk further increases to 
7-8-fold if diabetes is poorly controlled. Forty-50% of the malformations in children of diabetic 
women are of cardiovascular origin, the other major group being neural tube defects. In the group 
of cardiovascular malformations, laterality and looping defects, common trunk, transposition of the 
great arteries, hypoplastic left ventricle, tricuspid atresia, atrioventricular septal defects, and 
cardiomyopathy occur more frequently than expected from their prevalence in offspring of non-
diabetic mothers. The increased relative risk of pregestational diabetes is ascribed to the 
teratogenic effect of hyperglycemia in early pregnancy, while the spectrum of malformations 
indicates that this teratogenic effect is most profound during early pregnancy (prior to week 6 of 
gestation or week 8 of pregnancy). Unfortunately, a tight regulation of glycemia prior to and during 
pregnancy is more effective in reducing the risk of abortion than of the development of major 
malformations.  
 
WP2a Mouse model of diabetic pregnancy 
The interference of the hyperglycemia in diabetic pregnancy with normal heart development is a 
clear example of a gene-environment interaction. The mechanism underlying the teratogenic effect 
of hyperglycemia is still incompletely understood. Mice or rats with chemically induced diabetes 
can be used to dissect this teratogenic mechanism, because this hyperglycemic animal model 
produces offspring with a similar spectrum of congenital (cardiovascular) abnormalities as seen in 
humans. In addition, the development of the congenital defects can be prevented by insulin 
treatment (Horii N et al, 1966, Diabetes 32, 610-616; Eriksson UJ et al, 1982, Diabetes 31, 123-
126; Fine EL et al, 1999, Diabetes 48, 2454-2462, Akazawa S, 2005, Congenit Anom (Kyoto) 45, 
73-79; Loeken MR 2006, J Soc Gynecol Invest 13, 2-10). The diabetic dams carrying malformed or 
resorbed embryos often suffer from metabolic disturbances, such as increased circulating levels of 
ketone bodies, triglycerides, branched-chain amino acids and creatinine (Horton WE et al, 1982, 
Diabetes 32, 610-616; Freinkel N, 1988, Horm Metab Res 8, 463-475; Styrud J et al, 1995, Pediatr 
Res 37, 343-353). However, apart from insulin supplementation, the most effective antiteratogenic 
agents in diabetic hyperglycemia have an antioxidative action (reviewed in Eriksson UJ et al, 1998, 
Diabetes 47, 1960-1966; Loeken, loco citato; Ornoy A, 2007 Reprod Toxicol 24, 31-41). This 
finding suggests that the increased formation of reactive oxygen species (ROS) causes the 
development of embryonic malformations in maternal diabetes. During early organogenesis, the 
embryo and in particular its heart switch from a mainly anaerobic to an aerobic energy metabolism 
(Cox SJ & Gunberg DL, 1972, J Embryol Exp Morphol 28, 235-245 & 591-599; Miki A et al, 1988 
Anat Embryol (Berl) 178, 337-343 & Histochemistry 88, 489-495). Maternal diabetes exposes 
embryos to periods of hyperglycemia, which increases cellular glucose influx via the Glut-2 
transporter (Li R et al, 2007, Diabetologia 50, 682-689). The resulting metabolic overload of the 
mitochondria leads to mitochondrial dysfunction and the production of ROS (Nia T, et al, 2004, 
Birth Defects Res 70A, 438-448; Akazawa, loco citato). The hyperglycemia also activates the 
hexosamine pathway, which produces glucosamine-6-phosphate that stimulates excessive O-
linked glycosylation of proteins and inhibits the pentose phosphate pathway. The decreased 
production of NADPH and the resulting impaired reduction of oxidized gluthathione (e.g. Sakamaki 
H et al, 1999, Diabetes 48, 1138-1144; Horal M et al, 2004, Birth Defects Res 70A, 519-527) 
weaken the still immature systems that can scavenge ROS in hyperglycemic embryos.  
The features of diabetic embryopathy are compatible with the results of mitochondrial dysfunction. 
The ROS that the still immature embryonic mitochondria produce in the presence of high glucose 
levels (Eriksson UJ & Borg LAH, 1993, Diabetes 42, 411-419; Wentzel P et al, 1994, Diabetologia 
40, 7-14; Akazawa, loco citato) activate the NF� B signaling pathway (Chen YW et al, 2006, Kidney 
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Int 70, 1607-1615; Zangen SW et al, 2006, Birth Defects Res 76A, 107-114) and induce apoptosis 
(Fine EL et al, 1999, Diabetes 48, 2454-2462; Gäreskog M et al, 2007, Reprod Toxicol 23, 63-74). 
Perhaps surprisingly, these short-term biochemical sequels of hyperglycemia in the early embryo 
resemble the late diabetic complications in nerves and vessels of classical type 1 and 2 diabetes 
(Evans JL et al, 2002, Endocrine Reviews 23, 599-622). We, therefore, propose that the 
hyperglycemia-induced activation of stress pathways plays a key role in the development of 
diabetes-induced malformations. A plausible explanation for the apparently precipitous 
development of diabetic complications in the (rodent) embryo is that its antioxidant capacity, which 
develops coincident with aerobic energy metabolism, is still limited and only reaches adult levels at 
birth (Akazawa, loco citato; Ornoy, loco citato).  
 
From PubMed, 1700 studies dealing with malformations in diabetic pregnancies could be retrieved, 
of which >20% appeared in the last 5 years. From these studies, the instructive pathways (the 
intracellular excess of glucose overstimulates the hexosamine pathway and mitochondrial energy 
metabolism in the presence of an immature antioxidant system) have emerged. However, the 
executive pathways are still incompletely charted so that a comprehensive mechanism remains to 
be identified. For this reason, we propose to first quantify all affected metabolic and signaling 
pathways with DNA expression arrays and, if non-informative, phosphoprotein microarrays, use 
this information to refine the hypothesis, and then design experimental approaches to establish 
causal relations. The identification of Dep-1 with the differential display technique in RNA from 
ED9.5 embryos of diabetic and nondiabetic mice (Cai et al, 1998, Diabetes 47, 1803-1805) 
demonstrates that changes in gene expression are involved. As far as we know, embryos of 
diabetic mothers have not yet been analyzed with the far more sensitive and comprehensive 
microarray methodology. In view of the similarity of diabetic embryopathy with postnatal diabetes, 
the information that can be extracted from this approach may well help to understand adult 
diabetes as well.  
 
WP2b Mouse model of outflow tract malformation  
ENU suppressor and enhancer screening, microarray analysis and transcription factor target gene 
identification. The Harvey laboratory studies cardiac developmental pathways and their relationship 
to congenital heart disease (CHD). Our discovery of the cardiac homeodomain transcription factor 
Nkx2-5 in the early 1990s (reviewed in Harvey, R.P., 1996, Developmental Biology 178, 203-216) 
opened the door to identification and genetic analysis of these pathways in mouse and other 
models, and humans. Nkx2-5 sits high in the cardiac regulatory hierarchy, responding directly to 
cardiac inducing factors such as BMP’s, and controlling progenitor cell behavior and the formation 
of chambers and the conduction system (Lyons, I. et al., 1995, Genes and Development 9, 1654-
1666; Prall, O.W.J. et al., 2007, Cell. 128, 947-959; Pashmforoush, M. et al., 2007, Cell 128, 947-
959; Moskowitz I.P.G. et la., 2007, Cell 129, 1365-1376). The human gene Nkx2-5 is to date the 
most frequently mutated single gene in patients with CHD, with dominant mutations accounting for 
some 1-4% of specific malformations (Elliott, D.A. et al., 2003, J. Am. Coll. Cardiol. 41, 2072-2076; 
McElhinney, D.B. et al., 2003, J. Am. Coll. Cardiol. 42, 1650-1655). NKX2-5 mutations are typically 
associated in families with atrial septal defects and atrioventricular conduction block at high 
penetrance, but also a host of other malformation on a more sporadic basis including outflow tract 
defects (tetralogy of Fallot (TOF) and double outlet right ventricle (DORV) (Benson, D.W. et al., 
1999, J. Clin. Invest 104, 1567-1573). 
Animal models of CHD have been essential in bridging the void between clinical description and 
mechanistic understanding. Nkx2-5 heterozygous mice show only mild features of the human 
clinical phenotypes (Biben et al., 2000, Circulation Research 87, 888-895; Jay, P.Y. et al., 2004, J. 
Clin. Invest. 113, 1130-1137). However, we have recently described a robust hypomorphic model 
of Nkx2-5 function that recapitulates the spectrum of severe malformations seen in human NKX2-5 
patients, displaying prominent OFT deficiencies including DORV, overriding aorta and reduced 
right ventricle (Prall, O.W.J. et al., 2007, Cell. 128, 947-959). Furthermore, our analysis of this 
model and null embryos has revealed that OFT defects underpinning Nkx2-5 mutation stem from 
defects in the proliferative behavior of cardiac progenitor cells of the second heart field prior to their 
deployment to the OFT and right ventricle. Mechanistically, Nkx2-5 is involved in a negative 
feedback loop targeting its immediate upstream inducers and other progenitor genes. This system 
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orchestrates the transition between a period of cardiac lineage induction and one of progenitor 
proliferation. We have shown genetically that loss or down-regulation of Nkx2-5 leads to elevated 
expression of cardiac inducing factors Bmp2 and Fgf10, which progressively repress proliferation 
of progenitor cells, leading to a shortened OFT and subsequent defects in vessel and chamber 
function and integrity. This pathway is likely to be a common molecular target in CHD. 
The purpose of this WP2b is to provide a new and highly correlated database of genes and/or 
pathways that can be cross-referenced to those identified by the genome-wide association studies 
that contribute to ToF (R&D Lines 1 and 3). Two types of screens are proposed: 
1. High specificity/low yield: ENU screening for enhancers and repressors of the Nkx2-5 
hypomorphic phenotype. 
2. Medium specificity/high yield: microarray and transcription factor target gene analysis to identify 
genes involved in cardiac progenitor cell identity and behavior, and altered in outflow tract 
malformation 
Outputs from WP2b will feed critically into Research Line 3 involving bioinformatics and genetic 
morphology 
 
Objectives 
1. Identify new genes and pathways associated with cardiac malformations in the offspring of 

diabetic mothers, determine the expression pattern of promising candidate genes in embryonic 
hearts, and establish causality for a subset of these genes.  

2. Identify genes involved in outflow tract defects and tetralogy of Fallot through analysis of a 
mouse model of outflow tract malformation 

 
 
1.3.4 Research line 3 Genetic Bioinformatics 
 
Background 
It becomes increasingly clear that regulation of gene expression depends on a cascade of 
between- and within-tissue concentration gradients of regulatory factors. Uncovering these 
interactions will require the precise assignment of individual molecular functions in time and space 
(Gruber P.J. and Epstein J.A. 2004, Circ.Res 94, 273-283). For cell biologists, the localization of 
proteins and mRNA within the tissue is therefore considered an important step towards 
understanding their function (Brunet S. et al. 2003, Trends Cell Biol. 13, 629-638). Visualization of 
gene expression, in 3D reconstructions showing expression levels of genes throughout an organ or 
organism, contributes to this understanding. The main goal of this research line is therefore to 
identify the most promising candidate genes for further downstream validation. To this end, 
bioinformatics data integration strategies and a cardiac gene-expression database will be used.  

 
The K.U.Leuven group has previously developed a methodology for candidate gene prioritization 
that integrates numerous heterogeneous data sources including sequence data, expression data, 
annotation, and MEDLINE abstracts (Aerts S. et al, 2006, Nat Biotechnol. 24, 537-544). This 
methodology is available as a software tool, ENDEAVOUR (www.esat.kuleuven.be/endeavour) 
and its effectiveness was demonstrated on the prioritization of YPEL1 as a candidate gene for 
DiGeorge syndrome as further validated in a zebra fish model. The laboratory also contributed to 
the development of a related method using high-quality protein-protein interactions and text mining 
of OMIM descriptions of patient phenotypes (Lage K. et al, 2007, Nat Biotechnol. 25, 309-16). 
 
A significant limitation of current gene prioritization methodologies is that they do not offer a clear 
strategy for considering possible gene-environment interactions. The flexible strategy from 
ENDEAVOUR, based on a “training” set of genes, known to be implicated in a disorder or 
biological process, will be extended to overcome this limitation. The main idea is to use separate 
models for the environmental process that can contribute to the ranking of candidate genes. For 
example, to model glucose response, we can build a model of the gene expression response to 
glucose in a microarray experiment, were we expect a good candidate to be also differentially 
expressed in response to glucose. 
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Another limitation of existing gene prioritization methods is that the resulting candidate rankings 
are not easy to interpret and therefore distrusted by researchers. It is not trivial to point out which 
piece of information was crucial in assigning the high rank of a candidate gene. Therefore a 
knowledge base on known genes implicated in CVM’s and on candidate genes will be build. This 
knowledge base allows researchers to collect all information relevant to the prioritization of 
candidate genes, i.e. available literature, case reports or their own experimental results, that are 
necessary to gradually focus on the most promising candidates and to validate them. The 
knowledge base will also support a systems biology approach by providing a network view of all 
available data. This will allow the experimentalist to infer putative relations between known genes 
implicated in CVM’s and candidate genes on a genome wide network scale. 
 
The department of Anatomy and Embryology in the AMC has a longstanding and acknowledged 
experience in describing the spatiotemporal expression patterns of genes. Timed series of 3D 
reconstructions have been prepared based on immunohistochemical, non-radioactive in situ 
hybridocytochemical, and quantitative radioactive in situ hybridocytochemical stained sections 
(Moorman A.F.M. 2001, J Histochem & Cytochem 49, 1-8; Soufan A.T. 2003, Physiol Genomics 
13, 187-195). These analyses have resulted in novel conceptual insights into the development of 
the heart, which are already included in standard textbooks and referred to as the ballooning model 
of heart development. These 3D reconstruction protocols have been used for the description of the 
development of the venous pole (Soufan A.T. et al. 2004, Circ Res 95, 1207-1215; Christoffels 
V.M. 2006, Circ Res 98, 1555-1563; Mommersteeg M.T.M, 2006, Circ Res 99, 351-353), 
conduction system (Hoogaars W.M. 2004, Cardiovasc Res 62, 489-499) and valve development 
(de Lange F.J. 2004, Circ Res 95, 645-654). Recently these 3D reconstructions were extended 
with localized quantitative information on the rate of cell proliferation and cell growth (Soufan A.T. 
et al. 2006 Circ. Res. 99, 545-552; Soufan A.T et al. 2007, J Microsc 225, 269-274). Soufan and 
co-workers decided to “do more – less well” and not to aim for perfect 3D reconstructions but to go 
for results that were good enough to answer their research questions (Soufan et al. 2003, Physiol 
Genomics 13, 187-195). Although the original sections are of light-microscopic resolution, the 
spatial resolution of the resulting 3D-reconstructions is around 20 µm, which is in the order of wall 
thickness of thin-walled compartments and the size of cardiomyocytes. Therefore, these 
reconstructions can be considered to show gene expression information on the cellular level.  
 
Rationale 
The K.U.Leuven group proposes to develop a tool to prioritize identified candidate genes based on 
training data and models specific to the CVM context. 
For the prioritization of candidate genes, we propose to develop a new tool based on our 
experience with ENDEAVOUR. While keeping the same principles, the new tool will be more 
sophisticated to reflect the high specificity of the project. Therefore, genes need to be prioritized 
while focusing on a particular heart developmental stage, with certain pathways impacted by 
environmental factors, and by targeting on a specific type of CVM. The idea is to perform multiple 
prioritizations based on different training sets corresponding to various constraints (developmental 
stage, pathway, etc) and merge the prioritizations results.  
 
For the knowledge management system, we propose to use the CHD-Wiki that we are currently 
extending for the storage of structured data (gene associated to CVM, networks) and to run 
analysis tools (prioritization). These extensions will not affect the user-friendliness of the CHD-Wiki 
approach. This database will also form the core for dissemination of the data obtained by 
CHeartED (WP4b). 
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During its development, the heart 
undergoes several substantial 
changes, including changes in the 
position of heart structures with respect 
to the body-axes, which is a major 
complicating factor for the 
interpretation of cardiac development. 
The ability to visualize in which parts of 
the heart and during which 
developmental stages a particular gene 
is expressed helps to provide insight 
into the function of that gene. One of 
the main problems of the annotation of 
cardiac structures is in the recognition 
of boundaries. The standard solution is 
to define a tissue by the fact that one 
can point to its central region, which is, 
however, not acceptable when one is 
making inferences on gene expression 
data where boundaries within the walls 
of those compartments become 
important (Bard J. 2003, Bioessays 25, 
501–506). This problem is augmented 
by the fact that the expression domains 
of key regulatory genes will by 
definition be only part of existing 
tissues. Therefore, it has, been argued 
that annotated descriptions are always 
incomplete and limited in their 
usefulness (Vize P.D. 2001, Bioessays 
23, 549-554). 
 
 
 

For this project the Amsterdam 3D-reconstruction group aims at mapping gene expression from 
(series of) stained sections into its anatomical context, at a molecular definition of this anatomical 
context, at the storage of the gene expression information and at the verification of transcriptional 
networks by visualizing the co-localization of cardiac genes. These aims will achieved by the 
construction of a Cardiogenetic Morphology Database (CMD).The CMD will be based on a timed 
standard series of 3D reconstructions of normal mouse heart development. To avoid artifacts 
introduced by histological processing, this standard series will be acquired by using HREM imaging 
(Weninger W.J. et al. 2006, Anat Embryol 211, 213-221). The imaging of the tissue block before 
sectioning results in perfectly aligned image stacks without deformation of the anatomical structure. 
The database will start with three development stages (embryonic day 9.5, 11.5 and 13.5) but can 
be extended when the results of other work packages require this. To facilitate the mapping of 
sections onto this reference series, we plan to develop a system for automated fitting of these 
sections. This application will enable molecular biologists without sufficient knowledge of anatomy 
and histology to trace the correct anatomical context of their tissue sections. A prototype of this 
system, dubbed ‘TRACTS’ is currently being tested (De Boer B.A. 2007, In Press). TRACTS will be 
further developed and become fully operational as part of this project. 
 
The CMD will be filled with the cardiac expression patterns of genes with a known role in cardiac 
development. These gene expression patterns will be used to delineate the different compartments 
of the developing heart. Thus, a limited number of marker genes will be sufficient to genetically 
annotate the whole heart. The genetic annotation will be validated by mapping genes with known 
cardiac compartmentalization. Later in the project the CMD will be used to map the expression 

Illustration of the staining and reconstruction procedure (A and B) 
and the definitions of genetically annotated structures. A, Close-up of 
three consecutive sections of an E12.5 embryo stained with probes 
against myocardium, Cx40, and Nppa. B, Reconstruction cut in the 
same plane as the sections shown in A. This virtual section illustrates 
the genetic annotation of the different atrial myocardial components. 
C, Cardiac structures and molecular phenotypes displayed and their 
colour-code. (Adapted from: Soufan A.T. et al.  2004, Circ Res 95, 
1207-1215)

Illustration of the staining and reconstruction procedure (A and B) 
and the definitions of genetically annotated structures. A, Close-up of 
three consecutive sections of an E12.5 embryo stained with probes 
against myocardium, Cx40, and Nppa. B, Reconstruction cut in the 
same plane as the sections shown in A. This virtual section illustrates 
the genetic annotation of the different atrial myocardial components. 
C, Cardiac structures and molecular phenotypes displayed and their 
colour-code. (Adapted from: Soufan A.T. et al.  2004, Circ Res 95, 
1207-1215)
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patterns of novel genes originating from the research of the other work packages of the CHeartED 
consortium. In addition to the actual mapping, the database can be used to check the co-
localization predicted by transcriptional networks. These networks will result from integrating the 
information on known and novel cardiac genes with known regulatory and molecular pathways. On 
the other hand, co-localization information that is observed in the heart atlas can also be used in 
the development of these transcriptional networks. This verification phase will run as a feed-back 
loop between the Bioinformatics and the Genetic Morphology work packages.  
 
A major strength of this research line is therefore the focus on a specific problem compared to 
generic knowledge management systems, prioritization tools, gene networks and visualization. 
This will undoubtedly result in high accuracy of prioritizations and a new efficient collaborative 
knowledge discovery methodology. 
 
Objectives 
1. Inference of gene networks for normal and abnormal heart development. 
2. Inference of models for the environmental factors and their influence on heart development. 
3. Development of a bioinformatics tool for congenital heart defect candidate genes prioritization. 
4. Generate a Cardiogenetic Morphology Database (CMD) based on a standard series of 3D 

reconstructions of heart development on which the expression patterns of 10 key marker genes 
for cardiac development are mapped. 

5. Annotate cardiac compartments based on the expression patterns of these marker genes. 
6. Develop an application to automatically match (series) of individual cardiac sections to the 

reference series, to add gene expression information from these sections to the CMD and to 
display the association of the gene expression patterns with patterns of genes contained in the 
CMD. 

7. Map novel genes involved, in cardiac development, into the CMD and test hypotheses on their 
position in the transcriptional network. 

 
Implementation 
 

 
 
Illustration of the flow of information between the work packages of Research Line 1 and 2 and the work 
packages in Research Line 3.  
 

Literature curation 

Expression data (RL2) 
• Diabetes Melitus model 
• Outflow tract model  
• Developmental stages 

Genome-Wide 
Association Study 
  (RL1) 
• ToF 
• Diabetic mother 

Known CVM 
associated genes 

Known CVM associated 
chromosomal regions 

Candidate genes 
(CVM, ToF, diabetic mother) 

Key pathways and genes 

4D gene expression 
database 

Specific models 
(CVM, developmental stage, 
environmental factors) 

Hierarchical 
prioritization

Best 
candidates 

Knowledge 
management 

developmental 
stage 1 

developmental 
stage 2 

diabetic/hyperglycaemia 
 network 

Gene expression 
mapping  

and 
Genetic 

Annotation 

Specific training gene sets 
(CVM, ToF, diabetic mother, 
developmental stage, pathways) 

TRACTS 
• 3D standard series 
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Expression data from WP2a and 2b will bring key information (i) on genes related to maternal 
hyperglycemia and impacted pathways, and (ii) on genes related to outflow tract malformation. 
These data will be used to infer training sets and models based on the expression patterns of 
identified genes, and pathways linked to environmental factors (hyperglycemia) for various heart 
developmental stages. We have already extracted from the literature a manually curated list of 
known associations between genes and specific types of CVM’s that will be used to build training 
sets specific to CVM and particularly tetralogy of Fallot (ToF). Genome wide association studies of 
Research Line 1 will identify candidate genes for ToF, and candidate genes influenced by maternal 
hyperglycemia and linked to CVM.  
The candidate genes will be prioritized by our new tool and the results will be collaboratively 
analyzed and annotated in the knowledge base. All the knowledge deposited in the knowledge 
base combined with the temporal and spatial (4D) expression of genes will serve to collaboratively 
build gene networks in the tool provided by the knowledge base system. 
 
 
1.3.5 Line 4 Management and Dissemination 
 
Background 

In Line 4 the management work package (WP4a) and the dissemination work package (WP4b) will 
work together to provide the CHeartED consortium with a comprehensive platform for the internal 
and external collection and dissemination of management and scientific information.  

The efficient management of CHeartED as well as, the communication between project partners 
requires a coordinated and easily accessible system. Currently such a system can best be based 
on World Wide Web resources. Modern web technologies, like a Wikipedia-based user interface, 
allow the design and implementation of a system that performs the above-mentioned functions. By 
defining the appropriate database structure, as well as a system of access rights, the information 
can be protected at different levels. Such a protected system combines a transparent user 
interface with efficient data storage and avoids data redundancy. Thus, the internal dissemination 
of management information and internal reports, as well as the internal and external dissemination 
of scientific results will be implemented in a single information system. To enhance performance of 
the user interaction with the scientific data and overcome the limitations of the World Wide Web, 
some of the user applications will have to be stand-alone executable programs that access the 
web databases from the local computer of the user. These applications include the TRACTS 
program for automatic fitting of individual sections to the standard series of heart development as 
well as a restricted online dissection tool. 
 
Rationale  

CHeartED will yield large amounts of data concerning heart development, including gene 
associations, transcriptional networks and genetic morphology results, which need to be shared 
both with participants of the project as well as with other researchers and clinicians. In addition, the 
generated data need to be integrated with existing knowledge in the field. To this aim, CHeartED 
will construct a database for consultation and contribution by participants in the consortium, 
external research groups and the public. Currently, no database exists on congenital heart defects, 
which integrates knowledge on different domains such as genetics, environmental factors, 
morphogenesis, gene expression etc. Moreover, a major risk for such databases is that they are 
short lived and lack updates on a regular basis.  
It has been recognized for some time that a 3D view of delineated structures is particularly helpful 
in drawing attention to topological relationships and gives an insight that could not be gained from 
studying sections (Kaufman M.H. et al. 1998, J Anat 193, 323–336). Several, so-called ‘atlas 
projects’ are aimed at integrating gene-expression information with morphological information. 
These atlases help biologists to find meaningful relationships in data and to formulate creative 
hypotheses that can be tested by observations and experiments (Davidson D. & Baldock R. 2001, 
Nat Rev Genet 2, 409–417; Ringwald M. et al. 2001, Nucleic Acids Res 29, 98–101; Baldock R.A. 
et al. 2003, Neuroinformatics 1, 309–325). A number of high-throughput gene expression analysis 
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efforts have been started to complement these atlases (Neidhardt L. et al. 2000, Mech Dev 98, 77–
94; Carson J.P. et al. 2002, Curr Opin Neurobiol 12, 562-565; Visel A. et al. 2004, Nucleic Acids 
Res 32, D552–D556). These atlases and databases describe the normal embryology and 
morphology of the whole organism and offer restricted resolution at the level of individual organs. 
In contrast, the CHeartED system will focus on the heart and the study of involvement of genes in 
cardiovascular malformations. Thus, CHeartED will combine gene expression and morphological 
data during normal cardiac development with the involvement of those genes in CVM.  

We have opted for an open access database that will be based on the Wiki-information system. 
This database will be extended to include and interact with external databases and programs. The 
Wiki-information system is flexible and user-friendly, which is essential for continued peer review, 
quality check and maintaining up to date information. Moreover, open access for curation and 
contribution by the scientific and medical community at large guarantees a long lasting continuation 
of this database. Success of the databases depends on its usage. Therefore we aim to include 
tools and knowledge generated in this project. This will be of interest to a wide range of 
researchers in different domains: e.g. genes and chromosomal imbalances associated with a 
specific types of CHD, genetic associations, gene expression data, gene-environment interactions, 
CHD candidate gene prioritization (ENDEAVOUR based) (Aerts S. et al, 2006, Nat Biotechnol. 24, 
537-544) on easily selectable training genes associated to specific CHD types. Additional to the 
current views of the prioritization results, the ranked candidates will be displayed in the context of 
gene networks to gain more insight in the underlying biological processes.  

Another tool that will be included in the CHeartED website is the TRACTS application that will help 
researchers to TRace the Anatomical Context of individual Tissue Sections by matching the input 
section uploaded by the user to the best fitting cross-section through a timed series of 3D 
reconstructions. Users without the required knowledge of anatomy and embryology can thus 
determine which compartments of the heart are present in the section and, through the link with the 
gene expression and CVM databases, associate the gene expression pattern in the section with 
this information. 
Existing 3D-atlas projects are based on controlled vocabularies and ontologies (Bard J. 2003, 
Bioessays 25, 501–506). However, the common use of anatomical names is too inconsistent to 
provide an adequate morphological reference for the description of gene expression patterns 
during development of the heart and it has been suggested that a common language based on the 
molecular phenotype may be of more significance than anatomic classification (Gruber P.J. and 
Epstein J.A. 2004, Circ.Res 94, 273-283). In CHeartED we therefore opt for genetic annotation 
based on a limited set of marker genes. The expression patterns of those genes will be used to 
genetically annotate the different compartments that occur in the heart of the embryo during 
development. Expression patterns of novel genes will be linked to these annotated compartments 
by mapping them on the common morphological framework provided by the standard series of 3D 
reconstructions of developing hearts. 
 
Objectives 

1. Meet the challenge of data integration and exchange between the participants of the 
project, with the scientific community and with the public.  

2. Enable the contribution of third parties to the databases developed within CHeartED by 
means of an interactive database. 

3. Facilitate communication between the different partners by means of a website and a 
newsletter. 

 
Implementation 

The two main objectives of this line - interaction and dissemination - can be divided into five main 
functions. For interaction between the partners of CHeartED and the internal dissemination of 
management information these functions are: 1) creation and design of a website which will serve 
as a communication platform; 2) design of a communication and discussion functionality for the 
CHeartED consortium, with which the participants can report results and/or problems and 
exchange management information, such as guides and reports.  
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The scientific dissemination part of the platform will serve three functions which will be integrated 
into the CHeartED website 3) showcase CHeartED documents, datasets, reconstructions, movie 
clips and images for the general public; 4) to provide access to the Wiki-based repository of 
Cardiovascular Malformations and 5) provide access to the Cardiogenetic Morphology Database. 
The Website will enable the CHeartED partners and other users to consult the scientific databases 
and post their contributions. To ensure the quality of third party contributions and to avoid 
malicious attacks, which are known to occur in Wikipedia, the access to this part of the website will 
only be granted after a formal registration request by the would-be user. Writing rights will depend 
on his/hers scientific credentials. Researchers appointed by partners K.U.Leuven and AMC-HFRC 
will regularly perform quality checks on third arty contributions. The Wiki-system will maintain a log 
to facilitate recovery of unduly removed information. 

The tasks in this work package will be coordinated by K.U. Leuven and implementation will be in 
close collaboration with AMC-HFRC, for the communication and project management aspects. 
Other project partners will contribute to scientific parts of the Website and the supported 
databases. The showcase web pages will be designed by the Dissemination manager (to be 
appointed) in close collaboration with all consortium partners. The design of the Website will 
enable each partner to post public data. The exact design and layout of the scientific data 
bookkeeping has to be determined by K.U. Leuven and AMC-HFRC as part of the work packages 
3a and 3b, respectively. Updating, archiving, storage and management of these data will be a 
shared responsibility for those partners. 

Additionally the Dissemination Manager will compile a Newsletter (in English) from the information 
that has been posted on the CHeartED website by the consortium partners and distribute this 
Newsletter among the participants. This Newsletter will serve to draw attention to the website and 
will thus facilitate dissemination of information within the consortium. Subscription to this 
Newsletter for third parties will be granted by the Project Management Team in conformity with the 
recommendations of the CHeartED External Scientific Advisory Committee. 
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1.3.6 Timing of different Work packages and their components 
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1.3.7 Work packages (Tables 1.3a-e) 
 
Table 1.3 a: Work package list 
 
 

Work 
package 

No1 

Work package title Type of 
activity2 

Lead  
participant 

No3 

Person-
months4 

Start 
month5 

End 
month5 

1a Collection of clinical 
samples 

RTD UNEW 93 1 48 

1b Genome-wide SNP analysis RTD CNG 14 1 48 

1c Statistical Analysis of 
Genotype data 

RTD UNEW 47 1 48 

2a Mouse model of diabetic 
pregnancy 

RTD AMC 84 1 48 

2b Mouse Model of outflow 
tract defects 

RTD VCCRI 60 1 48 

3a Genetic Bioinformatics RTD K.U. 
Leuven 

68 1 48 

3b Genetic Morphology RTD AMC 210 1 48 

4a Project Management MGT AMC 36 1 48 

4b Dissemination RTD K.U. 
Leuven 

34 1 48 

 TOTAL   646   

As indicated in table 1.3 a, all work packages will participate to CHeartED during the full project 
period of 48 months. The reader is referred to the Gantt chart (section 1.3.6) for detailed 
information on the periods in which the main tasks of each work package are planned. 
 
 

                                                
1  Work package number: WP 1 – WP n. 
2  Please indicate one activity per work package: 

RTD = Research and technological development (including any activities to prepare for the 
dissemination and/or exploitation of project results, and coordination activities);  DEM = 
Demonstration; MGT = Management of the consortium; OTHER = Other specific activities, if 
applicable in this call. 

3  Number of the participant leading the work in this work package. 
4  The total number of person-months allocated to each work package. 
5  Measured in months from the project start date (month 1). 
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Table 1.3 b: Deliverables List  

 

Del. 
no. 6 

Deliverable name WP 
no. 

 
Nature
7 

Dissemination  
level8 

Delivery date9 

 
1a.1 1a.1a Samples from 100 offspring of diabetic mothers who have CVM (UK) 

1a.1b Samples from 350 offspring of diabetic mothers with normal heart (UK) 
1a.1c Collect samples from 80 offspring of diabetic mothers who have CVM 
(Norway)  
1a.1d Collect samples from 250 offspring of diabetic mothers with normal 
heart (Norway)  
1a.1e Collect samples from 20 offspring of diabetic mothers who have CVM 
(Netherlands) 

1a O PP 24 months 
24 months 
 
24 months 
 
24 months 
 
24 months 

1a.2 1a.2a Plating of DNA from isolated CVM trios and transfer to CNG  
1a.2b Extraction and plating of DNA from offspring of diabetic mothers (+/- 
CVM) and transfer to CNG  

1a O PP 3 months 
 
26 months 

1b.1 Genotyping, basic data checks and transfer of genotypes of tetralogy of Fallot 
study samples for statistical analysis 

1b O PP 6 months 

1b.2 Genotyping, basic data checks and transfer of genotypes of offspring (+/- 
CVM) of diabetic mothers for statistical analysis  

1b O PP 38 months 

1c.1 Quality controls checks carried out and association analysis completed on 
SNP and CNV genotype data from 1000 CVM patients and their parents 

1c O PP 18 months 

                                                
6  Deliverable numbers in order of delivery dates. Please use the numbering convention <WP  number>.<number of deliverable within that WP>. For 
 example, deliverable 4.2 would be the second  deliverable from work package 4. 
7  Please indicate the nature of the deliverable using one of the following codes: 
 R =  Report, P =  Prototype, D =  Demonstrator, O = Other 
8  Please indicate the dissemination level using one of the following codes: 
 PU = Public 
 PP = Restricted to other programme participants (including the Commission Services). 
 RE = Restricted to a group specified by the consortium (including the Commission Services). 
 CO = Confidential, only for members of the consortium (including the Commission Services). 
9  Measured in months from the project start date (month 1). 
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Del. 
no. 
10 

Deliverable name WP 
no. 

 
Nature
11 

Dissemination  
level12 

Delivery date13 

 

1c.2 Quality controls checks carried out and association analysis completed on 
SNP and CNV genotype data from 200 CVM cases and 600 CVM controls 
positive for maternal diabetes; statistical tests of interaction to test formally 
whether the genetic effects on CVM are the same or differ between the three 
groups. 

1c O PP 48 months 

2a.1 mRNA extracts of embryonic samples for microarray analysis  2a O PP 9 months 

2a.2 Metabolic and signaling pathways involved in diabetic embryopathy  2a O PP 24 months 

2a.3 Visualization of the expression pattern of controlling genes in eu- and 
hyperglycemic embryos  

2a O PP 30 months 

2a.4 Testing relevant existing mouse mutants for changes in susceptibility to 
hyperglycemia or testing relevant genes for knock-down analysis in in vitro 
embryo cultures 

 O PP 48 months 

2b.1 2b.1a Set up ENU Screen 2b O PP 6 months 

 2b.1b Run screen and analysis of repressor or enhancer ENU strains  2b O PP 24 months 

 2b.1c Isolation and analysis of select gene/s from ENU screen 2b O PP 48 months 

2b.2 2b.2a Isolation of Isl1-RFP ES cell line 2b O PP 12 months 

 2b.2b Isolation of cell types for microarray analysis 2b O PP 18 months 

 2b.2c Microarray analysis of cardiac progenitor cells and annotation 2b O PP 36 months 
                                                
10  Deliverable numbers in order of delivery dates. Please use the numbering convention <WP  number>.<number of deliverable within that WP>. For 
 example, deliverable 4.2 would be the second  deliverable from work package 4. 
11  Please indicate the nature of the deliverable using one of the following codes: 
 R =  Report, P =  Prototype, D =  Demonstrator, O = Other 
12  Please indicate the dissemination level using one of the following codes: 
 PU = Public 
 PP = Restricted to other programme participants (including the Commission Services). 
 RE = Restricted to a group specified by the consortium (including the Commission Services). 
 CO = Confidential, only for members of the consortium (including the Commission Services). 
13  Measured in months from the project start date (month 1). 
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Del. 
no. 
14 

Deliverable name WP 
no. 

 
Nature
15 

Dissemination  
level16 

Delivery date17 

 

2b.3 2b.3a Validation of DamID and ChIP 2b O PP 12 months 

 2b.3b Application of DamID and ChIP to cardiac progenitor cells 2b O PP 36 months 

 2b.3c Analysis of identified genes and comparison with human genes  2b O PP 42 months 

3a.1 3a.1a Training set for CVM 

3a.1b Training set for tetralogy of Fallot 

3a.1c Training sets for heart developmental stages  

3a.1d Training set for glucose response  

3a.1e Training set for oxidative stress  

3a O PP 6 months 

6 months 

30 months 

30 months 

30 months 

3a.2 Model for gene expression profiles of embryonic hearts in normal vs. 
maternal diabetic mouse  

3a O PP 30 months 

3a.3 Tool for hierarchical prioritization 3a O PP 12 months 

3a.4 3a.4a Set of best candidates of heart development and environmental 
response genes  

3a.4b Collaborative knowledge base, annotation and results analysis system  

3a O PP With all data available 
from RL’s 1 & 2 (48 
months) 

With all data available 
from RL’s 1 & 2 (48 
months) 

3a.5 Genes network for heart development and environmental impact  3a O PP 48 months 
                                                
14  Deliverable numbers in order of delivery dates. Please use the numbering convention <WP  number>.<number of deliverable within that WP>. For 
 example, deliverable 4.2 would be the second  deliverable from work package 4. 
15  Please indicate the nature of the deliverable using one of the following codes: 
 R =  Report, P =  Prototype, D =  Demonstrator, O = Other 
16  Please indicate the dissemination level using one of the following codes: 
 PU = Public 
 PP = Restricted to other programme participants (including the Commission Services). 
 RE = Restricted to a group specified by the consortium (including the Commission Services). 
 CO = Confidential, only for members of the consortium (including the Commission Services). 
17  Measured in months from the project start date (month 1). 
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Del. 
no. 
18 

Deliverable name WP 
no. 

 
Nature19 Dissemination  

level20 
Delivery date21 

 

3b.1 Operational version of TRACTS based on E9.5, E11.5 and E13.5 
reconstructions  

3b O PP 12 months 

3b.2 Comparison of genetic annotation with expert anatomical annotation of 
developing hearts  

3b O PP 24 months 

3b.3 Mapping of all marker genes in E13.5 and genetic annotation of cardiac 
compartments  

3b O PP 30 months 

3b.4 Mapping of all markers in all developmental stages  3b O PP 36 months 

4a.1 Establish Members of the Project Management Team  4a O PP 1 month 

4a.2 Prepare the Administration and Organization of CHeartED  4a O PP 3 months 

4a.3 Daily Management of the Project  4a O PP 12, 24, 36 and 48 
months 

4a.4 Prepare Annual and Final reports     14, 26, 38.50 months 

4a.5 Organize CHeartED Conference and Prepare Meetings Plan 4a O PP 2 months 

4a.6 Organize (tele) Meetings with CHeartED External Scientific Advisory 
Committee  

4a O PP 5 months 

4a.7 Organize at least two Workshops 4a O PP 12 months 

                                                
18  Deliverable numbers in order of delivery dates. Please use the numbering convention <WP  number>.<number of deliverable within that WP>. For 
 example, deliverable 4.2 would be the second  deliverable from work package 4. 
19  Please indicate the nature of the deliverable using one of the following codes: 
 R =  Report, P =  Prototype, D =  Demonstrator, O = Other 
20  Please indicate the dissemination level using one of the following codes: 
 PU = Public 
 PP = Restricted to other programme participants (including the Commission Services). 
 RE = Restricted to a group specified by the consortium (including the Commission Services). 
 CO = Confidential, only for members of the consortium (including the Commission Services). 
21  Measured in months from the project start date (month 1). 
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Del. 
no. 
22 

Deliverable name WP 
no. 

 
Nature
23 

Dissemination  
level24 

Delivery date25 

 

4b.1 A website with access to the data produced  
4b.1a - A list of all known genes mutated in non-syndromic CVM  
4b.1b - A list of all known genes mutated in syndromic CVM  
4b.1c - A list of known chromosomal aberrations associated with a CVM 
4b.1d - A list of known linkage intervals for human CVM  
4b.1e - A list of loci with a genetic association with CVM  
4b.1f - A tool to perform genome wide gene prioritization (ENDEAVOUR) 
4b.1g - List of all known environmental factors associated with CVM  
4b.1h - For each gene and environmental factor add known gene environment 
interactions  

4b O PU Month 1 
Month 1 
Month 1 
Starting 6months 
Starting 6 months 
starting 6 months 
12 months 
starting 6 months 
starting 6 months 
 

4b.2 4b.2 Development of a CHeartED website  4b O PU 5 months 

4b.3 4b.3 Development of CHeartED project Brochures  4b O PU 6, 18, 30 and 42 months 

                                                
22  Deliverable numbers in order of delivery dates. Please use the numbering convention <WP  number>.<number of deliverable within that WP>. For 
 example, deliverable 4.2 would be the second  deliverable from work package 4. 
23  Please indicate the nature of the deliverable using one of the following codes: 
 R =  Report, P =  Prototype, D =  Demonstrator, O = Other 
24  Please indicate the dissemination level using one of the following codes: 
 PU = Public 
 PP = Restricted to other programme participants (including the Commission Services). 
 RE = Restricted to a group specified by the consortium (including the Commission Services). 
 CO = Confidential, only for members of the consortium (including the Commission Services). 
25  Measured in months from the project start date (month 1). 
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Table 1.3 c-WP1a: Work package description 

  

Work package number  1a Start date or starting event: Month 1 
Work package title Collection of clinical samples  
Activity Type26 RTD 
Participant number 3 2 4 7 8 10 
Participant short name UNEW K.U. 

Leuven 
UMCU UoB FAU CHW 

Person-months per 
participant: 

36 3 24 24 3 3 

 

 

Objectives  

1. Prepare samples for tetralogy of Fallot genome wide association study. 

2. Collect and prepare samples for association study of abnormal heart development in 
offspring of diabetic mothers.  

 

Description of work  
The tasks of this work package are to collect and prepare the samples of patients and their parents 
for DNA analysis 
 
Cases with tetralogy of Fallot (already collected by the partners) 
Newcastle, Leuven, Erlangen and Sydney have already been collecting samples from patients with 
tetralogy of Fallot. Newcastle will contribute 600 cases, Leuven 100, Erlangen 200, Sydney 100. 
Parental samples have been collected for the Newcastle and Leuven cases and local controls for 
the Erlangen cases. The cases from Sydney all have four grandparents from the UK, hence 
Wellcome Trust Case-Control Collection (WTCCC) controls will be appropriate for these samples. 
Preparation of these samples for transfer to CNG is described below in task 1a.2.  
 
Task 1a.1 Offspring of diabetic mothers (with and without congenital heart defects) 
Although the incidence of Cardiovascular malformations is increased in offspring of diabetic 
women identification and recruitment of cases with a heart defect is a challenge. We have five 
routes to identify cases: the UK Northern Diabetic Pregnancy Survey (Dr Hawthorne), the UK 
Northwest Diabetic Pregnancy Audit (Dr G Hawthorne), the Medical Birth Registry of Norway (Prof 
LM Irgens), a Netherlands Diabetic Pregnancy Audit (Prof GHA Visser) and a registry at the 
Children’s Hospital at Westmead (Ass Prof D Winlaw). These databases currently have 73, 50, 90 
and 20 offspring with abnormal hearts respectively, and of course a large number of offspring with 
normal hearts. We plan to collect samples from 200 offspring with abnormal hearts and 600 
offspring with normal hearts. This provides 80% power (at p value 1x10-6) for common and 
relatively strong effects (e.g. minor allele frequency >0.3 and odd ratio for CVM in the presence of 
maternal diabetes of 2.0 or greater) (see WP1c for power calculations). We are currently applying 
for ethical approval to collect these samples and this should be in place by January 2008. We will 
appoint a research nurse for two years to approach families and collect samples in the UK and a 
part time researcher for two years in Norway. The Dutch database can be expanded by including 
more years, resulting in about 80 infants with cardiac abnormalities. This will also require a part 
time researcher for 2 years  

                                                
26   Please indicate one activity per work package:   
RTD = Research and technological development (including any activities to prepare for the dissemination 
and/or exploitation of project results, and coordination activities); DEM = Demonstration;  MGT = 
Management of the consortium; OTHER = Other specific activities, if applicable. 
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Task 1a.2 DNA extraction and quantification  
DNA will be extracted by standard methods at the partners’ host institutions. In instances where 
venesection is inappropriate saliva or mouth brushings will be used for DNA extraction using 
Orogene kits. Following quantification, whole genome amplification will be carried out if required. 
Samples will be plated at standard concentrations for transfer to partner 5 (CNG). 
 
 

Deliverables  

1a.1a Samples from 100 offspring of diabetic mothers who have CVM (UK) (24 months) 

1a.1b Samples from 350 offspring of diabetic mothers with normal hearts (UK) (24 months) 

1a.1c Samples from 80 offspring of diabetic mothers who have CVM (Norway) (24 months) 

1a.1d Samples from 250 offspring of diabetic mothers with normal hearts (Norway) (24 months) 

1a.1e Samples from 20 offspring of diabetic mothers who have CVM (Netherlands) (24 months) 

 

1a.2a Plating of DNA from isolated CVM trios and transfer to partner 5 (CNG: Centre National de 
Génotypage) (3 months) 

1a.2b Extraction and plating of DNA from offspring of diabetic mothers (+/- CVM) and transfer to 
partner 5 (CNG) (26 months) 

 
Milestones 
 
M1a.1 Preparation of high quality DNA collections from well-defined groups of patients with 

cardiovascular malformation along with parental samples for study 1 and control samples for 
study 2. 
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Table 1.3 c-WP1b: Work package description  

 

Work package number  1b Start date or starting event: Month 1 
Work package title Genome wide SNP analysis 
Activity Type27 RTD 
Participant number 5 3      
Participant short name CNG UNEW      
Person-months per 
participant: 

12 2      

 

Objectives  
1. To provide high resolution genotyping with SNP markers and copy number variants (CNVs) 

for tetralogy of Fallot cases, parental samples and controls.  
 
2. To provide high resolution genotyping with SNP markers and copy number variants (CNVs) 

for offspring (+/- CVM) of diabetic mothers  
 

 

Description of work  
 
Task 1b.1 Quality control 
Quality control QC) evaluation of DNA samples received from WP1a, fragmentation and 
amplification and quantification.  
 
Task 1b.2 Genotyping of all samples received 
Genotyping of all samples received using the 1.8 M variant chip from Affymetrix (Genome-Wide 
Human SNP Array 6.0) or equivalent. 
 
Task 1b.3 Re-genotyping 
Re-genotyping five percent of the samples and comparison of the results with the original data for 
quality control purposes.  
 
Task 1b.4 Basic data checks.  
Raw data will be scored for genotypes and CNVs based on modified algorithms developed at the 
CNG, and data will be subject to additional QC and statistical analyses. Basic genotype QC steps 
include: 1) elimination of samples with less than 95% of SNPs scored. 2) Elimination markers 
known to be unreliable or to have unknown map assignment. 3) removal of markers that have 
<95% genotype completion, that exhibit strong deviation from Hardy-Weinberg equilibrium, or that 
are invariant or have very low minor allele frequency in the sample. 4) Identification and correction 
of Mendelian transmission errors. 5) Examination of the distribution of identify-by-state (IBS) in pair 
wise comparisons to verify known relationships or identify cryptic relationships. 6) Verification of 
sex assignment based on markers for chromosome X. 7) identification of samples that exhibit 
aberrant IBS patterns when compared to others (indicating possible cryptic population 
substructure). 8) Principal components analysis to identify additional outliers that are not well 
matched in the case and control groups. The originating laboratory will be requested to verify data 
for samples identified in steps 5-7, and these samples will be flagged for possible removal from 
further analysis.  
 
                                                
27   Please indicate one activity per work package:   
RTD = Research and technological development (including any activities to prepare for the dissemination 
and/or exploitation of project results, and coordination activities); DEM = Demonstration;  MGT = 
Management of the consortium; OTHER = Other specific activities, if applicable. 
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Task 1b.5 Transfer of genotyping data for detailed statistical analysis. 

After QC, the genotype data will be distributed to the statistical analysis groups using the Operon 
database software developed specifically for this purpose at the CNG.  
 
Task 1b.6 
Once a preliminary analysis has identified candidate association, additional confirmation 
genotyping will be performed on ABI7900HT Sequence Detection System using TaqMan probes 
(Applied Biosystems, Foster City, CA) or similar approaches for markers that fail Taqman design. 
This confirmation step is particularly important for isolated markers that show evidence of 
phenotype association in order to eliminate the possibility of a genotyping artifact. Priority markers 
will be chosen for confirmation genotyping in the candidate regions after association analysis of 
additional markers with genotypes imputed from HapMap or other data sources.  

 
 

Deliverables  

1b.1 Genotyping, basic data checks and transfer of genotypes of tetralogy of Fallot study samples 
for statistical analysis (6 months) 

1b.2 Genotyping, basic data checks and transfer of genotypes of offspring (+/- CVM) of diabetic 
mothers for statistical analysis (38 months) 

 
Milestones 
M1b.1 Completion of genotyping of samples sent for tetralogy of Fallot study and offspring of 

diabetic pregnancy study and basic data checks to provide clean data for statistical analysis. 
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Table 1.3 c-WP1c: Work package description  

 

Work package number  1c Start date or starting event: Month 1 
Work package title Statistical Analysis of genotype data 
Activity Type28 RTD 
Participant number 3 2     
Participant short name UNEW K.U. Leuven     
Person-months per 
participant: 

38 9     

 

Objectives  
1. To perform statistical analysis of whole-genome SNP and CNV data in order to detect 

genetic associations with CVM. 
 

2. To perform statistical analysis of whole-genome � � � � � � � � � � 	  data in order to detect 
genetic associations with CVM in the presence of maternal diabetes. 

 
3. To test whether the genetic factors involved in CVM are the same or differ depending on 

the presence of maternal diabetes. 
 

 

Description of work  
After completion of the DNA analysis, we will have whole-genome SNP genotype data for 
a) 1000 CVM patients and, for the majority, their parents (case-parent trios) negative for maternal 
diabetes. 
b) 200 maternal diabetes positive individuals (i.e. whose mother has diabetes) with CVM, and 600 
maternal diabetes positive individuals without CVM. 
 
Use of a predominantly case-parent trio design has some advantages over use of unrelated cases 
and controls: it allows better quality control (QC) (particularly for copy number variants) via use of 
Mendelian inheritance checks; it provides protection against population stratification; and it allows 
the possibility of investigation of effects due to imprinting and/or maternal genotype (or the 
interaction between maternal and offspring genotype). 
 
Task 1c.1 – Quality Control checks 
Quality control is of paramount importance in genome-wide association studies, where much of the 
analysis and QC checks must be done in an automated fashion. QC will be performed in order to 
remove both samples and markers which are deemed to be unreliable. Any samples with extensive 
rates of missing data and/or excess heterozygosity (indicative of contamination) will be excluded. 
Identity-by-state (IBS) sharing between all pairs of individuals will be examined to identify (and 
delete) duplications or closely-related individuals. Multidimensional scaling of the pair wise IBS 
matrix for the samples (together with samples from the HapMap) will be carried out to identify and 
delete samples showing evidence of non-European ancestry. SNPs showing a study-wide missing 
data rate of >5% and/or evidence of Hardy-Weinberg disequilibrium will be discarded. The cluster 
plots for any SNPs showing evidence of association in will be visually inspected to ensure that the 
clusters are sufficiently separated as to render the genotype calls reliable. 
 
 

                                                
28   Please indicate one activity per work package:   
RTD = Research and technological development (including any activities to prepare for the dissemination 
and/or exploitation of project results, and coordination activities); DEM = Demonstration;  MGT = 
Management of the consortium; OTHER = Other specific activities, if applicable. 
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Task 1c.2 – Association Analyses 
After appropriate quality control (QC) measures (see below) the SNPs and samples that pass QC 
will be analyzed to test for association between genotype and CVM using a variety of approaches. 
The powers for the different approaches are estimated below using the program QUANTO 
(Gauderman WJ Stat Med 2002 21:35-50; Gauderman WJ Am J Epidemiol 2002 155:478-484) 
assuming a genome-wide two-sided p value threshold of 1x10-6. 
 
The 1000 CVM cases and controls (700 with family-based controls) will be used to perform logistic 
regression and transmission disequilibrium (family-based) tests of association across the genome 
using the freely-available R package dgc genetics. Results from this analysis will be fed into the 
bioinformatics tool developed in WP3a, which will aid prioritization and inform hypotheses. We 
estimate that we have good power (in the range 70-90%) to detect at p value 1x10-6 a SNP with 
minor allele frequency (MAF) 0.2 conferring an odds ratio (OR) of 1.5. Power can be increased by 
additionally including in the analysis 3000 WTCCC controls (WTCCC Nature 2007 447;661-78). 
These have been shown to provide a representative and unbiased control sample for studies of the 
UK population. With 1000 CVM cases and 4000 controls (3000 WTCCC controls, 300 study 
controls and 700 family-based controls derived from the untransmitted parental alleles in the CVM 
case-parent trios) we estimate that we have more than 90% power to detect at p value 1x10-6 a 
SNP with minor allele frequency of 0.15 conferring an odds ratio of 1.5. 
 
We do not anticipate that population stratification will be a problem as our family-based tests 
should be robust to population stratification, and very little inflation was found in case/control 
association test statistics due to stratification in a UK population (WTCCC Nature 2007 447;661-
78). Nevertheless, we will use a principal components approach (Price AL et al. Nat Genet 2006 
38: 904-909) to correct for any possible stratification: a subset of the genome-wide SNP data will 
be used to identify components that reflect population structure and scores for each individual on 
the first few principal components will be calculated and included as covariates in a standard 
logistic regression analysis. 
 
The case/control association tests will be performed using the R package snpMatrix (Clayton DG & 
Leung H-T Hum Hered 2007 64:45-51). This analysis performs a single-locus test of association at 
each SNP genotyped: in addition we will use imputation approaches (Marchini J et al. Nat Genet 
2007 39:906-913; Li Y et al Nat Genet 2007) (implemented in the freely-available computer 
programs IMPUTE and MACH) to perform tests at all 2,139,483 HapMap SNPs. This analysis 
includes the testing of SNPs that are not actually genotyped in the current sample but for which a 
test of association may be derived on the basis of their linkage disequilibrium pattern with SNPs 
that have been genotyped. These imputation approaches essentially use all the multimarker 
information contained in a haplotype to derive a powerful single df test of association, negating the 
need for a separate haplotype analysis. Nevertheless, stepwise logistic regression and haplotype-
based methods (as implemented in the programs R and UNPHASED) will be useful as part of a 
secondary fine-mapping stage in order to distinguish between primary and secondary associations 
in a region (Cordell & Clayton Am J Hum Genet 2002 70:124-141; Ueda et al. Nature 2003 
423:506-511) and to pinpoint potential causal variants. 
 
The pilot sample consisting of 200 CVM cases and 600 CVM controls positive for maternal 
diabetes will necessarily provide lower power for detection at genome-wide significance levels, 
providing 80% power (at p value 1x10-6) only for common and relatively strong effects (e.g. 
MAF>0.3 and OR for CVM in the presence of maternal diabetes of 2.0 or greater). Nevertheless, if 
considered as a replication sample to examine, say, the top 100 SNPs detected in the maternal 
diabetes negative cohort or candidates identified by WP2a, 2b, or 3a, one may relax the p value 
threshold and obtain 70% power to detect at p value 0.0001 a SNP with minor allele frequency of 
0.2 conferring an odds ratio for CVM (in the presence of maternal diabetes) of 1.8. Use of 600 
controls gives approximately 10% greater power than using 400 controls and is therefore 
warranted. Results from this analysis will be fed into the bioinformatics tool developed in WP3a, 
which will aid prioritization and inform hypotheses.  
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As well as examining the effect of genetic factors on risk of CVM in the presence (or not) of 
maternal diabetes, we may use statistical tests of interaction to test formally whether the genetic 
effects on CVM are the same or differ depending on the presence of maternal diabetes. Tests of 
interaction are notoriously under-powered compared to main-effects tests, and depend crucially on 
the magnitude of the main (genetic and environmental) effects assumed as well as their 
frequencies in the population and the magnitude of the interaction. This analysis is therefore 
necessarily hypothesis generating: any interesting results found will require confirmation in a larger 
cohort.  
 
Task 1c.3 - Exchange of information 
Exchange of information between the Statistical Geneticist (Professor Cordell), the Bioinformatician 
(Professor Moreau) and the geneticists (Dr Rauch, Professor Devriendt, Professor Goodship, 
Professor Keavney) to interpret findings of the association analyses. 
 
 
 

Deliverables  
1c.1 Quality controls checks carried out and association analysis completed on SNP and CNV 

genotype data from 1000 CVM patients and their parents. (18 months) 
 
1c.2 Quality controls checks carried out and association analysis completed on SNP and CNV 

genotype data from 200 CVM cases and 600 CVM controls positive for maternal diabetes; 
statistical tests of interaction to test formally whether the genetic effects on CVM are the 
same or differ between the two groups. (48 months) 

 
Milestones 
 
M1c.1 Discovering whether common variants, including copy number variants, contribute to the 

aetiology of CVM.  
 



Call HEALTH 2007-2.4.2-4  Proposal for a Collaborative project 
Congenital pathologies affecting the heart   CHeartED 

FINAL VERSION Page 37 of 87 18 SEPTEMBER 2007 

Table 1.3 c-WP2a: Work package description  

 

Work package number  2a Start date or starting event: Month 1 
Work package title Mouse model of diabetic pregnancy 
Activity Type29 RTD 
Participant number 1 2 3   
Participant short name AMC-ALC K.U. Leuven UNEW   
Person-months per 
participant: 

57 18 9   

 

Objectives  
1. Catalogue the adaptive changes in gene expression in hyperglycemic embryos and hearts, 

and define the metabolic and signaling pathways that are specifically affected. 

2. Determine the expression pattern of controlling genes in eu- and hyperglycemic embryos. 

3. Establish causality for a subset of these genes in existing mutants or in in vitro embryo 
cultures.  

 

Description of work  

 

The tasks of this work package are: 

1. The collection and preparation of embryonic samples for microarray analysis 

2. Metabolic and signaling pathway analysis of the microarray data; 

3. Visualization of the expression pattern of controlling genes in eu- and hyperglycemic embryos 

4. Testing relevant existing mouse mutants for changes in susceptibility to hyperglycemia or 
testing relevant genes for knock-down analysis in in vitro embryo cultures 

 

Task 2a.1. The collection and preparation of embryonic samples for microarray analysis 

We propose to use the mouse model of diabetic pregnancy developed by Mary Loeken (Phelan SA 
et al, 1997, Diabetes 46, 1189-1197). The offspring of the FVB (as opposed to the C57/B6) strain 
is sensitive to the teratogenic effects of hyperglycemia (Pani L et al, 2002, Diabetes 51, 2871-
2874). Diabetes is induced with streptozotocin and treated with subcutaneous "LinBit" insulin 
implants (LinShin, Canada). Beginning on day 4.5 of pregnancy (ED4.5), blood glucose levels 
increase to ~16 mmol/L (200% of normal). In this model, the relative risk of congenital 
malformations is ~3-fold increased, i.e. very comparable to the human condition. The sensitive 
period for hyperglycemia-induced malformations starts at ED7.5 (Fine EL et al, 1999, Diabetes 48, 
2454-2462). Whole embryos will be harvested at ED8.5 (~10 somites, corresponding to Carnegie 
stage 10, or 3 weeks of human development; ~4 mg) and ED9.5 (~25 somites and Carnegie stage 
12, or 3.5 weeks of human development; ~20 mg). Embryonic hearts and livers will be harvested at 
ED9.5 (tubular heart; 0.5 mg), ED10.5 (late tubular heart and liver; Carnegie stage 13, or 4 weeks 
of development; ~1 mg), ED11.5 (septating heart and liver; Carnegie stage 14, or 5 weeks of 
human development; ~2.5 mg), and ED12.5 (septated heart, hematopoietic liver; Carnegie stage 
16, or 6 weeks of human development; ~7 mg). Obviously, we need to pool hearts and livers to 

                                                
29   Please indicate one activity per work package:   
RTD = Research and technological development (including any activities to prepare for the dissemination 
and/or exploitation of project results, and coordination activities); DEM = Demonstration;  MGT = 
Management of the consortium; OTHER = Other specific activities, if applicable. 
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collect ~100 mg wet weight. With 6 microarrays per stage per organ (or 100 microarrays), we 
should be able to discriminate molecular markers that identify these groups with a power of 0.75 
and an alpha of 0.05 (Jorstad TS et al, 2007, Trends Plant Sci 12, 46-50).  
We propose to include the liver in the analysis as an organ that is resistant to the teratogenic 
effects of hyperglycemia. Normal liver development between ED10.5 and ED12.5 is dependent on 
the activity of NF� B and SAPK/JNK stress-signaling pathways (reviewed in Nishina H et al, 2004, J 
Biochem 136, 123-126), whereas neural-tube and heart development are sensitive to the 
teratogenic effects of their activation. In agreement, liver involvement is never mentioned in the 
context of malformations in the offspring of diabetic pregnancies. The comparison of heart and liver 
will reveal identify pathways that are and are not teratogenic. 
 
Task 2a.2. Metabolic and signaling pathway analysis of the microarray data 
Microarray data provides expression patterns of genes for normal versus diabetic maternal mouse 
in embryo’s heart and liver. We propose to analyze the sets of differentially expressed genes by 
searching for over-represented features (Barriot R et al, 2004, Nucl. Acids Res. 32, 3581-9, Barriot 
et al, 2007, BMC Bioinformatics, 8:332). We will focus on metabolic and signaling pathways i.e. 
KEGG-like databases and Gene Ontology biological processes. From the data, we will extract 
various lists of differentially expressed genes: 
·  between normal versus maternal hyperglycemia 
·  between different heart developmental stages 
Finally, from the set of identified impacted pathways, we will translate this information to human 
pathways and genes. 
If the pathway analysis of the microarray data produces promising candidate genes, we will 
proceed to task 3. If not, we can conclude that hyperglycemia in the embryo does not cause 
pronounced adaptive changes in gene expression. In that case, we will explore the activation or 
suppression of kinase-signaling routes with phosphoprotein-pathway mapping of ED8.5 embryos, 
as offered by among others Kinexus Bioinformatics (Vancouver, BC, Canada). Examples of 
successful application of this approach are found in Song Y-H et al, 2005, J Invest Med 53, 135-
142 and Nunez NP et al, 2006, Cancer Res 66, 5469-5476. Developmental changes in promising 
candidate phosphoproteins will be assayed in the same samples that were used to isolate RNA, 
using reverse-phase protein microarrays (Sheehan KM et al, 2005, Mol Cell Proteomics 4, 346–
355). In this approach, protein extracts of the experimental tissues are spotted in a microarray 
fashion and tested with specific phosphoprotein antibodies. An example of this approach can be 
found in Petricoin EF et al, 2007, Cancer Res 67, 3431-3440. When making the RNA extracts 
described in task 1, we will therefore also process the corresponding protein residues for use in the 
phosphoprotein assay.  
 
Task 2a.3. Visualization of the expression pattern of controlling genes in eu- and 
hyperglycemic embryos 
Whole embryos will be harvested at ED8.5-12.5 and processed for in situ hybridization as 
described (Moorman AFM et al, 2001, J Histochem Cytochem 49, 1-8). The obtained expression 
patterns will be incorporated into the Cardiogenetic Morphology Database (WP3b). In addition, we 
will quantify the development and hyperglycemia-induced changes in expression of these genes 
with a quantitative PCR assay in the samples collected under task 1.  
 
Task 2a.4. Testing relevant existing mouse mutants for changes in susceptibility to 
hyperglycemia or testing relevant genes for knock-down analysis in in vitro embryo 
cultures 
The number of mouse lines that are (conditionally) deficient for a specific gene is large and 
continues to grow, in part because of the efforts of consortia such as EUCOM and KOMP. To 
establish causality for a subset of genes with a change in expression in hyperglycemic embryos, 
we will subject mouse lines with deletions of controlling genes that exist at that time to the 
challenge protocol described under task 1 and assess to what extent (qualitatively and 
quantitatively) the offspring is protected against cardiac malformations. This approach did work 
with deletion mutants of the glucose transporter Glut-2 (Li R et al, 2007, Diabetologia 50, 682-689). 
Alternatively, we will dissect and culture wild-type embryos of the proper developmental stage in 
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hyperglycemic medium and treat them for up to 48 hours with siRNA to obtain similar data. We 
have hands-on experience with embryo culture (Westenend PJ et al, 1986, Eur J Morphol 24, 
165-180). 
 

Deliverables  

2a.1 mRNA extracts of embryonic samples for microarray analysis (9 months)  

2a.2 Metabolic and signaling pathways involved in diabetic embryopathy (24 months) 

2a.3 Visualization of the expression pattern of controlling genes in eu- and hyperglycemic embryos 
or kinase pathways (30 months)  

2a.4 Testing relevant existing mouse mutants for changes in susceptibility to hyperglycemia or 
testing relevant genes for knock-down analysis in in vitro embryo cultures (48 months) 

 
Milestones 
 
M2a.1 Metabolic and/or signaling pathways involved in diabetic embryopathy 
M2a.2 3D expression patterns of genes involved in the development of cardiac malformations due 

to maternal diabetes  

M2a.3 Identification of genes causally involved in the development of cardiac malformations due 
to maternal diabetes 
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Table 1.3 c-WP2b: Work package description  

 

Work package number  2b Start date or starting event: Month 1 
Work package title Mouse Model of outflow tract defects 

Activity Type30 RTD 
Participant number 6 1 2 3 
Participant short name VCCRI AMC-ALC K.U. Leuven UNEW 
Person-months per 
participant: 

52 1 6 1 

 

 

Objectives  

To identify new genes and pathways specifically relevant to outflow tract malformations and 
tetralogy of Fallot using molecular techniques and an Nkx2-5 hypomorphic mouse model of outflow 
tract malformation. Two types of screens will be performed: 

1. High specificity/low yield: ENU screening for enhancers and repressors of the Nkx2-5 
hypomorphic phenotype. 

2. Medium specificity/high yield: microarray and transcription factor target gene analysis to 
identify genes involved in cardiac progenitor cell identity and behavior, and altered in 
outflow tract malformation. 

 

Description of work 

 
Tasks 2b.1a-c: Set up and run an ENU screen 
We will perform tandem ENU mutagenic screens for genes that enhance or repress the phenotype 
of Nkx2-5 hypomorphic mice. These mice carry one Nkx2-5-IRES-Cre allele (which has an intact 
coding region but which is hypomorphic due to insertion of IRES-Cre into the 3’utr) and one null 
Nkx2-5-GFP allele, together expressing ~25% of the normal level of Nkx2-5 protein. We have 
established a proof of principal for repression of the hypomorphic phenotype – hypomorphic mice 
on a C57Bl/6 background die within 2 days of birth while those on a mixed genetic background live 
at least a week longer with a few mice surviving until adulthood. Unlike hypomorphs, survivors do 
not have conduction abnormalities. We have also shown that OFT defects are rescued and 
survival prolonged by deletion of one allele of Smad1 (Prall, O.W.J. et al., 2007, Cell. 128, 947-
959). The protocol for the screens is as for any standard recessive ENU screen and will involve 
crossing ENU-treated Nkx2-5-gfp/+ C57Bl/6 males with wildtype C57Bl/6 females, crossing gfp+ 
male progeny with Nkx2-5-IRES-Cre/IRES-Cre homozygous females, and scoring for cardiac 
malformations within Nkx2-5-gfp/IRES-Cre hypomorphic progeny, identifiable through expression 
of GFP from the Nkx2-5-GFP allele. We will score embryos at E15.4 days for more severe defects 
and neonates at P7-14 for rescue. Screens will be established in collaboration with the Australian 
Phenomics Facility at the Australian National University. We anticipate a low yield (estimated 1-4 
genes/year). Phenotypes that breed true will be characterized morphologically and molecularly, 
and a limited set of genes will be selected for cloning using standard mapping strategies in 
collaboration with APF. Isolated genes might be in, for example, the Bmp2/Smad1/5 pathway, 
cardiac progenitor cell proliferation pathways, transcription pathways that can globally modify the 

                                                
30   Please indicate one activity per work package:   
RTD = Research and technological development (including any activities to prepare for the dissemination 
and/or exploitation of project results, and coordination activities); DEM = Demonstration;  MGT = 
Management of the consortium; OTHER = Other specific activities, if applicable. 
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early cardiac progenitor cell program, or in compensatory growth pathways. We anticipate isolating 
key nodal-point genes within new pathways directly relevant to the hypomorphic phenotype. These 
genes will provide a template for an expanded understanding of outflow tract morphogenesis.  
 
Tasks 2b.2a-c: Microarray analysis of cardiac progenitor genes.  
We have previously used microarray to identify and characterize the Nkx2-5 negative feedback 
loop and its involvement in OFT malformations in Nkx2-5 mutants (Prall, O.W.J. et al., 2007, Cell. 
128, 947-959). Progenitor genes were identified in this study mainly because their expression 
persisted in the Nkx2-5 mutant heart tubes. We can increase the specificity of this screen 
enormously by focusing on just the progenitor populations. Recently, a number of studies have 
identified sub-populations of multipotent heart progenitors within differentiating mouse ES cells with 
correlates in the normal embryo (Moretti, A. et al., 2007, Cell 127, 1151-1165; Wu, S. M. et al., 
2007, Cell 127, 1137-1150). The Isl1 gene marks cardiac progenitor cells (Prall, O.W.J. et al., 
2007, Cell. 128, 947-959) and is essential for formation of the OFT and right ventricle (Cai, C.L. et 
al., 2003, Dev. Cell 5, 877-889). We have successfully knocked a red fluorescence protein gene 
(tdTomato) into the Isl1 locus in ES cell. This was performed in ES cells already carrying an Nkx2-
5-GFP knock in (Elliott, D.A. et al., 2006, Development 133, 1311-1322). This will now be repeated 
in Nkx2-5-GFP/Nkx2-5lacZ double knockout ES cells (null for Nkx2-5) that we also made 
previously. We will isolate different progenitor populations from ES cell cultures by FACS using 
combinations of Isl1, Nkx2-5, Flk1, ckit and Pdgfra markers on a background of heterozygosity or 
homozygosity for Nkx2-5 mutation. RNA will be isolated and amplified as in our previous study 
(Prall, O.W.J. et al., 2007, Cell. 128, 947-959) and expression profiles will be determined using 
microarray (Affimetrix platform available through the Ramaciotti Centre for Gene Function Analysis 
in Sydney [RH is on the management committee of this facility]). Such populations may have 
different cardiac potency (Moretti, A. et al., 2007, Cell 127, 1151-1165). Analogous populations 
from the embryo can be extracted and microarray performed using an RNA amplification step.. The 
study will compare gene expression signatures in different cardiac populations and reveal which 
pathways are altered by Nkx2-5 mutation. 
 
Tasks 2b.3a-c: Use of DamID and ChIP for analysis of cardiac transcription factor target 
genes.  
To complement array studies, we will use high throughput DNA sequencing of select chromatin 
fractions bound by the cardiac progenitor cell transcription factors Isl1, Tbx1 and Nkx2-5. The 
DamID method (Vogel, M.J. et al., 2007, Nature Protocols 2, 1467-1478), already under 
development in the laboratory for Isl1 and Tbx1, involves expressing a fusion between a 
transcription factor and the E.coli methylase, Dam, in relevant cell progenitors such as those above 
using lentivirus (established). Transcription factor target genes become hyper-methylated and can 
be enriched by selective PCR amplification and identified by high throughput DNA sequencing or 
hybridization to promoter gene chips. The more conventional method of chromatin 
immunoprecipitation (ChIP) using transcription factor antibodies has recently been adapted to 
small populations of cells (O’Neall, L.P. et al. 2005, Nature Genetics 38, 835-841) and we have 
proofed this method for Nkx2-5 on embryonic material. We will deploy these methods in parallel 
using high throughput sequencing technology (454 Life Sciences, Australian Genome Research 
Facility) and/or Nimbelgen genome tiling arrays as primary readout..  

 
 

Deliverables  

2b.1a Set up ENU screen (6 months) 

2b.1b Run screen and analysis of repressor or enhancer ENU strains (24 months) 

2b.1c Isolation and analysis of select gene/s from ENU screen (48 months) 

2b.2a Isolation of Isl1-RFP ES cell line (12 months) 

2b.2b Isolation of cell types for microarray analysis (18 months) 
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2b.2c Microarray analysis of cardiac progenitor cells and annotation (36 months) 

2b.3a Validation of DamID and ChIP (12 months) 

2b.3b Application of DamID and ChIP to cardiac progenitor cells (38 months) 

2b.3c Analysis of identified genes and comparison with human genes (42 months) 

 
Milestones 
 
M2b.1 Successful outputs from ENU screen 

M2b.2 Cloning of ENU genes 

M2b.3 Successful targeting of Isl1 

M2b.4 Microarray analysis of cardiac progenitor cells 

M2b.5 Application of DamID and ChIP to cardiac progenitor cells 
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Table 1.3 c-WP3a: Work package description  

 

Work package number  3a Start date or starting event: Month 1 
Work package title Genetic Bioinformatics: environmental factors influence on heart 

development gene networks, and candidate gene prioritization 
Activity Type31 RTD 
Participant number 2 1 1 6 3 
Participant short name K.U. 

Leuven 
AMC-LC AMC-HFRC VCCRI UNEW 

Person-months per 
participant: 

48 2 4 2 12 

 

Objectives  

1. Inference of gene networks for normal and abnormal heart development 

2. Inference of models for the environmental factors and their influence on heart development 

3. Development of a bioinformatics tool for congenital heart defect candidate genes 
prioritization 

 

Description of work  

The main task of this work package is to adapt and extend an existing bioinformatics tool (Aerts et 
al, 2006, Nature biotech. 24, 537-544) to the specific purposes of this project. The new tool will be 
used to prioritize candidate genes identified by Research Line 1. Analysis of the prioritization 
results will allow to select best candidate genes and to infer gene networks of heart development 
and environmental factors associated to CVM’s. 

 

Task 3a.1a Build heart specific training sets 

Training sets, i.e. sets of genes involved in a biological process or disease, serve as seeds to build 
various models used to evaluate candidate genes. To obtain heart specific training sets, we will 
extend the published literature with the expression data provided by Research Line 2. 

A manually curated list of known associations between genes and specific types of CVM’s was 
already extracted from the literature (WP4b). It consists of approximately 50 genes, 35 CVM types 
and 115 associations. 

WP2a will provide gene expression data for normal vs. diabetic maternal mouse with susceptibility 
to CVM at different developmental stages and WP2b normal versus reduced potency cardiac 
progenitor cells 

WP3b will provide temporal and spatial gene expression patterns in developing embryonic hearts. 

This task consists in integrating, crossing and analyzing these data to produce various training sets 
specific to a CVM type and a development stage. The curated associations will form the core of the 
training sets. Further refinements will be made by analyzing when and where those genes are 
expressed based on gene expression profiles in the models of WP2a and 2b and the gene 
expression patterns provided by WP3b. 

 

                                                
31   Please indicate one activity per work package:   
RTD = Research and technological development (including any activities to prepare for the dissemination 
and/or exploitation of project results, and coordination activities); DEM = Demonstration;  MGT = 
Management of the consortium; OTHER = Other specific activities, if applicable. 



Call HEALTH 2007-2.4.2-4  Proposal for a Collaborative project 
Congenital pathologies affecting the heart   CHeartED 

FINAL VERSION Page 44 of 87 18 SEPTEMBER 2007 

Task 3a.1b Build environmental factors training sets 

Maternal hyperglycemia is thought to lead to disturbed developmental pathways implicated in 
cardiac development. Therefore, there is a need to integrate in the gene prioritization process 
biological data on the cellular effects of maternal diabetes in the developing heart. Currently, little 
information is known on altered cellular processes in maternal diabetes in target tissues. First, the 
glucose response should obviously be considered. Second, there is evidence for increased 
oxidative stress in cells exposed to high glucose levels. Third, gene expression data in developing 
embryonic hearts from WP2a in normal versus maternal diabetic mice will point out additional 
affected pathways to consider. 

Signaling, glucose response, oxidative stress and other affected pathways will serve as a basis to 
build training sets that will enable to prioritize candidate genes with regards to a given 
environmental factor. Further refinements will be made by examining the overlap or closeness of 
the genes with expression data (WP2a) and known gene interactions all accessible in databases 
on the Internet (i.e. String, literature, IntAct, etc). 

 

Task 3a.2 Build models specific to heart development 

In the prioritization process, the training data are used to build models serving for the evaluation of 
the candidate genes. In addition to the existing models (protein sequence similarity, protein 
interactions, literature, Gene Ontology annotations, SwissProt/UniProt keywords, cis-regulatory 
modules, EST in tissues, in situ hybridizations, InterPro protein domains and families, KEGG 
pathways, and general expression data), the expression data from Research Line 2 will bring key 
information on heart specific gene expression in various contexts such as normal vs. maternal 
diabetic embryonic heart development at various developmental stages. From these data, two 
types of models can be inferred. First, a model consisting in the normalized gene expression ratios 
in which profiles corresponding to training genes will be used to evaluate the candidates. Second, 
a model consisting in an ordered list of genes and their probability to be involved in the observed 
phenotype which will be used to prioritized the candidate genes. 

 

Task 3a.3 Set up a hierarchical prioritization method 

The current prioritization tool works with one training set and several models. Having multiple 
training sets corresponding to various constraints (heart development stage, type of CVM, 
environmental factor), we need to revise the prioritization workflow accordingly. We have a 
preliminary set up for hierarchical prioritization. The idea is to perform multiple prioritizations based 
on different training sets and merge the (sub-)prioritizations results. This is similar to prioritizing 
candidate genes based on various models and merge the prioritizations results (merging the 
ordered list of candidate genes). However, when merging prioritization results, an equal weight is 
given to each sub-prioritization and this is why we introduce the hierarchical merging of ordered 
lists of candidate genes. Indeed, preliminary work indicates that hierarchically merging 
prioritizations yields both better and more easily interpretable results. 

 

Task 3a.4 Prioritize candidates and analyze results 

After building the specific training sets and models, we will prioritize the hundreds of candidate 
genes identified by Research Line 1. In the light of data generated by WP2a, 2b, and 3b data, the 
best candidates will be selected. This process of results analysis and candidates selection requires 
collaboration amongst CVM experts. We are currently in the pre-testing phase of a knowledge 
base system developed for human cardiac genetics. This knowledge base provides gene-CVM’s 
curated associations linked to external references and databases. The system allows the 
annotation of genes, CVM’s and associations between those, to prioritize candidate genes, and to 
store and display association studies results. Additionally to serve as a collaboration platform for 
the analysis of the results, the system will also be used in WP4b to disseminate and provide 
access to the produced data and the discovered knowledge. 
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Task 3a.5 Build networks of genes (best candidates) involved in heart development and 
interactions with environmental factors 

After selecting the best candidate genes, we will make use of the existing knowledge and data to 
build gene networks of the developing heart. To achieve this task, we will rely on the published 
literature and the interactions databases (i.e. BIND, DIP, IntAct, String, KEGG, etc) The knowledge 
base system for human cardiac genetics is currently extended to allow the interactive and 
collaborative construction and annotation of such gene networks. 

 
 

Deliverables 

3a.1a Training set for CVM (month 6) 

3a.1b Training set for tetralogy of Fallot (month 6) 

3a.1c Training sets for heart developmental stages (month 30) 

3a.1d Training set for glucose response (month 30) 

3a.1e Training set for oxidative stress (month 30) 

3a.2 Model for gene expression profiles of embryonic hearts in normal vs. maternal diabetic 
mouse (month 30) 

3a.3 Tool for hierarchical prioritization (month 12) 

3a.4a Set of best candidates of heart development and environmental response genes from all 
data available Research Lines 1 and 2. (month 48)  

3a.4b Create a collaborative knowledge base, annotation and results analysis system from all 
data available Research Lines 1 and 2. (month 48) 

3a.5 Genes network for heart development and environmental impact (month 48) 

 

Milestones 

M3a.1 Cross validated training sets both heart specific and for environmental factors 

M3a.2 Heart development model performances 

M3a.3 First release of the hierarchical prioritization tool 

M3a.4 Prioritizations results 

M3a.5 Heart development gene networks 

M3a.6 Environmental factors interactions gene networks 

 



Call HEALTH 2007-2.4.2-4  Proposal for a Collaborative project 
Congenital pathologies affecting the heart   CHeartED 

FINAL VERSION Page 46 of 87 18 SEPTEMBER 2007 

Table 1.3 c-WP3b: Work package description  

 

Work package number  3b Start date or starting event: Month 1 
Work package title Genetic Morphology:  

3D gene expression atlas of cardiac development 
Activity Type32 RTD 
Participant number 1 2 3 9 1 
Participant short name AMC-HFRC K.U. Leuven UNEW MRC AMC-KIK 
Person-months per 
participant: 

168 12 18 4 8 

 

 

Objectives  

1. Generate a Cardiogenetic Morphology Database (CMD) based on a standard series of 3D 
reconstructions of heart development, the expression patterns of 12 key marker genes and 
genetic annotation of cardiac compartments. 

2. Develop an application to help researchers to automatically match (series) of individual 
cardiac sections to the reference series, to add gene expression information from these 
sections to the CMD and to display the association of the gene expression patterns with 
patterns of genes contained in the CMD.  

3. Map novel genes involved in cardiac development into the CMD, and test hypotheses on 
their role in the signaling pathways.  

 

Description of work  
Gene-expression profiling with high throughput platforms and genetic-linkage studies are leading to 
the identification of a steadily increasing number of genes involved in heart development and 
cardiac malformation. To fully exploit this treasure trove of gene expression data for the research 
on the genetic regulation of cardiac development, the description of patterns of gene-expression 
within the different compartments of the embryonic heart are an absolute requirement. Standard 
morphological techniques for in situ localization of specific mRNAs and proteins provide 
information on these local patterns of gene activation in sections. However, these 2D images are 
difficult to interpret within the intricate 3D context of the developing heart, which in turn has lead to 
controversies that are semantic rather than observational and thus disappointing and contra 
productive. For the exchange of genetic information within the scientific community, a 
comprehensive morphological reference is required.  
Often only a subset of sections is stained because the user does not have access to a complete 
series or chooses to stain only “representative” sections. These 2D gene-expression images are 
hard to interpret when only a mental 3D image can be formed and not every researcher has the 
required expertise. We aim to provide these researchers with a tool to automate this task.  
Over the last years, our group has generated a set of 3D reconstructions of mouse heart 
development based on sections in which the myocardial component was stained specifically 
(Soufan A.T et al. 2003, Physiol Genomics 18, 187-195). A similar set of heart reconstructions 
based on HREM processed embryos, will serve as a reference series of the development of the 
myocardium. Our protocol for quantitative 3D reconstructions provides data on cell proliferation 
and cell size in each part of the heart as well as the local correlations of these variables in different 
cardiac compartments (Soufan A.T et al. 2007, J Microsc 225, 269-274). 

                                                
32   Please indicate one activity per work package:   
RTD = Research and technological development (including any activities to prepare for the dissemination 
and/or exploitation of project results, and coordination activities); DEM = Demonstration;  MGT = 
Management of the consortium; OTHER = Other specific activities, if applicable. 
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Currently we are developing, in collaboration with the department of Clinical Informatics (AMC) a 
program that researchers can use to automatically fit individual sections into this standard series of 
hearts. This program compares an input section of unknown orientation with a set of virtual 
sections through the standard series. The comparison is based on a hierarchical set of ‘decisions’ 
ranging from global properties of the section (size, tissue area) to detailed alignment measures. A 
prototype of this program is now being tested (De Boer B.A. 2007, In Press).  
One of the main problems of the annotation of cardiac compartments is in the recognition of 
boundaries. This problem is augmented by the fact that the expression domains of key regulatory 
genes will by definition only be part of existing compartments. Because the common use of 
anatomical names is too inconsistent to provide an adequate reference, a novel approach, dubbed 
‘genetic annotation’ will provide the 3D framework. In this approach the expression domains of a 
limited set of marker genes is used to discriminate the different cardiac components. Table 1 
shows that the accepted compartments, and sub-domains thereof, of the embryonic day (E) 9.5 
mouse heart can be discriminated with the expression patterns of 8 marker genes. 
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Tbx18 + - - - - - - - - - - - + 
Islet1 - + - - - - - - + + + - - 
Nkx2-5 - + + + + + + + + + + - - 
Tbx1 - - - - - - - - - + - - - 
cTnI - + + + + + + + + - - - - 
Tbx2 + + - + + - - + + - - + - 
ANF - - + - - + + - - - - - - 
Mlc2v - - - + + + + + - - - - - 

Table 1. Example of marker genes for distinctive compartments in the E9.5 embryonic heart.  
 
At this developmental stage, Tbx1 is only expressed in the anterior component of the Islet1- and 
Nkx2-5-positive second heart field (SHF). Therefore, these three markers can already discriminate 
between myocardium (Nkx2-5+, Islet1-, Tbx1-), posterior SHF (Nkx2-5+, Islet1+, Tbx1-) and 
anterior SHF (Nkx2-5+, Islet1+, Tbx1+). (Buckingham M. et al. 2005, Nat Rev Genet 6, 826-835; 
Kelly R.G. & Papaioannou V.E. 2007, 236, 821-828; Christoffels V.M. 2006, Circ Res 98, 1555-
1563) Similarly, Mlc2v allows discrimination between ventricular and atrial myocardium, but not 
between primary myocardium (AVC, inner curvature, proximal OFT) or chamber myocardium); 
ANF, on the other hand discriminates between primary (ANF-) and chamber myocardium (ANF+), 
but not between atria and ventricles. However, together these two marker genes allow 
discrimination of atrial chamber from ventricular chamber and from primary myocardium. Extension 
of the list in Table 1 with Tbx3, Smad6, Connexin-40 and Pitx2 allows the similar genetic 
annotation of the known cardiac compartments at stage E11.5 and E13.5, as well as the 
discrimination of the left atrium, left AVC and left sinus horn (Pitx2+) from the right counterparts 
(Pitx2-). (Franco D. et al. 2000, Circ Res 87, 984-991) We previously showed that at E11.5 the 
developing atria can be sub-divided based on the expression domain of ANF and Connexin-40 
(Soufan A.T. et al. 2004, Circ Res 95, 1207-1215) 
In practice, 3D reconstructions of serial sections stained for each of these marker genes will be 
mapped onto the standard reference model. For each of the marker genes this will result in a 3D 
binary map of gene expression which can also be implemented as a 3D Boolean matrix 
representing the expression pattern. Binary AND, OR and XOR operations on these matrices will 
then be used for the analysis of co-localization, the comparison of expression domains with 
accepted cardiac components and the visualization of the positive as well as negative associations 
between genes. The great advantage of this genetic annotation approach is that it is fully 
independent of prior recognition of anatomic boundaries.  
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Task 3b.1. To avoid artifacts introduced by histological processing, the standard series of 
embryonic hearts will be acquired using recently developed HREM imaging (Weninger W.J. et al. 
2006, Anat Embryol 211, 213-221) in cooperation with T. Mohun (MRC-NIMR, London). HREM 
involves the imaging of the tissue block before sectioning and results in perfectly aligned image 
stacks without deformation of the anatomical structure. The HREM image stack will be used to 
generate a 3D reference reconstruction for each stage. We will start with three developmental 
stages (E9.5, E11.5 and E13.5) but this series can be extended when the results of other work 
packages require this.  

Task 3b.2. A new computer application that TRaces the Anatomical Context of single Tissue 
Sections (TRACTS), will not only assist the researchers to automatically position their individual 
sections of the heart but will also enable the mapping of the gene expression information contained 
in those stained sections into the standard series. A prototype of the TRACTS application is being 
tested. TRACTS will be further developed and will become fully operational as part of this project.  

Task 3b.3. For each of the above marker genes a timed series of 3D reconstructions will be 
prepared. The expression patterns of these genes will be mapped onto the standard 3D 
reconstruction series using the TRACTS application. Binary operations will be used to determine 
the spatial associations between gene expression patterns and thus to genetically define cardiac 
compartments at each developmental stage resulting genetically annotated cardiac development 
series of cardiac development, dubbed Cardiogenetic Morphology Database (see also WP4b, Task 
4b.2). 
Task 3b.4. In the second part of the CHeartED project the genetically annotated standard series of 
heart development will be used to add the expression patterns of novel genes originating from the 
research of the other work packages or literature to the Cardiogenetic Morphology Database. 
 
 

Deliverables  

3b.1 Operational version of TRACTS based on a standard series of 3D reconstructions of mouse 
heart development (E9.5, E11.5 and E13.5) (month 12) 

3b.2 Comparison of genetic annotation based on mapping of 5 markers in each of the 3 
developmental stages with expert anatomical annotation of developing hearts (month 24) 

3b.3 Mapping of all markers in all developmental stages and visualization of genetic annotation in 
the Cardiogenetic Morphology Database (month 36) 

3b.4 Operational system for mapping of novel genes into the Cardiogenetic Morphology Database 
(month 48) 

 

Milestones 

M3b.1 Completion of the standard series of 3D reconstructions of heart development 

M3b.2 TRACTS becomes operational as stand-alone application 

M3b.3 First display of a genetically annotated heart based on five marker genes 
M3b.4 Completion of the fully genetically annotated standard series 
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Table 1.3 c-WP4a: Work package description  

  

Work package number  4a Start date or starting event: Month 1 
Work package title Project Management 
Activity Type33 MGT 
Participant number 1     
Participant short name AMC-Coordinator     
Person-months per 
participant: 

36     

 

 

Objectives  
1. The management activities should be instrumental for a proper and timely implementation 

of the activities.  
2. The management activities will secure the coordination and integration between the other 

activities in order to reach synergistic effects.  
3. The starting point is that a project needs a clear and distinct description of roles, 

responsibilities and tasks also in order to allow for a proper accountability along the 
(financial) guidelines of the European Commission, the partner organizations and the 
principles of accountancy.  

 

 

 

Description of work  
 
The project management structure is described in chapter 2.1.  
 
Task 4a.1 Establish and Recruit Members of the Project Management Team (PMT) 
Most of the members of the PMT have already been selected. The Project Manager will be 
recruited out of a selection of suitable candidates. Prof. A. Moorman will be the Project Coordinator 
and he will organize a 1-day meeting of the PMT at the start of the project for team building and 
discussing general implementation aspects. Afterwards the PMT will meet every week.  
 
Task 4a.2 Prepare the Administration and Organization (A&O) of CHeartED 
The Project Manager, the Controller and possibly an external expert will prepare the A&O of the 
project, important for a proper implementation of the project as it defines the roles, responsibilities 
and procedures. In this process the (financial) guidelines of the European Commission and the 
A&O of the project coordinator’s organization will be used. The A&O will be put for approval by the 
project coordinator’s auditor. The A&O should be finalized in month 3 of the project. 
 
Task 4a.3 Daily Management of the Project 
The Project Coordinator will lead the team, but mainly focus on scientific issues. The Project 
Manager will be responsible for the day-to-day management and as such lead the team.  
 
Task 4a.4 Prepare Annual Reports 
At the end of each Project year the Consortium shall prepare an Annual Report for the Commission 
and a Final Report at the end of the Project 

                                                
33   Please indicate one activity per work package:   
RTD = Research and technological development (including any activities to prepare for the dissemination 
and/or exploitation of project results, and coordination activities); DEM = Demonstration;  MGT = 
Management of the consortium; OTHER = Other specific activities, if applicable. 
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Task 4a.5 Organization of the CHeartED Kick-off Meeting and Conferences  
CHeartED will start with a kick-off meeting soon after the official start of the project and organize 
one conference every following year.  
Invited speakers will include prominent members of the CHeartED External Scientific Advisory 
Committee and other leading scientists in the field. The conference will have an important function 
in disseminating the gist of the project externally, as well as stimulate communication amongst 
members, in particular between basic and clinical scientists. The conference is expected to draw 
prominent scientist from all over the world, as well as promising junior researchers, for whom side 
workshops will be organized (see also task 4a.6) 
 
Task 4a.6 Organize (tele) Meetings with CHeartED External Scientific Advisory Committee 
The CHeartED ESAC will meet during the kick-off meeting of the Consortium and will be invited to 
all annual Conference meetings. During the second annual meeting the ESAC will asked to 
comment on the scientific progress of the project. 
 
Task 4a.7 Organize Workshops 
The workshops will be held on the premises of one of the partners depending on the subject and 
the availability of workshop leaders.  
In first instance the workshops will be open to around 20 young researchers from the partner 
institutions and CHeartED will cover the cost for travel and subsistence. Participants from other 
organizations will be provided with the opportunity to attend against a cost-covering fee. 
 
 

Deliverables (brief description and month of delivery) 

4a.1 Establish Members of the Project Management Team (month 1) 

4a.2 Prepare the Administration and Organization of CHeartED (month 3) 

4a.3 Daily Management of the Project (month 1-12) 

4a.4 Prepare Annual and Final reports (months 14, 26, 38, 50) 

4a.5 Organize CHeartED Conference and Prepare Meetings Plan (month 2) 

4a.6 Organize (tele) Meetings with CHeartED External Scientific Advisory Committee (month 5) 

4a.7 Organize at least two Workshops (month 12) 

 

Milestones 

M4a.1 Annual Reports 

M4a.2 Kick-off Meeting in year 1 

M4a.3 Three Annual Meetings in years 2 to 4 

M4a.4 At least two Workshops per year (years 1-4) 

 



Call HEALTH 2007-2.4.2-4  Proposal for a Collaborative project 
Congenital pathologies affecting the heart   CHeartED 

FINAL VERSION Page 51 of 87 18 SEPTEMBER 2007 

Table 1.3 c-WP4b: Work package description  

 

Work package number  4b Start date or starting event: Month 1 
Work package title Dissemination 
Activity Type34  
Participant number 2 1 3    
Participant short name K.U.-Leuven AMC-HFRC UNEW    
Person-months per 
participant: 

18 12 4    

 

Objectives  

1. Facilitate the exchange of the gene association, transcriptional network and genetic 
morphology results of CHeartED both between the participants of the project, with the 
scientific community and with the public. 

2. Enable the contribution of third parties to the databases developed within CHeartED. 

 

Description of work  
 
Task 4b.1 Cardiogenetics Knowledge Database. 
We are developing a Wiki-based information system designed for the collaborative study of 
pathogenesis of Cardiovascular Malformation or Congenital Heart Disease, dubbed “CHD-Wiki” 
(http://homes.esat.kuleuven.be/~bioiuser/chdwiki). A Wiki has many appealing features such as 
collaborative user-friendly publication, essential for curation and peer review and maintaining up to 
date information. However, a major obstacle for its use is that, unlike databases, it completely 
lacks structure and semantics, which prevents the use of further computational knowledge 
discovery approaches. To benefit from both the Wiki flexibility and the databasing advantages, we 
extended the MediaWiki platform to allow the inclusion and the interaction with external data and 
programs. The current online project already contains genes associated to CHDs (local curated 
database) and an interactive view of this information on chromosomes. We aim to add tools and 
knowledge generated in this project, i.e. genetic associations, gene expression data, gene-
environment interactions, CHD candidate gene prioritization (Endeavour based) on easily 
selectable training genes associated to specific CHD types. Additional to the current views of the 
prioritization results, the ranked candidates will be displayed in the context of gene networks to 
gain more insight in the underlying biological processes. The website will be made publicly 
available both for consultation and contribution. 
 
Task 4b.2 Cardiogenetics Morphology Database. 
The genetically annotated standard series of mouse cardiac development (WP3b) will become 
available for consultation and contribution by the consortium partners and the scientific community 
during the course of the project. Additionally input of new (series of) individual sections into the 3D 
Cardiogenetic Morphology Database (CMD) and the consultation of already collected data will be 
made available. An essential step in the setup of the CMD is the automatic fitting of individual 
sections c.q. series of sections into a reference series of 3D reconstructions of heart development. 
A prototype for such automated fitting application -dubbed TRACTS- was developed in Matlab and 
is being tested (see WP 3b, Task 3b.2). In WP4b, we aim to develop a web-based interface for 
TRACTS, allowing users to interact with the reference series and to fit their individual sections into 

                                                
34   Please indicate one activity per work package:   
RTD = Research and technological development (including any activities to prepare for the dissemination 
and/or exploitation of project results, and coordination activities); DEM = Demonstration;  MGT = 
Management of the consortium; OTHER = Other specific activities, if applicable. 
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these series. Additionally, this web-interface will be expanded to enable the transfer of gene-
expression information from these sections into the CMD and with output of the association of this 
gene expression pattern with those of the various genes contained within the CMD. The genes 
contained in the CMD will be coupled to the CHD-Wiki (WP4b.1) via their unique ensemble ID. 
 
Task 4b.3 CHeartED Website 
The CHeartED website will be based on the FP6 HeartRepair site (www.heartrepair.eu) because of 
its functional similarities (i.e. private domain, public access level, factual information, publications, 
contact list etc.). The new design and any required functional changes will be done in the AMC by 
the webmaster of the HeartRepair site. The initial content of the site will be generated (and 
updated) by the dissemination manager (to be named). The site will be established during the first 
five months of the project and during the next 12 months, the CHD-Wiki (WP4b.1) will be 
integrated by the K.U. Leuven team (Task 4b.1; partner 2). Initially access to the CHeartED 
website will be restricted ac defined by the PMT in conformity with the recommendations of the 
CHeartED ESAC. In the second part of the project, the Cardiogenetic Morphology Database 
(CMD) generated by partner AMC (WP3b and WP4b.2) will also be integrated with this website. 
The CHeartED website will thus serve to provide access for consultation of - and contribution to - 
both the CHD-Wiki and CMD. The public access level will also host the information aimed at the 
scientific and industrial communities and the general public. 
 
Task 4b.4 Brochures 
The first edition of a CHeartED brochure is planned for month 7 of the project. 
The brochure will be designed and produced, edited by the DM in consultation with design 
specialists and relevant partners of the Consortium. The Project Manager, will organize production 
of the brochure. The final text and design will be approved by the Consortium Council before 
publication in English. 
 
 

Deliverables  

4a.1 Cardiogenetics Knowledge Database: CHD-Wiki. 

4a.1a A list of all known genes mutated in non-syndromic Congenital Heart Disease (CHD)  

 (month 2) 

4a.1b A list of all known genes mutated in syndromic CHD (month 2) 

4a.1c A list of known chromosomal aberrations associated with a CHD (month 6) 

4b.1d A list of known linkage intervals for human CHD (month 6) 

4b.1e A list of loci with a genetic association with CHD (month 48) 

4b.1f A tool to perform genome wide gene prioritization (ENDEAVOUR) (month 12) 

4b.1g A list of all known environmental factors associated with CHD (month 6) 

4b.1h For each gene & environmental factor add known gene environment interactions (month 6) 

 

4b.2 Cardiogenetics Morphology Database. 

4b.2.1 web-based interface for automatic matching of sections to the reference series of heart 
developments (TRACTS; month 18) 

4b.2.2 expansion of the interface to enable the input of gene-expression information in the 
Cardiogenetic Morphology Database (month 24) 

4b.2.3 expansion of the interface to display association of gene-expression patterns and expert 
annotated anatomy (month 30). 
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4b.2.4 expansion of interface to display association of gene-expression patterns of various genes 
contained within the Cardiogenetic Morphology Database (CMD; month 30).  

4b.2.5 Coupling of the Congenital Heart Disease-Wiki to the CMD (month 24-30) 

 

4b.3 CHeartED website 

4b.3.1 Establishment of the initial site, based on the FP6 HeartRepair site (5 months) 

4b.3.2 Generation of initial content (4b.3.1 + 1 month) 

4b.3.3 Integration of Congenital Heart Disease-Wiki into the CHeartED website (4b.3.1 + 12 
months) 

4b.3.4 Integration of TRACTS (3b.2.1) into the CHeartED website (18 months) 

4b.3.5 Integration of Cardiogenetic Morphology Database into the CHeartED website (30 months) 

 

4b.4 Four CHeartED brochures (months 7, 18, 30 & 42) 

 

Milestones 

M4b.1 First guest on the CHeartED website. 

M4b. 2 First user of the web-based interface of TRACTS 

M4b.3 First user of the CMD  
M4b.4 First guest on the CHD-Wiki 

M4b.5 Mailing of 1st Brochure CHeartED 
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Table 1.3d  Summary of staff effort  

 
 

Participant 
no./short 
name 

WP1a WP1b WP1c WP2a WP2b WP3a WP3b  WP4a WP4b Total 
person 
months 

1 - AMC    57 1 6 176 36 12 288 

2 - K.U. 
Leuven 3  9 18 6 48 12  18 114 

3 - UNEW 36 2 38 9 1 12 18  4 120 

4 - UMCU 24         24 

5 - CNG  12        12 

6- VCCRI     52 2    54 

7 – UoB 24         24 

8 – FAU 3         3 

9- MRC       4   4 

10- CHW 3         3 

Total 93 14 47 84 60 68 210 36 34 646 
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Table 1.3e   List of milestones  

 

Milestone 
number 

Milestone name WP(s) 
involved 

Expected 
date 35 

Means of 
verification36 

M1a.1 Preparation of high quality DNA 
collections from well-defined groups of 
patients with cardiovascular malformation 
along with parental samples for study 1 
and control samples for study 2. 

1a Month 24 Field survey 
complete and 
data validated 

M1b.1 Completion of genotyping of samples 
sent for tetralogy of Fallot study and 
offspring of diabetic pregnancy study and 
basic data checks to provide clean data 
for statistical analysis. 

1b Month 30 Genotyping 
data complete 
and QC 
checked 

M1c.1 Discovering whether common variants, 
including copy number variants, 
contribute to the aetiology of CVM.  

1c Month 36 Data 
published and 
entered in 
Wiki-DB 

M2a.1 Metabolic and signaling pathways 
involved in diabetic embryopathy 

2a Month 36 Metabolic and 
signaling 
pathways 
map 

M2a.2 3D expression patterns of genes involved 
in the development of cardiac 
malformations due to maternal diabetes  

2a, 3b Month 30 3D 
expression 
patterns 

M2a.3 Identification of genes causally involved 
in the development of cardiac 
malformations due to maternal diabetes 

2a, 3a Month 48 Names of 
genes 

M2b.1 Successful outputs from ENU screen 2b Month 21 Isolation of 
strains with or 
without 
hypomorphic 
phenotype 

M2b.2 Cloning of ENU genes 2b Month 48 Confirmation 
of DNA 
mutation 

M2b.3 Successful targeting of Isl1 2b Month 12 Molecular 
analysis and 
confirmation 
of RFP 
expression in 
cell culture 

M2b.4 Microarray analysis of cardiac progenitor 
cells 

2b Month 36 Aquisition of 
array data 

                                                
35 Measured in months from the project start date (month 1). 
36 Show how you will confirm that the milestone has been attained. Refer to indicators if appropriate. For 
example: a laboratory prototype completed and running flawlessly; software released and validated by a user 
group; field survey complete and data quality validated. 
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Milestone 
number 

Milestone name WP(s) 
involved 

Expected 
date 37 

Means of 
verification38 

M2b.5 Application of DamID and ChIP to 
cardiac progenitor cells 

2b Month 42 Appropriate 
target gene 
controls and 
data 
collection 

M3a.1 Cross validated training sets both heart 
specific and for environmental factors 

3a, RL1 42 months Availability in 
CHD-Wiki 

M3a.2 Heart development model performances 3a 42 months Availability in 
CHD-Wiki 

M3a.3 First release of the hierarchical 
prioritization tool 

3a 12 months Availability in 
CHD-Wiki 

M3a.4 Prioritizations results 3a 42 months Availability in 
CHD-Wiki 

M3a.5 Heart development gene networks 3a 48 months Availability in 
CHD-Wiki 

M3a.6 Environmental factors interactions gene 
networks 

3a 48 months Availability in 
CHD-Wiki 

M3b.1 Completion of the standard series of 3D 
reconstructions of heart development  

3b Month 12 Available for 
viewing 

M3b.2 TRACTS becomes operational as stand-
alone application 

3b Month 12 Software 
validation 

M3b.3 First display of a genetically annotated 
heart based on five marker genes 

3b Month 24 Available for 
viewing 

M3b.4 Completion of the fully genetically 
annotated standard series 

3b Month 36 Available for 
viewing 

M4a.1 Annual Reports 4a Months 
14, 26, 38, 
50 

Printed 
reports 
available 

M4a.2 Kick-off Meeting in year 1 4a Month 2 Printed 
program 

M4a.3 Three Annual Meetings in years 2 to 4 4a Months 
15, 27, 39 

Printed 
program 

M4a.4 At least two Workshops per year (years 
1-4) 

4a Months 9, 
21, 32, 44 

Workshop 
reports in 
Annual 
Report 

M4b.1 First guest on the CHeartED website.  4b, 4a, 3a Month 6 Web server 
log 

                                                
37 Measured in months from the project start date (month 1). 
38 Show how you will confirm that the milestone has been attained. Refer to indicators if appropriate. For 
example: a laboratory prototype completed and running flawlessly; software released and validated by a user 
group; field survey complete and data quality validated. 



Call HEALTH 2007-2.4.2-4  Proposal for a Collaborative project 
Congenital pathologies affecting the heart   CHeartED 

FINAL VERSION Page 57 of 87 18 SEPTEMBER 2007 

 

Milestone 
number 

Milestone name WP(s) 
involved 

Expected 
date 39 

Means of 
verification40 

M4b.2 First user of the web-based interface of 
TRACTS 

4b Month 18 Registration 
of external 
use 

M4b.3 First user of the CMD 4b, 3b Month 30 Registration 
of external 
use 

M4b.4 First guest on the CHD-Wiki 4b, 3a Month 24 Registration 
of external 
use 

M4b.5 Mailing of 1st Brochure CHeartED 4b Month 8 Brochure 

 
 
 

                                                
39 Measured in months from the project start date (month 1). 
40 Show how you will confirm that the milestone has been attained. Refer to indicators if appropriate. For 
example: a laboratory prototype completed and running flawlessly; software released and validated by a user 
group; field survey complete and data quality validated. 
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1.3.8 Graphical presentation of the components showing their interdependencies 
 
The relationships and interrelationships between the research lines are clearly set out in the Pert 
diagram below. As can be seen, the information flow between the lines and work packages is 
strongly integrated. This will allow the culmination into a dissemination line, which will be 
responsible for the organization and release of structured information to the international 
community 
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2. IMPLEMENTATION 
 
 
2.1 Management structure and procedures  
 
The management activities should be 
instrumental for a proper and timely 
implementation of the activities 
described in Section 1. Moreover, the 
management activities will secure the 
coordination and integration between 
the other activities and will thus help to 
reach synergistic effects within the 
Project. Furthermore, the starting point 
is that a project needs a clear and 
distinct description of roles, 
responsibilities and tasks to allow for a 
proper accountability along the 
(financial) guidelines of the European 
Commission, the partner organizations 
and the principles of accountancy.  
 
The main reason for choosing this 
project management structure (see 
figure) is that it should optimally 
facilitate the mission statement of the 
project. It will contribute to the 
fulfillment of the objectives, the 
implementation of activities and allow 
for optimal risk management.  
 
Moreover, this structure takes into consideration that the project involves partners in different 
countries with different cultures and administrative and financial structures. To achieve the 
project’s goal the work plan has been divided into 3 Research Lines (RL) and 1 Dissemination line. 
 
 
2.1.1 Management Levels 
 
Project Coordinator (PC) 
Prof. Dr A.F.M. Moorman, will be responsible for the internal and external communication, 
including the (report and financial) obligations to the EU. He will be in charge of the Project 
Management Team and chair the Board and the Council. Professor Moorman has vast project 
management experience; he is head of the Department of Anatomy & Embryology at the AMC; 
Director of the Molecular Cardiology Program, a joint venture between the AMC and the 
Netherlands Heart Foundation; Director of the Heart Failure Research Centre and Coordinator of 
the FP6 integrated project HeartRepair.  
 
Council 
Role Governing Council: Approve major decisions and Scientific Reports 
Composition: all partners & WP leaders  
The Council will meet annually and every partner is expected to be present or to be represented. 
During the 2-day Annual Meeting, the Council will meet and discuss the progress of the project and 
the need to make alterations in the structure, scientific direction and the composition of the 
Consortium. Moreover, it is the platform for major scientific elaborations. The Conference will be 



Call HEALTH 2007-2.4.2-4  Proposal for a Collaborative project 
Congenital pathologies affecting the heart   CHeartED 

FINAL VERSION Page 60 of 87 18 SEPTEMBER 2007 

organized by the Project Manager in cooperation with the local host. The Annual Meeting may be 
combined with activities of the training program.  
 
Board  
Role Executive Board: Make major decisions 
Composition: Project Coordinator (Chairman) and Research Line Leaders 
The Board is the highest operating body of the project. It takes major decisions on the direction of 
the project’s scientific objectives and activities as presented in the Implementation Plan. The Board 
will review the Implementation Plan at its biannual meeting and make the necessary adjustments. 
Moreover, the Board is responsible for the approval of the (financial) progress and final reports to 
the European Commission.  
 
Project Management Team (PMT) 
Role: day-to-day management of the project 
Composition: Project Coordinator (Chair), Project Manager, Project Financial Controller, internal advisors 
The Project Management Team (PMT) will be responsible for the overall scientific and non-
scientific (e.g. legal, financial and ethical) management of this Integrated Project. The Project 
Coordinator (PC) will be overall responsible for the PMT but is focused on the scientific 
management of the project. The Project Manager, Dr Ruth van der Gaag, PhD, will be responsible 
for the non-scientific management. She has experience as the Project Manager of the FP6 
Integrated Project “HeartRepair”, which has 21 partners in 8 countries. She will arrange for 
specialist support on legal, ethical and Intellectual Property Rights (IPR) related matters when 
required. They will be supported by a Financial Controller (FC) who will guard the proper 
implementation of the Administrative Organization (roles, rules & procedures), that will be prepared 
before the start of the project. The Dissemination Manager (DM), to be named, will develop and 
manage knowledge dissemination, training and mobility activities in close cooperation with the WP 
leaders. 
 
Research Line Leaders (RLL) 
Role: Guard scientific excellence of the R&D line, form a binding element for WPL and liaise with other R&D 
Leaders. 
Composition: high potential European researchers 
The Research Line Leaders play a crucial role in guarding the scientific excellence of the project. 
They have been selected on their scientific merits and ability for visionary thinking on science 
beyond the state of the art. All these leaders are internationally recognized scientists and lead 
renowned research groups and/or institutions. Their role is to develop and guard the scientific 
content of the R&D line, form a binding element between the work packages in their R&D line and 
supervise their scientific progress. They liaise with the other Research Line Leaders on the 
strategic objectives of the project and its scientific excellence. They are members of the CHeartED 
Board.  
 
Work Package Leaders (WPL) 
Role: manage the implementation of the R&D activities, guard scientific excellence of work package and 
liaise with other WP Leaders. 
Composition: high potential European researchers 
The WPL’s play a crucial role in guarding the scientific excellence of the project and are 
instrumental in implementing the R&D activities, producing the milestones and deliverables, 
therewith contributing to the fulfillment of the scientific objectives of the project. The WPL’s are 
selected on their high potential for scientific excellence already proven by excellent key 
publications.  
The work packages consist of tasks and are managed by WPL and implemented in general by 
more than one partner. The WPL is responsible for the coordination between these partners and 
for monitoring the progress of the activities in the WP’s. The WPL will liaise with the Coordinator on 
the progress and need for alterations. Moreover, they will communicate with other WPL’s to 
facilitate the smooth transition of results and coordinate joint activities 



Call HEALTH 2007-2.4.2-4  Proposal for a Collaborative project 
Congenital pathologies affecting the heart   CHeartED 

FINAL VERSION Page 61 of 87 18 SEPTEMBER 2007 

External Scientific Advisory Committee (ESAC) 
Role: challenge and guard the scientific excellence and quality 
Composition: 4 top researchers in the field 
Guarding scientific excellence and social relevance is very important for the Project. The proverbial 
professional blindness should be avoided. Therefore an active role is foreseen for the advisory 
body, the ESAC is the scientific consciousness of the project. The members are all authorities in 
their respective fields and will receive the scientific progress reports for comments and for advice 
and in this capacity they will be invited to the Annual Conference. They will report directly to the 
Council and act as a ‘scientific help desk’ to the Board. 
The consortium has succeeded in having the following world-leading scientists in the ESAC: 
 

1. Prof Robert H. Anderson, Institute of Child Health, University College, London 
2. Prof Margaret Buckingham, Institut Pasteur, Paris 
3. Dr Ed Lammer, Children’s Hospital Oakland Research Institute, California 
4. Dr Dietrich Rebholz-Schuhmann, European Bioinformatics Institute, Hinxton UK 
 

Robert H. Anderson, BSc, MD, FRCPath has recently retired as Joseph Levy Professor of Cardiac 
Morphology at University College, London. He continues to work at University College as Emeritus 
Professor, and has been appointed Visiting Professor at the University of Newcastle, Emeritus 
Professor at the University of Manchester. Thus, he will remain active in the field of the structure 
and development of the normal and congenitally malformed heart. He is recognized as the world’s 
foremost expert in this field. 
His current work focuses on the morphological development of the venous and arterial poles of the 
heart, and the relationship between normal and abnormal development. He is also actively 
studying the development of the cardiac conduction tissues, and the structure of the ventricular 
myocardium. 
 
Margaret Buckingham, B.A., M.A., D.Phil, is currently appointed as Research Director (DR1) in the 
C.N.R.S. and Professor/Director of the Department of Developmental Biology (Pasteur Institute). 
Her research group of has worked for many years on the molecular regulation of myogenesis and 
more recently on cellular aspects of cardiogenesis. The group has recently carried out an 
extensive lineage analysis of cardiomyocytes using a genetic approach. Current work is mainly 
focused on the embryonic cell populations which contribute to the heart. In particular they are 
studying this in the context of outflow tract formation, both in terms of myocardial precursors and of 
the neural crest contribution, using different Pax3 alleles generated in the laboratory.  
 
Ed Lammer, MD has made major contributions to identifying environmental causes of birth defects. 
Clinical studies he conducted helped establish the teratogenicity of vitamin A and related retinoids. 
He and his colleagues recently established that maternal tobacco use in early pregnancy doubles 
the risk of congenital orofacial deformities such as cleft lip and cleft palate and have also identified 
an interaction between smoking and TGF-alpha variants such that fetuses with one genetic variant 
are ten times more sensitive to the consequences of maternal smoking. The focus of his current 
work is investigating interaction of genetic variants with maternal folic acid intake to identify the 
molecular mechanism by which folate supplementation protects against neural tube defects. 
 
Dietrich Rebholz-Schuhmann MD, PhD, is a group leader at the European Bioinformatics Institute, 
the largest bioinformatics research center in Europe. He is a medical doctor by training with 
additional training in computer science. His research focuses on bioinformatics knowledge 
discovery, primarily using text-mining strategies. He has developed EBIMed, an automated system 
for annotation of MEDLINE abstracts with gene/protein names and biomedical concepts. His 
expertise on knowledge discovery and management will be of great added value to the project. 
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2.1.2 Decision Making Mechanisms and Responsibilities 
The table below summarizes the decision-making mechanisms between the various bodies of the 
project. 
 
Body Role Reports 

to 
Decision 
making level 

Final 
Responsibil
ity 

Meetings or 
other contacts 

Council Legislative 
Responsibility 

 Strategic-
Approval 

Council: 
One vote per 
partner 

Annually 

Board Executive board 
Prepares 
Implementation 
Plan 

Council Strategic-
Operational 

Board Meeting at least 
twice a year. 
Other contact by 
phone or email 

Project 
Manage
ment 
team 
(PMT) 

Day-to-day general 
Management 
Monitoring of the 
Implementation 
Plan 

Board Operational  Project 
Coordinator 

Weekly 

Research 
Line 
Leaders 
(RLL) 

Management R&D 
clusters 
Implementation 

Co-
ordinator 

Strategic, 
Operational & 
Scientific 
Tasks 

RL- Leaders 6x/year 

WP- 
Leaders 
(WPL) 
 

Implementation RLL Operational 
Tasks 

WP- Leaders 10x/year 

WP-
leader 
Dissemin
ation 

Implementation, 
IPR, training 

RLL 4 Dissemination DM Manager Monthly with 
Coordinator 

 
 
Consortium Changes 
Partners are obliged to fulfill their tasks and roles as described in the project implementation plan. 
The PMT will be in charge of monitoring partners’ performance and bringing any lack of 
performance to the attention of the partner in question. The PMT will help in finding solutions to 
improve performance. If, however, a partner or one of its affiliates shows a durable 
malperformance, the PMT will advise the Board to put forward a request to remove the partner or 
its affiliate from the project. 
If for any reason a partner or one of its affiliates is asked to withdraw from the consortium as it can 
no longer fulfill its obligations, it shall provide full cooperation to find a suitable solution by providing 
assistance in finding a replacement or in transferring tasks to other consortium partners. Together 
with the leaving partner, the relevant WP Leader will propose a solution to the Board. The Board 
would then present the solution for a vote in the Council. If the majority is in favor and the 
Commission agrees, the solution presented will be accepted and implemented. 
 
Contingency planning 
Although not expected, if the project fails to meet a major milestone within the allocated time frame 
the intertwined and the independent nature of the individual research lines provide a natural 
contingency plan. Progress will always be made within the individual lines, this usually being in the 
productive form of publication in the scientific press. Further, with continuing advancement in the 
field of genome analysis, new techniques for data acquisition and analysis constantly arise and we 
feel that keeping abreast of such technology is actually a prerequisite for a proposal such as this. 
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Contingency planning then becomes reassessment and dissemination of new ideas and 
approaches at regular intervals, permitting the streamlining of the approach being taken. 
 
Knowledge Management, Building Trust and Support 
Knowledge management is the responsibility of the Training and Dissemination Manager as he/she 
will develop and maintain the knowledge dissemination plan. Knowledge management is an 
important aspect which will partly determine the scientific success of the project in the longer term 
through proactively stimulating and ensuring high-quality publications in scientific journals.  
Acquired knowledge will be made publicly available through the CHeartED website consisting of a 
Wiki-based website augmented with databasing capabilities and analysis tools (Task 4b.1). The 
Wiki architecture allows an instantaneous availability of the knowledge as soon as it is discovered 
and collaboratively entered in the database. Access for consultation can be granted on a: per user, 
per group policy or made completely public. The same applies for modification access. This 
website is intended to be the main resource on the genetics of CVM for the community. 
Dissemination of results and (internal/external) knowledge management will be performed through 
activities such as: 
1- Proactive dissemination via a publicly accessible website 
2- Creation of an internal (protected) web-enabled project organization 
3- Publications in national and international peer reviewed journals 
4- Presentations and demonstrations at national and international seminars 
5 -Organizing workshops and conferences 
 
Intellectual Property Rights (IPR) can be a highly valuable asset resulting from the research 
activities performed. Timely identification of the IPR potential of project results is therefore critical. 
Assurance on the identification of IPR potential from the project is anchored in the periodic 
progress reports coming from the Work package Leaders. If an important scientific discovery is 
identified, whether arising in whole or in part from the work conducted under the project, the DM 
Manager will be informed via the usual communication route. 
The DM Manager will maintain regular communications with the WPL’s and also scrutinize all data 
posted on the internal project website in order to identify such findings at an early stage. The DM 
Manager will then alert the Project Coordinator, who will consult with the heads of laboratories 
concerned to determine the correct way of handling the IPR issue(s) appropriate to the case and in 
conformity with the Consortium Agreement and the national or institutional policies of the 
participant(s) concerned. Where appropriate, the consortium will engage the services of an SME 
subcontractor on behalf of those involved in the new finding or technology to determine its IPR 
potential. The IPR expert organization will be invited to produce a report describing the potential of 
the discovery and advising the next steps to be undertaken. Depending on the outcome, 
procedures to be elaborated in the knowledge dissemination plan will be activated to ensure that 
the optimal potential can be secured, with appropriate delays before open publication. 
 
 
2.2  Individual participants 

 
See next pages 
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Partner 1:  Academic Medical Centre (Coordinator) Amsterdam, the Netherlands 
The Academic Medical Centre (AMC) encompasses the Academic Hospital and the Medical 
Faculty of the University of Amsterdam. The AMC has 600 positions dedicated to research. 
Cardiac research is clustered in the Heart Failure Research Centre (HFRC), which has as unifying 
research theme the understanding of myocardial function to obtain inroads into clinical 
applications. The centre harbors 10 principal investigators and their groups. Research ranges from 
(1) basic mechanisms of cardiac development and transcriptional programming, (2) basic 
mechanisms of ion transport and the relation with the development of arrhythmias, (3) 
cardiogenetics of arrhythmias, congenital malformations and cardiomyopathies, to (4) quantitative 
3D-reconstructions of patterns of gene expression and proliferation in normal and genetically 
modified developing mice. The department of Medical Informatics is an interdisciplinary department 
aimed at supporting, steering and evaluating patient care using methods and techniques native to 
the information sciences. 
The Heart Failure Research Centre laboratories are in excess of 2000 square meter. They are well 
equipped for state of the art molecular, cellular and embryological research, including tissue 
culture, animal surgery and excellent computing facilities. The laboratory has access to a suite of 
core facilities of the AMC including DNA sequencing, a mouse transgenic facility and a variety of 
cell sorting and microscopy modalities. 
AFM Moorman, PhD, is Professor of Embryology & Molecular Biology of Cardiovascular Diseases, 
Head of the Department of Anatomy & Embryology, Coordinator of: the Netherlands Heart 
Foundation Molecular Cardiology Program, the AMC Heart Failure Research Centre and the FP6 
Program HeartRepair. He is well respected for his multidisciplinary approach to cardiac 
developmental research encompassing all aspects of morphological and molecular study. VM 
Christoffels, PhD, is associate professor and principal investigator in the Heart Failure Research 
Centre. He has a strong background in gene regulation and cardiac development and will organize 
the 3D marker studies in WP3b. JM Ruijter, PhD, is a biostatistician and image & data analyst. He 
has an outstanding reputation on quantitative PCR analysis and quantitative 3D reconstruction. He 
will lead WP3b on the genetic morphology and the construction of the embryonic cardiac 
expression database. AT Soufan PhD will be the webmaster. FPJM Voorbraak, PhD , is assistant 
professor medical informatics (AMC-KIK) and will participate in WP3b. He is a trained 
mathematician and logician, with ample experience in the field of reasoning with uncertainty in 
artificial intelligence, and its applications to robotics and the analysis of gene expression. WH 
Lamers, MD, PhD, is professor of Anatomy & Embryology (AMC-ALC). He has a longstanding 
interest in cardiac morphology, liver development and the molecular mechanisms underlying 
metabolic zonation. He has broad experience with a variety of experimental rat and mouse models, 
among which the diabetic model, to study developmental regulation of metabolism. He will lead 
WP2a. TBM Hakvoort, PhD, participant in WP2a, has a broad experience with embryonic mouse 
models and metabolic pathway studies including differential screening of gene expression. Three 
AMC technicians, will be involved in the in situ hybridization analysis and 3D reconstruction. 
Sample references demonstrating expertise of the AMC group 
Hoogaars WM, Engel A, Brons JF, Verkerk AO, de Lange FJ, Wong LY, Bakker ML, Clout DE, Wakker V, Barnett P, 

Ravesloot JH, Moorman AFM, Verheijck EE, Christoffels VM (2007) Tbx3 controls the sinuatrial gene program and 
imposes pacemaker function on the atria. Genes & Development. 21: 1098-1112 

Habets PEMH, Moorman AFM, Clout DEW, van Roon MA, Lingbeek M, Lohuizen M, Christoffels VM (2002) 
Cooperative action of Tbx2 and Nkx2.5 inhibits ANF expression in the atrioventricular canal: implications for cardiac 
chamber formation. Genes & Development 16:1234-1246 

Soufan AT, van den Berg G, Ruijter JM, de Boer PAJ, van den Hoff MJB, Moorman AFM (2006) Regionalized 
sequence of myocardial cell growth and proliferation characterizes early chamber formation. Circ Res 99:545-552 

Soufan AT, van den Hoff MJB, Ruijter JM, de Boer PAJ, Hagoort J, Webb S, Anderson RH, Moorman AFM (2004) 
Reconstruction of the patterns of gene expression in the developing mouse heart reveals an architectural arrangement 
that facilitates the understanding of atrial malformations and arrhythmias. Circ Res 95:1207-1215 

Ruijter JM, Soufan AT, Hagoort J, Moorman AFM (2004) Molecular imaging of the embryonic heart: fables and facts on 
3D imaging of gene expression patterns. Birth Defects Res Part C Embryo Today 72:224-240 

Ramakers C, Ruijter JM, Lekanne Deprez RH, Moorman AFM (2003) Assumption-free analysis of quantitative real-time 
polymerase chain reaction (PCR) data. Neurosci Lett 339:62-66 

Moorman AFM, Christoffels VM (2003) Cardiac Chamber Formation: Development, Genes & Evolution. Physiol Rev 
83:1223-1267 

Lamers WH, Moorman AFM (2002) Cardiac septation: a late contribution of the embryonic primary myocardium to heart 
morphogenesis. Circ Res 91:93-103 
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Partner 2: Katholieke Universiteit Leuven, Leuven, Belgium  
The bioinformatics team at K.U.Leuven (ESAT-SCD) counts about 30 researchers active in 
systems biology, in particular the analysis of regulatory networks, microarray data analysis, 
analysis of cis-regulatory sequence, integrative analysis of multiple data sources, and probabilistic 
and machine learning models for all these applications. It has developed Endeavour the first tool to 
integrate numerous types of genomics data for the prioritization of candidate genes 
(www.esat.kuleuven.be/endeavour). Prof. Yves Moreau is a bioinformatician and an associate 
professor of engineering, expertise in gene prioritization, microarray data analysis. He is one of 
three PIs coordinating the bioinformatics team of the University of Leuven 
(www.kuleuven.be/bioinformatics). His work is directed towards the development of computational 
methods for systems biology with a focus on human biology (systems biomedicine). Relevant 
expertise for the project includes microarray data analysis, interaction networks, fusion of multiple 
types of high-throughput data, and knowledge engineering.  
In the Center for Human Genetics in Leuven clinical and molecular geneticists investigate different 
aspects of genetic diseases, e.g. developmental disorders, cancer and neurological diseases. The 
total staff is above 250 people. Prof. Koen Devriendt is professor in embryology and genetics at the 
K.U. Leuven, Senior Clinical Investigator of the FWO-Vlaanderen and Head of Clinic at the Clinical 
Genetics Unit. His expertise is in the clinical and molecular characterization of human 
developmental disorders-. Unique assets are the combination within a single center of expertise in 
both clinical genetics and state-of-the art technology in (molecular) cytogenetics and molecular 
biology and access to patients and families through intensive collaborations with the congenital 
heart disease clinic (Prof. M. Gewillig), for which Leuven is a referral center. 
Yves Moreau (P.I.) and Koen Devriendt collaborate formally through SymBioSys the K.U.Leuven 
Center for Computational Systems Biology (www.kuleuven.be/symbiosys), is an interfaculty 
platform that brings together top expertise in bioinformatics, statistics, and life sciences from 7 
K.U.Leuven partners. The consortium builds upon existing bioinformatics research and 
collaborations between the consortium partners. The consortium focuses its work on three work 
packages addressing three main challenges in computational systems biology: (1) gene 
prioritization by genomic data fusion, (2) regulatory module discovery, and (3) network inference. 
Those topics, especially Theme 1, are of direct relevance to the proposal. 
Other personnel involved in the project: Roland Barriot, postdoc, gene prioritization and knowledge 
engineering. Leo Tranchevent, Ph.D. student, gene prioritization. B. Thienpont, Ph.D. student and 
Jeroen Breckpot, Ph.D. student, identification of CVM genes. Postdoc, to be hired, gene 
prioritization, Ph.D. student, to be hired, microarray data analysis & knowledge management 
 
Sample references demonstrating expertise of the KUL group: 
Thienpont B, Mertens L, de Ravel T, Eyskens B, Boshoff D, Maas N, Fryns JP,Gewillig M, Vermeesch JR, Devriendt K. 

Submicroscopic chromosomal imbalances detected by array-CGH are a frequent cause of congenital heart defects in 
selected patients. Eur Heart J. 2007 in press Mar 23. 

De Bie T, Tranchevent LC, van Oeffelen LM, Moreau Y. Kernel-based data fusion for gene prioritization. Bioinformatics. 
2007 Jul 1;23(13):i125-32. 

Lage K, Karlberg EO, Storling ZM, Olason PI, Pedersen AG, Rigina O, Hinsby AM, Tumer Z, Pociot F, Tommerup N, 
Moreau Y, Brunak S. A human phenome interactome network of protein complexes implicated in genetic disorders. 
Nat Biotechnol. 2007 Mar;25(3):309-16. 

Aerts S, Lambrechts D, Maity S, Van Loo P, Coessens B, De Smet F, Tranchevent LC, De Moor B, Marynen P, Hassan 
B, Carmeliet P, Moreau Y. Gene prioritization through genomic data fusion. Nat Biotechnol. 2006 May;24(5):537-44. 

Durinck S, Moreau Y, Kasprzyk A, Davis S, De Moor B, Brazma A, Huber W. BioMart and Bioconductor: a powerful link 
between biological databases and microarray data analysis. Bioinformatics. 2005 Aug 15;21(16):3439-40. 

Moreau Y, Aerts S, De Moor B, De Strooper B, Dabrowski M. Comparison and meta-analysis of microarray data: from 
the bench to the computer desk. Trends Genet. 2003 Oct;19(10):570-7. 

Van Esch, P. Groenen, M.A Nesbit, S Schuffenhauer, P Lichtner, G Vanderlinden, B Harding, R Beetz, RW. Bilous, I 
Holdaway, NJ. Shaw, JP Fryns, W Van de Ven, RV Thakker & Devriendt K. GATA3 haplo-insufficiency causes 
human HDR syndrome. Nature. 2000;406:419-22 

I. Stalmans, D. Lambrechts, V. Compernolle, J. Wang, S. Maity, F. Desmet, P. Kneer, , C. Maes, M. Gewillig, A. Swillen, 
T. Boetel, M. Dewerchin, L. Moons, B. Morrow, P. Scambler, G. Carmeliet, C.V. Esguerra, A. Behn-Krappa, K. 
Devriendt, D. Collen, S.J. Conway and P.Carmeliet. VEGF: a modifier of the del22q11 (DiGeorge) syndrome? Nat 
Med. 2003 ;9(2):173-82. 

Peeters H, Voz ML, Verschueren K, De Cat B, Thienpont B, Schellens A, Belmont JW, David G, Van De Ven WJ, Fryns 
JP, Gewillig M,Huylebroeck D, Peers B, Devriendt K. Sesn1 is a novel gene for left-right asymmetry and mediating 
nodal signaling. Hum Mol Genet. 2006 ;15:3369-77. 
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Partner 3: The Institute of Human Genetics, Newcastle upon Tyne, United  
 
Newcastle University has grown from a school of medicine and surgery established in Newcastle in 
1834, to become one of the top 10 UK universities, measured by the volume of its externally 
funded research. The hospitals in Newcastle continue to be partners, both in teaching and 
research, of the University’s Faculty of Medicine.  The four investigators involved in collection of 
patient samples (Professor Judith Goodship, Dr Gillian Hawthorne, Professor Bernard Keavney 
and Dr Christopher Wren) are physicians with joint hospital/ university appointments. Professor 
Goodship, Professor Keavney and Professor Cordell have research groups in the Institute of 
Human Genetics, a flagship Research Institute within the University that obtained the highest 
possible rating in the last Assessment Exercise of Research in the UK. Professor Burn, Head of 
the Institute of Human Genetics, made valuable contributions to understanding CVM sibling and 
offspring recurrence risks. Professor Keavney, whose expertise is in large-scale genetic 
epidemiology studies, holds a British Heart Foundation Chair of Cardiology. Professor Goodship’s 
expertise is in clinical genetics and cardiovascular malformations; she will oversee DNA handling in 
WP1a. The tetralogy of Fallot samples that Newcastle will contribute to this study were collected 
under the auspices of the British Heart Foundation funded CHANGE Study (Congenital Heart: a 
National Gene-Environment study) which is co-ordinated from Newcastle by Professors Goodship 
and Keavney. .Professor Heather Cordell heads the statistical genetics group and she will lead 
WP1c. Dr Deborah Henderson, also based at the Institute of Human Genetics, leads a British 
Heart Foundation funded group investigating outflow tract development in mouse models. Dr 
Gillian Hawthorne was a member of the UK National Steering Framework for diabetes and 
pregnancy and the National Confidential Enquiry into Maternal and Child health CEMACH diabetes 
program. CEMACH has made national recommendations on the management of diabetic 
pregnancy. Dr Hawthorne has been running the Northern Diabetic Pregnancy Survey for thirteen 
years and will organize collection of UK samples from offspring of diabetic mothers (WP1a). Dr 
Christopher Wren is a pediatric cardiologist in Newcastle upon Tyne and also an honorary senior 
lecturer in epidemiology at the Institute of Child Health, University College, London. He has 
published widely on the epidemiology of congenital heart disease. 
 
Sample references demonstrating expertise of the Newcastle Group 
Henderson DJ, Phillips HM, Chaudhry B. Vang-like 2 and noncanonical Wnt signaling in outflow tract development. 

Trends Cardiovasc Med. 2006;16(2):38-45 
Phillips HM, Murdoch JN, Chaudhry B, Copp AJ, Henderson DJ. Vangl2 acts via RhoA signaling to regulate polarized 

cell movements during development of the proximal outflow tract. Circ Res. 2005;96(3):292-9 
Ruiz-Perez VL, Tompson SW, Blair HJ, Espinoza-Valdez C, Lapunzina P, Silva EO, Hamel B, Gibbs JL, Young ID, 

Wright MJ, Goodship JA. Mutations in two nonhomologous genes in a head-to-head configuration cause Ellis-van 
Creveld syndrome. Am J Hum Genet. 2003;72(3):728-32 

Ye Z, Liu EH, Higgins JP, Keavney BD, Lowe GD, Collins R, Danesh J. Seven haemostatic gene polymorphisms in 
coronary disease: meta-analysis of 66,155 cases and 91,307 controls. Lancet. 2006;367(9511):651-8  

Biernacka JM, Cordell HJ. Perils and pitfalls of permutation tests for distinguishing the effects of neighbouring 
polymorphisms. Genet Epidemiol. 2006;30(7):582-9.  

Cordell HJ. Estimation and testing of genotype and haplotype effects in case-control studies: comparison of weighted 
regression and multiple imputation procedures. Genet Epidemiol. 2006;30(3):259-75.  

Knowles R, Griebsch I, Dezateux C, Brown J, Bull C, Wren C. Newborn screening for congenital heart defects: a 
systematic review and cost-effectiveness analysis. Health Technol Assess. 2005;9(44):1-168.  

Bateman DN, McElhatton PR, Dickinson D, Wren C, Matthews JN, O'Keeffe M, Thomas SH. A case control study to 
examine the pharmacological factors underlying ventricular septal defects in the North of England. Eur J Clin 
Pharmacol. 2004;60(9):635-41.  

Wren C, Birrell G, Hawthorne G. Cardiovascular malformations in infants of diabetic mothers. Heart. 2003;89(10):1217-
1220.  

Goodship J, Cross I, LiLing J, Wren C. A population study of chromosome 22q11 deletions in infancy. Arch Dis Child. 
1998;79(4):348-51.  

Splitt M, Wright C, Sen D, Goodship J. Left-isomerism sequence and maternal type-1 diabetes. Lancet. 
1999;354(9175):305-6 

Burn J, Brennan P, Little J, Holloway S, Coffey R, Somerville J, Dennis NR, Allan L, Arnold R, Deanfield JE, Godman M, 
Houston A, Keeton B, Oakley C, Scott O, Silove E, Wilkinson J, Pembrey M, Hunter AS. Recurrence risks in offspring 
of adults with major heart defects: results from first cohort of British collaborative study. Lancet 1998 351(9099):311-6 
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Partner 4: University Medical Centre Utrecht, Utrecht, the Netherlands  
 
The University Medical Center Utrecht is, together with the AMC Amsterdam, the largest University 
Medical Center in the Netherlands. 
The departments of Obstetrics and Internal Medicine have a fast experience regarding diabetes 
and pregnancy, and have executed a nationwide study on pregnancy outcome in women with type-
1 diabetes. Moreover they have performed a large series of studies, relating maternal blood 
glucose control to embryonic and fetal development and growth. Currently they are involved in a 
follow-up study of all infants born from women with type-1 diabetes born in the Netherlands in the 
year 2000, to study the relationship between glucose control and pregnancy outcome, with 
development at the age of 7 years.( Grant Dutch Diabetes Foundation) 
Professor Gerard H.A. Visser MD, PhD is head of the Department of Obstetrics and principal 
investigator regarding these studies The current scientific personnel involved with research on 
diabetes and pregnancy further include dr Harold de Valk, MD, PhD, Maarten Rijpert, MD & PhD 
student and Margo Graatsma, MD & PhD student. 
About 20 PubMed publications on diabetes and pregnancy, see below 
 
Sample References demonstrating expertise of the UMCU group 
van Leeuwen M, Zweers EJ, Opmeer BC, van Ballegooie E, Ter Brugge HG, de Valk HW, Mol BW, Visser GH. 

Comparison of accuracy measures of two screening tests for gestational diabetes mellitus. Diabetes Care. 2007 Aug 
17; [Epub ahead of print]  

de Valk HW, van Nieuwaal NH, Visser GH. Pregnancy outcome in type 2 diabetes mellitus: a retrospective analysis 
from the Netherlands. Rev Diabet Stud. 2006 Fall;3(3):134-42. Epub 2006 Nov 10.  

Kerssen A, de Valk HW, Visser GH. Increased second trimester maternal glucose levels are related to extremely large-
for-gestational-age infants in women with type 1 diabetes. Diabetes Care. 2007 May;30(5):1069-74.  

Manten GT, Sikkema MJ, Voorbij HA, Visser GH, Bruinse HW, Franx A. Risk factors for cardiovascular disease in 
women with a history of pregnancy complicated by preeclampsia or intrauterine growth restriction. Hypertens 
Pregnancy. 2007;26(1):39-50.  

Kerssen A, de Valk HW, Visser GH. Increased second trimester maternal glucose levels are related to extreme large-
for-gestational age infants in women with type 1 diabetes mellitus. Diabetes Care. 2007 Aug 6; [Epub ahead of print].  

Kerssen A, de Valk HW, Visser GH. Forty-eight-hour first-trimester glucose profiles in women with type 1 diabetes 
mellitus: a report of three cases of congenital malformation. Prenat. Diagn. 2006 Feb;26(2):123-7.  

Kerssen A, de Valk HW, Visser GH. Do HbA1c levels and the self-monitoring of blood glucose levels adequately reflect 
glycaemic control during pregnancy in women with type 1 diabetes mellitus? Diabetologia. 2006 Jan;49(1):25-8. Epub 
2005 Dec 9.  

Kerssen A, De Valk HW, Visser GH. Validation of the Continuous Glucose Monitoring System (CGMS) by the use of two 
CGMS simultaneously in pregnant women with type 1 diabetes mellitus. Diabetes Technol Ther. 2005 Oct;7(5):699-
706; discussion 707-9.  

Kerssen A, de Valk HW, Visser GH. The Continuous Glucose Monitoring System during pregnancy of women with type 
1 diabetes mellitus: accuracy assessment. Diabetes Technol Ther. 2004 Oct;6(5):645-51.  

Kerssen A, de Valk HW, Visser GH. Sibling birthweight as a predictor of macrosomia in women with type 1 
diabetes.Diabetologia. 2005 Sep;48(9):1743-8. Epub 2005 Jul 14.  

Visser GH, Evers IM, Kerssen A, de Valk HW. [Diabetes and pregnancy; the prevention of hypoglycaemia] Ned Tijdschr 
Geneeskd. 2005 Jan 22;149(4):172-6. Review. Dutch.  

Kerssen A, de Valk HW, Visser GH. The Continuous Glucose Monitoring System during pregnancy of women with type 
1 diabetes mellitus: accuracy assessment. Diabetes Technol Ther. 2004 Oct;6(5):645-51.  

Evers IM, de Valk HW, Visser GHA, Risk of complications of pregancy in women with type 1 diabetes: nationwide 
prospective study in the Netherlands. Brit Med Journal , 2004 
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Partner 5:  Centre National de Génotypage, Institut Génomique, Commissariat à 
  l’Energie Atomique, Evry, France  
 
The CNG was established with the objective to establish national and international collaborations 
with the scientific community for the identification of the genetic basis of disease. The CNG has 
implemented a battery of platforms for handling and storing of biological resources, genotyping, 
expression profiling, DNA methylation analysis and protein analysis, bioinformatics and statistical 
genetics. New platforms are being developed, implemented and updated on a continuous basis 
taking account of on-going technology developments in genomics and related disciplines. A DNA 
banking facility manages 200,000 DNA samples. The CNG receives 35,000 biological samples and 
performs 20,000 DNA extractions annually. The DNA banking facility manages 200,000 samples at 
present. Extensive quality control procedures are applied to all DNA samples that are used at the 
CNG. An Illumina genotyping platform with six liquid handling robots and 5 scanners which allows 
analysis of 576 DNA samples per week, while two Affymetrix systems allow analysis of 250 
additional DNA samples per week. These systems are predominantly used for whole genome 
genotyping in association studies. Smaller and more targeted projects benefit from genotyping with 
Illumina GoldenGate, Applied Biosystems SNPlex, TaqMan and fluorescent Sanger DNA 
sequencing platforms. The CNG maintains 4 MegaBACE 500 DNA Analysis System for 
microsatellite genotyping. The CNG also has platforms for DNA methylation, RNA profiling and 
proteomic analysis. Recently a Solexa/Illumina 1G sequencer was incorporated. The overall 
operation is supported centralised quality control, computerized sample tracking (LIMS), 
technology development and statistical analysis. With this operation the CNG has in the last eight 
years contributed to more than 300 collaborative projects which have given rise to over 400 
publications (see http://www.cng.fr/en/publications/index.html). 
The CNG is directed by Prof. Mark Lathrop. Key members are : Dr. Ivo Gut (Director of the 
Department of Technology Development), Prof. Fumihiko Matsuda (Head of Gene Discovery), Dr. 
Diana Zelenika (Programme Manager), Dr. Simon Heath (Head of Statistical Analysis), Dr. Jörg 
Tost (Group Leader Epigenetics group), Dr. Susanne Schwonbeck (Proteomics), Dr. Cécile Julier 
(Head of Functional Genomics), Dr. Anne Boland (Head Biological Resources), D. Lechner (senior 
engineer supervising the Illumina genotyping platform). Other CNG staff will contribute to this 
project through their activity in sample preparation, genotyping and data QC. 
The CNG has approximately 100 staff with a distribution of females to males of 60:40 overall and 
50:50 on the level of scientists. 
The CNG will carry out whole-genome association and additional genotyping of DNA samples 
entering into the study. Alleles at SNP sites and copy-number variants will be scored. After QC, the 
genotype data will be distributed to analysis groups using software developed at the CNG. 
The CNG has extensive experience in large-scale genotyping in studies of human genetic 
diseases. 
  
Sample references demonstrating expertise of the CNG Group 
 Menzel S, Garner C, Gut I, Matsuda F, Yamaguchi M, Heath S, Foglio M, Zelenika D, Boland A, Rooks H, Best S, 

Spector TD, Farrall M, Lathrop M, Thein SL. A QTL influencing F cell production maps to a gene encoding a zinc-
finger protein on chromosome 2p15. Nat Genet. 2007  

Moffatt MF, Kabesch M, Liang L, Dixon AL, Strachan D, Heath S, Depner M, von Berg A, Bufe A, Rietschel E, 
Heinzmann A, Simma B, Frischer T, Willis-Owen SA, Wong KC, Illig T, Vogelberg C, Weiland SK, von Mutius E, 
Abecasis GR, Farrall M, Gut IG, Lathrop GM, Cookson WO. Genetic variants regulating ORMDL3 expression 
contribute to the risk of childhood asthma. Nature. 2007 Jul 26;448(7152):470-3. 

Thein SL, Menzel S, Peng X, Best S, Jiang J, Close J, Silver N, Gerovasilli A, Ping C, Yamaguchi M, Wahlberg K, Ulug 
P, Spector TD, Garner C, Matsuda F, Farrall M, Lathrop M. Intergenic variants of HBS1L-MYB are responsible for a 
major quantitative trait locus on chromosome 6q23 influencing fetal hemoglobin levels in adults. Proc Natl Acad Sci U 
S A. 2007 Jul 3;104(27):11346-51. 

Fischer J, Lefevre C, Morava E, Mussini JM, Laforet P, Negre-Salvayre A, Lathrop M, Salvayre R. The gene encoding 
adipose triglyceride lipase (PNPLA2) is mutated in neutral lipid storage disease with myopathy. Nat Genet. 2007 
Jan;39(1):28-30.  

Libioulle C, Louis E, Hansoul S, Sandor C, Farnir F, Franchimont D, Vermeire S, Dewit O, de Vos M, Dixon A, Demarche 
B, Gut I, Heath S, Foglio M, Liang L, Laukens D, Mni M, Zelenika D, Van Gossum A, Rutgeerts P, Belaiche J, 
Lathrop M, Georges M. Novel Crohn disease locus identified by genome-wide association maps to a gene desert on 
5p13.1 and modulates expression of PTGER4. PLoS Genet. 2007 Apr 20;3(4):e58 
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Partner 6: Victor Chang Cardiac Research Institute, Sydney, Australia  
 
The Victor Chang Cardiac Research Institute (VCCRI) is a leading cardiac biomedical research 
institute in Australia and internationally and has over 130 staff. It is affiliated with the University of 
New South Wales (UNSW) and is part of a research precinct which includes the Garvan Institute of 
Medical Research, St. Vincent’s Public and Private Hospitals and the Centre for Immunology. 
Research topics include cardiac development, endogenous cardiac stem cells, molecular and 
genetic cardiology, genetics of human cardiomyopathy, arrhythmias and congenital heart disease, 
electrophysiology, epigenetics, RNA biochemistry, bioinformatics and structural biology.  
The VCCRI is a modern institute equipped for state-of-the-art cellular and molecular biology, small 
and large animal husbandry and surgery of the highest standards, imaging, molecular cardiology, 
human genetics and patient trials including stem cell therapy clinical trials, computing, protein 
structural analysis and electrophysiology. Core services include animal house, FACS analysis, 
DNA genotyping and sequencing, microscopy, gene targeting and transgenesis, 
echocardiography/ECG, and animal surgery. 
 
Prof Richard P Harvey (Sydney, Australia) is Deputy Director and Head of the Developmental 
Biology Division at VCCRI and the Sir Peter Finley Professor of Heart Research at UNSW. He is a 
pioneer in the investigation of the molecular mechanisms underlying cardiac development and 
specializes in genetic analysis in animal models and genetic screening in mouse and humans 
Postdoctoral fellows in the Harvey laboratory will be involved in the research. Owen Prall 
established the Nkx2-5 hypomorphic model and will set up the ENU screen and participate in 
analysis of strains and genes in WP2b. Romaric Bouveret will be involved in targeting ES cells and 
establishing the DamID technique. Daniel Schaft will be involved in establishing the ChIP 
technique. Requested personnel will be involved in all aspects of the project focusing on 
microarray, ChIP and cloning ENU genes. 
 
Sample References demonstrating expertise of the VCCRI group 
Siero F, Biben C, Martinez-Munoz L, Mellado M, Ransohoff RM, Li M, Woehl B, Leung H, Groom J, Batten M, Harvey 

RP, Martinez-A, Mackay CR, Mackay F. The chemokine receptor CXCR7/RDC1 is required for aortic and pulmonary 
valve morphogenesis. Proc. Natl. Acad. Sci (USA) in press (August 2007)  

Kirk EP, Sunde M, Costa MW, Rankin SA, Wolstein O, Castro MK. Butler TL, Hyun C, Guo G, Otway R, Mackay JP, 
Waddell LB, Cole AD, Hayward C, Keogh A, Macdonald P, Griffiths L, Fatkin D, Sholler GF, Zorn AM, Feneley MP, 
Winlaw DS, Harvey RP. Mutations in cardiac T-box factor TBX20 are associated with diverse cardiac pathologies, 
including defects of septation and valvulogenesis, and cardiomyopathy. American Journal of Human Genetics 
2007, 81:280-291  

Prall, OWJ, Menon MK, Solloway MJ, Watanabe Y, Zaffran S, Bajolle F, Biben C, McBride JJ, Robertson BR, Chaulet H, 
Stennard FA, Wise N, Schaft D, Wolstein O, Furtado MB, Shiratori H, Hamada H, Black BL, Saga Y, Robertson EJ, 
Buckingham ME, Harvey RP. A Nkx2-5/Bmp2/Smad1 negative feedback loop orchestrates cardiac progenitor cell 
specification and proliferation in the second heart field. Cell 2007; 128:947-959.  

Kirk EP, Hyan C, Martin ICA, Biben C, Thomson PC, Buckley MF, Moran C, Harvey RP. Quantitative trait loci modifying 
cardiac atrial septal morphology and risk of patent foramen ovale in the mouse. Circulation Research 2006; 98:651-
658.  

Elliott DA, Solloway MJ, Wise N, Biben C, Costa M, Furtado MB, Lange M, Dunwoodie S, Harvey RP. A Tyrosine-Rich 
Domain within Homeodomain Transcription Factor Nkx2-5 is an Essential Element in the Early Cardiac Transcriptional 
Regulatory Machinery. Development 2006; 133:1311-1322 [Journal Cover].  

Stennard FA, Costa MW, Lai D, Biben C, Furtado MB, Solloway MJ, McCulley DJ, Leimena C, Preis JI, Dunwoodie SL, 
Elliott DE, Prall OWJ, Black BL, Fatkin D, Harvey RP. Murine T-box transcription factor Tbx20 acts as a repressor 
during heart development, and is essential for adult heart integrity, function and adaptation. Development 2005; 
132:2451-462.  

Von Both I, Silvestri C, Erdemir T, Lickert H, Walls JR, Henkelman RM, Rossant J, Harvey RP, Attisano L, Wrana JL. 
Foxh1 is essential for development of the anterior heart field. Developmental Cell 2004; 7:331-345.  

Chen F, Kook H, Milewski R, Gitler AD, Lu MM, Li J, Nazarian R, Schnepp R, Jen K, Biben C, Runke G, Mackay J, 
Novotny J, Schwartz RJ, Harvey RP, Mullins MC, Epstein JA. Hop is an Unusual Homeobox Gene that Modulates 
Cardiac Development. Cell 2002; 110:713-23.  

Harvey R.P. Patterning the vertebrate heart. Nature Reviews Genetics 2002;3, 544-556 
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Partner 7:  The Medical Birth Registry of Norway, (MBRN), Locus of Registry  
  Based Epidemiology and the Department of Public Health and primary 
  Health Care, University of Bergen, Norway.  

 
The research group at MBRN obtained the highest possible rating (excellent) in the “Evaluation of 
clinical, epidemiological, public health, health related and psychological research in Norway” 
conducted in 2004 by an international panel for the Research Council of Norway. MBRN is 
founding member of International Clearinghouse for Birth Defects Surveillance and Research, and 
the Association of the Nordic Medical Birth Registries as well as member of EUROCAT.  
Professor Lorentz M. Irgens MD, PhD. has been the head of MBRN 1982-2007. He is from 
September 1st 2007 full time professor of preventive medicine and epidemiology at the University 
of Bergen as well as consultant to the MBRN. He has been active in a broad area of perinatal 
epidemiological research comprising maternal diabetes and birth defects as well as life course 
epidemiological research based on MBRN and a series of linked registries. Associate Professor 
Kari Klungsøyr MD, PhD. is acting director of MBRN as of September 1st 2007. Her research has 
focused on family and sibship related associations in perinatal health, e.g. birth weight in siblings 
and in offspring of sisters. Professor Rolv Skjærven PhD, a statistician affiliated with MBRN for 
almost 30 years is particularly interested in genetic epidemiology with the MBRN family trees as his 
main focus. 
 
Sample references demonstrating the expertise of the Bergen Group: 
Rasmussen S, Irgens LM. Pregnancy-induced hypertension in women who were born small. Hypertension 

2007;49(4):806-12. 
Kristensen P, Bjerkedal T, Irgens LM. Early life determinants of musculosceletal sickness absence in a cohort of 

Norwegians born in 1967-1976. Social Science & Medicine 2007;64:646-55. 
Irgens LM. Commentary: On the clinical prediction of pre-eclampsia and its enigmatic aetiology. Int J Epidemiol 

2007:36:420-21. 
Gravseth HM, Bjerkedal T, Irgens LM, Aalen OO, Selmer R, Kristensen P. Life course determinants for early disability 

pension: a follow up of Norwegian men and women born 1967-76. Eur J Epidemiol 2007;22:533-43. 
Vikse BE, Irgens LM, Bostad L, Iversen BM. Adverse perinatal outcome and later kidney biopsy in the mother. J Am Soc 

Nephrol. 2006;17:837-45. 
Basso O, Rasmussen S, Weinberg CR, Wilcox AJ, Irgens LM, Skjærven R. Trends in Fetal and Infant Survival Following 

Preeclampsia. JAMA 2006;296:1357-62. 
Skjærven R, Vatten L, Wilcox A, Rønning T, Irgens LM, Lie RT. Recurrence of preeclampsia across generations: 

Exploring fetal and maternal genetic components in a population based cohort. BMJ 2005;331:877-79. (Comment and 
editorial abstract in Obstetrics 2006;61:162-163) 

Lisi A, Botto LD, Rittler M, Castilla E, Bianchi F, Botting B, De Walle H, Erickson JD, Gatt M, De Vigan C, Irgens LM, 
Johnson W, Lancaster P, Merlob P, Mutchinick OM, Ritvanen A, Robert E, Scarano G, Stoll C, Mastroiacovo P. Sex 
and Congenital Malformations: An International Perspective. American Journal of Medical Genetics 2005;134A:49–57. 
(Erratum in: American Journal of Medical Genetics 2005;134A:463.)  

Fosså SD, Magelssen H, Melve K, Jacobsen AB, Langmark F, Skjærven R. Parenthood in Survivors After Adulthood 
Cancer and Perinatal Health in Their Offspring: A Preliminary Report. J Natl Cancer Inst, Monographs 2005;No.34:77-
82. 

Carpenter RG, Irgens LM, Blair P, England PD, Fleming P, Huber J, Jorch G, Schreuder P. Sudden unexplained infant 
death in 20 regions in Europe: case control study. Lancet 2004;363:185-91. 

Irgens HU, Reisæther L, Irgens LM, Lie RT. Long term mortality of mothers and fathers after pre-eclampsia: population 
based cohort study. BMJ 2001;323;1213-17. Also in: Yearbook of obstetrics and gynecology 2003. Mosby Year Book 
Inc. 2002. 

Melve KK, Skjærven R. Birthwight and perinatal mortality: paradoxes, social class, and sibling dependencies. Int J Epi 
2003;32:625-32. 

Melve KK, Skjærven R. Families with Birth Defects: Is Birth Weight of Nonmalformed Siblings Affected? Am J Epi 
2002;155:932-940. 
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Partner 8:  Institute of Human Genetics, University Hospital Erlangen, Friedrich-
 Alexander University Erlangen-Nuremberg, Germany  
 
The Cardiology Center at University Hospital Erlangen (University of Erlangen-Nuremberg) is a 
maximum medical care center serving a population of about 2 million. Dr. Anita Rauch MD, PhD is 
consultant, lecturer and research group leader at the Institute of Human Genetics at University 
Hospital Erlangen. She is an internationally recognized expert in microdeletion syndromes and 
made major contributions to resolving the aetiology and genotype-phenotype correlation in 22q11 
deletion (DiGeorge) syndrome, the second commonest known cause of congenital heart defects. 
Disease gene identification and genotype-phenotype correlation in congenital anomalies has been 
her long-term research interest and is a main focus of the Genetic Clinic at the Institute. In recent 
years her group identified through positional cloning the genetic defects in Anauxetic dysplasia and 
Syndromic Anophthalmia-9, and contributed to that of Crisponi syndrome. Using molecular 
karyotyping her group identified the genetic defect in Pitt-Hopkins syndrome and finally contributed 
to the identification of KRAS as underlying Noonan syndrome. In in vitro studies of underlying 
mutations her group has contributed to understanding of the function of TBX1 
(DiGeorge/Velocardiofacial syndromes), RMRP (Cartilage-hair-hypoplasia/Metaphyseal dysplasia 
without hypotrichosis/Anauxetic dysplasia spectrum) and TCF4 (Pitt-Hopkins syndrome).  
The samples from patients with tetralogy of Fallot that Erlangen will contribute to this study were 
collected within an ongoing study aiming at the identification of underlying genetic defects in 
cooperation with the Pediatric Cardiology departments of University of Erlangen (Professor Helmut 
Singer MD,PhD) and University of Tübingen (Professor Michael Hofbeck MD, PhD). This study 
was approved by the ethical boards of the Medical Faculties of Erlangen and Tübingen and 
received initial funding by the Deutsche Forschungsgemeinschaft.  
 
Sample References demonstrating expertise of the FAU group 
Thiel CT, Mortier G, Kaitila I, Reis A, Rauch A (2007) Type and level of RMRP functional impairment predicts phenotype 

in Cartilage hair hypoplasia - Anauxetic dysplasia spectrum. Am J Hum Genet, in press (IF 12,6) 
Zweier C, Peippo MM, Hoyer J, Sousa S, Bottani A, Clayton-Smith J, Reardon W, Saraiva J, Cabral A, Göhring I, 

Devriendt K, de Ravel T, Bijlsma EK, Hennekam RCM, Orrico A, Cohen M, Dreweke A, Reis A, Nürnberg P, Rauch A 
(2007): Haploinsufficiency of TCF4 causes syndromal mental retardation with intermittent hyperventilation (Pitt-
Hopkins syndrome). Am J Hum Genet 80:994-1001. (IF 12,6) 

Zweier C, Sticht H, Aydin-Yaylagül Y, Campbell CE, Rauch A (2007): Human TBX1 missense mutations cause gain-of-
function resulting in the same phenotype as 22q11.2 deletions. Am J Hum Genet 80:510-517. (IF 12,6) 

Pasutto F, Sticht H, Hammersen G, Gillessen-Kaesbach G, FitzPatrick DR, Nürnberg G, Schirmer-Zimmermann H, 
Tolmie JL, Chitayat D, Houge G, Fernández-Martínez L, Keating S, Mortier G, Hennekam RCM, von der Wense A, 
Slavotinek A, Meinecke P, Bitoun P, Becker C, Nürnberg P, Reis A and Rauch A (2007): Mutations in STRA6 cause a 
broad spectrum of malformations including anophthalmia, congenital heart defects, diaphragmatic hernia, alveolar 
capillary dysplasia, lung hypoplasia and mental retardation. Am J Hum Genet 80:550-560. (IF 12,6) 

Crisponi L, Crisponi G, Meloni A, Toliat MR, Nürnberg G, Usala G, Uda M, Masala M, Höhne W, Becker C, Marongiu M, 
Chiappe F, Kleta R, Rauch A, Wollnik B, Strasser F, Reese T, Jakobs C, Kurlemann G, Cao A, Nürnberg P, Rutsch F 
(2007) Crisponi Syndrome is Caused by Mutations in the CRLF1 Gene and is Allelic to Cold-Induced Sweating 
Syndrome. Am J Hum Genet 80:971-981. (IF 12,6) 

Schubbert S, Zenker M, Rowe SL, Boll S, Klein C, Bollag G, van der Burgt I, Musante L, Kalscheuer V, Wehner LE, 
Nguyen H, West B, Zhang KY, Sistermans E, Rauch A, Niemeyer CM, Shannon K, Kratz CP (2006): Germline KRAS 
mutations cause Noonan syndrome. Nat Genet 38:331-336. (IF 24,2) 

Thiel CT, Horn D, Zabel B, Ekici AB, Salinas K, Gebhart E, Rüschendorf F, Sticht H, Spranger J, Müller D, Zweier C, 
Schmitt ME, Reis A, Rauch A (2005): Severely incapacitating mutations in patients with extreme short stature identify 
RNA processing endoribonuclease RMRP as an essential cell growth regulator. Am J Hum Genet 77:795-806. (IF 
12,6) 

Rauch A, Zink S, Zweier C, Thiel CT, Koch A, Rauch R, Lascorz J, Hüffmeier U, Weyand M, Singer H, Hofbeck M 
(2005): Systematic assessement of atypical deletions reveals genotype-phenotype correlation in 22q11.2. J Med 
Genet 42:871-876 
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Partner 9:  Medical Research Council, National Institute for Medical Research,  
  London, United Kingdom. 
 
The Medical Research Council's National Institute for Medical Research (NIMR) is the largest 
basic biomedical research institute in the UK with an international reputation for scientific 
excellence. As a dedicated research centre with over 700 researchers and support staff, NIMR 
draws its strength from its multi- and interdisciplinary approach across the spectrum of research 
areas, from structural biology, virology and immunology, to developmental biology, parasitology 
and nanobiology. It has the largest single concentration of researchers in the field of 
developmental biology of any institute in the UK, with great depth of expertise in the use of all the 
established vertebrate model organisms (chick, mouse, rat, fish and amphibians). These are 
supported by the most comprehensive and extensive animal facility in the UK, providing a 
pathogen-free facility for breeding, comprehensive procedural services for generation and 
cryopreservation of transgenic animal lines and small animal imaging facilities. NIMR provides 
extensive central facilities and services for research, covering a wide range of areas including 
histology, imaging, tissue culture, microelectronics and computing. 
Dr Tim J. Mohun PhD is Head of the Developmental Biology Division at NIMR and has worked for 
almost two decades on the differentiation of muscle and heart during vertebrate embryogenesis. 
For the past seven years, working with both amphibian and mouse embryos, his lab has been 
developing novel approaches for imaging detailed embryo and tissue morphology, using methods 
optimized for 3D modeling. The episcopic imaging procedures developed during through this work 
will be used to provide reference models of the mouse embryo heart that will serve as frameworks 
for analyzing all gene expression data. Postdoctoral fellows Laurent Dupays PhD and Louisa 
Dunleavy PhD will be involved in this work, along with research support officer, Michael Bennett. 
 
Selection of recent publications from the National Institute for Medical Research: 
Breckenridge, R., Kotecha, S., Towers, N., Bennett, M., and Mohun, T. (2007). Pan-myocardial expression of Cre 

recombinase throughout mouse development. Genesis 45, 135-144.  
Weninger, W.J., Geyer, S.H., Mohun, T.J., Rasskin-Gutman, D., Matsui, T., Ribeiro, I., Costa Lda, F., Izpisua-Belmonte, 

J.C., and Muller, G.B. (2006). High-resolution episcopic microscopy: a rapid technique for high detailed 3D analysis of 
gene activity in the context of tissue architecture and morphology. Anat Embryol 211, 213-221.  

Risebro, C.A., Smart, N., Dupays, L., Breckenridge, R., Mohun, T.J., and Riley, P.R. (2006). Hand1 regulates 
cardiomyocyte proliferation versus differentiation in the developing heart. Development 133, 4595-4606.  

Going, J.J., and Mohun, T.J. (2006). Human breast duct anatomy, the 'sick lobe' hypothesis and intraductal approaches 
to breast cancer. Breast Cancer Res Treat 97, 285-291.  

Weninger, W.J., Lopes Floro, K., Bennett, M.B., Withington, S.L., Preis, J.I., Barbera, J.P., Mohun, T.J., and 
Dunwoodie, S.L. (2005). Cited2 is required both for heart morphogenesis and establishment of the left-right axis in 
mouse development. Development 132, 1337-1348.  

Rosenthal, J., Mangal, V., Walker, D., Bennett, M., Mohun, T.J., and Lo, C.W. (2004). Rapid high resolution three 
dimensional reconstruction of embryos with episcopic fluorescence image capture. Birth Defects Res C Embryo 
Today 72, 213-223.  

Smith, S.J., Ataliotis, P., Kotecha, S., Towers, N., Sparrow, D.B., and Mohun, T.J. (2005). The MLC1v gen provides a 
transgenic marker of myocardium formation within developing chambers of the Xenopus heart. Dev Dyn 232, 1003-
1012.  

Latinkic, B.V., Cooper, B., Smith, S., Kotecha, S., Towers, N., Sparrow, D., and Mohun, T.J. (2004). Transcriptional 
regulation of the cardiac-specific MLC2 gene during Xenopus embryonic development. Development 131, 669-679.  

Latinkic, B.V., Kotecha, S., and Mohun, T.J. (2003). Induction of cardiomyocytes by GATA4 in Xenopus ectodermal 
explants. Development 130, 3865-3876.  

Weninger, W.J., and Mohun, T. (2002). Phenotyping transgenic embryos: a rapid 3-D screening method based on 
episcopic fluorescence image capturing. Nat Genet 30, 59-65.  

Latinkic, B.V., Cooper, B., Towers, N., Sparrow, D., Kotecha, S., and Mohun, T.J. (2002). Distinct enhancers regulate 
skeletal and cardiac muscle-specific expression programs of the cardiac alpha-actin gene in Xenopus embryos. Dev 
Biol 245, 57-70.  
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Partner 10: The Children’s Hospital at Westmead, Sydney, Australia 
 
The Children’s Hospital at Westmead is the principal facility for the management of congenital 
heart disease in NSW, the largest state in Australia with a population of 7 million people. Ass Prof 
David S. Winlaw MD FRACS is a pediatric cardiac surgeon and head of Kids Heart Research 
which manages a DNA resource known as the Kids Heart Research DNA Bank. The facility 
employs a genetic counselor Gillian Blue BSci, a data manager Andrew Cole BAppSci (Hons) and 
Dr Tanya Butler PhD, a post doctoral fellow. The genetic research also involves pediatric 
cardiologist Ass Prof Gary Sholler FRACP and clinical geneticist Dr Meredith Wilson FRACP. 
The Children’s Hospital at Westmead performs more than 600 cardiac surgery and cardiac 
catheter procedures annually. The Hospital is a tertiary referral centre and is affiliated with the 
University of Sydney. In addition to genetic research into the genetic contribution to congenital 
heart disease, Kids Heart Research conducts peer review funded research into the nature of post 
operative cardiac dysfunction and clinical research in the perioperative care of children undergoing 
cardiac surgery and long term brain outcomes for this group. 
 
Selection of recent publications from the Children’s Hospital at Westmead: 
Winlaw DS (2007) Congenital Heart Disease in the 21st Century. Critical Care and Resuscitation 9(3): 270-274. 
Kirk EP, Sunde M, Costa MW, Rankin SA, Wolstein O, Castro MK. Butler TL, Hyun C, Guo G, Otway R, Mackay JP, 

Waddell LB, Cole AD, Hayward C, Keogh A, Macdonald P, Griffiths L, Fatkin D, Sholler GF, Zorn AM, Feneley MP, 
Winlaw DS, Harvey RP (2007) Mutations in cardiac T-box factor TBX20 are associated with diverse cardiac 
pathologies including defects of septation and valvulogenesis, and cardiomyopathy. American Journal of Human 
Genetics. Am J Hum Genet 81(2): 280-291. 

Dimmick S, Walker K, Badawi N, Halliday R, Cooper SG, Nicholson IA, Sherwood M, Chard RB, Hawker R, Lau KC, 
Jones W, Grant PW, Sholler GF, Winlaw DS (2007) Outcomes following surgery for congenital heart disease in low 
birth weight infants. J Paed Child Health 43(5): 370-375. 

Blue GM, Mah J, Cole AD, Lal V, Wilson M, Chard RB, Sholler GF, Hawker R, Sherwood M, Winlaw DS (2007) The 
negative impact of Alagille Syndrome on survival of infants with pulmonary atresia. J Thorac Cardiovasc Surg. 

Walker K, Holland AJA, Winlaw D, Sherwood M, Badawi N (2006) Annotation. Neurodevelopmental outcomes and 
surgery in neonates. Journal of Paediatrics and Child Health 133(4): 1094-6. 

Egan JR, Clarke AJ, Williams S, Cole AD, Ayer J, Jacobe S, Chard RB, Winlaw DS (2006) Levosimendan for low 
cardiac output: a pediatric experience. Journal of Intensive Care Medicine 21(3): 183-7. 

Egan J, Butler TL, Au CG, Tan YN, North KN, Winlaw DS (2006) Myocardial water handling and the role of aquaporins. 
Biochim Biophys Acta 1758(8): 1043-52. 

Butler TL, Au CG, Yang B, Egan JR, Tan YM, Hardeman ES, North KN, Verkman AS, Winlaw DS (2006) Cardiac 
Aquaporin Expression in Humans, Rats and Mice. Am J Physiol Heart Circ Physiol Aug;291(2):H705-13.  

Winlaw DS, Sholler GF, Harvey RP (2005) Progress and challenges in the genetics of congenital heart disease. Medical 
Journal of Australia 182: 100-101. 

Winlaw DS, McGuirk SP, Balmer C, Langley SM, Griselli M, Stumper O, De Giovanni JV, Wright JG, Thorne S, Barron 
DJ, Brawn WJ (2005) Intention-to-treat analysis of pulmonary artery banding in conditions with a morphological right 
ventricle in the systemic circulation with a view to anatomic biventricular repair. Circulation 111: 405-411. 

Egan JR, Festa M, Cole AD, Nunn GR, Gillis J, Winlaw DS (2005) Clinical assessment of cardiac performance in infants 
and children following cardiac surgery. Intensive Care Medicine 31: 568-573.  

Murphy DN, Winlaw DS, Cooper SG, Nunn GN (2004) Successful early surgical recruitment of the congenitally 
disconnected pulmonary artery. Annals of Thoracic Surgery 77: 29-35. 

Griselli M, McGuirk SP, Winlaw DS, Stumper O, de Giovanni JV, Miller P, Dhillon R, Wright JG, Barron DJ, Brawn WJ 
(2004) The influence of pulmonary artery morphology on results of surgery for major aorto-pulmonary collateral 
arteries and complex congenital heart defects. Journal of Thoracic and Cardiovascular Surgery 127: 251-258. 

Clarke AJB, Kasahara S, Andrews DR, Cooper SG, Nicholson IA, Chard RB, Nunn GR, Winlaw DS (2004) Midterm 
results for double inlet left ventricle and similar morphologies – timing of Damus-Kaye-Stansel. Annals of Thoracic 
Surgery 78(2): 650-657. 

Au CG, Cooper ST, Lo HP, Compton AG, Yang N, Wintour EM, North KN, Winlaw DS (2004) Expression of Aquaporin 1 
in human heart and skeletal muscle. Journal of Molecular and Cellular Cardiology 36: 655-662.  

McGuirk SP, Winlaw DS, Langley SM, Stumper OF, de Giovanni JV, Wright JG, Brawn WJ, Barron DJ (2003) The 
impact of ventricular morphology on midterm outcome following completion total cavopulmonary connection. European 
Journal of Cardiothoracic Surgery 24: 37-46. 

Langley SM, Winlaw DS, Stumper O, Dhillon R, de Giovanni JV, Wright JG, Miller P, Sethia B, Barron DJ, Brawn WJ 
(2003) Midterm results after restoration of the morphologically left ventricle to the systemic circulation in patients with 
congenitally corrected transposition of the great arteries. Journal of Thoracic and Cardiovascular Surgery 125: 1229-
1241. 
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2.3  Consortium as a whole  
 

To accomplish major progress in the field of gene-environment interactions leading to 
cardiovascular malformation, this consortium brings together academic institutions from seven 
nations that combine diverse but complementary expertise. The consortium includes leading 
groups specialized in molecular and clinical genetics, structural and molecular embryology, 
statistics and bioinformatics. Contributions on a European level are necessary to collect enough 
patient samples so that the required power in the statistical analysis can be reached. Each country 
on its own would not be able to achieve this goal 
 
The most efficient approach to achieve our aims is to organize the work into four separate lines, 
but as shown below interaction between the four lines will create the necessary synergy to address 
the complex issues of genetics and environmental factors implicated in causing cardiovascular 
malformations. 
 
In Line 1, the genome wide genetic association analysis brings together clinicians from the fields of 
pediatric cardiology, genetics, diabetes and epidemiology. Each has an impressive track record in 
their own field. Working together will lead to collection of the necessary patient material for the 
tetralogy of Fallot study and for the diabetic pregnancy study. Dr Hawthorne and Dr Wren (UNEW), 
Dr Irgens (UoB) and Dr Visser (UMCU) have worked together before on complications of diabetic 
pregnancy and are ideally placed to co-ordinate the collection of offspring of diabetic pregnancy 
(WP1a). The DNA will be analyzed by research groups, which are expert in genotyping and genetic 
association data analysis to yield candidate genes conferring an increased risk for cardiovascular 
malformation. Professor Lathrop (CNG) has worked with both Professor Keavney and Professor 
Cordell providing strong connections between WP1a, WP1b and WP1c.  
In Line 2, a mouse diabetic pregnancy model and a mouse outflow tract model will generate gene 
expression data, which will form the basis of the further development of a bioinformatics gene 
prioritization tool in Line 3. This bioinformatics tool, ENDEAVOUR, will be developed to incorporate 
and interrogate information related to cardiac development and cardiovascular malformation, 
transforming it to a specific tool that will facilitate gene prioritization in the context of heart 
development. This leads to identification of genes for specific types of heart defects (e.g. tetralogy 
of Fallot) or under the influence of defined environmental factors (e.g. maternal diabetes). This 
bioinformatics tool will be crucial in prioritizing the data generated in Research Line 1.  
Line 3, WP3b will generate unique detailed temporal and spatial gene expression data, which will 
also be linked to the bioinformatics tool. The novel and existing knowledge on candidate genes will 
allow the generation of detailed gene networks, which form the basis of embryological 
development of the heart. 
Finally (Line 4), the data from the different research lines will be made available both within the 
consortium and to the public at large through a user-friendly open-access interactive database, 
allowing easy input and clear output access on a pan European scale.  
 
The participating groups are leading established European groups using the latest techniques and 
insights. The strength of this proposal lies in the synergy between the partners which is evident 
from the convergence of the different lines of research and close interactions. Professor Moorman 
(AMC) and Professors Keavney and Goodship (UNEW) already collaborate in an EU funded FP6 
Integrated Project “HeartRepair” (LSHM-CT-2005-018630). 
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2.4 Resources to be committed  
 
2.4.1 General  
The ultimate mission of CHeartED is the reduction of incidence of preventable cardiovascular birth 
defects. This goal is ambitious but feasible because leading and established European and 
Australian groups will be brought together to share their knowledge and expertise. They attempt to 
clearly and logically record and integrate data, whilst efficiently collaborating in a parallel and 
complementary fashion. Several partners have already long-lasting (bilateral) scientific 
collaborations, which brings even more synergy to CHeartED. The project will also use the already 
existing scientific infrastructures of the individual partners, their current shared resources, and add 
extra facilities wherever required. Moreover, the past scientific results and on-going R&D of the 
consortium members were carefully examined and form the basis in which CHeartED is built. The 
modality of an Collaborative Project is very much in line with the wish of the consortium members 
to gather expertise in a more strategic and programmatic approach.  
The resources provided by the European Commission are justified because it will generate a large 
amount of primary data not only from the genome wide association screen, but also from the 
mouse models and the 3D-embryo morphology database. These, in turn will be incorporated into a 
large network database, which will link this and all existing information on cardiac development in a 
format comparable to the web-based Wikipedia, allowing communication with novel research 
groups and clinicians, and generating continuous novel input to the database. 
Taking modern high throughput data generating techniques as a whole, current experience clearly 
demonstrates that the quality and amount of data created is never the problem. The difficulties 
come with the shear scale and complexity of interpretation of the data. The success of databases 
such as NCBI, EMBL and the public domain Wikipedia, has been their ease of data input and 
output access. It is the intention of this proposal to create a simple, but cutting edge database for 
CVM for eventual wide user input and usage on a pan European scale.  
Thus, the resources of the individual partners will help CHeartED to build a knowledge base that, 
with the contributions of the partners and the scientific community at large, has the potential to 
create a volume of knowledge on cardiovascular malformation that far exceeds the primary data 
generated in CHeartED. 
 
2.4.2 Budget allocation 
About 2/3 of the EU requested contribution will be allotted to the primary data generating Research 
Lines 1 and 2, including the genome wide association screen (approx € 1M), sample collection and 
preparation and mouse models and sample collection. About 1/3 of the requested contribution is 
set apart for the genetic bioinformatics line (Research Line 3), including the 3D embryo models of 
patterns of gene expression, which generate enormous added value to the primary data by 
dissemination via a Wikipedia-like platform (line 4). Audit costs are included in the budgets allotted 
to the partners. 
 
2.4.3 Personnel 
The partners involved in this project are of an excellent quality standard as illustrated by the 
description of the partners in chapter 2.2. The partners are committing a substantial part of their 
regular R&D staff to CHeartED. as pointed out below: 
Partner 1 (AMC). Three departments within the AMC participate in 6 out of the 9 work packages 
The AMC requests funding for 3 PhD students (144 person months) plus consumables from the 
EU. The AMC will cover the salaries and consumables of its own staff contributing to the project 
(also 144 person months): 2 professors, 4 senior scientists, 1 post-doc and 3 technicians. As the 
EU funding will not cover all the expenses for animal experiments, the AMC will participate in these 
costs. The AMC is well equipped to perform the research necessary to requirements of the 
contract. As a coordinator the AMC will request EU funding to partly pay for the salaries of the 
Coordinator, the Project Manager and the Financial Controller. Also as a coordinator the AMC will 
retain part of the EU prepayments centrally to pay for travel, dissemination, sample collection and 
meetings. Partner 2 (K.U. Leuven) requests 1 post-doc full time for 4 years (48 person months), 
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one PhD part-time for 4 years (12 person months) and one part time Research Line leader (2 
person months) from EU funding. Input from its own, non-EU funded staff is 52 person months. All 
the infrastructure necessary for contribution to WP1a, 1c, 2a, 2b, 3a, 3b and 4b is available at the 
premises of the university. Partner 3 (UNEW) puts in 120 person-months to fulfill the objectives of 
this project. A research assistant for statistical analysis (40 person months) and part time nurse 
Linda Sneddon (24 person months) will be recruited on EU funding. The remaining 56 person 
months will be filled in by tenured staff: 4 professors, 1 senior scientist and 2 consultants. The 
entire required infrastructure for the mining of several international databases on diabetic 
pregnancy, the identification of potentially suitable individuals, contact of these people, detailed 
explanation of the study and obtaining of fully informed consent, obtaining the sample, DNA 
extraction, and databasing of clinical and genetic information is available at the Institute of Human 
Genetics. Partner 4 (UMCU) has already been collecting some of the necessary samples from 
diabetic pregnancies in the context of another project. To be able to collect more samples as 
stipulated in the proposal they will require a part time nurse (15 person months). From their own 
staff they will contribute 9 person months to coordinate the patient registration and sample 
collection. Partner 5 (CNG) will perform the genotyping of the samples collected by partners 2, 3, 
4, 7, 8 and 10. They will use the EU funding to buy the 1.8 M variant chips from Affymetrix (or 
equivalent) and partly pay for their staff. From their own funds they will pay the remaining costs 
and they are very experienced at the task they will be performing for CHeartED. Partner 7 (UoB) 
To be able to collect the DNA samples as laid down in the proposal they will require a part time 
nurse (15 person months). From their own staff they will contribute 9 person months to coordinate 
the patient registration and sample collection. Partner 8 (FAU) will not require staff paid by EU 
funding to collect the samples necessary for the project but will require the EU contribution 
handling and transport of the samples. From their own staff they will contribute 3 person months to 
coordinate the patient registration and sample collection. Partner 9 (MRC) will not require staff 
paid by EU funding to collect the data necessary for as they have already been obtained as part of 
another project. The PI needs however EU funding for travel and stay in Amsterdam to work on the 
reconstructions in conjunction with the AMC staff. Partner 10 (CHW) will also not ask for EU 
funding but will apply for local funds in Australia (see section 2.4.6). This partner will contribute 
DNA samples and put 3 person months of their own staff into the project. 
Partner 6 (VCCRI) and Partner 10 (CHW) will not ask for EU funding. The Australian government 
offers the possibility to their researchers to acquire support, provided their research is integrated in 
a successful European Consortium. Professor Harvey and Dr Winlaw will apply to the Australian 
Government Department of Education, Science and Training (DEST) for support for his work in 
WP2b of the CHeartED project under the International Science Linkages (ISL) Program.  
https:// sciencegrants.dest.gov.au/isl/Pages/doc.aspx?name=docs/htm/ISL_Guidelines.htm#Part2).  
 
2.4.4 Travel  
In order to reduce unnecessary travel, much use will be made of communication tools such as 
telephone conferencing, video conferencing, and other modern communication techniques such as 
internet conferencing. The dedicated CHeartED website will be used as a knowledge exchange 
medium. In this way, communication flows are maintained on an intensive level, eliminating 
unnecessary travel movements. 
The total budgeted travel costs and costs for the annual consortium meetings and workshops 
comes to €135K. Travel costs are only budgeted for meetings on a consortium-wide or on a work 
package level when post-docs, PhD students or other staff members visit consortium co-workers or 
go on short-term secondments (training fellowships).  
 
2.4.5 Management 
The management activities are budgeted for an amount of €170K. This amount includes the overall 
organizational management activities performed by the Project Coordinator, the Project Manager, 
the Project Management Team and the secretarial and administrative support. Moreover, the 
Project Coordinator will seek help of the Internal Financial Auditor of the AMC. The activities 
include amongst else the definition and building of an Administrative Organization, preparation and 
executing meetings on the various steering levels, as well as intermediate and final reporting to the 
European Commission. 
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3. IMPACT  
 
3.1 Expected impacts listed in the work program  
 
Expected impact: The knowledge gained from research performed in this area will lead to an 
improvement in the prevention and treatment of cardiovascular diseases, which are a major cause 
of ill health and death in Europe and worldwide. Research will focus on mechanisms of normal and 
abnormal heart development leading to congenital heart diseases. This includes studies on genetic 
basis and the interaction between genes and environment in the development of heart defects and 
will build on the existing epidemiological data. The data we shall generate will not have direct 
clinical applications but will contribute to the understanding of CVM and the role of environment 
during development of the fetus. 
 
3.1.1 Impact on European science 
Fundamentally, the ultimate goal of CHeartED, the reduction of incidence of preventable 
cardiovascular malformations, will provide the single most major impact issue. Environmental and 
developmental issues are presently trapped in a bottleneck. A wealth of information regarding 
cardiovascular development and the factors which may potentially affect its course, is already 
available and accessible. Despite this, the cause for more than 80% of cardiovascular 
malformations (CVM) remains elusive. Only now, due to the vast improvements in recent years in 
genome wide association and molecular analysis techniques, is it possible to unravel complex 
diseases such as CVM. Indeed, recent months have seen the identification by genome-wide 
association studies of susceptibility alleles in conditions (such as coronary heart disease) that are 
known to be far less heritable than CVM Thus, it is now timely to give a new and devoted impulse 
to collect, identify, analyze and describe etiological risk factors for CVM. Although it is agreed that 
much remains to be discovered, one of the major points that must be addressed in this field in 
order to make significant future progress is data handling and recording. All projects involving 
some level of high throughput usually confront the major problems of data registration, storage and 
accessibility at some point. That is why this aspect features as one of the major themes of this 
proposal. The collating, assessment, registering and dissemination of existing and new knowledge 
on the environment and its interaction with genetic factors in causing cardiovascular malformation 
in the developing child is therefore being addressed at 4 major impact levels. 
 
1. A genome-wide association study in trio families will establish the role of common genetic 
variation in the aetiology of CVM. The impact of this knowledge will be in several domains. First, 
knowledge of susceptibility alleles may enable more effective genetic counseling in high-risk 
families, where presently only crude recurrence risk data can be used. Second, if genes in 
pathways affected by environmental exposures (such as those influencing micronutrient 
bioavailability) are identified in our analyses, then either targeted (in high-risk families) or 
population-level interventions would have the potential to reduce the incidence of CVM, for 
example, by periconceptual nutrient supplementation (or avoidance). The paradigm for this impact 
is the effect of folate on neural tube defect, shown in the MRC randomized trial. If folate had not 
been measurable in the plasma, or was an unknown entity, then study of the MTHFR C677T 
polymorphism, which influences plasma homocysteine and is a genetic risk factor for neural tube 
defect, in cases and controls would have shown association between the 677T allele in cases and 
disease risk. Our hypothesis is that polymorphisms affecting other metabolic pathways that may be 
amenable to intervention will be discovered in this study. These will lead either to the recognition of 
the importance of particular known metabolic pathways in development, or to the identification of 
novel pathways. Third, the genetic information will facilitate the identification and subsequent 
validation of novel drug targets. This project builds effectively on the existing epidemiological data 
regarding recurrence risks, and utilizes existing large-scale genetic epidemiological sample 
collections in place throughout Europe. 
 
2. Our second objective addresses the interaction between genes and a particular fetal 
environmental factor, maternal diabetes, in the development of heart defects. It builds on the 
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existing epidemiological databases on diabetic pregnancy that are present in four European 
countries, and upon the expertise of the partners in conducting genetic epidemiological 
investigations. This objective in particular requires a European collaborative approach, since the 
numbers of families available in any one country is limited. We have focused on the way that 
genetic variation “buffers” the developmental biological stress of maternal hyperglycemia. Maternal 
diabetes is a feature of the fetal “environment” that is particularly associated with the risk of CVM, 
but the mechanism of the association is not understood. We will generate new genome wide 
information on this critical health issue. The impacts will include risk stratification tools and, 
potentially, interventions to improve the outcome of diabetic pregnancies. The identification of the 
key pathways “buffering” the fetal response to hyperglycemic stress will have wider implications 
beyond CVM in other birth defects. Since diabetes is a disease of increasing prevalence in the 
childbearing years, the information to emerge from this study is expected to be of increasing 
importance in the future. Our data will enable us to generate standard operating procedures 
(SOPs) regarding how best to collect and register information regarding molecular mechanisms of 
increased risk of CVM in the offspring of diabetic women so as to provide the best input source for 
the second impact level. 
 
3. Using the new information generated in impact level 1 together with existing information an 
improved bioinformatics tool based on ENDEAVOUR, can be developed to allow gene prioritization 
and thus identification of new genes involved. 
 
4. To permit high-level dissemination, a user friendly, open-access database will also be 
developed. This database will permit the interactive assessment of multiple information levels in 
clear visual formats which should lead to new and novel links being made between cardiovascular 
development, genes and the environment and thus become, like the EMBL and NCBI databases, 
an invaluable scientific tool. 
 
Although many individual groups have pursued small-scale genetic epidemiology investigations in 
CVM, there has been no large-scale genome-wide study to date.  The experiment we propose that 
tests the interaction between offspring genotype and maternal diabetes is unique.  Much has been 
discovered regarding mechanisms of cardiovascular development from animal models of CVM, but 
this study has a unique capacity to produce results immediately relevant to human health.  This is 
by virtue of its integrative nature which incorporates human genetics, three-dimensional 
reconstruction of gene expression, advanced bioinformatics analyses and novel data integration 
approaches, to guide modeling approaches.  The outcomes of this medium-scale focused research 
project have the potential to raise European science in this area to the front rank. 
 
3.1.2 Impact on public health 
Due to the recent increases in medical technology and care, more than 90% of individuals with 
CVM survive. Using up-to-date prevalence figures, it can thus be predicted that within the bounds 
of the EU alone, the incidence of CVM rises each year by 51000 new cases. The life-time medical 
costs per CVM patient is estimated at 250K€ and with an estimated 2 million people across Europe 
having some form of CVM, identification of the underlying causes of CVM is of major importance in 
budgeting future medical costs. Moreover, it is clear that cardiovascular disease constitutes a 
major economic burden, not only in terms of its demands on the health budget, but also due to the 
(reduced) employability of the people affected. Therefore, the clear-cut identification of 
environmental factors, which have an impact on the development of the cardiovascular system, 
can in itself have a dramatic effect on this socioeconomic issue. If just simple, but scientifically well 
grounded, life-style-, diet- and prenatal advice could be offered to parents the benefits would be 
enormous in terms of health care. Although too long-term to be a direct milestone of CHeartED, 
this benefit is clearly a realistic goal that can be achieved under this consortium. 
 
3.1.3 Improvements in technique and data management 
By defining clear principles with which data should be gathered and sourced, CHeartED could 
provide new and improved methods for the collection and registration of information related to 
issues of environmental, genetic and clinical research. Although the Wiki database that CHeartED 
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will eventually develop will initially be focused on CVM, the application of the same design 
principles into other fields of human development is quite conceivable. Further, defining clear 
statistical methods for the analysis of large data sets could provide a new scope for many other 
areas of research, which deal with similar scale data. For example, our data will be the first 
genome-wide information regarding the importance of copy number variation (CNV) in CVM. Our 
trio family design will, uniquely, enable the relative importance of transmitted CNV and de novo 
CNV to be investigated.  This is important because the mutation rate at CNVs is very substantially 
higher than that at single nucleotide polymorphisms (SNPs). Key members of this consortium have 
in fact, already demonstrated their ability to pioneer certain areas in terms of data processing and 
management. They have then gone on to share their ideas, have them accepted and have them 
used as standard methods of protocol (i.e. ENDEAVOUR: Aerts S. et al, 2006, Nat Biotechnol. 24, 
537-544; LinRegPCR: Ramakers C. et al. 2003, Neurosci Lett 339, 62-66). 
 
3.1.4 Impact on the Competitiveness 
Europe is often at the forefront of issues such as global warming, exemplified by its ratification of 
the Kyoto protocol in 2002. CVM, similarly, is a global and not just a European problem. As such, 
CHeartED will allow Europe to put cardiovascular health and the environment back to its correct 
position of high on the global issues list and thus provide new scope for European science and 
industry. In particular, novel drug targets are expected to emerge from this work.  Identification of 
genetic factors that are important in heart development is likely to be a key step in informing the 
future development, in both commercial and non-commercial sectors, of stem cell therapies not 
only for congenital cardiac disease but also for heart failure, a major public health problem of 
increasing European importance. 
 
 
3.2 Dissemination and/or exploitation of project results, and 

management of intellectual property 
 
Data generated from this project have to be disseminated; however, it should be clear that any 
potential patentable invention has to remain confidential until a patent application has been filed. 
Any disclosures, oral or written, prior to filing will destroy the novelty of the data. 
Knowledge dissemination to ensure use of the project’s results includes the dissemination of 
results internally (partners and affiliated scientific groups) and externally (health care policymakers, 
the wider research community, the national and international research community, patient 
organizations, the public, the industry including SME’s, others).  
Promotion of results outside the consortium will be effected via input to European Union and 
National Policy Committees, scientific publications, national and international meetings, 
educational courses, public press announcements to agencies and directly to prospective users 
(researchers, students, engineers, industrial executives and patient organizations), 
workshops/training, web communities of excellence and email groups. The European scientific 
community (researchers, students, engineers) will be informed of new findings continually via the 
websites and annually via the brochures (CHeartED website and annual Brochures). 
 
3.2.1 Dissemination through Websites, brochures and database 
To ensure effective dissemination the Project Management Team, in close conjunction with all 
partners, will develop the CHeartED website, which contains a private as well as a public domain. 
All partners will have full access to the private and public domains of the website. The website will 
be maintained and updated under supervision of the Project manager and the dissemination WP 
leader (Prof K. Devriendt) and the Project Manager. In-house expertise is present with the partners 
at the K.U.Leuven and the AMC to build such a website. The format of the CHeartED website will 
be based on the FP6 IP HeartRepair website (www.heartrepair.eu) because of its functional 
similarities (i.e. private domain, public access level, information, publications, contact list etc.). The 
new design and any required functional changes will be done, in consultation with K.U.Leuven, in 
the AMC by the webmaster of the HeartRepair site. The public access level will also host the 
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information aimed at the scientific and industrial communities and the general public. A system of 
access rights will be implemented to ensure and protect the integrity of the public private 
information on the Website as well as the quality of the scientific information. 
In addition to the website, four CheartED brochures will be issued, one every year. The brochure 
will be widely distributed in the scientific community and to targeted people or organizations. These 
brochures will be available at appropriate conferences and congresses. The first brochure will 
explain the goal of CheartED and subsequent issues will give an update on the progress made. 
Some of the genetic epidemiology groups (e.g. Newcastle) already have Web pages suitable for 
patients and families with congenital heart disease to consult, detailing the progress of the study, 
and where further information can be obtained on different forms of congenital cardiac 
malformation.  We will establish a central Website in multiple languages where patients with CHD 
and their families can be updated on the progress of the study, and informed about what to do if 
they wish to participate in the human genetics aspects of the work.   
A Wiki-based information system designed for the collaborative study of pathogenesis of 
Cardiovascular Malformation or Congenital Heart Disease, dubbed “CHD-Wiki” 
(http://homes.esat.kuleuven.be/~bioiuser/chdwiki) is currently being developed by partner 2 at the 
K.U.Leuven. A Wiki has many appealing features such as collaborative user-friendly publication, 
essential for curation and peer review and maintaining up to date information. However, a major 
obstacle for its use is that, unlike databases, a basic Wiki completely lacks structure and 
semantics, which prevents the use of further computational knowledge discovery approaches. To 
benefit from both the Wiki flexibility and the databasing advantages, we extended the MediaWiki 
platform to allow the inclusion and the interaction with external data and programs. The current 
online project already contains genes associated to CHDs (local curated database) and an 
interactive view of this information on chromosomes.  
The genetically annotated standard series of mouse cardiac development will become available 
and form the basis of a cardiogenetic Morphology Database (CMD). An essential step in the setup 
of this CMD is the automatic fitting of individual sections c.q. series of sections into the reference 
series of 3D reconstructions of heart development. A prototype for such automated fitting 
application -dubbed TRACTS- was developed in Matlab and is being tested. We aim to develop a 
web-based interface for TRACTS, allowing users to interact with the reference series and to fit their 
individual sections into these series. Additionally, this web-interface will be expanded to enable the 
transfer of gene-expression information from these sections into the CMD and with output of the 
association of this gene expression pattern with those of the various genes contained within the 
CMD. The genes contained in the CMD will be coupled to the CHD-Wiki via their unique ensemble 
ID. 
This integrated CHD-Wiki-CMD system will form the core of the dissemination of scientific results 
of the CHeartED consortium. The extended Wiki architecture will allow the user to approach the 
information contained in the databases from entries defined by CVM, gene, chromosome map, 
pathway, and morphology. Registered users will be able to contribute to the information. Needless 
to say that a system of peer review and quality checks will be implemented to ensure the integrity 
and quality of all information in the system. 
The European and worldwide academic community will have full access to the Wiki database 
which will integrate the results of the human genetics, animal modeling, three dimensional 
reconstruction and bioinformatics work packages. 
 

3.2.2 Dissemination through Fellowships 
CHeartED will provide the opportunity for individual young researchers working in the project to 
gain specific expertise (not present within his/her own organization). If money permits (depending 
on the use of the individual training fellowships), CHeartED will allow high potential young 
researchers, to visit the project sites for a period of 2 weeks to 2 months. The fellows will be 
selected on their excellent scientific performance and the relevance of the gained expertise for 
their own work and for the CHeartED project.  
Trainees will acquire communications skills allowing them to present and critically discuss their 
work, to listen and to assimilate new ideas or approaches for their own work. With secondments to 
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other laboratories, trainees will transfer newly generated knowledge. They will gain experience in 
publishing in scientific journals and the popular press. This will be an ideal training for a future 
academic career and will provide an important additional qualification for positions in the industrial, 
pharmaceutical or medical sector. 

 

3.2.3 Intellectual Property Issues 
 
Publications  
We will publish our results in peer-reviewed journals All parties in the consortium will be free to 
publish the scientific results they produce. However, every partner and their associated affiliates 
will present their findings to the Board prior to publication. Supported by IPR experts, the Board will 
ensure screening of results for patenting potential and, if required, will delay publication up to a 
maximum of three months so that IPR protection can be assured. Before the start of the project the 
rules concerning IPR and pre-existing know-how will be laid down in the Consortium Agreement.  
 
Background pre-existing know-how 
Before the signing of the Consortium Agreement, each lead scientist of each participating 
organization in CHeartED will provide the following information: 
1. A list of the background of pre-existing know-how, held by the contractor, and of any other 

relevant information concerning this pre-existing know-how 
2. Any existing commitments concerning this pre-existing know how 
3. Any requests for exclusion of pre-existing know-how 
 
When a partner has developed any side-line, pre-existing know-how that is relevant to the other 
contractors and that necessitates an update of the consortium agreement, the contractor will inform 
the project manager. The Project Manager will consult the representatives in the consortium and 
draft the necessary amendments to be signed by all participating partners.  
 
Access rights to pre-existing know-how (background and side ground) 
Requests for access rights, for the purpose of carrying out the project or for the purpose of use 
from one contractor to another contractor, will be done in writing via the Project Coordinator and 
with the knowledge of the project manager. The granting of access rights conform the IPR regime 
under FP7 (taking into account any incompatible commitments from contractors or any possible 
exclusions). 
 
Exploitation of knowledge 
Partners have already established links with biotechnology and genetics diagnostics companies 
(e.g. Life Diagnostics Ltd, Newcastle) which will enable the rapid conversion of results that may be 
useful as genetic tests into marketable products. We anticipate the identification of novel 
environmental hazards for CVM that may be avoided by interventions such as peri-conceptual 
dietary supplementation, or avoidance of particular exposures. It will be critical to engage public 
policymakers from an early stage in discussions regarding how such interventions could be 
implemented. The Centre for Life, Newcastle, incorporates a separate unit (the Policy, Ethics and 
Life Sciences Unit), staffed by sociologists, ethicists and public policy researchers. We will consult 
PEALS experts regarding the social, ethical and policy implications of new genetic discoveries that 
this consortium makes, and plan dissemination to policymakers accordingly  All Partners will 
contact their own Technological Transfer Officers (TTO) in regard to possible exploitation of 
knowledge. 
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4. ETHICAL ISSUES  
 
4.1 General ethical aspects applicable to this project 
The project involves genetic screening of DNA from patients with congenital cardiac malformations 
(partners (2) K.U. Leuven, (3) UNEW, (4) UMCU, (6) VCCRI, (7) UoB, (8) FAU, (10) CHW).  
The legal/ethical aspects have been fully considered, the procedures used are all within the 
requirements of the respective member countries involved. This includes the approval of the 
relevant ethical committees, national and/or local, prior to the start of research activities that raise 
ethical issues both for experiments using human tissues and animal experiments. 
 
The purpose of Research line 1 is a genetic epidemiology study of samples from patients with 
cardiovascular malformation (CVM) (tetralogy of Fallot or offspring of diabetic mothers), parental 
samples and control samples. The main ethical issue is that a proportion of those with CVMs are 
children. Whilst the ethical issues apply to all human samples, for clarity we will describe the 
samples to be studied for the tetralogy of Fallot study first and then the offspring of diabetic 
pregnancy study. 
 
The samples (affected individuals, parents and controls) for the tetralogy of Fallot study have 
already been collected by partners 2, 3, 6, 8 and 10. For each institution the procedures for 
obtaining consent were approved by the appropriate Ethics Committee. Whilst the researchers 
establishing the sample collections had access to personal data the only information that will be 
transferred with the samples to partner CNG (WP1b) and the statisticians (WP1c) will be a sample 
identifier, family ties, gender and diagnosis. Personal information will not be linked to the samples. 
This approach to data protection guarantees a clear separation between the staff collecting the 
samples and those using the DNA. Individuals can request removal of their samples or their data at 
any stage. Individual results will not be revealed to prevent patients and their clinicians from 
receiving unwanted information. The protocol for establishment of the Wellcome Trust Case-
Control Collection (WTCCC) was approved by COREC, researchers in CHeartED will not have 
access to any personal data with the genotypes. 
The protocol, information leaflets and consent forms relating to the offspring of diabetic pregnancy 
are being prepared for submission to the appropriate Ethics Committees by partners 3, 4 and 7. 
We have considered the most sensitive and appropriate approach to the subjects. Offspring of 
diabetic women will be identified through diabetic pregnancy surveys. Their mothers, whose details 
are held in these surveys, will be approached by the relevant survey office or by the clinician who 
cared for them during the pregnancy. In many instances offspring will be under sixteen years of 
age and in these cases informed consent will be sought from the mother, along with consent from 
children who are old enough to understand the request. The samples we are requesting for DNA 
extraction are saliva or mouth swabs, hence sampling is minimally invasive with negligible risk of 
harm. We plan to recruit offspring with normal hearts from the under-sixteen age group. In order to 
recruit as many offspring with cardiovascular malformations as possible we will extend recruitment 
of this group to include affected individuals over sixteen years of age. To contact over-sixteen’s we 
will ask mothers to forward an information pack about the study. Clearly the staff organizing the 
collection have access to personal information but this will not be transferred to the staff extracting 
DNA samples, genotyping or undertaking statistical analysis. Thus our approach to data protection 
is to have clear separation between the individuals collecting samples and those using the DNA. 
The information that will accompany the samples will be an identifying number, information about 
the heart (normal heart/ presence of cardiovascular malformation/ details of the cardiovascular 
malformation) and indicators of diabetic control in the first trimester of the pregnancy when that 
information is available. Individuals can request removal of their sample or their data at any stage 
of the investigation. No individual results will be given to participants so there will be no incidental 
findings for the participants.  
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4.2 Ethical issues advisory panel 
An advisory body for ethical issues has been formed, consisting of medical ethicists, Prof. Dr. D.L. 
Willems and Prof. Dr. K. Dierickx  
 
Prof. Dr. D.L. Willems  
Dick Willems is a physician and a professor of Medical Ethics at the Academic Medical Centre of 
the University of Amsterdam. He has many years experience as a member of the AMC’s Research 
Ethics Committee and is performing research in ethical aspects of genetics, end-of-life issues and 
home care technology. He is a member of the Ethics and Law Standing Committee of the Dutch 
Health Council.  
Recent publications include: 
Willems DL, Hak A, Visser FC, Cornel J, van der Wal G. Patient work in end-stage heart failure: a prospective 

longitudinal multiple case study. Palliat Med. 2006 Jan;20(1):25-33 
Vos R, Willems D, Houtepen R. Coordinating the norms and values of medical research, medical practice and patient 

worlds – the ethics of evidence based medicine in orphaned fields of medicine.J Med Ethics 2004; 30: 166-170 
Willems DL, Hak A, Visser F, Wal G van der. Thoughts of patients with advanced heart failure on dying. Palliative 

Medicine 2004; 18: 564-572 
Willems DL. Balancing rationalities: gate keeping in health care. Journal of Medical Ethics 2001; 27: 25-29 
 
Prof. Dr. K. Dierickx 
Kris Dierickx is a medical ethicist at the Centre for Biomedical Ethics and Law (Faculty of Medicine) 
of the K.U. Leuven. His research and teachings are focussing on the ethical questions in the field 
of human genetics, biobanking and research ethics. He has been involved in several European 
projects as partner or coordinator: Euroscreen I; Euroscreen II (Genetic screening: ethical and philosophical 
perspectives), CF Thematic Network (FP5) , Europhen (‘Public policies, law and bioethics: a framework for 
producing public health policy across the European Union by examining concepts of European and universal ethical 
standards-FP5); Eurogentest (Genetic Testing in Europe: Network of excellence for test development and harmonisation 
of quality of genetic testing service FP6), STEPS (A systems approach to tissue engineering: processes and products-FP6 
Integrated Project), EurocareCF (European Coordination Action for Research in Cystic Fibrosis-FP6) and 
GeneBanC: (Genetic bio and dataBanking: Confidentiality and protection of data. Towards a European harmonisation 
and policy-FP6 STREP).  
Recent publications include 
Nys, H., Dreezen i., Vinck I., K. Dierickx, Dequeker E.& Cassiman JJ., Genetic Testing. Patients' Rights, Insurance and 

Employment. A survey of regulations in the European Union ,Luxembourg, Office for Official Publications of the 
European Communities, 2002, 154 pp;  

Trouet, C. Dierickx, K et al, The use of cells from Cystic Fibrosis patients in research. A model consent form, in Journal 
of Cystic fibrosis 3 (2004) 197-200  

Borry P.l, J.-P. Fryns, P. Schotsmans & K. Dierickx, Carrier testing in minors: a systematic review of guidelines and 
position papers, in European Journal of Human Genetics 70 (2006) 5, 374-381;  

Borry, L. Stultiëns, H. Nys, JJ Cassiman & K. Dierickx, Presymptomatic and Predictive Genetic Testing in Minors: A 
Systematic Review of Guidelines and Position Papers, in Clinical genetics 70 (2006) 5, 374-381;   

 Trommelmans L, J. Selling & K. Dierickx A critical assessment of the directive on tissue engineering of the European Union, in 
Tissue Engineering 13 (2007) 4, 667-672 

 

4.3 Confidentiality and storage of human data 
All personal and medical information relating to subjects will be treated as confidential. Local 
systems will be in place to ensure security of data by storing of coded or anonymous personal and 
clinical details. Where data are stored, they will be governed by local member state and 
institutional data protection legislation (or other relevant legislation). 
 
4.4 Safety issues 
Health, safety and environmental issues that must be taken into account, include the handling of 
chemicals hazardous to health, potentially infective materials, radioisotopes, and genetically 
modified organisms. All partners will conform to institutional Codes of Practice with respect to 
health and safety at work, which are set up to comply with local, national and EU legislation 
regarding the use of these materials. All participating laboratories of this consortium have safety 
officers and provide active training of the scientists involved, to ensure that staff understands and 
comply with all relevant regulations and legislation so that they can handle these materials in a 
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manner that is safe to themselves and others. Stringent precautions will be taken to ensure that 
genetically modified organisms are not released into the environment. 
 
4.5 Execution of research listed per partner 
 
4.5.1 Human genetic research 

·  Katholieke Universiteit Leuven (Partner 2) 
The study will be conducted according to the principles of the "Declaration of Helsinki" (as 
amended in Tokyo, Venice and Hong Kong, Somerset West, Edinburgh and Washington), and in 
accordance with the Guideline for Good Clinical Practice (CPMP/ICH/135/95 - 17th July 1996). The 
genetic studies, i.e. data collection, and DNA collection, storage and analysis, informed consent 
leaflets and data sharing has been approved by the Ethical Committee at the K.U. Leuven – 
University Hospital. 

·  The Institute of Human Genetics (UNEW), New Castle, United Kingdom (Partner 3) 
The study will be conducted according to the principles of the "Declaration of Helsinki" (as 
amended in Tokyo, Venice and Hong Kong, Somerset West, Edinburgh and Washington), and in 
accordance with the Guideline for Good Clinical Practice (CPMP/ICH/135/95 - 17th July 1996). The 
Multi-Centre Research Ethics Committee has approved the protocol, our information leaflets, 
consent procedures, our procedures for ensuring confidentiality. UK Research Ethics Committees 
are coordinated through COREC (the Central Office for Research Ethics Committees) and follow 
nationally agreed procedures which are in line with UK, EU and International legislation and 
declarations. The title of the document is ‘Multi-Centre Research Ethics Committee Approval to 
collect and analyze DNA from patients with cardiovascular malformations and their parents’. The 
title considered by the Ethics Committee was 'The CHANGE study. Congenital Hearts: A National 
Gene/Environment Study'. Their reference number was MREC/2/3/51. This approval covers the 
UK.  

·  Universitair Medisch Centrum (UMCU), Utrecht, The Netherlands (Partner 4) 
The study will be conducted according to the principles of the "Declaration of Helsinki" (as 
amended in Tokyo, Venice and Hong Kong, Somerset West, Edinburgh and Washington), and in 
accordance with the Guideline for Good Clinical Practice (CPMP/ICH/135/95 - 17th July 1996). The 
Medical Ethics Committee (MECT) of the UMCU has approved protocol no 05/203 (and all its 
annexes) for the study “Follow up of offspring born to women with type 1 diabetes mellitus. A 
nation wide study in the Netherlands”. 

·  University of Bergen, Norway (Partner 7) 
Cases will be retrieved from the Medical Birth Registry of Norway (MBRN) in which all births from 
1967 onwards with a gestational age of 16 weeks or more (since 2002: 12 weeks or more) are 
registered. Items of data comprise maternal health (in casu: pregestational diabetes) and birth 
defects (in casu: CVM).  
Once a potential exposed CVM case is identified, the notification form will be checked for possible 
registration errors. Next, MBRN will send a letter via the maternity unit in which the birth took place 
to the mother and child asking for participation.  
After confirmation of the diagnoses (mother and child) and consent, the samples will be collected 
and a questionnaire will be filled in by the mother and sent by mail to MBRN to be forwarded batch 
wise for analysis at the project laboratory. The same procedure will be followed for exposed 
children without CVM. 

·  Friederich-Alexander University, Erlangen, Germany (Partner 8) 
The study will be conducted according to the principles of the "Declaration of Helsinki" (as 
amended in Tokyo, Venice and Hong Kong, Somerset West, Edinburgh and Washington), and in 
accordance with the Guideline for Good Clinical Practice (CPMP/ICH/135/95 - 17th July 1996). The 
Ethics Committees of the Medical Faculties of the Universities of Erlangen and Tübingen have 
approved protocol no 271/2002 for the study “Genotype-phenotype correlation in patients with 
tetralogy of Fallot”. 

·  The Children’s Hospital at Westmead, Sydney, Australia (Partner 10) 
Cases will be obtained from the Kids Heart Research DNA Bank at The Children’s Hospital at 
Westmead, Sydney. Permission to use DNA samples and clinical information is provided by The 
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Human Ethics Committee of The Children’s Hospital at Westmead (approved protocol number 
2006/123), with oversight of the Bank Governance Group. The conduct of the Bank complies with 
the Australian National Health and Medical Research Council Guidelines for Genetic Research and 
DNA Banking. 
 
4.5.2 Animal model research 

·  Academic Medical Centre (AMC), Amsterdam, The Netherlands (Partner 1) 
The animal experiments are performed according to the Dutch Animal Welfare Law (Wet op de 
Dierproeven: January 12, 1977/revised 1996/expanded 2004) and Dutch Animal Experiment 
regulation (Dierproevenbesluit: 1985/revised 2001, expanded 2004 and 86/609/EEC directive. 
Experiments with mice are performed in accordance with the recommendations of the Guide for 
the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH 
publication No. 85-23, revised 1996) and is always first approved by the Committee for Animal 
Research (Dier Ethische Commissie; DEC) of the Academic Medical Center of the University of 
Amsterdam, The Netherlands. No new genetically modified mice will be produced. 

·  Victor Chang Cardiac Research Institute (Partner 6) 
Animal experiments are performed at the Garvan Institute of Medical Research Biological Testing 
Facility (BTF) located in the same building as the Victor Chang Cardiac Research Institute. Animal  
experiments are carried out in accordance with the Australian Code of Practice for the Care and 
Use of Animals for Scientific Purposes - 7th Edition, 2004, and are governed by the Garvan/St. 
Vincent's Animal Ethics Committee (AEC) established by the Garvan Institute Board of Directors. 

·  Medical Research Council (MRC), London, United Kingdom (Partner 9) 
The research will be carried out as part of Project Licence PPL80/1856 (Regulation of 
Cardiogenesis in Vertebrates) issued in September 2006 to Dr T. Mohun by the UK Home Office, 
under the terms of the Animals (Scientific Procedures) Act 1986. In addition to review and approval 
by Home Office inspectors, all work under this Project Licence has in addition been approved by 
the local Ethical Review Panel at the National Institute for Medical Research, comprising a mixed 
panel of NIMR staff and lay members of the public. Any work with animals, including regulated 
procedures specified in the Project Licence, will only be performed by fully qualified staff holding 
the appropriate Personal Licence issued by the Home Office. All projects approved by the Home 
Office and by the local ethical review panel must incorporate policies to minimise and reduce 
animal usage wherever possible. 
 
4.6 Additional developments based on the ethical review report 
This research proposal does not involve human embryonic stem cells (hESC). It is important to 
note that the DNA of the patients will never be used for research on human embryonic stem cells.  
 �  Reporting and follow up- Each year this ethical issues advisory panel will prepare a report 
on ethical issues that have arisen in the project during the report year. We will explore continuation 
of the collaboration at the end of the project, which will then require ethical review. This aspect has 
to be considered again in the last phase of the project. 
 �  Use of sensitive data-  
No individual results from the association studies will be given to individual patients or their 
clinicians, so they will not receive unexpected information. 
 �  Retrieval of informed consent-  
We will follow the subsequent time line to retrieve informed consent from the offspring of diabetic 
mothers. Step 1. We have to acquire permission from the central MEC to proceed as detailed in 
the next steps (estimated time � 3 months). Step 2. All patients with the appropriate phenotype will 
be asked via their own consultant if they agree to be approached by study staff. This letter will be 
made available in the needed local languages. Step 3. All patients who agree to be contacted for 
further research will be sent a research protocol. We foresee that the collection will take about 2 
years.  
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4.7 Ethical Issues Table 
 
 

 YES PAGE 

Informed Consent   
·  Does the proposal involve children?  YES 9-12, 30-36, 84-

85 
·  Does the proposal involve patients or persons 

not able to give consent? 
NO (apart 
from 
children) 

 

·  Does the proposal involve adult healthy 
volunteers? 

YES 9-12, 30-36, 84-
85 

·  Does the proposal involve Human Genetic 
Material? 

YES 9-12, 30-36, 84-
85 

·  Does the proposal involve Human biological 
samples? 

YES 9-12, 30-36, 84-
85 

·  Does the proposal involve Human data 
collection? 

YES 9-1230-36, 84-
85 

Research on Human embryo/fetus   
·  Does the proposal involve Human Embryos? NO Not applicable 
·  Does the proposal involve Human Fetal Tissue 

/ Cells? 
NO Not applicable 

·  Does the proposal involve Human Embryonic 
Stem Cells? 

NO Not applicable 

Privacy   
·  Does the proposal involve processing of genetic 

information or personal data (e.g. health, sexual 
lifestyle, ethnicity, political opinion, religious or 
philosophical conviction) 

YES, 
genetic 
information 

9-12, 30-36, 84-
85 

·  Does the proposal involve tracking the location 
or observation of people? 

NO Not applicable 

Research on Animals   
·  Does the proposal involve research on 

animals? 
YES 13-15, 37-42, 85 

·  Are those animals transgenic small laboratory 
animals? 

YES 14-15 , 39-42, 
85 

·  Are those animals transgenic farm animals? NO Not applicable 
·  Are those animals cloning farm animals? NO Not applicable 
·  Are those animals non-human primates?  NO Not applicable 

Research Involving Developing Countries   
·  Use of local resources (genetic, animal, plant 

etc) 
NO Not applicable 

·  Benefit to local community (capacity building 
i.e. access to healthcare, education etc) 

NO Not applicable 

Dual Use    
·  Research having potential military / terrorist 

application 
NO Not applicable 

I CONFIRM THAT NONE OF THE ABOVE ISSUES 
APPLY TO MY PROPOSAL 
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5. CONSIDERATION OF GENDER ASPECTS  
 
5.1 Gender aspects in the proposal 
Regarding the patients with cardiovascular malformations (CVM) there is a slight excess of males 
with congenital heart disease overall, but certain pathologies are more common in females. On the 
whole there is no significant ‘gender implication' for the patients.  
The observation from the British Offspring Study (among other studies) that the recurrence risk to 
offspring of mothers with a CVM was twice that of the recurrence risk to offspring of fathers with a 
CVM suggests that such maternal genotype-determined differences in the fetal environment may 
be important in CVM susceptibility. Moreover, our studies will allow to analyze for environmental 
parent-of-origin effects, for example occupational exposures may differ between mothers and 
fathers, or particular SNP alleles or CNV's may differentially influence risk depending on maternal 
or paternal transmission. 
Maternal diabetes as a risk factor for CVM equally represents a gender issue, since it directly 
implicates maternal health as a risk factor for a congenital malformation in her children." 
 
 
5.2 Participation of women in CHeartED 
Women are directly involved in the CHeartED project in the scientific management as well as in the 
scientific partnership as scientific team leader. It should also be noted, that all of the represented 
female Research Line - and Work Package leaders hold positions of extreme high regard within 
the scientific community. As a result, we feel that gender will not present a problematic issue now 
or in the future of this program.  
 

Body Total number of positions 
filled (September 2007) 

% Women 

CHeartED Partners 10 20% 

CHeartED Board 4 25% 

CHeartED PMT 4 25% 

CHeartED R&D Line Leaders 3 33% 

CHeartED WP- Leaders 9 22% 

CHeartED Researchers1) 56 30% 

1 Temporary staff for this proposal cannot be taken into account yet 
 
 

5.3 CHeartED Gender Action Plan 
CHeartED is a Collaborative Project that will create sufficient critical scientific mass to address the 
genetic and environmental aspects of cardiovascular malformations. Women are well represented 
in the project as illustrated in the table above. CHeartED finds it of the utmost importance to keep a 
fair representation of women in the project. To continue to be able to represent this balance in the 
future we will ensure that, public notices, which will provide calls for position function applications, 
will contain a clause stating that the Consortium operates a strict code of gender equality in 
science. Therefore special attention is provided to recruit female scientists into the CHeartED 
project as PhD students, Post-docs or as temporary Fellows.  


