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The CHeartED consortium aims to identify genes involved in the genetic
networks regulating cardiac development. In this Newsbulletin dr. Jan Ruijter will
inform us on the work of his group on the development of methods to visualize

these networks (workpackage 3B). Furthermore, a short report of the first annual
meeting is given by dr. Dietrich Rebholtz-Schumann, member of the External

Scientific Advisory Committee of CHeartED.

The cardiac embryology and 3D
reconstruction group, housed in the Heart
Failure Research Centre in Amsterdam,
focuses on the analysis of heart
development through the visualization of
gene expression and morphogenetic
variables in three dimensions. The research
group is headed by prof. Antoon Moorman
and dr. Jan Ruijter.

Dr. Jan Ruijter: “The guiding principle
behind our approach is that genes that
affect cardiac development should be
expressed in the heart, or in the tissues
contributing to the heart. Analysis of a
gene’s expression pattern can thus help in
the identification of its role in the regulation
of development. Currently, Bouke de Boer
MSc and Dr Christian Wallner work on the
CHeartED project, with technical assistance

Health-F2-2008-223040

Gene- Environment

Interactions
in Heart Development

www.CHearteED.eu

of Jaco Hagoort and Piet de Boer. Henk van
Weerd, Joris Hartman and Ramon Fincken
joined us temporarily as internship students.
The primary objectives of our work are two-
fold. Firstly, we plan to generate 3D
reconstructions of the gene expression
patterns of key genes in mouse heart
development at 3 stages (9.5, 11.5 and 13.5
embryonic days). Secondly, we will develop
a program to place arbitrary sections
through the embryonic heart at the correct
position in an age-matched reference heart.
We have not yet worked on our third
objective, which is to make 3D gene
expression reconstructions of candidate
genes, newly identified by the consortium.
This will have to wait until such genes have
been identified.
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Concerning the first two objectives
significant results have been reached.
Bouke de Boer carried out a comprehensive
review on gene expression atlases
describing vertebrate developmental stages.
The resulting 11 atlases were analyzed and
recommendations were formulated on the
properties of the ideal gene expression
atlas. This review was published (de Boer et
al, Nucleic Acids Res, 2010) and the
conclusions will serve as a guideline in the
development of the planned Cardiogenetic
Morphology Database (CMD). To fill this
database Christian Wallner, together with
Henk van Weerd, created a first collection of
3D reconstructions of 11 cardiac genes at 3
developmental stages. The gene expression
pattern reconstructions will also serve in
testing the genetic annotation approach that
we want to use to ‘replace’ anatomic
nomenclature. Anatomic names are often
insufficiently defined and give rise to, mainly
semantic, discussions. The identification of
cardiac compartments based on the
combination of expressed genes will
hopefully lead to undisputed annotation of
the components of the heart during
development. A pilot study to use a
statistical method to automatically base
cardiac compartments on a combination of
the expression patterns of individual genes
was performed by Joris Hartman. A pilot
study on the automated assignment of gene

expression type to cardiac compartments is
currently carried out by Ramon Fincken.
The morphological framework onto which
the gene expression patterns will be
mapped consists of a series of 3D reference
models created with high resolution
episcopic microscopy. Selected mouse
embryos were sectioned at the facility of
Tim Mohun (London) and 3D reconstruc-
tions were generated. Episcopic imaging
results in perfectly aligned image stacks and
thus perfect 3D reconstructions of which the
resolution is only limited by the section
thickness. The 3D registration options of our
reconstruction program are currently being
used to register the gene expression
reconstructions to these reference models.
Gene expression visualization is often done
on individual sections, not on complete 3D
series. The correct naming of the
compartments that are visible in such
sections is not trivial. To help researchers
with this task, an application was developed
to match individual sections into the 3D
reference model series. This application
(TRACTS) was validated and a paper is
now under review. Recently, the program
was extended to report the anatomic
compartments that are present in a section
through the heart. In the future, TRACTS
will also be used to compare novel gene
patterns to the data already contained in the
CMD.

Automatic annotated section after fitting into a reference model by TRACTS.




The CMD will store and disseminate the
gene expression information obtained as a
result of the work in CHearteED. A full
relational database was set up based on the
timed series of reference models. The
models are divided into cubic volumes
(dubbed ‘boxels’). The boxel approach
reduces the size of the database and at the
same time obviates the necessity of a
perfect fit of the gene expression
reconstructions to the reference model. In
the future the CMD will be linked to the
CHDwiki developed by the Leuven group.

Congenital heart disease through the magnifying gla
First Annual Meeting CHeartED consortium, Zirich, Sw

development.

By dr. Dietrich
Rebholz-Schuhmann

Beside the work on CHeartED, our group
developed methods for 3D measurement
and visualization of morphogenetic variables
such as volume, cell size and BrdU-labeling
index as measure for proliferation.

We expect that the combination of gene
expression patterns with the information
gained from the 3D visualization of these
morphogenetic processes will proof to be
valuable in the validation of the role that
genes, identified by other members of the
CHeartED consortium, play in heart
development.

s of interdisciplinary research
itserland

The first CHeartED annual meeting took place at the kinderspital in
Zurich. | have been invited to attend the meeting in my role as member
of the External Scientific Advisory Committee (ESAC). | work as
research group leader at the European Bioinformatics Institute (EMBL-
EBI) in Hinxton, Cambridge, United Kingdom. | am a medical doctor
and a computer scientist by training and have worked in the past 10
years in the domain of biomedical information extraction and ontology

| was able to attend the first workshop day, which demonstrated the
strong expertise of members of the CHeartED consortium in the field of
congenital heart defects and the genetic regulation of the heart

development. The introductory keynote talk by Prof. Moorman gave an excellent overview on
the different development stages in the heart genesis and demonstrated the different stages
through three-dimensional visualisations of the heart formation. The following talks were
concerned with research in progress for the deciphering of the genetic causes of congenital
heart diseases. The talks demonstrated the broad
expertise that forms the core of the CHeartED project and
that enables the project partners to tackle the genetic
causes of congenital heart disease from different angles.
It became clear during the presentations that the
connectivity between the different strings of ongoing
research could still be improved, but the exchange of
expertise alone is already a key advantage. The afternoon
was concerned with the congenital malformations as a
consequence of diabetic conditions during the pregnancy.
The discussions following the presentations clarified the
involvement of selected signalling parameters and
differences between the mouse model and humans. The
workshop overall gave an excellent overview on the
ongoing work in this research domain. On the second day
the research work linked to the bioinformatics data
analysis was discussed. This concluded a very fruitful
meeting of the consortium.

Guided tour through Zurich
using one of the historic trams



Group photo of the CHeartED
consortium taken at the 1st annual
meeting on June 9, Zirich, Switserland

More photos on the website
www.CHeartED.eu

General remarks for CHeartED consortium

Meetings

The 2nd Annual Meeting will be held in Bergen, Norway on May 18 and 19, 2011.
Website

» We ask you to check the information on the website. If you have any adjustments, please notify
the dissemination manager.

* Visit the open-access CHDwiki via the CHeartED website. The Wiki contains lots of information
about genetic and environmental knowledge on heart development. We invite you to take a look at
the website and actively help to enlarge the database.

Dissemination

* To keep all consortium members informed, we ask the beneficiaries to announce CHeartED
related meetings, courses, workshops etc. events on the website.

* To share publications related to CHeartED with all consortium members, please upload all
publications on the website.

To upload events or publications yourself, you first have to login. You may also ask the
dissemination manager.

Do not forget to mention EU support in all publicat ions, courses, workshops etc. as follows:

This work is/has been supported by the European Com  munity's 7 ™ Framework Programme
contract ('CHeartED') HEALTH-F2-2008-223040. It ref lects only the author's views and the
Community is not liable for any use that may be mad e of the information contained therein.

Contact:

Coordinator: Prof. dr. AFM Moorman Project manager : R. van der Gaag, PhD
tel: +31-(0)20-5664928 or 5664647 tel: +31-(0)20-5664647

e-mail: A.F.Moorman@amc.uva.nl e-mail: r.vandergaag@amc.uva.nl

Dissemination manager:

HPJC de Leeuw, PhD

tel: +31-(0)70-3155519

e-mail: h.deleeuw@hartstichting.nl




