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The mutual intention to elucidate the molecular bases of illnesses 
leads to an increasing interaction of two different disciplines, medi-
cine and bioscience, driven by the awareness that molecular knowl-
edge provides new effective approaches in diagnosis, prevention and 
individualised therapy. To an increasing extent scientists from both 
fi elds work together on research projects and genome research 
plays a decisive role in this process of convergence. 

In many diseases affecting large sections of the population in in-
dustrial nations – therefore referred to as widespread diseases –
more than one factor contributes to their onset, namely genes, en-
vironmental factors and individual life habits. These diseases, e. g. 
cancer and cardiovascular diseases, are also referred to as poly-
genic, multifactorial or complex diseases. The diverse molecular 
modifi cations in the cellular network of these diseases are still 
largely unknown.

Here, genome research offers new approaches by analysing com-
plex processes through systematic genome analysis, aiming at a 
functional characterisation of all genes of a particular organism and 
providing valuable information for individualised prevention and 
new treatment.

Genome research systematically identifi es the entirety of all genes, 
their products, regulation and interactions in cells and tissues. 
Thereby a holistic picture of the molecular interactions in cells and 

organisms as well as of the processes un-
derlying diseases gradually emerges.

What is Genome Research? 

1 The causes of processes leading to the onset of illness can only be treated once the molecular interaction 
of involved gene products is understood. Therefore, aim of systematic genome research is to draw a “circuit 
diagram“ for the complex processes in our body.

2 Elaborate programmes and analysis techniques are the tools used by genome researchers to systematically 
examine individual gene products in order to understand the molecular basis of different diseases.

3 Alterations in the gene of the huntingtin protein cause the neurodegenerative Huntington’s Disease. The 
defective protein forms aggregates in the cell which eventually lead to cell death. In the fl uorescent microscop-
ic image, aggregated proteins can be detected in the cells as red areas whereas cell nuclei are stained blue.

[1]

[2]
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DNA and Genes

Systematic genome analysis offers a new direction in research, 
which has established itself over the past 15 years. When scientists 
James Watson and Francis Crick in 1953 succeeded in disclosing 
the molecular structure of DNA (deoxyribonucleic acid) – the ma-
terial of inheritance –, they could not yet determine the sequence 
of the four different DNA building blocks. The order of these four 
building blocks, i. e. the 
sequence of the bases 
adenine (A), thymine (T), 
cytosine (C) and guanine 
(G) contains the genetic 
information of a living be-
ing (see box). This infor-
mation is replicated as 
each cell divides and is 
passed on to its daugh-
ter cells. At the end of the 
70’s genetic engineering 
techniques were devel-
oped, enabling decoding 
the DNA sequences of 
small viruses and phage genomes. Together with other molecular 
biological methods, particularly Polymerase Chain Reaction (PCR 
– allows a rapid replication of DNA sections in the test tube), these 
techniques formed the basis for a radical change in scientifi c pro-
cedures of molecular biology and the foundation of contemporary 
genome research.

Up until now, scientists have merely studied individual phenomena 
and analysed only a few genes within these phenomena. It took nu-
merous years to unravel the molecular causes of many monogenic 
diseases. Monogenic diseases such as Mucoviscidosis and Hunting-
ton’s Disease arise from modifi cations in only one gene. In addition, 
numerous single cellular mechanisms contributing to the develop-
ment of cancer in equivalent fashion were elucidated.

Systematic Genome Research

In contrast to other approaches, modern genome research 
systematically analyses the entirety of genes, the so-called 
genomes, of organisms. This approach is based on a high 
automation level of the applied molecular biological tech-
niques and on the use of high-throughput techniques (see 
box on page 48). Like a lot of other techniques, the analysis 
of DNA sequence is completely automated today and the 
simultaneous analysis of up to 96 different samples has 
become routine. Compilation, processing and evaluation 
of the large amounts of data can only be accomplished by 
modern computer-systems. The newly emerging discipline 
of bioinformatics fulfi ls the fundamental tasks of generat-
ing and updating databases and software development. 
 

The Alphabet of Genetic Information

This brochure is written using the 26 characters of our alphabet. Other languages 
may be based on different quantities and characters. Computers use only two char-
acters for storing and processing information, i. e. the numbers 0 and 1. Genetic 
information is represented using four “letters„ (A, T, C and G). They consist of spe-
cial molecules, which geneticists briefl y refer to as “bases“, whereby A stands for 
the base Adenine, T for Thymine, C for Cytosine and G for Guanine. The genet-
ic information makes sense only if these bases are arranged in a specifi c order 
(sequence) of characters, as does the language we are familiar with.

[3]
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One of the greatest achievements of internationally coordinated 
public systematic genome research was the working draft of the hu-
man genome, published in spring 2001. German scientists largely 
participated to this working draft in analysing the sequence of the 
chromosomes 21, X, 11, 8 and 7.

By now the sequence of 3.2 billion building blocks in the 24 human 
chromosomes has been identifi ed. The fi nal version with a targeted 
accuracy of 99.99 percent will be available in spring 2003. Bioin-
formaticians estimate the number of human genes to be concealed 
in this sequence at about 30,000 to 40,000. Genes are complicat-
ed in structure and their sequence constitutes only two percent of 
the entire human genome. Human genes are interspersed with DNA 
sections that are not converted into gene products (proteins), just 
like advertising pages might interrupt a lengthy article in a maga-
zine. Based on the analyses of RNA transcripts – the messengers 
that deliver the instructions for building proteins – researchers es-
timate that each human gene serves on average as a template for 
three or more different proteins.

From Reading to Understanding the Human Genome

A few years ago, researchers throughout the world focused on deciphering the human genet-
ic information. Today this major international project has become part of bioscience history. 
Now it is an even greater challenge to understand the contents of this information. Bioscien-
tists refer to this step as the elucidation of gene function. The understanding of the molecular 
mechanisms in a cell will eventually lead to the identifi cation of genetic mutations which are 
causally related to the development of disease. The National Genome Research Network 
(NGFN) is the German contribution to this international effort.

[1]

[2]
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After publishing the working draft of the human genome map and 
with its fi nal version sheduled for 2003, systematic genome re-
search has reached an important milestone towards its aims. How-
ever, a lot of questions regarding its usefulness for medical pur-
poses remain to be answered. Neither the precise number of hu-
man genes nor the function of all these genes are known so far. In 
addition, it is still unknown at what stage of life or in which tissue 
particular genes are active and which are the genes that control the 
susceptibility to specifi c diseases. In order to be able to understand 
the molecular bases of complex diseases, it is necessary to fi nd 
precise answers to these questions (see box on page 10).

Elucidation by Comparison

A lot of basic cellular processes, for example metabolism, were pre-
served during evolution and therefore are comparable in all organ-
isms. For this reason the genetic sequences of various living organ-
isms provide useful information for comparison with the human ge-
nome. Over the last few years, the genomes of almost 100 different 
organisms were analysed, including the genomes of the intestinal 
bacterium E. coli, the threadworm C. elegans, the mouse, baker’s 
yeast and numerous pathogens.

Bioinformatics exploits this knowledge to identify novel human 
genes and to predict their location within the genome. This is es-
pecially important since human genes are partially nested within 
one another. But theoretical analyses by bioinformatics have to be 
verifi ed using molecular biological methods. For this purpose mes-
senger molecules (transcripts) are isolated from cells. Their se-
quence then is reversely transcribed, leading to the generation of 
cDNA molecules. These cDNAs are valuable copies of the original 
gene because they are free of interspersed areas in the DNA, which 
do not provide any information about the gene-product. Scientists 
determine the cDNA’s sequences, thereby creating master sets 
of several thousand cDNAs for further functional analysis. These 
cDNAs are then stored in bacteria so that they are accessible for 
the scientifi c community.

cDNAs are an important tool to produce the gene-encoded proteins 
by genetic engineering and to examine them more extensively after-
wards. Also, the characterised cDNAs enable the design of biochips 
or DNA chips. With these chips, it is possible to compare gene 
activity in different samples, like healthy and diseased tissues or 
various stages of an illness, for example a tumour.

1 On February 15th, 2001, the international 
scientifi c journal “Nature” published the 
fi rst working draft of the human genome 
sequence. A total of 3.2 billion bases were 
“read“ and ordered in the correct sequence.

2 The basic technique for deciphering 
human genetic information is DNA sequenc-
ing. When introduced in 1977, it was only 
possible to experimentally decipher a few 
DNA building blocks. Today they are se-
quenced automatically.

3 C. elegans – the threadworm – was the 
fi rst multicellular organism whose genome 
was completely decoded.

[3]
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Structural Genome Research

Structural genome research is devoted to proteins (gene products), 
the key cellular players. It is necessary to be familiar with the con-
struction of a protein in order to understand its function and per-
haps be able to modify it with suitable active substances. The base 
sequence of a gene – that is the construction manual for the cor-
responding protein – allows conclusions to be drawn about the 

protein sequence but not about its three-dimensional struc-
ture. However, as the three-dimensional protein structure has 
a decisive infl uence on its function, a systematic elucidation 
of the protein structure is becoming increasingly important. 
Included in current research approaches are also disease-in-
duced modifi cations in the entirety of all proteins in a cell, 
the so-called proteome.

The national efforts concerning the above mentioned strate-
gic approaches in functional gene analysis are well integrated 
in large scale research projects and already attracted atten-
tion from the international scientifi c community. These main 
research projects include the cDNA Consortium, the ENU 

Mouse Mutagenesis Screen and the Gene Trap Consortium as well 
as the Protein Structure Factory, which were all implemented in dif-
ferent funding initiatives promoted by the Federal Ministry of Edu-
cation and Research.

Research is also approaching the molecular basis of diseas-
es in yet another way. Every human being, with the excep-
tion of monozygotic twins (commonly referred to as identical 
twins), differs on average in every thousandth base of the ge-
netic sequence. These variants of a single building block of 
DNA are called Single Nucleotide Polymorphisms (SNP, see 
box on page 21) and form the basis of different disease risks 
and individual responses to medication effects. The SNPs can 
help track down genes which trigger diseases and respective 
gene variants. For this reason, SNPs are being catalogued 
worldwide. More than three million SNPs have been stored 
in public databases. The most recent research fi ndings indi-
cate that the SNPs are not evenly distributed throughout the 
entire genome but occur in blocks, which could simplify their 
analysis.

Genome Research and Widespread Diseases

As already outlined, a lot of diseases are attributable simul-
taneously to several genes and triggered in connection with 
environmental factors. These include common diseases like 
cardiovascular diseases, which account for almost half of the 
death rate in Germany, followed by cancer diseases, which 
cause 25 percent of deaths. As life expectation increases, 

diseases occurring in later phases of life play an increasingly sig-
nifi cant role. For example, various studies predict a future rapid in-
crease in the number of patients suffering dementia. Allergies and 

[3]

[2]

[1]
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asthma are also increasing noticeably in industrialised nations. 
These often chronic diseases are not only a considerable burden 
for patients but also induce high costs. New fi ndings leading to im-
proved prevention, diagnosis and therapy will therefore not only 
benefi t patients but also the health care system.

At present, genes involved in these complex diseases are very diffi -
cult to identify, since each single gene often has only a slight infl u-
ence on the occurrence of disease. The extent of a gene’s infl uence 
is usually determined by other factors, such as environmental pol-
lutants or nutrition.

A self-organising network of genes, proteins and signal molecules 
translates the genotype – i. e. the genetic information localised in 
the cell nucleus – to the human phenotype – i. e. the describable ap-
pearance – in cells and organs. In order to examine genes 
and their effects on the network, clinical studies have 
to be cross-linked with methods and results of genome 
research. Many clinical centres already have large well-
documented collections of phenotypic biomaterial (tissue, 
blood), which can now be related to genotyping data.

To track down specifi c disease genes, gene activity in 
healthy and diseased tissue is compared. It is possible 
to identify groups of genes varying in their level of activity. Gene 
expression profi les help to produce specifi c diagnostics chips, 
suitable for analysing a specifi c disease. Gene activity in different 
diseases and the therapeutic effects can then be followed on a ge-
netic level. Epidemiological studies are evaluated through genome 
research and supply new fi ndings regarding for example the effect 
of individual environmental factors. By identifying gene variants 
(polymorphisms), which control a particular step in the me-
tabolism of an environmental factor, it is possible to deter-
mine disease-triggering environmental factors. 

Modern genome research is interdisciplinary. Experts with 
different scientifi c backgrounds work together including 
molecular biologists, clinical physicians and geneticists as 
well as bioinformaticians and engineers, who supply tech-
nical solutions for process automation. The results of such 
collaborations form the foundation for far-reaching im-
provements in the prevention and treatment of the most 
frequent diseases.

[4]

[5]

1 Protein crystals can be seen under the light microscope. Their 
production is a prerequisite for determining 3-D protein structures.

2 Gene expression profi les greatly assist the comparison of gene 
activity in diseased and healthy cells, enabling identifi cation of target 
genes for potential therapies. A pattern of fl uorescent signals becomes 
visible in the laser light, providing information on gene activity.

3 Computer graphic of a gene expression analysis. The white spots 
represent genes whose activity in diseased cells differs strikingly from 
that in healthy cells. Most other genes show no differences or just minor 
differences (blue to red) in expression.

4 DNA chips house many thousand genes or gene sections within limited 
space. In future they will allow more precise diagnosis of many diseases, 
facilitating the individualised adaptation of therapy to suit each patient.

5 Which genes and which environmental factors are responsible for the 
onset of asthma? Modern genome research offers new approaches to 
answer this question.
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With respect to the complexity of its objective, the volume of its 
funding and the concentration of the nationally available exper-
tise, the National Genome Research Network (NGFN) has all the 
hallmarks of a large-scale biomedical project. Leading centres of 
research in molecular genetics and medicine, bioinformatics and 
protein research as well as university clinics and centres for genetic 
epidemiological methods are involved in the NGFN. Overall, around 
300 research groups distributed all over the country, contribute to 
the NGFN.

This focussing of specialised competence involves the integration 
of very different scientifi c disciplines and is refl ected in the struc-
ture of the NGFN. In fi ve disease-oriented networks, physicians 
and clinical researchers from biomedical areas work on patient-
related research. Naturally, most of these scientists are affi liated to 
institutes and university clinics. The core area of the NGFN com-
bines national research potential in systematic genome analysis. 
This research necessarily complements the clinical research.

Kiel

Munich

Heidelberg

BerlinBrunswick

Bonn

Göttingen

Dresden

Tübingen

Lübeck

Erlangen

Giessen

Frankfurt

Essen Bochum

Marburg

Hamburg

Research sites within the 
National Genome Research Network

Core Area

Institutes of the Core Area

Disease-oriented Genome Networks

Cancer

Cardiovascular Diseases

Infection and Inflammation

Diseases of the Nervous System

Diseases due to Environmental 
Factors

Platform Technologies

Proteomics

Bioinformatics

Centres for Genetic Epidemiological 
Methods (GEMs)

Project Management

Technology Transfer Agency

The Structure of the National Genome Research Network 
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The main work done in the core area is referred to in ge-
nome researchers’ language as genomic evolution, sequenc-
ing, gene expression analysis, genotyping and transgenic 
animal models. Highly specialised groups, mainly located at 
large national research institutes and Max Planck Institu
tes, work together in the core area. Furthermore, the know-
ledge and methodology from the cross-sectional disciplines 
bioinformatics and proteomics (a special branch of biochem-
istry) are indispensable. These important disciplines, which 
also include genetic epidemiology, are represented in the platform 
technologies, one of the elements making up the NGFN structure.

Each of the research groups involved offers specifi c expertise and 
none of the above groups would be able to achieve the NGFN’s aim 
on its own. Accordingly, the main criterion for success is each par-
ticipant’s full cooperation. This is facilitated by the network struc-
ture of the NGFN and by a science-oriented Project Management, 
promoting communication an cooperation.

Two committees, the external Steering Committee and the internal 
Project Committee, were designated by the German Federal Minis-
try of Education and Research to direct the NGFN.

The Steering Committee acts as an independent external advisory 
board. It plays a leading role in the conceptual design of the NGFN’s 
scientifi c orientation and its strategic perspectives. Through its 
direction and monitoring of the implementation of the research 
programme, the Steering Committee contributes to the success of 
the NGFN. The Federal Ministry of Education and Research appointed 
eight high-ranking individuals from academic and industrial research 
as well as from major research organisations, i. e. the DFG (German 

1 The exchange of information and 
the co-ordination between partners 
in the NGFN – shown here between 
the Project Committee and Project 
Management – are important criteria 
for the success of the research 
network.

[1]

MDC

MPIMG DKFZ

GBFGSF

Proteomics,
Bioinformatics,

GEMs 

Infection and
Inflammation

Environment

CancerNervous System

Cardiovascular

Project 
Committee

Steering 
Committee

Project 
Management

Technology 
Transfer Agency

The Structural Elements of the National Genome Research Network
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Research Foundation), to participate in the Steering Committee. All 
members work on an honorary basis.

The Project Committee consists of 12 elected speakers represent-
ing the 12 different research areas in the NGFN. As an internal 
NGFN committee, its function is comparable to that of an executive 
board. It has been assigned the responsibility of internal scientifi c 
self-regulation, which mainly entails the continuous updating of re-
search projects, the coordination of research activities within the 
NGFN towards a common goal and the effective use of available re-
sources.

An important aspect in the NGFN funding initiative is the rapid and 
economically successful use of research results. New diagnostic 
and therapeutic approaches can only benefi t patients if commercial 
exploitation makes them available in suffi cient quantities, in reliable 

quality and at reasonable prices. As a consequence, the NGFN also 
contributes to the creation of new jobs and helps boost the national 
biomedical enterprises.

An essential link between academic research and industrial utili-
sation of scientifi c results is the Technology Transfer Agency (TT-
NGFN) located at the Fraunhofer Patent Offi ce for German Re-
search in Munich. The Technology Transfer Agency was established 
especially for the NGFN to assure proper evaluation and commer-
cialisation of NGFN research results according to patent law and 
economical criteria. The Technology Transfer Agency also supports 
scientists to promote the formation of networks and technological 
alliances. Furthermore, it informs scientists in seminars and regular 
publications about topical themes in technology transfer.

NGFN Project Management 

The Project Management fulfi ls the following tasks on behalf of the Federal Ministry of 
Education and Research: it informs the Project Committee and the Steering Committee 
regularly about the status and development of the overall project, it informs the general 
public about the project status, it supports scientists in communication and cooperation 
within the NGFN and in the organisation of cross-discipline events. It functions as an ad-
ministrative offi ce for the above committees and prepares their meetings.
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Diseases due to Environmental Factors

Prof. Dr. Stefan Schreiber
Prof. Dr. Hans Lehrach

Munich

The NGFN combines diseases triggered by environmental factors 
of a civilised lifestyle in the network “Diseases due to Environmen-
tal Factors“. This group of diseases includes many of the chronic 
health disorders, which frequently already affect young people and 
which have increased alarmingly over the past few decades. Pro-
totypical examples are allergic diseases including asthma, 
or chronic infl ammatory bowel diseases (Crohn’s disease, 
ulcerative colitis), psoriasis, chronic bronchitis and perio-
dontitis. These diseases are a strong burden to national 
health and a severe drain on economy. Science is aware of 
the many variations in incidence and course of these dis-
eases for a long time and it is presumed that research into 
causes will prove to be just as complicated as the develop-
ment of therapies.

Generally speaking, diseases are disorders in the compli-
cated biological networks in which most human genes are 
embedded. Such complex networks cannot be effectively 
understood with conventional biological research methods. 
Therefore the NGFN intends to apply new techniques for 
the concurrent analysis of all human genes and protein 
products, in particular to those with high medical rele-
vance. Efforts are made to implement automated proce-
dures and computer-assisted techniques (high-throughput 
techniques) to systematically survey numerous – or all – 
genes in humans (functional genome analysis) and thereby 
leave those studies behind, which until recently only could be ap-
plied to individual genes. Most of this work is done in the above 
mentioned NGFN core area centres, especially in the Max Planck 
Institute for Molecular Genetics in Berlin-Dahlem and the German 
Cancer Research Center (DKFZ) in Heidelberg. As in NGFN’s pre-
cursor funding programme, the German Human Genome Project 
(DHGP), the Resource Center (RZPD) also plays an important role 
as a central infrastructure unit for molecular genome analysis in the 
NGFN (see box on page 47).

High-throughput technologies (see box on page 48) allow the com-
parison of data from healthy people and patients, advancing our un-
derstanding of the processes underlying diseases. Hopefully, this 
will help to avoid the onset of disease (prevention) or lead to major 
advancements in the treatment of an illness (therapy). Important 
aspects are the individual susceptibility to specifi c diseases based 
on genetic factors (hereditary triggers of illness) and the patients’ 
individual responds to treatment and medication employed (phar-
macogenomics). Only by applying newly developed methods we will 
have the chance to better understand the processes underlying 
many complex diseases and to prevent them or at least treat them 
more effectively. This task is of high priority in health policy and 
economy, especially for industrialised nations, who wish to attain 
better “health” at justifi able costs for the social and health care 
system, in spite of an aging population.
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Prof. Dr. Stefan Schreiber

� Professor of Medicine and Gastroenterology at 
 Christian Albrechts University in Kiel
� Speaker of the NGFN genome network on “Diseases due 
 to Environmental Factors“
� Speaker of the NGFN Project Committee

Professor Schreiber (40) studied medicine at Hamburg University. After training in 
Internal Medicine and Gastroenterology at Eppendorf University Hospital in Ham-
burg, he acquired qualifi cation in 1994 to lecture in Internal Medicine at the medi-
cal faculty of Humboldt University in Berlin. In 1996 he was appointed Professor at 
the medical faculty of Christian Albrecht University in Kiel. Professor Schreiber has 
received numerous national and international awards for clinical science.

Prof. Dr. Schreiber’s work focuses on chronic infl ammatory bowel diseases (Crohn’s 
disease and ulcerative colitis) as well as on the evaluation of molecular-epidemio-
logical fi ndings and their implementation in clinical strategies for diagnostics and 
therapy. A key area of work done by Prof. Schreiber’s team at Kiel University is 
the genomic analysis of infl ammatory diseases in the body barriers (mucous mem-
branes of the intestines, bronchial tubes and mouth).

Disease Gene for Crohn’s Disease

The interaction between high-throughput technologies and geno-
typing platforms on the one hand and medical epidemiology on the 
other hand can be illustrated well in some examples. The onset of 
the autoimmune disorder Crohn’s disease (see also box on page 
19), which destroys the intestines, only occurs upon an interac-
tion between several risk genes and various environmental factors. 
In addition to identifying possible environmental infl uences (prob-
ably brought about by the life-style in western industrialised soci-
ety) an important research task is to localise these genes precisely. 
Recently, at University Clinic Kiel, NOD2 was identifi ed as the fi rst 
traceable gene for Crohn’s Disease. Genetic mutations cause modi-
fi cations in the corresponding proteins and therewith perturb the 
interaction between the immune system and the body’s own bacte-
ria. Accordingly, changes in nutritional habits and other living con-
ditions (e. g. hygiene) can, by infl uencing the faecal fl ora, cause an 
onset of the illness in individuals who are prone to it.

For the fi rst time, scientists in Munich have discovered that particu-
lar genes responsible for asthma are located on a small region on 
chromosome 6. Berlin clinicians assume that the fi rst disease gene 

for allergies is located on chromo-
some 5. Interestingly, the gene 
regions for psoriasis and the in-
fl ammatory disease sarcoidosis are 
located in the same area on chro-
mosome 6 as are those for asthma 
and Crohn’s disease. To identify ge-
netic differences in very large ran-
dom samples of patients covering 
many thousands of individuals, it 
is necessary to use state-of-the-art 
technology. For this purpose it is 
mandatory to develop and estab-
lish novel technologies.
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Crohn’s Disease

Crohn’s disease is a chronic infl ammatory bowel disease, which frequently begins in young adulthood 
and then torments affected people for the rest of their lives. The condition occurs in one out of 200 
adults in the north-western industrialised nations. Typical complaints, which include painful diarrhoea, 
severe stomach aches and fever, occur recurrently in bouts. The patients lose a lot of weight and their 
quality of life and job performance are severely impaired.

Crohn’s disease is an overreaction by the body’s defence mechanism, the cause of the illness is as yet 
unknown. Intensive research is still being done on why the immune system reacts so intensively and what 
exactly causes this overreaction. Up to now, therapy has simply allowed to alleviate symptoms and to 
extend intervals between bouts. Many patients have experienced that the right nutrition and life-style can 
exert a positive infl uence on the course of the illness.

Familial predispositions are common – the siblings of affected people are ten times more likely to suf-
fer a chronic infl ammatory bowel disease compared to the general population. However, Crohn’s disease 
is not a simple hereditary disease whose transmission can be assessed unambigously over generations. 
It has long been assumed that not only allergies, psoriasis or cradle cap (“atopy“) but also chronic in-
fl ammatory bowel diseases – which apart from Crohn’s disease also include ulcerative colitis – are the 
result of an interplay of environmental and genetic factors. Meanwhile, it has been confi rmed indeed that 
various genes are involved in Crohn’s disease and therefore it can be classifi ed as a polygenic disease. 
A fi rst susceptibility gene was found on chromosome 16 in the scope of the NGFN research activities, 
and independently also by French and American researchers. This gene, NOD2, plays an important role in 
protecting the body surface against bacteria in the external environment (such as faecal bacteria).

[2]

[1]

1 Picture of the intestinal tract in X-ray examina-
tion. Both Crohn’s disease and ulcerative colitis 
(colitis = infl ammation of the colon) are chronic 
infl ammatory bowel diseases. While Crohn’s 
disease can strike the entire intestinal tract, 
ulcerative colitis is restricted to the colon.

2 The endoscopic image shows the severely 
infl ammatory change evident in a section of the 
intestine affected by Crohn’s disease (on the right) 
compared to the healthy intestine (on the left).
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New Strategies, New Technologies 

Now that the “standard“ human genome has been sequenced, it 
is possible to compare the genetic material of a great number of 
individuals using newly developed technologies. This comparison 
enables scientists to unravel the genetic cause of differences in dis-
ease susceptibility. Today, such high-throughput analyses of gene 
variants (“polymorphisms“) are already being carried out by par-
ticipating clinics (e. g. in Kiel more than 2.5 million SNP genotypes 

were compiled in spring 2002). The broad application of gene 
chips (“micro arrays”) – another high-throughput method –
allows analysis of disease mechanisms including all human 
genes, even those not yet known. Development of the de-
scribed new strategies and technologies is the basis for sys-
tematic functional genome analysis. They are used in most 
areas of genome and proteome research.

To get information on function of a gene, insights into its 
complex network of interaction as well as data on the effect 
of an individual gene on disease genesis, a vast quantity of 
random samples from patients is required. It is necessary that 
the patient cohorts selected for this purpose are represent-

ative and that the patients’ courses of illness are precisely docu-
mented over several years to enable the identifi cation of all relevant 
genetic factors involved. Close integration of major patient organi-
sations as well as concerted action between the NGFN trials and 
other German population based studies (e. g. trials from German 
competence networks in medical sciences or the long-term popula-
tion studies KORA in Augsburg or PopGen in Kiel), secure success 
towards this aim. 

Prof. Dr. Hans Lehrach

� Director of the Max-Planck Institute for Molecular Genetics in Berlin
� Speaker of the NGFN core area institute MPI MG

Professor Lehrach (56) studied chemistry at Vienna University. He was a graduate student at the Max Planck Institute for 
Experimental Medicine and at the Max Planck Institute for Biophysical Chemistry, both in Göttingen, where he graduated 
in 1974. From 1974 to 1978 he worked as a postdoctoral fellow at Harvard University, Boston USA, and from 1978 to 1987 
he headed a research group at the European Molecular Biology Laboratory (EMBL) in Heidelberg. From 1987 to 1994 he 
was head of the Genome Analysis Laboratory at the Imperial Cancer Research Fund in London. In addition to various other 
positions, Professor Lehrach is also a member of the supervisory board of the international Human Genome Organisation 
(HUGO).

Prof. Lehrach’s work focuses on analysing the genomes of vertebrates and the evolution and development of these genomes. 
Prof. Lehrach plays a leading role in the development of high-throughput technologies for genome research.

[1]
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Huge amounts of data are collected in modern biomedical 
research. To keep these data manageable and at the same 
time allow creativity for the researcher’s inspiration, ap-
propriate techniques have to be implemented. To fulfi l the 
demanding statistical tasks centres for genetic epidemio-
logical methods were established in Bonn, Göttingen, Kiel, 
Lübeck, Marburg, Munich and Berlin. In addition, genetic 
and physiological data from a great number of studies are 
linked and integrated with already available databases by 
innovative concepts, such as the genome matrix and the 
patient matrix, developed at the MPI for Molecular Genetics. 
These databases are made accessible for clinicians through a user-
friendly surface.

Coordination and interaction between young scientists of clinical 
institutions (the University Hospital in Kiel, the Charité Berlin, the 
National Research Center for Environment and Health [GSF] in Mu-
nich) and their partners in genome research (Max Planck Institute 
for Molecular Genetics in Berlin, National Genotyping Platform) 
and methodological sciences (genetic epidemiology, bioinformat-
ics) promise the elucidation of signifi cant disease mechanisms 
during NGFN funding. The NGFN’s scientifi c programme, which 
in terms of its strong co-operative basis is unique throughout the 
world, already attracted scientists from various European countries 
and from the USA to participate in NGFN projects. Numerous EU-
funded projects already emanated from NGFN research results and 
Spin-offs from NGFN-projects, which commercially exploit these 
research results, received awards from the BMBF funding initiative 
“BioChance”. In parallel, mechanisms to support rapid transfer of 
fi ndings from research into clinical application are being es-
tablished so that this process will advance at a similar pace 
to molecular discovery.

1 Computer programmes allow systematic analysis of gene chip 
experiments. The activity profi les of selected genes of 12 healthy 
people and 10 patients with a chronic infl ammatory bowel disease 
are shown here. One column is assigned to each person. The colour 
intensity refl ects the strength of expression.

2 It is virtually impossible to search for signifi cant differences in the 
vast amount of genetic data by visual inspection. Each black stroke 
represents one letter in the genetic alphabet.

3 The set of human chromosomes consists of 23 pairs. Each chromo-
some consists of a DNA thread, which becomes more condensed and 
consequently visible during cell division.

[2]

Single Nucleotide Polymorphisms 
(SNPs)

SNPs (pronounced “snips“) are spots in the genome 
where various single nucleotide variants of the DNA 
sequence can occur between individuals. These spots 
are interspersed almost evenly over the entire genome 
and occur at intervals of about every 1,000 base.

SNPs generally do not have great effects but occa-
sionally they may lead to various modifi cations in gene 
products. Such SNPs are particularly interesting to the 
medical science. Specifi c variants of these SNPs are 
crucial for the individual‘s disposition towards certain 
diseases and response to medication. SNPs serve as 
mapping markers along the DNA in genome research.

[3]
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Proteome Research

Dr. Friedrich Lottspeich

In recent years the central dogma in biosciences – “one gene – one 
protein – one function“ – has been disproved by molecular biology 
and genome research. Today we know that the code of one gene can 
not only be converted into one gene product but often into several 
gene products. The somewhat less than 50,000 human genes pro-
duce several hundred thousand different proteins, which are highly 
cross-linked in biological processes of an organism. This leads to a 
very dynamic but still exceptionally robust system, which can level 
out diverse interferences from outside. By and large, the complex 

feedback and control mechanisms, which ensure smooth func-
tioning of this system are still not understood today. One in-
dividual protein can fulfi l several and very different functions. 
Often, the assembly of proteins into complexes is essential 
for proper function, for interaction and for communication 
with other proteins. 

In spite of the great achievements in genome research and 
molecular biology, one had to realise that the function of a 
protein in many cases cannot be predicted by the DNA se-
quence alone, which is coding for this protein. In general, the 
genetic sequence does not reveal any control mechanisms 
regulating the assembly of the produced protein. Neither 
can further modifi cations, which occur after protein assembly 
(posttranslational modifi cations) be deducted from the DNA 
sequence, nor can be predicted where precisely it is located 
in the cell, which other proteins it interacts with, and how 
and at what time point the protein is going to be degraded. 
In addition, the function of a gene can also be infl uenced by 
various environmental factors. Therefore it is undoubted, that 
future studies should focus more on proteins as the gene’s 
products to understand their function. As a result a global 
strategy – proteome analysis – is now employed to gain in-
sights into the complex metabolic and regulatory activities in 
a biological system. The term “Proteome” is defi ned as the 
entirety of proteins available in a cell, a tissue or an organism, 
at a given time and under very specifi c conditions.

Proteome analysis examines
� the type and quantity of proteins available in a biological 
 system, 
� post-translational modifi cations of proteins, which are cru-
 cial for the protein’s biological function,

� the local context within the cell in which the protein plays an 
important role, that is the location and interaction of a protein with 
other proteins.

Dr. phil. Dr. med. habil. Friedrich Lottspeich

� Head of Protein Analysis in the Max Planck Institute 
 of Biochemistry in Martinsried
� Speaker of the NGFN‘s “Proteome Research“ 
 platform technology

Dr. Lottspeich studied chemistry at Vienna University. In 
1978 he acquired a doctorate at the Max Planck Institute of 
Biochemistry in Martinsried, where he continued his scien-
tifi c work up to 1984. Since 1984, he headed the independ-
ent research group “Micro Sequencing“ at the Gene Center 
of Munich University. Dr. Lottspeich acquired a lecturing 
qualifi cation at Munich University and Innsbruck University 
and in 1990 he became head of the research group “Pro-
tein Analysis” at the Max-Planck Institute of Biochemistry. 
He is president and cofounder of DGPF (German Society of 
Proteome Research).

Dr. Lottspeich’s research areas concentrate on methodical 
and practical approaches for the elucidation of protein struc-
tures and proteome analysis. He is cofounder of “Toplab”, 
a company providing services on protein and DNA analytics 
and proteome research.
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1 Mass spectrometers can identify 
proteins or protein-fragments 
(peptides) based on their mass. 
The molecules are fi rst charged 
electrically (ionised) and then 
accelerated in an electrical fi eld. 
Their time of fl ight through a 
vacuum is compared by database 
research with already known data, 
helping to identify the protein or, if 
it is yet unknown, to fi nd indications 
of similar proteins.

[1]

In proteome analyses, different biological conditions are compared, 
e. g. whether or not there is a change in proteins or in proteome 
pattern of the cellular fl uid or of tissues in healthy and diseased 
individuals, or between cells at different developmental stages, or 
whether such changes occur through different external factors, 
such as stress or medication.

Various modern techniques must be established to examine a com-
plex and very dynamic proteome. Therefore new approaches for 
sample preparation, for multi-dimensional combined electrophoretic 
and chromatographic separation techniques and for effi cient mass 
spectrometric analysis are currently being developed and imple-
mented. It would not be possible to meet the requirements set for 
proteome analysis without effi cient automation at the level of sepa-
ration and analysis and without support by modern bioinformatics. 
The use of protein chips will be particularly important for proteome 
analysis in the near future.

Proteome analysis is essential for understanding the complex and 
highly dynamic metabolic and regulatory links of protein networks, 
however its full value can only be realised when carried out in com-
bination with other disciplines of bioscience, such as genome anal-
ysis (analysis of the genetic 
material), transcriptome anal-
ysis (analysis of the gene’s 
reading process) and metab-
olome analysis (analysis of 
the small organic molecules, 
lipids, sugars, etc.). The data 
acquired with these meth-
ods and their bioinformatical 
analysis will enable a better 
understanding of the com-
plex and dynamic processes 
in living organisms.
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Research Sites and Projects 

In the network “Cardiovascular Diseases“ four university centres 
(Berlin, Göttingen, Lübeck /Heidelberg and Munich) are brought to-
gether. These universities cooperate with national research centres, 
such as the Max Delbrück Center for Molecular Medicine (MDC) in 
Berlin-Buch and the Max Planck Institute for Molecular Genetics in 
Berlin-Dahlem, which are located within the NGFN core area. The 
research site in Berlin focuses on research into high blood pressure 
(hypertension) and organ damage due to hypertension. The centres 

in Göttingen primarily investigates 
cardiac insuffi ciency. The working 
groups in Lübeck /Heidelberg exam-
ine cardiac arrhythmias and car-
diac malformations and the centre 
in Munich in close cooperation 
with research groups in Lübeck/
Heidelberg study the genetic causes 
of cardiac arrhythmias. The activi-
ties in the individual research sites 
are closely interlinked with regard 
to contents and methodology.

Despite numerous already estab-
lished therapy concepts, cardiovas-
cular diseases – such as cardiac 
insuffi ciency, coronary heart dis-
ease, cardiac arrhythmias and high 
blood pressure (hypertension) – are 
still the major cause of mortality 
in Germany, causing even more 
deaths than tumour diseases 
(German Federal Statistics Offi ce, 
2002). It has become increasingly 
evident that not only environmen-
tal factors but also genetic dispo-
sition affect the course of these 
diseases. This concerns not only 
diseases caused by modifi cations 

of a single gene, such as specifi c hereditary forms of heart mus-
cle diseases, but also disorders signifi cantly determined by several 
different genetic factors, such as high blood pressure and cardiac 
insuffi ciency.

The cardiovascular network within the NGFN addresses the genetic 
basis of heart diseases applying functional genomics, an approach 
examining the infl uence of genes on functionally relevant disease 
variations.

Cardiovascular Diseases

Prof. Dr. Martin Paul
Prof. Dr. Detlev Ganten

Prof. Dr. Martin Paul

� Dean of the department of Medicine at the Free University of Berlin
� Speaker of the NGFN genome Network “Cardiovascular diseases“

Professor Paul (44) studied medicine at the universities of Heidelberg and San 
Diego, USA. From 1986 to 1990 he worked as a scientist at Harvard Medical 
School, Boston USA. From 1991-1994 he was research assistant at the Pharma-
cological Institute at Heidelberg University. He acquired a lecturing qualifi cation 
in pharmacology and toxicology in 1993, one year later he became adjunct pro-
fessor for Pharmacology and Toxicology at Heidelberg University. In 1994 he 
headed a working group at Max Delbrück Center for Molecular Medicine (MDC) 
in Berlin-Buch, in 1995 he was appointed university professor and deputy-head at 
the Institute for Clinical Pharmacology at Benjamin Franklin University Hospital. 
He has been a managing director of the Institute for Clinical Pharmacology and 
Toxicology at the Free University of Berlin since 1997.

Prof. Paul’s work focuses on molecular genetic analysis of candidate genes for 
cardiovascular diseases and their relevance for diagnosis and therapy. He has es-
tablished experimental techniques to produce transgenic animals (mice and rats). 
These animal models are used to examine, for example, regulatory mechanisms 
for the blood supply to the heart and the effect of drugs and their infl uence on 
high blood pressure.
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Munich

Heidelberg

Berlin

Lübeck

Göttingen

Tasks include: 
� Identifi cation of disease genes involved in cardiovascular diseases.
� Research into the interaction of known disease genes and their 

expression behaviour.
� Establishment of genetic markers to predict the risk for cardio-

vascular diseases (risk profi le).
� Research into genetic factors, which infl uence drug therapy of cardio-

vascular diseases. This approach is also called pharmacogenetics.
The overall aim of the cardiovascular network is to acquire 
new genetic information for improvement of diagnosis and 
therapy of cardiovascular diseases.

Pharmacological Research into 
High Blood Pressure

Chronically elevated blood pressure (hypertension, see box 
on page 26) is a widespread disease and causes serious 
damage to the cardiovascular system, such as heart attacks 
and strokes. It was presumed for a long time that particu-
larly organ diseases (e. g. a narrowing of kidney arteries) or 
environmental factors (e. g. a high-salt diet) lead to chronic 
high blood pressure. We now know that genetic factors 
play an important role in the cause and intensity of this dis-
eases. Some genes can increase disease progression while 
others initiate protection. Therefore, functional elucidation 
of known and newly identifi ed genes might advance our 
understanding of causes of diseases and might improve 
diagnosis. Finally, it is conceivable that functional genome research 
will identify new gene products (proteins) as targets for new and im-
proved medication.

Apart from molecular research into the causes of illness, a lot of 
attention in NGFN research is given to drug effects. Drugs do not 
have the same effect on all people since genetic factors play an im-
portant role in individual drug response. Accordingly, spontaneous 
modifi cations in a gene (mutations) or variations in the structure 
of specifi c genes can alter the reaction to medication, and lead to 
an alleviated or increased effect of treatment or to particular side 
effects.
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Hypertension (High Blood Pressure)

With every pulse beat, the heart pumps blood into the circulatory system – against the resistance of blood vessels. To 
overcome this resistance, the heart must build up a certain pressure, which may vary for a short time depending on 
the situation (increased activity, joy, fear, stress etc.) but usually returns to the lower normal state. However, if it is 
constantly at a value above the upper limit (which, according to WHO, is 160/95 mm HG), it is referred to as high blood 
pressure or hypertension. In Germany, every fi fth adult over 40 years is presumed to have high blood pressure. Since 
in the initial stage, people experience no symptoms and are often unaware of suffering from a disease, the actual fre-
quency of this disease can only be estimated. Often it is just by chance that a mild level of hypertension is detected. 
Constantly high blood pressure is the primary risk factor for cardiovascular diseases. Over time arteriosclerosis and 
an enlargement of the heart might develop as a result of chronic hypertension, which in turn can cause complications 
such as heart attack, kidney damage and stroke. Each year even more people die due to cardiovascular diseases than 
due to other diseases, even to cancer.

In approx. 85 percent of patients, the causes of high blood pressure are unknown. It is assumed to be a multi-factorial 
disease. Both genetic and environmental factors, such as stress, overweight and an unhealthy diet, play an important 
role in disease development. In the remaining 15 percent of patients, hypertension is a result of another disease, for 
example in the cardiovascular system or kidneys. Today, there are different classes of medication available for treating 
hypertension. Therapy should be adapted to each patient specifi cally to avoid adverse side effects. The most important 
antihypertensive drugs include diuretics, beta-blockers, ACE inhibitors and calcium antagonists.

One example for research on high blood pressure is the alpha-
adducin gene. The protein encoded by the alpha-adducin gene plays 
an important role in cells responsible for eliminating salt in kidneys. 
In genetic analyses, alpha-adducin was detected as a “disease gene“ 
in specifi c rat strains with high blood pressure. Importantly, the 
alpha-adducin gene is located in a region of the rat genome very sim-
ilar to the corresponding region in the human genome. Therefore, 
studies on humans were conducted to investigate the association 
between specifi c variations of its gene structure (gene polymor-
phism) and the incidence of salt-sensitive hypertension. As a result, 
a specifi c group of drugs referred to as diuretics, was shown to have 
a particularly good effect on patients who had a specifi c variation 
in the alpha-adducin gene. Using “gene assays“ for alpha-adducin, it 
should now be possible to easily identify patients who will respond 
well to treatment with diuretics.

1 If blood pressure is constantly high, the heart 
permanently has to work harder than under normal 
conditions and the arteries are subjected to an 
extensive strain.

2 A secondary effect of high blood pressure is 
the arteriosclerotic change in the coronary arteries, 
which is a frequent cause of myocardial infarction.

3 Cardiovascular diseases are the most frequent 
causes of death in industrial nations and account for 
about every second death.

[1]
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[2] [3]

First Results of Comparative 
Genome Research

Numerous gene regions, which are es-
pecially signifi cant in cardiovascular 
diseases, e. g. the alpha-adducin gene, 
are similar in different animal species. 
Therefore, animal species have been 
used as model organisms in cardiovas-
cular research for decades. The animal 
model allows a faster examination of 
disease mechanisms and research re-
sults from this system often pave the 
way for selective studies in humans.

Methods to study the expression of 
particular genes involved in high blood 
pressure, were fi rst developed in suit-
able animal models (see box on page 
28). This procedure is called gene ex-
pression analysis. Using lasers, it is 
possible to extract small areas from a 
tissue to acquire genetic material for 
further studies. The genetic material is then used to produce “gene 
chips“ in order to identify which disease-specifi c gene products are 
expressed at a higher or lower level in different tissue samples. The 
identifi ed genes are then characterised more precisely in further 
assays. A number of new candidate genes for high blood pressure 
have been identifi ed using these methods and their signifi cance for 
this disease will be further investigated.
 

Prof. Dr. Detlev Ganten

� Founding director and member of the board 
 of directors at the Max-Delbrück Center for 
 Molecular Medicine (MDC) Berlin-Buch
� Speaker for the NGFN core area institute MDC

Professor Ganten (61) studied medicine in Würzburg, Montpellier and 
Tübingen. From 1969 to 1973 he worked as a scientist at the Clinical 
Research Institute in Montreal (Canada), where he earned a doctor-
ate at McGill University. After his return to Germany, he received 
a lecturing qualifi cation at Heidelberg University, where in 1975 at 
the age of 34 years he was awarded a professorship at the Phar-
macological Institute. Since 1993, Prof. Ganten has been chairman 
of the Department of Clinical Pharmacology at University Hospital 
Benjamin Franklin (Free University of Berlin). Prof. Ganten is a 
member of the German National Ethics Council.

As a researcher into high blood pressure, Prof. Ganten elucidated 
the basic mechanisms in the causes of this disease. His area of 
research covers the hormonal regulation of blood pressure, espe-
cially the renin-angiotensin system and the molecular genetics of 
cardiovascular diseases.
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Prospects 

Research results from the cardiovascular disease-oriented genome 
network have the potential to signifi cantly improve diagnosis and 
treatment of chronic high blood pressure and other widespread 
cardiovascular diseases. In particular, the newly acquired genetic 
information could be used to estimate the risk of developing a 
disease. This can be of great importance in recognising disease 
factors early, advising patients respectively and introducing 
preventive measures. Moreover, the improved elucidation of inter-
actions between drugs and specifi c gene products represents a 
great challenge within this project: it creates the precondition for a 
more effi cient therapy with fewer adverse side effects in high blood 
pressure and other serious cardiovascular diseases.

Animal Models in Genome Research

To examine the function of genes and their causative role in diseases more precisely, 
model organisms ranging from baker’s yeast to mice and insects, such as the fruit fl y, 
are indispensable. These animal models allow very specifi c modifi cations of genes to 
study syndromes and medication.

The mouse is very suitable for this purpose because alterations in individual genes 
often lead to comparable diseases in both humans and mice: if an association is 
suspected between a gene variant and the cause of a specifi c disease, this gene is 
then transferred into a mouse and usually the mouse then experiences similar disease 
syndromes. Conversely, specifi c genes can also be selectively eliminated in model 
organisms. These so-called knockout models allow conclusions to be drawn about the 
function of the gene.

Another approach is mutagenesis screening. In this method, chemical treatment 
results in non-specifi cally genetically changed mouse strains. The results of different 
alterations in the genes are then examined systematically. (See box on the mouse clinic 
on page 37.)

1 Comparison of sizes: tiny droplets 
of DNA samples can be put onto a 
gene chip in precise order.

[1]
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If business informatics is the application of informatics to business, 
what is bioinformatics? The application of informatics to biology? 
Although the technical term might suggest this simple conclusion, 
this defi nition does not do justice to this new science. 

In biology the disciplines of mathematics and informatics are not 
only used to describe conditions examined in experiments but also 
to acquire new fi ndings independently. Accordingly, bioinformatics 
deals with 
� the analysis of sequences of DNA and proteins (i. e. codifi cation), 
� the prediction and modelling of three-dimensional structures of these 

macromolecules, 
� the elucidation of the sequence of the hereditary material, which is 

referred to as the genome sequence (smaller sequence areas can 
be decoded today by automatic sequencing machines but bioinfor-
matics is necessary for putting the numerous jigsaw puzzle pieces 
together), 
� the storage, organisation and (important!) retrieval and linking of 

biological and medical data,
� the planning and evaluation of large-scale experiments in functional 

genome research,
� the simulation and modelling of cellular processes and disease 

processes.

The importance of bioinformatics for the development of modern 
biomedical research cannot be overestimated. Without bioinforma-
tics the code of the human 
genome would still not be de-
ciphered and research into the 
function of individual compo-
nents in hereditary material 
would be a long way behind. 
Modern experiments need bi-
oinformatic methods both in 
planning and also in evalua-
tion of results.

As an interdisciplinary area, 
bioinformatics is where mo-
lecular biology, biochemistry, 
mathematics, statistics and in-
formatics converge. This be-
comes clear in the application 
of the currently commonly 
used DNA array technique. 
The DNA array makes it pos-
sible to compare a great 
number of human genes but 

Prof. Dr. Martin Vingron

Bioinformatics in the NGFN – Pathfi nder in the Data Jungle

Prof. Dr. Martin Vingron

� Director of the Max-Planck Institute for Molecular Genetics in Berlin
� Speaker for the NGFN “Bioinformatics“ platform technology

Professor Vingron (41) studied mathematics at the University of Vienna and 
acquired a doctorate in Mathematics at Heidelberg University and at the 
European Molecular Biology Laboratory (EMBL). His research brought him 
to the University of South California and to the Research Centre for Infor-
mation Technology (GMD), St. Augustin. From 1995 to 2000, he headed the 
research group “Theoretical Bioinformatics” at the German Cancer Research 
Centre (DKFZ) in Heidelberg. Professor Vingron is an honorary professor in 
Mathematics/Informatics at the Free University of Berlin.

Professor Vingron’s research focuses on biological sequence analysis, se-
quence comparisons and genome analysis. In theoretical work he develops 
new algorithms and statistical tools for molecular biology.
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it is fi rst necessary to know about the code composition of a gene. 
With bioinformatic methods, the sections are determined for each 
gene to be represented on the DNA array. Complex computer algo-
rithms are used to compare sequences. After a DNA array experi-
ment, the data must be evaluated statistically to receive a reliable 
statement about the results of the experiment. This is also done 
with bioinformatic methods.

One example for such a cooperation between bioinformaticians and 
laboratory scientists occurred within the framework of a genome-
wide study, carried out recently at the Max-Planck Institute for Mo-
lecular Genetics. Physicians and bioinformaticians worked together 
examining gene expression, i. e. the degree of conversion of genetic 
information into proteins, in various diseases of the human heart. 
Tissue samples were taken from patients with various congenital 
malformations in the heart muscle (tetralogy of Fallot, ventricular 
septal defect, right ventricular hypertrophy) and compared with 
tissue samples from healthy hearts. The aim was to fi nd out more 
on a molecular level about the biological processes, which can 
either lead to malformations of the heart or arise out of existing 
malformations as an adaptation of heart tissue. Depending on the 
kind of disease, specifi c genes play an important role and are either 

more or less active, e. g. in the cell division cycle, in the 
assembly of structural components in the muscles or as a 
binding site for signal molecules (receptors). The differences 
in activity in the individual genes allow to draw conclusions 
about the biological processes involved in the respective dis-
ease. Employing DNA array experiments, the states of activity 
of a great number of genes could be determined in a total of 
55 heart muscle samples (73,000 activity states of different 
genes per sample in total).

The results of this bioinformatic and statistical analysis of more 
than eight million data sets from DNA array experiments are rep-
resented in the diagram on page 31: the processes (blue) near the 
origin of the lines are the least signifi cant in the various diseases 
(represented by coloured lines). Accordingly, the metabolism of the 
heart cells is important in all the investigated states (in diseased 
and healthy hearts) but it was not possible to determine if modifi ca-
tions in metabolism have a special signifi cance for heart diseases. 
The more a biological process is annotated away from the centre 
of the diagram or the origin of a line and the nearer it is to the line 
concerned, the more important are the genes in this process for the 
respective malformation. For example, the genes involved in the re-
sponse of the heart muscle cell to external stimulants and stress 
are signifi cant for the pathological thickening of the wall in the right 
heart ventricle (right ventricular hypertrophy). Both categories are 
found near the line that represents the syndrome of right ventricu-
lar hypertrophy.

Within the NGFN, DNA array experiments are of central interest. The 
search for genes, which are signifi cantly more or less active in indi-
viduals showing specifi c syndromes than in comparable healthy per-
sons, is one of the great challenges in functional genome research. 

[1]
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There is a great need for assistance from bioinformatics, provided 
by various teams of researchers in several locations in the NGFN. 
Colleagues in Heidelberg and Munich are working intensively on the 
development of databases and analysis systems for gene expres-
sion data. In the long-term it should be possible to combine the 
results from the DNA array experiments with clinical data to assist 
in the diagnosis and treatment of a disease.

Using highly developed methods and procedures in informatics, 
modern bioinformatics is increasingly effi cient in genome research 
and will become one of the key technologies in the 21st century.

1 “Wired”: The researchers in the NGFN require 
effi cient bioinformatics for storing, evaluating and 
linking vast quantities of data in systematic 
genome research.

2 Representation of results of about 8 million 
DNA array experiments, analysed with bioinfor-
matic methods. Diagram and experiment are 
described in more detail in the text.

[2]
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Diseases of the Nervous System

Prof. Dr. Peter Propping
Prof. Dr. Martin Hrabé de Angelis Neurological and neuropsychiatric diseases are the focus of interest 

in the disease-oriented genome network ”Diseases of the Nervous 
System“. Partners in the network are universities, clinics and re-
search institutes situated in Bonn, Hamburg, Heidelberg, Marburg 
and Munich. The following diseases are examined:

� Bonn: schizophrenia, migraine, epilepsy, bipolar affective disorder 
(manic depressive disease), dyslexia (impaired ability to read) and 
others

 
� Hamburg: disorders in sensory organs and hyperexcitability in the 

nervous system, emphasis on neurodegenerative diseases

� Heidelberg: stroke, Alzheimer’s disease, mental retardation, alco-
holism

� Marburg: body weight regulation (obesity, anorexia nervosa, consti-
tutional delay) and neurological disorders of the locomotor system 
(hyperkinetic syndrome, dystonia, Tourette syndrome)

� Munich: Parkinson’s disease, Alzheimer’s disease, Creutzfeldt-Jakob 
disease, depression 

The brain – the most 
complicated human organ

The brain is by far the most complicat-
ed organ in the human body. It contains 
1012 neurons with about 1015 contacts 
to other cells (synapses). The neurons 
are connected to an exceptionally com-
plicated but highly organised network, 
which controls all manifestations of 
life of an organism: from simple move-
ments to diffi cult cognitive processes. 
Precisely coordinated programmes du-
ring brain development bring order into 
this chaos and complexity. These de-
velopmental programmes ensure spe-
cifi c interconnection patterns between 
neurons to emerge while the brain is 
being formed. Initially, precursor cells 
are developed in the early embryo. They 
differentiate into supporting and nour-
ishing brain cells as well as into imma-
ture and eventually mature neurons, 
developing their specifi c interconnec-
tions.

Prof. Dr. Peter Propping

� Director of the Institute for Human Genetics at Bonn University Clinic
� Speaker for the NGFN genome network on ”Diseases of the 
 Nervous System“

Professor Propping (60) studied medicine at the Free University in Berlin, 
where in 1970 he graduated as a medical doctor. From 1970 to 1980, he 
worked at the Institute for Anthropology and Human Genetics at Heidelberg 
University. He obtained a lecturing qualifi cation in human genetics in 1976. 
Having obtained a Heisenberg fellowship, he worked from 1980 to 1983 in 
Psychiatric Genetics at the Institute for Human Genetics at Heidelberg Uni-
versity and during the same period at the Central Institute for Mental Health 
in Mannheim. In 1984 he became a professor of Human Genetics at Bonn 
University. In addition to various positions in human genetic societies, Pro-
fessor Propping is also a member of the German National Ethics Council.

Prof. Propping’s primary scientifi c interest is in the area of medical genetics, 
focussing on the analysis of genetically complex diseases, above all neuro-
psychiatric diseases. He also is interested in genetics of hereditary cancer 
diseases.
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We are still only beginning to understand the entire process of form-
ing the brain, its mode of operation and control mechanisms. Genes 
play a leading role in controlling brain development and function 
– this hypothesis offers the only reasonable explanation for func-
tional consistency between the brains of individuals within a spe-
cies. Disturbances in the genetic programme, as occurs in mouse 
mutants lacking specifi c genes for individual molecules, can result 
in far-reaching developmental disorders or malfunctioning in the 
brain. Every human being has an estimated 30,000 - 40,000 
genes, each of which can produce 10 to 100 proteins. But 
up to 1012 neurons are being developed. Therefore, there 
are many more nerve cells of variable specifi c functions 
and even more central nervous contacts (synapses) than 
there are genes or gene products. Genes undoubtedly de-
termine the overall framework of the brain’s formation and 
function but in addition mechanisms, which go beyond 
genetic control must exist for individual development of 
neuronal connections and adaptation through experience. 
Accordingly, both genetic and external factors are involved 
in the origin of most diseases of the brain.

To elucidate the genetic causes of disease, two fundamen-
tally different approaches can be employed:
a. starting from a syndrome and identifying gene modifi ca-
tions involved in the cause of the disease;
b. starting from known gene modifi cations and studying 
the corresponding functional effects, e. g. in the test animal 
or in the cell culture.
Both approaches are pursued in the genome network ”Diseases of 
the Nervous Systems“.

The following examples illustrate how studies progress in the ge-
nome network on ”Diseases of the Nervous system“.

Schizophrenia, Epilepsy, Migraine, Manic-Depressive 
Disorder, Dyslexia: Genome Research in Bonn

Projects at the university clinic of Bonn are organised into two inter-
woven research areas: in the fi rst area diseases like schizophrenia, 
epilepsy, manic-depressive disorder, migraine and dyslexia (impaired 
ability to read) are examined with the approach represented under 
a). Using a great number of patients and/or families, an attempt is 
made to fi nd specifi c alterations in large DNA regions, harbouring 
previously localised genes with a correlation to the respective 
disease. The regions are scanned for genetic markers (Single Nu-
cleotide Polymorphisms, see SNPs box on page 21) in a large-scale 
approach performed in cooperation with the Research Center for 
Environment and Health in Munich (GSF) and the Max-Delbrück 
Center (MDC) in Berlin-Buch. DNA samples are obtained from 
patients’ blood and anonymised. 

The medical fi ndings are analysed with due consideration to the 
information on spreading of the diseases (genetic epidemiological 

Munich

Heidelberg

Bonn Marburg

Hamburg

1 One neuron is connected to up to 
10,000 other neurons through its 
dendritic extensions.

[1]
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methods). Using bioinformatic pro-
cedures, candidate genes with 
a high probability of being signi-
fi cant contributors in a specifi c 
disease are searched for in ge-
netic databases. Previously unde-
termined causes of diseases are 
elucidated this way to develop 
new therapeutic procedures. The 
groups in Bonn recently acquired 
important fi ndings within this 
context.
 
In the second area, scientists in 
Bonn carried out functional tests 
on animal models, using the ap-
proach represented under b) for a 
particular form of epilepsy (tem-
poral lobe epilepsy). It is possible 
to trigger a syndrome similar to 
human epilepsy in a rat. Not all 
genes of a cell are read at a giv-
en point in time. Therefore, each 
cell shows a particular pattern 

of transcribed genes and gene products (expression profi le), 
according to its current state. Therefore, diseased tissues 
often show typical expression profi les. Samples are taken 
from affected tissues in the epilepsy model and the profi le of 
the gene products in these tissues is analysed systematically 
with molecular biological methods.
 
Another project deals with the cellular effects of a poly-
glutamine disease. This neurodegenerative disease causes 
people to have serious disorders in the locomotor system 
and is caused by the altered composition of a specifi c pro-

tein. Also brain tissue of genetically altered animals, which show 
similar symptoms is being collected and analysed in a project im-
plemented with the GSF. Based on a genetic modifi cation detected 
in the animal model, it is possible to identify genetic changes, which 
also characterise the human disease, potentially elucidating genetic 
causes of congenital brain diseases in humans.

Prof. Dr. Martin Hrabé de Angelis

� Director of the Institute for Experimental Genetics 
 GSF Research Center for Environment and Health, 
 Munich-Neuherberg
� Speaker for the NGFN core area institute GSF

Prof. Hrabé de Angelis studied biology at Philipps University in Marburg and 
acquired a doctorate in zoology in 1994. From 1994 to 1997, he worked as a 
scientist at the renowned Jackson Laboratory in the USA. In 1997, following 
his return to Germany, he headed a laboratory at the Institute for Mammalian 
Genetics at GSF. In 2000 – at the age of 36 – he was appointed director of 
the Institute for Experimental Genetics at GSF. Apart from various other ac-
tivities, Prof. Hrabé de Angelis is also the director of the European Mouse 
Mutant Archive (EMMA).
 
Prof. Hrabé de Angelis is a member of the scientifi c committees of both hu-
man genome research projects in Germany: DHGP and NGFN. Key areas in 
his research are functional genomics, the establishment of animal models 
and the molecular causes of degeneration in bones and cartilage.

[1]

1 Responses of the brain to an epileptic fi t. During a convulsion, 
dramatic changes are seen in the electro-encephalogram of the brain 
(left column), recognisable nerve cell damage (middle column) and, as 
can be seen in the gene expression profi le, pervasive disruptions in the 
genetic programme of brain cells (right column). The pictures show a 
comparison of a healthy brain in the fi rst image and a diseased brain 
underneath.

2 A gene defect in the mouse model causes massive developmental 
disorders. The hippocampus, an important centre of memory, is not 
formed. In the cross-sectioned brain of a healthy mouse the hippo-
campus is stained in dark colour.

3 Mice, which carry a mutated copy of the human alpha-synuclein gene, 
form pathological deposits in brain cells, comparable to those found in 
Parkinson’s patients. As a result, it is possible to analyse this disease 
using the mouse model. In the sections shown here, the altered areas 
are stained in red.
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Genome Research in Munich

The research groups at university clinics, the Max-Planck Institute 
of Psychiatry and the Research Center for Environment & Health 
(GSF) have a common aim, to help elucidate the causes of four most 
important and frequent diseases of the central nervous system: 
� Parkinson’s disease (see box),
� Alzheimer’s disease, the most serious form of dementia (see box),
� Prion diseases, especially Creutzfeldt-Jakob disease, which is partic-

ularly topical due to its occurrence in humans in a form, which was 
potentially transmitted from cattle (BSE),
� Depression, which ranks among the most frequent psychological 

diseases suffered in humans.

Genetic factors play an important role with regard to the origin and 
course of the above mentioned diseases. In some cases, pathogenic 
modifi cations in the genetic material have already been determined. 
For further investigation of all four diseases a similar research 
strategy is applied: known gene modifi cations are examined bio-
chemically and physiologically in cell cultures and animal models. 
The metabolic pathways identifi ed in these models are then ana-
lysed again in humans to check for their possible relevance in the 
disease.

Parkinson’s Disease

Parkinson’s disease is characterised by a movement disorder and affects about 1-2 percent of the population 
older than 60 years. As a person ages, there is a sharp increase in the frequency of the disease. Typical symp-
toms are slower movements, muscular rigidity and resting tremors. The disease may also be accompanied by 
depression and loss of facial expression. However, although the visible symptoms concern the locomotor sys-
tem, Parkinson’s disease is a neurological disease: in a particular part of the brain (substantia nigra) neuronal 
cell death causes a defi cit of the neurotransmitter dopamine, which leads to disturbed neuronal interactions 
and fi nally to a defective neurological control of the locomotor system. If therapy is started late or if inappro-
priate therapy is used, average duration of the disease from fi rst symptoms to death may last up to nine years. 
However, if a correct diagnosis is made early and an optimum therapy is used, the patient’s life expectancy is 
close to normal. Most of currently available therapies are based on compensating for the defi cit of dopamine.

In nine out of ten cases, it is not known what triggers Parkinson’s disease and the necrosis of the nerve cells. 
Only in one tenth of all patients is the disease based on known triggers, e. g. meningitis, poisoning or brain 
tumour. Early diagnosis is essential for a favourable prognosis. The elucidation of genetic factors relevant to the 
cause of the disease can contribute to an optimised and early diagnosis and potentially help in the provision of 
therapies, more specifi c to the causes of the disease.

[3]

[2]

Patient with 
Parkinson’s disease Parkinsonian mouse model
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Research on Parkinson’s Disease:
Parkinson’s disease (see box page 35) occurs in approximately 2 
percent of people over 60 and is one of the most frequent neurol-
ogical motor disturbances. Due to varying manifestations of the 
disease, one should actually speak of several individual forms of 

Parkinson’s disease. For example, a modifi cation in the gene 
for the ”alpha-synuclein“ protein causes a particular form of 
the disease. To study disease mechanisms, the altered gene 
for alpha-synuclein was integrated into the genome of a 
mouse. First results prove that these genetically altered mice 
show pathological modifi cations of the brain, very similar to 
those in patients with Parkinson’s disease. As is the case 
with humans, the complete syndrome of the disease does 
only develop in aged mice. Modifi cations in the activity pro-
fi le of further genes in the animal model can give indications 
as to which additional genes might be pathogenic in humans. 
These genes are then specifi cally analysed in a great number 
of Parkinson’s patients, which were extensively examined 
and clinically diagnosed beforehand. Since changes in gene 
activity of identifi ed candidate genes can be very subtle and in 
addition high sample numbers have to be analysed, sensitive 
techniques of high-throughput DNA analysis have to be used.

Research on Alzheimer’s Disease: 
Alzheimer’s disease (see box) is the most frequent form of de-
mentia and due to the increased life expectancy in industrial 
nations it is has become a concern, not only for the many pa-
tients and their family members but also for health service.

As part of the NGFN, animal models for Alzheimer`s disease 
are analysed to get detailed insight into disease mechanisms in 
humans. In Alzheimer’s disease, molecular shears (enzymes) 
cut a ”sticky” protein (amyloid) out of a large precursor protein 
and this amyloid is then deposited in the form of agglutinated 
amyloid plaques. The ”scissors” enzymes are important for 
the formation of these deposits and are referred to as secre-
tases. They are constantly active also in healthy humans and 
produce the ”toxic” amyloid, which however only in old age 
seems to accumulate and be deposited in plaques. The foun-
dation for the later development of Alzheimer’s disease can 
presumably already be found in youth. Blocking the scissors 
should decrease amyloid production and therefore prevent 
the onset of the disease. First fi ndings have already led to 
a much better understanding of one of the two scissors. The 
so-called gamma-secretase consists of several sub-units nec-
essary for the scissors’ activity. With the aid of the genetic 

methods, it was possible to set up mouse models in which genes 
are eliminated for individual sub-units of the enzyme, resulting in 
a break-up of gamma-secretase and complete inactivation. This re-
search helps to identify new targets for medication and treatment 
of Alzheimer’s disease.

Alzheimer’s Disease

The great interest of the general public in Alzheimer’s dis-
ease is due to its high incidence rate and the long time course 
of this disease with its inevitably worsening symptoms, 
greatly impairing a dignifi ed human existence. Alzheimer’s 
disease is the most frequent form of dementia (loss of in-
tellectual and cognitive mental functions). In western coun-
tries it affects 5 percent of the population over 65 years of 
age and 20 percent of the population over 80 years. The 
number of people in Germany suffering from Alzheimer’s 
disease is currently estimated at approx. 800,000. With in-
creasing age, frequency increases greatly and women are 
affected more often than men. Typical of the disease is 
the chronically worsening course, beginning with impaired 
memory and in the fi nal stages leading to total dependency 
on nursing care. In view of an ever-increasing life expect-
ancy, a drastic increase in the number of patients with 
Alzheimer’s has to be expected in the coming decades.

Typically for the disease is the deposit of so-called amy-
loid plaques in the brain, which can only be detected after 
the patient’s death. For this reason, presently Alzheimer`s 
can only be specifi cally diagnosed through excluding other 
forms of dementia. There is yet no cure for the disease, 
but optimal treatment and new medication can at least 
delay the process. The causes of Alzheimer’s disease are 
still unknown but a series of possibilities include genetic, 
toxic, infectious and immunological factors. Elucidation of 
the causes of the disease would greatly improve diagnos-
tic possibilities and above all offer starting points for the 
development of urgently required therapies. Hence, the 
search for pathogenic factors as targets for therapy has 
become the focus of numerous research projects through-
out the world.

ngfnGenom kl-engl-neu   36 28.03.2003, 9:44:28 Uhr



3737

The German Mouse Clinic

In the NGFN mouse models serve as valuable tools to investigate pathogenesis of various 
diseases. Mouse models are produced systematically in large-scale mutagenesis screens 
and then studied in depth by respective specialists.

As a centre for mouse mutants, the ”German Mouse Clinic“, was established at the Insti-
tute for Experimental Genetics in the GSF (Research Center for Environment and Health) 
in Munich. It is unique throughout the world in being a consortium of experts from uni-
versities, Max-Planck Institutes and research centres in Germany who in one location 
conduct extensive, standardised characterisation and diagnosis of mouse models for 
hereditary diseases in humans. This allows a comprehensive analysis in a rapidly growing 
number of disease models. It not only guarantees homogeneous testing conditions for 
standardised phenotyping but also a faster and more effective exchange of information 
and interdisciplinary cooperation, involving biologists, physicians, bioinformaticians and 
biochemists.

The German Mouse Clinic is located in a modern building containing eleven specialised 
units. Each unit consists of a laboratory and a room in which the mice are kept. The 
respective units specialise in behaviour, neurology, dysmorphology, eyes, immunology, 
allergology, perception, clinical chemistry, steroid metabolism, general metabolism, mo-
lecular phenotyping (RNA expression profi ling), pulmonary function and pathology. There 
are also three modules for guest scientists, in which external research groups can use 
the expertise of ”German Mouse Clinic“ for 6-12 months.

The mouse mutants fi rst undergo a general examination, which does not adversely affect 
the animals. Mice, which reveal peculiarities in the fi rst screening, are further examined 
in specifi c tests. The aim is to elucidate molecular causes of diseases in mice, which 
resemble human diseases.

The ”German Mouse Clinic“ offers all research groups of the NGFN the possibility of a 
comprehensive analysis of relevant animal models. Close cooperation between basic re-
search and clinically oriented groups is seen as prerequisite for successful ”life science“ 
research.

1 In the German Mouse Clinic 
(GMC) routine clinical examinations 
are conducted.

2 Mice in a behavioural laboratory. 
Genetically altered mice are com-
pared with normal mice with respect 
to motivation, emotionality, attention, 
learning and memory performance.

3 Computer tomograph analysis 
of a mouse chest. The equipment, 
originally developed for human med-
icine, has been adapted for use on 
small animals and allows syndromes 
(e.g. osteoporosis) to be identifi ed in 
the skeleton of a mouse.

[1]

[2]

[3]
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The disease-oriented genome network on ”Infection and Infl am-
mation“ focuses on the reaction of the human body to infections 
with various microorganisms. The mechanisms underlying these 

processes are investigated using 
functional genomics, the elucidation 
of gene function. Universities and re-
search institutes in Berlin, Giessen, 
Hamburg, Munich and Tübingen deal 
with questions relating to chronic 
infl ammatory diseases, autoimmune 
phenomena and infectiological prob-
lems from the areas of bacteriology, 
virology and parasitology. Research 
in Berlin concentrates on chronic-
infl ammatory diseases and autoim-
mune diseases (e. g. rheumatoid 
arthritis). The other research sites 
concentrate on issues regarding in-
fectious diseases caused by bacte-
ria (e. g. septicaemia, tuberculosis), 
or viruses (e. g. hepatitis) or para-
sites (e. g. malaria).

The following example of tests on 
septicaemia (blood poisoning) illus-
trates how studies progress in the 
genome network in the area of in-
fections.

Tracking Down Blood Poisoning

The GRID project (Giessen Research Centre of Infectious Diseases), 
which was set up at Justus-Liebig University in Giessen, conducts 
research on the blood poisoning syndrome (septicaemia, see box 
on page 39) with its main focus on the elucidation of interactions 
between bacterium and patient (host) in septicaemia and septic or-
gan failure on the molecular genetic level.

The Giessen project covers fi ve closely cooperating subprojects 
(”work packages“) and a common infrastructure unit for the sub-
projects. Participants are the Institute for Medical Microbiology, the 
Centre for Internal Medicine, the Centre for Paediatrics and Adoles-
cent Medicine, the Departments of Anaesthesiology, Intensive-Care, 
Pain Management, the Institute for Immunology and Transfusion 
Medication and the Institute for Clinical and Administrative Data 

Prof. Dr. Rudi Balling

� Scientifi c Director at the German Research Centre for 
 Biotechnology (GBF) in Brunswick
� Speaker for the NGFN core area institute GBF

After studying nutritional science at the University of Bonn and at Washington 
State University, Pullman, USA, Professor Balling acquired a lecturing qualifi -
cation at the medical faculty of the Rhine-Westphalian Technical University 
(RWTH) of Aachen. From 1987 to 1991 he worked as a scientist at the Max-
Planck Institute for Biophysical Chemistry in Göttingen. From 1991 to 1993, 
he headed a scientifi c group at the Max-Planck Institute for Immune Biology in 
Freiburg. In 1993 he became director of the Institute for Mammalian Genetics 
at GSF (Research Center for Environment and Health, Munich) and in 1998 he 
took the chair for Developmental Genetics at the Technical University in Mu-
nich. Since 2001 he has been an honorary professor at the Technical University 
in Brunswick and the scientifi c manager in the German Research Centre for 
Biotechnology (GBF). Prof. Balling is also the current president of the German 
Genetics Society.

Up until now Prof. Balling has worked in the areas of mouse genetics and 
genome research. His future emphasis will be on the genetics of infectious dis-
eases.

Infection and Infl ammation

Prof. Dr. Trinad Chakraborty
Prof. Dr. Rudi Balling

[1]
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Processing at University Clinic Giessen. Within the NGFN, the project 
is closely linked to the above mentioned four other research sites 
within the network on infection/infl ammation and to the core area 
centre in Brunswick (German Research Centre for Biotechnology).

Approaches Taken in Genome Research

Functional genome research offers the possibility of explor-
ing the causes of infectious diseases, such as septicaemia, 
on a molecular level and subsequently of developing new 
methods of therapy. Whether blood poisoning occurs at all 
and also the severeness of its course depends on the infec-
tive agent (portal of entry, aggressiveness, sensitivity to an-
tibiotics) as well as on the patient’s defence condition and 
his primary illness. The patient’s (host) genetic traits as 
well as those of the pathogen (bacterium) are of utmost im-
portance in this context, as are the interactions of both on 
a molecular genetic level (”molecular dialogue“).

Munich

Berlin

Tübingen

Giessen

Brunswick

Hamburg

Septicaemia

Septicaemia occurs if bacteria and their toxins enter the blood circulation. This can be triggered by severe internal 
infl ammations, like pancreatitis or by pyelonephritis. However, septicaemia can also occur as a result of injuries, 
burns and extensive tissue damage. Recent fi ndings have shown that the severe syndrome is not caused directly by 
bacterial poisoning but by the patient’s hyperreaction to infl ammation, which can lead to diverse functional problems 
and fi nally to multi-organ failure with fatal consequences.

Severe septicaemia and septic shock are the main causes of death in non-cardiological intensive-care units world-
wide and rank among the major unsolved problems. In modern intensive care the death rate in septicaemia, even with 
the full utilisation of all therapeutic measures, including the targeted use of antibiotics, is with approx. 40 percent 
very high. In total, about 300,000 people die of septic shock in industrialised nations each year. Additional problems 
in treatment come from the sharp increase in antibiotica-resistant bacteria.

1 The septicaemia-inducing pathogen Staphylococcus aureus. Physicians 
refer to blood poisoning as septicaemia. It occurs when bacteria and their 
toxins spread through the bloodstream over the entire body.
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Today we know the sequences of the human, the mouse and the rat 
genome and also of numerous pathogenic bacteria. This knowledge 
has allowed the development of gene chips or micro arrays, which 
represent the entire genome of an organism and which can be used 
as a tool in determining the activity of individual genes. It is now 
possible to determine, which genes are activated in the course of a 
disease, septicaemia in this example, and therefore to construct a 
gene expression profi le.

Clinical Trials and Research

Studies are carried out within the framework of clinical trials. The 
participants are patients who, for example, suffer from pneumonia,  
infl ammation of the pancreas or sustained serious injuries in an 
accident. Also included are babies born prematurely before the end 
of the 32nd week of pregnancy, who have an especially high risk of 
septicaemia. In addition, a group of healthy people are included in 
the study, who breathe in components of the bacterial cell wall to 
simulate an infl ammation. Participation in clinical trials is voluntary 
and only patients are accepted in the study, who fulfi l criteria defi ned 
in study protocols. The study protocols are subject to examination 
by an ethics commission.

DNA Array Technology

Further terms used for DNA arrays are: DNA chips, gene chips, biochips, expression chips, micro arrays, 
(a DNA array is a specifi cally arranged collection of DNA data).

Array technology represents the basis in genome research for high-throughput analyses. This pro-
cedure makes it possible to compare gene activity in different tissues or cells in different biological 
states. For example, the expression level of genes in diseased tissue is often compared to the corre-
sponding level in healthy control tissue.

In array technology several hundred to several thousand different samples (DNA for DNA arrays, RNA 
for RNA arrays, proteins for protein arrays, tissue samples for tissue arrays) are spotted by a robot 
onto microscopically small areas on a fi rm substrate, e. g. a glass slide or nylon fi lter, and fi xed on 
the substrate. The precise localisation of a sample on the substrate can be defi ned exactly. The 
arrays set up in such a way are then treated with the samples of interest. The specifi c interaction 
between components of the sample being analysed and the bound material on the array are made 
visible through a colour reaction.

Defi ned gene sections can be put onto a DNA array for example. All active genes in a tissue of inter-
est can then be transcribed by a genetic procedure into cDNA. This cDNA binds to its corresponding 
gene counterpart on the array. Gene sections on the array, for which no counterpart is available in the 
analysed sample, do not fi nd any binding partner. Bound and unbound genes are marked differently 
so that active genes (bound) in a sample tissue can then be identifi ed in the analysis process by a 
yellow dot and non-active (unbound) genes by a green dot. These methods enable gene expression 
profi les (see box on page 41).

[1]

[2]
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The participants’ genomes are analysed to identify those who have 
an especially high risk of developing septicaemia (genetic predis-
position) and to examine their genetic traits. This knowledge would 
make it possible to better predict the course of the disease and to 
provide individual therapy. Attention is also focussed on the eluci-
dation of the interactions between the genomes of the host and the 
bacterium in order to develop new approaches for diagnosis and 
therapy.

Important questions to be answered in the course of the 
trial are:
� How does the patient’s profi le of activated genes vary over 

the course of septicaemia?
� Is the gene expression profi le typical of the course of the 

illness and the analysed cell model?
� Are there typical gene expression profi les, which occur as a 

result of a bacterial infection in general?
� Are there gene expression profi les, which are typical of specifi c 

pathogens?
� Are there mutations of disease-relevant genes, which cause the 

patient to have an increased susceptibility to the development of 
septicaemia?

Apart from the clinical studies and on the basis of results from the 
human sample material, interactions between pathogen and host 
are systematically compared and analysed in cell culture models, 
isolated organs and suitable animal models determined. Genetically 
altered mice serve as animal models for septicaemia and individual 
genes are selectively examined with regard to their contribution to 
the development of septicaemia, enabling therapy approaches to be 
identifi ed.

First Results

All research methods required 
have been worked out in detail 
and are implemented. In the mean-
time it has been possible to ex-
amine samples from all groups 
of patients in the trial. The DNA 
is isolated in Giessen and after-
words probed in various centres 
in the NGFN core area. Data eval-
uation and analysis is also being 
performed in Giessen. This part 
of the work is particularly time-
consuming because vast quanti-
ties of data arise from expression 
profi les and have to be combined 
with all clinical and laboratory 
data on the course of the illness 
for comparative analysis.

Gene Expression and Gene Expression Profi les

Gene expression is the conversion of genetic information into gene products. 
This is done by translating the DNA sequence in the cell nucleus into RNA, 
which then either serves as a template for the cell’s protein synthesis ma-
chinery or takes over functional tasks itself.

Although each cell in the body contains complete genetic information, only 
a fraction of  information is deciphered at a given time in any one cell while 
other parts of genetic information may be deciphered in other cells, mean-
ing that totally different genes can be expressed. A gene expression profi le 
is the identifi cation of the type and quantity of RNA molecules in a specifi c 
cell or a specifi c tissue at a defi ned point in time. The differences in gene 
expression profi les of healthy and diseased tissues can supply important in-
dications of the genes involved in the course of a disease.

1 Whether or not septicaemia occurs, 
depends on the patient’s genetic traits 
and the pathogen. Gene chips make 
it possible to examine the molecular 
causes for the course of an infectious 
disease.

2 Premature babies have an in-
creased risk of septicaemia.

3 Special cells can also be bred out-
side an organism in suitable culture 
media (red liquid). Cell culture forms 
an important test system in biomedical 
research.

[3]
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Prof. Dr. Trinad Chakraborty

� Director of the Institute for Medical Microbiology 
 at Giessen University Clinic
� Speaker for the NGFN genome network on ”Infection 
 and Infl ammation“

Professor Chakraborty studied biochemistry in London. He then attained a doc-
torate at the Max-Planck Institute for Molecular Genetics in Berlin, followed by 
a two-year post-doctoral period at the former Bundesgesundheitsamt (Federal 
Public Health Offi ce) in Berlin. In 1990 he acquired a lecturing qualifi cation at 
the University of Würzburg. Up until his appointment as head of the Department 
of Infection and Immunology at Justus-Liebig University in Giessen in 1992, he 
held a Heisenberg fellowship for research at the German Research Centre for 
Biotechnology (GBF) Brunswick.

The main focus of Prof. Chakraborty’s scientifi c work concerns functional ge-
nomics of bacterium-host interaction in septicaemia (blood poisoning) and sep-
tic organ failure. Prof. Chakraborty is Head of GRID (Giessen Research Centre of 
Infectious Diseases).

The fi rst results of the study indicate that there are obviously general 
host reactions to bacterial infections but also typical reactions 
depending on the respective type of pathogen. Accordingly, the 
corresponding gene expression profi les could be used as surrogate 
markers simplifying diagnosis of septicaemia due to the possibility of 
identifying relevant pathogens on the basis of a blood sample only, 
without needing extensive isolation procedures for the pathogen. 
This would make it easier to predict the course of a disease and 
to introduce targeted medication therapy more rapidly and more 
effectively. 

Prospects

The example of the Giessen trial clarifi es what challenges and op-
portunities arise in disease-oriented genome research. Most of the 
applied methods had to be newly established in Giessen and place 
great demands on the available capacities and resources. This is 
particularly true of the very costly micro array studies and the eval-
uation of the resulting data. The NGFN network combines clinically 
applied research with basic research and embraces institutes of 
very different disciplines, including the biotechnological-pharma-
ceutical industry, who work closely together. It is therefore a unique 
possibility to develop and implement new strategies for the diagno-
sis and therapy of serious diseases, which are still incurable or only 
curable to a certain extent.
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Worldwide research into systematic genome research and molecular 
medicine raises continually new questions about scientifi c progress 
and its effects, which are of great social importance. Examples are 
the intense debate about research on embryonic stem cells or ge-
netic diagnosis with its special use in Pre-Implantation Diagnostics. 
Molecular genetic methods are used to search for modifi cations in 
genetic condition for being able to acquire early information about 
the chances to develop a disease and its potential course .

There is a fundamental consensus between the scientifi c commu-
nity and the general public that systematic genome research will 
enable concrete successes in curing diseases and alleviating the 
course of a disease. At the same time, people are aware that the 
rapid increase of knowledge and procedures also entails the poten-
tial for abuse. The risks of possible abuse are perceived as especially 
alarming when the underlying scientifi c facts are complex and not 
made transparent enough to enable the individual and the public to 
form their own opinion.

The success of the NGFN is to a large extent dependent on building 
bridges between specialised scientifi c disciplines throughout the 
joint project work. This is the only way to counteract the sense of 
self-suffi ciency in a specialised discipline and to attain added value 
through cooperation. Even greater than distances within the sci-
entifi c world itself are those between scientifi c profession and the 
general public. Often people feel they have not been given enough 
information to be able to evaluate the objectives, methods and con-
sequences of genome research. Numerous scientists have for a 
long time neglected to communicate the activities and aims of their 
work in a comprehensive manner. Questions such as ”Should limits 
be set for science?“ and ”What are the consequences of the sci-
entifi c results?“ are becoming more pressing today and require a 
wide-ranging debate in society. There has to be more effective com-
munication between the general public and the scientifi c 
community to counteract the general public’s lack of trust 
in science.

Science and the General Public – a Necessary Public Debate
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The Federal Government has reacted to this situation by introducing 
two measures. On the one hand, it formed the National Ethics Coun-
cil in June 2001 to advise Parliament and the Federal Government 
on ethical questions and new developments in biosciences. The gov-
ernment must also ensure that the bioethical debate is conducted 
on a broad front and not just between experts and politicians in the 
context of legislative procedures. The Ethics Council is composed 
of 25 individuals from all social areas, thereby representing the 
entire span of bioethical aspects. Three members of the NGFN 
committees are also members of the Ethics Council.

On the other hand, the Federal Ministry of Education and Research 
has provided funding for the promotion of projects on ethics in 
biosciences. This includes, for example, setting up of a reference 
centre for ethics in biosciences at Bonn University. This research, 
which accompanies the NGFN, deals with the ethical, social and le-
gal questions and integrates them into disease-related genome re-
search, thereby consolidating a scientifi cally objective foundation 
for future social and political debates on the moral evaluation of the 
possible uses of the results of the NGFN research.

1 The National Ethics Council at a 
meeting in Berlin on July 6th, 2001

[1]
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Prof. Dr. Annemarie Poustka, Heidelberg
Prof. Dr. Bernd Groner, Frankfurt/Main

Cancer

The 5 locations and about 50 subprojects of the NGFN cancer net-
work apply – in close cooperation with the core area, i. e. the German 
Cancer Research Center (DKFZ) – genome research to obtain new 
fi ndings on prevention, cause, diagnosis, prognosis and treatment 
of cancer.

The integration of various professional expertise into the 
NGFN, produces new synergistic effects in biomedical sci-
ences, synergies that were not achievable until recently. 
The range of activities stretches from basic research in cell 
biology to the use of high-throughput technologies and bio-
informatic interpretation of genetic and clinical data up to 
the initiation of clinical trials.

Groups in Munich place their emphasis on the genomic 
analysis of breast cancer and cancer of the blood system 
(leukaemia). For this purpose, an extensive and standardised 
tumour bank is established, which allows the correlation 
of genetic data with clinical parameters (e. g. response to 
chemotherapy, metastasis). The Munich scientists already 
obtained very promising results on the identifi cation of new 
prognostic markers. They could show for example that breast 
cancer patients with a mutation in a specifi c gene have to 
expect an unfavourable course of the disease.

In Frankfurt results obtained by molecular biological methods in 
basic research are the basis for implementing new strategies for tu-
mour therapy. Research in different projects has already led to the 
development of new therapeutic agents, which are today being test-
ed in clinical studies, e. g. proteins, which specifi cally bind to cancer 
cells and subsequently kill those cells selectively.

Scientists in Berlin showed that the loss of a specifi c chromosomal 
region can be used as a prognostic marker in kidney cell tumours, 
allowing predictions for the patients’ response to chemotherapy. 
These studies can now be extended to metastases of colon cancer. 
A respective analysis in patients should allow a faster decision on 
the optimal therapy.

In Erlangen researchers examine the molecular bases of metastases 
in rectum cancer.

The groups in Essen work on the molecular classifi cation of differ-
ent kinds of tumours. The scientists achieved excellent results in 
optimising the highly effi cient and quantifi able preparation of gene 
expression profi les. A lot of subprojects in the cancer network will 
benefi t from this work.

Munich

Heidelberg

Berlin

Essen

Erlangen

Frankfurt
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Prof. Dr. Annemarie Poustka

� Director of the Department of Molecular Genome Analysis 
 at the German Cancer Research Center (DKFZ) in Heidelberg
� Speaker for the NGFN core area institute DKFZ
� Speaker for the NGFN Project Committee

Professor Poustka studied medicine at Vienna University and biology at the University of London. 
After graduation she worked as a scientist at the European Molecular Biology Laboratory (EMBL) in 
Heidelberg. Since 1990, Professor Poustka has been the director of the Department for Molecular Ge-
nome Analysis at the DKFZ. Since 1997 she is also a professor at Heidelberg University. Apart from 
various positions in the German Human Genome Project, she is a member of the supervisory board 
of the international Human Genome Organisation (HUGO).

In the centre of Prof. Poustka’s scientifi c work is the identifi cation and characterisation of disease 
genes on the human X chromosome. She also focuses on the systematic analysis of genome function 
as part of high-throughput research. Cancer diseases form a special emphasis here. Prof. Poustka is 
a co-founder of the biotech companies GPC Biotech and PepPerPrint and the Resource Centre in the 
German Human Genome Project (RZPD).

Genome Research and Cancer

Cancer is linked to radical alterations in the cell. Almost all known 
human cell types can develop into tumour cells and the disease 
patterns of the more than one hundred different cancer types varies 
considerably. Despite these differences between diverse tumour 
types, all tumour cells are characterised by a common genetic set 
up and outward appearance.

Genetically altered cell 

In-Situ-Tumour Invasive Tumour 

DysplasiaHyperplasia

1st mutation       tendency 
towards increased cell growth

2nd mutation       still normal 
cell shape but increased cell 
growth

3rd mutation       abnormal 
cell shape and localisation

cancer spreads to the 
healthy tissue surrounding 
the original tumour side 
      including blood vessels, 
metastasis

additional mutations       early stage 
of cancer in which the tumor is 
localised to one area

Blood vessel

[1]
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Over the last ten years several central molecular switches in tu-
mour development were discovered and are well understood today. 
Without doubt, genetic factors play a considerable role in tumour 
genesis and differentiation. Nevertheless, most processes involved 
in the malignant development of cells are presumably still unknown. 
Moreover, the mechanisms involved in tumour onset are divers and 
differ between tumour types. For a better understanding of cancero-
genesis and, therewith for facilitation of personalised and 
more effective therapies, a comprehensive knowledge of all 
cellular processes differing in normal and cancer cells has 
to be acquired.

To achieve this aim, new technologies from genome research 
are applied in the NGFN to solve clinical problems. For this 
purpose clinical experts with access to well characterised 
patient cohorts work closely together with the technology 
platforms in the NGFN core area. Thus new strategies and 
pharmaceuticals can be derived from research results and 
tested for their benefi t in the clinical centres. 

Resource Centre for Genome Research (RZPD)

The Resource Centre for Genome Research (RZPD) is a special kind of library, which collects biological mate-
rial instead of books. The RZPD holds one of the most comprehensive clone collections available to German 
and international scientists.

These are not clones of whole organisms but clones of individual fragments of genetic information. The DNA 
fragments are inserted into host cells, e. g. in bacteria, which are then stored as clones of the respective 
DNA. This enables the break down of a complete genome into different snipplets and storing it in a large 
number of different clones. This process allows the reproduction of DNA from the host cells. The collection 
of all clones belonging to a specifi c group (e. g. all the genetic information from the fruit fl y or every available 
item of genetic information from human liver cells) is referred to as a library: 225 cDNA libraries and 126 ge-
nomic libraries from 32 different organisms can be ordered from RZPD. These contain a total of about 30 
million clones. Apart from the human genome, the Resource Centre, whose headquarters are in Berlin and 
Heidelberg, also stocks the genomes of model organisms, such as the mouse and the fruit fl y, as a “genomic 
library”. The clones for the sequencing projects are supplied from such libraries. For high-throughput proc-
esses the fully automated laboratory units (“picking and spotting robots“) fi rst sort and distribute the clones 
onto micro titre plates. Then the clones are further separated and transferred onto a nylon membrane. This 
membrane, referred to as a high-density clone fi lter, is treated in a way so that it can be packed and dis-
patched to the laboratories. The entire library of required DNA sections is therewith made available on one 
membrane for further analyses.

[2]

1 Gradual development of a 
malignant tumour

2 Clone storage at the Resource 
Centre
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Key Technology: High-Throughput Procedures

Genome research has given scientists new tools for the molecular 
analysis of diseases. To reach a precise description of the difference 
between normal cells and tumour cells, it is necessary to identify 

and characterise all genes and gene products in a given 
cell type. The key to master this challenge is high-through-
put technology, which allows to test many cellular features 
(for instance the modifi cations of all human genes in tumour 
cells compared to normal cells) simultaneously in a single ex-
periment. At the German Cancer Research Center (DKFZ) in 
Heidelberg, several high-throughput technology platforms were 
established, which virtually represent the entire spectrum 
of modern molecular biological methods. These include ex-
pression analysis through chip technology (DNA and protein 
chips), the production of cDNA libraries, the systematic se-
quencing of cDNA, the intracellular localisation of proteins, 
the identifi cation of interactions between proteins, the deter-
mination of chromosomal alterations in cells and histological 
staining in tissue chips. Furthermore, a platform was set up at 
the DKFZ for the high-throughput analysis of cellular function.

Gene expression analysis using cDNA chips is an example of 
a high-throughput method, by which the relative number of 
gene copies in a tissue sample can be determined for many 

thousands genes in just one experiment. The amount of data ac-
quired here with minimum quantities of sample material would have 
required exceedingly greater amounts of tissue using conventional 
methods. With tissue chip technology, it is possible to determine 

High-Throughput Engineering

Development of effi cient, automated analysis procedures and bioinformatics make vast quantities of data availa-
ble and usable for biomedical evaluation. These procedures also permit the implementation of systematic genome 
research to combat disease at justifi able costs and greatly reduced time. What used to be arduous and time-con-
suming manual laboratory work is today done by robots, at a high standard and with a very low error rate. While 
the sequencing costs for the human genome were estimated at 6 billion Euros on the basis of technology in 1992, 
after rapid technology progression an approx. 0.75 billion Euros were estimated based on 1998 standards. Experts 
estimate that the sequencing of the human genome, which has already been concluded, would only cost 0.2 billion 
Euros today, using current technology.

This leap in technology, with all its attestable progress has been achieved because of concerted, technological 
efforts in many different areas: in chemistry e. g. through better fl uorescent dyes, in enzymology through the de-
velopment of particular reagents e. g. the sequencing reactions, and in robotics through ever-increasing parallelisa-
tion and miniaturisation for simultaneous sample processing, in laser technology and – as already mentioned – in 
bioinformatics.

The successful sequencing of the human genome by no means marks the end of the possibilities of high-through-
put engineering applications. On the contrary, this technology is indispensable for the pending and even more 
complex elucidation of gene function.

[1]
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the existence of a certain mol-
ecule in tumour samples from 
hundreds of patients simultane-
ously. The compilation of all re-
sults from clinical analyses and 
various technology platforms al-
lows a comprehensive charac-
terisation of cellular processes 
in tumours. The expertise and 
resources for the comprehensive 
data analysis to attain a correct 
statistical evaluation of the re-
sults are available both directly 
in the projects and on DKFZ’s 
bioinformatics platform. 

Research Examples

By use of high-throughput tech-
nologies, molecular markers were 
identifi ed to predict chemoresist-
ance of mammary gland tumours. 
Breast cancer is by far the most 
frequent type of cancer affecting 
women. About every tenth wom-
an is struck by this disease dur-
ing her lifetime. Approximately 
46,000 new cases occur annu-
ally in Germany and only approx. 
20 percent of patients can be successfully treated with chemother-
apy. It is therefore important to fi nd out which genes make a patient 
unresponsive to chemotherapy because a better prognosis can save 
vital time. If there is a high probability, that a patient will not re-
spond to chemotherapy, another type of therapy should be started 
immediately. The patient could be spared a lot of encumbering side 
effects. Another emphasis of the cancer network is molecular clas-
sifi cation of various tumour diseases by means of high-throughput 
procedures. It is already evident that a lot of tumours diagnosed 
so far, have different causes and also develop differently. Through 
gene expression analysis of tissues from different kidney tumours, 
NGFN researchers found several differentially activated genes in 
the different tumours compared to healthy tissue. Identifi cation of 
these genes allowed a better classifi cation of different kidney tu-
mours. To acquire a most comprehensive understanding of the dif-
ferences between various tumour types and to provide new starting 
points for refi ned cancer therapies, the above mentioned technolo-
gies are essential.

Prof. Dr. Bernd Groner

� Director of the Georg-Speyer House, Frankfurt
� Speaker for NGFN’s genome network “Cancer”

Professor Groner (56) studied biology at the Technical University in Munich 
and biochemistry at Pittsburgh University, USA. He then spent a year at the 
Institute of Cancer Research at Columbia University in New York, USA. Since 
1975, he has done cancer research at various European Institutes:
Max-Planck Institute for Molecular Genetics, Berlin (1975 -1977)
Swiss Institute for Experimental Cancer Research, Lausanne (1977-1980)
Research Centre Karlsruhe, Institute for Genetics (1980 -1983)
Director of the Ludwig Institute for Cancer Research, Berne (1983 -1988)
Friedrich Miescher Institute, Basle (1988 -1993), lecturing qualifi cation at the 
university in Basle
Director of the Freiburg Clinic for Tumour Biology (1993-1998)

Prof. Groner’s scientifi c interest focuses on the mechanisms of signal trans-
duction in normal cells and cancer cells. Differences in these mechanisms 
offer the possibility of intervening with specifi c medication and therefore the 
potential for new forms of therapy. Of the many different kinds of cancer, Prof. 
Groner’s work concentrates mainly on breast cancer.

1 High-throughput studies are based 
on advancing automation. Robots are 
therefore an important tool to scien-
tists. They are capable of handling 
certain processes fast and with great 
accuracy. For example, in the produc-
tion of gene chips a spotting robot 
brings single clones from a gene bank 
onto a membrane or glass plate in a 
consistent order and at high density 
(“micro array“).
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Scientists in the NGFN found the function-
al interaction between two gene products, 
APC and beta-catenin, to be central to 
the development of intestinal cancer. The 
protein beta-catenin belongs to a group of 
molecules, which transmits information 
from the cell’s surface to the cell nucleus 
and which regulates the arrangement of 
cells in clusters. APC is a protein, which 
controls the activity of beta-catenin in 
normal tissue by retaining beta-catenin in 
the cell body (cytoplasm). If this control 
is suppressed, beta-catenin reaches the 
cell nucleus and initiates the activation 
of genes, which can lead to uncontrolled 

Breast Cancer

Breast cancer (mamma carcinoma) is the most frequent cancer affecting wom-
an in the western world. For instance, breast cancer accounts for 18% of all 
cancer diseases affecting women. About every tenth woman will develop this 
kind of tumour during her lifetime. Therefore, thorough information about early 
diagnosis and effective therapy is indispensable.

The causes of breast cancer have not been substantiated yet. Scientists blame 
a couple of factors to increase the risk of developing this disease. These include 
age (the risk of breast cancer increases continuously from 30 years of age), a 
high fat diet, smoking and alcohol drinking as well as the long-term intake of 
female hormones (oestrogen). In addition, it is assumed that about fi ve percent 
of the diseased women inherited disease-related gene modifi cations. Accord-
ingly, women who have a fi rst-degree relative who suffered from the disease 
are at a three times higher risk of developing breast cancer than other women. 
Over the past years three tumour genes BRCA-1, 2 and 3 were found. BRCA 
is the abbreviation for Breast Cancer. Carriers of mutations in BRCA-1 and 2 
are at a 85 percent higher risk of developing breast cancer. The risk increase 
through BRCA-3 has not yet been investigated suffi ciently.

As with most cancer diseases, early detection is essential in breast cancer 
to ensure a favourable course of the disease. Palpation examinations by the 
woman or the physician and mammography are currently the most common 
methods of early diagnosis. Therapies continue to include surgery, radiation 
and chemotherapy.

[1]
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cell division and therefore cancer. The most recent studies from re-
searchers in Erlangen show that there are not only differences in 
beta-catenin location between healthy and tumour tissue but also 
between cell types within a tumour.

The practical benefi ts of genome-driven cancer research on the un-
derstanding of tumour diseases are clearly evident but in the future, 
stronger efforts will be required. The importance of genomic re-
search and the application of its technologies to cancer prediction, 
diagnosis and therapy cannot be emphasised enough. The work of 
the cancer net clearly documents the success of interactive re-
search networks, performing biomedical research more effi ciently 
and at a higher standard. In-depth interaction between physicians 
and basic scientists ultimately benefi ts the patients. The NGFN 
offers excellent conditions and can certainly serve as a model 
for interdisciplinary genome research on an international 
scale. However, the possibilities and the continuity of this 
network must be assured and consistently expanded in 
future.

1 Bio chips are not only for genes. Tissue chips make it much easier to test for 
the presence of important proteins in samples of different tumour tissue because 
they allow many hundreds of samples to be checked simultaneously.

2 Tissue dissection from colorectal carcinoma (intestinal cancer) to determine 
the distribution of the beta-catenin protein in cells from different areas of the 
tumour. The permanent presence of this protein in the cell nucleus leads to 
uncontrolled cell division.

[2]

cells captured by 
laser micro dissection 
       gene expression 
analyses

differentiated 
central areas: 
no nuclear 
beta-catenin

undifferentiated 
invasive areas: 
nuclear beta-
catenin
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The approximately 300 projects of the National Genome Research Network are located at the 
following research institutes.

1. Universities
Clinics and institutes from the universities of Berlin (Free University and Humboldt University), 
Bochum, Bonn, Dresden, Essen, Erlangen, Frankfurt/Main, Giessen, Göttingen, Hamburg, 
Hanover (Medical University of Hanover), Heidelberg, Kiel, Lübeck, Marburg, Munich (Ludwig 
Maximilian University and Technical University), Tübingen.

2. Helmholtz Centres (Hermann von Helmholtz Association 
 of German Research Centres)
German Cancer Research Center (DKFZ), Heidelberg
Research Center for Environment and Health (GSF), Neuherberg near Munich
Research Centre for Biotechnology (GBF), Brunswick
Max-Delbrück Center for Molecular Medication (MDC), Berlin-Buch

3. Max Planck Society for the Advancement of Science (MPG)
Max Planck Institute of Biochemistry, Munich
MPI for Medical Research, Heidelberg 
MPI for Molecular Genetics, Berlin 
MPI of Molecular Cell Biology and Genetics, Dresden 
MPI of Psychiatry, Munich 

4. Gottfried Wilhelm Leibniz Association of German Research Institutes (WGL)
Bernhard Nocht Institute for Tropical Medicine (BNI), Hamburg
Heinrich Pette Institute for Experimental Virology and Immunology (HPI), Hamburg
Research Centre for Medicine and Biosciences (FZB), Borstel
Institute of Molecular Biotechnology (IMB), Jena

5. Other Research Institutes
Federal Agency for Sera and Vaccines, Paul Ehrlich Institute (PEI), Langen
University of Applied Sciences (TFH), Dept. V, Berlin
University of Applied Sciences (FH), Brunswick/Wolfenbüttel
Konrad Zuse Centre for Information Technology (ZIB), Berlin-Dahlem
Krankenhaus Nordwest, University Teaching Hospital, Frankfurt/Main
Central Institute of Mental Health, Mannheim

6. Companies
AGOWA, Berlin Medigenomix, Martinsried near Munich
BIOBASE GmbH, Brunswick MicroDiscovery GmbH, Berlin
BIOMAX Informatics AG, Martinsried near  Molecular Networks GmbH, Erlangen
Munich Protagen AG, Dortmund
CallistoGen AG, Henningsdorf Quiagen, Hilden
Cenix BioScience GmbH, Dresden Scienion AG, Berlin-Adlershof
Defi niens AG, Munich TOPLAB GmbH, Martinsried near Munich 
Genomatix Software GmbH, Munich Wilex AG, Munich

The Partners in the NGFN

Appendix
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The members of the Steering Committee were personally appointed by the 
Federal Ministry of Education and Research. The members of the Steering 
Committee work on an honorary basis. Chairperson of the Steering Committee 
is Professor Winnacker and Deputy Chairperson is Dr. Barner.

Professor Dr. Ruth Strasser
Technical University of Dresden
Medical Clinic and Polyclinic II/Cardiology
Fetscherstrasse 76, D -01307 Dresden

Dr. Dr. Andreas Barner
Boehringer Ingelheim GmbH
Member of Management
Binger Straße 173, D -55216 Ingelheim am Rhein

Professor Dr. Volker Diehl
University of Cologne, Clinic for Internal Medicine
Joseph-Stelzmann-Straße 9, D -50924 Cologne

Professor Dr. Karl M. Einhäupl 
Humboldt University Berlin, University Clinic Charité
Neurological Clinic, D -10098 Berlin

Dr. Timm Jessen
Evotec AG
Schnackenburger Allee 114, D -22525 Hamburg

Dr. Jan-Anders Karlsson
Bayer AG, Pharmaceuticals Department
Aprather Weg 18 a, D - 42096 Wuppertal

Professor Dr. Klaus Strein
Roche Diagnostics GMBH
Nonnenwald 2, D - 82377 Penzberg

Professor Dr. Ernst-Ludwig Winnacker
President of the Deutsche Forschungsgemeinschaft (DFG) 
Kennedyallee 40, D -53175 Bonn

The Committees in the NGFN

The Steering Committee
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The Project Committee consists of 12 elected members: the speakers of the fi ve disease-oriented genome 
networks, the fi ve coordinators of the central research institutes of the core area and the two represent-
atives of the platform technologies bioinformatics and proteomics. The Project Committee represents 
the NGFN structure. Professor Poustka and Professor Schreiber are elected speakers of the Project 
Committee to publicly represent the NGFN and steer the meetings held by the Project Committee.

Disease-Oriented Genome Networks

Professor Dr. Trinad Chakraborty
University of Giessen,
Department of Medical Microbiology 
at the University Clinic 
Frankfurterstraße 107, D - 35392 Giessen

Professor Dr. Bernd Groner
University of Frankfurt, Georg-Speyer-Haus
Paul-Ehrlich-Straße 42 - 44, D - 60596 Frankfurt/Main

Professor Dr. Martin Paul
Free University of Berlin, Benjamin Franklin Hospital
Institute of Clinical Pharmacology and Toxicology
Garystrasse 5, D -14195 Berlin

Professor Dr. Peter Propping
University of Bonn, Institute for Human Genetics
Wilhelmstraße 31, D -53111 Bonn

Professor Dr. Stefan Schreiber
Christian Albrechts University Kiel
Clinic of General Internal Medicine 
Schittenhelmstrasse 12, D -24105 Kiel

Core Area

Professor Dr. Rudi Balling
German Research Centre for Biotechnology (GBF)
Mascheroder Weg 1, D -38124 Brunswick

Professor Dr. Detlev Ganten
Max Delbrück Center for Molecular Medicine (MDC) 
Robert-Rössle-Strasse 10, D -13125 Berlin-Buch

Professor Dr. Martin Hrabé de Angelis 
National Research Center for Environment and Health (GSF)
Ingolstädter Landstrasse 1, D - 85758 Oberschleißheim

Professor Dr. Hans Lehrach
Max-Planck Institute for Molecular Genetics (MPIMG)
Ihnestrasse 73, D -14195 Berlin

Professor Dr. Annemarie Poustka
German Cancer Research Center (DKFZ)
Im Neuenheimer Feld 280, D -69120 Heidelberg

Platform Technologies

Dr. Dr. Friedrich Lottspeich
Max-Planck Institute for Biochemistry, Protein Analytics
Am Klopferspitz 18 a, D - 82152 Planegg/Martinsried

Professor Dr. Martin Vingron
Max-Planck Institute for Molecular Genetics, Bioinformatics
Ihnestrasse 73, D -14195 Berlin

The Project Committee
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Companies as NGFN Partners

The following small, medium-sized and large industrial companies have been named as cooperation partners by  
NGFN projects.

Abeta GmbH, Heidelberg
Amersham Biosciences Europe GmbH, Freiburg
AnalytiCon Discovery GmbH, Potsdam
Aventis Pharma, Paris, France
Bio-Rad Laboratories GmbH, Munich
Bitplane AG, Zürich, Switzerland
Bruker Daltonik GmbH, Bremen
Bruker Saxonia Analytik GmbH, Leipzig
CONARIS Reserach Institute AG, Kiel
CRAY Computer Deutschland GmbH, Munich
DeveloGen AG, Göttingen
Epidauros AG, Bernried 
Eppendorf AG, Hamburg
Evotec OAI AG, Hamburg
G2M Cancer Drugs AG, Frankfurt
Galilei Software GmbH, Munich
GPC-Biotech AG, Martinsried
Graffi nity Pharmaceutical Design GmbH, Heidelberg 
Ingenium Pharmaceutical AG, Martinsried
IntegraGen S.A., Evry, France
Leica Mikroskopie und Systeme GmbH, Wetzlar
Memorec-Stoffel GmbH, Cologne
MoReData GmbH, Gießen
Nikon GmbH, Düsseldorf
Novartis Pharma, Basle, Switzerland
Olympus Co. (Europe) GmbH, Hamburg
Omicron GmbH, Taunusstein
Orion Pharma GmbH, Espoo, Finland
PE-Applied Biosystems GmbH, Weiterstadt
PEPperPRINT, Heidelberg
Perkin Elmer life sciences, USA 
phase-it intelligent solutions AG, Heidelberg
Schering AG, Berlin
Silicon Graphics, Mountain View, California, USA
T. I. l. L. Photonics GmbH, Munich
UCB Pharma, Brussels, Belgium
Xantos Biomedicine AG, Munich
Carl Zeiss, Jena
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Further Information

NGFN Project Management

Koblenzerstr. 112
D -53177 Bonn-Bad Godesberg
Tel.: ++49 (0) 228 -3821-331
Fax: ++49 (0) 228 -3821-332   
pm-ngfn @ dlr.de    
http://www.ngfn.de
  
Speakers of the Project Committee:
Prof. Dr. Annemarie Poustka  
German Cancer Research Center (DKFZ) 
Molecular Genome Analysis 
Im Neuenheimer Feld 280   
D - 69120 Heidelberg

Technology Transfer in the NGFN
TT-NGFN
Fraunhofer Patent Offi ce for German Research
Leonrodstraße 68
D - 80636 Munich
Tel.: ++49 (0) 89 -1205 -358
Fax: ++49 (0) 89 -1205 -888
ngfn @ pst.fraunhofer.de

Federal Ministry of Education and 
Research, BMBF (Department 615)
Heinemannstr. 2  
53175 Bonn-Bad Godesberg
Tel.: ++49 (0) 1888 - 57- 0
Fax: ++49 (0) 1888 - 57-3601
http://www.bmbf.de

Prof. Dr. Stefan Schreiber
Christian Albrecht University Kiel
Clinic for General Internal Medicine
Schittenhelmstr. 12
D -24105 Kiel

Information Material

1. Biotechnologie – Basis für Innovationen (Biotechnology – basis for innovations)
 Published by: BMBF, Department of Public Relations, May 2000
 order at www.bmbf.de

2.Gesundheitsforschung: Forschung für den Menschen (Health Research: Research for the Benefi t of Mankind)
 A Programme of the German Federal Government
 Published by: BMBF, Department of Public Relations, Jan 2001
 order at www.bmbf.de

3. Wohin die Reise geht… (Understanding where we’re going ...)
 Biosciences in dialogue 
 Published by: vdbiol – Association of German Biologists, May 2002
 ISBN 3-527-30567-X

4. Das Humangenomprojekt (The Human Genome Project)
 From basic research to applications in modern medicine
 Published by: Offi ce of the Scientifi c Co-ordinating Committee, April 2002
 ISBN 3-00-009234

Garching Innovation GmbH
Hofgartenstr. 8
50539 Munich
Tel.: ++49 (0) 89 - 290919 - 0
Fax: ++49 (0) 89 - 290919 - 99
gi @ garching-innovation.de

ascenion GmbH
Herzogstrasse 8
D-80803 Munich
Tel.: ++49 (0) 89 - 318814 - 0
Fax: ++49 (0) 89 - 318814 -20
info @ ascenion.de
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Algorithm Calculation instructions used to evaluate data.

Bases The molecules Adenine, Thymine, Cytosine and Guanine with the abbreviations A, T, C, G, whose sequence 
on the DNA is the detailed construction plan followed to produce the functional proteins in the cell.

Biochip General term for miniaturised sample carriers for automated analysis procedures in molecular genetics. 
Biochips are used to analyse simultaneously a large number of samples and parameters. Depending 
on the experimental use and application, they are also referred to as micro arrays, biosensors etc. 

Candidate gene A gene expected of being involved in the cause of a disease on account of known properties.

cDNA C stands for copy or complementary, cDNA is a copy of the transcribed product (RNA) of the double-
stranded DNA, which contains the assembly instructions for a protein.

Chromosome Carrier of genetic information in highly condensed (coiled) DNA. Visible under the microscope. The 
number of chromosomes in the cell nucleus is species-specifi c. Humans have 23 pairs of chromo-
somes in the nucleus of every cell in the body except for the germ cell, which has only a single set of 
chromosomes.

Clones Genetically identical organisms or cells.

DNA Deoxyribonucleic acid. Carrier of genetic information. Long molecule which consists of a a spine and 
the four bases Adenine (AMP), Thymine (T), Cytosine (C) and Guanine (G).

Double helix Two DNA molecules wrapped helically around each other.

Expression profi le The entirety (profi le) of proteins from active (switched on) genes in a specifi c cell or tissue sample at 
a specifi c time point or at a specifi c stage of development.

Gene DNA profi le which contains the information for one or more gene products encoded by its specifi c 
sequence of bases.

Gene expression The process of “reading” the DNA, which leads to the production of the gene products (proteins).

Genome Entirety of all genes in an organism. The human genome contains an estimated 30,000 to 40,000 
genes. The complete human genome is available in each body cell. 

Genotype The individual genetic constitution (sequence of all bases on the DNA) of a person (or organism).

Glossary
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Monogenic disease A disease caused by one mutated gene. It is hereditary according to statistically specifi able prob-
abilities.

Multifactorial 
diseases 

Apart from a genetic predisposition, other factors, such as pollutants, life habits and nutrition are 
involved in the cause of the disease.

Mutation Hereditary alteration in a DNA base sequence. 

Oncogene A gene whose altered activity contributes to the transformation of a normal cell into a tumour cell. 

Phage = bacteriophage, a virus that infects exclusively bacteria. Phages are often used in genetic engineer-
ing as vehicles for gene transfer (vector).

Phenotype The observable appearance of a person (or organism) due to the expression of hereditary dispositions.

Polygenic disease A disease resulting from alterations in several genes. Can be inherited.

Predisposition Hereditary genetic susceptibility to the development of a disease. Environmental factors may trigger 
the actual onset of the disease or have a favourable infl uence on restricting the severity of the 
disease.

Pre-Implantation 
Diagnostics (PID)

Investigation of the genetic predisposition of artifi cially produced embryos. The PID is done shortly 
after fertilisation before the transplantation of the embryo into the womb.

Protein A molecule composed of amino acids. The gene products are proteins. There are 20 different amino 
acids available to construct them. Which ones, how many and in which order they are required for 
a specifi c functional protein is determined by the sequence of bases in the coding gene.

RNA Ribonucleic acid. Single-strand molecule formed when a gene is read. It is required as a template for 
synthesising protein or it can assume functional tasks itself.

Sequence The order of the nucleotide bases Adenine, Thymine, Cytosine and Guanine in a DNA molecule.

Sequencing DNA sequencing: analytical technique for deciphering genetic information by determining the sequence 
of the bases. 
Protein sequencing: method of characterising a protein by determining the sequence of its building 
blocks (amino acids).

Somatic cells Any cell in the body except germ cells.

Transgenic organisms Organisms (animals, plants, micro organisms) into which a foreign or modifi ed gene has been intro-
duced, using genetic engineering methods and which is now passed on from generation to generation.
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