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»Reaching out«





analyse it, and interpret it. This in turn 
benefits the development of the entire 
university: There, the increasing need for 
using »big data«, which ensures that the 
computational sciences are becoming 
truly interdisciplinary, is coming up 
everywhere. Together with our partners 
of the University of Luxembourg, we 
are hard at work tackling and solving 
unanswered questions in the area of data 
analysis, automated feature extraction, 
or 3D-imaging.

Personally, I look at our various activities 
in the context of society. Luxembourg 
has great confidence in us and it 
supports LCSB both financially and in 
terms of ideas. And we are honouring 
this confidence by promoting medical 
progress and economic growth through 
patents and spin-offs. But we also 
want to be partners for the people in 
Luxembourg, talk to them, present and 
discuss our research. It is my sincere 
hope that this report will be a starting 
point for that dialog, that exchange - do 
come and chat with us if the topics we 
are working on here at the LCSB have 
piqued your interest!

Yours truly, 

Rudi Balling, Director LCSB

• • •

Sometimes at night, before getting 
in my car to drive home from work, 
I just stand there and watch the 
most amazing spectacle unfold 
right before my eyes: In the middle 
of this gigantic construction site 
where the new Belval campus is 
emerging, amidst cranes, cement 
mixers, and the hissing and sizzling 
of welding equipment – nearly 
around the clock – the LCSB is 
located!  
 
In Belval, we are the new kid on the 
block. And yet, we have come a long 
way since we moved into the »House of 
Biomedicine« in September 2011: The 
laboratories are up and running, the 
research projects have all been mapped 
out, the first few big name grants have 
been procured, and the team has grown 
exponentially.

Which means we have now entered 
into our productive stage, where we are 

New Kid on the Block
Editorial
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expected to deliver on the promises we 
have made – by showing results and 
innovations. For one, this is of course 
true for our scientific area of focus, 
research in Parkinson’s disease. We hope 
to contribute to a better understanding 
of the mechanisms underlying this highly 
complex neurodegenerative disease.  
We are charting new territory by linking 
up computer science with modern-day 
medicine. At the interface where these 
two worlds meet, the LCSB is hard at 
work, modelling and simulating diseases. 
In doing so, we are helping to make it 
easier to create better predictions about 
which new drugs should be developed 
or their suitability for certain groups of 
patients.

With the LCSB’s focus on systems 
biomedicine, we are indeed well-
positioned to meet these challenges 
head-on: Not only do we generate vast 
amounts of experimental biological 
data, but we also know how to use it, 

Prof. Dr. Rudi Balling, Director LCSB
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The LCSB is an interdisciplinary research centre at the 
University of Luxembourg. It is accelerating biomedical 
research by closing the link between systems biology and 
medical research. Collaboration between biologists, medical 
doctors, computer scientists, physicists and mathematicians 
is offering new insights in complex systems like cells, 
organs and organisms. These findings are essential for 
understanding principal mechanisms of disease pathogenesis 
and for developing new tools in diagnostics and therapy. 

Neurodegenerative diseases like Parkinson’s disease, 
metabolomics and disease networks are in the focus of 
LCSB’s research. The Centre has established strategic 
partnerships with leading biomedical laboratories worldwide 
and has built up strong cooperations with all major biological 
and medical research units in Luxembourg. The LCSB fosters 
collaboration with industrial partners and will be a focal point 
for developing a knowledge-based economy in Luxembourg.
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Prof. Balling, three years ago you had no 
staff. Now, you have almost a hundred 
employees. How does that feel?

Like sitting behind the wheel of a racing 
car. Like going from zero to a hundred 
in just under three seconds. If you will, 
the LCSB is kind of a racing car among 
scientific institutes – in only three years‘ 
time, we went from a staff of zero to a 
staff of almost one hundred. This means 
a major effort for all involved. After all, 
we didn’t just sit in the car and drive, 
we also had to build it as we went along. 
For the first time in three years, we are 
now able to take our foot off of the 
accelerator a little, but we still want to 
maintain a constant high speed.

Reaching Out
Three years of the LCSB means three years of building up, 
organising, communicating. Today, the University of Luxembourg’s 
biomedical research centre is well-established within the 
scientific community and continues to systematically expand its 
connections. What does this mean, specifically? An interview with 
LCSB’s director, Prof. Dr. Rudi Balling.

Director’s interview
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What were some of the events that really 
stand out over these past three years?

Without question our move into our new 
building in Belval in fall 2011. It was then 
we first became truly operational in the 
sense that, since then, we finally had 
laboratories available to conduct our 
experiments. Prior to that, our focus had 
been on setting up bioinformatics and 
computational biology units, which turned 
out to be a major advantage now that we 
actually generate massive amounts of lab 
data.

The most important point, however, was 
and is attracting the right people. The 
LCSB was able to secure excellent young 
scientists as PIs – principal investigators. 
In terms of content, they cover the most 
important fields that are necessary for 
the study of neurodegenerative diseases, 
especially Parkinson’s. Our PIs have put 
together highly qualified and motivated 
teams.

Internally, then, the most important 
groundwork has been laid. What about the 
LCSB’s links to the scientific community?

Our top scientists didn’t come here with 
nothing but their expertise in tow. They 
also brought with them their connections 
and their professional networks. At the 
local level, collaborating with clinicians is 
of the utmost importance as it is that we 

learn through them the types of questions 
physicians are confronted with on a daily 
basis. It allows us to connect directly 
with the patients. Our scientists are also 
part of several international research 
co-operations with institutes in the US, 
Japan, Belgium or Germany. The fact that 
we have managed within a very short time 
to procure several EU grants, for example 
in bioinformatics and computational 
biology, means our network is quickly 
gaining visibility.

Are these connections enough to ensure 
the Centre’s future success?

No, but they lay a solid foundation and 
»Reaching out« is a good motto for what 
lies ahead. And I‘m not just talking about 
other scientists as a target group. We also 
want to reach society, inform people and 
get in conversations with them: After all, 
we are working on the kinds of questions 
that are highly relevant to society.

Initial steps have been taken; we share our 
work with citizens and have established 
a real presence at Parkinson’s patient 
events. But we would also like to reach 
out to younger folks. Which is the top 
reason why we regularly invite school kids 
to the LCSB. We will establish a student 
laboratory for children and teenagers to 
get them excited about doing biomedical 
research. I have a feeling this hope will 
soon become a reality.
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Key word »societal relevance«: Parkinson’s 
is a highly complex, poorly understood 
disease. In the age of demographic 
change, it is affecting an increasingly 
greater number of people. How do you see 
the LCSB’s role in this context?

We want to better understand the 
aetiology of Parkinson’s disease (PD). 
This is why we are working with others 
on a computerised »Parkinson’s disease 
map« – a type of map that compiles 
and represents graphically everything we 
know about Parkinson’s: genes, metabolic 
pathways or risk factors. On the basis of 
this map, we get a real sense of what else 
we ought to be looking at.

In addition, what is gradually becoming 
clearer is that Parkinson’s differs from 
patient to patient. In many cases, its 
aetiology and course differ quite  
distinctly from patient to patient. 
 
We are making a contribution to gaining 
an overview and finding out, for instance, 
whether there exist certain subtypes of 
Parkinson’s. We would like to »stratify« 
groups of patients: What are some of 
the characteristics shared by certain PD 
patients? Where do they differ? Here at 
the LCSB, we are trying to characterise 
these similarities and differences on a 
molecular level.

How does this benefit the patients?

The knowledge helps us to improve 
early diagnostic tools that could be 
individualised to patients: If we are able 
to detect the early signs of onset of 
Parkinson’s, patients could potentially 
adjust their lifestyle to slow the 
progression of the disease. Physicians 
could intervene early in terms of therapy. 
We also get clues about where precisely 
we should intervene on a molecular level 
in the fight against Parkinson’s. Only with 
the help of this knowledge can we hope to 
build a foundation for new and improved 
drug treatments.



Opening LCSB
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Prof. Dr. Rudi Balling, Prof. Dr. Rolf Tarrach, Minister Claude Wiseler, 
Mayor Lydia Mutsch, Minister François Biltgen
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Opening LCSB

Start in Belval

»Mir si frou Iech all hei begréissen ze kënnen. Et ass flott, datt 
d‘Universitéit zu Belval ass and datt Dir op d‘Eröffnung vum
LCSB komm sidd.« During the dedication of the new »House of 
Biomedicine« in September 2011 in Belval, Prof. Dr. Rudi Balling, 
director of the LCSB, greeted his guests in Luxembourgish. The 
ribbon cutting ceremony in the laboratory building was followed 
by a Biomedicine Gala at the Cine Belval with a guest list of 
some 500 people. The following day marked the LCSB’s official 
scientific opening: In the context of the 1st International Systems 
Biomedicine Symposium, leading international scientists came 
together to participate in an active exchange on the current state 
of the art of a systems approach to medicine. 
 

Ranga Yogeshwar moderated  
the Biomedicine Gala at Cine Belval.
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Bridging the Gap
Prof. Dr. Nico Diederich is an interface between clinical and 
academic research: He provides medical care to PD patients at 
the Centre Hospitalier de Luxembourg (CHL), but he also conducts 
translational research at the LCSB.

Translational medicine

What exactly does your work at the LCSB 
entail?

I speak with the scientists and raise 
questions to them that frame PD in the 
clinical setting. What are the symptoms 
during the different stages of the 
disease? What do the patients need from 
us? What do we, as clinicians, need in 
order to effectively treat these people? I 
also consult LCSB researchers during the 
planning stages for projects to ensure 
that the clinical perspective is considered. 
Lastly, I bridge the gap between the 
research and patient, such as when the 
researchers are looking for test persons 
for a scientific trial. For example, we 
are currently recruiting PD patients and 
healthy controls for a study to compare 
energy turnover of skin cells, red blood 
cells, and neurons in the intestine to 
those with clinical signs of PD.  
 
What are you hoping to achieve with this 
type of research?

We have to be able to understand the 
aetiology of the disease and why it 
manifests in disparate places within 
the human nervous system. There are 
several starting points for the LCSB to 
make a difference such as the upset 
of the ecological balance in microbial 
communities within the intestine. Which 
is potentially relevant to the onset of 
PD. The LCSB is trying to figure out if 
there exists any causal relationship 

between micobes and PD – and if so, 
what exactly that is. Another issue is the 
energy supply of the neurons, with all their 
ramifications. Neurons are heavy energy 
consumers – and we know that in the 
case of PD, the cell’s »power plants«, the 
mitochondria, become damaged. Why is 
that? And how does this fact contribute 
to PD? These are the types of questions 
the LCSB is working on – and I hope that 
their answers will provide clues to improve 
diagnostic techniques, earlier detection 
and develop new therapeutic strategies.

Your hope for a future collaboration with 
the LCSB?

One of my hopes goes beyond the LCSB: 
It would be good if we could find a way 
to improve conditions for a collaboration 
between clinics and basic research. 
Politics have to create the needed legal 
framework for the »Chercheur clinicien « 
– the scientist at the patient‘s bedside – 
so that his work can actually be research 
based and that he will have dedicated 
time for this crucial connection between 
bedside and laboratory work. This would 
certainly make a difference.

Professor Diederich, as a clinical 
neurologist at the CHL, why do you spend 
half a day each week at the LCSB?

I have over 400 Parkinson’s patients under 
my care at the clinic, several of them I 
see over the course of many years. At a 
certain point, treatment for the major 
symptoms of Parkinson’s or in short 
PD, most notably the motor problems, 
can become ineffective. In addition, PD 
also includes symptoms like depression, 
cognitive impairment, and autonomic 
nervous system issues. These problems 
can grow to be more troublesome than 
the motor impairment. Also, to date, PD 
cannot be cured and there has been little 
breakthrough in years. This is why it‘s really 
important to investigate basic research 
like that done at the LCSB. And I‘m thrilled 
to be a part of this great enterprise – even 
if my time here is limited.



Microthrix – the Gene Collector

Dr. Emilie Muller is both a microbiologist and an environmental scientist. Her most 
important research involves the bacterium Microthrix sp., which lives in sewage 
and has an uncanny ability for storing large amounts of lipids. Working closely 
with her American colleagues at the Institute for Systems Biology in Seattle, 
Washington, and at TGen North in Flagstaff, Arizona, the LCSB researcher has 
stumbled upon something most remarkable: Microthrix possesses a total 28 
copies of a gene, which codes for an essential step for lipid accumulation. And, 
it turns out, several of these copies hail from uniquely distinct organisms – in 
short, Microthrix also collects genes! 

The ultimate goal is to get a better understanding of microbial communities and 
their ecology, as these play major roles in wastewater treatment as well as in 
other microbial driven processes. The methodologies developed for investigating 
Microthrix are now being used by the Eco-Systems Biology Group at LCSB to 
address the roles of microbes in our bodies and their potential involvement in 
diseases such as Parkinson’s disease. 

• • • 9
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Breathing Life into Scientific 
Publications

Text mining

Dr. Maria Biryukov is a computer 
scientist by training but her work 
focuses on text mining and natural 
language processing. She breathes 
life into texts. And no, we are not 
talking about boring novel drafts 
but scientific publications. Yet she 
is neither tweaking individual texts 
nor polishing awkward sentences. 
The scientist only deals with texts 
on a large scale – a few tens of 
thousands at a time. Text mining 
is the automated analysis of 
scientific publications.
 
For many biological and medical topics, 
there exist a vast number of associated 
publications. This is also true for 
Parkinson’s disease, the LCSB’s main 
focus. The role of individual proteins, 
the significance of certain genes within 
complex biological networks – all of the 
above and more are topics of intense (and 

sometimes heated) debate in scientific 
journals.  
 
No single individual could possibly keep 
track of all of this material. Which is 
why biologists must rely on computers 
and the work of researchers like a Maria 
Biryukov: »I develop programmes aimed at 
extracting diverse semantic relationships 
between biomedical entities and identify 
hypotheses of interest for biologists.«

We identify fragments of text that 
best answer our question 
 
Maria Biryukov’s job involves training 
computers to correctly recognise 
biomedical concepts and discern their 
meaning in a given context. »Let’s assume 
for a minute a biologist is trying to figure 
out the role of gene A in metabolic 
process B,« says Biryukov. »For purposes 
of a literature analysis, we first have to 

identify where in the text gene A and 
metabolic process B are mentioned. Next 
we have to find concepts that describe 
the gene’s function. Finally we put this 
information together in order to identify 
fragments of text that best answer our 
question.« 
 
The frequency with which key terms 
occur in the text, their position within 
sentences, overall sentence structure, 
and the presence of additional signal 
terms, are all taken into account.

It is a tremendous effort – but 
definitely worth it 

This is a rather difficult task given the 
diversity of natural language. Consider, 
for example, that »superoxide dismutase« 
is the name of a protein that can be 
attributed to both humans and mice, and 
a statement like »reduced expression« 



• • • 11

has to be interpreted as »negative 
regulation.« It is a tremendous effort – 
but definitely worth it. 
 
Analysing tons of full text articles, a 
number of pathways were identified 
 
As an example, based on a selected set 
of papers, LCSB biologists deduced that 
Parkinson’s disease might somehow 
be related to diabetes. To test the 
hypothesis, Biryukov analysed tons of 
full-text articles on Parkinson’s disease 
and diabetes. Although a direct genetic 
connection between the two diseases is 

not obvious, a number of pathways that 
are prominent in Parkinson’s disease and 
diabetes, and which involve genes from 
both, were identified. This information 
may help biologists further plan research 
on the topic.

Dr. Maria Biryukov
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Making Knowledge Accessible
Parkinson’s disease map

»There is a lot we know. But at 
the same time, we often don’t 
realise just how much we really 
do know.« Dr. Marek Ostaszewski 
is a coordinator of the efforts 
to develop the Parkinson’s 
disease (PD) map – a virtual map 
containing all that is currently 
known about PD, and trying to 
connect all this knowledge.
 
These efforts, however, involve moving 
within a world of contradictions: There is a 
plethora of research out there on PD and 
each year thousands of new articles are 
published on the subject – but no single 
individual could possibly keep track of 
this flood of information. Many scientists 
are conducting high-end research on 
PD – but until now, there has been no 
objective reconciliation of their results 
nor a classification into some kind of an 
overview. Yet this overview is exactly what 
is needed – but one that is as useful to 
bench scientist as it is to the clinician. 
Computer scientist Marek Ostaszewski 
is hopeful that LCSB’s PD map will 
accomplish just that. For it to work, the 
project has to incorporate knowledge 
about neuroscience, bioinformatics, 
computational biology, wet lab 
experiments and communication. For the 
same reason it involves a large group of 
people in LCSB. »Interdisciplinary centre 
for systems biomedicine – I couldn’t 
think of a better environment for such an 
undertaking,« he says. 

The idea of creating a PD map dates 
back to the LCSB’s early days. In 2009, 
the LCSB scientists agreed on making 
Parkinson’s disease the focal point of 
their work. What then seemed more 
obvious than to first put together an 

overview outlining the current state of 
research? One of the first research groups 
at the LCSB was that for computational 
biology of Prof. Antonio del Sol. He 
analyses and models biological networks 
in order to gain a deeper understanding 
of them. Del Sol maintains close contacts 
to the Systems Biology Institute (SBI) 
in Tokyo, Japan, and to its director, Prof. 
Hiroaki Kitano. For some time now, SBI 
scientists have been working on virtual 
maps of complex cellular processes 
and have considerable experience with 
systematic development and presentation 
of current knowledge in this area. The 
LCSB’s goal was to use this expertise to 
produce a similar map, albeit for a disease 
– a first. »Against this background, 
we were quickly able to strike up a 
collaboration with the SBI,« says del Sol.

The PD map incorporates scientific 
key messages

In September 2011, Marek Ostaszewski 
came on board as project manager of 
the PD map initiative. »At the time, it 
became clear that the map’s format 
was well-suited to network analysis,« 
says Ostaszewski. »And that a lot more 
could be done with it.« The goal was 
to make the map useful for the other 
LCSB groups. As in helping with the 
planning of lab experiments: The map 
offered specific clues about where 
more work is needed to examine the 
underlying molecular mechanisms. Or 
where new research hypotheses could be 
formulated that should be tested in the 
laboratory by bringing together results 
that had previously been considered 
separate. Another area of application 
is bioinformatics, explains Ostaszewski: 
»One of the LCSB Bioinformatics Core 

Facility’s strengths is in annotation – 
connecting known, seemingly separate, 
pieces of information. It was decided that 
this know-how should become part of the 
map – and the bioinformaticians saw it 
as a good venue to develop their tools.« 
One of these tools is text mining: The 
Bioinformatics Core Facility discovers new 
techniques for the automated analysis 
of research articles on PD in which new 
findings can be incorporated into the 
map. At this point, the thousands of new 
papers that are added each year are no 
longer overwhelming – their key messages 
are automatically extracted and can be 
incorporated in the PD map. 

Thus, the amount of data and the number 
of those involved in the project has grown 
by leaps and bounds. Emphases had to 
be defined in order to prevent losing 
sight of the project while trying to get 
an overview of PD. And yet, the project’s 
dimensions continued to expand. »Our 
PD map has really resonated with the 
scientific community – other research 
institutes can and want to benefit from 
it and add their special knowledge about 
the disease.« So how exactly would this 
work? Ostaszewski thinks crowd sourcing 
might be an option. The basic idea is the 
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same as Wikipedia: An internet portal 
for scientists to post their insights, 
which ultimately would allow the map to 
expand much more quickly than if a single 
institute like the LCSB were to maintain 
it alone. Models for this type of database 
are already out there, like Reactome, 
an online database for molecular 
interactions. But Reactome is also a prime 
example for showing the full scope of 
this type of project: »The interactions are 
entered into the Reactome database by 
hand,« explains Ostaszewski. It involves 
an intensive review process: At least 
two experts double-check all the entries 
before they are approved. Ostaszewski 
would like to see something similar for 
his PD map: »All PD researchers have 

their special area of expertise, where they 
consider their findings to be the most 
relevant. An easy-to-use portal will allow 
everyone to tend to their own garden – 
but we will have to make sure that the 
information has the proper weight and 
that everything is correctly organised and 
the dots connected.« 

Marek Ostaszewski has plenty of 
work in front of him

The final difficulty cannot easily be solved 
using an online map. The overview has to 
be useful to users: basic scientists, and 
clinical researchers alike. Ostaszewski: 
»When researchers see the PD map for 
the first time their immediate question 

is: How is this relevant to my work?« 
It is a major challenge because the 
map’s content must be both accessible 
and intuitive. Burying the user under a 
ton of detailed interactions is as bad 
as burying them under a ton of paper. 
Bringing the knowledge together and 
making it comprehensible at the same 
time is the ultimate goal – it is a task 
that requires knowledge of the scientific 
content, understanding user needs and 
prior communication experience. All 
of the above are important to Marek 
Ostaszewski, meaning he has plenty of 
work in front of him to coordinate the 
development of a comprehensive and 
practical PD map.

Dr. Marek Ostaszewski
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 TGen (USA)

University of Arizona (USA)

Institute for Systems Biology (USA)

Lawrence Berkeley National Laboratory (USA)

Massachusetts Institute of Technology (USA)

Pacific Biosciences of California (USA)

Pacific Northwest Diabetes Research Institute (USA)

The Ohio State University (USA)

University of California (USA)

Washington University (USA)

Massachusetts Institute of Technology (MIT),  
Boston, USA 
In collaboration with the group of Prof. Gregory 
Stephanopoulous at the Massachusetts Institute of 
Technology (MIT), Boston, USA, the Metabolomics Group at 
the LCSB studies the etabolism of cancer cells using non-
targeted tracer fate detection. 

University of Arizona & TGEN & North Arizona  
University, USA
Several research institutes in Arizona, USA, currently 
contribute to the strength of the eco-systems biology 
research at the LCSB: Prof. Paul Keim, affiliated with the 
North Arizona University and TGen North, provides the 
sequencing of microbioms. Prof. Frederic Zenhausen, affiliated 
with the University of Arizona, is involved in the development 
of HuMiX microfluidic co-culture chamber.  

European Molecular Biology Laboratory (EMBL),  
Heidelberg
The European Molecular Biology Laboratory (EMBL) is one 
of the flagship institutions in the area of life sciences within 
Europe. The LCSB has established collaborations with different 
groups at the EMBL site in Heidelberg, Germany. Dr. Lars 
Steinmetz is a leading researcher in yeast genomics and will 
advise the LCSB in establishing a yeast platform. 

International Key Collaborations

Institute for Systems Biology (ISB), Seattle, USA
The Institute for Systems Biology (ISB) in Seattle, USA, is the 
leading institution in Systems Biology with an outstanding 
reputation and scientific performance. In 2008, a strategic 
collaboration was established between the LCSB and the ISB, 
including a fellowship programme where postdoctoral fellows 
from Luxembourg spend two years at the ISB and then return 
to the LCSB, bringing back key expertise in systems biology. 

Systems Biology Institute (SBI), Tokyo, Japan
The Systems Biology Institute (SBI) in Tokyo, Japan, led by Prof. 
Hiroaki Kitano has a longstanding expertise in data curation 
and graphical notation of molecular interaction networks. 
Together, LCSB and SBI have established and will further 
develop a Parkinson’s disease (PD) map – a computer-based 
knowledge repository to organise, integrate and analyse the 
current knowledge on PD in form of a network. 

Helmholtz Association, Germany
Various groups of the LCSB collaborate with researchers at 
the Helmholtz Centre for Infection Research, Braunschweig, 
and the Helmholtz Centre Munich – German Research Centre 
for Environmental Health. Mouse genetics and breeding 
programmes in which these centres have a longstanding 
expertise are at the heart of these collaborations.
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Japan:  

Systems Biology Institute  
Riken Research Center for Allergy and Immunology

CIC bioGUNE (Spain)

University of Iceland (Iceland)

King’s College London (UK)

 University of Cambridge (UK)

Royal Institute of Technology 
Stockholm (Sweden)

Germany:

Charité – Universitätsmedizin Berlin
EMBL
Helmholtz Centre Munich
Helmholtz Centre for Infection Research
University of Ulm
Max Delbrück Center for Molecular Medicine
Technische Universität München
University Hospital Homburg/Saar
University of Heidelberg
BioQuant
University of Kiel
University of Konstanz
University of Magdeburg
University of Mainz
University of Tübingen
University of Würzburg

Belgium:

Catholic University of Leuven
Flanders Institute for Biotechnology  
Free University of Brussels 
University of Ghent

Novozymes A/S (Denmark)

University of Vienna (Austria)

The Netherlands:

Centre for Neurogenomics and 
Cognitive Research
University of Groningen

University of Poznan (Poland)

Massachusetts Institute of Technology (USA)

Staff Nationalities at LCSB

Germany

Luxembourg

France

Belgium

Other European countries

Other non-European countries

27

4

13

9

22

12

France:

Pasteur Institute
European Institute for Systems 
Biology & Medicine
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Blank Spots on Our Interior Map
HuMiX

Santa Maria, Beagle, Pizarro – on 
these ships were the explorers 
and scientists of bygone eras as 
they journeyed to new worlds: 
Christopher Columbus on his 
Santa Maria, Charles Darwin on 
his H.M.S. Beagle, and Alexander 
von Humboldt on his Pizarro, 
the Spanish frigate. Today, few 
territories on Earth’s surface 
remain uncharted – but there 
remains plenty in the microscopic 
world of bacteria. 

The discovery vessels of today, used 
to chart the microbial ecosystems on 
and within us, are high-tech gadgets. 
Their names are less catchy than those 
of the sailing ships in former times; 
for the most part, they are simple 
acronyms. Like HuMiX, for instance, 
the human microbial co-culture device. 
LCSB’s scientist Dr. Paul Wilmes has 
co-developed it with his team using 
a small chamber that is separated by 
only a single layer membrane where 
human and bacterial cells can be 
cultured concurrently. The scientists’ 
ultimate goal is to use HuMiX to 
explore the uncharted bacterial-human 
landscape.

Paul Wilmes is a microbiologist with a 
special focus on ecology. Really now? 
An ecologist at a biomedical research 
institute? Wilmes is quick to dismiss this 
apparent contradiction in terms: »Just like 
every other higher organism, as humans, 
we live in close proximity with many 
microorganisms. They colonise the surface 
of our skin, our mucous membranes, and 
the inside of our digestive tract.« It is 
here, where they assist in food digestion 
that they are most invaluable. We are host 
to vast numbers of bacteria in our bodies: 
Approximately 1.5 kg of bacterial biomass 
is found inside the human intestine alone; 
their sheer number far exceeds that of 
cells making up the human organism by 
a factor of nearly ten. We are still not 
quite clear about the exact number of 
bacterial species that colonise our gut. 
What we do know is that the bacteria 
constitute complex ecosystems on our 
body’s surface and inside us. According to 
Wilmes, »normally, these systems are in a 
state of balance. But if something upsets 
this balance and one of several strains of 
bacteria are allowed to proliferate out of 
control, this could be a potential cause 
for disease. In the case of Parkinson’s 
disease, this relationship has at the very 
least been hinted at.«

Unravelling the interplay between 
microbes and ourselves

According to Wilmes, from a medical 
perspective, the topic’s systematic 
investigation is urgent: »Technological 
progress – genomics, transcriptomics, 
proteomics, metabolomics – has put us in 
a position where we can begin to unravel 
the complex interplay between microbes 
and ourselves.« Until now it has simply 
been unfeasible to study bacteria in the 
process of their interactions with humans. 

So far, researchers have only been able 
obtain and analyse samples from human 
volunteers. HuMiX is here to change all 
that. With its help, human and bacterial 
cells are able to interact just as they 
would within the living organism – albeit 
under the researchers’ watchful eye.

HuMiX basically looks like a small, round 
box of chocolates. Inside, there are three 
separate levels: The top level is a kind of 
supply level, which continuously provides 
nutrient fluid (similar to blood) to the cell 
cultures that are located below it. The 
human cells are growing in the middle and 
the bacteria in the bottom layer. »First, 
we always culture the human cells,« 
explains Wilmes. What we are talking 
about are cells like those that make up 
the intestinal epithelium inside the body, 
at the interface between the tissues 
and the digestive mush. The cells are 
growing on top of a thin membrane and, 
as in the intestine, are separated from 
the lower level by a layer of mucus. Once 
the epithelial layer is fully formed, the 
researchers add the bacteria to HuMiX’s 
bottom level – either in the form of pure 
cultures or as samples obtained directly 
from nature, for example, from human 
faeces.

Frequently, bacteria have specific 
requirements in terms of location and 
many of them simply die when they 
come into contact with oxygen. HuMiX 
ensures these requirements are met as 
it automatically provides ideal growth 
conditions for bacterial and human cells 
and checks them continuously. »Having 
this process be automated is of the 
utmost importance,« says Wilmes. »After 
all, ultimately hundreds of these devices 
are supposed to work side by side. Only 
by running several experiments at the 
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same time we will be able to unravel the 
complex human-microbial interactions.«

Wherein then exactly does the difference 
lie between HuMiX and the more 
traditional way of obtaining samples, 
Dr. Wilmes? »For one, HuMiX allows us 
to obtain samples on an ongoing basis 
and in the required quantities so that, at 
every turn, enough material is available 
for different types of analyses. Using 
HuMiX, we can define specific changes 
to the experimental conditions, for 
example, by simulating disease states 
or therapeutic interventions. Within 
the same experimental container, the 

development of microbial communities 
and the intestinal epithelium‘s response 
can be observed and sampled – over 
extended periods of time, of days and 
hopefully weeks.«

Can we restore the original balance?

»We‘re really trying to push the envelope,« 
says Wilmes. Conceivably, it may become 
possible to discover metabolic products 
that, early on, will hint at an imbalance 
in the microbial equilibrium, and which 
ultimately might manifest as Morbus 
Crohn or Parkinson’s. HuMiX will also allow 
you to test whether – and, if so, how – 

the original balance might be restored. 
But until the blank spots on the map 
have all been filled in, much work needs 
to be done. »For the time being, we are in 
the process of inventorying our microbial 
co-habitants,« explains Wilmes. HuMiX 
can be used for this purpose as well. Its 
strengths, however, will not truly come 
into play until we get to the nitty gritty:  
An investigation of the complex 
interactions within the gut ecosystem. 
And to come up with an answer to the 
question of whether and, if so, why 
different microbial communities figure so 
prominently in the aetiology of so many 
diseases.

HuMiX - the human microbial co-culture device
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The Data Healers
EU project eTRIKS

Dr. Reinhard Schneider can not 
really complain about a shortage 
of research projects. As head 
of LCSB’s Bioinformatics Core 
Facility, he is the man in charge 
of massive amounts of data that 
are generated by the various 
biomedical research projects that 
are performed at the LCSB.  
 
Schneider uses modern-day high-
throughput protocols and top-level 
bioinformatics analytic tools – which in 
turn provides the basis for new research 
questions: from bench to computer 
and from computer to bench. The 
scientific and technical requirements 
are defined by the LCSB’s team of 
biologists, bioinformaticians, physicists, 
mathematicians, and computer 
specialists. 

We have to be right at the heart of 
the research

To ensure that the interface between 
biology and math functions properly, 
the LCSB has made a major effort 
and invested much into a high-
performance hardware infrastructure 
and bioinformatics tools. But to be truly 
effective, even more is needed. Says 
Schneider: »We have to be right at 
the heart of the research. We have to 
know what projects are currently in the 
planning stages. And we have to advise 
the biologists and physicians during these 
stages so that, ultimately, their results 
can be analysed with the help of our 
bioinformatics tools. Only then we are able 
to extract meaningful statements from 
the data that allow us to formulate new 
hypotheses.« 

A large part of his job involves internal and 
external networking. By now, everyone at 

the LCSB understands just how important 
it is to bring the Bioinformatics Core 
Facility folks on board early on – to make 
the necessary data storage available and 
for the analysis to run smoothly later on.  
 
But Schneider also gets plenty of requests 
from outside parties. Collaborations 
with the pharmaceutical industry are 
of high interest to an institute with a 
strong medical focus like the LCSB. 
»There aren’t just mountains of data 
but entire mountain ranges waiting to 
be analysed from scratch using cutting-
edge bioinformatics technologies,« says 
Schneider. Retrospective bioinformatics. 
Care to explain? 

Big pharmaceutical companies are 
basically research institutes with 
production and marketing departments 
added. From the identification of targets 
for new drugs through their development 
all the way to the preclinical and clinical 
trial stage – the really big ones span 
the entire R&D gamut. And mostly they 
focus on multiple indications. This is 
where institutions like the LCSB come in 
with scientists like Reinhard Schneider: 
there is a lot of overlap in terms of 
indications when you look at all these 
different companies. But since they are 
competitors, the scientific data are never 
actually pooled for analysis. »Basically, 
there is an amazing valuable treasure 
waiting to be dug up right there in all 
these different R&D departments,« says 
Schneider. 

The European Commission could not 
agree more and has made it its mission 
to help dig up this treasure with the 
goal of improving the current state of 
health care and putting new meds on 
the market. Which prompted the birth of 
IMI, the Innovative Medicines Initiative, a 

public-private partnership collaborative 
between the public sector and private 
companies in the form of projects like the 
eTRIKS consortium. The acronym stands 
for European Translational Information 
& Knowledge Management Services. 
Pharmaceutical giants Astra-Zeneca 
and Sanofi-Aventis are among those 
who are collaborating on joint projects 
with research institutes like the Imperial 
College of Science, Technology and 
Medicine, the CNRS in Lyon, and the 
LCSB. Adds Schneider: »Although this 
really is the precompetitive domain – 
because in the end nobody really wants 
to share the kind of knowledge that 
might give them an advantage in terms of 
competition.« 

The basic idea behind eTRIKS is as follows: 
»Every company in the consortium has 
worked on many different diseases. 
Clearly, the ensemble of all of these data 
amounts to so much more information 
than if you analyse individual studies. 
Today’s bioinformatics is perfectly capable 
of analysing these massive amounts of 
data. At eTRIKS, we’re working together 
to develop the standards, methods, and 
technologies that will help us to pool the 
available data in a meaningful way and get 
them ready for analysis.« 

However, it is a well-known fact that 
the devil is in the detail – and likes to 
make plenty of work for the Schneider 
team. Within the eTRIKS consortium, the 
Bioinformatics Core Facility is in charge 
of data preparation – the »curation 
process«. »Think of it as a truck dumping 
tons of data into the yard. These data 
have to be standardised, organised, neatly 
labeled, and stored so that they can be 
subjected to bioinformatic analysis.« 
According to Schneider, nothing short of a 
Sisyphean task. »At first glance it isn‘t 
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particularly appealing from a scientific 
standpoint having to prep all these data. 
You have to really delve deep into the 
subject in order to figure out the studies. 
Asking the study investigators questions 
is part of the daily business to get the 
data ready for entry into databases. A 
tedious business.« 

Scientific insights that will benefit 
the work at LCSB

Yet at the same time one that is quite 
rewarding. Because in the process, the 
Bioinformatics Core Facility scientists are 
learning a ton about study design – what 
to do and what to avoid. And then they 
get to the core of their profession: Once 

everything has been neatly entered into 
databases, the researchers are able to 
design the right bioinformatics tools. 
These are used for asking new questions 
about the data and gleaning new insights 
into disease mechanisms, targets, and 
active compounds. Insights that will 
benefit the work at the LCSB. 

»In a way, for us, eTRIKS is a triple 
win situation,« says Schneider. »First 
off, we find out where we need to 
continue to work scientifically in order 
to move along more quickly in our core 
areas of neurodegenerative diseases 
and Parkinson’s. Second, we develop 
bioinformatics tools that will help us to 
better analyse our own data. And third, 

we glean insights into how we should 
design the experiments in order to make 
them compatible to other studies and to 
extract more from larger sets of data.« 
Schneider considers this last point 
especially important: »The preparations 
for the experiments have to be carefully 
planned. It’s the trick to avoiding new piles 
of data that tediously have to be prepped 
for meaningful analysis.« In other words, 
working retrospectively makes it go faster 
prospectively. 

www.etriks.org

Dr. Reinhard Schneider
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A Majestic Lab Tour 

Visitors at the LCSB are not out of the ordinary. But when 28 members of the 
Luxembourgish and Dutch delegation entered LCSB to check the status of 
preparation, two weeks before Queen Beatrix‘ and Grand Duke Henri‘s official visit, 
everybody knew something extraordinary was about to happen. When on March
21, 2012, a black Rolls Royce arrived with the two Royal Highnesses in front of
LCSB, Rudi Balling welcomed the guests to the red carpet. The director of LCSB 
guided the group through the labs and explained the future perspectives of 
biomedical research and personalised medicine. Dr. Carine de Beaufort, medical 
doctor and researcher at LCSB, and Ph.D. student Christophe Trefois gave 
additional insights into the work of such a young research centre and explained 
the highly international setup of the team. It was the first time that the Dutch 
Queen visited the Grand Duchy since Grand Duke Henri acceded as Grand Duke 
of Luxembourg in 2000. After the official welcome by University President Rolf 
Tarrach on Campus Limpertsberg, the Queen signed the University’s Golden Book.
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Intensive from the Start
Ph.D. training programme

In 2010, when Thekla Cordes first 
arrived at the LCSB, she did so 
as the Centre’s first official Ph.D. 
student. Back then, construction 
of the Belval laboratory was not 
yet complete and the Centre was 
still housed temporarily at Campus 
Limpertsberg.  
 
At that time, improvisation was 
considered a real virtue: The labs were 
set up in cramped quarters; the move 
to Belval was impending. Everyone had 
to pitch in, including the Ph.D. students. 
A kind of plunging-in at the deep end: 
Normally, junior scientists who are 
working towards their Ph.D. are met 
with a highly-structured environment – 
laboratories that are fully setup, clear-
cut structures, and a team to give them 
direction. Still, Cordes would not miss 
her first time at the LCSB for anything: 
»We were a very small, very personal 
team; the support was as excellent then 
as it is now, even though we basically 
conducted our work on a construction 
site. In addition, not everyone gets to 
find out what it is like when an institute 
is founded.« Now, after three short years 
and despite the rather unconventional 
beginning, Cordes is on the path to 
successfully finishing her dissertation.

At this point, the doctoral programme 
is well-structured – and, following a 
short delay, Cordes too, is finally able to 
enjoy all that it has to offer. The LCSB is 
part of the Doctoral School in Systems 
and Molecular Biomedicine where Ph.D. 
students acquire important soft skills 
including how to give presentations, 
grant-writing, or conversation 
techniques. However, the main focus 
is to introduce students to the latest 
developments in life sciences techniques, 

from bioinformatics to metabolomics. 
»The week-long courses give students 
a real sense of what these techniques 
can be used for,« says Thekla Cordes. 
In addition, they are a great way to 
get to know and to network with other 
Ph.D. students: »This is especially 
important for the new participants of the 
programme who have to find their way 
around a much bigger institute than was 
the case for me.«

The annual »Life Sciences Ph.D. 
Day«, which the students organise 
themselves, is yet another opportunity 
for networking and sharing research 
interests with other Life Science Ph.D. 
students in Luxembourg. Aravind 
Tallam, biotechnologist by training, was 
elected as the doctoral school student 
representative. He is in charge of the 
Ph.D. Day and additionally, his job is to 
make sure the Ph.D. students’ interests 

are adequately represented within the 
doctoral school and the university. 
»Our supervisors really take supporting 
the Ph.D. students seriously. We have 
regular meetings with them and discuss 
the status report to ensure potential 
problems are detected early on and can 
be dealt with appropriately,« says Tallam 
As such, an important part of Tallam’s 
job is avoiding bureaucracy: »The credit 
points system for successfully getting 
through the Ph.D. programme has to be 
tailored to our needs. Too much written 
stuff won‘t help.« Instead, the process 
should be straightforward. Aravind 
Tallam is actually walking the talk as he 
does not get any formal credit for his 
volunteer work: »But I am learning a lot 
about how to deal with people and about 
how organisations work. That’s very 
important to me.«

Thekla Cordes and Aravind Tallam
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Networks of Networks
Computational biology

The questions that are keeping 
Isaac Crespo up are actually fairly 
straightforward: How is a stem 
cell able to differentiate into a 
tissue cell? How does a healthy 
cell give rise to a diseased one? 
As simple as these questions may 
seem – armies of scientists the 
world over are having a tough time 
coming up with suitable answers. 
Most of the corresponding work 
is done in laboratories: During 
experiments, different kinds of 
growth factors are used to induce 
cells to differentiate along a 
particular pathway. For this to 
work, fundamental theoretical 
approaches exist regarding which 
genes have to be turned on, which 
chemical messengers used, which 
receptors blocked. And yet until 
now this approach has not helped 
scientists come up with a »big 
picture« overview. This is where 
Isaac Crespo wants to make a 
contribution: Without a laboratory 
– but with a computer.

We try to find the gear shift knobs of 
complex networks

Isaac Crespo is both a mathematician and 
a computer specialist. At the LCSB, he is 
currently working on his Ph.D. thesis in 
Prof. Dr. Antonio del Sol’s Computational 
Biology Group. Del Sol outlines the 
basic focus: »Our goal is to analyse and 
understand biological systems in terms 
of networks.« To this end, the scientists 
are dealing with very intricate systems, 
explains del Sol: »We are working at 
three different levels: molecules and the 
ways in which they influence each other, 
intracellular molecular networks and cells, 
which also communicate. These levels all 

inform one another. If you want, it‘s sort 
of a network made up of different sub-
networks and we are trying to find the 
gear shift knob.« 

Isaac Crespo studies these types of 
relationships using nerve cells as they 
perform a key role in Parkinson’s disease. 
For one, Crespo is hoping to determine 
how neuronal stem cells differentiate 
into different types of specialised 
tissue cells called astrocytes – and how 
this differentiation process might be 
reversed: »Using network analysis, we 
have identified groups of genes that are in 
charge of this process,« says Crespo. This 
could very well be different types of genes 
than the ones that are usually in charge 
of stem cell differentiation: »Our work 
is purely theoretical and we‘re actually 
coming up with solutions that are different 
from those nature has provided.«

Nevertheless, even »in silico« solutions 
have to be tested in a real-life setting 
– in other words, in the laboratory. To 
this end, del Sol and Crespo are working 
closely with researchers at King’s College, 
London. 

The cells do differenciate along the 
correct path 

»The initial results are rather promising,« 
says del Sol. »The cells actually do 
differentiate along the correct path 
once our London colleagues start to 
manipulate the genes following our 
recommendations.« However, before 
everything runs smoothly, there is much 
research yet to be done. Says Crespo: 
»We are working with mathematical 
methods used by engineers to model and 
simulate technical networks. Although 
arguably the biological system we are 

Prof. Dr. Antonio del Sol and Isaac Crespo
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working on is infinitely more complex and 
contains many more unknown variables 
than is the case for technology.« 
 
 A promising approach

The fact that this approach is basically 
promising is confirmed not only by the 
initial King‘s College findings. As part of 
his second research project, Crespo has 
been conducting at a network analysis of 
diseased nerve cells and, in the process, 
has identified genes that are responsible 
for the formation of prions – incorrectly 
folded proteins – in the brain, which can 
trigger diseases like Creutzfeld-Jakob 
in humans and BSE in animals. »We 
used available data from the literature,« 

explains Crespo, »and, using network 
analysis, screened them for genes that 
are at the heart of the matter – basically 
the brain quake’s epicenter, if you will, 
where the disease gets triggered first.« 
The scientist uses an example drawn 
from the military to explain the results: 
»The genes that figure into the aetiology 
of the disease conform to a clear-cut 
hierarchy. The majority of them has 
little-to-no influence on the incidence of 
the disease. That‘s your infantry. Their 
leaders are a group of maybe a dozen or 
so genes that act as generals of sorts: 
They are the ones who decide which 
direction the battle will ultimately take. 
When they get thrown out of whack, the 
whole complex cellular system slips from 

a ’healthy’ into a ’diseased‘ state.« 
»Our approach is fundamentally different 
from that taken by classical biology,« 
says del Sol, summarising computational 
biology’s tremendous potential. »Classical 
biology takes a reductionist approach, 
splitting a single complex question into 
several smaller ones that can be answered 
with the help of scientific experiments. 
Computer scientists, on the other hand, 
are searching for answers by looking at 
the entire system and connecting all 
the dots. Both of these in combination 
can bust open doors towards a new 
understanding of biological processes – 
and of diseases like Parkinson’s.«
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How to Deal with Messy Biology
Rare diseases

Dr. Carole Linster is what you 
would call goal-oriented: She 
arrived at the LCSB as a postdoc 
in early 2012. She then raised 
the necessary funds for several 
research projects, garnering 
highest recommendations to be 
named principal investigator (PI). 
After only one year at the Centre, she 
assumed that role and was given her 
own research group. 
 
Plan focused, well organised, but in 
terms of the science, Carole Linster is 
preoccupied with what one might consider 
as »minor issues« – »minor issues« that 
decide whether someone is healthy or 
sick, is going to live or die. 

A biochemist by training, Linster studies 
specialised proteins called enzymes, 
whose job it is to speed up metabolic 
chemical reactions. Over the course of 
evolution, these biological catalysts have 
evolved high specificity. As a rule, enzymes 
produce exactly those products that 
are somehow required by the organism 
they are working for. »But,« concedes 
Linster, »biology is messy, nothing ever 
works a hundred percent. During these 
biochemical reactions abnormal products 
are formed – albeit to a lesser extent – 
that your body doesn‘t need.« In a healthy 
organism, those abnormal compounds 
quickly re-enter metabolic pathways 
where they are reconverted into normal 
products. These »minor issues« – the 
biochemist is talking about by-products – 
have stirred Carole Linster’s interest. 
 
Biochemists have barely paid 
attention to these by-products

Since these by-products are normally 
produced in low amounts and are typically 
transient, biochemists have barely paid 
attention to them until now. Which has 
to change, thinks Linster: »Frequently, 
these substances are toxic, even 
poisonous if allowed to accumulate.« 
Such accumulations are generally not 
occurring in a healthy body as it has at 
its disposal a range of effective counter-
measures: repair enzymes whose job it 
is to break down these potential toxins, 
thereby rendering them innocuous. 
Genetic mutations, however, can lead 
to defects in these repair mechanisms. 
Since the advent of advanced analytical 
methods for proteins and metabolites – 
the much-talked-about proteomics and 
metabolomics – biochemists are now in 
a better position to detect and study the 

molecules produced by the organism more 
comprehensively. The consensus: Many of 
the newly discovered substances are of 
unknown origin and some of them could 
be toxic and disease-causing. Since the 
aetiology of many hereditary metabolic 
disorders is unknown, it may be that repair 
enzymes – and their dysfunction – play a 
major role in this context.

One of the first scientists to propose 
this link and to make it the focus of his 
research is Emile Van Schaftingen at the 
de Duve Institute in Brussels, Belgium.  
He is regarded as a leading expert for 
repair mechanisms of proteins and small 
biological substances called metabolites. 
Carole Linster earned her Ph.D. working 
in his lab and also spent part of her 
postdoc time with him: »What we figured 
out was that a severe neurometabolic 
disorder, called L-2-hydroxyglutaric 
aciduria, is caused by a mutation in the 
gene that codes for the breakdown of 
L-2-hydroxyglutaric acid. In Brussels, 
we characterised the repair enzyme in 
charge, called L-2-hydroxyglutarate 
dehydrogenase. Understanding how this 
enzyme works offers important clues 
regarding a potential therapy for this rare 
but fatal disorder.«

Yeast cells bear a remarkable 
resemblance to human cells

As a postdoc at the University of California, 
Los Angeles, Linster has continued to 
work on the topic and, in the process, 
has identified and described other 
repair enzymes our cells need to prevent 
the buildup of harmful by-products. 
One of the model organisms she uses 
to test her research hypotheses and 
study these different proteins is yeast. 
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Using these simple organisms that, 
at the molecular level, bear a rather 
remarkable resemblance to human cells, 
the biochemist applies classical genetic 
and biochemical techniques as well as 
cutting-edge protocols from proteomics 
and metabolomics. »Metabolomics is 
what made me start paying attention 
to the LCSB because they already had a 
metabolomics unit – one that is now on 
its way to becoming a leader in this field in 
Europe. Which is just what we need to be 
able to identify by-products that are either 
unknown or exist only in trace amounts 

in cells, and their corresponding repair 
proteins.« 

When it comes to neuronal disorders, 
Carole Linster already has extensive 
experience. But what about Parkinson’s 
disease, the main focus of LCSB?  
»I will be the first to admit that I‘m not an 
expert for this particular disease. But this 
shouldn’t necessarily prevent me from 
making a contribution in the fight against 
it. Parkinson’s is a highly complex entity. 
We don‘t yet quite understand in depth 
all of the mechanisms, environmental 

influences, genes, and proteins that play 
a role in its complex aetiology. And when 
it comes to studying mysterious proteins, 
elucidating their function, structure, and 
their role in disease, I‘m in – whether 
we‘re talking L-2-hydroxyglutaric aciduria 
or Parkinson’s.«

Dr. Carole Linster
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IRG1: It’s Our Story!
Internal collaboration

 
The LCSB is an interdisciplinary 
centre where mathematicians, 
engineers, computer experts, 
bioinformaticians, biochemists, 
biologists, and scientists from  
other disciplines are all working 
together. They have the common 
goal of probing the aetiology of 
neurodegenerative disorders, 
specifically Parkinson’s disease. 
Ultimately, this knowledge could 
be used to pave new ways for 
diagnosis and treatment. 

The collaboration is born out of the 
projects’ need – and also knowing 
about someone else’s specific 
expertise and seeing where this 
expertise fits into his or her own 
research. »Knowing what someone 
in a neighbouring lab is good at and 
how collaboration might be mutually 
beneficial is the idea we try to 
systematically promote here at LCSB. 
This optimises our work in all areas,« 
explains LCSB’s director Prof. Dr. Rudi 
Balling. »And what’s more obvious than 
working on a project that involves every 

single one of our research groups? 
This makes for plenty of exchange of 
ideas.«

The project with the most interfaces
 
It turns out that what seems so 
obvious is not entirely easy to realise. 
»Which is why, initially, we asked the 
leading LCSB scientists to present the 
respective interdisciplinary projects 
they were working on,« explains Balling. 
In June 2012, everyone came together 
to discuss potential topics. The result: 
the IRG1 project was chosen as the one 
project with the most interfaces for 
interdisciplinary collaboration.
 
So what is this project all about? IRG1 is 
the name of a gene coding for an enzyme 
producing itaconic acid – a substance 
that until now was thought to be produced 
exclusively by certain types of fungi. Now, 
a team around Dr. Karsten Hiller, head 
of LCSB’s Metabolomics Group, and Dr. 
Alessando Michelucci has demonstrated 
the fallacy of this assumption. Michelucci 
is a cell biologist by training with a special 

focus on neurosciences. »To date, our 
understanding of immune responses in 
the brain is complex,« says Michelucci. 
»But because we suspect that there is 
some link between the immune system 
and Parkinson’s, we wanted to find out 
what happens in the brain if you trigger a 
local immune response.« 

Michelucci’s work involves microglial cell 
cultures, the brain‘s own immune cells. 
When he brought them into contact with 
parts of bacterial cell membranes, the 
microglial cells responded by producing 
a »cocktail« of different metabolites. 
This cocktail was analysed by Thekla 
Cordes and Jenny Ghelfi, both members in 
Hiller’s Metabolomics Group. Upon closer 
examination, Cordes and Ghelfi discovered 
that production of one substance in 
particular – itaconic acid – is upregulated. 
»This came as a major surprise,« says 
Cordes. »Itaconic acid plays a key role 
in the production of plastics. Industrial 
bioreactors use fungi to massproduce it. 
The fact that mammalian cells synthesise 
itaconic acid, was in parallel discovered by 
a group in Boston, Massachusetts.« 

With the help of databases, the 
researchers quickly figured out the 
structure of the enzyme that catalyses 
the production of itaconic acid in fungi, 
and also identified the gene which codes 
for it. 

By comparing sequences, Karsten Hiller 
then identified a human gene, which 
encodes a very similar protein: immune 
response gene 1, or IRG1 for short – an 
exciting finding, as Hiller states: »When it 
comes to IRG1, there is a lot of uncharted 
territory. What we did know is that it plays 
some role in the big picture of the immune 
response, but what exactly its role was, we 
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didn‘t know.« By shutting off IRG1 in cell 
cultures and by adding the gene to cells 
that normally do not express it, the team 
around Hiller and Michelucci was able to 
confirm that in mammalian cells, IRG1 
codes for an enzyme producing itaconic 
acid. But why? 

Itaconic acid acts like a natural 
antibiotic

When immune cells like macrophages and 
microglial cells take up bacteria in order 
to render them harmless, the intruders 
are actually able to survive by using a 
special metabolic pathway called the 
glyoxylate shunt. »Macrophages produce 
itaconic acid in an effort to foil this 
bacterial survival strategy,« says Hiller. 

»Itaconic acid blocks the first enzyme 
in the glyoxylate pathway. Which is how 
macrophages partly inhibit growth in order 
to support the innate immune response 
and to digest the bacteria they have taken 
up.« The LCSB scientists found that in 
mammals, itaconic acid acts like a natural 
antibiotic. 

The LCSB scientists want to take this 
groundbreaking insight – the fact that 
the brain is capable of producing an anti-
biotic substance – and exploit it in the 
context of Parkinson’s. Set against the 
background of this data, they discussed 
a joint project and ultimately decided on 
IRG1. »We have charted completely new 
territory by studying IRG1 in mammalian 
cells and we already know quite a lot 

now,« Alessandro Michelucci – who made 
the very first step by bringing microglial 
cell cultures into contact with parts of 
bacterial cell membranes – explains. All of 
this has added a new dimension to his job: 
Until now, he was a scientist who was able 
to focus his expertise on specific research 
questions. Now to add to that, he has 
become manager of the multi-faceted 
IRG1-project. His job is to coordinate the 
different disciplines involved in the project 
– in order to ultimately come up with 
answers to these exciting questions: What 
is the role of infection in the development 
of neurodegenerative diseases? How does 
the brain deal with infections? And can 
this knowledge potentially be used in the 
fight against Parkinson’s?

Dr. Alessandro Michelucci



So that the Researchers Can Do their Research

Nicolas Bonjean’s job is an interdisciplinary one – even though he is not working 
as a scientist. Bonjean is the lab coordinator whose job it is to make sure that all 
scientists at LCSB get the lab space they need and that the labs are all running 
properly. »If scientists start their work at the LCSB, it’s my responsibility to check in 
with them, talk to them about their research needs and what special lab equipment 
they need. Then I contact service providers, negotiate with them, and make sure that 
the instruments the scientist has requested are in the right place at the right time 
and that they are working properly.« 

In order to be able to do his job, Bonjean has to have a solid understanding of 
biology, biochemistry, or bioinformatics. »I‘m a biochemist by training and after 
finishing my degree I spent some time working as a scientist.« But a fascination with 
technology and a service mentality ultimately prompted him to go for the position 
of lab coordinator: »My job is no less exciting than conducting research. Every day is 
different and there‘s always a new challenge ready for me to take on.«

28 • • •
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Research at Top Institutes

Off-the-cuff from 0 to 100 in 
a mere three years’ time – like 
LCSB’s director, Prof. Dr. Rudi 
Balling, characterises the Centre’s 
founding – with reference to 
the overall speed, the number 
of employees, and its scientific 
development. How is it even possible 
to do high-quality scientific work 
when a brand new institute does not 
even have its own lab building for 
the first two years of its existence?  
 
Well, for one, by having some of your 
scientists spend a few years doing 
research at the world’s most renowned 
institutes – like the Institute for Systems 
Biology (ISB) in Seattle, USA. LCSB 
scientist Dr. Alexander Skupin has been 
working at the ISB since spring 2011. 

The biophysicist’s rather ambitious 
aspiration is to understand biology as a 
system – a goal that is reflected in the 
ISB’s interdisciplinary approach and his 
rather broad-based scientific area of 
interest: systems genetics, metabolomics, 
epigenetics, and transcriptomics. Quite 
a few »netics« and »omics« in there, Dr. 
Skupin. »The ISB is one of the world’s 
top institutes as far as the analysis of 
biological processes in terms of networks 
and their interactions goes. Using 
cutting-edge technology, genes, proteins, 
metabolites, and environmental factors 
are looked at holistically. The researchers 
are hoping to find out how all these 
various factors guide the construction of 
the organism and influence phenotypic 
states like »healthy« or »diseased« 
on a cellular level. At the LCSB, we are 
planning on doing just that, albeit with 
a special focus on Parkinson’s disease 
– and here, at the ISB, I‘m gaining a lot 
of very valuable experience while at the 

same time paving the way for long-term 
collaborations.»

Bridging the gap between computer-
based study and experimental 
biology

Specifically, Alexander Skupin’s work at 
the ISB focuses on two main projects. 
For one, in Aimée Dudley’s lab, he is 
trying to figure out, by looking at yeast 
as a model organism, how the interplay 
between genetics and other factors 
affects metabolism. This knowledge will 
form the basis for understanding the 
role genetics plays in the aetiology of a 
disease like Parkinson’s – and how its 
threat may be averted through avoidance 
of certain risk factors. In Sui Huang’s 
lab, Skupin is working on epigenetics 
and transcriptomics: Which molecular 
intercellular communication processes 
are at work within the organism that 
guide translation of genetic information 

LCSB fellows

into target proteins? The LCSB 
scientist’s work is bridging the gap 
between computer-based study of these 
types of processes – known as »in silico« 
biology – and experimental biology whose 
goal it is to test and refine computer-
generated hypotheses in the laboratory. 

»At the ISB, my work has met with 
ideal conditions,« says Skupin. As the 
biophysicist noticed, the collaboration 
between the two centres has deepened 
as a result of this process. »By now, the 
LCSB has become a valued partner to the 
ISB. In fact, the LCSB’s metabolomics 
platform, which is complementary to the 
ISB’s, has come to be highly regarded 
and as part of our collaboration, Seattle 
is now sending their yeast cultures to 
Luxembourg.« A clear indicator that at 
the home institute the quantitative and 
qualitative scientific output continues to 
grow rapidly.

Dr. Alexander Skupin
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Researchers’ Days  2012

In November 2012, the LCSB took part in the third edition of the 
Researchers’ Days event, organised by the Fonds National de la 
Recherche Luxembourg (FNR). Dr. Paul Wilmes, head of the LCSB’s Eco-
Systems Biology Group, and his team set up two booths at the event: At 
the first booth, curious visitors were invited to look through microscopes 
to find out about »microbes in the world around us«. At a second booth, 
they were encouraged to be hands-on, build their own microfluidics 
device with gelatine, and then fill this device with fluids of different 
colours. The goal of this workshop was to help people understand the 
principle of microfluidics devices, just like the HuMiX device, an »artificial 
digestive tract« that Paul Wilmes built in his laboratory and which was 
recently patented.

Public Lecture at the Cityhall in Esch

In December 2012, the LCSB presented a scientific lecture at the cityhall 
of Esch/Alzette, attended by a large audience of more than 100 people. 
The goal of this event was to reach out to the citizens of Luxembourg 
and give them an overview about LCSB’s different fields of research. The 
speakers gave short presentations on the LCSB’s research priorities and 
projects like »personalised medicine« – a  new kind of medicine that 
takes advantage of modern technologies and a deeper understanding 
of disease to diagnose and treat each patient individually – diabetes, 
metabolic diseases or the »microbiome« – the complex system of 
microbial communities living on and in our bodies.  

Among the guests were Jean Huss, member of the communal council, as 
well as former foreign minister Jacques Poos. After the talks, the town of 
Esch/Alzette hosted a reception, where the conference attendants had 
the opportunity to meet with the scientists over a glass of wine.

LCSB Goes Public
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High School Students Visiting the LCSB

Several times a year, the LCSB invites high school students to visit 
the laboratories for a day. Throughout the day, students participate 
in workshops that focus on different aspects of biomedical research 
with topics such as microbiology, microscopy, molecular biology and 
bioinformatics. The goal of these workshops is to provide students with a 
glimpse into the day-to-day life of a biomedical researcher, excite them 
about science and encourage them to consider a career in research. 
In addition, this initiative aims to raise awareness among high school 
students that the research landscape in Luxembourg has started to 
change and that the number of research-related career opportunities in 
Luxembourg is increasing steadily.  

The goal of the LCSB is to set up a real student laboratory with a 
dedicated laboratory space for visiting students in the coming years.
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Facts and Figures

Ministry of Research and Higher Education*

FNR (Fonds National de la Recherche)

University of Luxembourg 

EU Grants

Further Grants

3,000 (49%)1,500 (25%)

1,308 (21%)

156 (3%)

155 (3%)

2012 LCSB Income (in kEUR)

Sub-contracting

Investments

Salaries

Travel

Documentation

Other costs

Operating expenses

2012 LCSB Expenses (in kEUR)*

4,033 (57%)
1,208 (17%)

50 (1%)

1,435 (20%)

*Without ISB-Knowledge Transfer

112 (2%)

188 (3%)

3 (0%)
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LCSB Director
(R. Balling)

Research

Bioinformatics Core
(R. Schneider)
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Biology
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Project 
Management

Machine Learning
(N. Vlassis)

Metabolomics
(K. Hiller) 

Computational 
Biology

(A. del Sol)

Experimental 
Neurobiology
(R. Balling)

Medical Translational 
Research

(J. Schneider)

Support

Central Office
         •  Secretary
         •  HR
         •  Infrastructure
         •  Finance

Communication General Laboratory IT Support

LCSB Organigram

Technicians

Ph.D. students

Researchers

Administrative staff

Other staff
58%

13%

16%

9%

4%

Staff Categories LCSB 2012
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Project acronym Candidate FNR code Granted in year Start date of project

ImmoMet Ines Thiele ATTRACT 2012 TBD

HIBIO Nikos Vlassis CORE Junior 2012 TBD

HuMiX Paul Wilmes CORE 2011 01.01.2012

GASPOP Paul Wilmes CORE 2011 15.10.2012

ITGB3VascIn Jochen Schneider CORE 2012 01.05.2013

DJ1NeureDEG Manuel Buttini CORE INTER-DFG 2012 01.06.2013

ProkTaxa Dilimulati Yusufujiangaili AFR Postdoc 2011 01.09.2012

NADHX repair Arnaud Pailot AFR Postdoc 2012 01.02.2012

ANEMO Gökhan Ertaylan AFR Postdoc 2012 01.12.2012

ox stress meta Johannes Meiser AFR Postdoc 2012 01.12.2012

InDANe Thanneer Malai Perumal AFR Postdoc 2012 01.02.2013

Metaboliterepair Julia Becker AFR PhD 2012 01.04.2012

Meta2HG Zaya Ainouch AFR PhD 2012 01.02.2013

ISOASP Remon Soliman AFR PhD 2012 15.03.2013

IGCSA Sarah Killcoyne AFR PhD 2012 15.09.2012

DissRNA Cédric Laczny AFR PhD 2012 15.11.2011

* Manuel Buttini FNR-RESCOM 2012 21.05.2013

– Pranjul Shah FNR-AM2c 2012 01.05.2012

FNR Grants in 2012

* Symposium: Modelling of Parkinson’s disease in animals
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Project acronym Candidate UL code Granted in year Start date of project

MANIA Rudi Balling 

Alex Skupin

IRP 2012 01.01.2013 

ImMicroDyn Jochen Schneider 

Stephanie Kreis (LSRU)

IRP Tandem 2012 01.04.2013 

Meta IL6 Karsten Hiller 

Claude Haan (LSRU)

IRP Tandem 2011 01.01.2012 

UL Grants in 2012

Programme LCSB responsible Granted in year Start date of project

ELAN - industry grant Manuel Buttini 2012 17.02.2012

Eli Lilly - industry grant Jochen Schneider 2012 TBD

Michael J. Fox Foundation Manuel Buttini 2012 01.01.2013

DOE, USA Ronan Fleming 2012 TBD

Project acronym Programme Project coordinator LCSB responsible Start date of project

Beta-JUDO FP7-HEALTH Peter Bergsten (Uppsala) Reinhard Schneider 01.02.2012

HICE HGF (D) Ralf Zimmermann (Munich) Karsten Hiller 01.01.2012

CASyM FP7-HEALTH Marc Kirschner (Jülich) Rudi Balling

Regina Becker

01.11.2012

Macrophage Itgb3 FP7-Marie Curie CIG - Jochen Schneider 01.03.2013

PIMT and Signaling FP7-Marie Curie IRG - Carole Linster 01.01.2012

eTRIKS FP7-IMI Ian Dix (Södertälje) Reinhard Schneider 01.10.2012

BiomarkAPD JPND Bengt Winblad (Stockholm) Paul Wilmes 01.11.2012

EU Grants in 2012

International Grants in 2012
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Date 2012 Event In co-operation with

19th January Partnering workshop on population genetics University Hospital Kiel (D)

19th April Symposium on Parkinson’s disease (keynote speaker: 
Prof Goetz, Rush University, Chicago, USA)

-

5th June Workshop on strategic partnership EMBL/Luxembourg EMBL (D)

29th June LCSB-ISB symposium ISB (USA)

26th September Workshop on microbiome University Hospital in Homburg (D)

Meetings and Workshops (co)organised by the LCSB

Interim Board 2012

Participants 2012

Lucienne Blessing Vice-President for Research, University of Luxembourg

Alfred Funk Director of Administration, University of Luxembourg

Paul Heuschling Dean of Faculty of Science, Technology and Communication 
(FSTC), University of Luxembourg

Rolf Tarrach President University of Luxembourg

Eric Tschirhart Vice-President for Academic Affairs, University of Luxembourg
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LCSB Runs Against Cancer

At the annual »Relais pour la vie«, the 24 hour running fundraising 
event of the Luxembourg Cancer Foundation, the LCSB took part at 
the relay with more than 35 runners. The team was in high-spirits 
and even the latest newcomer of LCSB, Feng He‘s seven week 
old daughter, took part – despite being a bit sleepy. Rudi Balling, 
director of the LCSB, was the first runner of the team.

At the opening event, Marie-Paule Prost-Heinisch, Director of the 
Cancer Foundation, visited the LCSB-Team at their lap of honour. 
The LCSB greatly appreciates the extra-curricular activities of the 
Cancer Foundation. Beside the strong efforts to help those suffering 
from cancer, the foundation has supported research in that field 
with about five million Euros since 1994.
 



38 • • •

Publications 2012

Publications in refereed journals

1. Poovathingal, S., Gruber, J., 
Lakshmanan, L., Halliwell, B., Gunawan, 
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doi: 10.1007/s10522-012-9390-7

2. Slawski, M., Hussong, R., Tholey, 
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A., Hein, M. (2012) Isotope pattern 
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spectrometry by non-negative least 
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template matching. BMC Bioinformatics, 
2012 Nov 8; 13(1):291; doi: 10.1186/1471-
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3. Thieme, C.J., Schudoma, C., May, 
P., Walther, D. (2012) Give it AGO: The 
search for miRNA-Argonaute sorting 
signals in Arabidopsis thaliana indicates 
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other than the 5’-position alone. Front 
Plant Sci, 2012; 3:272; doi: 10.3389/
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4. Kolodkin, A., Simeonidis, E., 
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5. Wang, K., Li, H., Yuan, Y., Etheridge, 
A., Zhou, Y., Huang, D., Wilmes, P., 
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RNA spectra in human plasma: an 
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pone.0041561
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Wilmes, P. (2012) Genome Sequence of 
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1, a Long-Chain-Fatty-Acid-Accumulating 
Filamentous Actinobacterium from a 
Biological Wastewater Treatment Plant. 
J. Bacteriol, 2012 Dec; 194(23):6670-1; 
doi: 10.1128/JB.01765-12

7. Shiojima, I., Schiekofer, S., Schneider 
J. G., Belisle, K., Sato, K., Andrassy, M., 
Galasso, G., Walsh, K. (2012). Short-
term Akt activation in cardiac muscle 
cells improves contractile function in 
failing hearts. The American Journal of 
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8. He, F., Chen, H., Probst-Kepper, 
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Worms D., Steinberg T.H., Novack 
D.V., Conley P.B., Hurchla M.A., 
Rogers M., Weilbaecher K.N. (2012) 
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Popovic, D., Pavlopoulos, G. A., De 
Moor, B., Schneider, R., Moreau, 
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of aberrant energy metabolism in human 
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Evaluation of detemir in diabetic cats 
managed with a protocol for intensive 
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