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ample, in understanding the influence of 
microbiota on our health, or the advan-
cements in medical care of Parkinson’s 
patients.

We plan to take this interdisciplinarity 
even further and push current research 
boundaries. For this we need to study 
biological systems not only with the 
fresh perspective of engineers or 
computer scientists. We also need 
the expertise of sociologists, cultural 
scientists and economists for their 
input expanding our understanding of 
biomedical systems. Conversely, they 
too can gain new ideas from us biologi-
cal scientists, to enrich their research 
topics equally with new perspectives. 
The new University campus in Belval 
with the proximity between its various 
faculties offers major opportunities for 
this mutual enlightenment. Luxembour-
gish society allows us to research here 
under ideal conditions. Our goal is to 
take this opportunity for interdisciplina-
rity and give something back to society: 
better and more effective therapies for 
those afflicted with neurodegenerative 
diseases. 

Yours,

Rudi Balling, Director LCSB

Interdisciplinarity in the genes
Editorial

We are endeavouring to research 
complex biological systems from many 
different perspectives and by taking 
different approaches, our aim being to 
understand the mechanisms that lead 
to diseases like Parkinson’s. Armed 
with such knowledge, we wish to deve-
lop new approaches for diagnosis and 
therapy and to bring them into applica-
tion. Medical professionals, biologists, 
computer specialists, mathematicians 
and engineers are all working closely 
together at the LCSB to this end. The 
evidence that this is successful is not 
only visible in the excellent ratings we 
received last year during the evaluation 
of the entire University. Many of the 
exciting discoveries made at the LCSB 
would not have been possible without 
an interdisciplinary approach, for ex-

The topic of our Annual Report this 
year, »Interdisciplinarity in the Genes«, 
is kind of an oxymoron: the need for  
cooperation and the development 
of social groups are probably deeply 
rooted in human evolution and there-
fore »in our genes«. Interdisciplinary 
research, however, requires a different 
kind of behaviour: looking beyond the 
end of our nose and even leaving the 
comfort zone of our own discipline 
in order to tackle specific research 
questions. Fostering such openness 
and developing it into an interdiscipli-
nary culture lived by all at a research 
institute is easier said than done and 
requires constant effort. But I believe 
we have done just that at the LCSB. 
Interdisciplinarity has already made its 
way into our genes.

f back to table of contents

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 and computer 
scientists, physicists, engineers and mathematicians is offering new insights into 
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 and description of diseases 
as networks are at the focus of the LCSB’s research. The Centre has established 
strategic partnerships with leading biomedical laboratories worldwide and 
with all major biological and medical research units in Luxembourg. The LCSB 
fosters collaboration with industrial partners and accelerates the translation of 
fundamental research results into (clinical) applications.

LCSB in brief
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Prime Minister Xavier Bettel visited the LCSB

On 29 September 2016, the Prime Minister of the Grand Duchy of Luxembourg, 
Xavier Bettel, visited the LCSB. During his visit Bettel gained an overview of the 
LCSB’s short yet successful history and research accomplishments. Together 
with LCSB Director Prof. Dr. Rudi Balling and several key researchers of the 
institute he discussed the long-term plans of the LCSB and how to ensure that 
biomedical research will continue to thrive in Luxembourg in the coming years. 
The head of state also met with graduate students and showed a lot of interest 
in the LCSB’s plans to support researchers in their efforts to become entrepre-
neurs by turning discoveries into patents and start-up companies. »My visit to 
the LCSB confirmed again how proud we can be of the high-quality biomedical 
research that is carried out in Luxembourg. I had the chance to meet with seven 
graduate students from four different continents who all came to Luxembourg 
to study here. This showcases the fact that Luxembourg’s University is now 
being recognised on an international level«, said Prime Minister Bettel. 
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Agility and 
pioneering spirit 
must prevail

Director‘s interview

Professor Balling, the LCSB is now eight 
years old. The University of Luxembourg 
plans its activities in four-year periods, 
so the Centre is now into its third plan-
ning period. Will there be any strategic 
changes or adaptations?
Prof. Dr. Rudi Balling: Our core mission 
is to research the fundamental mecha-
nisms of diseases, using an interdisci-
plinary approach, and to translate our 
research results into clinical practice. 
Parkinson’s disease is a key topic, but we  
do also pick up and integrate additional 
strategically relevant topics when we 
plan the strategy for the next four years. 
In the last period, for example, we ex-
panded our focus to include Alzheimer’s 
disease. In the upcoming four years we 
want to investigate more thoroughly 
the role of environmental factors in the 
onset of neurodegenerative diseases.

That is surely a enormous field, with 
influences from nutrition, environmental 
toxins, drugs and even social factors 
such as stress.
Balling: That is true – we will, however, 
not be able to fully understand chronic 
diseases without considering environ-
mental factors as well. Not everything 
is in the genes. And the list you mention 
already shows just how important envi-
ronmental factors are, from the sheer 
number of them alone. 

Over the past century, biologists have 
studied complex systems like cells by 
breaking them down ever further into 
their individual components, such as 
single genes or proteins. So by now, 
we have a fairly good understanding of 
these fine details, or at least the tech- 
niques to identify many of them in re- 
asonably short time. But this approach 
has in no way enabled us to understand 
networks as a whole – networks like 
those involved, for example, in the  
onset of Parkinson’s disease. We have 
to address this now; and environmen-
tal influence is a challenging yet very 
important piece to add to the puzzle.

What do you have planned, specifically?
Balling: The interdisciplinary approach 
at the LCSB serves us very well and it is 
particularly the case for this topic. We 
want to establish a new research group 
at the LCSB combining environmental 
chemistry and computational analytics 
in a biomedical context. The aim is to 
filter out, from the billions of sub-
stances that affect the body from the 
outside, those that are relevant to the 
onset of Parkinson’s and other neu-
rodegenerative diseases. We already 
have the technical prerequisites for 
this – now we are recruiting the people 
who can successfully carry out the 
research.

You just hinted at the technical capabili-
ties of the LCSB. What about technology 
transfer?
Balling: Technology transfer takes 
place at the LCSB under two aspects: 
Firstly, we have the classical translation 
of our expertise into patents or spin-
offs, of which we have already estab-
lished five.

Another area of technology transfer, 
which I personally find very exciting, is 
the joint development of technologies 
by basic researchers and engineers. An 
example is computer-based control of 
instruments during brain surgery on 
Parkinson’s patients, which we have 
raised to a new qualitative level. Or take 
HuMiX, the »Human Microbial Cross-
talk« model: In this device human cells 
from the intestine and bacteria can 
be cultivated together in a very small 
space under representative conditions. 

It is a suitable tool for understanding a 
range of molecular processes involved 
in the interaction between human cells 
and bacteria – a central aspect if you 
want to understand neurodegenerative 
diseases. 

And is there international interest for 
these developments?
Balling: The scientific community is 
following our work with keen interest. 
Especially because we are constantly 
proving the practical viability of our 
research projects. And, of course, that 
in turn offers excellent opportunities for 
economic exploitation.

Does technology transfer conflict with 
the LCSB’s mission to translate scientific 
findings into clinical practice?
Balling: No, in everything we do for 
technology transfer, we never lose 
sight of translation. In fact, technical 

developments and applications act as 
accelerators. Just think of the National 
Centre for Excellence in Research on 
Parkinson’s Disease, NCER-PD, where 
we are systematically studying Parkin- 
son’s patients with our cooperation 
partners in Luxembourg. More than 
600 healthy and diseased volunteers are 
currently involved in the study. We are 
building up a network in which patients, 
physicians, therapists and researchers 
are all working together to provide 
optimum care to the patient. There is 
no better way to translate biomedical 
research into clinical practice.

Last year, the LCSB was reviewed. What 
did the external evaluators conclude 
and what does that mean for the LCSB’s 
future?
Balling: The LCSB received excellent 
grades and was identified as one of the 
flagships of the University. What I find 

noteworthy and especially important is 
their outlook on the LCSB’s long-term 
prospects. They recommend that we con-
tinue to aim for growth while maintaining 
our pioneering spirit beyond the current 
5 year period. We will incorporate this 
mindset into the governance structure of 
the LCSB. The key to achieving this, in my 
opinion, is to have departments that 
complement one another and guarantee 
interdisciplinarity. I have had very good 
experience with such a setup in my 
previous posts. I want to ensure that 
the LCSB maintains this agility. And we 
can be very confident: the evaluators 
recognised that we are internationally in 
the Champions League and are very well 
positioned.

Prof. Dr. Rudi Balling

f back to table of contents
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Eco-Systems Biology

How human cells  
  and bacterial  
 communities 
  work together

Prof. Dr. Paul Wilmes is fascinated by social creatures. His 
objects of research, however, are not humans, apes, or even 
ants – but bacteria. The bacterial communities of the human 
gut and their role in human diseases interest him in particular. 
Research into these communities has made great strides for-
ward in recent years thanks to Wilmes’ work: »Not long ago, we 
were only able to work out how many bacteria were living in the 
gut. In some cases, we could also determine what species they 
belonged to. But that was it. Today, on the other hand, we can 
determine how many of each bacterial species are present, what 
metabolites they produce at a given point in time, and how all 
the different species influence one another.«

The basis for this tremendous progress 
is a new analytical approach developed 
by Wilmes and his Eco-Systems Biology 
Group at the LCSB. The researchers 
effectively combined three existing 
scientific experimental methods, geno-
mics, transcriptomics and proteomics, 
into a single work step. They can now 
quantify what genetic material exists 
in a biological sample (genomics), what 
genes are currently being transcribed 
(transcriptomics) and what proteins 
are being produced as a result (prote- 
omics), and try to assess the impact 
of these changes on the human metab- 
olism. »This is important for letting us 
better understand diseases that the 
gut flora can affect – diabetes, for 
example, but also neurodegenerative 
diseases.«

The new method has already passed its 
first practical test: the so-called MUST 
study (Diabetes multiplex family study), 
focused on patients who have suffered 
for years from type 1 diabetes. »We 
compared the bacteria in stool samp-
les from these people with those from 
healthy people,« says Dr. Anna Heintz-
Buschart from the Eco-Systems Biology 
Group. They found that there is hardly 
any difference in the composition of 
gut flora between diabetics and healthy 
people. However, there is a striking 
difference in which bacterial genes are 
currently active or inactive. 

In type 1 diabetes, these differences 
presumably arise when the body’s 
immune system attacks its own insulin-
producing cells. The resulting damage 
to the pancreas can radically upset 
the composition of digestive juices. 
»The gut bacteria have to adapt to 
these changes in their environment; 
they modify their metabolism and in 
some cases no longer produce certain 
vitamins,« explains Heintz-Buschart. 
The once beneficial bacteria thus be-
come a health risk and can worsen the 
diabetic’s condition. 

Simultaneously studying at the three 
levels of genomics, transcriptomics and 
proteomics gives scientists an entirely 
new picture of the functional processes 
in gut metabolism. Studies like MUST 
are important for formulating new  
research hypotheses, which must then 
be investigated in detail in the labo-
ratory. For this type of work also, the 
researchers at the LCSB have devel-
oped, patented and successfully tested 
a piece of technology called HuMiX, the 
»Human Microbial Cross-talk« model.
In this model of a human gut, no bigger 
than a beer mat, bacterial communities 
grow in direct proximity to human gut 
cells. »With HuMiX, we can observe 
interactions of bacteria in real time 
as they communicate with human 
intestinal cells,« says Wilmes. Thus 
the researchers are able to study the 
metabolism of human cells and bacte-
ria, analyse their complex interactions, 
predict their effects on health or the 
onset of disease – such as diabetes – 
and estimate the efficacy of probiotics 
and drugs.

Dr. Pranjul Shah, co-inventor of the 
HuMiX device, names an example 
of a metabolic process the LCSB re- 

searchers discovered with HuMiX: »In 
a co-culture of intestinal cells and a 
certain strain of the bacterial species 
Lactobacillus rhamnosus, we deter-
mined that production of a messenger 
of the nervous system, specifically the 
neurotransmitter gamma-aminobutyric 
acid or GABA, is stimulated in intestinal 
cells, indicating a mechanism by which 
the intestine may be communicating 
with the brain.« 

»We can now study these and similar 
effects at an unprecedented level of 
precision thanks to HuMiX,« Paul Wilmes 
adds. »There are signs, for example, 
that inflammatory processes can play a 
role in the onset of neurodegenerative 
diseases such as Parkinson’s. If we find 
evidence of this from clinical research, 
then we can introduce distinct bacte-
rial species or whole communities of 
different species into the artificial gut 
model to see whether these organisms 
trigger or inhibit inflammations. We can 
even study immune cells and neurons 
together with the bacteria in HuMiX.«

Prof. Dr. Paul Wilmes and members of his lab

f back to table of contents
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Co-operations next door 
and across continents

So what is the prestigious project 
about? The LIH project coordinator, 
Markus Ollert, is a clinician scientist 
with specialisation in two clinical dis-
ciplines, allergology and dermatology, 
and Director of the LIH Department of 
Infection and Immunity. »Inflammatory 
processes at epithelial barriers such 
as the skin or the gut are the main fo-
cus of our collaborative research with 
the IMS,« he explains. »We want to 
understand how certain immune cells 
– so-called regulatory T-cells – behave 
during inflammation and disease flares 
at barrier interfaces and how we can 
make use of them to better control 
diseases in the future.«

The investigations are focused on 
autoimmune and allergic diseases of 
the skin and gut. The scientists sus-
pect that these types of diseases, in 
particular those of the gut, also affect 
the healthy and balanced function of 
other organs such as the brain or the 
defence axis of the immune system. 
»Our colleagues at the RIKEN Institute 
are world leaders in basic biomedical 
research, especially in the genetic and 
functional investigation of regulatory 
immune responses in connection with 
environmental stimuli,« Ollert says. »In 
Luxembourg, in turn, we have a strong 
focus on systems biomedicine at the 
LCSB and on clinical aspects as well 
as disease models at the LIH. We all 
complement each other ideally.«

The scientists have divided their am-
bitious research program into several 
subprojects. »The LIH has built up a 
network with academic dermatolo-
gy centres in Europe,« says Ollert. 
»From these partners, we obtain skin 
samples of patients with psoriasis, 
for example.« Out of these tiny skin 
fragments, the scientists isolate the 
regulatory T-cells. They then study 
these together with their colleagues 
from the LCSB. 

The second organ the researchers are 
studying is the gut, and specifically 
the mucosa of the large intestine. 
This is one of the major interfaces 
between the human organism and the 
environment – where the intestine 
is in contact with the complex com-
munity of bacteria living in it: the gut 
microbiome. In charge are Dr. Mahesh 
Desai, group leader of Eco-Immunology 
and Microbiome research, and Prof. Dr. 
Paul Wilmes, head of the LCSB group 
Eco-Systems-Biology. The two want to 
decipher the role of regulatory T-cells 
in inflammatory bowel diseases and 
find out how much of an effect diet 
can have on them. 

The researchers also hope to gain 
answers to genetic questions, for ex-
ample which genes are most important 
for controlling T-cells. Feng He, also an 
LIH research group leader in Immune 
Systems Biology, has tackled this 

question: he has developed a predictive 
computer model by which he can iden-
tify master genes that control the 
function of other genes in the T-cells. 
Furthermore, the scientists from the 
Japanese IMS are contributing their 
extensive genetics expertise to the 
project: they have generated geneti-
cally modified mouse strains which help  
them to study the precise function of 
the immune system. The researchers 
in Luxembourg will use these genet- 
ically engineered mice to analyse the 
fine-tuned regulatory circuits of the 
innate and adaptive immune system in 
the context of inflammatory diseases. 

In return, the RIKEN group benefits 
from the experience of the LCSB in 
systems biomedicine and of LIH in pre-
clinical and clinical models of inflam-
matory diseases: »Our inflammation 
studies using different approaches 
are in perfect complementation to 
the basic research on a genetic and 
molecular level at the IMS,« says 
Ollert. »Together and by exchanging 
scientists between Japan and Luxem-
bourg, we want to succeed in the near 
future in understanding inflammatory 
processes in such detail that, from 
this knowledge, we can identify novel 
targets for treating autoimmune and 
allergic diseases.« Having this chal-
lenging vision in mind, – all the project 
partners have in the meantime started 
their subprojects with high intensity.

Inflammation research

Prof. Dr. Rudi Balling, Director of the LCSB, wants to create a fundamental understanding 

of biological systems, so that progress can be made in biomedicine. »For this it is import-

ant to establish collaborative projects,« he says. »Just as much across continents as 

around the next corner.« Together with Prof. Dr. Markus Ollert of the Luxembourg Institute  

of Health (LIH), he initiated a research alliance last year that establishes connections 

between institutes in Luxembourg, and between the Grand Duchy and Japan: the LCSB 

and the LIH have begun cooperating with the Centre for Integrative Medical Sciences (IMS) 

of the renowned RIKEN Institute in Yokohama, Japan. This collaboration is funded by the 

National Research Fund (FNR) of Luxembourg. 

f back to table of contents
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Luxembourg’s Parkinson’s research goes mobile

Since February 2016, a modern van equipped with a mobile laboratory unit 
has been making it easier for Parkinson’s patients and healthy control 
subjects to participate in the research programme of the National Centre of 
Excellence in Research on Parkinson’s Disease (NCER-PD). This utility vehicle, 
modified specifically for the programme, houses a fully equipped study centre 
in which blood, urine and saliva samples can be taken and immediately put 
into proper storage containers until they can be prepared and deposited at 
the Luxembourg Biobank (IBBL) for the research programme. Volunteers no 
longer have to travel to the Parkinson’s Research Clinic in Luxembourg – with 
the new van, the NCER-PD »Flying Team« now comes close to them.  

The mobile laboratory was made possible by a generous donation from the 
Fondation André et Henriette Losch. When officially handing over the van to 
the NCER-PD team, foundation chairman André Losch, who passed away in 
March 2016 at the age of 81, stressed: »It is important that we also think of 
those people who do not live on the sunny side of life, and that we do what 
we can to help them and lessen their suffering.«

Philippe Lamesch, in charge of fundrais- 
ing at the LCSB, and Dr. Gilles Weidig, 
physician at the Centre Hospitalier Emile 
Mayrisch in Esch-sur-Alzette, have not 
only been friends since high-school but 
also share a common enthusiasm for art. 
»The idea for Art2Cure came to Gilles 
and me a few years ago over a glass of 
wine and a stimulating discussion about 
art and fundraising,« says Lamesch. »We 
agreed that, when it comes to art fund-
raisers, artists often get the shorter 
end of the stick. They donate their art, 
and don’t get anything in return. We 
wanted to change that, and developed a 
new concept for Art2Cure, where artists 
are invited to be much more involved in 
the event, learn about the cause, give 
tours of the show and also receive a 
percentage of the sales. This is a good 
motivation for them to present their 
best works.«

This idea has seen great success. The 
first show in 2015, although small, was 

Art2Cure

Art fund-raiser 
         for science

quite successful and led to an invitation 
by the Banque Internationale à Luxem-
bourg (BIL) to stage the second edition 
of Art2Cure at the prestigious »Galerie 
l’Indépendance« at the premises of the 
bank’s headquarters in Luxembourg 
City. Here, more than 20 mostly Luxem-
bourgish artists exhibited their work in 
2016. »The preview was a special event,« 
says Lamesch, »because it took place 
on the 22nd of June, on the eve of the 
national holiday. After a festive recep-
tion, guests enjoyed amazing views of 
the fireworks from the terrace of the 
BIL building.« A few days later, the ex-
hibition opened to the public and was 
later extended until mid September. 
Almost 1,000 people visited the gallery. 

The numbers speak for themselves: 
401 pictures, about one third of the 
artworks exhibited at Art2Cure, were 
sold. The revenue was over 100,000 
euros, about half of which was donated 
for a research project at the LCSB.  

»We launched a call to all our re-
searchers to submit a project to be 
supported by the Art2Cure funds,« 
Philippe Lamesch explains. The winning 
project combines bioinformatics in a 
novel way with stem cell development 
research. Lead researchers are confi-
dent that, thanks to the data genera-
ted in this initial study, it will be easier 
for them to raise additional funds for 
this project in the future. »Art2Cure 
represents a new way to raise funds for 
biomedical research in Luxembourg,« 
Lamesch says. »For this, we thank the 
buyers, the artists and the BIL. I am 
personally especially grateful to my 
friend Gilles Weidig, without whom this 
exciting idea would never have come to 
fruition.«

f back to table of contents
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»Our start-ups underscore 
the scientific achievements 
of the LCSB«

Entrepreneurship Initiative:

When it comes to entrepreneurship, 
Dr. Pranjul Shah, Business Development 
and Innovation Expert in the Innovation 
Team, comes into play: what exactly 
does the Entrepreneurship Initiative 
mean, Dr. Shah? »The process of 
establishing a new company is often 
unfamiliar territory for scientists. They 
need soft skills such as managerial 
aptitude, business acumen, leadership 
qualities and negotiation skills. Our team 
supports researchers in the process via 
training, mentoring, business planning 
and networking whereby we ensure that 
the hurdles to economic activities are 
lowered, chances of success are greatly 
improved and risks mitigated.«

The LCSB has also established connec-
tions with entrepreneurship experts. 
In this network, LCSB scientists whose 

results are commercially viable are 
assisted in developing and refining a 
business plan. In workshops, they are 
familiarised with techniques for honing 
the project in an economic sense, for 
sharing the plan with business start-up 
experts, and for connecting with poten-
tial customers. »The latter is especially 
important,« Ostrowicz says, »because 
customers can not only make a critical 
assessment of the later product but 
also give an indication of how much 
they would be prepared to pay for it.« 
Accordingly, the business ideas are 
tested in the workshops as to whether 
they meet a market need at all, and 
whether they could make it to market. 

»Our research-related business ac-
tivities ultimately translate research 
results into practical application, to 

For some of LCSB spin-offs, the founders 
already had the necessary background 
knowledge and, for others, LCSB’s Inno-
vation Team gave considerable support 
under the management of LCSB Director 
of Operations Dr. Erica Monfardini. A 
lot still has to be done, though. For this 
reason, the LCSB now wants to give 
structure to its collective experience and 
make it available to researchers in the 
context of the Centre’s Entrepreneurship 
Initiative. »We are working to create an 
offer of continuous coaching from the 
first idea to successful venture launch,« 
says Erica Monfardini. »This offer has 
to be highly visible internally and exter-
nally, so that it has an impact on the 
culture at the LCSB and in its environ-
ment. A key to success is creating an 
atmosphere in which tech transfer and 
entrepreneurial spirit comes naturally.« 

Founded in 2013

Orphan drug discovery and drug repurposing 
powered by zebrafish models of rare diseases. 
The focus lies on epilepsies and other rare 

central nervous system (CNS) disorders.

Founded in 2015

Highly integrated BioIT service portfolio. ITTM provides 
data integration and knowledge management solutions 
ranging from data curation and cleansing, hosting of 
knowledge platforms, implementation and development 
of dedicated software and data analysis pipelines, to final 

long-term backup and archiving of data. See also the video 
about ITTM: http://www.ittm-solutions.com/about-us

Founded in 2016

Novel 3D Brain-on-a-Chip technology for drug 
discovery and preclinical testing to increase 
efficiency and success rates. Focus on central 
nervous system (CNS) diseases: Parkinson’s 

disease, Alzheimer’s disease, and others.

Founded in 2016

Empowering healthy individuals to 
obtain a comprehensive view of their 
genetic make-up and use it as a 
personal, lifelong resource to support 

prevention, early detection and indivi-
dualised treatment of disease.

Dr. Clemens Ostrowicz beams with enthusiasm as he talks about the LCSB’s 

technology transfer projects: »Four startups have spun off from the 

Centre so far. They are attracting great interest from cooperation 

partners and investors.« Ostrowicz is LCSB Technology Transfer Officer and, 

as such, he is responsible for identifying economically promising projects 

and supporting the early phase of potential spin-offs. »Such projects need 

highly structured preparation to be successful and to establish themselves 

on the market. You can’t found a company straight from the lab bench. 

Besides a good business model that has been rigorously tested, you need 

sound financial planning and the right team with the right skills.«

the benefit of the 
patients,« Erica 
Monfardini explains. 
»And, of course, 
new companies also 
present attractive 
career opportunities 
and ensure job creation.« 
This is essential, because 
not every academic can – or wants 
to – pursue a career in research. »Many 
scientists who were educated in Luxem-
bourg want to stay in the country and 
to contribute to its economic growth,« 
Shah continues. »So, with our Entrepre-
neurship Initiative, we are also aiming 
to create an entrepreneur-friendly 
research environment in the interests 
of Luxembourg. Accordingly, we are very 
open to new cooperation partners from 
academia and industry alike.«

f back to table of contents
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Life is made up of cells 

– and the more com-

plex an organism is 

the more different 

cell types it typical-

ly consists of. The 

human body has more 

than 200 different cell 

types – with liver, skin 

and brain cells being prom-

inent examples. Often the var-

ious types can be clearly identified 

under a microscope but scientists have always had difficulties in 

identifying what the cell is up to: is it a healthy cell, is it primed for 

cell death or might it even develop into a cancer cell? Each individual 

cell of an organism has its own specific molecular makeup although 

all the cells share identical genetic information. Using a new method, 

scientists have now managed to differentiate between cells of the 

same type – even in high throughput. The method is called Single Cell 

Technology. Knowing how cells of a given type differ from one another 

will allow a much better understanding than ever before of the onset 

and progression of diseases.

plants of cells) in the degeneration of 
neurons. »But I could only ever study 
a few hundred single cells at a time,« 
the scientist says. »But today we can 
study many thousands of single cells 
in high throughput. This is important 
because only this way can we make 
statistically valid statements.«

How does single cell technology work, 
as established by Poovathingal at the 
LCSB? In a first step, cells have to 

be isolated from their environment 
and put into individual bioreactors 
for further processing. This is either 
done by small traps on a microfluidics 
device or, more recently, by enclosing 
individual cells in tiny droplets of 
an oil/water mixture on customised 
microfluidics chips. These droplets 
also contain microparticles whose 
surfaces are covered by RNA mole-
cules with a highly specific sequence 
of nucleotides – an individual bar-
code. The cells are then broken open 
inside the droplets. The escaping RNA 
combines with the RNA on the beads. 
Next, the RNA is translated into DNA, 
after which it can be multiplied as 
often as needed and studied. Every 
DNA molecule thus produced can be 
traced back to an original, individual 
cell thanks to the – also multiplied – 
barcode.

After assuming his postdoc position 
at the LCSB, Poovathingal immediately 
went for a two-year stay at the Cali-
fornia Institute of Technology as part 
of the LCSB’s knowledge transfer pro-
gram. His job was to learn microfluidics 
based single cell techniques, collabo-
rate on their advancement, and then 
establish them at the LCSB. 

»At the LCSB, we use different single 
cell technologies among other things 
in stem cell research and for studying 
brain tumours in collaboration with 
the Luxembourg Institute of Health,« 
says Poovathingal. »Previously, such 
glioblastomas were treated as if they 

consisted of only a single cell type – 
but that is not true. Using single cell 
technology, we can identify different 
groups of cells that differ consider-
ably from one another in their genetic 
activity.« This heterogeneity can be 
responsible for resistance to cancer 
drugs: while most cells respond to a 
certain type of chemotherapy, some 
exhibit different genetic activity and 
therefore survive. After an apparent 
recovery of the patient, the cancer 
therefore returns. »If physicians know 
what cell types a tumour contains, 
they can prevent resistance better 
by using a combination of drugs,« 
Poovathingal explains.

The LCSB researchers not only want to 
understand brain tumours better. They 
are also interested in how multicellular 
tissues like the brain develop and hope 
to identify underlying principles of 
multicellularity in health and disease. 
Poovathingal considers it immensely 
important to continue developing the 
technology further. It is already pos-
sible to study the genome of cells and 
their genetic activity in detail, »but we 
are working on also being able to study 
the proteome, meaning the entirety of 
proteins existing in an individual cell,« 
says Poovathingal. »Getting access 
to the proteins will bring us another 
big step closer to understanding the 
behaviour of cells.«

Every cell is an individual
Integrative Cell Signalling

Dr. Suresh Kumar Poovathingal has 
established single cell technology at 
the LCSB and is developing it further. 
Poovathingal was a postdoc in the 
Integrative Cell Signalling Group led by 
Dr. Alexander Skupin. A biologist and 
computational biologist with a passion 
for technology, Poovathingal already 
employed single cell techniques for his 
doctoral thesis, which he completed 
in Singapore while investigating the 
importance of mitochondria (the power 

Dr. Alexander Skupin and Dr. Suresh Kumar Poovathingal
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   United against 
   Parkinson’s disease

GEoPD conference

The conference lectures were organised 
in an entirely new fashion this year. For 
every thematic focus, the organisers 
invited a basic researcher, a clinician, 
a translational researcher and a young 
investigator. »We wanted to do justice 
to the very different perspectives on 
each aspect of the disease and help to 
build and strengthen bridges. It worked 
out well, and was very well received by 
the participants and audience.«

One personal highlight for Krüger 
was the keynote lecture by renowned 
Parkinson’s researcher Prof. Dr. Michel 
Goedert. He gave a historical overview 
of the role of the alpha-synuclein gene 
in Parkinson’s disease. The gene was 
discovered 20 years ago as the first 
Parkinson related gene. The Luxem-
bourger, who is also a member of the 
Governance Board of the University of 
Luxembourg, researches at the Medical 
Research Council Laboratory of Molecu-
lar Biology in Cambridge. The last day of 
the conference was specifically dedi-
cated to the problems and concerns of 
patients and to those directly involved 
in their treatment, including the family 
physicians and physiotherapists.

GEoPD stands for Genetic Epidemiology 
of Parkinson’s Disease. The consortium 
currently has 60 member partners from 
six continents, and is researching into 
the genetic causes of diseases and their 
interactions with environmental factors. 
»The worldwide alliance of so many 
researchers is a unique characteristic of 
GEoPD. Through access to larger patient 
numbers and open sharing of results, we 
want to accelerate the research on this 
disease,« Krüger explains. 

Currently, members have access to ge-
netic data of around 30,000 Parkinson’s 
patients and just as many control sub-
jects. This massive accumulation of data, 
however, is both a blessing and a curse 
for the researchers. Exactly how to cope 
with the floods of data was therefore one 
of the key topics for this year’s meeting. 
»All GEoPD members have access to 
the same software and the same data 
format worldwide for recording and ana-
lysing the data,« Krüger says. Members 
who lack their own storage capacities 
also have the option of having their ge-
netic and clinical data hosted in Luxem-
bourg and benefit from the LCSB’s ex-
pertise in biomedical data management. 

There was more buzz than usual 

around the Maison du Savoir on the 

Campus Belval at the beginning of 

October. Around 220 participants 

from around the world had travelled 

to Luxembourg for the 11th Annual 

Meeting of the GEoPD Consortium 

and the 3rd International Parkinson’s 

Disease Symposium. »It was the 

Consortium’s biggest conference 

and the biggest meeting of 

Parkinson’s researchers in Luxem-

bourg to date,« says Prof. Dr. Rejko 

Krüger, President of GEoPD and head 

of the Clinical & Experimental 

Neuroscience Group at the LCSB. 

Thank you festival for Parkinson’s patients

The National Centre for Excellence in Research on Parkinson’s Dis-
ease (NCER-PD) maintains intensive contact with PD patients and their 
relatives. To make this as easy as possible, the researchers come to the 
patients: since the spring of 2016, the »NCER-PD Flying Team« has been 
travelling around in the Parkinson’s research programme van (see page 
10). But NCER-PD has enjoyed even more contact than this: people were 
also invited to the LCSB for the Thank You event in July, where scientists 
greeted around 100 Parkinson’s patients and their relatives on Campus 
Belval. The guests had the chance to see exactly what the scientists do 
in their laboratories. In turn, the lab researchers valued the opportunity 
for personal contact with the patients – be it over coffee and cake, or 
in a musical jam session. It was a successful and cheerful day for all.
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Sparking interest 
      in research

Scienteens Lab The roman emperor used a simple 
substitution cipher, where each letter in 
the original text is replaced by a letter 
some fixed number of positions down 
the alphabet to send secret messages 
to his generals. Nowadays, in the digital 
age, we make use of prime numbers to 
develop far more complex encryption al-
gorithms to secure our online communi-
cations. Using the ancient Roman cipher 
wheel as a starting point, the students 
discover the world of cryptography. The 
workshop is deliberately designed to use 
a hands-on approach to teach mathe-
matics in a pro-active way.

The aim of the Scienteens Lab is to 
bridge the gap between school and 
university and to excite high school stu-
dents about science and the research 
done here at the University of Luxem-
bourg. This goal is clearly reflected in 
the well-established and very success-
ful Biology workshops but also in the 
new mathematics and physics work-

What do Julius Caesar and »WhatsApp« 

have in common? High school students who 

attended the new mathematics workshop in 

2016 at the Scienteens Lab of the Univer-

sity of Luxembourg discovered the answer: 

they both use mathematical methods to 

encrypt messages. 

shops. »Practical experimentation is a 
good way to boost interest in science 
and to give the students some idea 
whether a career in science is some-
thing they want to pursue,« explains 
the coordinator of the Scienteens Lab, 
Dr. Elisabeth John.

In the Physics workshop the high 
school students tackle the question 
of whether mayonnaise is a liquid or 
a solid. They start off by making their 
own mayonnaise while discussing 
possible roles of oil, egg yolk and lemon 
juice in the consistency and texture 
of the final product. Under expert 
guidance, the students then examine 
the structure of their own mayonnaise 
under the microscope in more detail 
by using specific laboratory equipment. 
In the Biology workshop, the students 
investigate the degree to which UV 
light harms the model organism 
Escherichia coli, a bacterium, and how 
well sunscreen can protect against this 
damage. In order to investigate this 
scientific question they use molecular 
biology techniques like polymerase 
chain reaction and agarose gel elec-
trophoresis. The final results of the 
different groups are discussed with 
the researchers at the end of the day. 

It is especially important that the stu-
dents gain insight into the daily routine 
of a scientist. »We want to show how 
researchers obtain their results, and 
that the process is rarely straightfor-
ward,« states Elisabeth John. 

While designing and planning the work-
shops, biologist Elisabeth John and 
her team take many different factors 
into consideration. They cooperate 
closely with teachers from Luxembour-
gish schools to ensure the courses 
tie in well with the school curriculum. 
They also make sure that the content 
relates to current research and our 
daily lives so the students are quickly 
engaged in the topic. 

The steadily rising demand confirms 
that this approach is welcomed by 
students and teachers alike. In total, 
more than 1,900 pupils from secondary 
schools have attended 108 workshops 
at the research labs of the University 
of Luxembourg between 2012 and 
2016. 

In response to this growing demand, 
the Scienteens Lab is also growing. In 
November 2016, Her Royal Highness 
the Hereditary Grand Duchess of Lux-
embourg, patroness of the Scienteens 
Lab, and Marc Hansen, Minister Dele-
gate for Higher Education and Re-
search, inaugurated the new biology 
lab for students, and gave the official 
start signal for the new scientific 
disciplines mathematics and physics. 
The expansion of the Scienteens Lab, 
including the recruiting of two lec-
turers, has been made possible by the 
generous support of the Luxembourg 
National Research Fund (FNR) and the 
Fondation Veuve Emile Metz-Tesch 
(FVEMT). Dr. John concludes: »This 
funding is very important for the 
advancement of the Scienteens Lab 
and the exemplary commitment from 
these institutions clearly underlines 
the important role the Scienteens Lab 
plays in the sustainable development 
of the scientific hub Luxembourg.«

Dr. Elisabeth John (right) with Her Royal Highness the Hereditary Grand Duchess of 
Luxembourg and Marc Hansen, Minister Delegate for Higher Education and Research
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Our knowledge of these microbes is 
still limited. But in 2016, LCSB scien-
tists took an important step in model-
ling the complexity of the human gut’s 
bacterial communities – the micro-
biome – on the computer: A research 
team led by Ass. Prof. Dr. Ines Thiele, 
head of the Molecular Systems 
Physiology Group, has created the 
most comprehensive collection of 
computational models for 773 dif-
ferent gut microbes, capturing their 

individual metabolisms, called AGORA. 
»AGORA is based on a new concept
for the comparative reconstruction
of bacterial metabolic models,« says
Ines Thiele. »It allows the analysis of
a much greater number of bacterial
strains than was ever possible before.
With AGORA, and by including other
datasets, we can systematically study
the metabolic interactions within the
gut microbiome and how these inter-
actions are influenced by exter-
nal factors, including the diet
and host metabolism.«

Stefania Magnusdottir is 
doing her PhD degree in Ines 
Thiele’s group at the LCSB. She is 
the first author of the study. »The 
basis for our paper was a thorough 
investigation of the literature on 
microbial metabolism,« she explains. 
»We gathered known experimental
and genomic data on the metabolism
of 773 bacterial strains to refine and
validate the computational models.
Based on this, we characterised each
microbe’s metabolism and found
that both their metabolic capabilities
and our diet play important roles in
how the microbes interact with each
other.« As a result, the scientists can
now generate personalised microbiome
models by integrating these computa-
tional models with metagenomic data,
which can be obtained by sequencing
the microbes present in stool samples
of healthy and sick individuals.

With the models the researchers 
can search, in a targeted manner, for 
metabolic pathways that are funda-
mentally important to the microbiome 
in the gut. And they can work out what 
could trigger diseases when these 
metabolic processes go wrong. »The 
AGORA models will allow us to study 
the impact of host-microbiome inter-
actions in specific diseases or to use 
them in the emerging field of persona-
lised medicine,« says Ines Thiele.

Computational   
models for gut microbes

Molecular Systems Physiology

Using AGORA to study the gut micro-
biome will involve close collaboration 
with researchers who are investigating 
the gut microbiome in the laboratory, 
including Prof. Dr. Paul Wilmes, head of 
the LCSB Eco-Systems Biology Group. 
His group has developed methods for 
studying gut bacteria under real-life 
conditions. »AGORA directs us to tar-
geted bacterial metabolic processes to 
perform focused experiments, allowing 
precise and comprehensive modelling 
of processes within the gut microbes,« 
Wilmes asserts.

The bacterial species living in the human gut not only help us to digest our 

food but also produce valuable vitamins for us and even affect the way we 

metabolise drugs. The metabolic processes of these bacteria are crucial 

to our health, and are highly complex. The bacteria are in constant contact 

with our gut cells, and the different organisms continually influence one 

another. Thus, they play as important a role in our health as they do in 

numerous diseases.

For Ines Thiele, the high degree of 
precision is not an end in itself: »We 
want to understand how the microbes 
modulate human metabolism when 
we modify our diet. This may give us 
clues as to how we may prevent, or 
even treat, diseases, for example by 
identifying dietary supplements that 
could modify the interactions within 
a diseased gut microbiome to imitate 
the metabolic functions of a healthy 
one.« 

Ass. Prof. Dr. Ines Thiele
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Wanted: 
clinician scientists

Between lab and patient

»Clinician scientists are the link to the
patients,« says Prof. Dr. Rudi Balling,
director of the LCSB. »It is through
them that our research becomes rele-
vant.« Prof. Dr. Nico Diederich is such a
clinician scientist. A clinical neurologist
at the Centre Hospitalier de Luxem-
bourg (CHL), he has decades of experi-
ence in treating Parkinson’s patients.
»Nico Diederich is also a renowned
researcher,« says Balling. »He was one
of the first people I spoke to in Luxem-
bourg when deciding what the LCSB’s
thematic focus would be. It was Nico
who first made me truly aware of the
urgency of Parkinson’s research.«

For five years now, Diederich has been 
dedicating four days a week to the 
patients at CHL and researching for 
one day at the LCSB. It is a deman-
ding division of responsibilities, but is 
of great scientific value. Diederich’s 
team has recently found evidence, for 
example, that certain proteins leaking 
from the gut into the blood through an 

impaired gut barrier may be involved in 
the onset of Parkinson’s disease. The 
researchers also observed that the 
energy-delivering mitochondria within 
nerve cells were different in certain 
parts of the colon in Parkinson’s pati-
ents. A malfunction of mitochondria in 
the brain has long been discussed as 
an aspect of the disease.

Such discoveries by clinician scientists 
are extremely important for making 
progress in basic research. Balling 
therefore wants to strengthen the po-
sition of clinical researchers in health- 
care and research: »Huge demands 
are made of clinical researchers, both 
at the hospitals and at the research 
institutes. In principle, they need two 
different, complete educations to fulfil  
their role. At the LCSB, we are doing 
everything to ensure this effort receives  
the proper appreciation and opens 
career opportunities – so that clinical 
researchers continue to be the trans-
mission belt between lab and patient.«

Biomedical research serves the patients: researchers at the LCSB 

want to understand diseases in greater detail in order to bring 

better therapies to patients with Parkinson’s and other neurode-

generative diseases. At present, however, there is a catch: in most 

cases, the biologist at his lab bench and the bioinformatician at 

her computer never have any direct contact with patients. Conse-

quently, they are not entirely familiar with the clinical picture, 

and have no clinical data or sample material from which to plan 

experiments or start computer simulations.
Prof. Dr. Nico Diederich

Ordre de Mérite for Prof. Rudi Balling

His Royal Highness Grand Duke Henri of Luxembourg, bestowed  
upon LCSB Director Prof. Dr. Rudi Balling the Ordre de Mérite du 
Grand-Duché de Luxembourg. His Royal Highness presented the 
Order at the grade of Commander on 23 June 2016, the national 
holiday of Luxembourg, in recognition of Balling’s commitment to 
research. 

In his congratulatory speech, Prime Minister Xavier Bettel lauded 
Balling’s accomplishment of rapidly building up a research centre, 
from scratch, that now employs more than 200 people: »Excellent 
research is being done there, among other things in the field of 
Parkinson’s research. The Government sees this research sector 
as a highly important mainstay for the Luxembourg of the future.« 
Prof. Balling also regards the distinction as special praise for the 
University of Luxembourg: »I think it is a compliment to the entire 
university, which plays a very important role in Luxembourg. 
The LCSB is a part of this university. And it is a good feeling that 
we are truly appreciated in the country.«

f back to table of contents
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Making research results 
          reproducible

Computational Biology

to make it into the paper. Or, they are 
no longer accessible to readers after 
a number of years because the data 
source has vanished or the program 
used has become obsolete. 

This is where Trefois and his colleagues 
with their code and analysis-procedure 
and data management project R3 
come in. R3 stands for »Reproducible 
Research Results«. Launched in 2014, 
the long-term goal of the project is to 
standardise essential steps involved in 
publishing a paper at the LCSB, so that 
the scientific readership of online jour-
nals have all the information and tools 
they need to accurately reproduce the 
results of a study, even several years 
after its publication.

To aggregate all information relevant 
for the paper, the LCSB researchers are 

using project-specific virtual servers on 
which the experimental methods and 
research protocols, raw data, analytical 
methods and processes, results, gra-
phical illustrations and conclusions can 
be hosted. Even the operating system, 
libraries and programs originally used 
are stored on these servers and can be 
frozen as a single package. »This last 
point ensures that all data can still be 
read under the original conditions even 
years down the track,« Trefois explains. 
Another platform in the server farm is 
dedicated to source code management, 
to guarantee availability of and to re-
main control over the source code re-
positories. The result is a selfcontained 
data package, the content of which is 
»frozen« before publication. »This way,
the data contained can no longer be
modified, but will remain accessible for
a long time,« Trefois summarises.

In autumn 2016, the first study pro-
duced under the new standard at the 
LCSB was published in the journal 
»Genome Biology«. Researchers in the
group of Paul Wilmes have presented
a pipeline for reproducible, reference-
independent integrated metagenomic
and metatranscriptomic analyses,
called IMP. Readers can even follow
a link to the research group’s project
website where they can find all the
source code and trace back the entire
workflow of the project.

The study demonstrates that providing 
reproducible research results is not 
only a technical hurdle, it is also very 
demanding on the researchers. Within 
the framework of standardised and 
reproducible data analysis workflows, 
the R3 team is working closely with va-
rious research groups to find solutions 

tailored to their specific problems and 
needs. Trefois concludes: »Publishing 
reproducible research results is an 
ongoing task – not just for us, but for 
the global research community. With 
the R3 project, the LCSB is one of the 
pioneers in this area. We are always 
interested in sharing our experience 
with external partners so that we can 
also contribute to improving the quality 
of international research.«

systems. The rapid advancements in 
computing technology, rather than 
speeding things up, often create 
further complications when the newer 
systems are incompatible with the 
older ones. »Although scientific studies 
are also available online these days, 
publication practice has not kept up 
with the increasing complexity,« says 
Trefois. Workflows, (raw) data sets and 
computational environments often fail 

The grand finale of a scientific study is its publication in a presti-

gious journal. However, the published paper is only of true value to 

the global research community if other scientists can retrace the 

steps that were taken to achieve those results. »Research results 

are ultimately supposed to enable others to build upon them,« says 

Dr. Christophe Trefois, a computer scientist and biologist at the 

LCSB. This is especially crucial in complex fields such as Parkinson’s 

and other multifactorial disease research.

Yet the reproducibility of scientific 
results, and thus the quality of those 
studies, has dropped severely in recent 
years (Freedman et al., 2015). One 
reason for this – as paradoxical as it 
may seem at first – is technological 
progress. Thanks to high-throughput 
technologies, researchers are now 
generating enormous sets of data that, 
in turn, can only be analysed using 
powerful computer-aided analytical 

Dr. Christophe Trefois
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Yeast helps to elucidate 
neurometabolic diseases

Enzymology and Metabolism

Yeast is not only good for baking – this 
unicellular organism is also indispens-
able for biomedical research. »Many 
fundamental biochemical processes in 
yeast are comparatively easy to study 
and very similar to those in humans. 
That makes yeast a suitable model for 
researching the causal mechanisms of 
even complex diseases,« explains Dr. 
Carole Linster, a biochemist and head 
of the Enzymology and Metabolism 
Group at the LCSB. She and her team 
are using easily cultivated yeast cells to 
shed light on certain neurodegenerative 
diseases in which the metabolic by-
product D-2-hydroxyglutarate (D-2HG) 
accumulates in cells and extracellu-
lar fluids. One such disease is a rare 
hereditary disease that, among other 
things, leads to developmental delays 
in infants and young children and, in 
severe cases, even death. The toxic 
organic acid D-2HG is also suspected 

of being involved in the development of 
various cancers, such as certain brain 
tumours. »However, we still do not know 
which cell functions D-2HG disrupts 
or how that relates to the observable 
symptoms,« Linster explains. Finding 
the answers to these questions in 
experiments means first identifying 
which enzymes are involved in D-2HG 
metabolism inside the cell. Linster’s re-
search group has done just that. Their 
study on the synthesis and degradation 
pathways of D-2HG in yeast cells was 
published as a »Paper of the Week« in 
the Journal of Biological Chemistry in 
2016.

In several consecutive series of experi-
ments, the researchers discovered 
two enzymes in yeast that break down 
D-2HG and that have comparable
forms, or homologues, in humans. They
also deciphered the molecular mecha-

nism of this degradation. In an equally 
elaborate process, the researchers 
identified the two main enzymes that 
catalyse the synthesis of D-2HG. The 
researchers showed that cellular D-2HG 
plummets to a very low level when the 
genes encoding these enzymes are 
»knocked out«, and thus production
of these enzymes is prevented. The
results of this study provide a basis for
further experimentation. Armed with
the knowledge of which enzymes are in- 
volved in D-2HG cellular metabolism, the
researchers can now design and culti-
vate genetically distinct yeast strains to
investigate what effects different levels
of D-2HG have on various cell functions.
Linster summarises: »This is another
step towards better understanding the
mechanisms of diseases associated
with D-2HG accumulation, and towards
finding drugs that suppress the toxic
effects of this acid.«

Dr. Carole Linster

The Rockhal becomes a research laboratory

At the beginning of December, the Rockhal concert hall in Esch-Belval 
was transformed into a giant research laboratory. For the FNR Re-
searchers’ Days 2016, visitors had a chance to get hands on with scien-
tific experiments and to talk with the researchers. The Luxembourg 
Parkinson’s Study NCER-PD was present with its booth »What does it 
feel like to have Parkinson’s?« Visitors were able to try on a Parkinson’s 
simulation suit to experience the motor symptoms of Parkinson’s 
disease, such as the muscle rigidity and tremors, on their own body. In 
this suit it quickly becomes clear: movements such as lifting one’s arms 
or legs suddenly became a lot more difficult. Even the simplest of tasks, 
such as tying shoelaces or brushing hair, become a strenuous task in the 
suit – or with PD. An experience that goes under your skin. 

The aim of the Researchers’ Days is to promote direct communication 
between researchers and the general public. The National Research Fund 
(FNR) would like to use this event to anchor and promote science and  
research in society and to raise awareness of the omnipresence of  
research in our daily lives.
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Bioinformatics Core

Day after day, week after week, month after month – non-stop, 

new biomedical knowledge is being generated in scientific labora-

tories around the world. Researchers are decrypting the functions 

of genes, studying the interactions between different proteins, 

or clarifying the processes of complex signalling cascades inside 

cells. With the knowledge gained, the necessity for new manage-

ment systems is also increasing, for storing, editing, and clearly 

presenting the increasingly complex data. MINERVA is the name 

of a platform developed at the LCSB that does just that – make 

biomedical knowledge visible and available to scientists.

»MINERVA presents molecular interac-
tions graphically in the form of interac-
tive charts with extensive annotations,« 
explain platform developers Dr. Piotr 
Gawron and Dr. Marek Ostaszewski, 
computer scientists from the Bioinfor-
matics Core department at the LCSB. 
»The system gives users an easy and 
efficient way to visualise, organise and 
comment on existing knowledge« says 
Ostaszewski.

The starting point for developing 
MINERVA was the wish of several 
Parkinson’s disease researchers to 
visualise the many genetic factors, 
environmental influences and molecular 
mechanisms that lead to the onset of 
this neurological disease. In 2014, led 
by LCSB Director Prof. Dr. Rudi Balling, 

Luxembourg scientists, and colleagues 
from the Systems Biology Institute in 
Tokyo published the first version of »PD 
map« – the Parkinson’s disease map. 
Although it was a challenging task to 
integrate and share expert knowledge 
from more than 1,000 publications, 
encoded in complex charts with over 
5,000 elements and 2,000 interactions, 
in the end MINERVA succeeded.

MINERVA – which stands for Molecular 
Interaction NEtwoRks VisuAlization – is 
for complex, large molecular diagrams, 
what the Google Maps service is for 
normal street maps. Users can zoom 
from large overviews down to areas of 
increasingly greater detail and disco-
ver the interactions of the involved 
biomolecules, click-by-click. A search 

function can be used to track down 
individual, or multiple biomolecules. 
User comments can be posted, just like 
a sticky note, directly onto a given ele-
ment or interaction for others to see. 
Sections of the map can be downloaded 
in different formats as preferred.

However, the platform can do much 
more than interactive navigation.  
MINERVA is linked over a built-in inter-
face to databases for chemical inter-
action and drug targets. This means 
the molecular points of attack of 
therapeutic agents can be displayed in 
seconds. »It is incredible just how much 
knowledge is freely available in databa-
ses these days. MINERVA aggregates 
this information and makes it interpre-
table,« Ostaszewski points out.

Who with whom? 

MINERVA can in principle visualise any 
biological body of knowledge and it 
has already found diverse applications. 
»Scientists from Lyon, for example, 
have created an AsthmaMap and use 
MINERVA for sharing and exploration«, 
says Ostaszewski. Others are using 
the platform to browse through a map 
of the whole human metabolism – the 
ReconMap.

»With the platform, we can share 
knowledge on processes underlying 
health and disease among researchers, 
clinical institutions and the pharma-
ceutical industry, in a very clear and 
comprehensive way,« explains Dr. 
Stephan Gebel, molecular biologist 
at the LCSB and responsible for the 
development of the PD map. »It was 
much more difficult to work with such 
complex content before, without the 
support of MINERVA,« he adds. Use of 
a uniform, standardised platform facili-
tates the cooperation of researchers 
from various institutions, and allows 
cross-thematic analysis of the existing 
data.

Researchers can also upload their own 
experimental data or data from clinical 
studies to the platform and overlay 
it on top of the existing data. This 
allows identification of disease-related 
perturbations of molecular processes, 
which could prove highly relevant in the 
future course of therapy. »Based on 
the genetic profile of an individual pat- 
ient, we should be able to make a much 
more accurate diagnosis, and ultimately 
personalise the patient’s treatment in 
the future,« Gebel emphasises.

How will the platform develop in future? 
It depends on the users’ needs. »The 
LCSB offers a great environment to 
further develop a system like MINERVA 
– we talk to different researchers and 
tailor the platform to their needs,« says 
Gawron. »But not too many requests at 
a time…« he laughs.

Dr. Stephan Gebel, Dr. Piotr Gawron and Dr. Marek Ostaszewski

f back to table of contents

https://wwwen.uni.lu/lcsb/research/bioinformatics_core


• • •30 • • • 31

Foundations
Private 
Service Clubs
Events
Corporate

Fundraising 

Donors

72%12.5%

10%

2.5%
3%

Parkinson‘s research
Education
Support of graduate students
Rare disease research
Microbiome related disease research
Alzheimer‘s disease research
Cancer research

33+22+20+10+7+7+1
 

Cause

33%10%

7%

1%
7%

20%

22%

Facts and figures

2016 LCSB income (in kEUR) 2016 LCSB expenses (in kEUR)

12,612 (54.5%)

5,852 (25.3%)

1,708 (7.4%)

1,705 (7.4%)

949 (4.1%)

273 (1.2%)

30 (0.1%)

University of Luxembourg 
Fonds Nationale de la Recherche
EU programmes
Further grants
Funds for knowledge transfer
Fundraising
Industry co-operation

Wages
Operating expenses
Investments
Travel
Representation and registration
Sub-contracting

13,805 (59.7%)5,933 (25.7%)

2,668 (11.5%)

575 (2.5%) 46 (0.2%)

National grants in 2016

Project acronym Programme Project coordinator LCSB responsible

SYSCID H2020 Societal Challenges Philip Rosenstiel, Christian-Albrechts-Universität zu Kiel, 
Germany

Reinhard Schneider

ProtectMove DFG Research Unit Christine Klein, Universität zu Lübeck, Germany Anne Grünewald, 
Reinhard Schneider

OpenMultiMed H2020 COST Action Harald Schmidt, Universiteit Maastricht, The Netherlands Ronan Fleming

Project acronym Programme LCSB responsible Project coordinator 
(if applicable)

CriTICS FNR PRIDE Jorge Gonçalves, Alexander Skupin, Alexander 
Crawford, Paul Wilmes, Anne Grünewald

Jorge Gonçalves, University 
of Luxembourg

NEXTIMMUNE FNR PRIDE Antonio del Sol, Jorge Gonçalves, Jochen Schneider, 
Reinhard Schneider

Markus Ollert, LIH

TregBar FNR AFR Bilateral RIKEN Alexander Skupin, Antonio del Sol, Paul Wilmes, 
Rudi Balling

Markus Ollert, LIH

NPath FNR PEARL Rudi Balling Michel Mittelbronn, LNS

MiBiPa FNR CORE INTER DFG Paul Wilmes

COMET FNR CORE Junior Nicole Paczia

GutHealth FNR CORE Junior Dmitry Ravcheev

OptSys FNR OPEN Ines Thiele, Ronan Fleming

BrainChip FNR Proof-of-Concept Jens Schwamborn

microGUT FNR Proof-of-Concept Pranjul Shah

AstroSyn FNR INTER Mobility Sarah Nicklas

STEMULATE FNR PSP Flagship Elisabeth John

GEoPD FNR RESCOM Rejko Krüger

Researchers‘ Days 2016 FNR Science in Society Elisabeth John

Researchers' Days 2016 FNR Science in Society Rejko Krüger

ESPoiRe Personalized Medicine 
Consortium

Reinhard Schneider Jonathan Turner, LIH

MiDiCa UL Internal Research Project 
TANDEM

Paul Wilmes

PPPD UL Internal Research Project Jorge Gonçalves

RegIMe UL Internal Research Project 
TANDEM

Patrick May

European grants in 2016

Project acronym Programme Project coordinator LCSB responsible

Epi25 NIH Precision Medicine 
Initiative

Sam Berkovic (Uni Melbourne), David Goldstein 
(Columbia University), Holger Lerche (Uni Tübingen), 
Daniel Lowenstein (UCSF), Ben Neale (Broad Institute)

Roland Krause

FARF Fanconi Anemia Research 
Fund

Josephine Dorsman, VUMC, Netherlands Patrick May

International grants in 2016

102 (0.4%)

National grants in 2016
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Key Performance Indicators

Personnel

Research groups: 15 

PEARL (5 M EUR): 1 *

ATTRACT (~2 M EUR): 4 *

Total staff: 226

Externally funded staff: 117

PhD students: 51

Nationalities: 53

External funds *

Total: 53.38 M EUR

Fundraising *

Total: 1.89 M EUR

Publications *

Total publications: 470

Publications IF>10: 42

Innovation

Patents: 20 *

Proof of concept: 4 x 1.8 M EUR *

Spin-offs founded: 5 *

Business plans: 3 *

Collaborations 

Investment in collaborative projects: >28 M EUR

Collaborative projects: >450

Industrial partners: >35

* cumulative (2009-2016)

Scientific advisory board 

Participants 

Ron David Appel
Professor of proteomics and bioinformatics at the University of Geneva and executive director of the Swiss Institute of 
Bioinformatics, Geneva, Switzerland

Adriano Henney Secretary General Avicenna Alliance for Predictive Medicine, Tytherington, UK

Barta Maria Knoppers Director of the Centre of Genomics and Policy, Faculty of Medicine, Department of Human Genetics, McGill University, Canada

Maria Grazia Spillantini Professor of Molecular Neurology in the Clinical School of the University of Cambridge, UK

Olaf Wolkenhauer Chair in Systems Biology and Bioinformatics, Institute of Computer Science at the University of Rostock, Germany

LCSB organigram

Operations
(E. Monfardini)

Innovation 
Office

• Business  
Development 

• Technology Transfer

Communication 
Office

• Event Management
• External & Internal 

Communication
• Fundraising

Infrastructure 
Office

• Animal Facility
• Facility Management
• General Laboratory 

Support

Management 
Office

• Finance
• Grants
• Legal
• Secretariat
• Strategic Planning

Scienteens 
Lab

• Curriculum  
Development

• Outreach to Schools

Shared UL 
Functions

• HR
• IP Management
• IT

LCSB Director
(R. Balling)

Research
Research Strategy

(R. Becker)

Molecular Systems 
Physiology 

(I. Thiele)

Molecular and 
Functional Neurobiology

(A.Grünewald)

Medical Translational 
Research

(J. Schneider)

Enzymology 
& Metabolism

(C. Linster)

Computational 
Biology

(A. del Sol)

Metabolomics
(K. Hiller*)

Clinical & Experimental 
Neuroscience

(R. Krüger)

Eco-Systems 
Biology

(P. Wilmes)

Biomedical
Data Science

(E. Glaab)

Integrative
Cell Signalling

(A. Skupin)

Systems 
Control

(J. Gonçalves)

Developmental 
& Cellular Biology

(J. Schwamborn)

Bioinformatics 
Core

(R. Schneider)

Experimental 
Neurobiology

(R. Balling)

Systems 
Biochemistry

(R. Fleming)

Chemical 
Biology

(A. Crawford)

Computational Groups Medical Groups Experimental Groups

* until June 2016

Advisory committee (Comité consultatif du centre)

Participants 2016

Alfred Funk Director of Administration, University of Luxembourg

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

Rainer Klump* President, University of Luxembourg

Ludwig Neyses  Vice-president for Research, University of Luxembourg

Tonie Van Dam**  Vice-president for Doctoral Education and Training, Gender, and International Relations, University of Luxembourg

* until May 2017     
** 2017 onwards
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USA 
63 projects (4*)

Canada 
5 projects (1*)

Argentina
2 projects (1*)

Peru
1 project*

Brazil
3 projects (1*)

LCSB collaborations

77+5+9+9339 (76.5%)
41 (9.3%)

42 (9.5%)

Collaboration partners

21 (4.7%)

Academic

Mixed

Industry

Hospital

Germany  
139 projects (17*)

Estonia 
1 project*

Faroe Islands
1 project* Norway 

5 projects (3*)

Israel 
6 projects (2*)

Finland  
3 projects

Greece 
3 projects (2*)

Nigeria 
1 project*

Italy
10 projects (6*)

Sweden
12 projects (4*)

Luxembourg 
124 projects (6*)

India 
2 projects (1*)

China  
2 projects (1*)

Russia 
1 project*

Japan 
6 projects (1*)

Korea 
1 project*

Taiwan
1 project*

UK 
35 projects (15*)

France 
12 projects (4*)

Spain
10 projects (4*)

Portugal
5 projects (2*) 

Poland  
2 projects (1*)

Netherlands 
27 projects (9*)

Denmark
4 projects (3*)

Belgium
17 projects (6*)

Switzerland
13 projects (5*)

Austria  
4 projects (2*)

Hungary 
3 projects (2*)

Romania 
1 project*

* Project within a multinational consortium

Ireland
4 projects (2*)

Singapore 
2 projects (1*)

New Zealand 
1 project*

Australia 
5 projects (3*) 

South Africa
2 projects (1*)

Awards 2016

Award Name

Best poster prize at the Annual tranSMART foundation meeting Adriano Barbosa da Silva, Aishwarya Alex, Wei Gu, Venkata Satagopam 
and Reinhard Schneider

LUSH Young Researcher Prize Pranjul Shah

Young Investigator Oral Presentation Prize at the 
ICAN Conference

Anna Heintz-Buschart

Science4Life Venture Cup 2016 winner Braingineering

Pirate Summit Luxembourg 2016 winner Orgamime

Audience award at BioVaria 2016 Braingineering

Poster Prize European Society of Endocrinology Kirsten Roomp

Best oral presentation Life Science PhD Days Anna Monzel

Tunisia
1 project*

Turkey
2 projects (1*)

Staff categories 2016

48+15+24+13110 (48%)

31 (14%)

51 (23%)
Researcher

Management

PhD student

Technician34 (15%)

Europe

Africa

North America

South America

Asia

Staff origins

184 (76%)

34 (14%)

7 (3%)

10 (4%)

7 (3%)

76+3+4+3+14
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Publications 2016

Publications in refereed journals

1. A. S. Baumuratov, P. M. A. Antony, M. Ostas-

zewski, F. He, L. Salamanca, L. Antunes, J. Weber, 

L. Longhino, P. Derkinderen, W. J. H Koopman, 

N. J. Diederich. »Enteric neurons from Parkinson‘s 

disease patients display ex vivo aberrations in mi-

tochondrial structure«, Scientific Reports, 6, 33117. 

ISSN 20452322. DOI: 10.1038/srep33117

2. A. R. Sheik, E. E. Muller, J.-N. Audinot, L. A. 

Lebrun, P. Grysan, C. Guignard, P. Wilmes. »In situ 

phenotypic heterogeneity among single cells of the 

filamentous bacterium Candidatus Microthrix par-

vicella.«, Isme Journal, 10 (5), 1274-9. ISSN 17517362. 

DOI: 10.1038/ismej.2015.181

3. A. A. Namasivayam, A. F. Morales, Á. M. F. Laca-

ve, A. Tallam, B. Simovic, D. G. Alfaro, D. R. Bobbili, 

F. Martin, G. Androsova, I. Shvydchenko, J. Park, 

J. V. Calvo, J. Hoeng, M. C. Peitsch, M. G. V. Racero, 

M. Biryukov, M. Talikka, M. B. Pérez, N. Rohatgi, N. 

Díaz-Díaz, R. Mandarapu, R. A. Ruiz, S. Davidyan, S. 

Narayanasamy, S. Boué, S. Guryanova, S. Martinez 

Arbas, S. Menon, Y. Xiang. »Community-reviewed 

biological network models for toxicology and drug 

discovery applications«, Gene Regulation and Sys-

tems Biology, 10, 51-66. ISSN 11776250. DOI: 10.4137/

GRSB.S39076 

4. A. Sootla, A. Mauroy. »Properties of isostables 

and basins of attraction of monotone systems«, 

Proceedings of the American Control Conference, 

2016-July 7365-7370. DOI: 10.1109/ACC.2016.7526835 

5. A. Noronha, A. D. Danielsdottir, P. Gawron, F. 

Johannsson, S. Jonsdottir, S. Jarlsson, J. P. Gunnars-

son, S. Brynjolfsson, R. Schneider, I. Thiele, 

R. M. T. Fleming. »ReconMap: an interactive visuali-

zation of human metabolism.«, Bioinformatics, ISSN 

13674803. DOI: 10.1093/bioinformatics/btw667  

 

6. A. Michelucci, A. Bithell, M. J. Burney, C. E. John-

ston, K.-Y. Wong, S.-W. Teng, J. Desai, N. Gumbleton, 

G. Anderson, L. W. Stanton, B. P. Williams, N. J. 

Buckley. »The Neurogenic Potential of Astrocytes Is 

Regulated by Inflammatory Signals.«, Molecular Neu-

robiology, 53, 3724-39. ISSN 08937648. DOI: 10.1007/

s12035-015-9296-x

7. A. Mauroy, P. Taslakian, S. Langerman, R. 

Jungers. »The four bars problem«, Nonlinearity, 29 

(9), 2657-2673. ISSN 09517715. DOI: 10.1088/0951-

7715/29/9/2657

8. A. A. Baetica, Y. Yuan, J. Goncalves, R. M. Murray. 

»A stochastic framework for the design of transient 

and steady state behavior of biochemical reaction 

networks«, Proceedings of the IEEE Conference on 

Decision and Control, 2016-February 3199-3205. DOI: 

10.1109/CDC.2015.7402699

9. A. B. Stittrich, J. Ashworth, M. Shi, M. Robinson, 

D. Mauldin, M. E. Brunkow, S. Biswas, J.-M. Kim, K.-S. 

Kwon, J. U. Jung, D. Galas, K. Serikawa, R. H. Duerr, 

S. L. Guthery, J. Peschon, L. Hood, J. C. Roach, G. 

Glusman. »Genomic architecture of inflammatory 

bowel disease in five families with multiple affected 

individuals.«, Human Genome Variation, 3, 15060. 

ISSN 2054345x. DOI: 10.1038/hgv.2015.60

10. A. Heintz-Buschart, P. May, C. C. Laczny, L. A. 

Lebrun, C. Bellora, A. Krishna, L. Wampach, J. G. 

Schneider, A. Hogan, C. de Beaufort, P. Wilmes. 

»Integrated multi-omics of the human gut micro-

biome in a case study of familial type 1 diabetes.«, 

Nature Microbiology, 2, 16180. ISSN 20585276. DOI: 

10.1038/nmicrobiol.2016.180 

11. A. L. Hillje, J. C. Schwamborn. »Utilization of 

stem cells to model Parkinson‘s disease – Current 

state and future challenges«, Future Neurology, 11 

(2), 171-186. ISSN 14796708. DOI: 10.2217/fnl.16.7

12. A. Grunewald, C. Klein. »Urinary LRRK2 

phosphorylation: Penetrating the thicket of Par-

kinson disease?«, Neurology, 86 (11), 984-5. ISSN 

00283878. DOI: 10.1212/WNL.0000000000002438

13. A. Grunewald, K. A. Rygiel, P. D. Hepplewhite, C. 

M. Morris, M. Picard, D. M. Turnbull. »Mitochondrial 

DNA Depletion in Respiratory Chain-Deficient Par-

kinson Disease Neurons.«, Annals Of Neurology, 79 

(3), 366-78. ISSN 03645134. DOI: 10.1002/ana.24571

14. A. Tallam, T. M. Perumal, P. M. Antony, C. 

Jager, J. V. Fritz, L. Vallar, R. Balling, A. D. Sol, A. 

Michelucci. »Gene Regulatory Network Inference of 

Immunoresponsive Gene 1 (IRG1) Identifies Interfe-

ron Regulatory Factor 1 (IRF1) as Its Transcriptional 

Regulator in Mammalian Macrophages.«, Plos One, 11 

(2), e0149050. ISSN 19326203. DOI: 10.1371/journal.

pone.0149050 

15. C. González-Sánchez, J. C. Fraile, J. Pérez-

Turiel, E. Damm, J. G. Schneider, H. Zimmermann, 

D. Schmitt, F. R. Ihmig. »Capacitive sensing for 

non-invasive breathing and heart monitoring in non-

restrained, non-sedated laboratory mice«, Sensors, 

16 (7), ISSN 14248220. DOI: 10.3390/s16071052

16. C. C. Laczny, E. E. L. Muller, A. Heintz-

Buschart, M. Herold, L. A. Lebrun, A. Hogan, P. 

May, C. de Beaufort, P. Wilmes. »Identification, 

Recovery, and Refinement of Hitherto Undescribed 

Population-Level Genomes from the Human Gastro-

intestinal Tract.«, Frontiers In Microbiology, 7, 884. 

ISSN 1664302x. DOI: 10.3389/fmicb.2016.00884 

17. C. Auffray, R. Balling, I. Barroso, L. Bencze, M. 

Benson, J. Bergeron, E. Bernal-Delgado, N. Blomberg, 

C. Bock, A. Conesa, S. Del Signore, C. Delogne, P. 

Devilee, A. Di Meglio, M. Eijkemans, P. Flicek, N. Graf, 

V. Grimm, H.-J. Guchelaar, Y.-K. Guo, I. G. Gut, A. 

Hanbury, T. Sengstag, X. Serra-Picamal, W. Spek, L. 

A. I. Vaas, O. van Batenburg, M. Vandelaer, P. Varnai, 

P. Villoslada, J. A. Vizcaino, J. P. M. Wubbe, G. Zanetti. 

»Making sense of big data in health research: 

Towards an EU action plan.«, Genome Medicine, 8 (1), 

71. ISSN 1756994x. DOI: 10.1186/s13073-016-0323-y 

18. C. Jager, K. Hiller, M. Buttini. »Metabolic 

Profiling and Quantification of Neurotransmitters in 

Mouse Brain by Gas Chromatography-Mass Spectro-

metry.«, Current Protocols In Mouse Biology, 6 (3), 

333-42. ISSN 21612617. DOI: 10.1002/cpmo.15 

19. C. Birck, E. Koncina, T. Heurtaux, E. Glaab, A. Mi-

chelucci, P. Heuschling, L. Grandbarbe. »Transcrip-

tomic analyses of primary astrocytes under 

TNFalpha treatment.«, Genomics Data, 7, 7-11. ISSN 

22135960. DOI: 10.1016/j.gdata.2015.11.005 

20. D. J. Klionsky, K. Abdelmohsen, A. Abe, M. J. 

Abedin, H. Abeliovich, A. A. Arozena, H. Adachi, C. 

M. Adams, P. D. Adams, K. Adeli, P. J. Adhihetty, 

S. G. Adler, G. Agam, R. Agarwal, M. K. Aghi, M. 

Agnello, P. Agostinis, P. V. Aguilar, J. A. Ghiso, E. M. 

Airoldi, S. Ait-Si-Ali, T. Akematsu, E. T. Akporiaye, 

et al., »Guidelines for the use and interpretation 

of assays for monitoring autophagy (3rd edition).«, 
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10.1080/15548627.2015.1100356
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Development and Validation of New Value-Based 

Diagnostics by Leveraging Biobanks«, Public Health 
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10.1159/000446534
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targeted mass isotopolome analysis.«, Bioinforma-
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23. D. W., T. Cordes, N. Battello, S. C. Sapcariu, 
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The sound of Belval

It is one of those moments when you get the feeling: Yeah! Belval really 
comes alive. Beer, laughter and Rock‘n‘Roll – and laughter again. That‘s 
it! That‘s what you get at the UniJAM-Session at MK Bar on Campus 
Belval. Once a month on a Tuesday evening. Every Belval sceptic should 
go there, grab a mic and sing along. We heard Blur, Radiohead, Pixies, 
Blood Hound Gang, Zaz, Astrud Gilberto and Bill Withers, just to name   
a few. People on stage are students and professors, scientists and ad-
ministrators. It simply unites everybody who likes to perform livemusic 
on stage. It doesn‘t have to be perfect - and mostly it isn‘t. That‘s part 
of the fun! And there is a lot of fun! Thanks to Jasmin Sinha (left, with 
guitar) from the LCSB, who invented this mind-blowing event. 
Belval’s got talent! 

UniJAM on facebook: https://www.facebook.com/uni.lu.jam/
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