


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
Background
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us scientists euphoric. We understand 
complexity and we can contribute towards 
solving current problems in our society.

However, this comes with great 
responsibility. And the cover picture 
of our Annual Report reflects that: 
biomedicine and IT are surveying 
humankind. Data security and respect 
for privacy are extremely important 
for patients and healthy subjects to 
maintain autonomy over their data. 
At the LCSB, we tackle this issue 
head on. We systematically educate 
our PhD students on topics such as 
security and privacy. We collaborate 
very closely with legal professionals 
and computer specialists. We develop 
methods by which research data can 
be stored indefinitely and incorruptibly. 
Our computer scientists are involved 
in research projects aimed at novel 
analytical methods. The measured data 
reside permanently on a server onto 
which software programs for analysing 
the data are loaded – programs that 
must be continually adapted to new and 
changing problems.

Our Annual Report shows how »IT meets 
Biomedicine« means big data, big 
opportunities – and big challenges. At 
the LCSB, we are working on these with 
passion and determination! I hope you 
gain a vivid impression of this from the 
report.
 
Yours,

Rudi Balling, Director LCSB

IT meets biomedicine
Editorial

genetic factors, of course, but there are 
also diet and other lifestyle habits that 
can impair the function of individual cell 
components in neurons.

In seeking to understand the influences 
of so many parameters – and ultimately 
to develop new therapeutic and diagnostic 
approaches – we have to merge and 
analyse data from a wide range of 
sources: data from laboratory experiments 
performed at the LCSB, for example, 
clinical data from long-term studies such 
as our NCER-PD cohorts, or data that 
our collaborators in science and industry 
have generated and made available to 
us. A few years ago, studying such huge 
datasets was just a dream. Now it is a 
reality, given our access to excellent IT 
infrastructure, powerful bioinformatics 
and better standards of data collection. 
The perspective this gives us often makes 

We are in the middle of a 
technological revolution – the 
revolution of information technology. 
Thanks to modern IT, we have been 
able to store giant quantities of data 
generated from biomedical research 
for many years now. But only very 
recently have we had the processing 
power and analytical means to delve 
deeply into this data and start 
recognising connections that have 
been hidden so far. 

This development presents great 
opportunities: we are finally gaining clear 
insights into how diseases arise and how 
genetics, the environment, behaviour 
and other factors influence their 
onset and progression. This is of great 
importance particularly when it comes 
to neurodegenerative diseases such as 
Parkinson’s. Probable causes include 
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Awards go to the Bioinformatics Core

2015 was a memorable year for the team of Dr. Reinhard Schneider –  
the researchers were distinguished with no less than six awards:  
they received two awards for the best poster at a conference 
and three certificates (best presentation, most innovative approach 
and biomarker award) at the tranSMART Datathon organised by 
the tranSMART Foundation and the Michael J. Fox Foundation. 
Furthermore the Bioinformatics Core Facility has been declared a 
»Center of Excellence« by the tranSMART Foundation along with 
others like Harvard University or the Imperial College in London. The 
happy winners in the picture are (from left to right), in the back row, 
Ganna Androsova, Sascha Herzinger, Maria Biryukov, Serge Eifes, 
Adriano Barbosa da Silva and Reinhard Schneider and, in the front 
row, Wei Gu, Venkata Satagopam and Aishwarya Alex Namasivayam. 
Not pictured here are two other members of the victorious team, 
Dheeraj Bobbili and Vasco Verissimo.
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Biomedicine: the best way to leverage 
Luxembourg’s ICT hub

Directors‘ interview

Professor Balling, the LCSB received a 
lot of publicity last year for NCER-PD, 
the National Centre of Excellence in 
Research on Parkinson’s Disease. Why 
this project in particular?
Prof. Dr. Rudi Balling: NCER-PD is a 
project of fundamental importance to 
the LCSB. We will be studying Parkinson’s 
patients over long periods in this cohort 
study, together with our partners in 
Luxembourg. The aim is to learn more 
about the causes and progression of the 
disease and to develop new methods of 
diagnosis and therapy. NCER-PD brings 
our research to the people, so to speak: 
We are in contact with the patients and 

are making sure our research truly meets 
their needs. But NCER-PD also shows 
how visible Luxembourg is internationally 
for its Parkinson’s research. Our 
collaborative projects with partners in 
Oxford, Tübingen and Kassel illustrate 
that.

What makes the LCSB competitive 
in this setting?
Balling: The basis is of course the 
excellent research going on at our 
laboratories. This can be seen from the 
many significant papers published by 
the LCSB researchers last year. Another 
important aspect is that we are far 
ahead in the bioinformatics group: it 
sets standards that are acknowledged 
worldwide: This starts with acquiring 
data in hospitals, continues with 
preparing the data, assuring their quality 
and usability – they must be machine-
readable –, then developing algorithms 
for analysis, and ends with permanently 
storing the data.

Dr. Erica Monfardini: In all this, 
we benefit from being located in 
Luxembourg. Given the strong banking 
sector here, there is a great deal of 
experience in handling highly sensitive 
data. This knowledge can now be passed 
on to health research. And in the long 
term, biomedicine will be the best way to 
leverage Luxembourg’s ICT hub.

What do you mean by that?
Monfardini: Professional handling of 
biomedical data provides a basis for new 
business models. Take our spin-off ITTM, 
for example, in which POST Luxembourg 
has invested. At ITTM, bioinformaticians 

are processing biomedical data from 
public and commercial research. They 
have developed ways to draw new 
insights from clever combinations 
of the datasets, which would remain 
hidden if examined separately. That is 
our expertise and this gives economic 
stimulus. Thanks to the POST, we can 
ensure the data are secured according to 
the world’s strictest standards. This offer 
is competitive on a worldwide scale.

The LCSB has a competitive edge here 
and is a driver in this field. How do you 
make sure you work in an inclusive and 
coordinated manner?
Monfardini: In such a young and 
dynamic field, working in silos would 
be utterly wrong. There are so many 
stakeholder groups here – patients, 
physicians, companies, investors, 
politicians – who need to coordinate 
their needs. The LCSB acts as a catalyst 
that makes this communication possible. 
I think we succeeded in that very well last 
year with our conference on big data in 
Health Care. Even the big players such as 
Oracle and Amazon noticed this activity.

What business do companies such as 
Oracle, Amazon, or even Google have in 
health research?
Balling: The health market is a very 
important future market in which IT will 
play a critical role. It is clear that big 
organisations with the world’s best IT 
infrastructure want to play along. I don’t 
share the concern in your question: if it 
is properly clarified how such private data 
have to be handled, these players could 
have a very positive influence on the field 
– in the form of new applications that 
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improve the patients’ quality of life. This 
application-orientation is not a threat, 
rather a complement to public research. 
Our strength at the LCSB is that we 
answer the fundamental questions 
needed to make a close connection 
between medicine and bioinformatics, 
computational biology and machine 
learning. Public research has to identify 
these fundamental questions and answer 
them.

And now you are gearing the LCSB up 
for commercialising its innovations.
Monfardini: Of course, as a public 
research institution, we have to make 
sure our results benefit citizens. So, we 
have systematised the innovation process 
at the LCSB: we have a professional 
Innovation Team now as well as a clear 
structure for managing and licensing out 

intellectual property, and for supporting 
entrepreneurship and the start of new 
ventures. We want not only to supervise 
these activities, but to accelerate them!

The LCSB is no longer alone on the 
Belval campus – the University moved 
here in 2015. What has changed for the 
LCSB?
Monfardini: The paths have become 
shorter. That helps in coordinating 
processes, in establishing structures 
together. I am thinking, above all, of the 
activities that accelerate the translation 
of scientific results into commercial use. 
It is especially important for the whole 
university to act in concert here.

Balling: It is excellent that the majority 
of the university is now in Belval. I am 
especially glad that we are now working 

together with the Life Science Research 
Unit within one building. We are jointly 
using the infrastructure; there are joint 
meetings. This leads to a new quality of 
collaboration. After all, a smile comes 
across far better at a face-to-face 
meeting than over the telephone.

Prof. Dr. Rudi Balling and Dr. Erica Monfardini
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Making use of the data deluge
New infrastructure: ELIXIR

The data avalanche is rolling. 
Every one of the millions of users 
of smartphones and internet-
connected computers is producing 
data which service providers like 
Google and Amazon are analysing. 
The sciences, too, such as biology 
and biomedicine, are generating 
gigantic amounts of data from their 
high-throughput experiments. Often, 
however, these data are only kept 
in one place, making comparisons 
between different experiments 
difficult and the legalities regarding 
their use unclear. The upshot is 
that the wealth of knowledge 
hidden within the data cannot be 
extracted – knowledge that could 
otherwise lead to new diagnostic 
methods, better therapies or even 
undiscovered preventive measures.

ELIXIR, the »European life-sciences 
Infrastructure for biological 
Information«, is looking to fix this 
unfortunate state of affairs. Fifteen 
European countries are building a 
hub-and-node infrastructure for 
storing biological data and making it 
permanently accessible for research. 
The consortium founded for this purpose 
is funded by national agencies of 
each member state. Topics addressed 
range from microbiology to botany and 
agricultural sciences. LCSB aims to 
widen the scope to medicine by including 
clinical phenotyping integrated with 
molecular data.

In 2015, Luxembourg’s life-science 
researchers prepared for acceptance 
into the ELIXIR Consortium. In the spring 
of 2016, the Luxembourg Council of 
Ministers approved the researchers’ 

project and prepared the official 
application for membership of ELIXIR. 
The LCSB will form a node in the ELIXIR 
European infrastructure on behalf of 
the Grand Duchy, responsible for data 
from translational biomedical research 
that connects clinical applications 
and fundamental research. The centre 
is predestined for this role: firstly, 
it enjoys high worldwide renown for 

its bioinformatics skills in systems 
biomedicine and, secondly, it can draw 
from a trove of experience in preparing 
and providing biomedical data from 
various European consortia. 

»This competence has ultimately 
triggered the interest of ELIXIR to get 
Luxembourg as a new member,« says 
Dr. Regina Becker, who is responsible 
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for developing the strategy at the 
LCSB and was in charge of drafting 
the Luxembourg application for ELIXIR 
membership: »Our duty as an ELIXIR 
node for translational biomedicine is, 
firstly, to create a national platform for 
translational biomedicine data and make 
it available for collaborations with the 
European research community. Secondly, 
we will be hosting the data from other 

European institutions and consortia 
accessibly to the community on servers 
in Luxembourg.«

Aside from resolving technical issues, 
there are legal aspects to be considered, 
Regina Becker continues: »It must 
be clearly defined for what purposes 
the stored data may be used, for 
example. Things differ from one study 

to another. If the recruited patients 
have only agreed on research about, 
say, cancer, the data may not be 
used in neurological research. Such 
details have to be accounted for and 
implemented into the data warehouse 
– it is a legal task we have to handle, 
and a practical and technical one as 
well.« Research manager Becker sees 
yet another challenge both for computer 

scientists and for legal professionals, in 
the increasing difficulty of irreversibly 
anonymising biomedical data: »Data 
protection will change radically in 
the years to come, since the genome 
sequence of an increasing number of 
people will be known. That also means 
it will be easier to retrace the origin 
of biological samples and associated 
records. We must get ready to maintain 

privacy and confidentiality of data in 
a world where a genome is a key to 
personal identity.«

Ultimately, what this means for a 
distributed database system such as 
ELIXIR is that data will no longer be 
released externally: »We will develop 
methods by which the computation 
rules – the algorithms – will come to 
the data,« says Becker. These will then 
run on a given database to solve a given 
scientific problem. »The data will stay 
put; researchers will only take away 
the answers to their queries,« Becker 
says.  Reproducibility is nevertheless 
guaranteed since the information will 
be perpetually and securely stored, 
ready for repeated crunching by new 
algorithms over years and decades to 
come.

»ELIXIR addresses the fundamental 
issues we will be facing in future 
regarding the use of biomedical 
data,« says LCSB Director Prof. Rudi 
Balling. »Establishing the associated 
infrastructure node here is therefore 
a great opportunity for the LCSB and 
the whole of biomedical research in 
Luxembourg. It means we can keep 
sight of the developments and can even 
actively participate in shaping them.«

ELIXIR NODE
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Scan the QR-Code 

for more information: 

www.elixir-europe.org
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Smart Parkinson’s research – 
mobile app 

NCER-PD

When the National Centre of 
Excellence in Research on 
Parkinson‘s Disease (NCER-PD) 
was established in the spring of 
2015, Luxembourg embarked on an 
international programme to better 
understand Parkinson’s disease in 
all its manifestations. 

The centre unites all relevant groups 
in biomedical research, the LCSB, the 
Integrated BioBank of Luxembourg 
(IBBL), the Luxembourg Institute of 
Health (LIH) and the Centre Hospitalier 
de Luxembourg (CHL). The major goal 
was to establish a Parkinson’s disease 
cohort that was special and the most 
advanced in Europe. Patients are 
given a way to actively help in this, 
too: using a smartphone app, they can 
daily record details on their state of 
health, the severity of their symptoms 

or the action of a certain treatment, 
and make the details available to the 
researchers for analysis. 

»mPower« (Mobile Parkinson 
Observatory for Worldwide, Evidence-
based Research) is the name of the app 
developed by US non-profit foundation 
Sage Bionetworks and made available to 
the scientists in Luxembourg.

»The app lets us look deeper into 
the daily life of the patient,« 
explains Venkata Satagopam of the 
Bioinformatics Core Group at the LCSB. 
»Typically, a patient goes to the doctor 
or clinic for a check-up once every 
couple of months. This only allows a 
very sporadic evaluation of the patient’s 
state and symptoms. Using the app, 
the patient can record the appropriate 
information on a daily basis, which can 

later be correlated with other clinical 
parameters.«

How does mPower work? The app 
offers various programmes for 
recording the severity of individual 
Parkinson’s symptoms, such as the 
typical voice disorders referred to 
as dysphonia. The patient intones a 
continuous sound – »Ah« for example 
– into the smartphone. The audio 
signals are recorded and can later be 
analysed by special software. A tapping 
test reveals information about the 
severity of shaking symptoms while 
a memory game records cognitive 
disorders. The patient can use the 
app any time he or she likes. The 
recorded data are encrypted first 
before being sent to a private cloud 
at Sage Bionetworks and later to the 
Luxembourg researchers.

Prof. Dr. Rejko Krüger Venkata Satagopam
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The more data we have the greater the 
ultimate gain will be

The researchers then correlate the 
smartphone data with numerous 
other data from the various NCER-PD 
subprojects, such as with genetic or 
molecular characteristics of the patient. 
The latter serves to identify and validate 
biomarkers that allow early diagnosis 
of Parkinson’s disease and indicate 
the various forms and progressions of 
Parkinson’s. »A total of around 2,200 
clinical variables are recorded within the 
project. Harmonising and processing 

these clinical data with other similar 
studies is an enormous challenge,« says 
Venkata Satagopam. »But the more 
data we have, the greater the ultimate 
gain in understanding will be.«

Privacy is of utmost importance. »We 
are providing a state-of-the-art method 
for securely transferring anonymised 
data from smartphones,« Satagopam 
assures. In the suggested method, 
upon accepting the terms, participants 
will receive a code, also referred to 
as pseudonym, to enter into their 
smartphone the first time they use 

the app. Only the responsible team of 
clinicians, but not the researchers, will 
know which patient receives which code. 
Once sent to Sage Bionetworks, the 
recorded data will be encrypted before 
being forwarded to the Luxembourg 
researchers along with a secondary 
pseudonym. The scientists can 
ultimately map these mobile data with 
clinical and molecular data. »The data 
are then only accessible from previously 
defined IP addresses,« said Satagopam, 
explaining a further component of the 
newly-developed security strategy.
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A sabbatical at the LCSB

»This sabbatical has given me the chance just to stare out of the 
window and think«, says Dr. Gos Micklem. Micklem is a bioinformatician 
and molecular biologist who admits that he is exaggerating the amount 
of time spent looking at the scenery. However, for nine months he is 
putting aside the routine pressures of being a Principle Investigator 
(PI) at the University of Cambridge and instead concentrating on 
research. »To be able to spend a big block of time really examining an 
area in depth is something I haven‘t had a chance to do for a long time 
but it is a an essential part of doing science«, Micklem says. Being in 
a new environment has already generated unexpected projects such 
as a collaboration with the Linster, Skupin and Gonçalves Groups at 
the LCSB.  This is combining new reporter gene technology, state-
of-the-art video microscopy and computational modelling with the 
aim of increasing the temporal resolution of gene expression, protein 
expression and metabolomics data sets. Micklem is also making 
headway on developing new tricks to play with nucleic acids including 
ways of isolating »aptamers«, sequences that can behave like 
antibodies and are useful for creating biosensors.

10 • • •
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Learning from the older generations
EU Project »Centre PD«

given to innovation. From now on, 
citizens of the EU will benefit directly 
from the research they are funding; EU 
competitiveness will also be increased. 
For this, it is critical, among other 
things, for the results of biomedical 
research to find their way into clinical 
application. »That is exactly the focus 
of our centre’s strategy,« says LCSB 
Director Prof. Dr. Rudi Balling. 

The aim of Centre PD is to establish 
a virtual clinical centre where new 
diagnostic and therapeutic methods are 
developed for Parkinson’s disease. It is 
set to start in the spring of 2016, says 
Rejko Krüger: »Our collaboration partners 
come to Luxembourg in March. We will 
then translate our comprehensive work 
programme into concrete steps.« 

The cornerstones are already set. »One 
research topic, for example, will be deep 
brain stimulation,« says the neurologist. 
»The Luxembourg team, including LCSB 
and CHL, will develop novel programming 
algorithms for deep brain stimulation 
together with the partners in Tübingen 

so that, through suitable therapy, 
Parkinson’s patients can overcome a 
certain gait disorder known as ‘freezing’. 
Their movements should become more 
fluid and interruptions in actions – when 
getting on a bus for example – should be 
prevented.« 

Be it deep brain stimulation, stem cell 
research or development of a mobile 
app by which Parkinson’s patients can 
better monitor their state of health: »In 
all projects, our primary goal is to improve 
the connection between laboratory and 
hospital together with our partners for 
the benefit of our patients,« Krüger 
says. »Intensive communication and 
coordination between the partners will 
be the entry point for the success of the 
Centre PD.«

Universities such as Oxford and 
Tübingen are many hundreds 
of years old. »They have a long 
tradition of collaboration between 
basic researchers and medical 
practitioners,« says Prof. Dr. Rejko 
Krüger, head of the LCSB’s Clinical 
& Experimental Neuroscience 
Group and neurologist at the Centre 
Hospitalier du Luxembourg (CHL). 
»We can now establish this close 
connection between laboratory and 
hospital in Luxembourg as well – 
thanks to the TWINNING project 
‘Centre PD’, which we successfully 
applied for in the EU funding 
line Horizon 2020. We will be 
collaborating intensively with the 
internationally renowned Oxford 
and Tübingen Universities.«

Horizon 2020 is the continuation of 
the European Framework Programme 
for Research and Innovation. It brings 
more than just a new name – it also 
has an entirely new alignment. While 
focus was formerly on excellent basic 
research, greater importance is now 

Scan the QR-Code 

for more information: 

www.centre-pd.eu

• • •
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Recipe for the lab kitchens of  
cell researchers

Computational Biology

development of cells a nudge in the 
»right« direction. This expands our 
understanding of the fundamental 
processes. More importantly, 
however, it allows researchers 
to make improvements in their 
differentiation experiments in stem 
cell research and regenerative 
medicine. 

»Experimental work with stem cells 
can be tedious and often cumbersome 
because a lot of experiments are based 
on trial and error,« del Sol explains. 
»With our models, experiments can 
be planned in a much more targeted 
way.« Del Sol‘s group analyses biological 
systems at the network level, such as 
gene-regulatory networks, protein-
protein networks or signalling networks. 
The starting point for their analyses 
is comprehensive data from literature, 
for example data on the nature and 
directionality of interactions between 
genes. Scientists then combine 
literature data with experimentally 
generated data for the cell type under 
study by using algorithms in their 
models. »Thus we ultimately identify 
factors that decide the fate of a cell 
– that determine, for example, that a 
stem cell will develop into a certain type 
of tissue cell – or factors that control 
the development of a cell in the course 
of a disease.«

Scientists then test their model 
predictions in collaboration with 
experimental researchers – and the 
results so far are promising. A team 
led by Prof. Noel Buckley, formerly 

of King’s College London and now of 
Oxford University, has confirmed, for 
example, that mature cells, can in fact 
be reprogrammed and modified into 
a different cell type by manipulating 
the genes suggested by del Sol and 
his team. In their experiments they 
converted astrocytes into neural stem 
cells, and also one type of astrocyte into 
another.

Currently, del Sol and colleagues are 
particularly interested in how the 
environment of a cell population – its 
niche – influences the development 
of those cells. »Cells don’t develop in 
isolation. Other cells, the extracellular 
environment, the temperature and many 
other factors influence cell phenotypes 
in their niche,« del Sol explains. 

How the environment affects neuronal 
stem cells

In collaboration with Prof. Robin Franklin 
of the Cambridge Stem Cell Institute, 
UK, the Luxembourg researchers 
studied, among other things, how 
the environment affects the state of 
certain neuronal stem cells. Under 
favourable conditions, these stem cells 
differentiate into oligodendrocytes 
– cells involved in the formation of 
myelin. This protective sheath around 
nerve fibres is disrupted in patients 
with multiple sclerosis, for example. If 
one can succeed in activating the stem 
cells and exciting the formation of new 
oligodendrocytes, the scientists argue, 
then the protective myelin sheath can be 
renewed and the disease perhaps halted. 

As a computational scientist, 
Associate Prof. Dr. Antonio del Sol 
very rarely puts on his lab coat. Yet 
his work is of great importance for 
experimental researchers. With his 
Computational Biology research 
group at the LCSB, del Sol is using 
computers to track down key genes 
and cellular pathways that play a 
crucial role in the differentiation 
and reprogramming of cells. Based 
on this, computational biologists 
develop models to reveal which of 
these cell fate determinants can be 
experimentally tweaked to give the 

Ass. Prof. Dr. Antonio del Sol
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Del Sol and his team have already 
developed a model and identified 
environmental factors that ought to 
activate these stem cells. The model will 
soon to be tested in a multiple sclerosis 
animal model at the Cambridge 
Institute. »We told the researchers 
there ‘You have to manipulate these 
and those genes to increase the pool of 
oligodendrocytes.’ We can hardly wait to 
see whether this actually works in the 
living organism.«

In another project, researchers 
are investigating disease-related 
misregulated processes in dopaminergic 
neurons in the example of Parkinson’s 
disease. For this, they analyse and 
compare the networks in sick and 
healthy cells. This allows them to 
identify mechanisms of relevance to 
the progression of the disease. Finally, 
they suggest possibilities for how the 
diseased cellular phenotype can be  
returned to the healthy phenotype. »It’s 
a bit like looking at a picture of a ruin 
and of an intact building. We ponder: 
How could we convert the ruin as much 
as possible back into the building it 
once was,« says Antonio del Sol. He 
works with Prof. Dr. Jens Schwamborn, 
Head of the Developmental and 
Cellular Biology Group, and Prof. Dr. 
Rejko Krüger, Head of the Clinical & 
Experimental Neuroscience Group at the 
LCSB, to verify the predictions of the 
computational models in various in vitro 
laboratory experiments. 

»Computational biology can greatly help 
scientists expand the understanding of 
biological processes,« del Sol believes. 
»The biggest challenge in our work, 
aside from the extreme complexity of 
the systems we study, is the lack of 
experimental data. But a lot is moving 
in this field of research, and the coming 
years will surely bring us a long way 
forward.«
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Research and clinical practice 
go hand in hand

Systems Control

Deep brain stimulation is a 
proven method for relieving the 
symptoms of Parkinson’s disease 
and other neurological conditions. 
In a minimally invasive operation, 
electrodes are permanently 
implanted into a specific region of 
the brain and then connected to 
a »brain pacemaker«. This device, 
typically inserted just beneath 
the skin in the chest area, sends 
very short bursts of electrical 

impulses to the brain. This provides 
considerable alleviation of certain 
motor symptoms in many cases. 

In several complementary projects 
within a collaborative partnership 
between the LCSB, the Centre 
Hospitalier de Luxembourg (CHL) and 
Trier University of Applied Sciences, 
researchers are currently working on 
highly informative computer models 
that will allow personal characteristics 

of individual patients to be factored 
in more completely during the 
operation. »The major strength of 
this collaboration with the LCSB is 
that the fundamental knowledge 
of mathematics, computer science 
and electrical engineering within the 
Gonçalves Lab at LCSB is culminating 
in new technologies that are promptly 
being used in clinical applications,« 
summarises Dr. Frank Hertel, Head of 
Neurosurgery at CHL, who initiated the 

René Bremm, Florian Bernard, Andreas Husch, Head of Neurosurgery Dr. Frank Hertel and Prof. Dr. Jorge Gonçalves
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collaboration. Also Gonçalves couldn’t 
have hoped for a better collaborator: 
»Frank Hertel is very motivated to push 
the boundaries of neurosurgery, and 
dedicates a considerable amount of 
time, from his already busy schedule, 
to research. We need people like him to 
truly bridge the gap between research 
and patient care«. 

Implantation of the electrodes into the 
brain is an especially elaborate process 
that demands the steady mind and 
hand of an experienced neurosurgeon. 
In Parkinson’s patients, the target 
region lies deep within the brain and 
is the size of a pea. It also varies 
slightly in shape from one patient to 
another. For the pacemaker to perform 
optimally with minimal side effects, it is 
extremely important for the electrodes 
to rest in precisely the right place. 

Finding the right path and destination  
for electrodes

Another challenge is finding the best 
path in each patient for inserting the 
electrodes in a straight line through 
the brain to their destination. Neither 
blood vessels nor other brain structures 
are allowed to be damaged. Surgeons 
already have many different means at 
their disposal for finding the path and 
destination. For example, a series of 
pictures taken at different times by 
various imaging techniques (CT and 
MRI) provide the basis for computer-
assisted preoperative planning. 

During the operation, the patient’s 
head is locked in place and special 
markers are used to aid in orientation. 
Furthermore the surgeon uses a 
systematic testing method involving 
microelectrodes to measure the nerve 
signals in the region. The patient 
remains conscious throughout, to be 
able to give feedback, for example, 
on whether the hand tremors are 
abating or if any unwanted side 
effects occur. Only after these tests 

are all successfully completed will the 
permanent electrodes be implanted, 
and later the pacemaker as well.

Computer scientists Florian Bernard 
and Andreas Husch, whose doctoral 
theses are being supervised by Prof. Dr. 
Jorge Gonçalves in the Systems Control 
Group at the LCSB, are looking to 
simplify this process and at the same 
time increase its safety for the patient. 
Bernard has developed a computer 
programme that provides a patient-
specific 3D model of the relevant 
brain structures prior to the operation 
and thus objectifies and greatly 
facilitates the preoperative planning. 
It is based on the data from previous 
patients‘ CT and MRI scans, which 
an algorithm stitches together into a 
statistical shape model developed by 
Bernard. »Until now, the planning and 
operation have demanded great spatial 
imagination of the operating surgeon. 
The interactive tool objectifies this 
procedure,« he explains. 

While Bernard’s model makes the 
target region more easily discernible to 
the surgeon, the methods developed by 
Husch make it easier to get there. »So 
far, despite exact planning, introducing 
the electrodes has been fraught 
with uncertainties,« says Husch. For 
example, the brain can move around 
within the skull, meaning its real 
position may no longer perfectly match 
the CT and MRI scans. And because the 
tip of the microelectrode is finer than a 
human hair, even tiny deviations create 
uncertainty. 

Husch’s project therefore aims at 
achieving more precise planning of 
the electrode guidance before the 
operation and navigation during 
the operation, and adapting the 
procedure to the patient’s individual 
traits. For this, he has developed a 
computer model that draws on existing 
information and, in combination with 
the planning data on the respective 

patient, presents the surgeon with a 
selection of the most suitable paths 
to the target region. In addition, 
during the entire operation, the 
microelectrodes send signals at 
short intervals to the computer for 
comparison with the preoperative 
data so that the surgeon can 
approach his target with precision. 
Hertel has confidence in these 
methods: »In combination, these 
systems can greatly improve the 
neurosurgical operation to carry out 
deep brain stimulation.« In a next 
step, researchers of the Systems 
Control group aim to individualise deep 
brain stimulation after the operation 
as well. To this end, the engineers are 
building real-time feedback-loops, 
which determine the best stimulation 
frequency for each patient depending 
on the movement attempted. 
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Paintings and sculptures for curing Parkinson’s
 
Works by 18 Luxembourg artists and two scientists from the 
LCSB were exhibited at the Kulturfabrik Esch-sur-Alzette in June 
2015. The art exhibition was organised by art enthusiast Dr. Gilles 
Weidig and LCSB fundraiser Dr. Philippe Lamesch: »Our goal was 
to use the fine arts as a vehicle to promote biomedical research in 
Luxembourg and raise funds for Parkinson’s research while at the 
same time giving local artists a platform to showcase their works,« 
Lamesch says. The proceeds from the sale of works are being 
invested in a research programme with direct benefit to Parkinson’s 
patients – the National Centre of Excellence in Research on 
Parkinson’s Disease. Parkinson’s patients are examined at the 
centre using the latest available experimental and computational 
methods – with the aim of developing more early diagnostic 
methods and better therapeutic approaches.

Artists involved: Jhemp Bastin, Fernand Bertemes, Christian 
Frantzen, Mikka Heinonnen, Thomase Iser, Belen Irazola, The’d 
Johanns, Philippe Lamesch, Isabelle Lutz, Guy Michels, Martine 
Pinnel, Roland Quetsch, Sergio Sardelli, Armand Strainchamps, Sumo, 
Nico Thurm, Joachim van der Vlught, Wouter van der Vlught
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After the salad days, big data 
is bearing fruit

ITTM

of the Bioinformatics Core Facility at 
the LCSB, leading founder of ITTM and 
Chairman of the ITTM Supervisory Board. 
The experience of this team encompasses 
planning biological experiments to 
ensure analysable data are produced. 
This involves preparing and standardising 
storage of this information in databases, 
and by developing new bioinformatics 
tools for the analysis. Schneider notes: 
»Researching pharmaceutical companies 
have gigantic volumes of data in their 
laboratories. If analysed with our latest 
bioinformatics approaches, they could 
lead to new diagnostic or therapeutic 
approaches, even if they appear to be 
already exhausted.«

The LCSB has for many years been 
a project partner in the Innovative 
Medicines Initiative (IMI), which is a 
joint undertaking between the European 
Union and the pharmaceutical industry 
association. One of the IMI projects 
is eTRIKS, the European Translational 
Information and Knowledge Management 

System. »Through eTRIKS, we have great 
experience in re-analysing data of many 
different origins from new angles now, 
and this know-how is the basis of ITTM’s 
business,« says ITTM Managing Director 
Dr. Andreas Kremer: »There are many 
pharmaceutical companies who want us 
to re-analyse their data.«

But their information has to be absolutely 
secure against the eyes of third parties 
– and still needs to be available in many 
years’ time. »At POST Luxembourg, we will 
always find the latest hardware for our 
clients’ data and a security architecture 
that is internationally unrivalled,« Kremer 
says. POST Luxembourg Deputy Managing 
Director Joseph Glod is delighted at this 
praise: »Because of this, we have to be 
at the peak of technology at all times. 
ITTM offers us long-term development 
opportunities – which is why we have 
gladly become involved in ITTM.«

Biomedical research and POST 
go hand-in-hand. How? Quite 
simply, in that they both handle 
large amounts of confidential 
data: POST Luxembourg operates 
data centres in Luxembourg 
according to the strictest quality 
standards. This is highly valued by 
many stakeholders in biomedical 
research, such as pharmaceutical 
companies. Accordingly, in 2015, POST 
Luxembourg invested in a company 
founded by scientists of the LCSB. 
The new enterprise, Information 
Technology for Translational Medicine 
(ITTM S.A.), specialises in the 
preparation and analysis of data from 
clinical trials. Through its subsidiary 
POST Capital, POST Luxembourg has 
acquired about 35 percent of the 
shares in ITTM. 

ITTM is founded on the many years of 
experience accumulated by Dr. Reinhard 
Schneider and his team in handling large 
sets of scientific data. Schneider is head 

Dr. Andreas Kremer and Dr. Reinhard Schneider: order out of chaos
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The LCSB coordinates European 
Parkinson’s research project

EU Project SysMedPD

Mitochondria are the power plants of 
cells, in which biochemical reactions 
provide energy for cellular metabolic 
processes. They can play a pivotal 
role in the onset and progression 
of Parkinson’s disease (PD). »There 
are about one to two million people 
worldwide for whom a fault in the 

mitochondria of nerve cells could 
be a cause of Parkinson’s,« says 
senior LCSB scientist Dr. Ronan 
Fleming: »If we understood the 
underlying mechanisms better, that 
would give us good insights into the 
genetic and molecular processes 
of PD – and could open doors for 

Prof. Dr. Jens Schwamborn, Prof. Dr. Rudi Balling and Dr. Ronan Fleming
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The SysMedPD partners

• Germany: University of Lübeck (Prof. Dr. Christine Klein), EURICE – 
European Research and Project Office GmbH (Corinna Hahn)

• Ireland: Maynooth University (Dr. Niall Finnerty)

• Luxembourg: University of Luxembourg (Prof. Dr. Rudi Balling,  
Dr. Ronan Fleming, Prof. Dr. Jens Schwamborn)

• Netherlands: Leiden University (Prof. Dr. Thomas Hankemeier), 
Khondrion BV (Prof. Dr. Jan Smeitink), Mimetas BV (Dr. Paul Vulto)

• Great Britain: University College London (Prof. Dr. Anthony Schapira)

new approaches to prevention 
and therapy.« PD researchers now 
have the chance to take a big step 
forward in their pursuits: the LCSB 
is coordinating an EU project called 
SysMedPD – Systems Medicine of 
Mitochondrial Parkinson’s Disease. 
It started in December 2015 with the 
involvement of five universities and 
three companies from Luxembourg, 
Germany, Ireland, the Netherlands 
and the UK. The European Union 
is funding the researchers of this 
consortium with a total of 5.9 million 
euros.

With this funding, the team of 
SysMedPD will develop novel techniques 
by which to analyse the role of 
mitochondria in PD and identify and 
research into active compounds 
against this neurodegenerative disease. 
The researchers will furthermore 
advance drug candidates towards 
their medical application. »Universities 
and biopharmaceutical companies 
complement each other’s expertise 
ideally in SysMedPD,« says Prof. Dr. Rudi 
Balling, LCSB director and together 
with Ronan Fleming coordinator of 
SysMedPD. »This creates optimal 
conditions in which to progress a good 
deal further in developing diagnoses and 
therapies for Parkinson’s disease.«

PD is a gradually progressive disease of 
human nerve tissue, resulting among 
other things in muscle tremor and 
muscle rigidity. »We estimate that 
in about ten to twenty percent of 
all Parkinson’s patients, their 
mitochondria do not function 
properly,« says Ronan Fleming. 
He is significantly involved 
in the conception and 
coordination of SysMedPD. 
»In order to better diagnose, 
cure or at least effectively 
curb the progression of 
PD, we must understand 
this dysfunction of 
mitochondria in detail.« 

The researchers within SysMedPD are 
first concentrating on certain patterns 
of PD in which the mitochondria are 
damaged by mutations in individual 
genes. »Later, the results can be carried 
over to patient groups in which multiple 
genes and environmental factors are 
involved in the onset of PD,« adds 
Fleming. 

Ensure that research results are quickly 
translated into application

The SysMedPD consortium will tackle 
this task with different approaches: 
»At the LCSB, we place emphasis 
on developing new, computational 
models by which we can better 
depict the processes going on inside 
mitochondria,« Ronan Fleming says. 
Prof. Dr. Jens Schwamborn, head of the 
LCSB‘s Development and Cell Biology 
Group, describes a complementary 
approach: »We must verify any 
computational predictions using 
experiments. Therefore, in the scope 
of this EU project, we will also employ 
advanced cellular models, where skin 
samples obtained from PD patients are 
reprogrammed into living human nerve 

cells.« These nerve cells will then be 
used to test drug candidates on the 
computer, in cell cultures and ultimately 
in animal tests for their suitability for 
treating PD. Method development and 
the identification of potential active 
agents are also of great importance in 
SysMedPD.

To ensure the research results obtained 
within SysMedPD are translated into 
application as quickly as possible, the 
consortium also has biopharmaceutical 
companies on board. Their areas of 
involvement are test development for 
new active compounds and identification 
of active compounds. »The project is 
organised such that the insights that we 
and the other academic partners gain 
will supplement those of the companies 
involved,« says Rudi Balling. »With this 
close connection between public and 
private research, we can ensure the EU 
funding, firstly, is employed optimally 
in the interest of the PD patients and, 
secondly, will generate economic stimuli. 
These are important objectives of the EU 
that we will fulfil here.«
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Scan the QR-Code 

for more information: 

www.sysmedpd.eu
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Molecular networks as a basis for 
computer models 

Biomedical Data Science

Why does Alzheimer’s disease occur 
more frequently among women 
than men, even after accounting 
for longer life expectancy? What 
biomarkers are suitable for early and 
accurate diagnosis of Parkinson’s? 
How can characteristic patterns of 
symptoms be recognised in complex 
molecular networks? As different 
as these questions may be, they 
all have one thing in common: to 
answer them, we need bioinformatics 
experts who can develop and apply 
intelligent computer models for the 
integrated analysis of large and 
diverse datasets.

One such expert at the LCSB is Dr. 
Enrico Glaab, head of the Biomedical 
Data Science Group founded in 2015. 

»High-throughput experimental 
technologies deliver a wealth of 
biomedical results in a very short time. 
This complex and continually growing 
volume of data can only be interpreted 
efficiently with the help of computer-
aided analyses,« he asserts. The 
bioinformatician has been working at the 
LCSB since 2011 and is concentrating 
on developing computer models based 
on existing biological knowledge of 
complex diseases such as Parkinson’s 
and Alzheimer’s. 

Properties of genes and proteins, and 
relationships within cellular signalling 
pathways and molecular networks, are 
translated into an information structure. 
The model is essentially a set of rules 
derived from data mapped onto cellular 

networks. »Based on this, datasets from 
multiple sources can be combined and 
structured to reveal certain correlations 
and activity patterns. These patterns 
can be categorised according to the 
biological conditions they reflect using 
statistical methods. This allows us 
to find specific differences between 
Parkinson’s patients and control groups, 
for example,« Glaab explains. 

Modelling the changes in numerous 
molecules within a network

One advantage of this network-based 
method is that, rather than merely 
modelling the changes in activity 
of specific molecules, it models the 
changes in numerous molecules within a 
network. »In complex neurodegenerative 
diseases, especially, which are influenced 
by multiple genetic and environmental 
factors, we can thus gain new insights 
into the involved molecular mechanisms 
from the combination of different data 
sources,« says Glaab. 

Using their full range of bioinformatic 
methods, Glaab’s researchers are 
collaborating closely with other LCSB 
research groups – to find out, for 
example, whether and to what extent 
differences in gene activity contribute 
to the gender-specific differences in 
Alzheimer’s and Parkinson’s disease. 
At present, there are several projects 
taking a deeper look at the regulatory 
network around a certain sex-linked 
gene that is considered a key gene in 
Alzheimer’s disease. 
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Frequently in projects like these, the 
LCSB’s biologists and bioinformaticians 
collaborate over the entire project 
duration. This way, the bioinformaticians 
contribute their statistical knowledge 
when the experiments are being planned 
– during power analysis, for example, 
or the selection of suitable cell culture 
models. Their main task, however, is 
developing suitable computer models 
for analysing the extensive data sets. 
In addition to experimental data, the 
biologists give the informaticians 
continuous feedback during the project 
to help continue improving the model. 
Such research projects often yield new 
insights that in turn reveal possibilities 
to explore new biomolecular strategies 
for therapeutic intervention. 

Another point the group focuses on 
is developing models for identifying 
distinct subgroups of Parkinson’s 
disease and specific diagnostic 

biomarkers.  Again, they rely on 
network-based approaches and 
machine learning methods. Extensive 
amounts of diverse biomedical data 
can be analysed and classified using 
efficient algorithms. The data come 
from defined patient groups and control 
groups. The aim is to find activity 
patterns that are both sensitive and 
specific, to allow the patient group to be 
differentiated from the control group. 
Again, experimental and bioinformatic 
methods are applied repeatedly during 
the biomarker projects, firstly to see 
whether the model predictions are 
confirmed in practice and secondly to 
continue improving the machine learning 
capabilities. The long-term goal is to 
identify biomarkers by which Parkinson’s 
disease can already be diagnosed before 
the onset of motor symptoms. 

Glaab anticipates interesting 
questions will continue to arise from 

Scan the QR-Code 

and watch the video

neurodegenerative disease research 
at the LCSB for his team to tackle in 
future. »We want to contribute so that, 
through network analysis of diverse data 
sources, mechanistic insights can be 
gained to pave the way for developing 
new diagnostic and therapeutic 
methods.« 

Dr. Enrico Glaab
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The Falling Walls Lab winner

In July entrepreneurs and scientists presented a plethora of innovative ideas in 
Luxembourg’s idea competition »Falling Walls Lab Luxembourg 2015« organised 
by the University of Luxembourg and the Falling Walls Foundation. Dr. Pranjul 
Shah, business developer on the LCSB’s Innovation team, was the winner of the 
competition. He presented HuMiX, a technology he co-invented together with Prof. 
Dr. Paul Wilmes as part of the Ecosystems Biology group led by Wilmes.

HuMiX is the only technology allowing specific disease-related studies on the 
bacteria living in and on the human body, the so called microbiome. »This is why we 
are actively engaging with the industry via such competitions and gearing towards 
a spin-off company«, explains business developer Pranjul Shah, who joined the 
competition with his colleague Sivakumar Bactavatchalou: »The device will soon 
offer the pharma and nutrition companies a better model to understand the 
impact of their products on the microbiome and thus on human health.« 

22 • • •
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Science meets industry 
Innovation Team

Innovative ideas and inventions from 
pure research often have the potential 
to become marketable methods and 
products. Yet the path to industrial 
application leads over terrain that can 
be unfamiliar to scientists. Dr. Erica 
Monfardini, Director of Operations at 
the LCSB, has consequently launched 
an Innovation Team at the centre to 
support and mentor LCSB researchers. 
The team’s specialists are experts in 
this field: Dr. Lídia Aguilera, Dr. Clemens 
Ostrowicz, and Dr. Pranjul Shah assist 
with their expertise in technology 
transfer from institute to business. 

What ideas and methods are suited to 
industrial application? How is intellectual 
property best protected? What 
industrial companies would make good 
partners, or would creating a spin-off be 
the better option? The Innovation Team 
works with researchers to resolve these 
and other questions. 

The team remains in close contact with 
the LCSB research groups to make sure 
those innovations that are suitable for 
tech transfer are identified. »Often, 
the researchers approach us, but we 
are also stepping up our activities so 
as to recognise commercially viable 
results early on and to get their transfer 
onto the best track,« says Ostrowicz. 
One crucial task is to clarify whether 
the invention is protection-worthy and 
thus if it is worth applying for a patent. 
If so, the team brings in professional 
patent lawyers and coordinates the 

process until the patent has been 
granted. Ostrowicz and colleagues 
work closely with the central university 
administration on these matters.

Another core duty is maintaining contact 
with industrial companies so that 
potential partners can be approached 
quickly and directly as soon as a 
given project is ready. If a cooperative 
partnership is initiated, then, with legal 
support, the innovation team ensures 
the LCSB’s legal and financial interests 
are duly accounted for when drafting 

the contract. A partnership is not always 
the best choice; sometimes a spin-off 
promises greater success. »We decide 
from case to case – together with 
the researchers – which is the better 
option,« says Aguilera. At present, 
there are two such commercial spin-
offs, offering various services for the 
pharmaceutical industry. The team 
expects there will be more transfers 
in future. Shah asserts: »The in-house 
interest among researchers is huge. And 
we help to encourage openness towards 
industry.«

Dr. Pranjul Shah, Dr. Clemens Ostrowicz, Dr. Erica Monfardini and Dr. Lídia Aguilera 
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Powerful reinforcements for LCSB’s 
PD research

Molecular and Functional Neurobiology

Functional Neurobiology Group 
at the Centre. Over the next five 
years, the Associate Professor 
intends to find out what role the 
mitochondrial genome plays in the 
onset of Parkinson’s disease. Thus, 
she continues in Luxembourg the 

research she started at Newcastle 
University and the University of 
Lübeck.

It was a 5-minute chance encounter 
in the corridor that inspired Anne 
Grünewald to move from Newcastle 
in England to Luxembourg. »At a 
conference in Stockholm I ran into 
Rejko Krüger, who told me about 
the ATTRACT programme and the 
possibilities for young researchers 
here in Luxembourg. It sounded 
exciting, so I applied.« With success: 
the neurobiologist is currently 
setting up her laboratory close to 
Rejko Krüger, Head of the Clinical & 
Experimental Neuroscience Group 
and Jens Schwamborn, Head of the 
Developmental and Cellular Biology 
Group and is collaborating with the 
Computational Group of Ronan Fleming. 

»Such an opportunity to establish 
yourself relatively independently with 
your own research group doesn’t come 
around often,« says Grünewald. She is 
confident that the move to Luxembourg 
was just the right step in her career.  
»I am bringing along my own methods, 
but above all with Jens Schwamborn 
and Rejko Krüger I have two experts 
right in front of me, as it were, who I 
can learn a lot from and whose work 
could expand on my own research. That 
is a good combination.«

The LCSB has gained new 
reinforcement: Anne Grünewald was 
awarded an »ATTRACT Consolidated 
Investigators« fellowship by the 
Fonds National de la Recherche. 
Based on this grant, Grünewald 
is setting up the Molecular and 

Ass. Prof. Dr. Anne Grünewald studies the power plants of cells.
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In her project »Modelling idiopathic 
Parkinson‘s disease-associated somatic 
variation in dopaminergic neurons«, 
Grünewald is researching into the 
correlation between Parkinson’s disease 
and certain deficits in mitochondria, 
the power plants of cells. A correlation 
between mitochondrial malfunction and 
Parkinson’s disease was first discovered 
in idiopathic patients in whom no 
genetic cause of the disease is known. 
These people in fact constitute the 
majority of Parkinson’s patients. 

It is known that the respiratory chain is 
disrupted in the mitochondria of these 
people, which is a significant component 
of energy metabolism in cells. »The 
gripping question is, then: Is this a cause 
or just an effect of the disease?« Anne 
Grünewald muses. »So, does the energy 
deficiency lead to the death of cells or is 
the energy deficiency part of the dying 
process, which has other causes?«

In the work she has done so far on 
the subject, the neuroscientist has 

shown that a series of irregularities 
characterises the mitochondria 
of idiopathic Parkinson’s patients. 
Mitochondria have their own DNA 
separate from that of the cell 
nucleus. »We have discovered that the 
quantity of DNA in the mitochondria is 
diminished,« Grünewald explains. »Also, 
the content of certain proteins and 
replication of the mitochondrial genome 
is limited in idiopathic Parkinson’s 
patients.« 

Grünewald is researching into the 
fundamental mechanisms and signalling 
pathways of individual neurons which 
she has obtained from brain sections 
from deceased Parkinson’s patients. 
She learned this technique, which she 
is bringing to the LCSB, during a DFG 
research fellowship at the renowned 
Wellcome Trust Centre for Mitochondrial 
Research within Newcastle University‘s 
Institute of Neuroscience. While in 
Luxembourg, she will remain in contact 
with Newcastle University in a scientific 
collaboration.

In Luxembourg, she also intends to work 
with cell cultures and induced pluripotent 
stem cells. The aim is to establish a cell 
model of the mitochondrial irregularities 
for better studying of the disease 
mechanisms.

Anne Grünewald is also affiliated with 
the Institute of Neurogenetics at 
the University of Lübeck, where she 
completed her doctorate. 

With her expertise, the young 
scientist is an asset for the LCSB 
and the Luxembourg Parkinson’s 
research landscape as a whole. For 
Anne Grünewald, the first weeks in 
Luxembourg got off to a good start: 
»I like how there is such an innovative 
spirit here. The colleagues are nice, the 
environment is relaxed. Everything is 
just right.«
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Big data in health care 
3rd International Systems Biomedicine Symposium

When it comes to standardising data 
in biomedical research, Dr. Reinhard 
Schneider, head of the LCSB 
Bioinformatics Core Facility, shrugs 
in disappointment: »We are only at 
the very beginning of development,« 
he says: »Whether it’s data 
collection, data documentation or 
data property issues – there are 
practically no uniform rules.« The 
LCSB is well aware of this situation 
– and in 2015 dedicated its annual 
International Systems Biomedicine 
Symposium to the topic of »Big 
Data in Health Care«.

220 people came to Luxembourg to 
attend the event. Dr. Erica Monfardini, 
Director of Operations at the LCSB 

who is also responsible for networking 
with businesses and the public sector, 
says: »The topic stirred up considerable 
interest among regulatory authorities, 
researching clinicians, pharmaceutical 
companies, patient associations, and 
companies such as Oracle and Amazon, 
who operate in the domain of big data.«

Monfardini sees the need for dialogue: 
»Pharmaceutical companies for example 
are highly interested in collaborating 
with academic research. A culture of 
open information exchange should 
be boosted. At the same time, the 
companies have to ensure that 
openness does not endanger their 
competitive advantage. Therefore, 
they aim for common standards and 
sent high-ranking representatives to 
our conference.« Also policy makers 
showed strong interest in the topic of 
the conference. »Like industry, this 
group also aims for a clear and binding 
framework for handling big data in the 
health care sector.« explains Monfardini.

This mixture of participants led 
to exciting debates, as Reinhard 
Schneider reports: »One bottleneck is 
the standardised collection of data.« 
An important effect the conference 
had was to increase awareness of this 
problem: »My impression was that 
the message ‘We need standards for 
data collection’ came across as clearly 
to the clinical researchers as to the 
representatives of the big funding 
organisations.« 

The matter of data property received 
similar attention. As things stand, 
access to records for conducting 
advanced studies is often denied 

because it is unclear what the 
volunteers agreed their data could 
be used for. »It became clear at the 
conference that we need concise, 
unambiguous and easily understandable 
consent forms,« Schneider continues. 
»The legal profession and data 
protection authorities will be facing a 
major challenge here.«

Patients have an equal interest in 
getting things rolling in this regard. 
Mobile applications, for example, could 
be used in case of Parkinson’s disease 
to help cope with the symptoms of the 
disease. They can monitor the patient’s 
state of health and allow real-time 
analysis of the data over the Internet. 
»But it has to be clarified how to encrypt 
the data and how to prevent misuse,« 
says Schneider. »Medical professionals, 
bioinformaticians, encryption specialists 
and application developers all have to 
pull together on this.«

Erica Monfardini is convinced that the 
symposium created strong motivation: 
»The fact alone that we brought all 
stakeholders in this field to the same 
table is already a win. We will stay on 
this topic and work out the specific 
challenges with our partners – and 
are considering initiating a follow-up 
meeting in two years’ time.«

220 guests attended the conference.
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Prize-worthy education

The student lab of the LCSB, the »Scienteens Lab – De Labo fir 
Jonker«, received an award in recognition of »Outstanding Promotion 
of Science to the Public« from the Fonds National de la Recherche 
(FNR) in October 2015. Marc Schiltz, Secretary General of the FNR, 
explained the motivation for this award: »The Scienteens Lab is an 
excellent initiative to prepare Luxembourg for the future by thinking 
about the next generation of scientists. I am glad to give the award to 
Dr. Elisabeth John and her team at the LCSB for their excellent work in 
the last years.« For Elisabeth John (in the middle), coordinator of the 
Scienteens Lab, the award is a »great honour that motivates everyone 
teaching in the Scienteens Lab to continue their efforts on this high 
level and bring new ideas to life.« The Scienteens Lab is Luxembourg’s 
first student lab. It is a place where high-school students can gain their 
first experience in science at the interface between molecular biology, 
bioinformatics and biomedicine.
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Events 2015
Short stories from the LCSB

Satellite Workshops at the International 

Human Microbiome Conference 

Do bacteria in our gut cause cancer or influence our brains’ development? 

Do they dictate whether we are overweight or skinny? And if so, how could 

we as humans take control over the billions of microorganisms that live 

inside us? These and many other questions were discussed by more than 

500 scientific experts at the International Human Microbiome Conference, 

co-organised by the International Human Microbiome Consortium and 

the Integrated Biobank of Luxembourg from 31 March to 2 April 2015. 

»We are proud to host the world’s biggest microbiome conference in 

Luxembourg«, said Prof. Dr. Paul Wilmes, head of the Eco-Systems 

Biology group at the LCSB, who was part of the scientific committee of 

the event. »This conference not only allowed us to invite more than 50 

distinguished experts from around the world to discuss the latest trends 

in microbiome research, it also gave Luxembourg the chance to show 

what it has built up recently in this domain.« In two satellite workshops, 

LCSB’s microbiome experts Prof. Dr. Paul Wilmes and Prof. Dr. Ines Thiele 

taught 120 international PhD students and postdocs about cutting edge 

research in the fields of »Integrated omics for microbiome analyses«  and 

»Computational modelling of microbial communities«.
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Visit of HRH Princess Léa of Belgium 

On 25 November 2015, HRH Princess Léa of 

Belgium visited the University of Luxembourg 

together with a diplomatic, economic and 

academic delegation. The visit aimed to 

establish contacts and build partnerships 

and business opportunities and took place 

during Luxembourg’s Presidency of the 

Council of the European Union. When they 

visited Campus Belval, Her Royal Highness and 

her delegation learned about LCSB’s research 

strategy and were able to experience some of 

LCSB’s latest innovations during a guided tour 

through the laboratories of the Biotech 2 building. 
EU Commission’s 

Vice President at the LCSB 

Vice-President of the European Commission, Jyrki 

Katainen, and his delegation, visited the laboratories 

of the University’s Luxembourg Centre for Systems 

Biomedicine on Campus Belval on 27 April 2015. Katainen, 

who travelled to Luxembourg to give a presentation on 

the Investment Plan of the Juncker administration at the 

University of Luxembourg, also took the opportunity of 

this visit to meet with some of the brightest innovators 

in Luxembourg. At the LCSB, he learned about the 

HuMiX device, a so-called »artificial gut« that scientists 

use to study the interaction of microbes with the cells 

of the human gut. In addition to touring the research 

laboratories, Jyrki Katainen had a discussion with LCSB‘s 

researchers on the success of the emerging biotech 

sector in Luxembourg.
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Parkinson’s researchers reach out to the patients 
After the Fonds National de la Recherche launched the National 
Centre of Excellence in Research on Parkinson’s Disease (NCER-
PD), a joint research programme of the Centre Hospitalier de 
Luxembourg, Integrated Biobank of Luxembourg, the Luxembourg 
Institute of Health and the LCSB, in April 2015, it is the team‘s 
mission to recruit as many patients and control subjects as 
possible to the Luxembourg Parkinson’s cohort. To this end, Prof. 
Dr. Rejko Krüger presented the aim and outline of the study at 
many patient events in Luxembourg and the Greater Region. They 
travelled to World Parkinson’s Day in Leudelange, the Jung und 
Parkinson (JuP) Cinema Day in Trier, the Blast Furnace Festival 
in Belval, and the JuP Annual Conference in Saarlouis and other 
events. At the NCER-PD research booths interested visitors 

could get multilingual information about the study and 
test their colour vision, dexterity and sense of smell. Being able to try out tests that are part of the clinical characterisation within the study convinced many patients to join the cohort. 

LCSB’s 5th anniversary 
The LCSB celebrated its 5th anniversary on 4 February 2015 with a citizen 

science event in the Town Hall of Esch-sur-Alzette. Some 200 guests came 

to celebrate with, and hear about the development of, the LCSB, including 

Minister of Health Lydia Mutsch, the mayor of Esch-sur-Alzette Vera Spautz, 

the University rector Prof. Rainer Klump, members of university staff and 

numerous interested inhabitants. In his speech, LCSB director Prof. 

Rudi Balling gave an overview of the Centre’s development from its 

foundation in 2009 to its full establishment with 200 employees 
at the end of 2014. In her speech the Minister of Health, Lydia 
Mutsch, stressed that Biomedicine is an important political priority 

of the country to diversify its economy. »I am impressed by the 
developments at the LCSB in the last five years. Research efforts 
like those of the LCSB will be key to guaranteeing excellent health 
care in our country«, said Lydia Mutsch. The evening continued 
with a presentation by Dr. Alessandro Michelucci on one of LCSB’s 
research highlights: the discovery of an antibiotic that the human brain 

can produce itself upon inflammation. The event ended with a round 

table discussion between the PhD students Linda Wampach, Zuogong 

Yue, Alberto Noronha, Maria Pavlou and Sean Sapcariu on their research 

projects as well as their experiences in Luxembourg. The violin harp duo Dr. 

Anna Heintz-Buschart and Dr. Émilie Muller, both researchers at the LCSB, 

accompanied the evening with invigorating musical interludes. 
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Facts and figures
2015 LCSB income (in kEUR)

Wages

Operating expenses

Investments

Travel

Representation and Registration

Sub-contracting

2015 LCSB expenses (in kEUR)

49%

28%

11%

9%

Cause *

Education

Project

Equipment

Salary/Researcher

Other

Fundraising 

72%13%

Donors *

Foundations

Private 

Service Clubs

Crowdfunding/Events

Other

Corporate

8%

1%

3%

4%3%

* cumulative (until end 2015)

University of Luxembourg (UL)

FNR (Fonds Nationale de la Recherche)

EU Programmes

Further Grants

Funds for Knowledge Transfer

Fundraising

Industry cooperation

12,513 (56%)

4,885 (22%)

4,078 (18%)

595 (3%)
142 (1%)

21 (0.1%)

11,672 (52%)

6,196 (28%)

1,232 (6%)

986 (4%)

1,972 (9%)
170 (1%)

6 (0.03%)
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2015 LCSB expenses (in kEUR)

* cumulative (until end 2015)

National grants in 2015

Project acronym Candidate

FNR NCER

NCER-PD Rudi Balling

FNR ATTRACT

Model IPD Anne Grünewald

FNR Proof of Concept

HuMiX2.0 Paul Wilmes

FNR Knowledge & Innovation Transfer Support

KITS-UL-LCSB Erica Monfardini

FNR CORE

DANeuroGEN Manuel Buttini

FNR CORE Junior

LEGeLiS Emilie Muller

FNR CORE INTER EMBL

microCancer Paul Wilmes

FNR CORE INTER DFG

RegeneraNet Antonio del Sol

Project acronym Candidate

FNR AFR PhD

ARMM Guadalupe Garcia

ConPad Rene Peter Bremm

DopaImage Siham Hachi

MID3D Anna Monzel

NICHENET Gaia Zaffaroni

NutriHuMiX Kacy Greenhalgh

FNR INTER Mobility

LysoPD_NCL Anna-Lena Hillje

FNR RESCOM

Big Data conference 2015 Rudi Balling

FNR Science in Society

Science Festival 2015 Elisabeth John

FNR Promoting Science to the Public

TeenS Elisabeth John

Personalized Medicine Consortium

PerPreProBioCRC Paul Wilmes

Fondation Veuve Emile Metz-Tesch

Teens-MP Elisabeth John

Project acronym Programme Project coordinator LCSB responsible

SysMedPD H2020 Societal Challenges Rudi Balling, University of Luxembourg, LU Rudi Balling, Ronan Fleming,
Jens Schwamborn

CENTRE-PD H2020 TWINNING Rejko Krüger, University of Luxembourg, LU Rejko Krüger

3DPD JPcofuND/JPND Jens Schwamborn, University of Luxembourg, LU Jens Schwamborn

EPI-AD JPcofuND/JPND Daniel van den Hove, Maastricht University, NL Enrico Glaab, Antonio del Sol

CHARME H2020 COST Action Susanne Hollmann, University of Potsdam, Germany Christophe Trefois

European grants in 2015

Project acronym Programme Project coordinator LCSB responsible

TRIM32 DEMENTIA Consortium MRC Technology, UK Jens Schwamborn

International grants in 2015
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Key Performance Indicators

Personnel

Research Groups: 16 **

PEARL (5 M EUR): 1 *

ATTRACT (~2 M EUR): 4 **  *

Total staff: 209

Externally funded staff: 119

PhD students: 51

Nationalities: 48

External funds *

Total: 44.2 M EUR

Fundraising *

Total: 1.35 M EUR

Publications *

Total publications: 320

Publications IF>10: 35

Innovation

Patents: 19 *

Proof of concept: 2x 450 kEUR *

Spin-offs founded: 3 *

Business plans: 5 *

Collaborations 

Total Investment in collaborative projects: >20 M EUR

Total collaborative projects: 400

Total industrial partners: 34

* cumulative (2009-2015)

** start A. Grünewald January 2016 included

Date Event In cooperation with

30th March IHMC Satellite workshop »COBRA Workshop on Modelling Microbial Communities« International Human Microbiome Consortium

3rd April IHMC Satellite workshop »Integrated omics for microbiome analyses« International Human Microbiome Consortium

28th - 29th October 3rd International Biomedicine Symposium »Big Data in Healthcare« EuroBioForum Foundation

11th November Minisymposium »Mathematical Modelling of (bio)chemical networks« -

24th November Minisymposium »Microfluidics« -

3rd December Minisymposium »Laboratory automation« -

11th December Reproducible Research Results (R3) practical course -

Meetings and workshops (co-)organised by the LCSB

Advisory board 2015

Participants 2015

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

Eric Tschirhart Vice-president for Academic Affairs, University of Luxembourg
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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)

Research Groups

Computational Groups Medical Groups Experimental Groups

* Start January 2016
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75+3+9+13296 (74%)
36 (9%)

52 (13%)

Collaboration partners

16 (4%)

Academic

Mixed

Industry

Hospital

Staff categories LCSB 2015

48+15+24+13101 (48%)

27 (13%)

50 (24%)
Researcher

Management

PhD student

Technician31 (15%)

Iceland 
(2 projects)

USA 
(53 projects)

Canada 
(3 projects)

UK 
(30 projects)

France 
(16 projects)

Spain
(11 projects)

Portugal
(3 projects) * 

Belgium
(13 projects)

Ireland
(1 project)

Argentina
(1 project)

Brazil
(2 projects)

Europe

Africa

North America

South America

Asia

Staff origine

78+2+4+3+13164 (78%)

27 (13%)

4 (2%)

8 (4%)

6 (3%)

LCSB collaborations
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Germany  
(125 projects)

Norway 
(3 projects)

Israel 
(5 projects)

Finland  
(2 projects)

Greece 
(2 projects)

Italy
 (6 projects)

Sweden
(8 projects)

Luxembourg 
(111 projects)

India 
(1 project)

China  
(2 projects)

Japan 
(5 projects)

Poland  
(2 projects)

Netherlands 
(25 projects)

Denmark
(1 project) *

Switzerland
 (10 projects)

Austria  
(3 projects)

Hungary 
(1 project) *

Romania 
(1 project) *

Cyprus
(1 project)

* Project within a multinational consortium

Singapore 
(2 projects)

New Zealand 
(1 project) *

Australia 
(2 projects)

South Africa
 (1 project)

Awards 2015

Award Name

Mind & Market: HuMix Sivakumar Bactavatchalou, Pranjul Shah, Paul Wilmes

Mind & Market: Braingineering Silvia Bolognin, Jens Schwamborn

Falling Walls, Luxembourg Sivakumar Bactavatchalou, Pranjul Shah, Paul Wilmes

Datathon trabsmart foundation Wei Gu, Venkata Satagopam, Vasco Verissimo

11th Swiss Stem Cell Annual Meeting Satoshi Okawa, Antonio Del Sol

FNR Award for Outstanding Promotion of Science to the Public Elisabeth John, Scienteens Lab

1 2 3 Go prize with HuMix Sivakumar Bactavatchalou, Pranjul Shah, Paul Wilmes

Siemens/Sicas SHAPE Award Florian Bernard, Systems Control Group

Center of Excellence of the tranSMART foundation LCSB
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Publications 2015

Publications in refereed journals

1. Ameziane N, May P, Haitjema A, van de Vrugt 
HJ, van Rossum-Fikkert SE, Ristic D, Williams GJ, 
Balk J, Rockx D, Li H, Rooimans MA, Oostra AB, 
Velleuer E, Dietrich R, Bleijerveld OB, Maarten 
Altelaar AF, Meijers-Heijboer H, Joenje H, Glusman 
G, Roach JC, Hood LE, Galas DJ, Wyman C, Balling 
R, den Dunnen J, de Winter JP, Kanaar R, Gelinas 
R, Dorsman JC (2015). A novel Fanconi anaemia 
subtype associated with a dominant-negative 
mutation in RAD51. Nature Communications, 6(May), 
8829. ISSN 2041-1723. 10.1038/ncomms9829

2. Androsova G, Krause R, Winterer G, Schneider 
R (2015). Biomarkers of postoperative delirium 
and cognitive dysfunction. Frontiers in Aging 
Neuroscience, 7(June), 1-16. ISSN 1663-4365. 
10.3389/fnagi.2015.00112

3. Antony PMA, Boyd O, Trefois C, Ammerlaan 
W, Ostaszewski M, Baumuratov AS, Longhino L, 
Antunes L, Koopman W, Balling R, Diederich NJ 
(2015). Platelet mitochondrial membrane potential 
in Parkinson’s disease. Annals of Clinical and 
Translational Neurology, 2(1), 67-73. ISSN 23289503. 
10.1002/acn3.151

4. Aragón Artacho FJ, Fleming RMT (2015) 
Globally convergent algorithms for finding zeros 
of duplomonotone mappings. Optimization Letters, 
9:569–584. ISSN: 1862-4472. 10.1007/s11590-014-
0769-z

5. Aurich MK, Paglia G, Rolfsson Ó, Hrafnsdóttir 
S, Magnúsdóttir M, Stefaniak MM, Palsson BØ, 
Fleming RMT, Thiele I: Prediction of intracellular 
metabolic states from extracellular metabolomic 
data. Metabolomics 2015, 11:603–619. ISSN 1573-
3882. 10.1007/s11306-014-0721-3  
 
6. Bahlawane C, Eulenfeld R, Wiesinger MY, Wang J, 
Muller A, Girod A, Nazarov PV, Felsch K, Vallar L,  
Sauter T, Satagopam VP, Haan S (2015). 
Constitutive activation of oncogenic PDGFRα-
mutant proteins occurring in GIST patients induces 
receptor mislocalisation and alters PDGFRα 
signalling characteristics. Cell Communication and 
Signaling, 13(1). ISSN 1478-811X. 10.1186/s12964-
015-0096-8

7. Bahnassawy L, Perumal TM, Gonzalez-Cano L, 
Hillje AL, Taher L, Makalowski W, Suzuki Y, Fuellen 
G, del Sol A, Schwamborn JC (2015). TRIM32 
modulates pluripotency entry and exit by directly 
regulating Oct4 stability. Scientific Reports, 5. ISSN 
2045-2322. 10.1038/srep13456

8. Basler G, Simeonidis E (2015). Integrating 
food webs with metabolic networks: modeling 
contaminant degradation in marine ecosystems. 

Frontiers in Genetics, 6. ISSN 1664-8021. 10.3389/
fgene.2015.00020

9. Bauer E, Laczny CC, Magnusdottir S, Wilmes 
P, Thiele I (2015). Phenotypic differentiation of 
gastrointestinal microbes is reflected in their 
encoded metabolic repertoires. Microbiome, 3(1). 
ISSN 2049-2618. 10.1186/s40168-015-0121-6

10. Boue S, Fields B, Hoeng J, Park J, Peitsch MC, 
Schlage WK, Talikka M, Binenbaum I, Bondarenko V, 
Bulgakov OV, Cherkasova V, Diaz-Diaz N, Fedorova 
L, Guryanova S, Guzova J, Igorevna Koroleva G, 
Kozhemyakina E, Kumar R, Lavid N, Lu Q, Menon 
S, Ouliel Y, Peterson SC, Prokhorov A, Sanders E, 
Schrier S, Schwaitzer Neta G, Shvydchenko I, Tallam 
A, Villa-Fombuena G, Wu J, Yudkevich I, Zelikman M 
(2015). Enhancement of COPD biological networks 
using a web-based collaboration interface. 
F1000Research, 32. ISSN 2046-1402. 10.12688/
f1000research.5984.1

11. Bruggemann N, Kuhn A, Schneider SA, Kamm 
C, Wolters A, Krause P, Moro E, Steigerwald F, 
Wittstock M, Tronnier V, Lozano AM, Hamani C, 
Poon YY, Zittel S, Wachter T, Deuschl G, Krüger 
R, Kupsch A, Munchau A, Lohmann K, Volkmann 
J, Klein C (2015). Short- and long-term outcome 
of chronic pallidal neurostimulation in monogenic 
isolated dystonia. Neurology, 84(9), 895-903. ISSN 
0028-3878. 10.1212/WNL.0000000000001312

12. Budd A, Dinkel H, Corpas M, Fuller JC, Rubinat 
L, Devos DP, Khoueiry PH, Förstner KU, Georgatos 
F, Rowland F, Sharan M, Binder JX, Grace T, 
Traphagan K, Gristwood A, Wood NT (2015). Ten 
Simple Rules for Organizing an Unconference. 
PLOS Computational Biology, 10.1371/journal.
pcbi.1003905

13. Buescher JM, Antoniewicz MR, Boros 
LG, Burgess SC, Brunengraber H, Clish CB, 
DeBerardinis RJ, Feron O, Frezza C, Ghesquiere 
B, Gottlieb E, Hiller K, Jones RG, Kamphorst JJ, 
Kibbey RG, Kimmelman AC, Locasale JW, Lunt 
SY, Maddocks OD, Malloy C, Metallo CM, Meuillet 
EJ, Munger J, Nöh K, Rabinowitz JD, Ralser M, 
Sauer U, Stephanopoulos G, St-Pierre J, Tennant 
Da, Wittmann C, Vander Heiden MG, Vazquez 
A, Vousden K, Young JD, Zamboni N, Fendt SM 
(2015). A roadmap for interpreting 13C metabolite 
labeling patterns from cells. Current Opinion 
in Biotechnology, 34, 189-201. ISSN 09581669. 
10.1016/j.copbio.2015.02.003

14. Cary GA, Vinh DBN, May P, Kuestner RE, Dudley 
AM (2015). Proteomic Analysis of Dhh1 Complexes 
Reveals a Role for Hsp40 Chaperone Ydj1 in Yeast 
P-Body Assembly. G3: Genes—Genomes—Genetics. 
5(11), 2497-2511. ISSN 2160-1836. 10.1534/
g3.115.021444

15. Chen J, Shinde S, Koch MH, Eisenacher M, 
Galozzi S, Lerari T, Barkovits K, Subedi P, Krüger 
R, Kuhlmann K, Sellergren B, Helling S, Marcus K 
(2015). Low-bias phosphopeptide enrichment from 
scarce samples using plastic antibodies. Scientific 
Reports, 5. ISSN 2045-2322. 10.1038/srep11438

16. Cohen M-E, Lefort M, Bergeret-Cassagne 
H, Hachi S, Li A, Russ G, Lazard D, Menegaux F, 
Leenhardt L, Trésallet C, Frouin F (2015) Detection 
of recurrent nerve paralysis: Development of 
a Computer Aided Diagnosis system. IRBM 
2015, 36:367–374.  ISSN 19590318. 10.1016/j.
irbm.2015.09.008

17. Colombo N, Vlassis N (2015). FastMotif: 
spectral sequence motif discovery. Bioinformatics, 
31(16), 2623-2631. ISSN 1367-4803. 10.1093/
bioinformatics/btv208

18. Cordes T, Michelucci A, Hiller K (2015). 
Itaconic Acid: The Surprising Role of an Industrial 
Compound as a Mammalian Antimicrobial 
Metabolite. Annual Review of Nutrition, 35(1), 
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nutr-071714-034243

19. Ebrahim A, Almaas E, Bauer E, Bordbar A, 
Burgard AP, Chang RL, Drager A, Famili I, Feist AM, 
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N, Sun Y, Thiele I (2015) Do genome-scale models 
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10.1242/dmm.019927

21. Fatima M, Kumari R, Schwamborn JC, 
Mahadevan A, Shankar SK, Raja R, Seth P 
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proliferation of human neural precursor cells in HIV-
1 neurodegeneration. Cell Death and Differentiation, 
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22. Feng Y, Kumar R, Ravcheev DA, Zhang H 
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