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EXPLORING
THE UNCHARTED

Prof. Michael Heneka

pillars at the LCSB – computational and experimental
research – constitute very strong foundations that we can
build upon. Our bioinformaticians bring their skills in data
management and analysis to many projects, representing
the LCSB in leading international research networks.
Innovative work in computational biology and computerbased modelling also allows us to develop new research
approaches. In the laboratory, LCSB scientists investigate
the molecular and cellular processes of neurodegenerative
diseases from small molecules to organoids. They are also
at the forefront when it comes to new methods such as
metaproteomics and cheminformatics. All these research
efforts often result in publications in top scientific
journals.

Editorial

LCSB IN BRIEF
The LCSB is an interdisciplinary research centre at the University of
Luxembourg. It is accelerating biomedical research by strengthening
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 the
description of diseases as networks are 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.
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Clinical and translational research has always been a
big part of who we are as well. In a way, this is the third
pillar that makes the LCSB whole. During the pandemic,
our expertise in the field has proved useful, allowing
Luxembourg to rapidly set up large studies on COVID-19,
and we will keep building it up in the coming years.
A new research group focusing on Digital Medicine will
help translate research results into relevant medical
applications and long-term clinical studies on Parkinson’s
disease will further our knowledge on risk factors and
neurodegenerative mechanisms. As experimental validation
is a crucial part of the scientific process, we will also
further develop research with animal models, using our
state-of-the-art rodent and zebrafish facilities to test
assumptions from computer models in organisms.
Strengthening the multidisciplinary approach
at the LCSB will lead to a virtuous cycle
where data and analyses enable us to identify
therapeutic targets and to generate better
hypotheses. This is how scientific knowledge progresses.
This is how we will contribute to mapping uncharted
territories in the biomedical field. And this is how the
LCSB’s research findings will find their way into clinical
application for diagnosis and treatment.

EXPLORING UNCHARTED
TERRITORIES
As I joined the LCSB quite recently, this editorial won’t
be an overview of the past year but rather a reminder of
the many strengths of our research centre and a glance
over what the future holds for us. I also want to take
this opportunity to tip my hat to the LCSB team: in just
over a decade, they have built together an internationally
renowned centre for research into neurodegenerative
diseases. Chapeau! I am looking forward to delving into
unexplored scientific questions with all of them.
As the new director, I have to analyse where the LCSB
is at and draw conclusions for further development so
that we can continue to broaden our understanding of
neurodegenerative diseases. In my view, the two main

The new annual report of the LCSB shows you how far we
have come on this path. I wish you an interesting read full
of exciting discoveries.

Michael Heneka
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Together, we will identify which
scientific challenges are of interest
and how we can find some answers.
I say research – as usual for everyone.
With some anticipation of course. After
saying goodbye to Rudi in style, I think
the whole team was looking forward to
starting a new chapter.

Directors’ interview

Prof. Michael Heneka and Prof. Reinhard Schneider.

WHAT COUNTS IS
THE KNOWLEDGE GAINED
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Prof. Heneka, you've been the director of
the LCSB since January 2022. When did
the centre first get your attention?
Heneka: Back in 2017 and I was already
impressed by what was happening here.
So much so that, when a colleague
asked me where was a good place to do
research in the region, I recommended
the LCSB. The centre was still relatively
young at the time, barely seven years
old, but it had already made a very good
name for itself in neurodegenerative
disease research, even far beyond the
borders of Luxembourg. Seven years is a
very short time to establish a research
centre the way Rudi Balling managed to
do with the LCSB. I hope we will do as
brilliantly in the coming years.
Prof. Schneider, in the final quarter of
2021, you were the acting director of
the LCSB. What was the mood like during
this interim period before the arrival
of Prof. Heneka, the new director of
the centre?
Schneider: Calm and focused. The
transition from Rudi Balling to Michael
Heneka went very smoothly, partially
because processes are well-established
and the financing is secure. We already
had a dry run in 2018 when Prof. Balling
went on a sabbatical for six months,
so we knew that the LCSB is a welloiled machine that can handle change.
Mostly, it was just business – or should

As a physician, you have always worked
in a clinical setting. What made you come
to the LCSB which is quite a different
environment?
Heneka: Throughout my career, there
has always been a combination of
clinical practice and laboratory work.
Patient care has always been very
important to me. However, when it
comes to treating neurodegenerative
diseases, in my opinion, we are falling
behind. No new drug has been approved
for treating Alzheimer’s disease in the
last twenty years, for example. There is
still no causal therapy that gets to the

root of the disease rather than merely
alleviating symptoms. Ultimately, this
is what motivated me to devote myself
entirely to clinically oriented research.
The LCSB feels like the right place to do
this, with its interdisciplinary backdrop
and its close ties with the hospitals
here in Luxembourg.
Prof. Schneider, what has it been like
at the LCSB since Prof. Heneka was
announced as the new head?
Schneider: My impression is that there
is an atmosphere of anticipation and
excitement. I think the LCSB members
are ready for new things and that
getting new leadership is already giving
our team a boost. For example, most
researchers welcome the possibility
to strengthen relations with hospitals,
given that Michael is a physician, and
see interesting new perspectives in
relation to his expertise on Alzheimer’s
disease.
Heneka: I am happy to bring my own
know-how to the LCSB but I wouldn’t
want to overstate this aspect. It is easy
to label each of us – physician, natural
scientist, computer scientist – although
ultimately, it isn’t that important. What
we want to do is good science, this is
what I would like to be measured by
and what I hope to achieve by bringing
together the old and the new and using
the full potential of the whole LCSB.
Let’s talk about your plans for the LCSB.
Heneka: We want to find good answers
to relevant scientific questions. To

get started, I will discuss ideas with
many people at the LCSB in the coming
months and also reach out to other
institutions within the R&D ecosystem
in Luxembourg and abroad. Together, we
will identify which scientific challenges
are of interest and how we can find some
answers. I don’t intend to restart from
scratch as there is plenty to build from
at the LCSB. We will reinforce everything
that helps us to find these key answers.
We will also reshape some things that
are less relevant now or even change our
orientation in some cases, in order to
deliver better results.
Can you already name some of the
scientific challenges that need to be
tackled in the field of neurodegenerative
diseases?
Heneka: In neurological research in
particular, we have to get better at
the scientific cycle – collecting data,
evaluating these data, generating a
hypothesis and finally collecting new data
to test the hypothesis. I don’t know of any
practical example where this has been
done consistently and has led to better
treatments. This might be linked to the
fact that we are not yet able to make the
most of all the data collected in the lab or
in the clinic.
Schneider: As computer scientists,
we often notice that the data collected
during experiments don’t cover all aspects
and, as a result, we cannot fully take
advantage of the information we have.
To really maximise our results, it will be
important to raise awareness about this
issue and to pay even more attention to
the design of experiments at the LCSB.
Heneka: We definitely have to work on
that. What excites me most about the
LCSB is the wide range of disciplines that
are working together here. If we succeed
in better combining data collection and
data evaluation, I see a great opportunity
for improving our understanding of
neurodegenerative processes.
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Prof. Jochen Klucken, FNR PEARL Chair of Digital Medicine

Digital Medicine

FROM ALGORITHM TO MARKET –
BRINGING MEDICAL APPLICATIONS TO LIFE

The recent pandemic demonstrated that digital medicine is becoming an essential part of patient care. There
are countless ideas on what this innovative field involves and how it could work. However, many of the existing
solutions are still too academic: they are not yet fully developed or cannot be easily used by doctors and
patients. Not to mention that, in some cases, the medical benefits are still unproven. Prof. Jochen Klucken
and his team are working to change all this. In March 2021, the neurologist settled in Luxembourg as FNR
PEARL Chair for Digital Medicine and head of the Digital Medicine group at the LCSB.
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Prof. Klucken’s main interest is
research on Parkinson’s disease
and one of the things that played a
major role in his decision to come to
Luxembourg was the National Centre of
Excellence in Research on Parkinson’s
Disease (NCER-PD). Over the past
years, NCER-PD has helped establish
Luxembourg’s international reputation
as an important stakeholder in the field
of Parkinson’s disease. Furthermore,
the patient cohort in NCER-PD is
an ideal resource to research digital
options for the medical care of people
with Parkinson’s disease. The motor
symptoms experienced by the patients
have a major impact on their quality of
life and are therefore the main target of
current treatments. This is where new
digital applications could both help the
patients in their daily life and assist the
doctors in making treatment decisions
– one example being sensor-based gait
analysis.
Changes in the way Parkinson’s patients
walk serve as indicators of how the
disease is progressing and can signal
that an aggravation of the symptoms
may be imminent. “We want to use
digital tools to monitor such changes,”
says Klucken. “We are already testing
an app that patients can use to
regularly check for any changes in gait
and transmit the data to their attending
physician.” The data capture itself
is the easy bit, Klucken explains: “It
doesn’t take all that long for computer

scientists and data scientists to
program the necessary algorithms. The
real challenge is designing the app for
maximum usability so that it will be
accepted and actually used by patients
and doctors.” Can the patients find their
way around the app? Is it user-friendly?
Does the doctor receive the right data
in a format that is quick and easy to
understand? These are questions that
Prof. Klucken and his team are looking
to answer.
While Parkinson’s research is Jochen
Klucken’s personal field, the Digital
Medicine group will not exclusively
focus on this disease. Other conditions
are also of interest to the team as
the digital transformation of medicine
affects all fields. For that reason, Prof.
Klucken works not only at the LCSB
but also at the Centre Hospitalier
de Luxembourg (CHL) and at the
Luxembourg Institute of Health (LIH).
“In this way, we ensure great thematic
diversity and interdisciplinarity,” he
says, adding that, alongside Parkinson’s
researchers, the team also collaborates
with data analysts at the LCSB, clinician
scientists and study nurses at the CHL,
as well as health economists and social
scientists at LIH.

The sensitive nature of digital medicine
is another reason why interdisciplinarity
is needed. “Data protection and the
responsible handling of patients’ data
are extremely important and must be
considered from the very beginning,”
emphasises Klucken. Moreover, once
the perfect digital application has been
programmed and tailored for patients
and therapists, it doesn’t end there.
“Without market analysis, market
access and proof of medical efficacy
or positive care effects, nothing
works,” details Klucken. “We want to
investigate the entire development
chain, from the algorithm to the
marketable application, and to develop
methods so that the digital products
can actually get into medical practice,
demonstrably help patients and
healthcare providers, and ultimately be
covered by third-party schemes such
as health insurance.”
Prof. Klucken sees Luxembourg as an
ideal environment for this research:
“Things are developing rapidly here
and Luxembourg is not only thinking
of its own market. Solutions are being
developed with Europe in mind. This
is of great importance, especially in
digital medicine.”

The work of Prof. Klucken is funded through the PEARL programme of the
Luxembourg National Research Fund (FNR). This joint research programme
involves the LCSB, LIH and the CHL.
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The Bioinformatics Core is
committed to improving data
sharing. Together with others
in the research community, the
LCSB scientists have taken on this
mission as part of ELIXIR – the
European Infrastructure for Life
Science Information. Data sharing
is by no means an easy feat. Legal
concerns and uncertainty often
outweigh scientific interest. As a
result, in many cases, the wealth
of data collected during a project
cannot reach researchers all over
Europe. A missed opportunity for
science, one that is now being
tackled by a specific team within
the LCSB.

ELIXIR Luxembourg

MISSION:
DATA SHARING

When it comes to sensitive patient
data, utmost care is needed to keep
the data secure and to ensure that
they are handled in compliance with
the regulatory framework. But that
is no reason to stop sharing data
within the academic community. A
team at the Bioinformatics Core of
the LCSB has been established to
support researchers in relation to the
EU General Data Protection Regulation
(GDPR), providing guidance and
developing useful tools.
“The GDPR is quite generic and not
primarily aimed at research,” explains
Dr Regina Becker. This means it is open
to interpretation when trying to apply
it in this context, giving rise to many
questions, starting with: How do these
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rules aimed primarily at eCommerce
relate to research? Dr Becker has
been working on the answers since the
introduction of the GDPR. She and her
colleagues have developed in-depth
expertise on ethical, legal, and social
issues (ELSI) linked with data sharing.
“Instead of looking at the law from
an academic point of view, we are
taking a practical approach to the
GDPR,” Becker explains. “We aim to
find concrete solutions.” Colleagues at
the LCSB and within the University of
Luxembourg are already benefiting from
the ELSI team’s efforts. At the LCSB,
for example, “data stewards”, data
management professionals specially
trained in matters of data governance,
assist researchers in complying with
legal requirements. Jointly with Dr
Becker and her team, they translate
legal provisions into practical concepts
and develop customised tools.
“Scrutinising the law while being
positioned within a bioinformatics
group is ideal – we couldn’t do this kind
of work anywhere else,” Regina Becker
notes.
Their skills are now also benefiting
partners elsewhere in Europe. Being
able to share data for research and
innovation is vital for the economy
and the European Commission has
recognised the need to create an
environment where data can be utilised
efficiently. A flagship project in the EU
data strategy is the European initiative
“1+ Million Genomes” launched in 2018.
Governments of 22 European countries
aim to provide cross-border access to
the genomes of at least one million
people and use the resulting data to
develop new, better and individually
adapted therapies.

Dr Regina Becker

This is a huge challenge: “People are
providing us with intimate health
data. In return, we must assure
them that these data will be handled
confidentially,” says Regina Becker.
“And people have a right to be informed
about what is happening with their
data.”
Becker’s mission is to help create the
basis for this. The researcher heads
the ELSI working group within the
framework of the EU genome initiative.
As such, she is responsible for ensuring
that the implementation of the initiative
meets ethical and legal requirements.
And it is a tough job. “Every country has
its own rules and ideology about data
protection,” Becker says. But she is
convinced that persevering to reconcile
their differences is worthwhile – for
the good of the scientists as well as
the people who are supporting research
with their data.
The team’s combined knowledge
and experience in ELSI compliant
management of sensitive personal
data is becoming well known. Most

recently, they have joined two
particularly far-reaching projects. One
of these is the European Platform
for Neurodegenerative Diseases, an
IMI project funded by the European
Commission, which is building a
platform for sharing biological
samples and data on diseases such as
Alzheimer’s, epilepsy and Parkinson’s.
The other, HealthyCloud (H2020), aims
to allow seamless sharing of health data
for research and innovation in Europe.
In both projects, secure, confidential
and legally compliant data handling is at
the heart of the activities.
“My bioinformatics colleagues often
roll their eyes when I get excited
about digging into yet another riddle
of the GDPR,” laughs Regina Becker.
But everyone in the Bioinformatics
Core and ELIXIR-LU understands the
importance of these aspects. Moreover,
the findings are directly translated into
LCSB’s data management, promoting
best practice for responsible research.
Becker smiles: this is yet another
example of interdisciplinarity in action
at the LCSB.
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Dr Silvia Bolognin, Prof. Jens Schwamborn

Developmental and Cellular Biology

TRACING THE ROOTS
OF PARKINSON’S DISEASE
Could it be that the seed for developing Parkinson’s disease later
in life is already planted in the embryonic stages of development?
A team of researchers at the LCSB is following up on this
hypothesis. They are working primarily with organoids – organlike models grown in the laboratory from patient-derived cells.

The number of Parkinson’s patients
is continuously increasing. Worldwide,
more than six million people are
affected by this – still incurable –
disease. Many biological processes
that lead to its onset and promote its
progression are still unknown. Scientists
at the LCSB are studying different
aspects of the disease. For example,
in the Developmental and Cellular
Biology group headed by Prof. Jens
Schwamborn, around 20 researchers
are focusing on a possible connection
between processes that occur in the
early stages of brain formation and an
increased susceptibility to developing
Parkinson’s disease.
“It has long been known that
Parkinson’s is characterised by
a loss of neurons that secrete
dopamine – a molecule involved in the
communication between the neurons
in the brain,” explains Schwamborn.
“But in recent years, scientists have
come to realise that there is also a
strong developmental aspect to this
neurodegenerative disease.” This
means that dysfunctional processes
during embryonic development might
already lay the foundation for the
disease to develop later in life.
To investigate this hypothesis, Dr Silvia
Bolognin, a senior member of Prof.
Schwamborn’s team, is using human
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stem cells. “These cells are at the
centre of our research approaches,”
says Bolognin. “We use them to
create advanced disease models
that can be studied in the laboratory.”
One particularly promising type of
model is three-dimensional organoids:
artificially grown collections of cells
that self-organise into organ-like
formations. “Organoids resemble a real
organ in their structure and function,”
Bolognin explains. “Therefore, they
make it possible to trace back and
study metabolic or growth processes
in a natural setting.”
For example, Bolognin and her
colleagues at the LCSB are creating
organoids of the midbrain, the area
of the brain mainly affected by
Parkinson’s disease. These “minibrains” are grown from human stem
cells that mature – scientists say they
differentiate – under special conditions
into multiple types of cells. Thus, these
cultures produce not only neurons but
also astrocytes: cells that partly make
up the connective tissue between the
neurons in the brain.
The researchers at the LCSB are
using such brain models to investigate
cellular and molecular processes that
lead to the onset and progression
of Parkinson’s disease. The team
published new findings in the scientific

journal Cell Reports in 2021. They
aimed to identify peculiarities in the
formation of certain brain structures
that could increase the risk of
Parkinson’s disease later in life. For this
purpose, the scientists used stem cells
from patients with a familial form of
Parkinson’s disease. “In this case, the
genetic cause can be traced back to a
specific mutation in the gene LRRK2”
explains Bolognin.
With the help of automated
image analysis and single cell RNA
sequencing, the biologists were able to
demonstrate, among other things, that
this mutation significantly impairs the
initial phase of neuronal differentiation
during brain development. “We have
identified several molecular effects
that point to a link between early
neuronal cell development and a
predisposition to Parkinson’s disease,”
Bolognin reports.
For the biologist, this new experimental
finding is an important step towards a
better understanding of the disease.
And further steps are to follow. For
example, the team next wants to
find out whether and how the effect
of the mutation can be influenced.
The researchers hope that this could
eventually help prevent the onset of
the disease.
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COVID-19

With this programme, we are combining our
knowledge and capacities to support the
national effort in fighting the pandemic.

Prof. Paul Wilmes

TOGETHER AGAINST THE VIRUS
AND ITS CONSEQUENCES
The COVID-19 pandemic is highly dynamic and science
is facing major challenges: a rapidly mutating virus
and the need for innovative approaches in vaccine
development for example. Continually providing
new insights into the longer-term effects on those
afflicted and on society is also crucial.
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CoVaLux, a new initiative led by Research Luxembourg
in collaboration with a consortium of national players,
including the LCSB, is taking on these challenges. It
will rely on the expertise of academic and healthcare
institutions for the collection, integration and analysis of
various health and socio-economic data.
The public research institutes of the Grand Duchy have
come together to form the CoVaLux consortium. “The
pandemic has shown how important speed and flexibility
are. Not only for treating individual people but also for

protecting society as a whole,” says Prof. Paul Wilmes, cospokesperson of the consortium and head of the Systems
Ecology group at the LCSB. “With this programme, we
are combining our knowledge and capacities to support
the national effort in fighting the pandemic and its
consequences.”
For the next three years, the project partners will
concentrate on two main topics. One revolves around the
symptoms, frequency, risk factors and socioeconomic
consequences of Long COVID. “As over 25,000 individuals
are estimated to be affected in Luxembourg, these are
crucial questions,” says Paul Wilmes. Children and young
adults are an important focus group in their own right, he
adds: “They are the part of the population who will have
to live the longest with any consequences of the disease.”
The scientists are certain that, with the data and insights
gained through CoVaLux, they will be able help improve the
prevention, diagnosis, prognosis and treatment of Long
COVID.
The microorganisms living in and on our body are a good
place to start investigating. “Our microbiome is extremely
important for our health,” explains Prof. Wilmes, who has
a long-standing expertise in the field. “Due to COVID-19,
the microbiome becomes severely disrupted on multiple
levels. Therefore, in order to understand the long-term
effects of the disease, we have to study the changes in
the microbiome within the Luxembourg population.”

The other major topic of CoVaLux is vaccines.
The researchers will first be looking at the short- and
medium-term effects of vaccination, to help optimise the
vaccination campaigns even further in Luxembourg. As
CoVaLux builds on previous national studies such as PrediCOVID and CON-VINCE, the researchers already have some
datasets. “We have for example investigated the reasons
why people decide not to be vaccinated and have gathered
demographic data on this,” says Paul Wilmes. “Also, we
have presented the government with our initial results
from simulations regarding booster vaccinations and the
spread of Omicron in Luxembourg.” And he concludes:
“Our goal is to close knowledge gaps in relation to the virus
and to provide scientific data to politicians to support the
decision-making process. In this way, we hope to be well
prepared for the future.”

The project partners are the Luxembourg Institute of Health,
the University of Luxembourg, the Integrated Biobank
of Luxembourg, the Laboratoire National de Santé, the
Luxembourg Institute of Socio-Economic Research, the
Luxembourg Institute of Science & Technology, the Centre
Hospitalier de Luxembourg, the Centre Hospitalier NeuroPsychiatrique, the Rehazenter and Mondorf Domaine Thermal.
The programme is supported by the Luxembourg Government.
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COVID-19

HYBRID SCREENING TO FIND THE BEST
ACTIVE INGREDIENTS
map of the immune response in the lungs of the patients,
detailing the interactions between ligands and receptors on
the membrane of immune cells as well as the intracellular
signal pathways and genetic mechanisms involved in
hyperinflammation. The team was then able to identify
molecules that could modulate the inflammatory response.
One such molecule is the Toll-like Receptor 2 (TLR2), a protein
known to play a role in the human immune response.

A team of researchers from the LCSB and the Department of Life Sciences and Medicine at the University
of Luxembourg has shown that combining different computational screening methods for drug repurposing
can facilitate the experimental discovery of pharmacologically active compounds.
In the fight against the disease caused
by SARS-CoV-2, the development of
vaccines has been accompanied from
the very start by the search for drugs
that can alleviate severe symptoms.
A team of researchers led by Assistant
Prof. Enrico Glaab has developed
a methodology that can spur the
repurposing of existing drugs or natural
substances and provide new insights for
the design of compounds with improved
activity (FNR COVID-19 Fast Track).
“One goal when treating COVID-19 with
pharmaceutical drugs is to reduce
the viral load in severely affected
patients,” explains Prof. Glaab, head
of the Biomedical Data Science group
at the LCSB. The first point of attack
is a specific component of the virus
that is essential for its replication in
human body cells: the SARS-CoV-2 viral
protease called 3CLPro (also known

as Mpro). “Certain chemical compounds
molecularly bind to this target protein
and inhibit the replication of the virus,”
explains Glaab. “These are the ones we
are looking for.”
The development of drugs against an
infectious disease traditionally starts
with experimental screening: testing
many substances in the laboratory to
find those suitable to become active
pharmaceutical ingredients (APIs). It
is costly and time-consuming. Enrico
Glaab and his colleagues decided to take
an hybrid screening approach instead.
In order to identify the best virusinhibiting APIs as quickly as possible,
they combined three completely
different computational methods with
subsequent experimental testing.
“We chose to start with computer
analyses, to filter a larger number

of compounds and find those most
likely to bind to the target protein and
inhibit viral replication,” says Glaab.
The researchers employed machine
learning as well as molecular docking
and ligand similarity analyses to find
substances in compound databases
that fit into the target protein like
a key into a lock or that have similar
characteristics to already known binding
substances. “Next, we experimentally
tested the most promising substances
in the lab to confirm their inhibitory
activity against the viral protein,” Glaab
reports. In the end, the scientists
arrived at a selection of promising
compounds that have multiple drug-like
characteristics: they not only have an
antiviral effect but also possess the
right size and chemical properties to
reach the target areas in the human
body – even by crossing physiological
barriers like the intestinal wall.
The team’s final computational analyses
also provided three dimensional
models highlighting relevant chemical
and structural characteristics of
the selected active substances. This
information is crucial to understanding
how the compounds interact with
Mpro and how their inhibitory effect
comes about. This, in turn, makes it
easier to optimise the properties of the
compounds that progress to further
drug development stages.

Visualisation of a natural compound inhibitor (in purple) for the SARS-CoV-2 protease 3CLpro,
docked into the binding pocket.
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There is still a long way to go but the
results already achieved constitute a
relevant contribution to pharmaceutical
research on COVID-19.

THE POWER OF

Shortly after the paper written by del Sol and his colleagues
was released, other research groups published new
experimental data on hyperinflammation. “We were excited
to see how well our predictions from computational modelling
matched the laboratory data,” says del Sol. There was an
accordingly positive response within the scientific community,
which quickly recognised the value of the theoretical work
done by the LCSB researchers and was
therefore interested in collaborating with
the computational biologists.

COMPUTATIONAL MODELLING
Upon infection with SARS-CoV-2, there is one
consequence that has doctors particularly concerned:
a severe amplification of the immune response called
hyperinflammation. The immune system releases an
excess of biological messengers – called cytokines –
in a feedback loop that continuously maintains
the inflammation above the level needed to control
the disease. It can increase the severity of the
symptoms, cause organ failure and even be lifethreatening.
Prof. Antonio del Sol and his team have developed a singlecell based computational approach to identify molecules
of relevance to hyperinflammation in COVID-19. The team’s
results were consistent with the experimental findings of
an American research group, confirming a potential target
for medical intervention and demonstrating the power of
computational modelling for research in immunology.
When the Computational Biology group led by Prof. del Sol
started this FNR-funded project, the researchers relied
on single-cell data from COVID-19 patients in Wuhan, the
pandemic starting point. Thanks to these data coupled with
a novel computational method, they created a comprehensive

The team of Dr Thirumala-Devi Kanneganti
from the Department of Immunology of St Jude Children’s
Research Hospital in Memphis (USA) independently
obtained similar results, for instance. Their in vitro and in
vivo experiments also suggested that TLR2 might act as
a key modulator of COVID-19-induced hyperinflammation,
highlighting how a combination of computational and
experimental approaches can be relevant when it comes to
research on inflammatory processes.
Considering that Antonio del Sol and his team are
computational biologists rather than immunologists and
tackled this problem from a different angle, the consistency
of the two teams’ results is particularly meaningful. “Our
results are not affected by bias,” says del Sol. “We approach
the data impartially and have no preferred candidate
molecules in mind. We rely purely on modelling to deliver
medically relevant information.
Increased collaboration between experimental and
computational research groups seems all the more
important in view of these results: “Computational studies
and experimental validation are a key combination when it
comes to making fundamental discoveries with therapeutic
implications.” The resulting findings may in the future enable
medical practitioners to respond more quickly and precisely to
critical concomitant symptoms of infections.
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COVID-19

Prof. Alexander Skupin

Prof. Rejko Krüger presenting CON-VINCE.

RESEARCHING COVID-19 THROUGH
A WIDE ARRAY OF PROJECTS
How is COVID spread by people who are infected but
don’t show symptoms? What are the risk factors that
decide if a case will be severe? In 2020 and 2021,
LCSB scientists were involved in over 15 national
and international research projects all aimed at
improving our understanding of the virus as fast as
possible. Their results will allow for more effective
responses against its propagation as well as the
acute symptoms and long-term consequences of a
COVID-19 infection.

During the pandemic, Research Luxembourg, a joint
initiative of the main actors in Luxembourg public
research, set up a COVID-19 task force with the support
of the Ministry of Higher Education and Research. The
goal: to promote scientific collaborations on the topic and
to support the national health system with the combined
expertise of researchers working in Luxembourg. Under
the umbrella of this task force, several large studies came
to life, such as CON-VINCE, initiated to investigate the
dynamics of the epidemic in Luxembourg, and CoVaLux,
a project that will explore vaccination and impacts of
COVID-19 including socio-economic and environmental
determinants of Long COVID.
These national studies were far from being the only
research initiatives related to COVID-19. The task
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Prime Minister Xavier Bettel and Prof. Paul Wilmes at the LCSB.

force was also involved in the preevaluation of numerous projects for
the COVID-19 Fast Track Call set up
by the Luxembourg National Research
Fund (FNR). Adapting to the fast pace
of the pandemic, the FNR funded
projects through this call in 2020 and
2021, while keeping the evaluation
times short. LCSB scientists were
involved in several of these Fast
Track projects. From operating a
COVID-19 literature browser for
scientific studies to studying the
respiratory and intestinal microbiota
of patients, from using deep learning
to help diagnosis based on medical
imaging to analysing phylogenomic
and geographical data to better
understand pathogen dynamics, they
covered a wide range of topics. All
these projects provide much needed
additional insights, in parallel to
the large-scale studies mentioned.

Prime Minister Xavier Bettel and Minister Claude Meisch meet
researchers in Belval.

They will result in practicable ways
of dealing with the virus and other
pandemics in the future.
In addition to contributing at the
national level, research groups at
the LCSB are also involved in three
projects supported by the European
Commission, with funding totalling
several million euros for all partners.
In many ways, the LCSB and the whole
research ecosystem in Luxembourg
have been fully involved in the fight
against thepandemic over the past
two years. It made sense: the centre’s
expertise is relevant and it was - still
is - a very worthy cause.
In 2021, two events were organised
to acknowledge this massive
engagement. These events were held
to thank sponsors for their generous
support to COVID-19 research and

to recognise the time and effort
invested by many researchers. In
November, researchers from the
Luxembourg Institute of Health and
the LCSB welcomed representatives
from the André Losch Fondation
and the FNR to thank them for the
funding they provided. Earlier that
autumn, Prime Minister Xavier
Bettel also visited the Belval campus
together with Minister of Higher
Education and Research, Claude
Meisch. They met with researchers
who are part of the COVID-19 Task
Force and discussed milestones
achieved while looking at current
projects and actions to come. The
event highlighted once again how
science and policy collaboration
helped Luxembourg navigate the
COVID-19 crisis.
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COVID-19

A DETAILED PICTURE OF THE PANDEMIC
COVID-19 has been affecting our lives for more than two years and, in their fight against the pandemic,
policymakers and medical professionals rely on sound scientific evidence. Since April 2020, the CON-VINCE
study has successfully captured the dynamics of the SARS-CoV-2 virus in Luxembourg; data analysis is
still providing an in-depth immunological and epidemiological snapshot of the pandemic.

COMPUTER MODELLING
TO DELVE INTO THE FUTURE
How is the coronavirus spreading throughout the
population? How dangerous is each variant? What
countermeasures work best? Who do we vaccinate
first? Hundreds of questions have arisen in the course
of the pandemic, none of which could be answered
without the help of mathematicians and computer
scientists experienced in predictive modelling.
Within the COVID-19 Task Force of Luxembourg, several
researchers from different research institutions worked
together to develop computer-based models and look for
answers. They used their models to continuously generate
projections and to create weekly reports so that policymakers
could reach decisions based on the soundest facts possible.
For the LCSB, Dr Atte Aalto and PhD student Françoise Kemp
were key drivers of this project.
Both scientists refer to themselves as applied
mathematicians: “Neither of us knew how to model an
epidemic,” says Dr Atte Aalto, at the time a postdoc in the
Systems Control group at the LCSB. “But we did know how
to make models and we quickly learned how to apply this
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Prof. Rejko Krüger

Françoise Kemp and Dr Atte Aalto

knowledge to the pandemic.” Françoise Kemp, who is writing
her PhD thesis in the Integrative Cell Signalling group,
adds: “We developed a broad range of models adapted to
the situation and the data available in Luxembourg. They
differed greatly depending on the question we were focusing
on.” With these tools, the team was soon able to make
predictions on how the rate of viral spread would evolve, what
hospitalisation rates could be expected and what effects
certain countermeasures might have.
Initially, a large number of scientists were involved in the
modelling work package of the COVID-19 Task Force. After
many months of intense work, things have slowly settled
down to a different pace, as Aalto describes: “We are still
running models and writing weekly reports but now only six
of us are still involved and we have managed to integrate
this routine in our daily work.” Still, being part of this
scientific endeavour was quite a unique experience and has
by no means become routine for Françoise Kemp: she is
now writing her PhD thesis not – as originally planned – on
modelling cancer but on modelling COVID-19. “It is a very
exciting topic, which makes me eager to work on it,” she says.
So, as often in research, we can count on bright young minds
to tackle the scientific issues of their time.

Building on these results, Luxembourg has joined
ORCHESTRA, a three-year international research project
funded by the European Commission. Involving partners from
15 countries around the world, it aims to connect data derived
from several national studies to improve prevention and
treatment of COVID-19, and to ensure we are better prepared
for future pandemics.
ORCHESTRA will provide an opportunity to study the longterm consequences of COVID-19, while monitoring the immune
response post-vaccination and evaluating the psychosocial
impact of the pandemic. Prof. Rejko Krüger, coordinator
of ORCHESTRA Luxembourg, director of Transversal
Translational Medicine at the Luxembourg Institute of
Health and head of the Translational Neuroscience group
at the LCSB, explains: “The core of ORCHESTRA is a large
patient cohort that makes it possible to do retrospective
and prospective studies on COVID-19. With the data and
information acquired from the the CON-VINCE study –
funded by the Luxembourg National Research Fund (FNR) and
the André Losch Fondation – and our expertise on Parkinson’s
disease, we can make valuable contributions, in particular as
to how the coronavirus affects Parkinson’s patients.”
Indeed, additionally to most of the 1800 participants from
CON-VINCE who are now enrolled in ORCHESTRA Luxembourg,
this new project will also rely on the help of 150 people with
Parkinson’s disease. All these volunteers will regularly fill out
online questionnaires about their health, socioeconomic and

psychological status and give blood or stool samples as well
as nasal swabs, providing researchers with information on
immune response, genetic predisposition, mental well-being
and other factors.
Thanks to the data collected during CON-VINCE, the
scientists have already studied the course of the pandemic
very closely and followed how the virus spreads throughout
the population. “As we are also observing those who are
asymptomatic,” Krüger says, “we have a very detailed
picture of the situation.” In June 2021, the team discovered
that around 50% of the population had antibodies against
SARS-CoV-2 in their blood. Most had acquired them after
vaccination but around 14% had developed antibodies due
to direct contact with the virus. The researchers also looked
into the global effect of the pandemic, such as some forms of
depression which have developed over the past two years.
Now, scientists are especially interested in examining long
COVID and the vaccination effectiveness over time. CONVINCE provided essential information that will be translated
at the international level through ORCHESTRA to assess
the protection conferred by the vaccine in the long run and
to investigate if and how the immune system reacts to
vaccination differently in people with Parkinson’s disease.
“Findings from ORCHESTRA will help in redeveloping vaccines
and adapting vaccination strategies so that we can properly
protect vulnerable people like Parkinson’s patients and the
general population alike,” says Krüger.
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Prof. Antonio del Sol

Computational Biology

A BOOSTER FOR CELL CONVERSION
Regenerative medicine needs artificially cultivated cells. Doctors use these cells in new therapies, to replace
tissues lost to disease or injury and to treat sick organs or even the immune system. Scientists can also learn
a lot by studying them in the lab.
In recent years, biomedical scientists
have developed methods to convert
pluripotent stem cells into specific
human cell types but until now these
methods have not been very efficient.
Improving the efficiency of cell
conversions is key to enhancing the
production of cells readily usable in
therapeutic applications.

THE SCIENTEENS LAB LAUNCHES
INTO COMPUTER SCIENCE
“Learning computer science at school will become about as important as learning to
read and write,” says Dr Elisabeth John, team leader of the Scienteens Lab, an
extracurricular learning centre of the University of Luxembourg. Society is indeed
undergoing a rapid digital transformation and smart technologies have become part
of our daily life. It is now more than ever crucial to familiarise young generations with
the science behind these devices. To help tomorrow's citizens become informed users,
the Scienteens Lab has recently extended its activities to computer science. It now
offers new workshops focusing on artificial intelligence (AI) and coding where teenagers
can learn through hands-on activities. They can for example discover how machines
learn on their own or how to train an AI to transform selfies into artworks. “These
workshops offer pupils a playful introduction to computer science, introduce them
to the thriving research in the field and will increase the computational literacy of
youngsters in Luxembourg,” Dr John is certain.

In collaboration with the Wyss
Institute for Biologically Inspired
Engineering at Harvard Medical
School, Prof. Antonio del Sol, head
of the Computational Biology groups
at the LCSB and at CIC bioGUNE in
Bilbao, and his team have developed
a new computer-based approach that
greatly increases the efficiency of
cell conversion. The new tool, called
IRENE (Integrative gene Regulatory
Network model), helps to boost
the conversion process by giving
pluripotent stem cells a more efficient
set of instructions for transforming
into cells of the desired type.

After a successful pilot phase launched in 2021 with the support of the Royal Bank
of Canada, the Scienteens Lab is now developing additional activities in collaboration
with the Faculty of Science, Technology and Medicine. The implementation of an
exhaustive programme in computer science over the next three years is funded by the
Luxembourg National Research Fund (FNR) through its PSP-Flagship programme.

20 • • •

In principle, pluripotent stem cells
can be converted into any type

Dr. Elisabeth John and Régine Poussin.

of cell. This process requires the
presence of a defined set of gene
regulatory transcription factors
(TFs). Their task is to switch the
genes required for conversion on and
off at the right time. Researchers
have therefore to define which very
specific combinations of TFs should
be used in lab protocols to guide the
differentiation of stem cells in the
right direction, rather like recipes
for specific cell types. “Until now,
these protocols have only been
created based on the analysis of gene
expression patterns in many cell types
and through trial and error,” says del
Sol. “Computational biologists
only focused on which genes had
to be switched on or off and did not
take into account the effects of
the epigenetic landscape on the
efficiency of cellular differentiation.”
Meaning previous models did not
consider how the conditions in
the cells and their surrounding
environment could affect the way the
genes work, preventing cell conversion
techniques from breaking through
the efficiency limit.

IRENE not only looks at transcription
factors as the gene regulators but
also takes the epigenetic state of the
cell into account. By incorporating
these new parameters that influence
which genes get turned on or off, this
innovative approach covers a higher
level of control for genetic activities in
the cell.
“We can use this computational tool
to control gene expression in a much
more targeted way and pinpoint highly
effective combinations of TFs,” says
del Sol. The team demonstrated that
their approach significantly increases
the efficiency of cell conversions
for a range of cell types employed in
biomedical applications, such as natural
killer cells used in immune therapies
and mammary epithelial cells that could
help with breast tissue regeneration.
In the case of melanocytes used in
skin grafts, the conversion efficiency
even increased by 900%. This success
earned the researchers a publication
in the prestigious journal Nature
Communications and opens entirely new
possibilities for regenerative medicine.
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Protecting water resources

TRACKING DOWN CHEMICALS
IN LUXEMBOURG’S RIVERS
Water is a valuable resource but it is often polluted with chemicals
stemming from human activity. Since these chemicals can also affect our
health, LCSB researchers have been tracking them down for the past five
years. Now, the scientists are also contributing their expertise to the new
European H2020 ZeroPM project.
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Prof. Emma Schymanski

Residues of pesticides, sunscreens
and antifreeze are polluting our rivers
and oceans along with residues of
medicines and party drugs. Prof. Emma
Schymanski and her Environmental
Cheminformatics group want to find
out exactly what is accumulating in
Luxembourg’s waters. “The number of
registered chemicals has long since
exceeded the hundred million mark,”
the scientist says, giving us an idea of
the challenge. “Our household products
alone account for more than seventy
thousand of them and they mostly end
up in our rivers with our wastewater.”

the samples using high resolution mass spectrometers
and sophisticated computer algorithms. “Every chemical
substance has its own fingerprint,” reveals the chemist and
environmental engineer. The mass spectrometers recognise
these fingerprints and, with the help of cheminformatics,
the scientists can attribute them to different substances
and their degradation products. “With some chemicals we
get lucky. Their fingerprint is already stored in our database,”
says Schymanski. With many others, however, the researchers
first have to painstakingly research what might have been the
original substances that entered the water in the area where
the sample was taken and how these substances typically
break down. Then, they take the predicted fingerprints of the
substances and compare them with those from the water
sample.

Finding out which chemicals are
accumulating in the environment
and how they might be endangering
our health is detective work. Emma
Schymanski and her team regularly
receive samples from several rivers
in Luxembourg from the Water
Management Authority. They examine

Schymanski’s team examines the water samples for chemicals
such as pesticide residues, drug residues and – as part of the
new European H2020 ZeroPM project– persistent and mobile
substances. These are substances that are very difficult or
impossible to break down in nature and, at the same time,
spread over long distances with water. If they are ingested
by humans or animals over long time scales, they can have
adverse health effects.

ZeroPM stands for “Zero Pollution of Persistent, Mobile
Substances” and was launched as part of the European
Union’s Green Deal in the final quarter of 2021 (grant
agreement No 101036756). Led by the Norwegian Geotechnical
Institute, 15 partner institutions will be researching innovative
solutions over the next five years to prevent, prioritise and
remove pollution with persistent and mobile substances, and
thus protect our health, environment and natural resources.
"We are part of the Substance Grouping Team. We are helping
to prioritise the various groups of substances." explains
Emma Schymanski. “We make a representative selection
of substances of concern which other working groups then
examine more closely.” This is important because more than
180 million chemical substances are registered to date, with
tens of thousands of chemicals present in the products
we use or buy every day. To examine them all in detail would
exceed the limits of any project. “We use our cheminformatics
methods to figure out which of the many registered
substances are persistent and mobile or may break down
into substances with these properties as they degrade,” the
researcher explains. “The other teams then use our results to
test the selected substances for their toxicity or remediation
potential.” A real collaborative effort to tackle pollution on a
European scale! (zeropm.eu)
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Dr Jan Sölter

IAS projects at the LCSB
Dr Patrick May and Prof. Alexander Skupin

CAPITALISING ON INTERDISCIPLINARY
RESOURCES FOR EPILEPSY AND CRIMINOLOGY
The Institute for Advanced
Studies (IAS) at the University of
Dr Andreas Husch

Beatriz Garcia Santa Cruz

Luxembourg was established in
2020 to facilitate interdisciplinary
and innovative research. The IAS
supports young scientists and
finances particularly ambitious and

SUCCESSFUL ARTIFICIAL
INTELLIGENCE CHALLENGE
FOR LCSB TEAM
Daniele Proverbio

Contracting COVID-19 can result in severe lung damage.
Countless images of the damage have to be taken in order
to diagnose and treat the disease, and experts can only go
through all of them with the help of artificial intelligence
(AI). Competitions like the “COVID-19 Lung CT Lesion
Segmentation Challenge” organised by the American
Children’s National Hospital are helping to advance the field
fast. The LCSBmedAI team, led by Dr Andreas Husch, and
composed of seven LCSB researchers, made it into the
top five. The scientists first fed an algorithm with images
of lungs and, in this way, taught their model from a set of
training data what damaged and healthy lungs look like.
“The subsequent run on the test data was then a success,”
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says Andreas Husch. “This meant we had developed a
new image analysis technique to help diagnose COVID-19.”
Competitions of this kind provide an excellent opportunity
for PhD candidates like Daniele Proverbio, who was involved
in the project, to learn a special technique quickly and
intensively.
The team was a collaboration between members of the
Interventional Neuroscience group of Prof. Frank Hertel and
the Systems Control group of Prof. Jorge Goncalves. The
idea to participate in the competition came from the FNRsponsored project AICovIX - AI based diagnosis of COVID-19
from CT/X-Ray imaging.

promising projects – such as IDAE
and CRIMTYP, two new initiatives
involving LCSB researchers.

Epilepsy has researchers puzzled.
The disease, which is characterised
by spontaneously occurring seizures,
is one of the most widespread
neurological afflictions. Yet its
treatment is a huge challenge: many
patients do not respond to any of the
available drugs and others only to a
laboriously adjusted combination of
multiple drugs. The causes of epilepsy
are also still largely unknown. Although
scientists have identified more than
500 genetic mutations that may
contribute to the development of the
disease, this only provides part of the
explanation.
With a new research project launched
in 2021, scientists from the university

now hope to find answers to these
open questions with an interdisciplinary
approach oriented towards medical
feasibility. The project, called
IDAE (Integrative Data Analysis in
Epilepsy), involves scientists from
the Interdisciplinary Centre for
Security, Reliability and Trust and the
Department of Physics, as well as the
Integrative Cell Signalling group at the
LCSB led by Associate Prof. Alexander
Skupin. To better understand epilepsy,
the three teams are combining results
from genetic research on zebrafish,
realistic modelling of metabolic
processes and data analyses using
machine-learning algorithms. “With
this approach, we hope to find new
biomarkers and thus facilitate the
personalisation of treatment for
epilepsy patients,” explains Skupin.
The project is scheduled to run for four
years and relies on the involvement of
scientists from different departments
and disciplines. “With the IAS,
the university wants to promote
and strengthen interdisciplinary
collaboration,” Skupin explains.
Another project, which also started
in 2021, shows just how broad the
thematic scope of the IAS is. Its
goal is to strengthen a relatively new
scientific field in Luxembourg: forensic

research for solving criminal cases.
CRIMTYP (Meet the Unknown: The
Future of Criminal Forensic Genomics
Phenotyping) will draw experience
from very different facets of forensic
science. It focuses on modern methods
of genetic sequencing, to which Dr
Patrick May from the Bioinformatics
Core of the LCSB is contributing his
long-standing expertise. “Genetic
analyses can now be used to deduce
many different characteristics of the
perpetrator from minute traces at
the crime scene,” explains Dr May. For
example, age, hair, skin and eye colour,
as well as geographical origin and even
behavioural characteristics can be
deduced from genetic traces.
In order to find out how reliable such
predictions are and to what extent
they can be legally integrated into
future searches for criminals, the LCSB
researchers will be working closely
with colleagues in the university’s
Department of Law during the two-year
term of the project. They also want to
bring police and judicial representatives
as well as private companies specialised
in genetic analyses on board. A
perfect example of how establishing
connections between many different
actors and perspectives will help tackle
important societal challenges.
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“In metaproteomics, we study all
the proteins expressed by microbial
communities,” explains Paul Wilmes.
“These macromolecules are not
only vitally important in different
ecosystems but also play an essential
role in the stimulation of the human
immune system.” The professor
of Systems Ecology at the LCSB
has not only worked in this field for
most of his research career; it was
he who brought metaproteomics
to life. “I was already investigating
how microbial communities function
during my PhD,” he recalls. “In the
world's first metaproteomic study,
my PhD supervisor, Dr Phil Bond, and
I even came up with the name for this
new field.” Back then, they coined
the term metaproteomics for the
characterisation of proteins expressed
by microbial communities at a given
time.

Metaproteomics

TRACKING BIODIVERSITY
IN THE PROTEIN JUNGLE
Proteins are an extremely diverse set of tools in the cells of all living organisms. The diversity of proteins
expressed by microbial communities, such as the gut microbiome, is at the heart of the relatively young
field of metaproteomics, which was further promoted in 2021 by the Systems Ecology group led by Prof. Paul
Wilmes. He contributed to the emergence of the field just over a decade ago and his team recently hosted the
4th Metaproteomics Symposium in Luxembourg. The increasing interest of the international community in
metaproteomics demonstrates the robustness of the methods developed over time.
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That was 15 years ago. A lot has since
happened in the field, despite getting
off to a slow start. “Compared to
other omics approaches – such as
metagenomics, the study of all genetic
material from a microbial community
– metaproteomics did not develop as
quickly in the past,” Paul Wilmes says.
“This is mainly because it can be more
challenging than other research fields
but now we have advanced tools and
methods that have allowed the field to
blossom in the last five years or so.”
Metaproteomics has thus become
a powerful tool for studying
functional interactions within
microbial communities, as well as
their interactions with for example
the human host. The Systems
Ecology group recently participated
in a multi-laboratory comparison in
metaproteomics, investigating the
impact of method choice and workflow.
In this study, several laboratories
worldwide received two microbial
samples – a simplified sample

“To promote this innovative research,
better connect scientists involved
in metaproteomics worldwide and
facilitate the exchange of new
findings, we founded the International
Metaproteomics Initiative,” says Paul
Wilmes. Since February 2021, this
information hub, of which the LCSB is a
founding member, has been recognised
as an official initiative of the European

Proteomics Association. In September,
at the 4th International Metaproteomics
Symposium, co-funded by the FNR and
hosted in Luxembourg, Benoît Kunath
was appointed administrator and Paul
Wilmes scientific advisor. “For us as
organisers, it was a great relief that the
symposium could finally take place,”
Paul Wilmes says happily. “Normally
we meet every two years. However, due
to the pandemic, the metaproteomics
community had to wait longer this time.”
But the wait was worth it: around 60
scientists met at Neumünster Abbey,
while another 20 participated in the
hybrid event online. Together, they
listened to scientific lectures, discussed
hot topics and, in the process, also
generated ideas for new projects, which
they hope will give metaproteomics
yet another boost in the coming year.
This is exactly the objective of the
International Metaproteomics Initiative:
disseminate information about
advancements in the field through
collaborative networking.

Prof. Paul Wilmes

Dr Benoît Kunath

simulating the gut microbiome and a
natural stool sample – and performed
their own sample preparation, mass
spectroscopy and data analysis.
Thanks to a critical evaluation of the
different results obtained and as
described in their article in Nature
Communications, LCSB researcher Dr
Benoît Kunath and colleagues were
able to demonstrate the robustness
of current metaproteomics research.
They also provided data sets that
can serve as benchmarks for future
method development and will help with
standardisation.
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Dr Venkata Satagopam

Bioinformatics Core

BIOMEDICAL INFORMATICS: A CRUCIAL
FOUNDATION FOR CLINICAL RESEARCH
The search for the causes and possible treatments of neurodegenerative diseases requires reliable and secure
tools for processing and analysing data. Researchers at the Bioinformatics Core of the LCSB provide such tools.

Dr Susana Martinez

Dr Anna Monzel

EXCELLENT THESIS AWARDS FOR
TWO LCSB RESEARCHERS
Every year, the University of Luxembourg presents several
doctoral graduates with awards recognising the outstanding
quality of their work. The “Excellent Thesis Awards”
celebrate cutting-edge research and mark an important
milestone in the career of these young scientists. In 2021,
Dr Anna Monzel and Dr Susana Martinez, who obtained their
PhDs at the LCSB, both received an award for their excellent
doctoral theses.
During her PhD, Anna Monzel developed a novel 3D cell
culture model of the human midbrain, termed midbrain
organoid. These stem cell-derived brain proxies are
excellent for the non-invasive study of neurodegenerative
diseases. “When I started my PhD, the organoid technology
was still in its infancy and there was no midbrain-specific
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model,” explains Dr Monzel. “Now, the model I developed
at the LCSB is being used to study the early steps of
Parkinson’s disease pathogenesis.”
Susana Martinez’s thesis focused on the dynamics of
microbiomes, more specifically the different microorganisms
found in biological wastewater treatment plants. She
investigated the CRISPR-Cas system, the so-called “DNA
scissors”, a mechanism playing a key role in promoting
adaptation and diversity within microbiomes. “The breakdown
of organic substances by microorganisms is an important
part of wastewater treatment,” explains Dr Martinez.“The
results obtained during my PhD improve our understanding of
complex interactions within microbial communities and could
help us to better control these processes in the future.”

The European Platform for
Neurodegenerative Diseases (EPND) is
an international megaproject in which
academia and the pharmaceutical
industry are joining forces. Scientists
from around 30 universities, research
institutes and companies from several
countries across the continent want to
build a common infrastructure to study
epilepsy, Alzheimer’s and Parkinson’s
disease. The aim is to help clinicians
and researchers to share medical
data – and thus to accelerate new
discoveries and treatments.
Researchers from the LCSB, like Dr
Venkata Satagopam, are also involved.
The biomedical informatics expert
has a central role within the largescale project: he is responsible for
the smooth and secure management
of internationally used data on
patients and their health status. Dr
Satagopam and his colleagues at
the Bioinformatics Core have been
working hard over the years to develop
the necessary tools, for example for
the patient cohort at the National
Centre of Excellence in Research for
Parkinson’s Disease. "This cohort

includes more than 800 Parkinson’s
patients and over 800 matching
controls who are medically monitored
over several years as part of the study,”
Satagopam explains. These regular
examinations generate a wealth of data
that has to be analysed.
The team, composed of IT and
biomedical informatics specialists,
sets up the technical foundation for
such projects: “We develop customised
tools, which we constantly adapt to
new requirements,” says Satagopam.
This is not only about high efficiency
and easy access to essential data.
“We also attach a lot of importance
to the protection of the patients’
privacy,” emphasises the scientist.
“This is achieved, among other things,
by strictly separating medical and
personal data in the system.”
Managing all the technical aspects of
a large-scale study is demanding. The
experts at the LCSB are demonstrating
how this can be handled in a research
project on REM sleep behaviour
disorder (RBD) launched in February
2021. “We are currently building a new

cohort to learn more about the links
between RBD and Parkinson’s,” reports
Satagopam. To do this, the researchers
have the challenging task of finding the
best candidates for the study among
roughly 20,000 volunteers. “This is
being done in a multi-stage process,
through personal interviews and clinical
tests,” says Satagopam. The computer
and data scientists created a secure
online survey to collect information
and developed tools to guarantee data
security in all the steps – after many
rounds of talks with the researchers
involved.
“In order to find the best possible
solution, we first have to understand
exactly what we are dealing with,”
emphasises Venkata Satagopam. As
often at the LCSB, interdisciplinary
collaboration is at the heart of efficient
clinical research. New rounds of talks
are now beginning again within the
framework of the EPND project, which
was launched in November 2021. The
biomedical informatics expert is thrilled
at the opportunity: “Not only can we
contribute our own expertise but we
can also learn from others.”
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Molecular and Functional Neurobiology

STUDYING THE ROLE OF GLIA,
ONE CELL AT A TIME
It seems likely that many different types of cells are involved in the onset of
Parkinson’s disease. Yet the role of non-neuronal cells is not well known and
there are large parts of the disease mechanisms that remain shrouded in
mystery. A team at the LCSB has now taken an important step towards
solving this enigma.

Semra Smajic

The roots of Parkinson’s disease reside
in the midbrain, a relatively small area
located at the top of the brain stem.
There is a consensus about this among
scientists but it is still largely unknown
what types of cells are involved in the
idiopathic forms of the disease, where
the causes cannot be attributed, for
example, to inherited genetic defects.
“Up to now, research has focused
primarily on neurons that produce the
neurotransmitter dopamine,” says
Prof. Anne Grünewald, head of the
Molecular and Functional Neurobiology
group at the LCSB. When these
cells die, the lack of dopamine in the
brain ultimately triggers the disease.
However, when it comes to the origin
of neurodegeneration, researchers
cannot yet paint the whole picture.
“There are clues suggesting that glial
cells have a role to play in the onset
of Parkinson’s,” says Grünewald. “But
the molecular mechanisms involved
are only poorly understood.” The
team led by the LCSB researcher has
now succeeded for the first time in
studying the role of diverse cell types
in the early stages of Parkinson’s
disease at the single-cell level.
Glial cells come in many kinds and
fill the areas between neurons in
the brain, where they ensure, among
other things, that the nerve cells are
physically supported and supplied
with nutrients. In order to distinguish
the activities of different cell types
and examine them separately from
each other, the researchers used a
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Prof. Anne Grünewald

method, called single nucleus RNA
sequencing, that is still quite new. It
can precisely analyse the processes
in individual cells and determine, for
example, which genes are currently
being transcribed in a given cell.
This is an impressive advantage over
conventional experimental techniques,
which can only ever examine many,
often diverse, cells together. “Until
now, there has been no way to
clearly attribute molecular effects
to specific cell types,” says Semra
Smajic, a doctoral researcher in Anne
Grünewald’s team. She compares this
to the challenge of distinguishing
the taste of a specific fruit from a
blended smoothie. By analogy, singlenucleus RNA sequencing is equivalent
to tasting each single raw fruit within
the mix.
"In our work, we used for the first
time single-nucleus RNA sequencing
on post-mortem tissue from
Parkinson's patients," Smajic reports.
The researchers compared tissue
samples from patients and people
who did not have Parkinson’s. In the
laboratory, they analysed more than
41,000 cells from these samples,
creating a unique dataset focusing on
the diverse components of the human
midbrain. In the process, they came
across several striking and previously
unknown characteristics that appear
to be linked to Parkinson’s disease.

Smajic reports. This cluster contained
around 120 cells that could not be
clearly classified. “We suspect it is
made up of degenerated dopaminergic
neurons,” says Anne Grünewald.
Inflammation of the brain tissue could
have played a role in the demise of
these neurons – and this is where
the glial cells come in. The LCSB
team studied these components of
the midbrain in detail as well. “There
were clear differences between sick
and healthy people,” Smajic explains.
“Glial cells were found to be much
more prevalent in the tissue samples
affected by Parkinson’s disease and
were also more strongly activated.”
The researchers speculate that
this could be evidence of a proinflammatory effect and would thus
represent a new piece of the puzzle
in understanding the causes of
Parkinson’s disease.
The team recently published the
results of their work in the scientific
journal Brain. “All in all, our findings
suggest that glial cells contribute
to the destruction of dopamineproducing neurons and that their
activation is a crucial mechanism
leading to idiopathic forms of
Parkinson’s disease,” Grünewald
summarises. “They highlight that
inflammation is an important aspect
of the disease that needs to be
explored in more detail.”

“First, we discovered an unusual
cluster of nerve cells in the tissue
samples from people with Parkinson’s,”
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Estelle Ferreira, Dr Teresa Martins, Dr Simone Witzmann and Dr Linda Ebermann.

Prof. Jens Schwamborn and Dr Javier Jarazo

External funding for research

THE EXPERT TOUCH OF THE GRANT OFFICERS
A considerable part of the research done in the 17 research groups of the LCSB is financed by third-party
funding. To allow the researchers to focus primarily on the scientific details when submitting their applications,
the research facilitators, or grants officers, Dr Linda Ebermann, Estelle Ferreira, Dr Teresa Martins and
Dr Simone Witzmann take care of the formal aspects of the process.
100 applications were submitted by
the LCSB in 2021 and, on average, one
in three was approved. “Sometimes
the success of an application even
creates an unexpected dilemma for our
researchers,” smiles Linda Ebermann,
who coordinates the team of grants
officers. When two approvals come
in for one project, for example, the
researchers have to decide which
funding they want to accept.
Each staff member in the Grants
Office supports three to five LCSB
research groups and remains in contact
with the researchers throughout the
entire application process. The grants
officers are not only familiar with the
full spectrum of third-party funding.
Each of them has acquired additional
specialised skills in the course of their
career: Teresa Martins is particularly
familiar with the European Research
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Council, the European Commission’s
prestigious research funding programme
aimed at top individual researchers and
particularly competitive. Estelle Ferreira
works with diverse stakeholders inside
and outside the LCSB to refine the
centre’s ethics guidelines for research
with biomedical data and keep them
constantly up to date. Simone Witzmann
supports the three female principal
investigators at the LCSB, an initiative
meant to help the team leaders and
professors whose scientific career
can be impacted by maternity. She is

offering guidance both as a grants
officer and a project officer for diverse
national, European and international
projects. Lastly, Linda Ebermann
is heavily involved in issues of data
management and data protection which
are keys in many bioinformatics projects
at the LCSB. Third-party funding is
highly competitive and the skills of the
LCSB grants officers are an essential
asset for a research centre. They help
finance outstanding research and
valuable equipment, all for the benefit
of science.

The majority of the LCSB’s third-party funding applications relate to national and
European funding programmes from the Luxembourg National Research Fund
(FNR) and the European Commission. In addition, there are international grant
programmes such as those of the US National Institute of Health and funding
programmes from private foundations such as the Michael J. Fox Foundation for
Parkinson’s research.

RESEARCH ON BRAIN ORGANOIDS
– A RISING START-UP
Breaking new ground in drug development for treating
Parkinson’s disease: this is the aim of the researchers at
OrganoTherapeutics – a spin-off company that emerged
from the LCSB in 2019. They are using an innovative
approach based on organoids, 3D tissue models aiming
to mimic human organs in miniature. They hope the use
of brain organoids will facilitate drug discovery and the
development of personalised neuroprotective treatments
for individual Parkinson’s patients.
The start-up, founded by Dr Javier Jarazo and Prof. Jens
Schwamborn, head of the Developmental and Cellular
Biology group at the LCSB, received a boost in April 2021
with a special award at BioVaria. This annual event is a
meeting place for life scientists, biotech companies and
investors, where research institutes, universities and young
companies can present their projects. OrganoTherapeutics
received the BioVaria Startup Award in the category
“Rising”. For the impressive presentation of their business
model, the jury of experienced investors picked the
Luxembourg-based company over six other European
start-ups.
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Dr Clarissa Gomes, Prof. Rejko Krüger and Dr Joëlle Fritz (LIH).

RBD Study

IDENTIFYING RISK FACTORS FOR
PARKINSON’S DISEASE
The earlier Parkinson’s disease is diagnosed, the better are the chances of optimally treating its symptoms
and avoiding complications, which allows patients to enjoy a better quality of life in the long term. In the
framework of the National Centre of Excellence in Research on Parkinson’s Disease (NCER-PD), LCSB
scientists and their partners work on improving the early detection of Parkinson’s. They focus on identifying
genetic and environmental risk factors as well as pinpointing early signs of the disease.
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In 2021, the team led by Prof. Rejko
Krüger, head of the Translational
Neuroscience group at the LCSB,
established a so-called risk cohort.
Over several years, they will observe
this group of people, who are thought
to have a higher risk of developing the
disease. The cohort includes people
with REM sleep behaviour disorder
(RBD), a disease involving abnormal
behaviour during a phase of the sleep
cycle. People with this disorder talk
or shout in their sleep, kicking and
punching as they act out their dreams
– sometimes so harshly that they
harm themselves or their partner.
Poor sleep quality can be associated
with various conditions and following
patients diagnosed with RBD over time
will help the researchers to better
understand the emerging link with
neurodegenerative diseases such as
Parkinson’s.
To establish the risk cohort, NCERPD launched a nationwide survey on
sleep quality under the patronage
of the Ministry of Health, inviting all
Luxembourg residents aged between 55
and 75 years to participate. Among the
thousands of participants, people most
likely to suffer from RBD were invited
for further tests. The ones for whom
the diagnosis is eventually confirmed
will be able to take part in the longterm RBD study if they wish to.

We are systematically bringing
together different perspectives
on Parkinson’s disease
By coming to the clinic for yearly
follow-ups and giving biological
samples – such as blood, saliva,
urine or cerebrospinal fluid – they will
provide researchers with an insight
into the causes of RBD and how it
can evolve toward the early stage
of Parkinson’s. Prof. Krüger and his
team will give special attention to
any links with the main hallmarks
of Parkinson’s disease, such as the
misfolding of a protein called alphasynuclein that impairs the function
of neurons. “We want to study in
which patients and in combination
with which risk factors misfolding
of alpha-synuclein occurs,” Krüger
explains. The researchers also want to
identify early biomarkers: molecules
whose occurrence can indicate the
onset of Parkinson’s disease and
could lead to much more accurate and
earlier diagnoses in the future. “Not
all Parkinson’s cases are the same,”

says Prof. Krüger. “If we can recognise
and distinguish them at an early stage
thanks to new biomarkers, then much
more specific and thus better care will
be possible.”
Soon Luxembourg will also join a
worldwide study including more
than 50 research institutions that
contribute data and biological samples
to one of the most robust Parkinson's
databases and specimen banks
worldwide. Participants from the RBD
cohort will have the opportunity to join
this extensive project and take part in
more clinical assessments, including
imaging. “We are systematically
bringing together different
perspectives on Parkinson’s disease,”
Prof. Krüger says. “In this way, we hope
to identify more risk factors and their
influence – and make advancements
in early diagnosis and treatment of
Parkinson’s disease.”
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Science outreach

SCIENCE IN THE SPOTLIGHT OF BLOOD SAMPLES AND PARASITES
Outreach activities are an integral part of a researcher’s life: they are key to building trust in science and
are a good way to learn how to share knowledge with different audiences. At the LCSB, young scientists are
encouraged to hone their communication skills early on. In 2021, three doctoral researchers took up the
challenge by participating in – and sometimes winning – various science communication competitions.

International exchange programme

LUXEMBOURG-JAPAN: A CONTINUOUS
COLLABORATION IN THE MIDST OF THE
PANDEMIC
For many years, the LCSB and the Luxembourg Institute of Health have been collaborating intensively
with RIKEN, a long-established Japanese research institute. Despite the COVID-19 pandemic, scientific
discussions and knowledge exchanges never stopped: not one but two symposia were organised in 2021.

Research institutions in Luxembourg
have been collaborating closely with
RIKEN for more than a decade, backed
by grants from the Luxembourg
National Research Fund (FNR).
Researchers regularly visit the partner
institutions and RIKEN Outpost Labs
have been created in Luxembourg,
allowing Japanese scientists to work
together with local colleagues on longterm projects.
Since the start, annual symposia have
been an integral part of this fruitful
collaboration. A Kick-Off Symposium
was held in Yokohama in 2017 and
its counterpart was organised at the
University of Luxembourg the following
year.
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While the pandemic made it difficult
to travel for scientific events, it didn’t
prevent the Luxembourgish and
Japanese researchers from sharing
recent results and developing new
projects, thanks to two well-attended
scientific symposia hosted online in
2021. On 16 March, a first symposium
focused on how artificial intelligence
could improve healthcare in the
future and on neuroinflammation.
Besides the main lectures, several
scientists presented novel ideas to
push the boundaries in fields such
as immunology, neurodegenerative
diseases and microbiome research.
A second symposium followed in
December, dedicated this time to

open science. Entitled “How to boost
research collaborations through open
data exchange”, it featured success
stories in insulin resistance and
Parkinson’s disease research as well as
other presentations on current research
topics and opportunities for the future.
The omnipresence of the pandemic
was reflected in the latter session of
the symposium, when participants
discussed mathematical methods
used for COVID-19 prognosis and risk
assessment. Remarkably, in addition to
scientists from the RIKEN community,
many of their colleagues from the
School of Medicine of Chiba University
also took part, highlighting the interest
in these bilateral exchanges and the
potential for further collaborations.

Kathleen Mommaerts was runnerup in the Three Minutes Thesis
competition (3MT) hosted by LuxDoc,
an association of young researchers
in Luxembourg. At 3MT, PhD students
present their doctoral thesis, or
parts of it, in a three-minute oral
presentation. The difficult part is
making it understandable for everyone
and humour can be a good option. “I
am not too worried about our bank
being robbed. The only thing to steal
is blood and urine,” laughs Kathleen.
In her presentation, she explains
why research on biospecimens is so
important. Biospecimens are biological
samples such as human blood or
urine that are typically stored at -80°
Celsius in institutes like the Integrated
Biobank of Luxembourg (IBBL). At the
IBBL, Kathleen is writing her doctoral
thesis on the correct preparation
and storage of biospecimens and is
closely cooperating with the LCSB. She
considers research about how to best
take care of the samples to be just as
important as the research being done
with those samples: “Standardised

Daniele Proverbio

procedures for sample preparation and
storage must be in place to increase the
chances of having a meaningful result.”
Speaking in front of an audience is not
the only way researchers can share
their passion for science: writing skills
can also prove useful. The demodex
mite is a term that most people have
never heard. For his text about this
microscopic animal that lives closer to
humans than most people would like,
Daniele Proverbio won first place in the
Science Writing competition organised
by the Doctoral Education in Science
Communication (DESCOM) project of
the University of Luxembourg. A jury of
science communicators was impressed
by his choice of topic, the writing style
and the use of humour, which all made
for an entertaining read. “I deliberately
chose a topic that arouses curiosity in
science and is fun to read about,” says
Daniele Proverbio, PhD student in the
Systems Control group at the LCSB. He
believes trust between scientists and
the general public is important: it is the
only way to have an open dialogue. This

Kathleen Mommaerts

is why Daniele put his writing to good
use during the pandemic by developing
with other researchers a glossary
of terms related to the virus giving
definitions and short explanations to
help readers better understand the
specific terminology.
Semra Smajic also feels it is important
to promote mutual understanding
between researchers and the public.
She took part in the Science Slam
organised by LuxDoc, where she had
ten minutes – on stage and live – to
explain her research on brain organoids
in an understandable way. “While I
was preparing, I had my grandma in
mind,” she smiles. If her grandmother
understands what Semra is working
on during her doctorate, surely many
others will too. “I love it when I can
present a topic in a lively way that gets
the audience laughing,” she says. Even
better if it can inspire others: after her
presentation, she was approached by
a student who was keen to learn. He is
now set to do an internship with her at
the LCSB.
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Goodbye and thank you!

Rudi says

Äddi

38 • • •

After exactly 12 years, the LCSB’s founding
director, Prof. Rudi Balling, said goodbye
to the research centre he established.
His farewell was personal, cheerful and
optimistic. Exactly how he had shaped the
LCSB to be. First, a scientific talk concluded
a two-month-long “goodbye” lecture series
that brought together internationally
renowned scientists who shared their
perspectives on future scientific challenges.
Then the LCSB staff and Rudi’s long-time
colleagues and friends had prepared a little
celebration: the uniJAM band played some
songs especially prepared for the occasion
and Rudi received farewell gifts to accompany
him in his future journeys through the world
of science. Finally, he handed the symbolic
key of the LCSB over to his successor, Prof.
Michael Heneka. For many, a moving moment.
For the LCSB, the beginning of a new era.
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Short stories from the LCSB

Highlights of 2021

7

4
1 Full professorship for
Anne Grünewald
In 2021, the principal investigator
of the Molecular and Functional
Neurobiology group was promoted
to full professor at the University
of Luxembourg. Prof. Grünewald
joined the LCSB as an FNR ATTRACT
fellow in 2016 and now leads a
team of over 10 scientists studying
Parkinson’s disease to decipher its
origins and identify novel targets
for therapeutic intervention.
Congratulations!
2 FNR KITS grant for the
BioIncubator
“Biohealth Incubator”, a joint
initiative by the Luxembourg
Institute of Health and the LCSB
Innovation and Partnering Team, was
among the five projects retained
for funding in the framework of
the FNR’s Knowledge & Innovation
Transfer Support Programme (KITS).
The objective of KITS is to provide
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competitive funding to public
research institutions in Luxembourg,
allowing them to integrate highly
skilled professionals in the area
of knowledge transfer. Biohealth
Incubator will specifically assist
national research centres active in
HealthTech to further strengthen
their tech transfer processes and
provide state-of-the-art support for
start-up companies coming from
abroad.

3 First real LCSB Team
Retreat since 2019
In September, LCSB members met
in Gaalgebierg park in Esch-surAlzette for a treasure hunt in the
surrounding nature, followed by some
mingling and an early dinner provided
by several food trucks. This was the
first non-virtual LCSB team event
since the start of the pandemic.
It was great to see familiar faces
again and to meet new LCSB
members as well!

8
4 Science Festival 2021 –
Outreach activities back on track!
As the 2021 edition of the Science
Festival went ahead despite the
pandemic, the LCSB participated
once again in this big outreach event
organised by the FNR and the National
Museum of Natural History. A group of
volunteers from different LCSB teams
took turns to bring to life a booth about
genetics. Between classes visiting on
Thursday and Friday and the general
public at the weekend, hundreds of
visitors discovered how to decode the
information stored in our cells and
extracted some DNA with the help of
LCSB members!
5 Launch of BY-COVID: A new
project for pandemic preparedness
BeYond-COVID (BY-COVID), a new €12
million Horizon Europe funded project,
was launched in 2021. It will tackle
the data challenges that can hinder
effective pandemic response. The
core aim of the project is to ensure

that data on SARS-CoV-2 and other
infectious diseases can be found and
used by everyone. ELIXIR Luxembourg
and the Bioinformatics Core of the
LCSB participate in this ambitious
European project: they will co-lead
one of the use-cases focusing on the
interpretation of viral variants and
molecular biology data for a better
understanding of the mechanisms
behind variant responses.

6 ParkinsonNet celebrates 5 years
ParkinsonNet Luxembourg promotes
patient-centred care by training
healthcare providers to identify and
address the specific Parkinson’s
related needs of each patient and by
facilitating communication between
the different healthcare disciplines
around a patient’s individualised
treatment. Established 5 years ago,
this national network, modelled after a
highly effective Dutch programme and
coordinated by the LCSB, celebrated
its anniversary on 19 November at the

Residence of H.E. Mr. Cees Bansema,
Ambassador of the Kingdom of the
Netherlands. Researchers, health
professionals, representatives from
several national institutions and
patients attended the event.

project aims at deciphering cellular
signatures associated with memory
decline in Alzheimer's disease and
identifying the alterations that lead
to cognitive symptoms. It is led by the
Neuropathology group.

7 9th edition of Espoir-en-Tête
Every year, the Rotary Clubs of
Luxembourg raise money to support
research on brain diseases by
organising exceptional screenings
in cinemas in Luxembourg. In 2021,
the 9th year of "Espoir-en-Tête",
its organisers were able to collect
important donations despite the
cancellation of the traditional
screening due to the pandemic. This
9th edition raised 88,000 euros that
will support two projects involving
LCSB researchers. The first project
focuses on the development of a new
treatment targeting the microbiome
in Parkinson's disease. It is led by Prof.
Paul Wilmes, head of the Systems
Ecology group at the LCSB. The second

8 Prof. Heneka at the Rentrée
Académique
On 7 October, the University of
Luxembourg started the new academic
year 2021-2022 with its “Rentrée
Académique”, an event combining
speeches and presentations of awards
for outstanding teaching and student
initiatives. In his keynote speech,
Prof. Michael Heneka, new director of
the LCSB, addressed the topic of the
delayed impact of COVID-19 on the
brain. He highlighted the impact of
COVID-19 on memory functions and
brain morphology. He also encouraged
the promotion of support centres
devoted to neurocognitive studies and
the search for new therapies for people
affected by Long COVID.
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Facts and figures
2021 LCSB income (in kEUR)
544 (1.9%)
903 (3.1%)
696 (2.4%)
1,757 (6.1%)

National grants in 2021

2021 LCSB expenses (in kEUR)

61+24+6231 67+25+321

BIOFLICS

FNR CORE

Carole Linster

CD8-library

FNR CORE Junior

Melanie Grusdat

PINK1-DiaPDs

FNR CORE Junior

Giuseppe Arena

Project coordinator (if applicable)
Jan Lagerwall (FSTM)

careCDG

AFR PHD

Leonardo Mastrella

42 (0.1%)

753 (3%)

65 (0.2%)

CAinOR

INTER MOBILITY

Silvia Bolognin

CUTSINPD

JUMP PoC

Rejko Krüger, Ibrahim Boussaad

inhibitPDE-RAS2

JUMP PoC

Enrico Glaab

Daniel Abankwa (FSTM)

CORONAVAR

COVID-19

Paul Wilmes, Patrick May

Leslie Ogorzaly (LIST)

ERCSaCoV

COVID-19

Alexander Skupin

BioHealthInc

KITS

Clemens Ostrowicz

Jérémie Langlet (LIH)

CATALYST-LU

KITS

Rejko Krüger

Pranjul Shah

BeCoS

PSP Flagship

Elisabeth John

Science Festival 2021

Science in Society

Sabine Schmitz

IBIOMO

IAS Young Academics

Meryem Abbad Andaloussi, Andreas Husch

AQMA

IAS Young Academics

Alexander Skupin

Mirela Puleva (FSTM), Alexandre Tkatchenko (FSTM)

SUMCO

IAS Young Academics

Jochen Schneider

Nina Buntic (FSHE), André Schulz (FSHE)

19,574 (68%)

Wages
Operating expenses**
Investments
Representation and registration
Sub-contracting
Travel

European grants in 2021

** These figures do not reflect a credit amount of 285 kEUR related to bookings

* These figures do not reflect a credit amount of 285 kEUR related to bookings

Fundraising

11%

Silvia Bolognin

510 (1.8%)

University of Luxembourg
Luxembourg National Research Fund (FNR)
EU programmes
Further grants*
Fundraising
Ministries
Funds for knowledge transfer
Industry cooperation

19+64+116 33+11+152318
6%

LCSB responsible(s)

FNR CORE

599 (2%)

17,847 (61.8%)

Donors

Programme

AstrAging

47 (0.2%)

7,161 (25%)

7,039 (24.4%)

Project acronym

19%

Cause

18%

33%

Project acronym Programme

LCSB responsible(s)

Project coordinator

EPND

IMI-JU

Venkata Satagopam, Adrian
Thorogood, Rejko Krüger

PJ Visser, Maastricht University, Netherlands

SyMPaBiome

Widening Fellowships

Charlotte De Rudder, Paul Wilmes

ZeroPM

Horizon 2020 European Green Deal

Emma Schymanski

BY-COVID

Horizon Europe Research Infrastructures Reinhard Schneider

Niklas Blomberg, ELIXIR-Hub

CorEuStem

COST (FNR INTER)

Jens Schwamborn

Laura Batlle Morera, Center for Genomic Regulation, Spain

TeaTime

COST (FNR INTER)

Djalil Coowar

Vootele Voikar, Helsinki Institute of Life Science, Finland

BIML-19

DFG Research Unit (FNR INTER)

Andreas Husch

Florian Bernard, University of Bonn, Germany

MechEpi-2

DFG Research Unit (FNR INTER)

Alexander Skupin, Patrick May,
Roland Krause

Holger Lerche, Hertie Institute for Clinical Brain Research,
University of Tübingen, Germany

MICROHmet

Televie

Paul Wilmes

Elisabeth Letellier (FSTM)

Hans Peter Arp, Stiftelsen Norges Geotekniske Institutt,
Norway

23%

64%

15%

Private
Foundations
Corporate
Associations
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Parkinson’s research
Rare disease research
Alzheimer’s research
Education
Other topics

11%

International grants in 2021
Project acronym

Programme

LCSB responsible(s)

Project coordinator

PARKdiet

Michael J Fox Foundation

Paul Wilmes

Brit Mollenhauer, Paracelsus-Elena-Klinik Kassel, Germany

MitoDNAdel-PD

Michael J Fox Foundation

Anne Grünewald

Julia Fritzgerald, Hertie Institute for Clinical Brain Research,
University of Tübingen, Germany

HeBA - Healthy Brain Ageing

Michael J Fox Foundation

Rejko Krüger, Venkata Satagopam

Brit Mollenhauer, Paracelsus-Elena-Klinik Kassel, Germany
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Key performance indicators

LCSB organigram

Personnel

Publications

Research groups: 17

Total publications: 168

PEARL (active): 2

Publications IF>10: 35

ATTRACT (active): 2

Publications in 25% best of field: 65%*

ERC (active): 1

Open Access (OA) Publications: 82%

Total staff: 273

Publications in OA journals: 52%

Externally funded staff: 122

Cumulative number of publications°: 1234

PhD students: 64

Innovation

Nationalities: 52

Patents: 34 °

External competitive funding °

Proof of concept: 9 (total 3.8 M EUR) °

Total: 109.9 M EUR

Spin-offs active: 4

Director’s office

LCSB Director
(M. Heneka)

• Personal assistant
• Scientific officer

Research Strategy
(F. Meisch)

Research groups
Bioinformatics Core
(R. Schneider)

Biomedical Data Science
(E. Glaab)

Computational Biology
(A. del Sol)

Developmental & Cellular Biology
(J. Schwamborn)

Digital Medicine
(J. Klucken*)

Systems Ecology
(P. Wilmes)

Environmental Cheminformatics
(E. Schymanski)

Enzymology & Metabolism
(C. Linster)

Gene Expression & Metabolism
(E. Williams)

Immunology & Genetics
(D. Brenner**)

Integrative Cell Signalling
(A. Skupin)

Interventional Neuroscience
(F. Hertel***)

Medical Translational Research
(J. Schneider)

Molecular and Functional Neurobiology
(A. Grünewald)

Neuropathology
(M. Mittelbronn****)

Neuroimmunology
(M. Heneka)

Systems Control
(J. Goncalves)

Translational Neuroscience
(R. Krüger*)

Fundraising °
Total: 6 M EUR

Collaborations
Collaborative projects active in 2021: 574

° cumulative (2009-2021)

Industrial partners in active projects: 56

* based on WoS

Scientific central services
Animal facilities Aquatics and Rodents

Bioinformatics services & ELIXIR-LU

Disease modelling & screening platform

Imaging

Metabolomics

Sequencing

Infrastructure
(N. Bonjean)

Awards 2021
Award

Name

Excellent Thesis Award - University of Luxembourg

Anna Sophia Monzel

Excellent Thesis Award - University of Luxembourg

Susana Martinez Arbas

COVID-19 Lung CT Lesion Segmentation Challenge - 5th place

Jan Sölter, Daniele Proverbio, Mehri Baniasadi, Matias Nicolas Bossa, Vanja Vlasov,
Beatriz Garcia Santa Cruz, Andreas Husch

BioVaria Startup Award

OrganoTherapeutics (spin-off of the LCSB)

Science Writing Competition - University of Luxembourg - 1st place

Daniele Proverbio

Three Minute Thesis competition - 2nd place

Kathleen Mommaerts (IBBL - Visiting researcher at the LCSB)

Überflieger 2 - Winner in Luxembourg

BRAINS - Elisa Zuccoli (LCSB), José Ignacio Delgado Centeno (SnT), Daniela Vega
Gutiérrez, Aelyn Chong Castro and Lina María Amaya Mejía (Master students)
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Safety

Equipment

• Safety & biosafety
• Quality assurance & SOPs

• Instrument care & purchase
• Technology platforms

Communication
& Fundraising
• External & internal
communication
• Event management

Innovation & Partnering
• Business development & legal
• Technology transfer

• Donor acquisitions
& management
• Charity events

Management & Strategy

Infrastructure

Finance & Grants

Scienteens Lab

• Facility management
& development
• Lab coordination

• Budget planning,
reporting & control
• Grants services

• Curriculum development
• Outreach to schools

Logistics
• Laboratory supplies
• Sample shipment
• Technical support

*
in cooperation with LIH & CHL
** in cooperation with LIH
*** in cooperation with CHL
**** in cooperation with LNS & LIH

Operations
(A. Vogler)

• Secretariat
• Process management
• Strategic planning
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Denmark

Canada

Finland

13 projects (8*)

10 projects (2*)

Norway

Faroe Islands
1 project*

12 projects (7*)

1 project*

Estonia

8 projects*

Sweden

Germany

Russia

10 projects (7*)

21 projects (13*)

Latvia

135 projects (25*)

1 project*

Netherlands

Belarus

38 projects (18*)

1 project

UK

Poland

38 projects (19*)

Ireland

6 projects*

Slovakia

5 projects (3*)

4 projects (3*)

Hungary

Belgium

2 projects*

Luxembourg

Bosnia and Herzegovina

214 projects (21*)

1 project*

Bulgaria

France

37 projects (18*)

Spain

28 projects (17*)

Venezuela

64 projects (12*)

Croatia

1 project*

1 project*

Iran

6 projects*

23 projects (14*)

Mali

2 projects (1*)

Pakistan
1 project*

1 project*

India

China

5 projects (4*)

6 projects (2*)

Taiwan

3 projects (1*)

1 project*

Nigeria

United Arab Emirates

Turkey

1 project*

Peru

2 projects*

Saudi Arabia

Brazil

4 projects (2*)

Korea (south)

1 project*

Cyprus

Egypt

1 project*

Colombia

12 projects (2*)

Slovenia

Italy

30 projects (13*)

Japan

1 project*

Tunisia

Switzerland

1 project*

9 projects (7*)

16 projects (11*)

10 projects (6*)

1 project*

Greece

Austria

Portugal

USA

7 projects (6*)

Romania

30 projects (19*)

LCSB collaborations

Czech Republik

1 project*

1 project*

2 projects*

1 project*

1 project*

8 projects (3*)

1 project*

Gabon

Singapore

Israel

Congo
1 project*

Argentina

Australia

5 projects (2*)

New Zealand

13 projects (4*)

1 project*

South Africa
2 projects*

* Project within a
multinational consortium

77+6+101

Collaboration partners
34 (6%)

56 (10%)
37 (6%)
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48+15+2314 75+4+2141

Staff categories 2021

5 (1%)

Staff origins

0.4%

442 (77%)

Academic
Mixed
Industry
Hospital
Ministry

14.3%

39 (14%)

130 (48%)

4.3%

2%

64 (23%)

Researcher

Management & Admin
PhD student

40 (15%)

Technician

4%

75%
Europe
Africa
North America
South America
Asia
Oceania
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Publications 2021
Book
1. Andreas Husch, Frank Hertel. "DBS
imaging methods II: Electrode localization",
Connectomic Deep Brain Stimulation,
127-146.

Book Series
1. Adam Šmelko, Miroslav Kratochvíl,
Martin Kruliš, Tomáš Sieger. "GPU-Accelerated
Mahalanobis-Average Hierarchical Clustering
Analysis", Euro-Par 2021: Parallel Processing.
Euro-Par 2021. Lecture Notes in Computer
Science., 12820 LNCS - 580-595, 10.1007/
978-3-030-85665-6_36

Conference Proceeding
1. Vanja Vlasov, Marie Bofferding, Loïc
Marx, Chencheng Zhang, Jorge Goncalves,
Andreas Husch, Frank Hertel. "Automated
Deep Learning-based Segmentation of Brain,
SEEG and DBS Electrodes on CT Images",
Bildverarbeitung für die Medizin 2021,
Proceedings, German Workshop on Medical
Image Computing, Regensburg, March 7-9,
2021, 92-97, 10.1007/978-3-658-33198-6_22
2. Corrado Ameli, Sonja Fixemer, David S
Bouvier, Alexander Skupin. "PRAQA: Protein
relative abundance quantification algorithm
for 3D fluorescent images", BIOIMAGING
2021 - 8th International Conference on
Bioimaging; Part of the 14th International
Joint Conference on Biomedical Engineering
Systems and Technologies, BIOSTEC 2021, 2 21-30, 10.5220/0010187400210030
3. Johan Markdahl, Daniele Proverbio,
Jorge Goncalves. "Robust synchronization of
heterogeneous robot swarms on the sphere",
Proceedings of the IEEE Conference on
Decision and Control, 2020-December - 57985803, 10.1109/CDC42340.2020.9304268

Journal
1. Frederic Brosseron, Anne Maass, Luca
Kleineidam, Kishore Aravind Ravichandran,
Pablo Garcia Gonzalez, Roisin M McManus,
Christina Ising, Francesco Santarelli, CarlChristian Kolbe, Lisa M Hasler, Steffen
Wolfsgruber, Marta Marquie, Merce Boada,
Adelina Orellana, Itziar de Rojas, Sandra
Roske, Oliver Peters, Nicoleta-Carmen Cosma,
Arda Cetindag, Xiao Wang, Josef Priller, Eike
J Spruth, Slawek Altenstein, Anja Schneider,
Klaus Fliessbach, Jens Wiltfang, Bjorn H
Schott, Katharina Burger, Daniel Janowitz,
Martin Dichgans, Robert Perneczky, BorisStephan Rauchmann, Stefan Teipel, Ingo
Kilimann, Doreen Goerss, Christoph Laske,

48 • • •

Matthias H Munk, Emrah Duzel, Renat
Yakupov, Laura Dobisch, Coraline D Metzger,
Wenzel Glanz, Michael Ewers, Peter Dechent,
John Dylan Haynes, Klaus Scheffler, Nina Roy,
Ayda Rostamzadeh, Charlotte E Teunissen,
Natalie L Marchant, Annika Spottke, Mathias
Jucker, Eicke Latz, Michael Wagner, David
Mengel, Matthis Synofzik, Frank Jessen,
Alfredo Ramirez, Agustin Ruiz, Michael T
Heneka, DELCODE study group. "Soluble
TAM receptors sAXL and sTyro3 predict
structural and functional protection in
Alzheimer's disease.", Neuron, 10.1016/j.
neuron.2021.12.016
2. Semra Smajic, Cesar A Prada-Medina,
Zied Landoulsi, Jenny Ghelfi, Sylvie
Delcambre, Carola Dietrich, Javier Jarazo,
Jana Henck, Saranya Balachandran, Sinthuja
Pachchek, Christopher M Morris, Paul
Antony, Bernd Timmermann, Sascha Sauer,
Sandro L Pereira, Jens C Schwamborn,
Patrick May, Anne Grunewald, Malte
Spielmann. "Single-cell sequencing of
human midbrain reveals glial activation and
a Parkinson-specific neuronal state.", Brain,
10.1093/brain/awab446
3. Tim Van Den Bossche, Benoit J Kunath,
Kay Schallert, Stephanie S Schape, Paul
E Abraham, Jean Armengaud, Magnus O
Arntzen, Ariane Bassignani, Dirk Benndorf,
Stephan Fuchs, Richard J Giannone, Timothy
J Griffin, Live H Hagen, Rashi Halder, Celine
Henry, Robert L Hettich, Robert Heyer,
Pratik Jagtap, Nico Jehmlich, Marlene
Jensen, Catherine Juste, Manuel Kleiner,
Olivier Langella, Theresa Lehmann, Emma
Leith, Patrick May, Bart Mesuere, Guylaine
Miotello, Samantha L Peters, Olivier Pible,
Pedro T Queiros, Udo Reichl, Bernhard Y
Renard, Henning Schiebenhoefer, Alexander
Sczyrba, Alessandro Tanca, Kathrin
Trappe, Jean-Pierre Trezzi, Sergio Uzzau,
Pieter Verschaffelt, Martin von Bergen,
Paul Wilmes, Maximilian Wolf, Lennart
Martens, Thilo Muth. "Critical Assessment
of MetaProteome Investigation (CAMPI): a
multi-laboratory comparison of established
workflows.", Nature Communications, 12 - (1) 7305, 10.1038/s41467-021-27542-8
4. Enrico Glaab, Armin Rauschenberger,
Rita Banzi, Chiara Gerardi, Paula Garcia,
Jacques Demotes. "Biomarker discovery
studies for patient stratification using
machine learning analysis of omics data: a
scoping review.", Bmj Open, 11 - (12) - e053674,
10.1136/bmjopen-2021-053674
5. Corey M Griffith, Adhish S Walvekar,
Carole L Linster. "Approaches for completing
metabolic networks through metabolite
damage and repair discovery.", Current Opinion
In Systems Biology, 28 - None, 10.1016/j.
coisb.2021.100379

6. Ilya Potapov, Thirumala-Devi Kanneganti,
Antonio Del Sol. "Fostering experimental
and computational synergy to modulate
hyperinflammation.", Trends In Immunology,
43 - (1) - 4-7, 10.1016/j.it.2021.11.004
7. Gabriela Novak, Steven Finkbeiner, Gaia
Skibinski, Alexander Skupin. "Generation of
two human induced pluripotent stem cell lines
(iPSCs) with mutations of the alpha-synuclein
(SNCA) gene associated with Parkinson's
disease; the A53T mutation (LCSBi003) and
a triplication of the SNCA gene (LCSBi007).",
Stem Cell Research, 57 - 102600, 10.1016/j.
scr.2021.102600
8. Anne-Marie Hanff, Anja K Leist, Joelle V
Fritz, Claire Pauly, Rejko Krüger, Margareta
Halek, NCER-PD Consortium. "Determinants
of Self-Stigma in People with Parkinson's
Disease: A Mixed Methods Scoping Review.",
Journal Of Parkinsons Disease, 10.3233/JPD212869
9. Martina Di Rienzo, Alessandra Romagnoli,
Fabiola Ciccosanti, Giulia Refolo, Veronica
Consalvi, Giuseppe Arena, Enza Maria
Valente, Mauro Piacentini, Gian Maria
Fimia. "AMBRA1 regulates mitophagy by
interacting with ATAD3A and promoting
PINK1 stability.", Autophagy, 1-11,
10.1080/15548627.2021.1997052
10. Emadeldin Hassanin, Patrick May,
Rana Aldisi, Isabel Spier, Andreas J
Forstner, Markus M Nothen, Stefan Aretz,
Peter Krawitz, Dheeraj Reddy Bobbili,
Carlo Maj. "Breast and prostate cancer
risk: The interplay of polygenic risk, rare
pathogenic germline variants, and family
history.", Genetics In Medicine, 10.1016/j.
gim.2021.11.009
11. Verena Jakob, Arne Kuderle, Felix Kluge,
Jochen Klucken, Bjoern M Eskofier,
Jurgen Winkler, Martin Winterholler, Heiko
Gassner. "Validation of a Sensor-Based
Gait Analysis System with a Gold-Standard
Motion Capture System in Patients with
Parkinson's Disease.", Sensors, 21 - (22) 10.3390/s21227680
12. Chloe Mirzayi et al. "Reporting guidelines
for human microbiome research: the STORMS
checklist.", Nature Medicine, 27 - (11) - 18851892, 10.1038/s41591-021-01552-x
13. Miroslav Kratochvil, Laurent Heirendt,
St Elmo Wilken, Taneli Pusa, Sylvain
Arreckx, Alberto Noronha, Marvin van Aalst,
Venkata P Satagopam, Oliver Ebenhoh,
Reinhard Schneider, Christophe Trefois,
Wei Gu. "COBREXA.jl: constraint-based
reconstruction and exascale analysis.",
Bioinformatics, 38 - (4) - 1171-2, 10.1093/
bioinformatics/btab782

14. Catarina Pereira, Alexander Mazein,
Carlos M Farinha, Michael A Gray, Karl
Kunzelmann, Marek Ostaszewski, Irina
Balaur, Margarida D Amaral, Andre O Falcao.
"CyFi-MAP: an interactive pathway-based
resource for cystic fibrosis.", Scientific
Reports, 11 - (1) - 22223, 10.1038/s41598021-01618-3
15. Adrian Thorogood, Michael JS Beauvais.
"International coordination of research ethics
review: An adequacy model", Philosophies, 6 (4) - 10.3390/philosophies6040093
16. Jonathan Lawson, Moran N Cabili,
Giselle Kerry, Tiffany Boughtwood, Adrian
Thorogood, Pinar Alper, Sarion R Bowers,
Rebecca R Boyles, Anthony J Brookes,
Matthew Brush, Tony Burdett, Hayley Clissold,
Stacey Donnelly, Stephanie O M Dyke, Mallory
A Freeberg, Melissa A Haendel, Chihiro Hata,
Petr Holub, Francis Jeanson, Aina Jene, Minae
Kawashima, Shuichi Kawashima, Melissa
Konopko, Irene Kyomugisha, Haoyuan Li,
Mikael Linden, Laura Lyman Rodriguez, Mizuki
Morita, Nicola Mulder, Jean Muller, Satoshi
Nagaie, Jamal Nasir, Soichi Ogishima, Vivian
Ota Wang, Laura D Paglione, Ravi N Pandya,
Helen Parkinson, Anthony A Philippakis,
Fabian Prasser, Jordi Rambla, Kathy Reinold,
Gregory A Rushton, Andrea Saltzman, Gary
Saunders, Heidi J Sofia, John D Spalding,
Morris A Swertz, Ilia Tulchinsky, Esther J
van Enckevort, Susheel Varma, Craig Voisin,
Natsuko Yamamoto, Chisato Yamasaki, Lyndon
Zass, Jaime M Guidry Auvil, Tommi H Nyronen,
Melanie Courtot. "The Data Use Ontology
to streamline responsible access to human
biomedical datasets.", Cell Genomics, 1 - (2) None, 10.1016/j.xgen.2021.100028
17. Craig Voisin, Mikael Linden, Stephanie
O M Dyke, Sarion R Bowers, Pinar Alper,
Maxmillian P Barkley, David Bernick, Jianpeng
Chao, Melanie Courtot, Francis Jeanson,
Melissa A Konopko, Martin Kuba, Jonathan
Lawson, Jaakko Leinonen, Stephanie Li,
Vivian Ota Wang, Anthony A Philippakis, Kathy
Reinold, Gregory A Rushton, J Dylan Spalding,
Juha Tornroos, Ilya Tulchinsky, Jaime M Guidry
Auvil, Tommi H Nyronen. "GA4GH Passport
standard for digital identity and access
permissions.", Cell Genomics, 1 - (2) - None,
10.1016/j.xgen.2021.100030
18. Katja Badanjak, Patrycja Mulica,
Semra Smajic, Sylvie Delcambre, LeonCharles Tranchevent, Nico Diederich,
Thomas Rauen, Jens C Schwamborn, Enrico
Glaab, Sally A Cowley, Paul M A Antony,
Sandro L Pereira, Carmen Venegas, Anne
Grunewald. "iPSC-Derived Microglia as a
Model to Study Inflammation in Idiopathic
Parkinson's Disease.", Frontiers In Cell And
Developmental Biology, 9 - 740758, 10.3389/
fcell.2021.740758

19. Rene Peter Bremm, Christophe Berthold,
Rejko Krüger, Klaus Peter Koch, Jorge
Goncalves, Frank Hertel. "Therapeutic
maps for a sensor-based evaluation of deep
brain stimulation programming.", Biomedical
Engineering-Biomedizinische Technik, 66 - (6)
- 603-611, 10.1515/bmt-2020-0210
20. Marcello Manfredi, Evan Williams, William
C Cho, Marco Falasca. "Editorial: Recent
Advances in In Vitro and In Vivo Multi-Omics
Analyses of Extracellular Vesicles: Therapeutic
Targets and Biomarkers.", Frontiers In
Molecular Biosciences, 8 - 784436, 10.3389/
fmolb.2021.784436
21. Malte Herold, Aymeric Fouquier
D’hérouël, Patrick May, Francesco Delogu,
Anke Wienecke-Baldacchino, Jessica Tapp,
Cécile Walczak, Paul Wilmes, Henry Michel
Cauchie, Guillaume Fournier, Leslie Ogorzaly.
"Genome sequencing of sars cov-2 allows
monitoring of variants of concern through
wastewater", Water, 13 - (21) - 10.3390/
w13213018
22. Claire Pauly, Fabiana Ribeiro, Valerie
E Schröder, Laure Pauly, Rejko Krüger,
Anja K Leist, the CON-VINCE Consortium.
"The Moderating Role of Resilience in the
Personality-Mental Health Relationship
During the COVID-19 Pandemic.", Frontiers
In Psychiatry, 12 - 745636, 10.3389/
fpsyt.2021.745636
23. Martin Ullrich, Annika Mucke, Arne
Kuderle, Nils Roth, Till Gladow, Heiko Gabner,
Franz Marxreiter, Jochen Klucken, Bjoern
M Eskofier, Felix Kluge. "Detection of
Unsupervised Standardized Gait Tests From
Real-World Inertial Sensor Data in Parkinson's
Disease.", IEEE Transactions On Neural
Systems And Rehabilitation Engineering, 29 2103-2111, 10.1109/TNSRE.2021.3119390
24. Jonas Walter, Silvia Bolognin, Suresh
K Poovathingal, Stefano Magni, Deborah
Gerard, Paul M A Antony, Sarah L Nickels,
Luis Salamanca, Emanuel Berger, Lisa M
Smits, Kamil Grzyb, Rita Perfeito, Fredrik
Hoel, Xiaobing Qing, Jochen Ohnmacht,
Michele Bertacchi, Javier Jarazo, Tomasz
Ignac, Anna S Monzel, Laura GonzalezCano, Rejko Krüger, Thomas Sauter,
Michele Studer, Luis Pereira de Almeida, Karl
J Tronstad, Lasse Sinkkonen, Alexander
Skupin, Jens C Schwamborn. "The
Parkinson's-disease-associated mutation
LRRK2-G2019S alters dopaminergic
differentiation dynamics via NR2F1.",
Cell Reports, 37 - (3) - 109864, 10.1016/j.
celrep.2021.109864
25. Marek Ostaszewski et al. COVID-19
Disease Map Community. "COVID19 Disease
Map, a computational knowledge repository

of virus-host interaction mechanisms.",
Molecular Systems Biology, 17 - (10) - e10387,
10.15252/msb.202110387
26. Evan G Williams, Niklas Pfister, Suheeta
Roy, Cyril Statzer, Jack Haverty, Jesse Ingels,
Casey Bohl, Moaraj Hasan, Jelena Cuklina,
Peter Buhlmann, Nicola Zamboni, Lu Lu, Collin
Y Ewald, Robert W Williams, Ruedi Aebersold.
"Multiomic profiling of the liver across diets
and age in a diverse mouse population.",
Cell Systems, 13 - (1) - 43-57.e6, 10.1016/j.
cels.2021.09.005
27. Itxaso Anso, Luis G M Basso, Lei Wang,
Alberto Marina, Edgar D Paez-Perez, Christian
Jager, Floriane Gavotto, Montse Tersa,
Sebastian Perrone, F-Xabier Contreras,
Jacques Prandi, Martine Gilleron, Carole L
Linster, Francisco Corzana, Todd L Lowary,
Beatriz Trastoy, Marcelo E Guerin. "Molecular
ruler mechanism and interfacial catalysis
of the integral membrane acyltransferase
PatA.", Science Advances, 7 - (42) - eabj4565,
10.1126/sciadv.abj4565
28. Pia S Zeiner, Leonhard Mann, Katharina
Filipski, Tatjana Starzetz, Marie-Therese
Forster, Michael W Ronellenfitsch, Joachim
P Steinbach, Michel Mittelbronn, Marlies
Wagner, Patrick N Harter. "Immune profile and
radiological characteristics of progressive
multifocal leukoencephalopathy.", European
Journal Of Neurology, 29 - (2) - 543-554,
10.1111/ene.15140
29. Gabriela Novak, Steven Finkbeiner, Gaia
Skibinski, Alexander Skupin. "Generation
of two human induced pluripotent stem cell
lines from fibroblasts of unrelated Parkinson's
patients carrying the G2019S mutation in
the LRRK2 gene (LCSBi005, LCSBi006).",
Stem Cell Research, 57 - 102569, 10.1016/j.
scr.2021.102569
30. Michelle LM Mulder, Xuehui He, Juul MPA
van den Reek, Paulo CM Urbano, Charlotte
Kaffa, Xinhui Wang, Bram van Cranenbroek,
Esther van Rijssen, Frank HJ van den Hoogen,
Irma Joosten, Wynand Alkema, Elke MGJ de
Jong, Ruben L Smeets, Mark H Wenink, Hans
JPM Koenen. "Blood-based immune profiling
combined with machine learning discriminates
psoriatic arthritis from psoriasis patients",
International Journal Of Molecular Sciences,
22 - (20) - 10.3390/ijms222010990
31. Javier Jarazo, Kyriaki Barmpa,
Jennifer Modamio, Claudia Saraiva,
Sonia Sabate-Soler, Isabel Rosety,
Anne Griesbeck, Florian Skwirblies, Gaia
Zaffaroni, Lisa M Smits, Jihui Su, Jonathan
Arias-Fuenzalida, Jonas Walter, Gemma
Gomez-Giro, Anna S Monzel, Xiaobing
Qing, Armelle Vitali, Gerald Cruciani,
Ibrahim Boussaad, Francesco Brunelli,
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Christian Jager, Aleksandar Rakovic, Wen
Li, Lin Yuan, Emanuel Berger, Giuseppe
Arena, Silvia Bolognin, Ronny Schmidt,
Christoph Schroder, Paul M A Antony,
Christine Klein, Rejko Krüger, Philip Seibler,
Jens C Schwamborn. "Parkinson's Disease
Phenotypes in Patient Neuronal Cultures and
Brain Organoids Improved by 2-Hydroxypropylbeta-Cyclodextrin Treatment.", Movement
Disorders, 37 - (1) - 80-94, 10.1002/mds.28810
32. Peter A Barbuti, Jochen Ohnmacht,
Bruno FR Santos, Paul M Antony, François
Massart, Gérald Cruciani, Claire M Dording,
Lukas Pavelka, Nicolas Casadei, Yong-Jun
Kwon, Rejko Krüger. "Gene-corrected p.A30P
SNCA patient-derived isogenic neurons rescue
neuronal branching and function.", Scientific
Reports, 11 - (1) - 21946, 10.1038/s41598-02101505-x
33. Johan Markdahl. "Counterexamples
in synchronization: Pathologies of
consensus seeking gradient descent flows
on surfaces", Automatica, 134 - 10.1016/j.
automatica.2021.109945
34. Fotis A Baltoumas, Sofia Zafeiropoulou,
Evangelos Karatzas, Savvas Paragkamian,
Foteini Thanati, Ioannis Iliopoulos, Aristides
G Eliopoulos, Reinhard Schneider, Lars
Juhl Jensen, Evangelos Pafilis, Georgios A
Pavlopoulos. "OnTheFly2.0: a text-mining
web application for automated biomedical
entity recognition, document annotation,
network and functional enrichment analysis.",
NAR Genomics And Bioinformatics, 3 - (4) lqab090, 10.1093/nargab/lqab090
35. Rachel Mendelsohn, Guadalupe C Garcia,
Thomas M Bartol, Christopher T Lee, Priya
Khandelwal, Emily Liu, Donald J Spencer, Adam
Husar, Eric A Bushong, Sebastien Phan, Guy
Perkins, Mark H Ellisman, Alexander Skupin,
Terrence J Sejnowski, Padmini Rangamani.
"Morphological principles of neuronal
mitochondria.", Journal Of Comparative
Neurology, 10.1002/cne.25254
36. Theresa Luth, Kobi Wasner, Christine
Klein, Susen Schaake, Ronnie Tse, Sandro
L Pereira, Joshua Lass, Lasse Sinkkonen,
Anne Grunewald, Joanne Trinh. "Nanopore
Single-Molecule Sequencing for Mitochondrial
DNA Methylation Analysis: Investigating
Parkin-Associated Parkinsonism as a Proof of
Concept.", Frontiers In Aging Neuroscience, 13
- 713084, 10.3389/fnagi.2021.713084
37. Beatriz Garcia Santa Cruz, Matias
Nicolas Bossa, Jan Solter, Andreas
Dominik Husch. "Public Covid-19 X-ray
datasets and their impact on model bias A systematic review of a significant problem.",
Medical Image Analysis, 74 - 102225, 10.1016/j.
media.2021.102225
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38. Kathleen Mommaerts, Eline A J
Willemse, Monica Marchese, Catherine Larue,
Wiesje M van der Flier, Fay Betsou, Charlotte E
Teunissen. "A Cystatin C Cleavage ELISA Assay
as a Quality Control Tool for Determining SubOptimal Storage Conditions of Cerebrospinal
Fluid Samples in Alzheimer's Disease
Research.", Journal of Alzheimer's Disease,
83 - (3) - 1367-1377, 10.3233/JAD-210741
39. Mahmoud Koko, Roland Krause, Thomas
Sander, Dheeraj Reddy Bobbili, Michael
Nothnagel, Patrick May, Holger Lerche, Epi25
Collaborative. "Distinct gene-set burden
patterns underlie common generalized and
focal epilepsies.", eBioMedicine, 72 - 103588,
10.1016/j.ebiom.2021.103588
40. Niklas Pfister, Evan G Williams, Jonas
Peters, Ruedi Aebersold, Peter Bühlmann.
"Stabilizing variable selection and regression",
Annals Of Applied Statistics, 15 - (3) - 12201246, 10.1214/21-AOAS1487
41. Suheeta Roy, Maroun Bou Sleiman, Pooja
Jha, Jesse F Ingels, Casey J Chapman, Melinda
S McCarty, Jesse D Ziebarth, Michael Hook,
Anna Sun, Wenyuan Zhao, Jinsong Huang,
Sarah M Neuner, Lynda A Wilmott, Thomas
M Shapaker, Arthur G Centeno, David G
Ashbrook, Megan K Mulligan, Catherine C
Kaczorowski, Liza Makowski, Yan Cui, Robert W
Read, Richard A Miller, Khyobeni Mozhui, Evan
G Williams, Saunak Sen, Lu Lu, Johan Auwerx,
Robert W Williams. "Gene-by-environment
modulation of lifespan and weight gain in the
murine BXD family.", Nature Metabolism, 3 (9) - 1217-1227, 10.1038/s42255-021-00449-w
42. Jessy Krier, Randolph R Singh, Todor
Kondic, Adelene Lai, Philippe Diderich, Jian
Zhang, Paul A Thiessen, Evan E Bolton, Emma
L Schymanski. "Discovering pesticides and
their TPs in Luxembourg waters using open
cheminformatics approaches.", Environment
International, 158 - 106885, 10.1016/j.
envint.2021.106885
43. Mareike Neumann, Alex Steimle, Erica T
Grant, Mathis Wolter, Amy Parrish, Stephanie
Willieme, Dirk Brenner, Eric C Martens, Mahesh
S Desai. "Deprivation of dietary fiber in specificpathogen-free mice promotes susceptibility to
the intestinal mucosal pathogen Citrobacter
rodentium.", Gut Microbes, 13 - (1) - 1966263,
10.1080/19490976.2021.1966263
44. Stilianos Fodelianakis, Alex D Washburne,
Massimo Bourquin, Paraskevi Pramateftaki,
Tyler J Kohler, Michail Styllas, Matteo Tolosano,
Vincent De Staercke, Martina Schon, Susheel
Bhanu Busi, Jade Brandani, Paul Wilmes,
Hannes Peter, Tom J Battin. "Microdiversity
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