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The LCSB is an interdisciplinary research centre at the University of Luxembourg. Its 270 staff 
members combine their expertise in a broad spectrum of disciplines - from computational biology to 
clinical and experimental neuroscience – to study the brain and its diseases. Research at the LCSB 
focuses on neurodegenerative diseases such as Alzheimer’s or Parkinson’s. Collaboration between 
biologists, medical and computer scientists, physicists, engineers as well as mathematicians offers 
new insights into complex biological mechanism and disease processes, with the aim of developing 
new tools for diagnostics, prevention and therapy.

The LCSB has established strategic partnerships with scientific partners worldwide and with all 
major biomedical research units in Luxembourg. The centre also carries out collaborative projects 
with hospitals and research-oriented companies, accelerating the translation of fundamental 
research results into clinical applications, for the benefit of patients. ¢

LCSB in brief
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Breaking new ground

Michael Heneka

How to best summarise my first year as the new director of 
the LCSB? Mentioning that we broke ground for Biotech 3 is a 
good start. The constructing of the new building that will host 
our researchers started November 2022 and it embodies well 
what happened in the past months. The story of the LCSB keeps 
unfolding: projects initiated long ago are coming to fruition and 
brand-new initiatives are launched. We are taking the next steps, 
building on the strong foundations of our centre.

Research is in full swing. We have strengthened our focus on 
neurodegenerative diseases, with the addition of a new research 
group studying neuroinflammation, the launch of a large study 
on risk factors and several exciting publications on Parkinson’s, 
Alzheimer’s, and ageing in general. Tandem projects aiming to 
promote interdisciplinary research and collaboration within the 
LCSB have been launched successfully. The centre is also part of 
far-reaching research initiatives involving national and European 
partners, such as the new centre of excellence in digital health and 
personalised healthcare (Clinnova).

Our infrastructure and services are evolving as well. We have 
developed the platforms that provide access to equipment 
and expertise to researchers, at the LCSB and externally. We 
have implemented sustainable practices in our labs and further 
improved animal welfare in our facilities. Lastly, a dedicated team 
has streamlined our publication process, to foster reproducibility 
and adhere to the latest scientific standards.

In many ways, research relies on human connections and 
exchanges. In that sense, 2022 was also marked by the LCSB team 
getting back together after the pandemic. This meant we could 
organise and participate in stimulating scientific conferences, 
lively internal events and exciting outreach activities. What a treat!

After a year of transitions, it is now time to think about the future. 
We have asked a group of renowned scientists to be part of the 
new advisory board of the LCSB. With their guidance and the 
contribution of our remarkable team, we will shape the LCSB 
strategy for the coming years. The strategy will aim to broaden 
current knowledge about the human brain and to break new 
grounds in neuroscience. 

A new building for 
biomedical research
On 29 November 2022, Claude Meisch, Minister of Research and Higher Education, and Simone 
Asselborn-Bintz, Mayor of Sanem, broke ground for the new Biotech 3 building (BT3) on Campus Belval, 
in the presence of a university delegation and the developers of the building. BT3, whose opening is 
scheduled for 2026, will foster interdisciplinary research and outreach activities.

It will host both laboratory and office spaces for researchers of the LCSB and the Department of Life 
Sciences and Medicine of the University of Luxembourg, on a total of 7400 square meters. BT3 will 
also include dedicated spaces to engage with society: a visitor centre, a small exhibition area and a 
laboratory dedicated to scientific workshops for high school students.

BT3 will be connected to the existing Biotech 2 building via a footbridge. Through this connection, all 
the research groups of the LCSB will be reunited under one roof. “Being interdisciplinary is a key aspect 
of neurodegeneration research at the LCSB, which relies on proximity and exchange,” details Prof. 
Michael Heneka, director of the LCSB. “I am very much looking forward to finally bringing all our groups 
closer together.” ¢

From left to right: Prof. Jens Kreisel, Claude Meisch, Simone Asselborn-Bintz, 
Prof. Iris Behrmann, Frank Wallenborn, Mauricio Bei and Prof. Michael Heneka.
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At the end of the year, the Luxembourg National Research 
Fund (FNR) has awarded an FNR PEARL Chair to Michael 
Heneka for a research project called MINIALZ. With 
this new project, endowed with 3.9 million euros, the 
Neuroinflammation group will further disentangle the 
role of genetic and environmental influences, such as diet 
and lifestyle, on the onset and progression of Alzheimer’s 
disease. “We will study the interaction of immune cells 
and neurons in the brain, both in animal models and in 
cell cultures directly derived from blood samples given 
by patients,” details Michael Heneka. “Our aim is to 
better understand what role the brain immune cells play 
in keeping neurons healthy and what happens if their 
interactions are altered.”

The project will capitalise on the recent identification of 
a new mechanism by Michael Heneka’s team: microglia, 
the immune cells of the brain, form connections with 
neighbouring neurons. These so-called tunnelling 
nanotubes are used to free the nerve cells from 

Exploring neuroinflammation 
and its role in Alzheimer’s disease

pathological proteins, ensuring their function and 
survival. Preliminary results suggest that the mechanisms 
involved are defective in microglia carrying mutations 
associated with Alzheimer’s disease, placing this network 
of nanotubes at the core of neurodegeneration. This 
brand-new field of study is promising, opening new 
avenues for several brain diseases and eliciting a lot of 
interest in the international scientific community.

By studying the underlying mechanisms of Alzheimer’s 
disease at the molecular level, MINIALZ will give important 
indications for earlier diagnosis and potential treatment 
options. “We want to coordinate fundamental research on 
dementia in Luxembourg with translational and clinical 
research efforts,” says Michael Heneka. “Our results 
should help to develop new biomarkers and therapeutic 
measures, and support Luxembourg’s ambition to provide 
excellent healthcare to dementia patients.” ¢

At the LCSB, the new research group led by 
Prof. Michael Heneka studies the underlying 
mechanisms of Alzheimer’s disease, in 
particular the role of the immune system 
and its dysregulation. 

With an expected increase from currently 
55 million cases to about 150 million in 2050, 
dementia will significantly affect healthcare 
systems worldwide. Alzheimer’s disease is 
the most common cause of dementia. This 
neurodegenerative disorder leads to memory 
dysfunction, behavioural disturbances and 
loss of all higher cognitive functions. “It has 
become increasingly clear that Alzheimer’s 
is, in fact, not a disease of the elderly but 
starts much earlier in life,” explains Michael 
Heneka, director of the LCSB and head of the 
Neuroinflammation group. “Understanding 
its origins is therefore key to being able to 
detect and treat it before the devastating 
effects on the brain fully appear.”

As a board-certified neurologist and 
clinician-scientist, Heneka has extensive 
experience in studying neurodegenerative 
diseases at experimental, preclinical and 
clinical levels. With the help of his group 
at the LCSB, he is now looking at these 
diseases through the lens of immune 
mechanisms in the central nervous 
system. Active since May 2022 and steadily 
growing, the new team focuses on early 
immune processes to better understand 
neuroinflammation, a common hallmark 
of neurodegenerative diseases.

Text image

From research to 
clinical applications 
to improve care for 
dementia patients.

The World Health Organisation has identified dementia as a major health issue. Approximately 
two-thirds of all dementia patients suffer from Alzheimer’s disease. To date, the mechanisms 
responsible for this neurodegenerative disorder remain unclear and neither preventive nor 
disease-modifying therapies exist. 

The Neuroinflammation team

Microscopy image of tunnelling nanotubes
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Award for excellent thesis 
on antimicrobial resistance
During the 2022 PhD graduation ceremony, Dr Laura de Nies, who obtained her PhD at the LCSB, received 
an Excellent Thesis Award for her work on “Microbiome reservoirs of antimicrobial resistance”. This award 
presented by the University of Luxembourg recognises the exceptional quality of the research conducted by 
a doctoral graduate. 

As a PhD student in the Systems Ecology group, Laura de Nies worked on antimicrobial resistance (AMR), 
which occurs when microbes evolve over time and no longer respond to antibiotic drugs, making bacterial 
infections harder to treat. “AMR presents a global threat to public health as emerging resistant bacteria 
residing within human, animal and environmental reservoirs may spread,” she explains. 
To better understand the spread of AMR, she studied antimicrobial resistance 
mechanisms in different samples, from the gut microbiomes of infants and mice to 
microbial communities in wastewater treatment plants and glacierfed streams. The 
results obtained during her PhD, which have already been published in several scientific 
journals, improve our understanding of antimicrobial resistance and indicate possible 
transmission routes for its dissemination from the environment to humans. ¢

The human microbiome, the 
collection of microorganisms 
that live in and on our body, is 
intricately connected to our health. 
Recent studies have shown that 
these microbial communities are 
implicated in various diseases and 
that the molecules they produce 
could be drivers of many pathogenic 
processes, including inflammation. 
However, much remains to be 
discovered about the biology of 
the microbiome and its complex 
interactions with the human host, 
especially the way by which gut 
microbiome-derived molecules 
shape our immune response.

In health, the gut microbiome 
confers essential functions, such as 
digestion and synthesis of vitamins, 
contributes to the metabolism 
and plays an important role in the 
regulation of the immune system. 
In contrast, perturbations of this 
microbial community – called 
dysbiosis – have been reported in 
several chronic diseases associated 
with local or systemic inflammation, 
including neurodegenerative 
diseases. The microorganisms that 
inhabit our digestive tract produce a 
wide range of molecules. Our organs 
and tissues are exposed to this 
group of biomolecules, coined the 
“expobiome” by LCSB researchers. 
They include nucleic acids, peptides, 
proteins and metabolites, and 
impact human physiology in multiple 
ways. “In order to understand the 
causal roles of this molecular soup 
in the context of pathogenesis, it is 

therefore crucial to understand how 
they affect the human body, including 
the immune system, from a systemic 
perspective,” explains Prof. Wilmes, 
head of the Systems Ecology group.

This is where the Expobiome Map, 
a new interactive tool developed 
as part of the ERC-funded project 
ExpoBiome led by Paul Wilmes, 
comes into play. It compiles 
the current knowledge about 
interactions between microbiome-
derived molecules and immune 
pathways, allowing scientists 
to explore the growing body of 
literature on the topic and providing 
a basis to develop new hypotheses.

Members of the Systems Ecology 
group, the Bioinformatics Core  
and the Medical Translational 
Research group collaborated to 
integrate information from several 
databases and from the literature 
in the form of a visual display. 
The resulting map showcases a 
complex network of interactions 
involving numerous combinations 
of molecules, which contribute to 
many different disease processes.  
It can be browsed online and will 
help the scientific community to 
identify knowledge gaps or make 
inferences on likely links between 
specific microbes and diseases.  
“It is meant as a way to connect the 
dots, a basis to contextualise and 
expand our current understanding 
of the mechanistic role of the gut 
microbiome in human health and 
disease,” concludes Wilmes. ¢
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The Expobiome Map: exploring the 
role of microbiome-derived molecules

https://expobiome.lcsb.uni.lu/minerva/

Watch the Video

From left to right: Prof. Stéphane Pallage, Dr Laura De Nies and Prof. Paul Wilmes
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A new survey to detect risk factors 
for neurodegenerative diseases

The earlier Parkinson’s disease is diagnosed, the better 
the chances of optimally treating the symptoms and 
avoiding complications. In the framework of NCER-PD, 
researchers from the LCSB and the Luxembourg Institute 
of Health work together to improve the early detection 
of Parkinson’s and develop new options for disease 
prevention. They focus on identifying risk factors as well 
as pinpointing early signs of neurodegeneration. Since 
2015, the NCER-PD team has developed strong expertise 
in clinical research on Parkinson’s, following large cohorts 
of participants over several years and developing the 
infrastructure to collect, store, share and analyse vast 

amounts of data in accordance with the highest scientific 
standards and European regulations. Taking advantage 
of this long-standing know-how and of a successful first 
survey on sleep quality and Parkinson’s disease carried 
out in 2021, the team is now investigating risk factors for 
neurodegeneration more extensively.

The new study, entitled “Healthy Ageing” (HeBA), focuses 
on methods for risk prediction and the identification of 
people at risk of developing neurodegenerative diseases. 
Residents in Luxembourg and the Greater Region – 
between 50 and 80 years old and not diagnosed with 

Parkinson’s or dementia – are invited to fill in a detailed 
online questionnaire covering a wide range of topics 
such as demographics, occupation, lifestyle, and medical 
history. This information will allow the researchers to 
calculate individual risk scores and to offer people with 
specific scores the possibility to benefit from further 
in-depth clinical assessments. “We hope to ascertain 
the influence of different potential risk factors and that 
this will help us progress towards targeted prevention 
for neurodegenerative diseases such as Alzheimer’s and 
Parkinson’s,” details Prof. Rejko Krüger.

The survey is part of a collaboration with research centres 
in Kassel and Göttingen (Germany), Innsbruck (Austria) 
and Barcelona (Spain). The objective is to have several 
thousand participants in each location. “As always for 
clinical advances, the active participation of volunteers 
is key,” highlights Rejko Krüger. “We are very thankful 

to the people who dedicate their time to this important 
research. The information they provide is crucial to 
learn more about the risk factors and initial symptoms 
of neurodegenerative diseases, and to develop novel 
prevention strategies that are urgently needed.” This 
concerted effort, leveraging the expertise of the NCER-PD 
team and building on an international collaboration, should 
lead to the creation of a European hub for risk screening 
for neurodegenerative diseases. The main objective is to 
find out how methods for risk factor assessment and early 
detection at the population level translate into individual 
risk predictions. Being able to identify people close to 
developing Parkinson’s or dementia will indeed be crucial, 
once curative treatments become available.

HeBA is supported by the Michael J. Fox Foundation for 
Parkinson’s Research (MJFF), a major actor in research 
on Parkinson’s disease worldwide, whose aim is to ensure 
the development of improved therapies for those living 
with the disease. MJFF identifies and funds projects most 
vital to patients, and coordinates the efforts of multiple 
scientific teams worldwide. The foundation has taken an 
interest in the research conducted in Luxembourg and 
its support to HeBA – with one million euros over three 
years – is the first step towards Luxembourg joining 
a global MJFF initiative: the Parkinson’s Progression 
Markers Initiative. This extensive study includes more 
than 50 research institutions contributing data and 
biological samples to one of the most robust Parkinson’s 
databases and specimen banks worldwide. “We are very 
excited about the opportunity of joining this prestigious 
international network and can be very proud of the 
efforts of the NCER-PD team over the past eight years. 
It demonstrates that Luxembourg is highly recognised 
on the international stage among the key players in 
Parkinson’s research,” Krüger concludes. ¢

Exploring risk 
prediction to make 
progress in terms of 
prevention

To participate in the study and contribute 
to research, go to www.heba.lu

In September 2022, the National Centre of Excellence in Research on Parkinson’s Disease 
(NCER-PD), coordinated by Prof. Rejko Krüger, launched an online survey to explore methods 
for risk prediction for neurodegenerative disorders. Over the course of a year, the researchers 
plan to reach 10,000 participants from Luxembourg and the Greater Region. 
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A publication pipeline
Scientific publishing has 
changed dramatically 
over the past two 
decades. While the 
focus used to be entirely 
on the manuscript itself, 
today it is much more 
about the complete 
publication, which 
includes data, computer 
code and lab protocols. 
To help researchers 
handle the ever-growing 
requirements and 
continue publishing 
high-quality papers, the 
LCSB has established 
the Pre-Publication 
Check (PPC).

the PPC process, the authors can be sure that they meet 
the latest quality standards. They also comply with the 
FAIR (Findable, Accessible, Interoperable, and Reusable) 
principles for research assets and with the European law 
on data protection (GDPR). 

“Studies show that the reproducibility of publications 
that do not go through such a process drops noticeably 
within five years,” Heirendt mentions. “What is the use of 
publishing a breakthrough paper in a recognised journal 
if nobody cites it five years down the line because your 
computer code or data are not available anymore?” 
The PPC, he believes, is therefore far more than just 
the quality assurance of a publication; it is a long-term 
investment in public research.

After a test phase, the PPC will be implemented for all 
LCSB publications in a stepwise manner during 2023. Of 
course, the PPC team is there to accompany researchers 
along the way. “There is a PPC bootcamp, where we 
answer all questions related to this quality insurance tool,” 
Heirendt announces. “It is accompanied with extensive 
documentation as well as personal advice and support for 
highly individual questions.” ¢

“The PPC is similar to the checklist that pilots have to go 
through before every flight,” says Dr Laurent Heirendt, one 
of the initiators of the project. Researchers who want to 
publish, upload their manuscript to the LCSB’s publication 
platform before submitting it to a journal. Heirendt and 
his colleagues then run partially automated checks and 
identify any missing research assets. “We do not look for 
scientific soundness. That is what the journal’s peer review 
process is for,” says Heirendt. Rather, the PPC team makes 
sure the raw material and background information – what 
is called research assets – are all accounted for. Ultimately, 
it is the data and code that enable other research groups 
to reproduce results and build upon them. “Research is 
like construction,” he explains. “You lay one brick on top of 
another, so, if you leave gaps, others will have difficulties 
to build upon your work. If it is not reproducible, it cannot 
make a good foundation for further scientific research.”

The PPC is designed to address this issue. There is more 
to it than just proofing data and code. Using various 
automated software tools, Laurent Heirendt and his 
colleagues also evaluate the scientific rigor, check for 
plagiarism, verify legal aspects and identify intellectual 
property. Once publications have successfully passed 

FNR Award for precision medicine
On 20 October 2022, the Luxembourg National Research Fund (FNR) presented the FNR Awards to reward 
exceptional contributions to science in Luxembourg. During the ceremony, Prof. Rejko Krüger, head of the 
Translational Neuroscience group at the LCSB and director for Transversal Translational Medicine at the 
Luxembourg Institute of Health (LIH), and Dr Ibrahim Boussaad, researcher at the LCSB, received the 2022 
FNR Award for Outstanding Scientific Achievement.

The award was attributed to the two scientists and their team for the first proof-of-concept for precision 
medicine in Parkinson’s disease. This long-term translational research project resulted in the publication of 
scientific articles in high-impact peer-reviewed journals and the registration of patents at the national and 
European level. It also led to the set-up of the first inter-institutional infrastructure for early drug discovery 
between the LCSB and the LIH. “Integrating a wide range of expertise across different disciplines 
over the past seven years was essential to carry out and finally succeed in this extensive project,” 
underlines Krüger. “It is a great honour for us to receive such a prestigious award and to turn the 
spotlight on precision medicine for Parkinson’s disease.”

The project was supported by the FNR through a PEARL grant and the National Centre for 
Excellence in Research on Parkinson’s disease (NCER-PD). ¢ Watch the Video
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Expert skills and cutting-edge facilities

Using state-of-the-art technologies, the Metabolomics 
platform provides high quality mass spectrometry-
based measurements of a wide range of small 
molecules in biological samples. The platform offers 
both gas chromatography–mass spectrometry (GC-MS) 
and liquid chromatography–mass spectrometry (LC–MS) 
services, and continuously develops new analytical 
methods.

The Bioimaging platform grants access to high-resolution 
microscopy and flow cytometry instruments. They 
are used for the observation of fixed and live samples, 
and for low-phototoxicity imaging of whole organs and 
organisms. These technologies are complemented by 
sophisticated image analysis of cell morphology, topology 
and cellular dynamics.

The Disease modelling & screening platform provides 
services related to early drug discovery and access 
to high‐throughput screening equipment. It is a 
collaboration between the LCSB and the Luxembourg 
Institute of Health. It facilitates the translation of 
scientific discoveries into tangible drug candidates, 
helping researchers develop cellular disease models and 
perform phenotypic screenings.

The Rodent platform develops animal models such as 
humanised and germ-free mice. It comprises a breeding 
area and an experimental area. Scientists can run a 
broad range of procedures: creation of transgenic lines, 
stereotaxic surgery and motor behaviour studies. Work 
in the two animal platforms requires specific training and 
is done in compliance with ethical standards and animal 
protection laws.

The Genomics platform offers next-generation 
sequencing using a combination of instruments. Its 
services range from advice on experimental design, 
quality controls of samples and library preparation  
to primary data analysis. Expertise is available for  
single cell RNA sequencing, meta-transcriptomics, 
metagenomics, targeted gene sequencing and long 
read DNA sequencing.

The Aquatic platform consists of a modern, semi-
automated facility that provides husbandry and 
embryo production for zebrafish. Robotic feeding 
and maintenance of micro-environmental conditions 
ensure excellent conditions for research quality and 
animal welfare. The platform offers services such as the 
generation of disease models, small molecule screens 
and toxicological studies.

The Bioinformatics platform offers expertise and 
infrastructure for data management and large data 
storage. The services include workflows for data capture 
and analysis, assistance in the curation of clinical 
data and access to bioinformatics tools. The platform 
contributes to the integration of data across different 
disciplines. It also provides support for data visualisation. 
Lastly, it maintains web services for researchers and the 
IT infrastructure needed for experimental work in the lab.

Through seven platforms, the LCSB provides scientific services: access to specific 
equipment and expertise needed to support research in various fields. 

Cutting across disciplines, from neurosciences to data 
science, from immunology to microbiology, the LCSB 
integrates different technologies and models. Platforms 
guarantee that important resources are easily available 
to all research groups. They also offer fee-based 
customised services to external users at national 
and international level. The existing facilities provide 
state-of-the-art equipment in the fields of sequencing 
and single-cell analysis, metabolomics, animal research, 
bioinformatics, bioimaging and high through-put 
screening. 

The seven platforms are run by highly skilled teams. 
These dedicated platform managers and technicians 
contribute to method development and ensure 
knowledge transfer. Over the coming years, the 
LCSB platforms will keep developing their portfolios, 
in close alignment with the needs of the scientific 
community.
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Greener life science labs

To drive this behavioural change, the lab support team 
is implementing more structured actions, starting with 
a certification programme. Through a survey, “My Green 
Lab”, a non-profit organisation, assessed the needs of the 
LCSB in terms of sustainability. Their analysis provided 
a framework for improvements over the following months. 
A working group, composed of lab technicians, safety 
officers and scientists, was then created, allowing 
a collective reflection on how to best implement new 
eco-friendly practices.

Life science research activities go through an astronomical amount of plasticware – about 
5.5 million tonnes per year worldwide. Waste-sorting directly in the laboratories is part of 
greening the labs but is not the only eco-friendly practice that laboratories can resort to. 
The lab support team at the LCSB has prioritised sustainability since the beginning.

Repairing instead of replacing and having efficient 
inventory software are only a few examples of initiatives 
already in place. “But we felt that we could do even 
more: for example, optimise the use of energy-intensive 
equipment,” explains Annegrät Daujeumont, the 
research support technician who oversees the Green Lab 
certification project at the LCSB. “We want to develop 
an eco-friendly attitude within the centre so that the 
effects on the environment are considered in every 
decision we make.”

Keeping energy consumption in check was one of the 
issues the LCSB team decided to tackle heads-on. “A good 
place to start is to identify which instruments need to be 
always switched on and which ones can be put on timers,” 
details Daujeumont. “We carried out this assessment on a 
case-by-case basis, in order to have the smallest possible 
impact on the daily organisation of the researchers and 
the quality of their work.” 

Joining the Freezer Challenge, an international 
competition designed to promote best practices in cold 
storage management, was also a good way to motivate the 
LCSB team to optimise the use of fridges and freezers. 
Actions included defrosting, cleaning out unneeded 
samples and shoring up sample-tracking methods. As a 
result, some appliances could be turned off, extending  
the lifespan of the equipment while significantly reducing 
the energy consumption linked to cold storage.

Green chemistry was another target. The goal being to 
challenge the use of certain substances and propose less 
harmful alternatives that limit energy-consuming waste 
treatment. “New software enables us to easily identify 
dangerous chemicals and to then systemically initiate a 
discussion between researchers and the safety officers,” 
describes Annegrät Daujeumont.

Other issues can be more challenging to address, such 
as the limitation of plastic waste and ethical sourcing. 
“The whole process will take time of course, but the 
progress already achieved makes it all worth it,” she 
concludes. 

Thanks to this recent team effort, the LCSB has been 
reassessed by My Green Lab and is now fully certified, 
with a Gold certification reflecting that over 60% of 
green lab best practices have been adopted by the 
centre. ¢

The LCSB 
received a Gold 
certification, 
reflecting that we 
have adopted over 60% of 
green lab best practices.
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Unlocking the potential 
of data science in healthcare

The digital transformation of the health sector can be 
slow, with complex systems involving many stakeholders 
as well as legal and ethical questions that need to be 
considered. Yet, patient data and artificial intelligence are 
at the heart of an accelerating digital health revolution. 
It promises direct benefits for patients and society at 
large. In this context, the Luxembourg Institute of Health 
(LIH) and the LCSB are launching Clinnova. This new 
project, funded through the NCER programme of the 
Luxembourg National Research Fund (FNR), will support 
the digitalisation of healthcare. It will facilitate access, 
sharing and analysis of high-quality health data.

Clinnova will establish an IT-infrastructure that is 
interoperable, federated and secure. In Luxembourg, the 
Clinnova data integration centre will eventually connect 
hospitals, research institutions, ministries and the health 
insurance provider. The centre will combine clinical, 
biomedical and patient-generated data. It will ensure 
data quality and standardisation, will bridge fundamental 
research and healthcare, and serve as a basis for precision 
medicine solutions. “The focus of Clinnova to employ data 
science to reshape healthcare aligns well with the national 
priorities of Luxembourg,” explains Dr Françoise Meisch, 
scientific strategic advisor at the LCSB, who has followed 
the project since the very beginning. “But Clinnova is 
much more than a national endeavour: It will not only 
connect key health players within Luxembourg but also 
major clinical centres in the neighbouring regions.” 

By partnering with digital health initiatives in France, 
Germany and Switzerland, Clinnova will establish a 
cross-border platform involving collaborators from 

four countries. This infrastructure will open health data 
exchanges between trusted public partners and set a 
proof-of-concept for a European integrated network.  
“The objective is of course to accelerate research on 
disease mechanisms, biomarkers and therapeutic 
targets,” says Prof. Reinhard Schneider, head of the 
Bioinformatics Core at the LCSB and co-lead of Clinnova.

On the Luxembourgish side, the project will build on the 
long-standing expertise of the LCSB and the LIH when 
it comes to disease modelling, patient stratification and 
data curation. “We are involved in ongoing initiatives 
aiming to improve knowledge management and data 
sustainability at the European level, such as Smart4Health 
and HealthyCloud,” details Schneider. “We also work 
on federating data across diseases and disciplines for 
various projects funded by the Innovative Medicines 
Initiative.” Additionally, Clinnova will take advantage of 
the existing know-how at the LCSB in terms of artificial 
intelligence approaches. Patient cohorts focusing on 
immune diseases and managed by the different partners 
will generate multi-dimensional data. Researchers from 
the Biomedical Data Science group at the LCSB will use 
these real-world data to train effective algorithms that 
can support healthcare decision-making and enable  
more personalised treatments.

“By creating a federated platform to curate and combine 
health data, Clinnova wants to return value to the very 
patients and physicians who make data available,” 
highlights Meisch. On top of backing the personalised 
medicine effort, this eight-year project will be a catalyst 
for digital health innovation. ¢

Outstanding contribution 
to computational biology
The International Society for Computational Biology (ISCB) selected Prof. Reinhard Schneider as the winner 
of the 2022 Outstanding Contributions to ISCB Award. It honours a member who made beneficial and lasting 
contributions to the ISCB through their leadership, service and educational work.

Schneider, head of the Bioinformatics Core at the LCSB and of the ELIXIR Luxembourg Node, was 
recognised for his key role for both the ISCB and the broad bioinformatics community. Throughout his 
career, he has been involved in various national and European projects in the areas of big data, knowledge 
management, high performance computing and data sustainability. At the LCSB, he has for example 
developed the infrastructure for data integration across disciplines, such as medicine and clinical research.

Schneider joined the ISCB board of directors in 2005 and, among other contributions, helped establish 
the ISCB Student Council. “I am thankful for my diverse experiences with ISCB, especially getting to invite 
very good students to my lab through the internship initiative and seeing the enthusiasm of these young 
scientists,” he highlights. “I hope this programme has contributed to train a bright new generation of 
researchers in bioinformatics and computational biology.” ¢
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Discovering why Alzheimer’s disease 
affects the sexes differently

Bioinformatician Assistant Prof. Enrico Glaab has been 
researching neurodegen-erative diseases such as 
Alzheimer’s and Parkinson’s since 2011. In the beginning, 
his work primarily involved examining brains post-mortem. 
Unfortunately, only the late stages of the disease can be 
studied this way. “In order to understand the early-stage 
mechanisms, we required dedicated disease models,” 
he explains. In this recent project, the researchers 

studied a genetic mouse model for Alzheimer’s, normal 
mice serving as a control group. “We observed, at the 
level of single cells, the animals’ brain areas that are 
predominantly affected by Alzheimer’s,” explains Glaab. 
“We found out that the activity of individual genes differed 
significantly, not only between the Alzheimer’s model 
and the control group as expected, but with sex-specific 
changes in Alzheimer’s as well.”

Genes in an organism do not continuously operate 
at full power. Their activity can be either elevated 
or suppressed. A change in the activity of a protein-
encoding gene can increase or decrease the production 
of that specific protein. Glaab and his team discovered 
that the activity of certain genes changed significantly in 
Alzheimer’s mice, compared to the control mice for only 
one of the sexes. Moreover, they also discovered that 
the activity of other genes changed significantly for both 
sexes, but in opposite directions. “We would like to explain 
the mechanisms behind these differences using what we 
call gene regulatory networks,” the researcher says. “We 
developed computational models of how the regulation 
between multiple genes takes place.” This is governed 
by so-called transcription factor genes. In simple terms, 
these are master controllers that regulate the activity 
of several other genes. Together, those genes form a 
network. “If we observe coordinated and sex-specific 
activity changes between Alzheimer’s mice and control 
mice in such a network, we can better understand the 
gene regulatory mechanisms.”

Enrico Glaab’s research group is specialised in bio-
informatics data analysis. They combine experimental 
data and computational analyses using various methods, 
including artificial intelligence. For this study, they 
collaborated with other teams at the LCSB. “The Neuro-
pathology group carried out the animal experiments 
and we jointly interpreted our results,” details Glaab. 
Members from the rodent platform also supported the 
animal investigations. “One of the important principles 
when working with animal models is to use as few animals 
in the experiments as possible,” he explains. “Yet, the 
data gained must provide a large enough basis to deliver 
reliable results.” Combining new bioinformatics methods 
with the expertise of scientists and technicians familiar 

with animal research is of great help in this respect. 
“This interdisciplinary collaboration between the 
experimental and computational teams is essential 
for our work,” Glaab relates. “Of course, there are 
challenges that arise when research groups with different 
backgrounds and scientific terminologies work together, 
but that made the project all the more exciting to me.”

Now that this joint effort at the LCSB led to the discovery 
of changes that certain genes undergo in a common 
Alzheimer’s model, the researchers are already taking 
the next step. So far, they have worked with amyloid 
beta mice. The protein known as amyloid beta is found 
as deposits in the brains of Alzheimer’s patients. For the 
next step, they are using tau mouse models, in which a 
different Alzheimer-associated protein accumulates in 
specific brain regions. “By combining the different mouse 
model findings with data sets from human post-mortem 
brain tissues, we are gaining a more complete picture of 
the processes in Alzheimer’s disease,” says Enrico Glaab. 
“Understanding the sex-specific mechanisms behind 
the disease has the potential to provide more accurate 
diagnostics and pave the way for patient-tailored and 
more effective treatments,” he concludes. ¢

Understand 
sex-specific 
mechanisms to 
pave the way for 
tailored treatments.

It has long been recognised that biological sex seems to make a difference when it comes to 
Alzheimer’s disease. Women are diagnosed slightly more often than men, even when accounting 
for differences in life expectancy, and the changes they go through are different. Assistant Prof. 
Enrico Glaab and the Biomedical Data Science group started an interdisciplinary project, in 
collaboration with several teams at the LCSB, to find out where these observed differences might 
show up in gene activity patterns. 

Visualisation of different Alzheimer’s pathologies 
in the brain of a mouse model

From left to right: Prof. Enrico Glaab, Dr Rashi Halder, Dr Pierre Garcia, 
Dr Manuel Buttini, Rebecca Ting Jiin Loo and Laetitia Lunkes. 1918
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Parkin, an important multi-talent
Mitochondria are the powerhouses of human cells. When 
defective, they play an important role in the pathogenesis 
of Parkinson’s disease. The Molecular and Functional 
Neurobiology group led by Prof. Anne Grünewald 
investigated the importance of a specific protein, called 
Parkin, in this process. Dr Kobi Wasner, who conducted 
his PhD in the group, was able to show what happens in 
the mitochondria when a genetic mutation leads to a lack 
of Parkin.

About ten percent of all Parkinson’s disease cases are of 
genetic origin. Mutations in the PRKN gene that codes for 
the protein Parkin are among the genetic defects that can 
lead to this disease. Previous studies suggest that Parkin 
ensures the clearance of damaged mitochondria, but 
other functions of this protein remain largely unknown. 
To clarify Parkin’s diverse roles in the cell, Dr Wasner 
studied neuronal cultures derived from skin biopsies of 
Parkinson’s patients and healthy people, comparing nerve 
cells with and without mutations in the PRKN gene. 

Wasner discovered that beyond its role in mitochondrial 
removal, Parkin is also involved in the maintenance of 
mitochondrial DNA. As mitochondria originate from 
bacterial ancestors, they have their own DNA, separate 
from the cellular DNA in the nucleus. 

The transcription and replication of this mitochondrial 
DNA is controlled by a complex machinery. When this 
machinery fails, mitochondrial DNA is released in the 
cell, where it may lead to an inflammatory response. 
“We observed that, without Parkin, mitochondrial 
DNA is no longer efficiently transcribed and, as a 
consequence, higher amounts of these DNA molecules 
can be found in the intracellular fluid,” explains Kobi 
Wasner. “In addition, our research in post-mortem 
midbrain sections from a patient with PRKN mutations 
supported the idea that this mitochondrial DNA can 
cause neuroinflammation.”

These results could induce a shift in research on 
Parkinson’s disease. Scientists previously assumed that 
Parkin degrades an inhibitor of PGC-1 alpha, a protein 
that plays a central role in regulating the biogenesis of 
mitochondria. “By contrast, our investigations show that 
Parkin may in fact intervene in cellular metabolism, which 
in turn affects the generation of new mitochondria,” 
says Wasner. “With so many functions linked to Parkin,  
it is clear that mutations in the PRKN gene can lead  
to major issues for mitochondria in nerve cells.” Thus, 
the impact of PRKN mutations on mitochondrial DNA 
integrity and release should be kept in mind when 
exploring the molecular causes of genetic Parkinson’s 
disease.

This newly acquired knowledge on the multifaceted 
functions of Parkin could pave the way for the develop-
ment of novel therapeutic approaches for people with 
inherited PRKN mutations. “If it was possible to act at 
an early stage of the disease and provide patients with 
drugs that specifically compensate for the mitochondrial 
impairments caused by mutations in Parkin, this could 
mean a significantly longer time without the disease  
and thus, a considerable gain in quality of life,” hopes 
Anne Grünewald. ¢

iPSC derived neurons (nuclei in blue, mitochondria in green and 
mitochondrial DNA in red) 

Over 10,000 participants in 
growing outreach programme
In March 2022, the Scienteens Lab reached a significant milestone: Over 10,000 teenagers have participated 
in more than 600 workshops since the Scienteens Lab was founded in 2013! “Our team is very grateful for the 
support and interest of hundreds of teachers who have visited our lab with their classes,” says Dr Elisabeth 
John, head of the Scienteens Lab. “And of course, a big thank you to all the young scientists for their 
enthusiasm!”

Activities in biology have been in high demand for several years, but mathematics, 
physics and computer science are catching up. Following in the footsteps of the 
Scienteens Academy in Systems Biology – a one-week interdisciplinary workshop 
designed for motivated high-school students – another summer school focusing on 
sustainability was launched in 2022. With a total of 18 different workshops available  
for booking, the Scienteens Lab hopes to welcome even more budding researchers  
in the coming years. ¢

Visit the website

2120

University of Luxembourg  |  LCSB  |  Molecular & Functional Neurobiology

https://www.scienteenslab.lu/


f back to table of contents

Working in tandem to foster 
interdisciplinary research

Characterising aging effects during cell differentiation

The largest risk factor for many neurodegenerative diseases is age. To study neurodegeneration 
in vitro, induced pluripotent stem cells (iPSC) can be differentiated into brain cells, but this 
reprogramming deletes age-related methylation patterns. In this project, Dr Kamil Grzyb from 
the Integrative Cell Signalling group and Dr Rashi Halder, sequencing platform manager, address 
this issue by combining complementary expertise in single cell approaches and Nanopore 
sequencing. Their goal is to assess aging effects during the differentiation of stem cells into 
dopaminergic neurons in the lab, providing a complementary approach for different iPSC-based 
research projects.

Linking mitochondrial and microbial DNA to neuroinflammation

Recent studies highlighted the intricate role of mitochondria and the gut microbiome in eliciting 
inflammation in neurodegenerative diseases. With this project, researchers from the Molecular & 
Functional Neurobiology group and from the Systems Ecology group want to better understand 
these mitochondria-microbiota interactions with regard to Parkinson’s disease. They study 
samples from patients and healthy controls through shotgun sequencing, metagenomics analysis 
and deep immunoprofiling. The data collected will help to ascertain the roles of mitochondrial 
DNA and microbial DNA in triggering neuroinflammation.

Interdisciplinary collaboration and interactions between different teams are important elements 
that contribute to the success of a research centre like the LCSB. To encourage collaborative  
endeavours, the director of the LCSB launched a call for “tandem projects”. The objective: to fund new 
collaborations in the area of neurodegenerative diseases. Five excellent projects were selected.

Microglia, metabolism and neurodegeneration

There is increasing evidence that oxidative stress and metabolic alterations strongly contribute 
to the development of neurodegenerative disorders. Recent studies also highlighted how 
mutations in microglia, the immune cells of the brain, can lead to damage in central nervous 
system neurons followed by cognitive decline. With this project, the Immunology & Genetics 
group and the Neuropathology group investigate metabolic alterations in a microglial-specific 
manner in an Alzheimer’s disease mouse model. The researchers specifically study pyruvate 
dehydrogenase (PDH), a key enzyme regulating the energy production in cells. They will 
characterise the metabolic shifts induced by PDH-deficiency in microglia and explore potential 
treatment options targeting this enzyme.

Environmental pollutants in midbrain organoids

The Developmental and Cellular Biology group and the Environmental Cheminformatics group 
initiate a new collaboration to shed light on the interaction between genetic and environmental 
risk factors for Parkinson’s disease. They study the effects of selected environmental toxins -- 
a fungicide, a pesticide and some persistent organic pollutants -- on midbrain organoids carrying 
a mutation on the GBA gene. Using the groups’ respective expertise in human derived midbrain 
organoids and in metabolomics analyses, the researchers will clarify the effect of environmental 
pollutants in Parkinson’s disease, evaluate their impact on the brain metabolites and decipher the 
biological mechanisms involved.

A home monitoring system for Parkinson’s patients

The symptoms of Parkinson’s disease vary vastly from one patient to the next, so treatments 
must be personalised and the evolution of the symptoms monitored continuously. The  
project of Dr Stefano Sapienza from the Digital Medicine group and Dr Jesus Fuentes from  
the Systems Control group focuses on a home-monitoring platform for Parkinson’s patients.  
Composed of wearable sensors and intelligent algorithms, this multi-modal platform monitors 
upper limb tremor, heart rate variability and orthostatic hypotension. The two researchers aim 
to assess the quality of the signals recorded, evaluate if medically relevant information can be 
extracted from the collected data and estimate how well this technology is received by the patients.

Several projects bringing together at least two researchers 
from different groups at the LCSB were submitted and 
assessed by external scientific experts. The main criteria 
for the evaluation were scientific excellence and novelty, 
new collaborations between teams that had never worked 
together being especially encouraged. 

The aim was to recognise and support exploratory 
research ideas combining experimental, computational 
and clinical approaches, which could attract subsequent 
external funding. The five chosen proposals received 
30,000 euros for a year and started at the beginning of 
May 2022. Discover these exciting tandem projects below.
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Spotlight on the microbial world 
at the Researchers’ Days
On 25-26 November 2022, the LCSB participated in the Researchers’ Days with a booth dedicated to 
microorganisms and how scientists study them in the lab. Organised by the Systems Ecology group, the 
activities were a success, attracting hundreds of visitors – young and old – keen to observe microbes under a 
microscope, to inflate balloons with yeasts and to extract DNA from their saliva!

Organised biyearly by the Luxembourg National Research Fund (FNR), the Researchers’ Days offer scientists 
a unique platform to present their work to a large audience. Visitors can conduct hands-on experiments 
and get a first insight into the world of research. In 2022, visitors of the LCSB booth were invited to discover 
where microscopically small organisms can be found, from the harshest environments on our planet to the 
inside of our gut, and how they help to keep us healthy.

A team of energetic researchers guided visitors through the different experiments and provided 
explanations. A big thank you for their time and enthusiasm to Amelie, Bérénice, Catherine, Charlotte, 
Gianfranco, Madita, Mara, Pau, Polina and Susheel! ¢

How damaged cells inhibit 
muscle regeneration
Humans have a limited capacity for self-regeneration of 
tissues and organs, but they do keep a pool of stem cells 
throughout their life that can self-renew and differentiate 
into specific cell types. These stem cells are widely 
studied as they could enable the repair of human tissues 
and thus have great potential for regenerative medicine.

At the LCSB, Prof. Antonio Del Sol, head of the 
Computational Biology group, has developed several 
computational tools over the years to better understand 
the mechanisms behind stem cell differentiation and to 
help scientists efficiently generate various cell types in 
the lab. He was recently part of an international team 
who explored the role of cellular senescence in tissue 
regeneration. This group of researchers from Spain, 
China, Japan, USA and Luxembourg uncovered key 
interactions between senescent cells and stem cells, 
opening potential avenues towards improving muscle 
repair throughout life. Their findings were published in  
the scientific journal Nature.

All human cells can enter a state called senescence: they 
stop multiplying but do not die, lingering within the tissue. 
As these senescent cells accumulate throughout the 
body, they can impact nearby healthy cells, including stem 
cells. Since regenerative functions decline during ageing, 
while senescent cells accumulate, the researchers 
decided to explore the role of senescence in tissue 
regeneration. “Our objective was to study senescent cells 
in vivo, to understand how they emerge and how they 
affect the repair process of tissues throughout life,” 
explains Antonio Del Sol. “For this purpose, we 
used a combination of experimental work with mice, 
conducted by collaborators from several institutions, 
and of computational methods developed by my team.”

Focusing on muscle tissue in mice, the researchers first 
observed that senescent cells appear in muscles when 
they get damaged or with age. Their results show that 
both injury and ageing induce the accumulation of high 
levels of oxidative stress and DNA damage in a subset of 
cells, driving these cells towards senescence. In turn, 

the senescent cells have an impact on the stem cells 
present in the muscle: they repress muscle regeneration. 
To illustrate this effect, the scientists were able to 
accelerate regeneration in young mice and rejuvenate 
muscles of old mice by removing senescent cells from  
the tissue.

When looking for common traits across senescent cells, 
the analyses showed that they are molecularly diverse 
but share two major hallmarks. “By investigating closely 
through computational methods, we found two universal 
senescence markers: inflammation and fibrosis,” details 
Antonio Del Sol. The identification of these common 
characteristics was key to understanding by which 
mechanisms senescent cells impair tissue repair. 
The senescent cells act through the secretion of pro-
inflammatory and pro-fibrotic factors. The molecules 
they produce affect the stem cells nearby, inhibiting  
their proliferation and impairing regeneration.

Further computational analyses identified lipid-transport 
gene CD36 as a possible way to regulate the impact of 
senescent cells. As these cells accumulate in human 
tissue like in mice, these findings open potential avenues 
towards improving muscle repair throughout life. ¢

Senescent cells shape muscle regeneration by releasing pro-
fibrotic and pro-inflammatory factors. (NSen = non-senescent cells / 

Sen = senescent cells)

Pro-fibrotic
Pro-inflammatory
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The new cage rack installed over 
the summer has quite an array of 
functionalities. It holds 80 cages 
outfitted with 12 electrodes each. 
These sensors can monitor the animals’ 
movement around the clock. The system 
also tracks key parameters such as food 
and water levels. “With these cages, 
mice don’t have to be moved or require a 
chip, which is a huge advantage,” details 
Prof. Evan Williams, head of the Gene 
Expression & Metabolism group. “This 
way, we can collect data 24/7 without 
disturbing them.” The sensors use 
electromagnetic field technology. They 
detect movement based on changes 
in conductance as the animal passes 
over them. The data obtained open new 
possibilities for research, but this is not 
the only advantage of this novel system.

Dr Djalil Coowar, manager of the rodent 
platform, supervised its installation. 
He explains: “Any interference with 
the animals’ routine can have a lasting 
impact on their behaviour. By reducing 

human interaction to a minimum, these cages enhance 
animal welfare and help our facility to optimise protocols.” 
As an example, any anormal decrease in locomotion will 
be detected, allowing the technicians to identify a sick 
mouse faster. As the sensors measure the humidity level 
in each cage, they will also ensure that the bedding is only 
changed when needed. With no unnecessary handling, 
this system is beneficial for the animals. It reduces 
running costs as well: Less consumables are required and 
the workload can be streamlined.

It is now possible to conduct experiments without the 
animals ever having to leave the security of their cage. 
As a result, the researchers hope to reduce experimental 
variability caused by stress and improve reproducibility. 
The automation should also help to decrease bias linked 
to human interventions. Of course, the technology is 
quite new and researchers are still figuring out how 
to make the most of the vast amount of data it can 
produce. This is what Williams and doctoral researcher 
Besma Boussoufa are currently working on: “We want to 
test every aspect of the set-up at the LCSB and refine 
our understanding of the system before launching 
longitudinal studies.” 

They compare data obtained in different cages and 
explore potential technical issues. “I am impressed with 
the system so far,” says Evan Williams. “We can clearly 
see the circadian rhythm of the mice on the graphs 
and we have made some interesting observations.” 
Comparisons between different mouse lines have 
started as well: two cohorts, comprising of normal mice 
and mice prone to obesity, are monitored day and night. 

Watching over mice 24/7
In 2022, the rodent platform of the LCSB invested in cages with an automated monitoring 
system. They allow for real-time tracking of mice without any interference with the animals’ 
routine. This new piece of equipment will contribute to research, optimise facility management 
and improve animal welfare.

Heat map representing the activity of a mouse over time for several days. Each line represents a 24h period. Each pixel corresponds to 5 minutes 
of data. Blue means less movement. Red means more movement. 

With this system, 
we can collect data 
day and night without 
disturbing the animals.

The results already show some distinctive patterns in 
their nocturnal activity and could bring new scientific 
insights. “Innovative hypotheses can be tested more 
readily from now on,” highlights Williams. “It will be easy 
to integrate this type of measurements in a project, 
encouraging exploratory research.” ¢

Dr Djalil Coowar 
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A decade after itaconic acid, 
here comes mesaconic acid
In 2013, LCSB researchers discovered that immune cells 
in the brain can produce itaconic acid, a substance that 
fights off bacteria and inhibits inflammation. It was the 
first proof of an endogenous antibiotic in the brain and, 
back then, their publication in the scientific journal PNAS 
won an FNR Best Publication Award. Almost ten years 
later, this ground-breaking result is still bearing fruit:  
in 2022, an international research team, including LCSB 
alumni and current researchers, discovered another - 
even more promising - anti-inflammatory substance 
produced by our immune cells.

For the past decade, Prof. Karsten Hiller has conducted 
research on metabolic products that are involved in the 
human immune system. First, as the principal investigator 
of the Metabolomics group at the LCSB, and currently 
as the head of the Department of Bioinformatics and 
Biochemistry at the Braunschweig Integrated Centre 
of Systems Biology in Germany. After discovering that 
immune cells in the blood and brain of mammals produce 
itaconic acid, Karsten Hiller further investigated its 
mode of action and possible applications. Several of 
these projects were conducted within the framework 
of a binational research programme between Karsten 
Hiller and Prof. Dirk Brenner, head of the Immunology & 
Genetics group at the LCSB and of the Experimental  

“Mesaconic acid can return an overactive immune system 
back to its normal state,” explains Brenner. Interestingly, 
their results, published in Nature Metabolism in 2022, 
also highlighted that the two substances have a distinct 
impact on metabolism.

Unlike itaconic acid, mesaconic acid does not affect 
succinate dehydrogenase, an enzyme playing a central 
role in cellular metabolism. The fact that mesaconic acid 
has immunomodulatory properties but interferes to a 
lesser extent with the metabolism makes it interesting in 
terms of therapeutic potential. “We will now investigate 
further to better understand the underlying metabolic 
processes. We have already submitted another joint 
research proposal for this purpose,” details Dirk Brenner. 
Once the researchers have precise answers, concrete 
pharmacological studies could be launched.

Mesaconic acid could hence become a candidate 
for treating diseases in which the immune system is 
overactive: Septic shock for example, or autoimmune 
diseases such as psoriasis and inflammatory bowel 
disease. “Given that it is a substance produced naturally 
by the body, it might constitute an interesting alternative 
to avoid side effects typically associated with anti-
inflammatory drugs,” concludes Dirk Brenner. ¢

and Molecular Immunology 
laboratory at the Luxembourg 
Institute of Health. In a recent 
study, they discovered that another 
metabolic product always occurs 
together with itaconic acid: 
mesaconic acid.

Mesaconic acid is a chemical 
compound that the body produces 
from itaconic acid. With the 
help of an international research 
consortium, the two researchers 
showed that this metabolite has an 
anti-inflammatory effect of similar 
strength to that of itaconic acid. 

Prolonging 
the life of data
Research groups worldwide are collecting gigantic 
amounts of data on a daily basis. In many cases, the data 
are used in a single project and then end up in storage, 
never to be looked at again. For Prof. Reinhard Schneider, 
that is absurd. “If instead you share the data from 
different sources and aggregate them in new ways, you 
can gain entirely new insights from them,” says the head 
of the LCSB Bioinformatics Core. This opinion is shared by 
a growing number of researchers and research funders, 
resulting in the broad adoption of the FAIR principles: 
data ought to be Findable, Accessible, Interoperable and 
Reusable. Following suit, Luxembourg is currently setting 
up a platform that will allow professional storage and 
access to data according to unified standards.

The Luxembourg National Data Service (LNDS) is 
developed in collaboration with the LCSB. “We have 
gained a great deal of experience for a project of this 
nature through the ELIXIR programme,” Schneider says. 
“The LCSB has hosted the national Node for this European 
infrastructure since 2017 and we have set up a platform 
dedicated to biomedical data.” The LNDS will build on 
this expertise and expand the scope of activities with an 
interdisciplinary approach at the national level. The new 
service infrastructure will in fact benefit multiple areas 
including finance, materials research, physics and social 
sciences. “It will be a true added value for interdisciplinary 
topics,” says Schneider.

The LNDS was launched in 2022, with the support of six 
ministries and under the leadership of the Ministry of 
Research, giving the project a strong tailwind. Thanks 
to the expertise of the Bioinformatics Core and a good 
amount of strategic planning, the platform is becoming 
a reality. “We started by asking potential users what it 
is that they need, so that we could develop a concept 
relevant for all the national players,” explains Schneider. 
This includes the private sector, as the plan is to offer 
a variety of services for companies in addition to 
managing scientific data. The LNDS team also did some 
benchmarking, learning from infrastructures existing in 
other European countries such as Finland. Researchers 

will now focus on what is needed for data from their 
respective disciplines, ensuring that specialist expertise 
is present across the entire thematic range of the LNDS.

Indeed, it is not enough to be good at handling 
electronically stored information. “Only specialised 
scientists know how data are collected during an actual 
experiment and how they have to be prepared to be 
valuable for further use,” Schneider says. “Only they can 
properly curate the data and thus assure their quality.” 
Many legal aspects are to be taken into consideration as 
well. Medical data from drug development are for example 
subject to strict privacy regulations. They may only be 
reused for further research questions under very specific 
conditions. There, as well, the experience of the members 
of the Bioinformatics Core will be useful, as they have 
previously worked on ethical, legal and social implications 
linked to data sharing. “We have to respect all of these 
issues in establishing and operating the LNDS – so that 
the secondary use of data does indeed confer a true 
scientific benefit and an added value for Luxembourg 
as a whole,” concludes Schneider. ¢
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Innovative spectroscopy for 
rapid diagnosis of brain tumours

Timely discrimination between different types of tumours 
of the central nervous system, such as lymphoma 
and glioblastoma, is an important part of diagnosis. 
“Glioblastoma for example is the most common and 
aggressive brain tumour in adults,” details Prof. Frank 
Hertel, director of the neurosurgery department at CHL 
and head of the Interventional Neuroscience group at 
the LCSB. “The rapid and reliable identification of the 
tumour as well as its total resection are crucial for proper 
treatment and prognosis.” In this context, Hertel’s team 
worked together with researchers at the Laboratoire 

National de Santé (LNS) and the Luxembourg Institute 
of Health (LIH) to investigate the clinical suitability of 
using Raman Spectroscopy to categorise tumours and 
discriminate cancerous tissue from healthy tissue  
during surgery.

Raman Spectroscopy is a non-destructive method that 
can provide detailed information about the chemical 
structure of a material. It is a light scattering technique: 
the samples are exposed to a laser beam and the light 
is, in a small part, reflected in a different wavelength 
depending on the composition of the analysed material. 
“Raman spectroscopy enables a fast and observer-
independent examination of biological tissue,” explains 
Dr Andreas Husch, researcher in the Interventional 
Neuroscience group at the LCSB. “It generates an 
individual spectroscopic fingerprint which can be used  
to determine biological properties and potentially reveal 
the tumour type.”

Fresh fragments of resected tumours were analysed 
by Raman Spectroscopy in the operating room, then 
fixed and assessed by a neuropathologist. Additional 
Raman measurements were also acquired on fixed 
tissue of the same tumours in the pathology department 
at LNS. The measurements and pathological findings 
were used in combination to train a machine-learning 
classifier, an algorithm that automatically categorises 
data into different groups. This classifier was then tested 
on independent tumour samples. “The algorithm we 
developed can now distinguish between meningioma 
and healthy tissue, between lymphoma and glioblastoma, 
and is being investigated to discriminate glioma and 

carcinoma,” highlights Husch. “It is very accurate as well, 
for example it separates meningioma and dura mater – 
the surrounding tissue – with a sensitivity of 96%.”

These results show that, combined with machine 
learning, Raman Spectroscopy can be used as a quick 
and reliable complementary tool for neuro-oncology. 
It has potential to accelerate the diagnostic workflow 
and facilitate immediate treatment decisions. This 
promising optical method could also contribute to 
guided surgery, helping the surgeon to identify tumour 
borders and assisting in resection control. Dr Felix Kleine 
Borgmann, researcher at LIH, explains: “Since modern 

minimally invasive neurosurgery is already based entirely 
on computer-assisted optical instruments, Raman 
spectroscopy could easily be integrated into the surgical 
workflow.” Its utilisation could revolutionise the clinical 
routine.

While Raman Spectroscopy proved to be an efficient 
way to examine fresh tissue samples, the researchers 
also wanted to investigate its suitability for analysis of 
formalin-fixed and paraffin-embedded surgical specimen. 
“Our trained algorithm could precisely distinguish 
between normal and pathologic brain tissue, based on 
the spectral properties of fixed glioblastoma samples, 
independent of the chemical fixation process used,” 
says Andreas Husch. “This non-invasive method is not 
only suitable as a tool for fast tumour discrimination, 
which may help to choose the proper treatment option,” 
concludes Frank Hertel. “It can also serve as an additional 
method in the pathological toolbox.” ¢

Being able to distinguish between healthy tissue and a tumour during surgery is key to ensure 
maximal tumour excision with minimal damage. In a project supported by the Fondation Cancer,  
the National Department of Neurosurgery at the Centre Hospitalier du Luxembourg (CHL) 
collaborated with the Luxembourg Centre for Neuropathology (LIH/LCSB/LNS) and the 
Interventional Neuroscience group at the LCSB to explore the potential of Raman Spectroscopy  
as a non-invasive technique for diagnosis in neuro-oncology.

A promising method 
for fast tumour 
discrimination and 
guided surgery.

Histological verification of the meningioma-dura mater-classifier. 
Classifier heat map with colour scale ranging from blue (healthy 
tissue) to yellow (meningioma).

From left to right: Dr Felix Kleine Borgmann, 
Prof. Frank Hertel and Dr Andreas Husch.
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Safety in the lab: 
One for all and all for one
While handling hazardous chemicals 
or biological agents is often an 
integral part of working in the lab, 
it should not affect the health of 
scientists. This is where biosafety 
officers come in. They are experts 
at assessing risks in a laboratory 
and they can help researchers 
stay safe while doing experiments. 
“Every research institution must 
have safety procedures to deal with 
risks,” explains Marie Fossépré, 
biosafety officer at the LCSB since 
2018. “Our role is to systematically 
develop mitigation strategies so 
that everyone is protected at any 
time or location.”

The job of a biosafety officer 
takes many forms, from fulfilling 

comfortable with handling a specific substance: The 
biosafety officers will study the safety data sheet, which 
comes with every hazardous material, and implement 
the relevant safety precautions. A research team would 
like to start a novel experiment: Marie Fossépré and her 
colleagues will perform a risk assessment before it starts 
and introduce new safety processes if needed. They also 
organise collaborative exercises called “safety mapping” 
on a regular basis to review the activities of a given 
research group and identify areas of improvement. And 
what if – despite all the precautions – there is an incident, 
a chemical spill for example? Of course, the biosafety 
officers will be there to assist.

They visit the labs as often as possible to ensure that 
the protective equipment is working properly or that 
rules are being upheld. “But we are not a sort of police,” 
assures Marie Fossépré. “We are partners who can 
provide expertise, advise the researchers and contribute 
to everybody’s safety at the LCSB.” Everyone has a role 
to play, it is a joint effort: working together to build a 
common and sustainable safety culture. ¢

legal requirements to approving chemical purchase for 
example. “Providing protective equipment goes hand in 
hand with implementing best practices in the lab and 
thinking about sustainability in the long run. The outcome 
of all these measures put together is a good work 
environment coupled with high quality results.” says  
Marie Fossépré.

At the LCSB, the biosafety officers raise awareness 
among researchers right from the start: they organise 
trainings for newcomers, provide essential information to 
staff members working in the lab and help them to adopt 
the correct habits early on. “We are here to facilitate 
research and ensure that it is done in a safe way, but 
safety is everyone’s responsibility,” Marie Fossépré points 
out. “Following the safety measures is compulsory to 
protect both yourself and your colleagues.”

After the first trainings, the collaboration between 
scientific staff and the biosafety officers goes on. The 
latter rely on the feedback from researchers and lab 
technicians to pinpoint safety issues. Someone is not 

Alzheimer’s research 
at Art2Cure closing event
On 20 September 2022, Prof. Michael Heneka gave a lecture during the closing event for Art2Cure,  
a fundraising initiative where Luxembourg-based artists contribute their work to help fund local biomedical 
research. It was an opportunity to meet donors who have generously supported the LCSB and the University 
of Luxembourg over the years. Heneka, who took up the position of LCSB director at the beginning of 
2022, recapitulated key findings on dementia and Alzheimer’s disease, the main focus of his work. He also 
highlighted the importance of conducting interdisciplinary research and developing a national healthcare 
strategy to tackle the disease.

The funds raised during this ninth edition of Art2Cure will go towards the Alzheimer’s fund at the LCSB.  
It will support several research initiatives, including a project led by Michael Heneka to explore the pivotal 
role played by immune mechanisms in the initiation and progression of the disease. ¢

Artworks by Colm Mac Athlaoich (1-2), Liz Van Zeeland (3) and Chiara Dahlem (4)

2

3
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4
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LCSB short stories Four inaugural lectures
Between 2020 and 2022, four new principal investigators 
joined the LCSB: Evan Williams, Dirk Brenner, Jochen Klucken 
and Michael Heneka. As on-site events were limited for a 
while, the corresponding inaugural lectures were all organised 
in 2022. These talks covered a wide range of topics, from 
Alzheimer’s research to digital medicine, from immunology to 
genetics and metabolism, allowing the new LCSB professors 
to present their work to the academic community.

Annual team retreat
On 1 June, the whole LCSB team was invited to gather all 
together for the first time since the pandemic. Around 
160 staff members participated in various activities, from 
tandem discussions to get to know colleagues to riddle solving 
in teams and a retro train ride through the Luxembourgish 
landscape. A barbecue brought this very enjoyable day to a 
close. It was the perfect combination of good weather, good 
times and good people!

New SAB
In 2022, with the arrival of a new director, the LCSB 
established a new scientific advisory board. The 
new SAB is composed of nine researchers: experts 
in their respective fields, from neuroscience 
to data science, working in leading research 
institutions from all over the world. They will help 
the centre shape its long-term scientific strategy 
and international positioning.

Visitors from Bonn
In August, scientists from the University of Bonn 
came to Luxembourg to discover campus Belval 
and meet researchers from the LCSB and the LIH. 
Initiated by Prof. Heneka, this three-day meeting 
was designed to promote collaborations as part of 
a new internationalisation strategy, aiming to build 
bridges between the LCSB and other research 
centres in neuroscience.

3R Symposium
On 20 October, LCSB researchers 
and technicians participated in the 
second edition of the Luxembourg 3R 
Symposium. This conference organised 
by local research institutes and ministries 
was an opportunity to discuss progress 
in the field of animal research as well as 
best practices to improve quality and 
ethics. In Luxembourg, scientists follow 
the 3Rs principle: Reduce, Replace 
and Refine. They strive to minimise the 
number of laboratory animals and to 
design protocols ensuring their welfare.

Carole Linster becomes 
Associate Professor 
The principal investigator of the Enzymology & Metabolism 
group was promoted to Associate Professor through the 
internal competitive promotion process of the university. 
Carole Linster started to work at the LCSB as a post-
doctoral researcher in 2012 before creating her own 
research group just a year later. She has been successfully 
leading research on enzyme function, metabolite repair 
and rare diseases since then. Congratulations!

Digital Medicine Conference
On 26-27 October, the LCSB organised the “European Digital 
Medicine Conference Luxembourg”. It brought together 160
participants from academia, industry, patient organisations 
as well as policymakers. The programme featured talks 
by international experts and various health ministries on 
data-driven healthcare, digital medicine innovation and 
translation into European markets. It highlighted how 
interdisciplinary this new field is, encompassing healthcare 
as well as the legal, technical and societal aspects of digital 
transformation. In addition, European Institute of Innovation 
and Technology (EIT) Health hosted a matchmaking event 
prior to the conference to present their flagship and support 
EIT Health Business Plan proposal submissions.
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6,725 (22.3%)

18,396 (61.1%)

600 (2%)

2,730 (9.1%)

36 (0.1%)

596 (2%)
292 (1%)

734 (2.4%)

20,730 (66%)

452 (1%)

486 (2%)

Facts & Figures

Associations 
Corporate 
Foundations 
Private individuals

Alzheimer’s research
Parkinson’s research
Rare disease research
Education
Other topics

Fundraising

2%

11%

6%
81%

Donors

13%

39%

11%

19%

18%
Cause

2022 LCSB income (in kEUR) 2022 LCSB expenses (in kEUR)

Wages
Operating expenses
Investments
Representation and registration
Sub-contracting
Travel

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

532 (2%)

2,509 (8%)

6,745 (21%)

Safety
•	 Safety & biosafety
•	 Quality assurance & SOPs

Infrastructure
(N. Bonjean)

Equipment
•	 Instrument care & purchase
•	 Technology platforms

Logistics
•	 Laboratory supplies
•	 Sample shipment
•	 Technical support

Infrastructure
•	 Facility management  

& development
•	 Lab coordination

Operations
(A. Vogler)

Communication 
& Fundraising
•	 External & internal  

communication
•	 Event management 

•	 Donor acquisitions 
& management

•	 Charity events

Finance & Grants
•	 Budget planning,  

reporting & control
•	 Grants services

Innovation & Partnering
•	 Business development & legal
•	 Technology transfer

Management & Strategy
•	 Secretariat
•	 Process management
•	 Strategic planning

Scienteens Lab
•	 Curriculum development
•	 Outreach to schools

Research Strategy
(F. Meisch)

Director’s office
•	 Personal assistant
•	 Scientific officer

LCSB Director
(M. Heneka)

Computational Biology
(A. del Sol)

Medical Translational Research
(J. Schneider)

Digital Medicine
(J. Klucken*)

Biomedical Data Science
(E. Glaab)

Immunology & Genetics
(D. Brenner**)

Neuroinflammation
(M. Heneka)

Enzymology & Metabolism
(C. Linster)

Systems Ecology
(P. Wilmes)

Systems Control
(J. Goncalves)

Neuropathology
(M. Mittelbronn****)

Bioinformatics Core
(R. Schneider)

Developmental & Cellular Biology
(J. Schwamborn)

Environmental Cheminformatics
(E. Schymanski)

Gene Expression & Metabolism
(E. Williams)

Interventional Neuroscience
(F. Hertel***)

Integrative Cell Signalling
(A. Skupin)

Molecular and Functional Neurobiology
(A. Grünewald)

Translational Neuroscience
(R. Krüger*)

Aquatic and Rodent platforms

Bioimaging Metabolomics

Bioinformatics platform & ELIXIR-LU

Genomics

Disease modelling & screening platform**

LCSB organigram

Research groups

Scientific central services

* in cooperation with LIH & CHL       ** in cooperation with LIH       *** in cooperation with CHL       **** in cooperation with LNS & LIH
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Project acronym Programme LCSB responsible(s) Project coordinator 

IMMUPARKNET COST Jens Schwamborn University of Piemonte Orientale, Italy

BE READY Horizon Europe Paul Wilmes INSERM, France

SIMPATHIC Horizon Europe Rejko Krüger Radboudumc, The Netherlands

Can.Heal EU4Health Adrian Thorogood Sciensano, Belgium

EHDS2 Pilot EU4Health Regina Becker Health Data Hub, France

PARC HORIZON Programme 
Cofund Actions

Emma Schymanski ANSES, France

GDI Digital Europe Christophe Trefois  European Molecular Biology Laboratory, 
Germany

IDERHA JU-IHI Venkata Satagopam Fraunhofer-Gesellschaft zur Förderung der 
angewandten Forschung e.V., Germany

NLRP3 
tau pathology

EMBO Postdoctoral 
Fellowship

Bora Taştan

Treat-ION 2 BMBF Patrick May University of Tübingen, Germany

Gut-Brain-PD FNR INTER NWO Rejko Krüger

PreDYT FNR INTER EJP-RD Enrico Glaab Foundation IRCCS Ca' Granda Ospedale 
Maggiore Policlinico, Italy

GENOMIT FNR INTER EJP RD Carole Linster Klinikum Rechts der Isar, TU München, 
Germany

DEEPEN-iRBD FNR INTER ERA PerMed Rejko Krüger UNIVERSITA DEGLI STUDI DI MILANO, Italy

RECAST FNR INTER JPND Enrico Glaab University of Tübingen, Germany

REBALANCE FNR INTER JPND Michael Heneka University of Eastern Finland

IFUNEC FNRS Paul Wilmes Elisabeth Letellier (FSTM)

KWF Foundation, European Patrick May Amsterdam UMC, The Netherlands

European grants in 2022

Project acronym Programme LCSB responsible(s)
Project coordinator 
(if applicable)

CLINNOVA FNR NCER (INITIATE) Reinhard Schneider, Venkata 
Satagopam, Enrico Glaab

Ulf Nehrbass (LIH)

MINIALZ FNR PEARL Michael Heneka

NEXTIMMUNE-2 FNR PRIDE Anne Grünewald, Michael Heneka, 
Jens Schwamborn, Evan Williams

Dirk Brenner (LIH)

PREVENE FNR Industrial Fellowship Patricia Martins Conde

DigiBio FNR RESCOM Lecture Series Enrico Glaab

2022 DigiMed Conference FNR RESCOM Jochen Klucken

PEAQ_MP FNR INTERMOBILITY Benoît Kunath

QuLuPEX FNR AFR bilateral Carole Linster

One Earth FNR RESCOM Lecture Series Paul Wilmes

FullGenomeNet FNR AFR Gabriela Baraona

NAXDivo FNR CORE Carole Linster

VMNeuro7 FNR RESCOM Michael Heneka

AMINF UL IAS Audacity 2022 Michael Heneka Josh Berryman 
(FSTM)

Precision Medicine in PD FNR RESCOM 2022 Rejko Krüger

Living in a microbial world FNR Science in Society Charlotte De Rudder

#Post it! FNR Science in Society Maren Krüger

CoVaLux Haut Commissariat pour la 
Protection Nationale (HCPN)

Paul Wilmes, Venkata Sagatopam, 
Alexander Skupin, Jorge Goncalves

LIH

MidStriPD FNR CORE Jens Schwamborn

National grants in 2022

Project acronym Programme LCSB responsible(s) Project coordinator 

HeBA Michael J. Fox Foundation Rejko Krüger LIH

PreMedPD Parkinson Foundation Rejko Krüger

International grants in 2022

3938

University of Luxembourg  |  LCSB  |  Facts & Figures



f back to table of contents

Key performance indicators

Personnel

Research groups: 18

PEARL (active): 2

ATTRACT (active): 1

ERC (active): 1

Total staff: 273

Externally funded staff: 122

PhD students: 59

Nationalities: 41

External competitive funding °

Total: 131 M EUR

Fundraising °

Total: 6.9 M EUR

Collaborations 

Collaborative projects active in 2022: 610

Industrial partners in active projects: 77

Publications

Total publications: 149

Publications IF>10: 31

Publications in 25% best of field*: 67%

Open Access (OA) Publications: 86%

Publications in OA journals: 49%

Cumulative number of publications°: 1390

Innovation

Patents°: 37

Proof of concept°: (total 4.1 M EUR) 9

Spin-offs active: 3

16%15%

49%

20%

Staff categories 2022

Members

Maria Grazia Spillantini Professor of Molecular Neurology, University of Cambridge

Li-Huei Tsai Professor of Neuroscience, MIT

Hermona Soreq Professor of Molecular Neuroscience, Hebrew University of Jerusalem

Natasa Przulj Professor of Biomedical Data Science, Barcelona Supercomputing Center

David Holtzman Professor of Neurology, Washington University

Lennart Mucke Professor of Neuroscience, University of California

Hans-Christian Pape Professor of Physiology, Westfälische Wilhelms-University

Etienne Hirsch Professor of Neuroscience, Paris Brain Institute

Andreas Beyer Professor for Systems Biology, University Cologne

Scientific Advisory Board

* based on Web of Science 

° cumulative (2009-2022)

76%

0,4%
2%

13%

5%

Staff origins

Europe
Asia
Africa
South America
North America
Oceania

Researcher
Management & Admin

PhD student
Technician

3,6%
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Book

1. Muhammad Ali et al., Computational 
Methods to Identify Cell-Fate Determinants, 
Identity Transcription Factors, and Niche-
Induced Signaling Pathways for Stem Cell 
Research. Methods In Molecular Biology 
(Clifton, N.J.), 2471–83-109, 10.1007/978-1-
0716-2193-6_4

Book Series

1. Carlos Vega et al., Translational Challenges 
of Biomedical Machine Learning Solutions 
in Clinical and Laboratory Settings, 
Lecture Notes in Computer Science 
(including subseries Lecture Notes in 
Artificial Intelligence and Lecture Notes 
in Bioinformatics), 13347 LNBI – 353–358, 
10.1007/978-3-031-07802-6_30

Case Reports

1. Sergio Castro-Gomez et al., CNS Superficial 
Siderosis Mimicking a Motor Neuron  
Disease. Brain Sciences, 12 - (11) - 1558,  
10.3390/brainsci12111558

2. Gabriela Novak et al., Generation of two 
human induced pluripotent stem cell lines 
from fibroblasts of Parkinson’s disease 
patients carrying the ILE368ASN mutation in 
PINK1 (LCSBi002) and the R275W mutation 
in Parkin (LCSBI004). Stem Cell Research, 
61–102765, 10.1016/j.scr.2022.102765

Editorial

1. Jochen G Schneider et al., Editorial: 
Mitochondrial Biology and Its Role 
in Metabolic Diseases. Frontiers In 
Endocrinology, 13 - 944728, 10.3389/
fendo.2022.944728

2. Wei Gu et al., Editorial: Digital Innovation 
and Data-Driven Research in Neurodegen-
erative Diseases. Frontiers In Neurology, 
13 – 961847, 10.3389/fneur.2022.961847

Journal

1. Melissa Schepers et al., Selective PDE4 
subtype inhibition provides new opportunities 
to intervene in neuroinflammatory versus 
myelin damaging hallmarks of multiple 
sclerosis. Brain Behavior And Immunity, 109 – 
1–22, 10.1016/j.bbi.2022.12.020

2. B J Kunath et al., Alterations of oral 
microbiota and impact on the gut microbiome 
in type 1 diabetes mellitus revealed by 
integrated multi-omic analyses. Microbiome, 
10 - (1) - 243, 10.1186/s40168-022-01435-4

3. Dietlind L Gerloff et al., Prediction and 
verification of glycosyltransferase activity 
by bioinformatics analysis and protein 
engineering. Star Protocols, 4 - (1) - 101905, 
10.1016/j.xpro.2022.101905

4. Marie Macnee et al., Data-driven 
historical characterization of epilepsy-
associated genes. European Journal Of 
Paediatric Neurology, 42 – 82–87, 10.1016/
j.ejpn.2022.12.005

5. Dilek Mercan et al., The Contribution of 
the Locus Coeruleus-Noradrenaline System 
Degeneration during the Progression of 
Alzheimer’s Disease. Biology, 11–(12) - 1822, 
10.3390/biology11121822 

6. Stanislav Iakhno et al., Longitudinal 
analysis of the faecal microbiome in 
pigs fed Cyberlindnera jadinii yeast as 
a protein source during the weanling 
period followed by a rapeseed- and 
faba bean-based grower-finisher diet. 
Animal Microbiome, 4 - (1) - 62, 10.1186/
s42523-022-00217-5

7. Joanne Trinh et al., Mitochondrial DNA 
heteroplasmy distinguishes disease 
manifestation in PINK1/PRKN-linked 
Parkinson’s disease. Brain, 10.1093/brain/
awac464

8. Kyra Geyer et al., Multiple Functions of 
the Type II Thioesterase Associated with 
the Phoslactomycin Polyketide Synthase. 
Biochemistry, 61 - (23) – 2662–71, 10.1021/
acs.biochem.2c00234

9. Maria Pires Pacheco et al., 
scFASTCORMICS: A Contextualization 
Algorithm to Reconstruct Metabolic Multi-
Cell Population Models from Single-Cell 
RNAseq Data. Metabolites, 12 - (12) - 1211, 
10.3390/ metabo12121211 

10. S. Reif et al., Supporting patients 
with heart failure with digital thera-
peutics—A pilot study in Germany. 
Digital Health, 8 - 20552076221143899, 
10.1177/20552076221143899

11. Eric Bach et al., Joint structural 
annotation of small molecules using liquid 
chromatography retention order and tandem 
mass spectrometry data. Nature Machine 
Intelligence, 4 - (12) - 1224–1237, 10.1038/
s42256-022-00577-2

12. Irina Balaur et al., GraphML-SBGN 
bidirectional converter for metabolic networks. 
Journal Of Integrative Bioinformatics, 
19 - (4) - 20220030, 10.1515/jib-2022-0030 

13. Aurélie Fischer et al., Long COVID Classifi-
cation: Findings from a Clustering Analysis in 
the Predi-COVID Cohort Study. International 
Journal Of Environmental Research And Public 
Health, 19 - (23), 10.3390/ijerph192316018

14. Maria G. Balta et al., RvD1n-3 DPA 
Downregulates the Transcription of Pro-
Inflammatory Genes in Oral Epithelial Cells 
and Reverses Nuclear Translocation of 
Transcription Factor p65 after TNF-a Stim-
ulation. International Journal Of Molecular 
Sciences, 23 - (23), 10.3390/ijms232314878

15. Fubo Cheng et al., Intronic enhancers 
of the human SNCA gene predominantly 
regulate its expression in brain in vivo. 
Science Advances, 8 - (47) - eabq6324, 
10.1126/sciadv.abq6324
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