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The Luxembourg Centre for Systems Biomedicine (LCSB) was created within the Health Technologies Initiative from 
the Government of Luxembourg as one of the research priorities of the University of Luxembourg. The LCSB is an 
interdisciplinary centre of the University, independent of the faculties. It combines experimental and computational 
approaches to analyse complex biological systems and disease processes.

The LCSB focuses on neurodegenerative diseases, particularly Parkinson’s disease (PD), with a parallel approach to 
investigating other chronic diseases for their common mechanisms with PD. Its strategy is based on an interdisciplinary 
integrated systems approach, with central core competences in the area of functional genomics and genetics, 
metabolomics, imaging, bioinformatics and computational biology, thus combining experimental molecular and cellular 
neurobiology with computational approaches. Through the establishment of research groups led by clinical scientists, 
LCSB also bridges to the clinic. Technological platforms and models on different scales, covering in silico, in vitro and 
in vivo models in addition to patients and family studies, are the essential elements of the LCSB research strategy. 
Performing systems biomedicine on this multi-scale level is key to gain insight into human biology and disease.

The integration of the LCSB in both the Luxembourg research landscape and the international systems biomedicine 
community is a driving force of centre. The LCSB is forming strategic partnerships with internationally outstanding 
research institutions in order to quickly build up knowledge and form a powerful research network. Among those partners 
are the Institute for Systems Biology (ISB) in Seattle, the Gladstone Institutes in San Francisco, the California Institute 
of Technology in Pasadena, the University of California in San Diego (UCSD), the Systems Biology Institute (SBI) in 
Tokyo, the Helmholtz Zentrum München, Germany, and EMBL in Europe. On the national level, LCSB formed, together 
with the Integrated BioBank of Luxembourg (IBBL) and the Centre de Recherche Publique de la Santé (CRP Santé), the 
Personalised Medicine Consortium (PMC). Within the PMC, they complement each other in the field of biomedicine from 
basic research to translational research into the clinic, creating an excellent basis to obtain competitiveness and critical 
mass in health care research. Ultimately, the LCSB will form a bridge between basic research and industry.

Overall, the aim of the LCSB is to give new insights into health and diseases through multidisciplinary systems approaches.

INTRODUCTION
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RESEARCH
Objectives 
LCSB sees itself as a basic research centre bridging discovery and clinical application. As such, the major focus is on 
the analysis of complex biological systems and disease processes. With the focus on systems biomedicine, the research 
strategy is based on the integration of four major elements: patients, experiment, computation, and technology. Major 
biomedical questions drive LCSB’s current and future research agenda. This strategy requires a highly interdisciplinary 
research environment, with a strong collaboration among computer scientists, engineers, mathematicians, physicists, 
biologists and clinical scientists. The LCSB has also an important role to cross disciplines of different faculties within the 
University. It is LCSB’s guiding conviction that in the future, the major challenges of the society are based at the interface 
of disciplines and that their solution will require major skills of analysing complex systems. The long-term objective of the 
LCSB is thus to develop into a centre of complex systems analysis by developing tools and getting insight into the general 
principles, which might apply also to other domains such as material sciences, social sciences and finance.

Vision
     • Understand the mechanisms of complex biological systems and disease processes
     • Enable new ways to cure or prevent human diseases
Mission
     • Carry out fundamental research in the field of systems biology and biomedicine 
     • Analyse the mechanisms of disease pathogenesis, with a special focus on Parkinson’s disease 
     • Identify and validate new targets for disease prevention and intervention 
     • Develop new technology for biological systems analysis 
     • Explore opportunities for the translation of knowledge from basic research into industrial application 

The first years of LCSB were characterised by the implementation of the research strategy as proposed by the founding 
director in 2009, the recruitment of the principal investigators (PIs), core scientific personnel and support staff, the 
establishment of the first research infrastructure, and the planning and moving into the new building in Belval in 2011. 
Key collaborations were established within the Personalised Medicine Consortium (PMC), as well as with other regional 
research institutions and renowned international partners. After the first phase of “Building up”, the motto of the next 4 
years will be “Reaching Out” - based on the achievements of the first phase, LCSB will expand the scope of its activities, 
thus reaching out both scientifically as well as locally in Luxembourg. Leading themes are the transfer from basic research 
towards actual applications for patients, the building of additional bridges across disciplines to connect to other faculties 
and centres in the university, as well as to the industry, by creating spin-offs and valorise the research results.

Research strategy
As a completely new research centre without the background of a long-established university, a strategic decision was 
made to concentrate on quickly building up critical mass in bioinformatics, computational and systems biology, and to 
focus its experimental work on Parkinson’s disease. LCSB does not try to compete in the area of technology development, 
but rather tries to build up top expertise in the mathematical and computational modelling of disease processes. The 
following strategic approaches form the cornerstones and driving forces of LCSB’s research strategy, laying the basis for 
all research programmes at LCSB.

Multidisciplinarity
The challenges of competitive biomedical research are best met by cutting across 
disciplines. LCSB promotes the integration of different technologies, models, 
disciplines and expertise spanning from mathematical theory to medical needs in the 
clinic. Establishing a broad interdisciplinary spectrum of expertise was an explicit goal 
when recruiting the research groups of the LCSB, and is reflected by the professional 
background of the different PIs and the composition of expertise within each of their 
research groups.
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Mathematical and computational models to understand human diseases
Biology is becoming an extremely data rich research discipline. In addition to efficient means of data acquisition, data 
storage and high-performance computing, the development of suitable algorithms and mathematical descriptions will 
become a critical and essential component in future research efforts. To this end, LCSB directs major efforts towards 
the development of computational models, such as example kinetic models of ROS-metabolism or spatial models of 
mitochondrial function and dysfunction.

Biological multi-scale modelling: in silico, in vitro, in vivo, patients, families
LCSB aims at a multi-scale approach to systems biomedicine. Multi-scale modelling 
is a concept from physics and engineering to solve complex phenomena that are 
influenced by time and spatial dependent factors on different levels. For complex 
diseases, this approach can give new insights and allows a transfer between different 
disease models, thus challenging new findings and validating hypotheses. At LCSB, 
an attempt will be made to investigate questions at different in vitro, in vivo and in 
silico levels, ranging from cell culture to animal models, patient families and cohorts 
to virtual computational models.

Attractive infrastructure
Excellent infrastructure is a key attractor for becoming and staying competitive on an international level. The goal of LCSB 
is to establish and provide access to important infrastructure for high-throughput biological systems analysis. Because a 
shift from academia to the commercial sector can be observed in many molecular technologies, it is important not only to 
invest in those technologies that are of strategic importance for the research at LCSB and give it a competitive edge, but 
also to carefully monitor the development and availability in industry to use private services where appropriate rather than 
invest into such facilities.

Bioinformatics Core facility
Currently, we are witnessing an explosion in the amount of data derived from biological experiments and clinical research. 
It appears that most academic research units are not sufficiently prepared for the upcoming data explosion. Furthermore, 
it will be very difficult for individual institutes to maintain the fast and expensive cycles in maintaining top infrastructure 
necessary for genomic, proteomic or bioinformatics analysis of biological data. Hence, there is a need for computational 
platforms that are provided to the scientific community by dedicated research centres. The goal of LCSB is to provide 
bioinformatics, computational expertise as well as access to high-performance computing and large data storage to other 
research institutes within Luxembourg and beyond.

Bridging basic and clinical research
The integration of medicine into systems approaches is important for both directions; 
on one hand, medical observations in daily care can give valuable new directions to 
research; on the other hand, a close interaction between basic and clinical research 
helps to feed research results back into the clinic. LCSB supports the training of 
clinical scientists and provides opportunities for “protected time for clinicians”, such 
that medical doctors who work in the clinic are able to work also part-time at LCSB in 
research.

Fundamental
research

Clinical
application

Computer

Cell

Mouse

Patient

Families
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Research focus
All research programmes at LCSB focus on biomedical questions. The application of advanced research “tools”, such as 
mathematical and computational modelling, metabolomics, imaging and the development of new methodologies, aim at 
new findings in biology and at the same time, to a further development of the technologies and methods applied. While 
each research group pursues also its own research lines, all groups of the centre contribute to the central research 
theme: neurodegenerative diseases with a special focus on Parkinson’s disease (PD). The criteria for the choice of this 
research subject were the potential of neurodegenerative diseases and neurobiology in terms of scientific novelty, medical 
relevance and innovation potential combined with the requirement for an interdisciplinary approach.

Although genetic as well as environmental factors are known to contribute to the pathogenesis of neurodegenerative 
diseases, we do not have a thorough understanding of the underlying disease-causing mechanisms. To elucidate 
mechanisms that play a role in disease origin and progression, a systems approach is needed. Therefore, LCSB aims 
to look at the pathophysiological hallmarks of neurodegenerative diseases, such as mitochondrial dysfunction and 
neuroinflammation from a systems’ point of view. Besides the genetic factors underlying the diseases, LCSB is 
also interested in understanding the influence of gene-environment interaction. Here, the primary focus is put on 
understanding the role of the gut microflora. Furthermore, the hallmarks and mechanisms of neurodegenerative diseases 
most likely overlap with those of other diseases and several diseases might be present simultaneously in elderly patients. 
Clinical phenotypes alone seem insufficient to provide an understanding of the pathophysiological mechanisms. A 
comparative and integrated analysis of diseases across the traditional clinical boundaries (e.g. neurodegenerative diseases 
versus metabolic diseases) may lead to a redefinition of clinical phenotypes and new approaches in the treatment of 
neurodegeneration. Therefore, research efforts at LCSB are directed towards identifying the underlying networks of such 
co-morbidities. 

Figure: Research programmes at LCSB. 
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Research Groups
Being an interdisciplinary centre, LCSB was founded as a separate entity of the faculties. The establishment of an 
autonomous structure allows a more flexible operation in the highly competitive international research scene than is 
normally possible in the traditional setup of a university faculty. From a governance point of view, the LCSB chose research 
groups as primary unit of organisation. These groups are accompanied by research support and management structures to 
enable them to be competitive in the international research community. Each group is led by a principal investigator (PI). 
By now 14 research groups have been established in the LCSB, split into three areas: computational, experimental, and 
clinically-oriented translational groups. 

  

Overlapping projects and regular discussions among PIs assure a close cooperation of the different groups and allow 
building bridges from artificial intelligence over experimental biology to clinical studies. In addition, another “group” 
comprises the research fellows that spend part of their postdoctoral period at world-leading research institutes to build 
up their knowledge and work together with local researchers on cutting edge projects.

Computational focus

• Bioinformatics Core  

• Computational Biology

• Molecular Systems 
Physiology 

• Systems Biochemistry

• Systems Control

Experimental focus

• Chemical Biology

• Developmental & Cellular  
Biology

• Eco-Systems Biology

• Enzymology & Metabolism

• Experimental Neurobiology 

• Integrative Cell Signalling

• Metabolomics

Translational focus

• Clinical & Experimental 
Neuroscience

• Medical Translational Research
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Key projects
Text mining
The goal of text mining tasks is to analyse wide scope of scientific publications - abstracts as well as full texts - in order 
to detect factors involved in pathological states. Using statistical and natural language processing techniques we aim 
at getting insight into causal relations between molecular and phenotypic components, enabling better understanding 
of the individual diseases as well as comparison between them. Along with the textual knowledge, we want to explore 
experimental results and build on the expert knowledge of clinicians and medical doctors. One conceptual problem is how 
the knowledge obtained from multiple heterogeneous sources can be mapped onto one coherent network. Currently, we 
focus on the text mining enrichment of the Parkinson’s disease map.

Disease related data analysis
a) Whole genome family sequencing
In collaboration with the Family Genomics group at the Institute for Systems Biology, the LCSB uses next generation 
whole genome sequencing to study heritable diseases in the context of family pedigrees. Our studies include sporadic 
cases and multiple pedigrees, and address Mendelian, e.g. Fanconi anemia (FA), and complex neurological diseases like 
epilepsy or Alzheimer’s disease (AD). We have developed an automated family-based variant analysis pipeline including 
variant annotation, inheritance state analysis, IBD sharing, phasing, inheritance mode testing, filtering for rare and/or 
functional relevant variants and other gene and variant prioritisation methods. The identification of genomic variants and 
perturbed networks affecting neurobiology and brain physiology will lead to early diagnosis, prevention and management of 
neurodegenerative disease.
b) Beta cell function in juvenile diabetes and obesity - betaJUDO (FP7)
The main aim is to develop innovative therapeutic strategies by increasing pharmacology-based alternatives targeting 
insulin hypersecretion for the treatment of young obese individuals. We will evaluate current and novel therapies of 
intervention for their effect on counteracting insulin hypersecretion to halt destruction and facilitate recovery of 
functionally impaired beta cells and brown adipocytes. Clinical characterisation, including validation of novel genetic 
variants and a well-characterised cell model of dysfunction, will form the basis of the translational work.

Bioinformatics Core
Overview
The group is responsible for the efficient data flow between the experimental groups and the theoretical and medical- 
oriented groups. Furthermore, the group develops new algorithms in various fields such as data mining and visualisation to 
help understand and interpret the data. The core facility unit receives an immense amount of data from the experimental 
groups that the scientists have to handle, store, and categorise. Together with the high-performance computing (HPC) 
group of the University, they are responsible for setting up and running large computer and storage facilities with 
thousands of processors and an ever-increasing number of hard disks. Currently, the LCSB hosts the biggest hardware 
installation in Luxembourg’s academic landscape. After the scientists have managed to physically handle the huge amount 
of data, they face the next challenge to deploy and develop techniques to run a cost- and time-efficient data analysis 
pipeline. Due to the amount of data they need to implement automatic workflows, which apply a range of prediction and 
filtering steps so that it is possible to focus on the “interesting” data. This typically requires the close collaboration of 
computer scientists and biologists covering a broad spectrum of different disciplines. The core facility group provides also 
services for the research activities at the LSRU of the University and as part of research collaborations also for CRP-Santé 
and the IBBL. 

Figure: Main objectives of Bioinformatics Core unit.
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c) Genomic studies of epilepsies - EuroEPINOMICS (ESF), EpiPGX,(FP7)                         
LCSB is providing bioinformatics analytics and research as well as data management 
for two European consortia studying the genetics and pharmacogenomics of 
epilepsies. Clinical and preclinical phenotypic, genetic, epigenic, transcriptomics, 
proteomics and lipidomics data will be linked into one analysis pipeline. Pathway 
analysis puts the variety of information into context. Computational models will be 
constructed for validation. LCSB is complementing the analysis activities by whole 
genome sequencing. 
d) Statistical analysis of high-throughput experimental data for complex 
diseases 
This biostatistics/bioinformatics project is dedicated to the development and 
application of algorithms for feature selection, clustering, classification and pathway 
analysis of large-scale experimental data to study complex disorders like Parkinson’s 
disease (PD). The main objective is to identify deregulated cellular processes in 
biological samples from PD patients and disease models that underlie the disease. 
Biomarker models for diagnostic sample classification will be build using self-devised 
methods for cross-study data integration and machine learning.

Translational Medicine in partnership with the pharmaceutical industry                        
a) European Translation Information and Knowledge Management Services - 
eTRIKS 
eTRIKS is a project within the Innovative Medicines Initiative (IMI), Europe’s largest 
public-private partnership aimed at accelerating the development of better and safer 
medicines for patients. The main goal of eTRIKS is to develop a sustainable knowledge 
management (KM) environment for other data intensive translational research 
projects within IMI, to faciliate storage and combination of different data types. This 
will ultimately result in increased productivity of translational research by: (1) enabling 
cross study analyses, (2) allowing non-statisticians to perform exploratory analyses, 
(3) reducing the costs of knowledge management in translational research, (4) 
selecting existing and defining novel data standards to facilitate data curation. Our 
group is involved in data curation and development of analytics.
b) Organising Knowledge about Neurodegenerative Disease Mechanisms for 
the Improvement of Drug Development and Therapy - AETIONOMY
Current classification of Alzheimer’s and Parkinson’s disease is based on symptoms 
and severity but not on the many different causes which lead to several sub-types of 
these diseases. The AETIONOMY project will collect all available data including clinical, 
imaging and genetic data and combine them in an innovative way to look for patterns 
which could identify sub-groups of patients with similar causes of their disease. The 
project will include a clinical study, which aims at validating the novel

Principal Investigator
Reinhard Schneider
start: April 2011

STAFF 
Postdocs
Adriano Barbosa de Silva
Maria Biryukov
Nils Christian
Piotr Gawron 
Enrico Glaab
Wei Gu
Roland Krause
Patrick May
Stephan Gebel

Scientific staff
Serge Eifes
Yohan Jarosz
Abhimanyu Krishna
Jake Lin
Paola Pozzo 
Kirsten Roomp
Venkata Satagopam
Joanna Smula-Ostaszewska
Christophe Trefois

PhD candidates 
Amer Ashrafi
Aishwarya Alex Namasivayam

Key publications
1. Secrier, M., Schneider, R. (2013) Visualizing time-related data in biology, a review. Briefings in Bioinformatics, April 2013; doi: 10.1093/

bib/bbt021
2. Glaab, E., Baudot, A., Krasnogor, N., Schneider, R., Valencia, A. (2012) EnrichNet: network-based gene set enrichment analysis. 

Bioinformatics, 2012, 28:18, i451-i457; doi: 10.1093/bioinformatics/BTS389
3. Glaab, E., Schneider, R. (2012): PathVar: analysis of gene and protein expression variance in cellular pathways using microarray data. 

Bioinformatics, 2012, 28:3, 446-7; doi: 10.1093/bioinformatics/BTR656
4. Biryukov, M., Antony, P., Krishna, A., May, P., Trefois, P. (2014). Evaluation for Cell Line Suitability for Disease Specific Perturbation 

Experiments. In B. Lausen, S. Krolak-Schwerdt & M. Böhmer (Eds.), Data Science, Learning by Latent Structures, and Knowledge 
Discovery. Heidelberg: Springer

5. Ballereau, S., Glaab, E., Kolodkin, A., Chaiboonchoe, A., Biryukov, M., Vlassis, N., Ahmed, H., Pellet, J., Baliga, N., Hood, L.,Schneider, R., 
Balling, R., Auffray, C. Functional genomics and bioinformatics for systems biology (2013) in Prokop, Ales; Csukás, Bela (Eds.) Systems 
Biology: Integrative Biology and Simulation Tools

“mechanism-based taxonomy”.
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Key projects
Functional validation of disease-associated gene variants and candidate drug targets for neurodegenerative 
disorders
A central aspect of our group’s research is the use of zebrafish models of human CNS disorders. Large-scale genome 
sequencing efforts are identifying numerous disease-associated gene variants that require in vivo validation. Zebrafish 
offer the possibility to rapidly knock down these genes using morpholino oligonucleotides. After an initial phenotypic 
characterisation, a subset of these genes are selected for the generation of stable mutant lines using targeted 
mutagenesis via TALENs (transcription activator-like effector nucleases). These zebrafish lines are then used for in-depth 
phenotypic characterisation and as bioassays for high-throughput in vivo screening of small molecules (see below and 
Figure above). A similar strategy is used to functionally validate candidate drug targets selected through systems biology 
analysis, e.g. of differential gene expression data from brain samples of both animal models and human patients, with 
the goal of identifying drugable targets that - when inhibited pharmacologically - could contribute to improved disease 
outcomes.

Zebrafish-based identification of neuroactive small molecules
A major focus of the group is the identification of neuroactive small molecules using in vivo bioassays. Using zebrafish 
models of CNS disorders as described above, we screen compound libraries of both synthetic and natural origin, with 
the goal of finding and characterising chemical modifiers of disease-associated phenotypes. Such neuroactive small 
molecules have dual applications – as pharmacological tools, to help elucidate the molecular mechanisms involved in 
the aetiology of these neurological diseases, and possibly as lead compounds for the development of novel therapeutics, 
ideally with disease-modifying properties. We then rely on a growing toolbox of chemical biology methods to help 
determine the mechanism of action of these compounds, using techniques such as behavioural fingerprinting in zebrafish, 
3-hybrid screening in yeast, and electrophysiologicial profiling in Xenopus oocytes.

Chemical Biology group
Overview
The primary objective of the Chemical Biology Group is to use small molecules in order to provide novel insights into the 
aetiology and possible future therapy of disorders of the human central nervous system. one of the group’s foci are small 
molecules of natural origin, as secondary metabolites have evolved over hundreds of millions of years to functionally 
interact with biological macromolecules, and occupy a uniquely three-dimensional niche in chemical space.
The group’s research platform is centred around the use of zebrafish as an in vivo disease model. Zebrafish embryos 
and larvae are microscopically small, optically translucent vertebrates with high genetic, physiologic, and pharmacologic 
homology to humans. Zebrafish are uniquely suited to perform high-throughput, in vivo screens of drug-like, structurally 
diverse small molecules to identify compounds capable of modulating pathophysiological parameters associated with 
disease – particularly through the use of novel zebrafish models of human CNS disorders. By elucidating the mechanism 
of action of such bioactive small molecules, new disease-relevant signalling pathways and biomolecular targets for drug 
discovery can be discovered.

Figure: Pharmacological screen using zebrafish as a model organism for CNS diseases. 
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Elucidation of role of the immunoresponsive gene 1 in neuroinflammation
Neuroinflammation, with the participation of microglia, has been implicated in the 
pathogenesis of several neurological diseases. Activated microglia acquire a pro-
inflammatory profile that is suggested to induce neuron damage and to affect 
neurogenesis, both during development and in the adult brain. Among the various 
inflammatory genes expressed by microglia, immunoresponsive gene 1 (Irg1) has 
been associated with their differentiation towards a neurotoxic phenotype. Irg1 was 
recently discovered by other LCSB scientists to encode cis-aconitate decarboxylase, 
an enzyme that catalyses the production of the antimicrobial metabolite itaconic 
acid. This raises the question whether an enzyme implicated in defence against 
infection via metabolic immunity may contribute to the pathogenesis of neurological 
diseases. Towards this end, we are characterising the expression dynamics of irg1 in 
the zebrafish brain during neuroinflammation, and elucidating the role of irg1 in the 
dynamics of microglia-neuron interactions during the elimination of dying neurons 
and formation of new neuronal cells in the brain. Our data will add new insights 
into the molecular mechanisms of the neuroinflammatory response in pathological 
conditions relevant to several neurological diseases that affect the developing brain.

Zebrafish-based identification of bioactive secondary metabolites that 
modulate axial patterning during embryonic development
The basic body plan of zebrafish originates during oogenesis and persists throughout 

Key publications
1. Suls, A., Jaehn, J.A., Kecskés, A., Weber, Y., Weckhuysen, S., Craiu, D.C., Siekierska, A., Djémié, T., Afrikanova, T., Gormley, P., von Spiczak, 

S., Kluger, G., Iliescu, C.M., Talvik, T., Talvik, I., Meral, C., Caglayan, H., Giraldez, B.G., Serratosa, J., Lemke, J.R., Hoffman-Zacharska, D., 
Szczepanik, E., Barisic, N., Komarek, V., Hjalgrim, H., Møller, R.S., Linnankivi, T., Dimova, P., Striano, P., Zara, F., Marini, C., Guerrini, R., 
Depienne, C., Baulac, S., Kuhlenbäumer, G., Crawford, A.D., Lehesjoki, A.-E., de Witte, P.A.M., Palotie, A., Lerche, H., Esguerra, C.V., De 
Jonghe, P., Helbig, I., EuroEPINOMICS RES CRP. (2013) De novo loss-of-function mutations in CHD2 cause an epileptic encephalopathy 
with similarities to Dravet syndrome. Am J Hum Gen, doi: 10.1016/j.ajhg.2013.09.017

2. Bohni, N., Cordero-Maldonado, M.L., Maes, J., Siverio-Mota, D., Marcourt, L., Munck, S., Kamuhabwa, A.R., Moshi, M.L., Esguerra, C.V., 
de Witte, P.A., Crawford, A.D., Wolfender, J.L.. (2013) Integration of microfractionation, qNMR and zebrafish screening for the in vivo 
bioassay-guided Isolation and quantitative bioactivity analysis of natural products. PLoS ONE 2013, 8(5): e64006. doi:10.1371/journal.
pone.0064006

3. Lauinger, I.L., Vivas, L., Perozzo, R., Stairiker, C., Tarun, A., Zloh, M., Zhang, X., Xu, H., Tonge, P.J., Franzblau, S.G., Pham, D.H., Esguerra, 
C.V., Crawford, A.D., Cos, P., Maes, L., Tasdemir, D. (2013) Prophylactic potential of lichen secondary metabolites against Plasmodium 
liver stage parasites with FAS-II as the potential target. J. Nat. Prod. 2013, 76, 1064-1070

4. Afrikanova, T., Serruys, A.S., Buenafe, O.E., Nuyts, R., Clinckers, R., Smolders, I., de Witte, P.A.M., Crawford, A.D., Esguerra, C.V. (2013) 
Validation of the zebrafish pentylenetetrazol seizure model: locomotor versus electrographic responses to antiepileptic drugs. PLoS 
ONE 2013, 8:e54166. 

5. Challal, S., Bohni, N., Buenafe, O.E., Esguerra, C.V., de Witte, P.A., Wolfender, J.L., Crawford, A.D. (2012) Zebrafish bioassay-guided 
microfractionation for the rapid in vivo identification of pharmacologically active natural products. Chimia, 66:229-32.
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gastrulation, during which both maternal and zygotic signals tightly regulate axial patterning and differentiation in 
the embryo. The BMP and Wnt signalling pathways play key roles in the regulation of both vertebrate and invertebrate 
development. The activity of these pathways regulates not only embryogenesis, but also tissue homeostasis in adult 
organisms. Deregulation of these pathways is associated with various human diseases including cancer, diabetes, and 
osteoarthritis. To seek novel small-molecule modulators of BMP/Wnt signalling pathways, we screened (at the University 
of Leuven) a library of plant-derived secondary metabolite extracts for their ability to perturb dorsal-ventral (DV) and 
anterior-posterior (AP) axis formation in zebrafish embryos. This screen identified an extract of Terminalia spinosa, an 
East African medicinal plant, that caused severe dorsalisation reminiscent of the dorsal-ventral axis mutants snailhouse 
and piggytail. Bioassay-guided chromatographic fractionation of this extract was performed to isolate individual bioactive 
fractions that were further analyzed by UHPLC-TOFMS and microflow NMR (in collaboration with the University of 
Geneva), identifying a novel ellagic acid derivative that is now the subject of further investigation at LCSB with regard to 
its mechanism of action.
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Key projects
DJ-1 and molecular pathways
Human cell models based on induced pluripotent stem cell (iPSC) technology are ideal for the study of the pathophysiology 
and underlying molecular pathways of familial and idiopathic forms of PD. Causes of familial PD include homozygous
loss-of-function mutations of DJ-1, which is a protein encoded by the gene PARK7 and has broad biological functions 
including effects on mitochondrial and lysosomal homeostasis. We have previously shown that fibroblasts obtained from 
PD patients carrying the homozygous mutation c.192G>C in the DJ-1 gene display impaired mitochondrial respiration, 
increased intramitochondrial reactive oxygen species, reduced basal autophagy and accumulation of defective 
mitochondria. In order to study the effect of DJ-1 loss-of-function on PD target cells, iPSC-derived midbrain-specific 
dopaminergic (mDA) neurons are generated from these fibroblasts. Using a new approach, the iPSCs are first differentiated 
into small molecule neuronal precursor cells (smNPC) that can be expanded indefinitely and, if needed, differentiated 
into mDA neurons within three weeks. Using pairs of disease-specific isogenic and non-isogenic healthy control iPSCs, 
cellular phenotypes in mDA neurons can then be identified and subsequently used as readout for small chemical compound 
library screens. Three commercially available compound libraries will be screened in the first round to detect compounds 
that rescue PD phenotypes in our DJ-1 model. In this context, a full automation of the cell culture including high-content 
imaging to perform high-throughput screening in our lab is currently being established.

Pathological role of α-synuclein in PD
Following the discovery that SNCA encodes α-synuclein in an A53T autosomal dominant form of inheritance in a familial 
case of PD, two other point mutations have been identified in families with hereditary PD: A30P and G46L. Genome Wide 
Association Studies (GWAS) have also implicated the variability at the SNCA locus as a major risk factor in idiopathic 
PD. The oligomerisation of the monomeric α-synuclein into toxic aggregates of amyloid-like fibrils is one of the main 
pathogenic features of α-synuclein, which is a major constituent of Lewy bodies. The focus of the present study involves 
the differentiation of isogenic A30P PD-derived iPSC and a non-PD familial control into mDA neurons using a previously 
established protocol, further researching the link between α-synuclein and mitochondrial dynamics, and assessing 
their functionality by live cell imaging using a spinning disk confocal microscopy and real time measurements of the 
bioenergetics status using an XFe Extracellular Flux Analyser (Seahorse).  

Clinical & Experimental Neuroscience group
Overview
One major focus of the research group is the elucidation of molecular signalling pathways leading to neurodegeneration in 
Parkinson’s disease (PD). Using mutation screenings in a large sample of PD patients, the group identified novel mutations 
in genes that are responsible for familial PD and deciphered genetic variants in candidate genes that are associated with 
sporadic PD. The group studies intensively the functional consequences of identified mutations and investigates molecular 
signalling cascades in the pathogenesis of PD. In this context, we are interested in the identification of novel interacting 
proteins, characterisation of proteasomal function, analyses of mitochondrial function and dynamics as well as the effects 
of cell viability in cellular and transgenic animal models of the disease. These studies are aimed at the development of novel 
neuroprotective therapeutic strategies in the treatment of PD as the most common neurodegenerative movement disorder.

Figure: Pharmacological screen using dopaminergic neurons from patient-derived induced pluripotent stem cells.  
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The role of GRP75/mortalin in PD
PD and other related neurodegenerative disorders are thought to result, at least in 
part, from imbalances in synaptic function within neuronal circuits. The effects of 
PD-related genes on synaptic processes, however, are not well characterised. The 
present study is looking at the potential impact of mitochondrial changes in quality 
control mechanisms on synaptic (dys)function and structure and their possible role in 
the cascade of deleterious events implicated in PD pathogenesis. GRP75/mortalin is 
a mitochondrial chaperone localised at the ER-mitochondria interface and for which 
PD-related variants have been described. The project aims at exploring whether these 
mitochondrial alterations may arise as a consequence of mitochondrial damage due 
to dysfunctional ER-mitochondrial communication mediated by GRP75/mortalin. 

The relevance of Miro1 for mitochondrial function and dynamics in PD 
Previous studies have revealed a loss of function of the proteins PINK1, Parkin and 
DJ-1 in idiopathic PD, causing impairment of mitochondrial quality control. The 
interaction of the mitochondrial transport protein Miro1 with the PINK1/Parkin 
pathway plays a crucial role in lysosomal degradation of dysfunctional mitochondria. 
The aim of this project is to characterise the influence of Miro1 in pathways 
relevant to PD. In this context, Miro´s effect on mitochondrial function, degradation 
and transport will be investigated in terms of its consequence for mitochondrial 
homoeostasis. In addition, a first mutation analysis of the RHOT1 gene of PD patients 
will be conducted. In order to analyse the interaction of Miro1 with the PINK1/Parkin 
complex, the study utilises human neuroblastoma cell lines as well as differentiated 
neurons from PD patient derived fibroblasts. 

Omi/HtrA2 and neurodegeneration
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Omi/HtrA2 has gained significance in recent years in the context of neurodegenerative disorders such as Alzheimer´s, 
Huntington´s and Parkinson’s disease. Complete loss of Omi/HtrA2 protein leads to neurodegeneration, but the exact 
mechanism still remains elusive. Recently, our group has discovered three variants in Omi/HtrA2 (A141S, G399S, R404W) 
in PD patients, which have been confirmed in studies of the Belgian population. We found that PD-associated variants 
in the Omi/HtrA2 protein lead to loss of protease function in vitro and impair mitochondrial function in dopaminergic 
neuronal cells. Based on these findings, transgenic mice overexpressing wild type and two PD-associated mutants of Omi/
HtrA2 were generated and characterised by behavioural, immunohistochemical and biochemical assays to define the role 
in neurodegeneration. Our findings were further validated by in vitro studies using Omi knockout cells retransfected with 
wild type Omi/HtrA2 or variants of Omi/HtrA2. This study aims at understanding the underlying mechanisms by which this 
protein is involved in the maintenance of mitochondrial function and dynamics. Methods applied include live cell imaging, 
colocalisation studies, determination of mitochondrial mass and mitophagy markers.
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Key projects
Modelling mouse neural stem cells differentiation into astrocytes
This project aims to construct a gene regulatory network-based model to describe mouse neural stem cell (NSCs) 
differentiation into astrocytes, and their potential ability to de-differentiate under specific stimuli. The analysis of such a 
network will provide insights about the mechanisms involved in these processes and potential gene candidates to control 
and induce both differentiation and dedifferentiation. This is a collaborative effort of our group at LCSB, and Prof. Noel 
J. Buckley from the Department of Neuroscience at the Institute of Psychiatry of the King’s College, London, UK. The 
outcome of this project will be an important step towards reliable NSCs to astrocytes differentiation and dedifferentiation 
models with potential application in related brain pathologies.

Differential network-based approach to designing new strategies for cellular reprogramming: application to 
cardiac cells
The goal of this project is to build a computational platform that integrates transcriptomic and epigenetic data, and to 
develop strategies based on differential network analysis for identifying optimal reprogramming determinants triggering 
transitions between specific cell types. This platform will be applied to the differentiation of cardio-progenitor cells into 
different types of cardiomyocytes in order to address relevant questions, such as how to direct differentiation into desired 
cell types in a controlled fashion, and how to increase the efficiency of this process for clinical purposes. This project is 
being carried out in collaboration with Prof. Christine Mummery at Leiden University Medical Centre, The Netherlands. The 
outcome of this project shall assist researchers in the field in designing new strategies in regenerative medicine.

Computational Biology group
Overview
The main goal of the Computational Biology Group is to understand how molecular networks (e.g. gene regulatory,  
protein-protein interactions and signalling networks) mediate cellular processes involved in cellular differentiation and 
reprogramming. The group develops mathematical and computational approaches using multiple sources of biological 
information (e.g. transcriptomics, epigenomics, proteomics) in order to build network-based models that consider 
key molecular characteristics underlying these cellular processes. These models, which range from single-cell to cell 
population levels, aim to address relevant questions in the field of stem cell research and regenerative medicine including: 
the study of iPSC disease models; increasing efficiency and fidelity of cellular differentiation and reprogramming; and 
modeling cell-environment interactions within the context of tissue regeneration. The development of these models 
is essential in order to gain a better understanding of cellular differentiation and reprogramming, which will enable 
researchers to design novel strategies to guide stem cell experimental research and regenerative medicine approaches. 
In addition, the group also studies how perturbations of molecular networks give rise to phenotypes resulting in human 
disease. These perturbations, which range from the complete loss of a gene product to the specific perturbation of 
a single molecular interaction, may arise from genetic variations, epigenetic modifications, and genome-environment 
interactions. We model disease states as stable equilibrium states of gene regulatory networks, allowing researchers to 
address a number of relevant issues, such as the identification of molecular signatures of disease states and their master 
regulators. These might serve as novel drug targets or diagnosis biomarkers. Thus, diseases can be diagnosed, treated and 
prevented by understanding and intervening in the networks that underlie health and illness. 

Figure: Molecular networks in health and disease. 
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Modelling Stochasticity and Population Heterogeneity in Pluripotent States
In this project, we intend to model stochasticity of gene expression in the pluripotent 
state, bringing together epigenetic and transcriptional regulatory interactions in the 
context of differentiation. This stochastic model will enable us elucidate the role of 
cellular heterogeneity in differentiation, and will be useful to predict more efficient 
combinations of cell fate determinants triggering differentiation. Our predictions will 
be experimentally validated in different stem/progenitor cell types. This research line 
is part of a collaboration project with Prof. Ihor Lemischka and Prof. Kateri Moore at 
the Black Family Stem Cell Institute of the Mount Sinai School of Medicine, the USA. 
We expect that the scientific outcome of this project will be useful for designing 
alternative strategies for cellular differentiation. 

Network analysis of synaptosomes in natural and Alzheimer’s disease ageing
This project aims to elucidate the dynamical molecular mechanisms underlying 
normal and Alzheimer’s disease ageing using proteomics data from hippocampal 
synaptosome fractions of ageing wild-type mice, and two different transgenic mouse 
models for Alzheimer‘s disease. It is based on a strategic collaboration with Dr. 
Ronald van Kersteren and Prof. Guus Smit from the Center for Neurogenomics and 
Cognitive Research, VU University Amsterdam, The Netherlands. We will apply network 
analysis methods of the full synaptosome proteomics data to elucidate the dynamical 
behavior and functional consequences underlying the progression of normal ageing 
and Alzheimer’s disease. This network-based statistical analysis and modelling 
pipeline will allow us to deduce dysregulation pathways in the brain and predict useful 
targets for future treatment.
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Key projects
Adult neurogenesis in physiology and pathology
The adult mammalian central nervous system has little capacity for regeneration after injury and disease. However, stem 
cells with the potential to proliferate and differentiate into neurons exist in all adult mammals. Normally, such newborn 
neurons are dedicated mainly to the olfactory bulb and the dentate gyrus. It is conceivable that other neuron types that 
are lost during neurodegenerative diseases could in principal be replaced too. Such replacing neurons could be produced 
by the endogenously present adult neural stem cells. We investigate which genes and microRNAs regulate the activity of 
adult neural stem cells. In particular, we analyse how the cell fate determinant TRIM32 regulates the balance between 
stem cell maintenance and neuronal differentiation. In addition, we follow the hypothesis that PD-associated non-
motor symptoms (hyposmia, anhedonia etc.) might be caused by deregulated adult neural stem cell activity. Therefore, 
the overall aim of these approaches is to make endogenously present adult neural stem cells applicable for therapeutic 
approaches aiming for the replacement of neurons that are lost during neurodegenerative diseases.

Utilisation of stem cells to model and treat Parkinson’s disease
Pluripotent human embryonic stem cells have been successfully generated from early stage human embryos and can 
differentiate into various cell types. However, to develop cellular models of human disease, it is necessary to generate cell 
lines with genomes predisposed to diseases (carrying the involved mutations). Recently, the reprogramming of somatic 
cells to a pluripotent state (induced pluripotent stem cells, iPSCs) by overexpression of specific genes has been carried 
out successfully (Nobel Prize in Physiology/Medicine in 2012). We use this technology to generate iPSCs from PD patients. 
With those personalised cells we follow two strategies:
I) In vitro disease modelling: 
We use PD patient-specific iPSCs to generate neural stem cells and dopaminergic neurons. We not only include patients 
with mutations in classically known PD-associated genes (e.g., LRRK2, Parkin, PINK1, DJ1 and SNCA), but we also include 
patients with novel mutations as well as idiopathic patients. As controls, iPSCs from healthy individuals are used. In these 
cells, we define PD-associated cellular phenotypes (e.g., neurite complexity, neuronal differentiation, cell death, stress 
resistance, mitochondria activity etc.) to unravel mechanisms underlying PD. In addition, this cellular model is excellent for 
screening for new genetic modifiers or small molecule drugs addressing PD-associated motor symptoms (dopaminergic 
neurons) and non-motor symptoms (neural stem cells).

Developmental & Cellular Biology group
Overview
Parkinson’s disease (PD) is an age-associated progressive neurodegenerative disease. Degeneration and subsequent loss 
of dopaminergic neurons in the substantia nigra leads to the well-described motor symptoms such as tremor, bradykinesia 
and rigidity in PD patients. At the same time, defects in adult neurogenesis, that are associated with deregulation of adult 
neural stem cells, are likely to contribute to non-motor PD symptoms like hyposmia, anhedonia, lack of novelty seeking 
behaviour, depression and anxiety. The aim of our research is to understand, model and treat Parkinson’s disease. Stem 
cells, either neural stem cells or pluripotent stem cells, are in the centre of most of our research approaches. In particular, 
we investigate the link between molecular processes like cell fate determination, microRNA activity, cell cycle progression 
and neuronal degeneration. Our research projects involve mouse models, neural stem cell cultures, and patient-specific 
induced pluripotent stem cells (iPSCs). Additionally, we use classical biochemistry, molecular and systems biology tools, as 
well as advanced imaging methods. 

Figure: Utilisation of stem cells to treat Parkinson’s disease.
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 II) Cell replacement strategies: 
The utilised iPSCs are patient-specific (personalised) and therefore do not have the 
risk of immune rejection after transplantation of the lost cell type back into the 
donor. We are currenlty investigating different approaches for the transplantation 
of iPSC-derived dopaminergic neurons into mouse models for Parkinson’s disease. 
We are particularly interested in achieving a complete restoration of the nigrostriatal 
system, which includes correct integration after transplantation as well as axon 
projection from the substantia nigra into the striatum.

Genetic engineering in human induced pluripotent stem cells
Personalized PD patient-specific iPSCs, that carry the disease-inducing mutations, 
have extremely diverse genetic backgrounds. Therefore, it is not easy to compare in 
phenotypes observed cells from different patients. Nevertheless, they are valuable 
because only these patient-specific cells fully represent the conditions that lead 
to the disease. In order to overcome the limitations caused by the variable genetic 
background, we also use isogenic iPSCs carrying defined PD-specific mutations. 
The comparison of personalised cells with isogenic cells will allow us to deduce 
phenotypes and mechanisms that are disease-specific as well as specific for a certain 
mutation. Additionally, this approach will allow to define unifying themes of PD.

Molecular functions of Parkinson’s disease associated mutations
Although the aetiology of PD is not completely understood, currently 15 gene loci 
have been linked to PD, that account for up to 50% of the early onset and 3% of 
the late onset PD forms. Particularly mutations in the genes LRRK2, Parkin, PINK1, 
DJ1 and SNCA are well described. Among these genes, LRRK2 is special because 
mutations have been described not only in familial forms of Parkinson’s disease but 
also in sporadic cases. LRRK2 is strongly expressed in neural stem cells (NSCs), but 
the exact molecular function of LRRK2 in these cells remains unknown. By performing 
a systemic analysis of the gene expression profile of LRRK2-deficient NSCs we found 
that the expression of several PD-associated genes, taht paly a role in oxidation and 
reduction in mitochondria, are deregulated upon LRRK2 absence. We are currently 
aiming at using systems biology approaches to understand the interaction of the 
various Parkinson’s disease associated genes/proteins with each other. Additionally, 
we are very interested in the molecular and cellular connection of these genes to 
cell fate specification associated processes and microRNA activity regulation. A 
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more detailed understanding of these processes will reveal new modifiers of Parkinson’s disease and will lead to the 
identification of new targets that can be addressed to affect onset and progression of the disease.
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Key projects
Integrated omics
High-resolution molecular biology approaches are vital for discovering and characterising microbial diversity, and 
understanding the interaction of microbial communities with biotic and abiotic environmental factors. Integrated omics, 
comprising of community genomics, transcriptomics, proteomics and metabolomics, is able to reveal the links between 
genetic potential and functionality in a truly systematic fashion. However, mixed microbial communities are complex, 
dynamic and heterogeneous, and it is therefore essential that omics data can be meaningfully integrated, analysed and 
modelled. Our recently developed methods, which range from a patented comprehensive biomolecular extraction method, 
called BioMolXtract, yielding high-quality DNA, RNA, protein and metabolite extracts, to new bioinformatics sequence 
analysis tools. These are now routinely being applied to mixed microbial communities including those of human health 
interest. 

The characterisation of exogenous RNA in human blood
Using the standardised extraction workflow on human gastrointestinal samples revealed an apparent enrichment of 
microbial small RNAs (sRNAs) in the human gastrointestinal tract. In collaboration with Prof. David Galas’ group at the 
Pacific Northwest Diabetes Research Institute in Seattle, USA, we found that these sRNAs are mirrored in and form part 
of the exogenous RNA pool in human blood plasma and the sRNAs may be involved in human-microbe interactions. We 
are currently pursuing large cohort studies aiming at identifying specific human microbiome-derived sRNAs involved in 
human-microbe interactions, which may play important immuno-modulatory functions. Furthermore, we have recently 
demonstrated that we are able to identify abundant and representative sRNAs that reflect the feces-based biomarkers 
using newly developed bioinformatic approaches. This opens up exciting prospects for blood-borne microbiome-enabled 
human diagnostics. We are currently exploring commercialisation strategies for such diagnostics together with the 
venture capital group Advent Ventures.

Eco-Systems Biology group
Overview
The key goal of the Eco-Systems Biology group is to develop and apply molecular systems biology approaches to obtain 
unprecedented understanding of mixed microbial communities (e.g. gastrointestinal microbiota), their interactions with 
the environment (e.g. the human host), and how certain microbial community compositions lead to certain outcomes, 
(e.g. pathogenesis). Aberrations in the human microbiome (microbial dysbiosis) have been linked to a number of human 
diseases including cancer, metabolic and neurodegenerative diseases. The group is currently involved in research projects 
investigating these diseases using its high-resolution molecular approaches. To develop the field of Eco-Systems Biology, 
we have created a number of key methodologies and technologies that allow the systematic and high-resolution study 
of microbial community-driven processes. These range from wet-laboratory techniques, microfluidics-based in vitro 
co-culture systems to downstream bioinformatics approaches for the integration of high-resolution molecular data. 
The overall vision of the group is to use high-resolution molecular data, obtained from microbial consortia, including 
those established in human-microbial co-culture models, to construct in silico models; these will highlight key processes 
governing microbial community structure and function, and may inform control strategies for microbial communities in the 
future.

Figure: BioMolXtract - isolations of genomic DNA, RNA, proteins and metabolites from a single biological sample.
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Microfluidics-based human-microbial co-culture devices
Recent scientific evidence suggests that a range of human diseases may result from 
microbial dysbiosis. Causal links are however difficult to ascertain because of a distinct 
lack of representative experimental models. We have developed a microfluidics-based in 
vitro device, termed HuMiX, which allows the prolonged co-cultivation of differentiated 
human epithelial cell lines and sampled human microbial communities in close proximity. 
The device is ideally suited for investigating the nature and impact of molecular 
crosstalk between human and microbial contingents and how imbalances therein may 
be involved in disease pathogenesis. In this context, we are specifically investigating 
how the presence of certain microbial species affects human gene expression and how 
the administration of certain diet-related food components as well as pro-, pre- and 
anti-biotics affect human-microbial molecular interactions. Furthermore, by exploiting 
the device’s modular design, we are constructing an in vitro model of the entire human 
gastrointestinal tract, termed μGUT, which will be suited to study the pharmacokinetics 
of drugs. 

Systems biology of natural microbial assemblages
We are investigating specific lipid accumulating microbial (LAM) communities which 
are found at the air-water interface of certain wastewater treatment plants and 
whose phenotype may be harnessed for the concomitant treatment of wastewater and 
production of biodiesel. Using a time-resolved integrated omics approach, we aim to 
reconstruct the community-wide gene regulatory as well as metabolic networks and 
understand the key processes involved in lipid processing, assimilation and storage 
by LAM communities. We investigate what impact the extensive population-level 
genetic heterogeneity has on gene regulation and metabolism. Furthermore, the LAM 
communities allow us to address other fundamental questions in microbial ecology, the 
evolutionary arms race between virus infectibility and host defense. 

Multifactorial biomarkers for neurodegenerative diseases
It is expected that patient stratification based on multifactorial biomarkers will play an 
increasing role in prognosis, diagnosis and personalised medicine. Such approaches are 
particularly promising for neurodegenerative diseases like Alzheimer’s and Parkinson’s 
disease (PD) where an early diagnosis and ensuing treatment could delay the progress of 
these diseases considerably, and may give new insights in the cause of these diseases. 
Within a large consortium of researchers from 22 European countries, we aim to find 
indicators of disease in cerebrospinal fluid of people in early stages of PD using our 
integrated omics approach. We are currently applying our integrated omics approach to 
cerebrospinal fluid samples obtained from individuals diagnosed with PD. 
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Key projects
Study of NADHX formation and repair in eukaryotic cells
We have recently discovered a widely conserved enzymatic repair mechanism for hydrated forms of NADH and NADPH, 
two central cofactors of cell metabolism. The hydration of NAD(P)H can be catalysed as a side reaction of GAPDH 
(glyceraldehyde 3-phosphate dehydrogenase) or can proceed spontaneously at elevated temperatures, leading to the 
formation of two epimers of NAD(P)H hydrates designated S-NAD(P)HX and R-NAD(P)HX. Those hydrated derivatives 
cannot act as enzyme cofactors and have been shown to inhibit dehydrogenases. The repair system comprises of an 
ATP-dependent S-NAD(P)HX dehydratase and an NAD(P)HX epimerase. The objectives of this project are to better 
understand how and under which circumstances NAD(P)HX is formed in the cell and what cellular functions are affected 
by the presence of NAD(P)HX. We are therefore investigating the effect of a deficiency of the NAD(P)HX repair system 
in yeast and mammalian cells on various molecular and physiological levels. These studies include transcriptomics and 
metabolomics analyses, growth rate determination in multiple environments, and lifespan assays of the repair deficient 
cells. The central roles of NAD(P)H in living cells and the conservation of the NAD(P)HX repair system across all kingdoms 
of life suggest that a better understanding of this system will reveal new fundamental aspects of cell metabolism.

2-Hydroxyglutarate metabolism in yeast and cancer cell lines
D-2-hydroxyglutarate (D-2HG) and L-2-hydroxyglutarate (L-2HG) are metabolites that accumulate in several types of 
inherited neurometabolic diseases and certain forms of cancer, such as glioblastomas and acute myeloid leukaemia. In 
each of these diseases, mutations in specific dehydrogenases for L-2HG, D-2HG, or isocitrate have been shown to cause 
2HG accumulation. However, the intracellular pathways leading to 2HG formation and the roles of 2HG in disease are still 
unclear. We specifically aim to characterise and understand the effect of hypoxia on 2HG formation in cancer cell lines 
and to investigate 2HG formation and degradation in yeast, a very poorly investigated part of yeast metabolism. For this 
purpose, we set up a differential quantitative assay for D-2HG and L-2HG by liquid chromatography-mass spectrometry. 
The method allows sensitive measurements of these metabolites also in complex samples such as cell extracts. Through 
this project we aim at further elucidating D- and L-2HG metabolism in eukaryotic cells as well as the (neuro)toxic effects 
associated with these metabolites. This work could lead to the identification of molecular drug target candidates to be 
tested for the treatment of certain forms of cancer and severe neurometabolic disease.

Enzymology and Metabolism group
Overview
Several observations clearly indicate that our understanding of cellular metabolic networks, and the regulation thereof, 
is far from being complete. The long-term goal of our group is to exploit genomic and post-genomic data to discover new 
enzyme functions relevant to human disease or ageing. Our research is currently focusing on (1) better understanding 
the physiological role of recently identified protein and metabolite repair mechanisms, (2) characterising poorly studied 
enzymes involved in rare diseases, and (3) developing strategies for accelerating enzyme function discovery. Comparative 
genomics-based bioinformatics tools are used for in silico predictions of gene functions. On the experimental level, 
we use liquid chromatography and mass spectrometry-based metabolomics methodologies and the model organism 
Saccharomyces cerevisiae as central tools. In addition, the production of recombinant proteins, protein purification and 
setting up of enzymatic assays are important for biochemical validation and characterisation of predicted gene functions. 
Follow-up studies in human cell lines are performed to investigate the function of human orthologs of genes of interest 
by using RNA interference and overexpression techniques. In collaboration with the Chemical Biology group, yeast and 
zebrafish are also used for modelling rare metabolic diseases and perform small molecule screens to find potential drug 
candidates. Our research is intended to impact fields ranging from metabolic modelling and engineering to medicine.

Figure: Principles of enzymatic metabolite repair mechanisms. 
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Comparative genomics- and metabolomics-based strategies for enzyme 
function discovery
In this project we aim at interrogating the function of genes which are still annotated 
as “uncharacterised” in the Saccharomyces cerevisiae genome. Using bioinformatic 
tools, we estimate how many, among the more than 1000 genes of unknown 
function, encode putative metabolic enzymes. To investigate the metabolic function 
of selected genes that are conserved in humans, we use non-targeted GC-MS- and 
LC-MS-based approaches to compare metabolite profiles of yeast deletion strains 
and the corresponding wild-type strains. Metabolites whose levels differ significantly 
between wild-type and knockout strains will help to predict reactions catalysed by 
the proteins of interest. Those predictions can then be validated on recombinant 
protein level through appropriate enzymatic assays. Given the non-targeted nature 
of our approach, this project has strong discovery potential and will more generally 
help develop bioinformatics and experimental approaches to address a major post-
genomic challenge: decreasing the number of genes of unknown function in the rapidly 
increasing number of fully sequenced genomes across all kingdoms of life.

Crosstalk between a protein repair methyltransferase and growth signalling 
pathways 
PCMT1 is a highly conserved repair enzyme that recognizes spontaneously formed 
isoaspartate residues in proteins and, through methylation, facilitates their 
reconversion back into the normal aspartate precursor. PCMT1 deficiency has been 
shown to lead to accumulation of high levels of damaged proteins, especially in 
the brain, and massive seizures in a knockout mouse model. In addition, PCMT1 
overexpression leads to a longer life span in worms and flies. Other studies suggest 
roles for PCMT1 also in neurodegenerative disease and cancer. Interestingly, PCMT1 
deficiency highly activates insulin/IGF-1 signalling, a pathway that is known to play 
an important role in the regulation of the ageing process. The main objectives of this 
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project are to understand the molecular mechanism that links PCMT1 and phosphorylation cascades (particularly insulin/
IGF-1 signalling), and to establish and phenotype a zebrafish model with PCMT1 deficiency. This should lead to a better 
understanding of the physiological function of this intriguing protein repair enzyme that, with its anti-apoptotic properties, 
seems to play a negative role in cancer and a positive role in ageing by increasing life span.

Using the ‘awesome’ power of yeast to investigate the genetic basis of ageing
As part of our group’s effort to develop a yeast platform at LCSB, we have recently launched two projects based on 
Quantitative Trait Loci (QTL) analyses. In the first project, the chronological life span has been measured in a large 
collection of yeast segregants obtained by crossing a long-lived and a short-lived strain of S. cerevisiae. These segregants 
have been individually genotyped by our collaborator Aimée Dudley from Pacific Northwest Diabetes Research Institute, 
Seattle,USA. QTL analysis done in collaboration with the LCSB Bioinformatics Core group revealed two major genetic loci 
that segregate with the chronological life span in this yeast population and both QTLs are currently being investigated in 
more detail. In the second project, we collaborate with Lars Steinmetz’s group at the EMBL in Heidelberg, Germany, to 
characterise another genotyped yeast segregant collection at the transcriptomic, proteomic and metabolomic level in 
order to predict molecular intervention points to modulate growth rates.
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Key projects
Development of a Parkinson´s disease map
Information on various aspects of PD pathogenesis is rapidly increasing and needs to be efficiently organised, so that the 
resulting data is available for exploration and analysis. We have developed a computationally tractable, comprehensive 
molecular interaction map of PD. This map integrates pathways implicated in PD pathogenesis such as synaptic and 
mitochondrial dysfunction, impaired protein degradation, alpha-synuclein pathobiology and neuroinflammation. We also 
develop bioinformatics tools for the analysis, enrichment and annotations of the map, allowing the research community to 
open new avenues in PD research. The PD map is freely accessible at http://pdmap.uni.lu/.

Mitochondrial dysfunction in the enteric nervous systems as biomarker for Parkinson’s disease
Parkinson’s disease (PD) patients often suffer from constipation and reduced bowel movement, even before central motor 
symptoms become apparent. One hypothesis is that neurons in the enteric nervous system, which enervate the gut, might 
degenerate similarly to the dopaminergic neurons in the brain. Since mitochondrial dysfunction is an important hallmark 
of PD, we investigate different mitochondrial morphological features in the enteric nervous system using fluorescent 
microscopy. To this end, we collect material from colon biopsies (which are performed as colon cancer check-up in 
elderly people on a regular basis) from PD patients and normally ageing controls. Potential differences in mitochondrial 
morphology or function in the enteric nervous systems could then be used as biomarker screening for PD in the ageing 
population.

Functional analysis of PD-associated genes
Parkinson´s disease is most likely caused by a complex interplay between genetic and environmental factors. Many of 
the genes causing familial forms of PD have been identified; however, the molecular and cellular mechanisms leading to 
the specific hallmarks of this neurodegenerative disease remain unknown. As mitochondrial dysfunction is a common 
feature of both familial and idiopathic forms of PD, we carry out functional analysis of genes underlying mitochondrial 
dysfunction in PD. Single and combinatorial gene perturbations are applied via gene knockdown and gene overexpression 
methods in neuronal cell culture models. The resulting phenotypes are characterised by live cell imaging experiments and 
subsequent automated image analysis leading to a wide range of features such as mitochondrial membrane potential that 
give insights into cellular and organelle function. This deep phenotyping will help to potentially stratify PD into specific 
mechanism-based subtypes and potentially identify new therapeutic targets.

 

Experimental Neurobiology group
Overview
The research focus of the group is the analysis of genetic and environmental factors that lead to neurodegenerative 
disease. Systematic perturbation, high-throughput and high-content imaging methods are employed in order to study 
the role of mitochondrial, proteasome and immune system dysfunction in the pathogenesis of Parkinson´s disease (PD). 
Bioinformatics and systems biology approaches are used to reconstruct regulatory and metabolic disease networks and 
to identify new targets for the development of specific preventive and therapeutic strategies of PD. Research projects 
involve studies on PD patients, animal models of PD and cell culture studies of dopaminergic neurons - the cell type most 
severely affected in PD-patients.

Figure: Multifaceted approach to understand the underlying mechanisms of neurodegeneration 
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The role of neuroinflammation in Parkinson´s disease
Recent findings suggest that neuroinflammation and chronic activation of the 
immune system are associated with the pathogenesis of PD. Many in vivo PD models 
indicate a detrimental role of microglia. Based on our recent finding that activated 
microglial cells produce itaconic acid by the immune responsive gene 1 protein (IRG1), 
we are investigating the potential implications of this newly characterised metabolic 
pathway in neuroinflammation and its relation to neurodegenerative diseases. In 
parallel, we are also analysing microglial cells and astrocytes isolated from transgenic 
mice carrying familial PD mutations. Here, we characterise their effect on signalling 
pathways involved in astrocyte differentiation and on different inflammatory signals. 
A growing number of evidences suggests that, besides microglia, regulatory T 
cells (Tregs) play an important role in the immune response in the central nervous 
system. Interestingly, patients suffering neurodegenerative diseases display a Treg 
dysfunctional phenotype. This phenotype is mainly observed in the early, but not 
chronic stage indicating a causative role of inflammation in the pathogenesis of 
neurodegenerative diseases. Following our recent finding that plasminogen activator 
urokinase (PLAU), a gene associated with autoimmune and potentially Alzheimer´s 
disease, is important for the suppressor function of both human and murine Tregs,  
we investigate if familial PD genes may also play an important role in Tregs suppressor 
functions. 

Mouse models of Parkinson’s disease
Mouse models are an essential tool in biomedical research to study disease 
mechanisms and to develop new therapeutic strategies. In the field of PD, existing 
models, whether transgenic or toxin-induced, reflect only limited aspects of the 
disease. By combining different PD-relevant genetic challenges into new mouse 
models, we try to generate loss-of-function and gain-of-function animal models 
that better reflect the multifactorial nature of this disease. In addition, we study 
differences in PD-related phenotypic traits between different inbred strains of mice 
to dissect the multigenic nature of PD pathogenesis. A particular emphasis is on the 
analysis of dopamine metabolism in the nigrostriatal system of mice using a range of 
behavioural, neuropathological and systems biology methods. So far, we have setup 
and validated a set of PD-toxin induced models that we are using to validate targets 
for PD-related neuroprotection.
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IRG1 - link between metabolism and immunity
Project manager: Alessandro Michelucci

Inflammation is part of the complex biological response during the body’s fight against harmful stimuli, such as 
pathogens. This project investigates the role of immunoresponsive gene 1 (Irg1) in inflammation and further explores the 
novel concept of metabolic immunity.
Together, the Experimental Neurobiology group and the Metabolomics group have detected metabolic alterations in 
mammalian immune cells during inflammation. Having profiled the metabolome of microglial cells, the resident immune 
cells of the central nervous system, and macrophages under inflammatory conditions, we identified an intracellular and 
highly abundant metabolite synthesised only under these conditions: itaconic acid. This metabolite is produced in the 
tricarboxylic acid (TCA) cycle from cis-aconitate by an enzyme encoded by Irg1. Itaconic acid exhibits an antimicrobial 
function by inhibiting the glyoxylate shunt needed by many bacteria, such as Mycobacterium tuberculosis and Salmonella 
enterica for survival. Furthermore, Irg1 gene silencing in mouse macrophages resulted in significantly decreased 
intracellular itaconic acid levels as well as significantly reduced antimicrobial activity during bacterial infections. Taken 
together, our results demonstrate that Irg1 links cellular metabolism to immune defence.

Based on these findings several additional research groups now contribute their expertise to further characterise the 
role of IRG1. With the help of computational biology and bioinformatics tools, we aim to elucidate the upstream and 
downstream regulation of the gene. At the protein level, efforts are made to characterize the enzymatic properties of Irg1. 

Functionally, we started to investigate the potential role of this enzymatic activity on the induction and progression of 
different infectious, inflammatory and neurodegenerative processes in mouse and zebrafish models of human diseases.

Key publication
Michelucci, A., Cordes, T., Ghelfi, J., Pailot, A., Goldmann, O., Binz, T., Wegner, A., Tallam, A., Rausell, A., Buttini, M., Linster, C. L., Medina, E., 
Balling, R., Hiller, K. (2013) Immune response gene 1 links metabolism to immunity by catalyzing itaconic acid production. PNAS, 2013, 110:19, 
7820–7825; doi: 10.1073/pnas.1218599110

Figure: Metabolic immunity based on the antibacterial properties of itaconic acid. 
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Common projects
LCSB is currently running two research projects that involve many different research groups spanning across various 
scientific disciplines. These projects aim to combine the broad interdisciplinary spectrum of expertise to approach a given 
research question from multiple angles, and develop innovative solutions for complex problems.
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A graphical Parkinson’s disease map 
Project team:  Piotr Gawron, Stephan Gebel, Marek Ostaszewski

Knowledge on molecular neuropathology of Parkinson’s disease (PD) is growing rapidly. Research efforts are often very 
focused, providing deep insight into the nature of one particular mechanisms of the disease. At the same time little effort 
is put into integration of numerous findings into a single knowledge base. The Bioinformatics Core, Computational Biology 
and Experimental Neurobiology groups within the LCSB, have joined efforts with the Systems Biology Institute (SBI) in 
Tokyo, Japan, to generate the Parkinson’s disease (PD) map - the first high quality knowledge repository of molecular 
mechanisms contributing to the complex aetiology of PD. 
Ongoing development of bioinformatics tools for the analysis, enrichment and annotation of the map go hand in hand with 
manual curation of knowledge on disease-related mechanisms. Pathways implicated in PD pathogenesis such as synaptic 
and mitochondrial dysfunction, impaired protein degradation, alpha-synuclein pathobiology and neuroinflammation have 
been comprehensively integrated into the map. Particular emphasis was put on relations between these “hallmarks” to 
gain inter-domain knowledge. The PD map is freely accessible over the web (http://pdmap.uni.lu), and is supported by 
an intuitive user interface. Elements and interactions are annotated and hyperlinked to bioinformatics databases to 
quickly connect the user to the initial peer-reviewed study. Experimental data can be mapped on top of the displayed 
pathways, allowing easy visual interpretation of high-throughput data in the context of PD. The recently developed ‘drug 
target tool’ allows for visualization of potential drug interactions with elements in the PD map. At the same time, the PD 
map is a valuable source for network analysis and text mining-oriented research. With the PD map, we ultimately aim to 
stimulate the scientific community towards further efforts to integrate knowledge on molecular mechanisms of PD into 
a single resource, as well as towards an optimized collective understanding of this multifactorial disease. To support that, 
feedback functions are integrated into the PD map and hands-on workshops with experts are regularly organized.

Key publication
Fujita, K., Ostaszewski, M., Matsuoka, Y., Ghosh, S., Glaab, E., Trefois, C., Crespo, I., Perumal, T., M., Jurkowski, W., Antony, P., M.A., Diederich, 
N., Buttini, M, Kodama, A., Satagopam, V., P., Eifes, S., del Sol, A., Schneider, R., Kitano, H., Balling, R. (2014) Integrating pathways of 
Parkinson’s disease in a molecular interaction map. Mol. Neurobiol. 49(1): 88-102.

Figure: The Parkinson’s disease map: a graphical representation of mechanisms and pathways affected in PD. 
            Zoom represents molecular pathways involving LRRK2. 
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Key projects
Brain energy metabolism in Parkinson’s disease
Brain energy metabolism is based on the fine tuned interplay of glycolysis and mitochondrial activity as the energy providing 
pathways and intercellular energy transfer. It represents a promising unifying perspective on PD and neurodegenerative 
diseases because mitochondrial dysfunction as a common hallmark interrelates several known pathological processes 
including dopamine synthesis, oxidative stress and proteostasis. To account for the complex interplay of different cell 
types in brain energy metabolism, we combine high-resolution imaging and mechanistic spatial modelling of metabolic 
neuron-astrocyte interactions and analyse the impact of mitochondrial dysfunction on neuronal functionality. Astrocytes 
obey an important metabolic support function to neurons and exhibit a complex, extremely ramified morphology. In 
collaboration with the Mark Ellisman group at the National Center of Microscopy and Imaging Research (NCMIR at La Jolla, 
USA), we use super-resolution 3D electron microscopy (EM) to image astrocytic morphologies and mitochondria to develop 
spatiotemporal in silico models of intracellular energy metabolism that enable for investigating the dynamic consequences 
of potentially disease related morphological and molecular impairments.

Mitochondrial dynamics
Mitochondrial dysfunction plays an important role in the aetiology of PD. To elucidate the underlying mechanisms, we study 
mitochondrial dynamics on different levels. For one, we analyse the crosstalk between Ca2+ signalling and mitochondrial 
activity by live cell fluorescent imaging and dynamic modelling, and show how the coupling can increase robustness of 
energy homeostasis within cells. Further, we use PD-related pharmacologic and genetic perturbations together with multi-
scale modelling to study mitochondrial transport and its impact on mitochondrial turnover. This fission- and fusion-based 
processes ultimately determine the energy profiles along neurites and their functionality. Therefore, live cell imaging data 
is analysed using methods developed in collaboration with the Gladstone Institute at San Francisco, USA, to parameterise 
computational models that can quantify disease-specific scenarios and may indicate new therapeutic interventions. Third, 
the molecular mechanism of mitophagy in PD is studied by correlative EM-light microscopy together with the NCMIR, where 
the stress induced localization of PD-gene associated Pink and Parkin proteins to mitochondria is characterized.

Integrative Cell Signalling group
Overview
The general approach of the group is to combine state-of-the-art imaging and single cell techniques with mechanistic 
modelling and bioinformatics analyses to investigate how the emergent behaviour of cells, organs and organisms 
originates from molecular entities. To understand the underlying cell signalling mechanisms, we focus on live cell imaging 
and multi-scale simulations with consideration of (epi)genetic constrains. Our major interests are signalling pathways 
related to Parkinson’s disease (PD) with a particular focus on mitochondrial dysfunction and dynamic coupling between 
energy metabolism and cell signalling such as Ca2+ dynamics. Therefore we use diverse cell lines and phenotyping assays 
including sophisticated image analysis and information theory based methods to reveal the dynamic consequences of 
disease related perturbations at single cell resolution.

Figure: Integrative approach to understand underlying signalling mechanisms in health and disease. 
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Dissecting dynamic cell population heterogeneity
Cell fate commitment is the key process for understanding how a multicellular 
organism’s genotype gives rise to phenotypic traits including disease development 
and progression. To understand the role of epigenetically-induced cell heterogeneity 
and its importance to development and pathogenesis, we analyse population 
dynamics of hematopoietic stem and human breast cancer cells at single cell 
resolution in collaboration with the Huang lab at the Institute for Systems Biology 
in Seattle, USA. We quantify the cell fate commitment dynamics by combining 
flux cytometry, microarray, single cell qPCR approaches and microscopy with 
bioinformatics analysis. The resulting multi-scale data enables a comprehensive 
picture of cell fate dynamics and is integrated into a developmental modelling 
framework. The methods developed to characterise critical transition of cell states 
in this project are also applied to changes of mitochondrial dynamics in collaboration 
with the Experimental Neurobiology group. 

Identifying genetic interactions
Phenotypic variations, including those that underlie health and disease in humans, 
result from multiple genetic variations and environmental factors and combinations 
thereof. Detecting these potentially non-additive genetic interactions is key to 
understand complex diseases like PD and other neurodegenerative diseases. In 
collaboration with the Gallas and Dudley groups at the Pacific North West Research 
Center in Seattle, USA, we are developing information theory-based methods to 
detect pairwise effects of genetic markers on phenotypic traits that have negligible 
effect when considered alone. Accuracy and computational efficiency of our recent 
interaction distance approach is validated in large datasets of yeast, mouse and 
synthetic human data. The method will help to study genetic interactions in patient 
cohorts and can even be used to optimize the composition of case and control groups 
depending on expected allele frequencies.
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Key projects
Family sequencing projects
The decline in cost for high-throughput methodologies such as next generation sequencing (NGS) and powerful computing 
enables researcher to obtain genetic information from the entire genome. The availability of such methodologies requires 
high sensitivity to ethical aspects. Such methodologies have to be developed further before they can enter clinical 
practice, and experiences with NGS in clinical settings have to also be acquired. We choose to investigate the genetics 
of diseases by employing family sequencing. This offers significant benefits over sequencing cohorts of unrelated 
individuals, because it allows a more accurate construction of the inheritance of genetic information on every piece of the 
chromosomes. There are four family sequencing projects currently processed at LCSB:
1) Alzheimer’s disease
Alzheimer’s disease (AD) is the most common form of dementia. It describes a progressive loss of cognitive function 
accompanied by severe neurodegeneration. The majority of cases are sporadically found in the elderly population, but 
there are cases of autosomal dominantly inherited familial forms of AD with an earlier onset of disease (FAD). Knowledge 
about causative genes or potential disease modifiers is currently incomplete. With our collaborators at Saarland 
University in Homburg/Saar, Germany, we aim to further elucidate the pathophysiology of this disease by means of NGS 
of disconcordant siblings in FAD, other high-throughput methodology in post-mortem brain tissue and genome-wide 
association studies (GWAS) using Alzheimer’s disease cohorts and centenarians as controls. 
2) Cushing’s syndrome
Cushing’s syndrome is a metabolic disease caused by increased circulating cortisol levels. The syndrome is typically caused 
by glucocorticoid drugs or tumors that produce cortisol or adrenocorticotrope hormones (CRH, ACTH). There are few 
publications reporting the presence of genetic causes of adrenal gland hormone excesses (Choi et al. Science 331, 2011). 
With our partners from Charité Berlin, and University Hospital in Würzburg, Germany, we have identified a family with a 
suspected inherited genetic cause of macronodular adrenal tumor producing cortisol. We aim to sequence the family in 
order to identify the genetic cause/modifier of the disease to discover new drug targets in cortisol regulation. 
3) Conn syndrome
Conn syndrome is an aldosterone-producing adenoma which may result in hypertension, muscle cramps and weaknesses 
as well as chronic headaches. With our partners from Alicante, Spain, and Munich, Germany, we have identified a family 
with a suspected inherited genetic cause of Conn syndrome. We aim to sequence the family in order to identify the 
genetic cases and modifiers of the disease to discover new drug tartets in aldosterone regulation.

Medical Translational Research group
Overview
‘Discover, educate, care’ is the motto of the translational and experimental medicine group. The group aims to perform 
interdisciplinary discovery research in the medical context, and to translate basic research into clinically relevant 
information. They conduct basic or clinical research from the explorative phase through clinical trials and work in close 
collaboration with the Bioinformatics Core facility. The team also provides education about medical knowledge and 
disease-related context to biologists and computational researchers at LCSB. Another focus is to emphasise research 
activities among physicians in Luxembourg and collaborating universities and hospitals within the Greater Region (UniGR). 
All physicians of the group are actively involved in clinical care of patients.

Figure: Principles of family sequencing projects.
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4) Diabetes mellitus
The MUST (multiplex family study) comprises a selection of families with diabetes 
mellitus (type 1 and later type 2) in Luxembourg. The study is initiated by Dr. Carine 
de Beaufort and aims to find a missing link between the genetic information in the 
families and the gut flora (i.e. the human microbiome). In that study, not only NGS is 
performed on the genome, but also the meta-genomics and meta-transcriptomics of 
all the participants and data from disconcordant siblings will be compared to identify 
disease causing or modifying pathways.

Inflammatory vascular disease
Normal physiology, but also diseases processes require an intense level of 
communication between the extracellular environment and intracellular signalling 
pathways. This interaction is mediated by integrins, heteromeric cell surface proteins 
that provide a structural connection between the cell and the extracellular matrix 
(ECM). They also transduce a variety of signals from the ECM to intracellular signalling 
pathways, thereby influencing gene expression, protein synthesis, cell survival and 
differentiation. β3 integrin has shown to be involved in various pathophysiologic 
processes such as cancer/neoangiogenesis, platelet aggregation, inflammation, 
bone resorption, and vascular disease. We further elucidate the role of β3 integrin 
in a cell-specific fashion using Cre/Lox technology in vivo, in conditional β3 deletion 
in vitro models as well as in silico utilising high-throughput data acquisition followed 
by modelling of the signalling pathway based on experimental data (transcriptomics, 
phospho-proteomics and metabolomics).

Omics analysis of metabolic diseases
Obesity is increasing worldwide, even in the younger population. This leads to major 
co-morbidities such as type 2 diabetes mellitus, dyslipidaemia, hypertension, non-
alcoholic fatty liver disease (NAFLD), and sleep apnoe syndrome. All these symptoms 
are characteristics of the so-called metabolic syndrome, a poorly understood condition 
associated with cardiovascular complications, a burden for patient, family and society. 
It is hypothesized that insulin resistance could link the metabolic syndrome with vascular disease and that a genetic 
predisposition in combination with environmental factors will lead to progressive obesity and its co-morbidities. 
So far, no treatment is available that effectively reduces morbidity and mortality from cardiovascular complications 
or cure obesity and insulin resistance in metabolic syndrome patients. We aim to explore the nature of the disease by 
employing NGS methods to sample material from cell culture, mouse models and human clinical trials. In the DIABOWLT 
trial, in collaboration with the University of Magdeburg, Germany, we investigate the dynamic change in transcription in 
adipose tissue and macrophages of subjects that undergo an intense conventional weight loss program. In the BEARIT 
trial we aim to extend the mechanistic understanding of the beneficial effects of bariatric surgery in humans by studying 
bile acid composition and related signalling in humans. We also apply transcriptomics methodology to mouse models of 
non-alcoholic fatty liver disease as well as diabetic kidney disease to find novel targets for treatment and prevention.
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Key projects
Cellular metabolism of catecholamine producing neuronal cells in the context of Parkinson’s disease 
This project intends to study the metabolism of catecholamine producing cells such as dopaminergic neurons. During 
Parkinson’s disease (PD) these neurons degenerate, finally resulting in decreased dopamine levels in the striatum and the 
typical PD symptoms. Impairment of cellular metabolism could be a cause for subsequent death of dopaminergic neurons 
due to improper ROS detoxification. Catecholamine metabolism produces high level of oxidative stress. Therefore, the 
rate limiting enzyme tyrosine hydroxylase (TH) is strictly regulated to avoid excessive oxidative stress that is damaging 
the cell. Although a few human dopaminergic cell models are available, none of these produce detectable levels of 
catecholamines. The first objective of this project is establishing a human dopamine-producing cell culture model. It is 
of special importance to study human systems because the regulation of TH between human and other mammals differs 
significantly. 
The second objective of this project is to better understand the effects of oxidative stress pathways on cellular 
metabolism and detoxification of such. Therefore, we aim to shed light on cellular metabolism of dopaminergic neurons. 
Genetic and chemical perturbations are used to apply stress to the cells and to identify critical metabolic changes that 
can lead to increased cell death. We apply a combined strategy, consisting of cutting edge GC/MS metabolomics and 
fluxomics technologies as well as high-content imaging and gene expression analysis to characterize the perturbed cells. 
To decipher cellular metabolism, targeted and non-nontargeted metabolomic approaches are used. This allows us to 
inspect how the cell generates reducing potential to cope with oxidative stress conditions and how this could be impaired 
in genetically perturbed cells. 

Discovery of a metabolic pathway in immune cells for the production of an antimicrobial metabolite
The application of the newly established metabolomics platform in the context of (neuro)inflammation revealed a yet 
unknown metabolic pathway for the production of an antimicrobial compound. The initial intention of this project was to 
detect metabolic alterations in mammalian cells caused by inflammation. Having profiled the metabolome of microglial 
cells and macrophages with and without LPS treatment, we identified a highly abundant intracellular metabolite 
synthesised only under inflammatory conditions: itaconic acid. Applying stable-isotope labelling experiments, we could 
demonstrate that this metabolite is produced in the TCA cycle from cis-aconitate. Further work, of our group and in 
collaboration with the Experimental Neurobiology group of LCSB, identified the immune response gene 1 (IRG1) as the 
mammalian gene coding for an enzyme catalysing the decarboxylation of cis-aconitate to produce itaconic acid. Although 
itaconic acid has not been known to participate in mammalian metabolism, an antibiotic function of this metabolite has 
been described: it inhibits the glyoxylate shunt needed by many bacteria to survive during infection. We could confirm the 
antimicrobial activity of itaconic acid in Salmonella typhimurium. 

Metabolomics group
Overview
The Metabolomics group focuses on deciphering the details of cellular metabolism. We are interested in identifying 
new metabolic pathways and understanding their functions. Combining wet-lab experiments with bioinformatics and 
software development, we established a state-of-the-art mass-spectrometry-based metabolomics platform. Standard 
metabolomics analyses only provide information about metabolite amounts, but do not consider metabolic dynamics 
like metabolic fluxes or enzyme activities. To overcome these limitations, we developed specific stable-isotope-based 
technologies including algorithms and software for the analysis of the dynamics of cellular metabolism.

Figure: GC/MS based metabolomics platform 
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Non-targeted metabolic network construction
This project aims to construct metabolic networks based on non-targeted and 
stable-isotope assisted metabolomics measurements. Most of today’s studies on 
metabolic networks focus mainly on known parts of the metabolism. However, to 
detect yet unknown metabolic pathways, non-targeted methods are preferred. We 
use the Non-targeted Tracer Fate Detection (NTFD) system to detect the metabolic 
fate of various stable-isotope labelled tracers like sugars and amino acids. Based on 
the determined labelling patterns (mass isotopomer distribution (MID)) we perform a 
pathway reconstruction for every tracer. Assuming that closely connected compounds 
in a metabolic network exhibit similar MID patterns, a pathway reconstruction based 
on MID similarity would become feasible. In contrast to targeted methods that make 
use of conventional biochemical or genomic knowledge, NTFD-based analyses will fit 
the network to experimentally observed data in a non-targeted manner, not requiring 
any a priori knowledge about the interconnectivity of the network. In this way, NTFD-
based pathway reconstruction will not miss unknown or unanticipated reactions 
or metabolites because of limited biochemical knowledge. This is of particular 
importance in cases where such information regarding the metabolism of metabolites 
or drugs is incomplete or totally unavailable. 

Metabolic biomarker profiles for disease classification
Metabolic biomarkers are defined as features that can be objectively measured and 
evaluated. They are used as surrogates of biological processes or pharmacological 
responses to therapeutic intervention. We develop disease-specific diagnosis/
prognosis prediction models based on powerful mathematical modelling approaches, 
such as logistic regression. Currently, there are no adequate metabolic classification 
models for many diseases including Parkinson’s disease. With high-throughput 
mass spectrometry and sophisticated in-house algorithms, we identify a disease-
specific biosignature at the metabolite level. Such a biomarker pattern can also 
integrate different biomarkers derived from genes and/or proteins. As metabolomics 
is studying the final phenotype of a cell, it is the optimal tool to build mathematical 
classification and prediction models. The challenge of every metabolomics- and 
mass spectrometry-based study is data robustness and reproducibility. Thus, there 
is an urgent need for high quality samples. We tackle this problem by combining 
metabolomics and biobanking, by developing standardised collection, processing and 
metabolomics analysis protocols. In close collaboration with the Integrated Biobank 
of Luxembourg (IBBL), we develop quality control tools optimising biomarker discovery 
studies.
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Key projects
Reconstruction of biochemical reaction networks
Genome-scale reconstructions of biochemical reaction networks capture currently available biochemical knowledge 
about a target organism and/or cell in a structured manner. They are manually assembled and highly curated against 
experimental data, mostly derived from published biochemical data. Such reconstructions can be readily converted into 
computational models and their in silico phenotypes can be interrogated using the constraint-based modelling approach. 
We are continuously constructing, refining, and analysing biochemical reaction networks for human and human-associated 
microbes. For instance, we created a global reconstruction of human metabolism. It is the most comprehensive, manually 
curated reconstruction currently available, and has been constructed in a community-driven manner. Here, we also 
assigned reaction directionality based on thermodynamic data and investigated systematically missing knowledge 
of human metabolism. Furthermore we generated reconstructions of human small intestinal epithelial cells, the 
cardiomyocyte mitochondrion, as well as the global metabolism of mice and several bacterial strains. 

Creation of metabolic models for human gut microbes, modelling of microbial communities and their 
interactions with the human host 
The creation of high-quality metabolic reconstructions relies heavily on the availability of high quality genome annotations 
as well as biochemical and phenotypic data. As many gut microbes are either only poorly studied or not studied at all, 
the use of automated reconstruction tools becomes increasingly important. Our efforts have therefore focused on 
accessing how well those automated methods perform by developing metabolic reconstructions for medium well studied 
gut microbes and performing subsequent manual curation. Based on this experience, we are now expanding genome 
annotations to generate semi-automated metabolic reconstructions for numerous important gut microbes. In addition, we 
are developing computational approaches to integratively investigate the metabolic crosstalk between these microbes and 
their role within the gut microbial community using the constraint-based modelling approach. With such novel microbial or 
community metabolic reconstructions at hand, we can now start to address the question of their metabolic interactions 
with the human host. Furthermore, the gut microbiota plays an essential role in studying the effect of different diets on 
human metabolism. We use our models to address which microbes can breakdown which dietary nutrients and produce 
which important metabolites (e.g. short chain fatty acids) for the host. We aim to elucidate how to use such insights to 
design (personalised) functional food or propose probiotics. 

Molecular Systems Physiology group
Overview
The Molecular Systems Physiology group aims to improve our understanding on how diet influences human health. We 
use a computational modelling approach, termed constraint-based modelling, which has gained increasing importance 
in systems biology. In this approach, comprehensive computational models are assembled in a bottom-up manner 
from literature and genomic information. These models describe in a stoichiometric accurate format biochemical 
transformations occurring in a target organism. Once assembled, various omics data sets can be integrated and analysed 
with these models, expanding currently available analysis tools and providing mechanistically based insight into complex 
multi-dimensional datasets. Moreover, these models can be used to predict the impact of genetic alterations (e.g. enzyme 
deficiencies) and of changed environment conditions (e.g. changes in diet composition) on the metabolic state of the 
target organism. The Molecular Systems Physiology group builds comprehensive models of human cells and human-
associated microbes, then employs them together with experimental data to investigate how nutrition and genetic 
predisposition can affect one’s health. In particular, we are interested in applying our computational modelling approach 
for better understanding inherited and neurodegenerative diseases.

Figure: Metabolic reconstruction of human host and microbiome in health and disease.

literature

genomics data

other “omics” data
reconstruction of human 

and human-associated microbial 
metabolism

genetics?

nutrition?

effect of

on human health
and disease



 • • •   31      

Creation and analysis of predictive multi-scale models of human metabolism
We aim to continuously refine and expand the human metabolic reconstruction by 
incorporating missing information and reactions and making them available to the 
research community via the website, humanmetabolism.org. To this end, we develop 
computational methods to analyse various omics, particularly metabolomic data with 
the human metabolic models. These methods result in personalised computational 
models. These models allow us to predict the metabolic status of an individual and to 
compare it with other individuals using state-of-the-art machine learning approaches. 
With personalised metabolic models at hand, one can now envision proposing dietary 
supplements or drugs that would move a disease-perturbed metabolic model into a 
more healthy state. We are closely working with clinicians to ensure that our methods 
for personalised nutrition-based therapeutics are of biomedical relevance and could 
be translated into clinical practice. To overcome the network limitation in global 
network reconstructions caused by variations in metabolism between cells, we are 
working on organ- and cell-type specific metabolic reconstructions. 

Development of computational tools and methods for multi-scale systems 
biology
We are actively developing methods and tools for multi-scale modelling in systems 
biology. Our tools are mostly encoded in the Matlab programming environment and 
are freely available to the research community. With our tools, we aim to increase the 
usability of constraint-based models and methods for users with limited programming 
experiences. We actively support and contribute to the openCOBRA project. Our 
repertoire includes:
• rBioNet - an open source tool for multiscale, biochemical network reconstruction; 
• von Bertalanffy 1.0 - an open source tool for assigning unbiased reaction 
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directionality to network reactions based on thermodynamic principles;
• COBRA toolbox v2 for the analysis of metabolic networks;
• fastFVA - an open source tool for assessing network redundancy in a computationally efficient and tractable manner 
both large-scale and multi-scale biochemical reaction networks;
• Robust flux balance analysis of multiscale biochemical reaction networks;
• fastGapFill: Prediction of missing reactions in multi-compartment biochemical reaction networks;
• Mapping and integrated analysis of metabolomic and transcriptomic data in the context of metabolic and signaling 
networks;
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Key projects
Automated microfluidic cell culture and imaging of dopaminergic neurons
In order to create an accurate computational model of dopaminergic neuronal metabolism, quantitative data is required 
to set the boundary conditions for the corresponding model. Microfluidic cell culture chips can be designed with 
various advantages over macroscopic cell culture, including increased precision and automation of various experimental 
conditions, ease of conducting perfusion culture, coupling to downstream analysis and the potential for real time on-
chip analyses. Experiments are also cost-efficient due to reduced reagent consumption in comparison with macroscopic 
culture.
We have established a state of the art microfluidic cell culture system at the LCSB. The system is based on a microfluidic 
chip purposefully designed for versatile 3D cell culture experiments where the cells are continuously monitored using 
microscopic imaging and spent culture media is retrieved for further analyses. The microfluidic chip is mounted on a 
motorised stage of a motorised fluorescent microscope, equipped with an incubation system for live-cell imaging and a 
digital cameras for automatic recording of cell density, morphology and viability. With cell culture in microfluidic chambers, 
we can increase the theoretical sensitivity to concentration changes in the culture medium as it decreases the ratio 
of intra/extracellular volume compared to traditional cell culture. The microscopic imaging protocol is fully automated, 
allowing for increased throughput, accuracy and reproducibility of results. We are able to use the microfluidic system to 
provide fresh media that more closely matches plasma concentration, offering the capacity to modulate each metabolite 
concentration between physiologically realistic bounds. In collaboration with the LCSB Developmental and Cellular Biology 
group, we have  successfully developed a protocol to differentiate neural stem cells, derived from healthy subjects skin 
cells as well as those of Parkinson’s disease patients, into midbrain specific dopaminergic neurons, a cell type especially 
vulnerable to degeneration in Parkinson’s disease. The quantitative experimental data derived from this microfluidic cell 
culture system is used to refine our computational models of healthy and diseased dopaminergic neurons.

Systems Biochemistry group
Overview
The mission of the Systems Biochemistry group is to conduct fundamental research on systems of biochemical 
reactions in general, with particular application to Parkinson’s disease (PD). Systems biochemistry is the application of 
a systems approach to understand biochemistry. A systems approach consists of an iterative cycle of mathematical 
and computational modelling and quantitative experimental measurement. Mathematical and computational models are 
formal representations of biochemical knowledge that are used to propose hypotheses, design experiments and interpret 
experimental results. Quantitative experimental measurements are used to test hypotheses generated by the model and 
generate data used to refine the model. The synergistic and interdiciplinary objectives of the group are:
• to develop generally applicable mathematical optimization algorithms and software for variational kinetic modelling of 

genome-scale biochemical reaction systems 
• to iteratively improve the predictive capacity of computational models by development of generally applicable 

algorithms and software for integration of such models with experimental data 
• to develop computational models of dopaminergic neurons which are applied to optimally design in vitro experiments 

with dopaminergic neurons, to understand the aetiopathogenesis of Parkinson’s disease and to develop new 
approaches for early diagnosis and treatment of Parkinson’s disease. 

• to develop an automated microfluidic cell culture and imaging platform for experimental characterisation of 
dopaminergic neurons in vitro.

Figure: Interplay between experimental and computational dopaminergic models. 
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Reconstruction and computational modelling of dopaminergic neurons
We are reconstructing the salient biochemistry of dopaminergic neuronal metabolism 
as a first step toward development of a whole cell dopaminergic neuronal model. 
Omics data are combined with published algorithms to generate a draft dopaminergic 
specific reconstruction, to obtain a subset of the metabolic reactions in the recently 
published cell type unspecific reconstruction of human metabolism, Recon2. 
Extensive manual curation of literature is used to reconcile the draft reconstruction 
with known biochemical features of normal dopaminergic neurons. Thermochemical 
calculations are used to predict the direction of net flux within each metabolic 
reaction. Using standard procedures, the reconstruction is converted into a 
constraint-based computational model of dopaminergic metabolism. Iterative rounds 
of reconstruction, model prediction and reconciliation with existing experimental 
data is used to develop a computational model which is formal synthesis of current 
knowledge on dopaminergic neuronal metabolic function. We test the accuracy of 
the dopaminergic neuronal metabolic model by comparing predicted active pathways 
with pathways established experimentally to be active. The computational model of 
dopaminergic neuronal metabolism is used as an aid to interpret experimental data, 
to optimally design in vitro experiments with dopaminergic neurons, to understand 
the aetiopathogenesis of Parkinson’s disease and to develop new approaches for early 
diagnosis and treatment of Parkinson’s disease.

Optimisation algorithms and software for variational kinetic modelling
In experimental systems biology, the majority of high-throughput experimental 
data is of molecular abundance and the minority is of reaction rates. We seek a 
modelling framework flexible enough to integrate experimental data on both rates 
and abundance. We are developing a novel Variational Kinetic approach to model 
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stationary state reaction kinetics for large systems of reactions based on nonlinear continuous optimization algorithms. 
These variational kinetic models aim to preserve the computational tractablity associated with numerical optimization 
and add the biochemical realism typical of kinetic models. Building on our previous development of a globally convergent 
algorithm for the forward problem (computing reaction rates and molecular abundance given parameters), we aim to 
develop a globally convergent algorithm for the corresponding inverse problem (computing parameters given reaction 
rates and molecular abundance), via gradient-based search of kinetic parameters that optimally fit experimental data. Our 
general approach is to focus on the development of biochemically tailored polynomial-time optimization algorithms with 
guaranteed convergence properties. This effort requires the development and application of mathematical concepts at 
the intersection of Variational Analysis, Continuous Nonlinear Optimization, Generalised Convexity and Numerical Analysis. 
In tandem with mathematical algorithm development, we prototype numerical analysis software then test its performance 
when applied to a set of low, medium and high dimensional biochemically relevant modelling problems. Prototype software 
is developed in high-level languages, e.g. MATLAB. When mature, the software is reimplemented in low-level languages, 
e.g. FORTRAN, tailored to run on high-performance computing architectures.
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Key projects
Network inference
The aim of this project is to understand the functionality of genes (or other molecules) that are involved with specific 
diseases. It progressively involves developing an understanding of (a) how genes regulate each other, (b) their dynamic 
behaviour and (c) the map from their genetic network to phenotypic behaviour. With predictable models, the project 
simulates hypotheses for subsequent experimental testing, thereby accelerating the understanding of a disease. 
In the process, the project aims to contribute to theoretical research by developing mathematical, algorithmic and software 
tools for understanding causal dynamic network structures more generally. Specifically, it first addresses the question of 
whether there exists sufficient information in available data for network inference. Secondly, it focuses on inferring detailed 
causal network relationships between key genes, which are essential for understanding how perturbations in the network 
lead to observed phenotypes such as diseases. This understanding is in turn essential for the development of therapies and 
drugs to fight the disease. At this stage, the main target application is Parkinson’s disease (PD).
This method will yield general results that may then be used to uncover the specific network of key genes involved in PD. 
This in turn will facilitate (a) the identification of the key sensitive regulators that lead to PD and (b) the mapping from this 
network to phenotypic behaviour. These constitute important steps towards the development of therapies and drugs to 
fight PD.

Modelling the natural history of Parkinson’s disease progression
This project seeks models to stratify, track and predict the natural progression of the PD-based manifestations on the 
motor, and functional components of the Unified Parkinson’s Disease Rating Scale (UPDRS), which are routinely assessed in 
PD clinics. A model of the UPDRS as a function of time could (1) help physicians guide their decisions on therapy strategies 
and (2) replace control groups in drugs clinical trials. The model classes range from simple models to dynamical and 
stochastic systems. A fundamental part of the research is the validation of models: depending on the number of patient 
data available, we aim to randomly use about one third of all data for modelling and the rest for model validation. This 
project involves a collaboration with Dr Barker, University of Cambridge, UK. 

Systems Control group
Overview
Biological systems are dynamical in nature as molecular species evolve in time in response to internal or external 
regulations, perturbations or just random fluctuations. The group is interested in understanding the complexity inherent 
to biological systems from a dynamical perspective, typically captured with differential equations or stochastic processes. 
Theoretically, we develop mathematical tools aimed at efficient collection, processing and analysis of biological data. 
Examples are tools to infer causal networks between measurements with guaranteed certificates and systematic 
engineering control tools for synthetic biology design. Applied, we closely collaborate with experimental biologists to 
generate mathematical models, which offer new biological insights that can subsequently be tested experimentally, hence 
closing the loop between experiments and modelling. Examples range from the understanding the role of cytoplasmic Ca2+ 
in plant circadian rhythms to modelling Huntington’s disease progression.

Figure: Modelling and prediction of dynamic systems and their applications for synthetic biology.

experimental data development of new mathematical tools

prediction

design

modelling

future prediction

pertubation prediction

+drug X

+???

experimental feedback

existing behaviour

desired behaviour



 • • •   35      

Circadian rhythms in plants
The objective of this project is to develop linear and non-linear modelling tools as 
a resource for biologists to identify causal changes in biological networks and to 
apply these tools to identify the regulatory architecture of circadian systems in 
model and crop plants. The project develops tools to identify biological network 
structures with dynamic models. This enables simulation and identification of causal 
systems’ changes that occur when a system is perturbed in responses to stimulation, 
pharmacological intervention or genetic mutation. The main advantages compared 
to statistical and correlative approaches are that (1) dynamical descriptions of 
transcriptional networks are generated, rather than static maps of connectivity, 
and (2) the causality between components can be identified with high confidence 
(i.e. which components regulate others in the network). The project uses control 
system tools, such as the gap metric, to identify systems changes, (i.e. changes in 
interactions between components rather than merely identifying signal alterations), 
such as changes in transcript abundance. This approach is suited to any time-series 
data and we focus on circadian systems because these are a biologically important 
topic and an area where the group has extensive experience. This project involves a 
collaboration with Dr Webb, University of Cambridge, UK.
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Synthetic biology
Recent technological advances allow us to manipulate the circuitry inside cells and to modify their behaviour. Moreover, we 
can now design entirely new circuits within cells. This ability parallels the technological advances in Electrical Engineering 
in the mid-20th century and the potential of this new technology is being recognised throughout the world. This new field, 
which goes under the name of “Synthetic Biology”, has been described as the “Engineering of Biology”.
This field is in its infancy and inevitably faces many challenges. For example, current practice concentrates on the design of 
very simple circuits by putting together several components/parts that are believed to be characterised adequately. When 
implemented, however, these circuits almost never work as expected not least because of the uncertainties/noise that are 
present inside cells, the level of cross-talk with other circuits inside cells as well as the limitations posed by measurement 
and implementation technologies. In fact the design/redesign process is still more of an art rather than a technology, 
in that it is mainly based on intuition and moreover, uncertainties/noise and crosstalk are not taken into account at 
the design stage. For Synthetic Biology to fulfil its potential and be able to produce large-scale biocircuits with richer 
functionality, the design cycle needs to take into consideration all available biological ‘knobs’ that could be used to tune the 
circuit’s behaviour, as well as the uncertainties of the environment in which these circuits will need to function.
This project develops a systematic design approach that uses engineering principles for the analysis and design of 
biological networks. The objective is to develop a new design cycle, inspired from control engineering practice but adapted 
to the constraints and needs of synthetic biology for the design of biosystems that behave in a predictable fashion. This 
engineering cycle is exemplified on three systems of fundamental importance, i.e. oscillators, filters and switches, with the 
goal of optimising their performance in such a way that they work reliably within uncertain environments. This research 
involves three other institutions (the University of Oxford, the University of Cambridge and Imperial College London, UK) and 
is supported externally by international project partners (CalTech, ETH Zurich, and MIT).
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LCSB engages in strategic partnership with several world-leading research institutes. One objective is to ensure the best 
training and education for our scientists. To this end the LCSB postdoctoral fellowship program has been initiated. In this 
program, LCSB’s postdoctoral researchers spend 2 years at one of the best research institutes around the world before 
they return to Luxembourg to continue their scientific career at LCSB. Currently, six researchers are part of this program.

Studying the structure and dynamics of complex biomolecular networks 
Evangelos Simonidis, hosted at Institute for Systems Biology, Seattle, USA
Our research focuses on building computational models of metabolic and regulatory processes related to Parkinson’s 
disease. To this end, we apply several kinds of models of metabolic and biochemical networks, such as genome-scale 
stoichiometric networks, kinetic, mechanistic models, discrete dynamic networks and probabilistic networks. Examples 
include (1) the reconstruction of large-scale metabolic networks and the interplay of such networks with expression 
data, which can be used to explain or predict the outcome of experimental interrogation of cells with high-throughput 
technologies, and (2) the kinetic modelling of the mechanism of cellular Reactive Oxygen Species (ROS) generation 
management and ROS-induced mitophagy.

High Throughput Screening and Image Analysis for Parkinson’s Disease 
Siddharth Samsi, hosted at the Gladstone Institutes, San Francisco, USA
In genetic studies of familial versions of PD, mitochondrial dysfunction is identified as a general hallmark of PD that is 
coupled with many phenotypic disease traits. Given the critical role of mitochondrial distribution in PD, this project aims 
to study mitochondrial trafficking with the aid of high throughput/high content imaging for longitudinal studies over cell 
lifetime of patient-derived iPS cells and related differentiated neurons. The major focus of our research is the development 
of automated image analysis algorithms for quantifying mitochondrial fragmentation and trafficking. Additionally, this 
project will also provide the unique opportunity to obtain hands-on experience with the robotic microscope developed at the 
Gladstone Institutes. 

Analysis of patient specific dopaminergic neurons using longitudial and high resolution 
microscopy approaches to identify novel treatments
Gabriela Novak, hosted at the Gladstone Institutes, San Francisco, USA
The goal of this project is to generate a platform of induced pluripotent stem cells (iPSCs) from the skin cells of patients 
with PD. This is performed using reprogramming techniques developed at the Gladstone Institute for Neurodegenerative 
Disease in San Francisco, California. The iPSCs will then be deposited in a biobank, so that they can be shared between 
Gladstone Institutes and LCSB. These cells have the potential to become any cell in the body, allowing us to generate 
dopaminergic neurons, the brain cells primarily affected in PD. These neurons will then be analysed using longitudial 
(Gladstone) and high resolution (LCSB) microscopy approaches, in order to identify novel treatments. We will follow 
movement of organelles and screen for drugs that minimize PD-related pathology and increase survival of patient neurons. 
The potential applications are wide-ranging. By determining which patient cells respond to what drug, we will be able to 
develop a patient-specific therapy (personalised medicine), leading to a simple genetic screen that will identify optimal 
medication for each patient, before any drug is prescribed. We hope to be able to use these cells to optimize treatment 
strategies and to predict disease progression and outcome, based on patient’s genetic make-up.

Research fellows
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Multiscale Astrocyte Neuron Interaction Analysis 
Felix Kleine Borgmann, hosted at University of California, San Diego, USA
In latest years the importance of glial cells for proper brain function became more and more evident. The malfunctioning 
of astrocytes, the most abundant glial cell type that supplies the neurons with energy, might at least partly underlie 
neurodegeneration. In addition, mitochondrial dysfunction has been shown to play an important role in Parkinson’s 
disease. In close collaboration with the National Institute for Imaging and Microscopy Research (NCMIR) in San Diego, 
USA, headed by Prof. Mark Ellisman, we analyse mitochondria on a multi-scale level. We monitor mitochondrial turnover, 
characterised by fusion and fission events, and ATP generation by correlative light (LM) and electron (EM) microscopy 
in slice cultures of the mouse brain. We use, amongst others, the newly developed dyes miniSOG and APEX as LM/EM 
labelling techniques. The insights gained are used to create a spatially resolved model of the astrocyte and its metabolism 
(in collaboration with Niko Komin).

Brain Energy Metabolism in Parkinson’s Disease 
Niko Komin, hosted at University of California, San Diego, USA
The central aspects of this project are the energetic processes involved in Parkinson’s disease (PD). Disturbances in 
the energy metabolism and in the mitochondrial renewal process are known to cause a variety of neuropathologies, 
such as Parkinson’s, Alzheimer’s and Huntington’s disease. A theoretical understanding of the underlying processes 
will help to design future experiments and to develop therapies or cures. Together with Alexander Skupin (LCSB) we are 
formulating a reaction-diffusion problem whose solution (based on Green’s function) will simulate the energy metabolism 
within astrocytes and their interaction with neurons and blood vessels, on a spatially resolved scale. In a later stage, the 
mitochondrial renewal process - a balance between fission and fusion - is added. Parallelisation techniques and the use of 
super computers will allow high spatial and temporal resolution. Realistic astrocyte morphologies and enzyme/transporter 
localization obtained from experimental observations using high resolution data from electron microscopy (in collaboration 
with Felix Kleine Borgmann) will be used for model parameterisation and validation.

Studying signal transduction dynamics in inflammation-induced neuropathogenesis 
Suresh Kumar Poovathingal, hosted at California Institute of Technology, Pasadena, USA
The role of inflammation in neuropathology has long been appreciated. However, the molecular mechanisms of initiation 
and subsequent progression of the pathology remains largely elusive, predominantly due to the complexity of interactions 
of different signalling molecules in cells. Comprehending these mechanisms amidst the underlying complexities requires 
quantification of cellular biomolecules at single-cell level using high-throughput “omics” assays and development 
of complementary computational techniques to characterize the resulting high-dimensional data. One of the prime 
objectives is to develop an integrative platform to specifically study the role of inflammation in neuropathology/
degeneration. Signalling proteins and networks are the work horses of cells and the key determinants of cellular 
phenotypes. Our research focuses on developing a microfluidic platform that will be capable of quantifying the dynamics 
of key signalling proteins involved in pathogenesis, at a single-cell resolution. Further, computational approaches such 
as Bayesian inference analysis will be applied to the single-cell data to delineate the network re-organization, as the cell 
progresses from a healthy to a pathological state.



38   • • •

INFRASTRUCTURE
“House of Biomedicine”
Research in Life Sciences has undergone a dramatic change within the last decade. Collaboration and resource sharing as 
well as automatisation and miniaturisation have become important elements not only in the design and implementation of 
the experiments per se, but also in the establishment of large scale, capital and human resource rich infrastructure. Top-
notch infrastructure is a key attractor for becoming and staying competitive on an international level. 

The goal of LCSB is to establish and provide access to important infrastructure in high-throughput biological systems as 
well as to use the best suitable model organism for a given study. Cutting across disciplines in systems biomedicine, the 
integration of different technologies, models, disciplines and expertise from mathematical theory to practical medical 
requirements of the clinic adapts LCSB in the best possible way to the challenges of modern biomedical research. So far 
LCSB has invested in the following specific technological platforms: 

Technical and model organism platforms

High-Content Cell Culture Screening and Imaging Facility
The LCSB has set up a high-content and high-throughput microscopy screening 
and imaging facility. Imaging of fixed and living cells and tissues after genetic or 
pharmacological perturbation on various types of microscope (widefield microscope, 
spinning-disk and conventional confocal microscope) followed by powerful image 
analysis tools allows for detailed analysis of cell morphology, topology and dynamics 
of cells and their organelles. In addition, we apply cell sorting technologies to perform 
for instance cell cycle, proliferation and apoptosis assays. 

Neuropathology platform
The Neuropathology platform provides in vivo murine model development and 
assessment for a variety of neurodegenerative diseases. Classical histological and 
immunostaining techniques are used to describe and quantify the degeneration of 
neurons typical for Parkinson’s (PD) and Alzheimer’s disease (AD) and to compare 
them to the human diseases. Together with other platforms and expertise at the 
LCSB, and other Luxembourg biomedicine institutes, the Neuropathology platform is 
firmly anchored in efforts aimed at identifying pathological processes in PD and AD, 
point out novel ways for therapeutic interventions, and work out procedures to test 
such interventions preclinically.

Bioinformatics platform
The LCSB Bioinformatics Core facility offers access to high-performance computing 
and large data storage as well as the bioinformatics expertise for most of the routine 
demands of a biomedical research centre. This includes state-of-the-art workflows 
for data capture and data analysis. In addition, support is provided for the analysis 
and interpretation of large data sets. Technical support, embedded in an efficient and 
reliable information management system is part of this Bioinformatics Core facility. 
During 2013, the facility added a substantial number of new computes nodes and 
storage capacity to the existing high-performance equipment. Together with other 
stakeholders at the University, we plan to increase the storage capacity in early 2015 
by another PetaByte and add a large memory machine.

Mouse facility  
The mouse facility is a shared resource of the LCSB and the Life Science Research 
Unit at the University. Because of the availability of transgenic models and the wealth 
of well-established experimental procedures, this facility is an inevitable resource for 
research on neurodegenerative diseases. The facility offers a rodent breeding service 
including the management of the mouse colony. It uses sterile food and water as well 
as autoclaved bedding and cages of the microisolator type. In the future, additional 
services like the generation of transgenic animal models will be provided.
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Metabolomics and Mass Spectrometry platform
The goal of metabolomics is the comprehensive and quantitative analysis of all 
metabolites (small molecules) for a detailed overview of the current state of a cell. Of 
all “omics” technologies, metabolomics provides the most direct information about 
precise metabolic changes in an organism. However, the variability and the highly 
dynamic profiles of metabolites pose a challenge in research, and single analytical 
techniques are insufficient for a comprehensive analysis. Therefore, the LCSB has 
built up a reliable metabolomics platform based on both GC-MS and LC-MS to 
strategically address this complexity. The platform portfolio comprises also precise 
quantification of metabolism intermediates and enantiomers, neurotransmitter 
analyses in brain tissue extracts, structure elucidation of unknown compounds and 
software development for analyses.

Zebrafish facility
For many years, zebrafish have been considered an important vertebrate model 
organism in life science research. Their embryos and larvae are microscopically 
small, optically translucent and show high genetic, physiologic, and pharmacologic 
homology to humans. The ability to quickly generate transgenic models make the 
zebrafish an important tool to perform gene-function analysis. In addition, zebrafish 
are uniquely suited to perform high-throughput, in vivo screens of small molecules to 
identify compounds capable of modulating pathophysiological parameters associated 
with disease – particularly through the use of novel zebrafish models of human CNS 
disorders. 

Yeast platform 
Yeast (Saccharomyces cerevisiae) is well suited as a model organism for functional 
genomics and human disease modelling. LCSB implemented a platform that offers 
various cultivation modes, yeast-specific metabolomics methods and high-throughput 
phenotypic screens. Genome-wide gene deletion collections, natural strain 
collections, and segregant collections generated by various crosses are available 
for the platform. Deletion mutants in other genetic backgrounds, double mutants, 
and overexpressor strains can be created on demand. All these tools are or will be 
used in projects involving detailed functional analyses of genes of interest, QTL-type 
analyses, disease modelling, small molecule screens, genetic interaction studies, and 
metabolic modelling.

Platform for induced pluripotent stem cells 
Induced pluripotent stem cells (iPSCs) have biological properties comparable to 
embryonic stem cells. iPSCs and can be generated from somatic tissue cells such 
as skin fibroblasts using a combination of transcription factors (Yamanaka factors). 
Since iPSCs are pluripotent, they can be differentiated into any cell type of the body 
and are hence an essential tool for the understanding of complex genetic disease 
and new drug screening approaches. Since iPSCs are specific for the donor, they also 
form an attractive tool for cell replacement approaches in regenerative medicine or 
personalised medicine. The iPSCs facility at LCSB offers the reprogramming of mouse 
and human cells as well as their differentiation into various cell types from the neural 
lineage.

Infrastructure available through collaboration 
Additional infrastructure is accessible to the LCSB through strategic partnerships inside and outside Luxembourg. This 
includes a clinical proteomics, DNA sequencing as well as state-of-the-art biobanking.



40   • • •

PUBLICATIONS

1. Rudolph, K.L., Missio, P., Zhou, Y., Guachalla, L.M., von Figura, G., Wegner, A., Chakkarappan, S., Binz, T., Gompf, A., Hartleben, G., Lellek, V., Günes, C., Sattler, R.W., Song, Z., Illig, 
T., Klaus, S., Boehm, B., Wenz, T., Hiller, K., Burkhalter, M. (2014) Glucose substitution prolongs maintenance of energy homeostasis and lifespan of telomere dysfunctional 
mice. Nature Communications; doi: pending

2. EuroEPINOMICS-RES Consortium, Epilepsy Phenome/Genome Project, and Epi4K Consortium (2014) De novo mutations in synaptic transmission genes including DNM1 cause 
epileptic encephalopathies. The American Journal of Human Genetics; doi: pending (in consortium listed LCSB authors are: Balling, R., Krause, R., May, P.)

3. He, F.Q., Sauermann, U., Beer, C., Winkelmann, S., Yu, Z., Sopper, S., Zeng, A.-P., Wirth, M. (2014) Identification of molecular sub-networks associated with cell survival in a 
chronically SIVmac-infected human CD4+ T cell line. Virology Journal; doi: 10.1186/1743-422X-11-152

4. Papanikolaou, N., Pavlopoulos, G.A., Pafilis, E., Theodosiou, T., Schneider, R., Satagopam, V.P., Ouzounis, C.A., Eliopoulos, A.G., Promponas ,V.J., Iliopoulos, I. (2014) 
BioTextQuest+: A knowledge integration platform for literature mining and concept discovery. Bioinformatics; doi: 10.1093/bioinformatics/btu524

5. Richards, M.A., Cassen, V., Heavner, B.D., Ajami, N.E., Herrmann, A., Simeonidis, E., Price, N.D. (2014) MediaDB: A database of microbial growth conditions in defined media, 
PLOS one; doi: 0.1371/journal.pone.0103548

6. Mojtahedi, M., Fouquier D’Hérouël, A., Huang, S. (2014) Direct elicitation of template concentration from quantification cycle (Cq) distributions in digital PCR. Nucleic Acids 
Research; doi: 10.1093/nar/gku603

7. Aurich, M.K., Paglia, G., Rolfsson, O., Hrafnsdottir, S., Magnusdottir, M., Stefaniak, M.M., Palsson, B. O., Fleming, R.M.T., Thiele, I. (2014) Prediction of intracellular metabolic 
states from extracellular metabolomics data. Metabolomics; doi: 10.1186/1752-0509-3-37

8. Hargus, G., Ehrlich, M., Araúzo-Bravo, M.J., Hemmer, K., Hallmann, A., Reinhardt, P., Kim, K.-P., Adachi, K., Santourlidis, S., Ghanjati, F., Fauser, M., Ossig, C., Storch, A., Kim, J.B., 
Schwamborn, J.C., Sterneckert, J., Schöler, H.R., Kuhlmann, T., Zaehres, H. (2014) Origin-dependent neural cell identities in differentiated human iPS cells in vitro and after 
transplantation into the rodent brain. Cell Reports; doi: 10.1186/scrt224

9. Schneider, J.G., Iserman, B., Kleber, M., Wang, H., Boehm, B., Grammer, T., Prueller, F., Nawroth, P.P., März, W. (2014) Intermediate Thrombin Activation is Associated with 
Reduced Cardiovascular Death, International Journal of Cardiology. doi: 10.1016/j.ijcard.2014.07.026

10. Reinthaler, E.M., Lal, D., Jurkowski, W., Feucht, M., Steinböck, H., Gruber-Sedlmayr, U., Ronen, G.M., Geldner, J., Haberlandt, E., Neophytou, B., Hahn, A., Altmüller, J., Thiele, H., 
Toliat, M.R., EuroEPINOMICS Consortium, Lerche, H., Nürnberg, P., Sander, T., Neubauer, B.A., Zimprich, F. (2014) Analysis of ELP4, SRPX2, and interacting genes in typical and 
atypical rolandic epilepsy. Epilepsia, 55.8, E89–93; doi: 10.1111/epi.12712 (in consortium listed LCSB authors are: Jurkowski W.)

11. Ammerlaan W., Trezzi J.-P., Lescuyer P., Mathay C., Hiller K., Betsou F. (2014) Method validation for preparing serum and plasma samples from human blood for downstream 
proteomic, metabolomic and circulating nucleic acid-based applications. Biopreservation and Biobanking, 12:4, 269-80, doi: 10.1089/bio.2014.0003 

12. Ammerlaan W., Trezzi J.-P., Mathay C., Hiller K., Betsou F. (2014) Method validation for preparing urine samples for downstream proteomic and metabolomics applications. 
Biopreservation and Biobanking; doi: pending

13. Hemmer K., Zhang M., van Wüllen, T., Sakalem M., Tapia N., Baumuratov A., Kaltschmidt C., Kaltschmidt B, Schöler H.R., Zhang W., Schwamborn J.C. (2014) Induced neural 
stem cells achieve long-term survival and functional integration in the adult mouse brain. Stem Cell Reports, doi: 10.1016/j.stemcr.2014.06.017

14. Westerhoff H.V., Brooks A., Simeonidis E., Garcia-Contreras R., He F., Boogerd F.C., Jackson V.J., Goncharuk V., Kolodkin A. (2014) Macromolecular networks and intelligence in 
microorganisms. Frontiers in Microbiology, 5:379, doi: 10.3389/fmicb.2014.00379

15. Heinken, A., Khan, M.T., Paglia, G., Rodionov, D.A., Harmsen, H.J.M., Thiele, I. (2014) A functional metabolic map of Faecalibacterium prausnitzii, a beneficial human gut microbe: 
Journal of Bacteriology, 196:18, 3289-302, doi: 10.1128/JB.01780-14.

16. Ferrari, R., Hernandez, D.G., Nalls, M.A., Rohrer, J.D., Ramasamy, A., Kwok, J. B., Dobson-Stone, C., Brooks, W.S., Schofield, P.R., Halliday, G.M., Hodges, J. R., Piguet, O., Bartley, 
L., Thompson, E., Haan, E., Hernández, I., Ruiz, A., Boada, M., Borroni, B., Padovani, A., Cruchaga, C., Cairns, N. J., Benussi, L., Binetti, G., Ghidoni, R., Forloni, G., Galimberti, D., 
Fenoglio, C., Serpente, M., Scarpini, E., Clarimón, J., Lleó, A., Blesa, R., Waldö, M.L., Nilsson, K., Nilsson, C., Mackenzie, I.R., Hsiung, G.-Y.R., Mann, D.M., Grafman, J., Morris, 
C.M., Attems, J., Griffiths, T.D., McKeith, I.G., Thomas, A.J., Pietrini, P., Huey, E.D., Wassermann, E.M., Baborie, A., Jaros, E., Tierney, M.C., Pastor, P., Razquin, C., Ortega-
Cubero, S., Alonso, E., Perneczky, R., Diehl-Schmid, J., Alexopoulos, P., Kurz, A., Rainero, I., Rubino, E., Pinessi, L., Rogaeva, E., St George-Hyslop, P., Rossi, G., Tagliavini, F., 
Giaccone, G., Rowe, J. B., Schlachetzki, J.C., Uphill, J., Collinge, J., Mead, S., Danek, A., Van Deerlin, V.M., Grossman, M., Trojanowski, J.Q., van der Zee, J., Deschamps, W., Van 
Langenhove, T., Cruts, M., Van Broeckhoven, C., Cappa, S. F., Le Ber, I., Hannequin, D., Golfier, V., Vercelletto, M., Brice, B., Nacmias, B., Sorbi, S., Bagnoli, S., Piaceri, I., Nielsen, 
J.E., Hjermind, L.E., Riemenschneider, M., Mayhaus, M., Ibach, B., Gasparoni, G., Pichler, S., Gu, W., Rossor, M.N., Fox, N.C., Warren, J.D., Spillantini, M.G., Morris, H. R., Rizzu, P., 
Heutink, P., Snowden, J.S., Rollinson, S., Richardson, A., Gerhard, A., Bruni, A. C., Maletta, R., Frangipane, F., Cupidi, C., Bernardi, L., Anfossi, M., Gallo, M., Conidi, M.E., Smirne, 
N., Rademakers, R., Baker, M., Dickson, D.W., Graff- Radford, N.R., Petersen, R.C., Knopman, D., Josephs, K.A., Boeve, B.F., Parisi, J.E., Seeley, W.W., Miller, B.L., Karydas, A.M., 
Rosen, H., van Swieten, J.C., Dopper, E.G., Seelar, H., Pijenburg, Y.A., Scheltens, P., Logroscino, G., Capozzo, R., Novelli, V., Puca, A.A., Franceschi, M., Postiglione, A., Milan, G., 
Sorrentino, P., Kristiansen, M., Chiang, H.-H., Graff, C., Pasquier, F., Rollin, A., Deramecourt, V., Lebert, F., Kapogiannis, D., Ferrucci, L., Pickering-Brown, S., Singleton, A.B., Hardy, 
J., Momeni, P. (2014) Frontotemporal dementia and its subtypes: a genome-wide association study. The Lancet Neurology. 13:7, 686 - 99; doi: 10.1016/S1474-4422(14)70065-1

17. Szostak, N., Royo, F., Rybarczyk, A., Szachniuk, M., Blazewicz, J., del Sol. A., Falcon-Perez, J.M. (2014) Sorting signal targeting mRNA into hepatic extracellular vesicles. RNA 
Biology. 11:7; doi: 10.4161/rna.29305

18. Liu, G.H., Suzuki, K., Li, M., Qu, J., Montserrat, N., Tarantino, C., Gu, Y., Yi, F., Xu, X., Zhang, W., Ruiz, S., Plongthongkum, N., Zhang, K., Masuda, S.,  Nivet, E., Tsunekawa, Y., 
Soligalia, R., Goebl, A., Aizawa, E., Kim, N. Y.,  Kim, J., Dubova, I., Li, Y., Ren, R., Benner, C., del Sol, A., Bueren, J., Trujillo, J.P., Surralles, J., Cappelli, E., Dufour, C., Rodriguez 
Esteban, C., Izpisua Belmonte, J. C. (2014) Modeling Fanconi Anemia pathogenesis and therapeutics using integration-free patient-derived iPSCs. Nature Communications, 
5:4330, doi 10.1126/scisignal.2005237

19. Thurley, K., Tovey, S.C., Moenke, G., Prince, V.L., Meena, A., Thomas, A.P., Skupin, A., Taylor, C.W., Falcke, M. (2014) Reliable Encoding of Stimulus Intensities Within Random 
Sequences of Intracellular Ca2+ Spikes. Science Signaling, 7:3311, ra59, doi: 10.1016/j.tim.2013.04.009. Printed on cover of journal

20. Garmendia-Torres, C., Skupin, A., Michael, S.A., Ruusuvuori, P., Kuwada, N.J., Falconnet, D., Cary, G.A., Hansen, C., Wiggins, P.A., Dudley, A.M. (2014) Unidirectional P-Body 
Transport during the Yeast Cell Cycle. PLoS One, 9:6, e99428; doi: 10.1371/journal.pone.0099428

2014
Publications in refereed journals 2014



 • • •   41      

21. Hu, H., Roach, J.C., Coon, H., Guthery, S.L., Voelkerding, K.V., Margraf, R.L., Durtschi, J.D., Tavtigian, S.V., Shankaracharya, Wu, W., Scheet, P., Wang, S., Xing, J., Glusman, G., 
Hubley, R., Li, H., Garg, V., Moore, B., Hood, L., Galas, D. J., Srivastava, D., Reese, M.G., Jorde, L.B., Yandell, M., Huff, C.D. (2014) A unified test of linkage analysis and rare-variant 
association for analysis of pedigree sequence data. Nature Biotechnology, 32:7, 663–9; doi:10.1038/nbt.2895

22. Bodea, L.G., Wang, Y., Linnartz-Gerlach, B., Kopatz, J., Sinkkonen, L., Musgrove, R., Kaoma, T., Muller, A., Vallar, L., Di Monte, D.A, Balling, R., Neumann, H. (2014) 
Neurodegeneration by activation of the microglial complement-phagosome pathway. Journal of Neuroscience, 34:25, 8546-56, doi: 10.1523/jneurosci.5002-13.2014

23. Killcoyne, S., del Sol, A. (2014) FIGG: Simulating populations of whole genome sequences for heterogeneous data analyses. BMC bioinformatics, 15:49, doi: 10.1186/1471-2105-
15-149

24. Thiele, I., Vlassis, N., Fleming, R.M.T. (2014) FASTGAPFILL: Efficient gap filling in metabolic networks. Bioinformatics, 30:17, 2529-31; doi: 10.1093/bioinformatics/btu321

25. Edwards, L.M., Sigurdsson, M.I., Robbins, P.A., Weale, M.E., Cavalleri, G.L., Montgomer, H.E., Thiele, I. (2014) Genome-scale methods converge on key mitochondrial genes for 
the survival of human cardiomyocytes in hypoxia. Circulation: Cardiovascular Genetics, 7:4, 407-5; doi: 10.1161/CIRCGENETICS.113.000269

26. Sahoo, S., Aurich, M.K., Jonsson, J.J., Thiele, I. (2014) Membrane transporters in a human genome-scale metabolic knowledgebase and their implications for disease. Frontiers 
in Physiology, 5:91; doi: 10.3389/fphys.2014.00091

27. Haraldsdottir, H.S., Thiele, I., Fleming, R.M.T. (2014) Comparative evaluation of open source software for mapping between metabolite identifiers in metabolic network 
reconstructions: application to Recon 2. Journal of Cheminformatics, 6:1, 2; doi: 10.1186/1758-2946-6-2

28. Vlassis, N., Jungers, R. (2014) Polytopic uncertainty for linear systems: New and old complexity results. Systems & Control Letters, 67, 9–13; doi: 10.1016/j.sysconle.2014.02.001

29. Bousquet, J., Jorgensen, C., Dauzat, M., Cesario, A., Camuzat, T., Bourret, R., Best, N., Anto, J.M., Abecassis, F., Aubas, P., Avignon, A., Badin, M., Blain, H., Bourdin, A., Bringer, 
J., Camu, W., Cayla, G., Costa, D.J., Courtet, P., Cristol, J.P., Demoly, P., de la Coussaye, J.E., Fesler, P., Gouzi, F., Gris, J.C., Guillot, B., Hayot, M., Jeandel, C., Jonquet, O., 
Journot, L., Mathieu, G., Morel, J., Ninot, G., Pelissier, J.Y., Picot, M.C., Rabier-Pontal, F., Robine, J.M., Rodier, M., Sultan, A., Wojtusciszyn, A., Auffray, C., Balling, R., Barbara, C., 
Cambon-Thomsen, A., Chavannes, N.H., Chuchalin, A., Crooks, G., Dedeu, A., Fabbri, L.M., Garcia-Aymeric, J., Hassan, J., Gomes, E.M., Palkonen, S., Piette, F., Pison, C., Price, D., 
Samolinski, B., Schunemann, H.J., Sterk, P.J., Yiallouros, P., Roca, J., Perre, P.V., Mercier, J. (2014) System Medicine Approaches for the Definition of Complex Phenotypes in 
Chronic Diseases and Ageing. From Concept to Implementation and Policies. Current Pharmaceutical Design, doi: 10.2174/1381612820666140314115505  

30. Binder, J.X., Pletscher-Frankild, S., Tsafou, K., Stolte, C., O’Donoghue, S.I., Schneider, R., Jensen, L.J. (2014) COMPARTMENTS: unification and visualization of protein subcellular 
localization evidence. Database, bau012; doi: 10.1093/database/bau012

31. Nava, C., Dalle, C., Rastetter, A., Striano, P., de Kovel, C.G.F., Nabbout, R., Cancès, C., Ville, D., Brilstra, E.H., Gobbi, G., Raffo, E., Bouteiller, D., Marie, Y., Trouillard, O., Robbiano, 
A., Keren, B., Agher, D., Roze, E., Lesage, S., Nicolas, A., Brice, A., Baulac, M., Vogt, C., El Hajj, N., Schneider, E., Suls, A., Weckhuysen, S., Gormley, P., Lehesjoki, A.E., De Jonghe, 
P., Helbig, I., Baulac, S., Zara, F., Koeleman, B.P.C., EuroEPINOMICS RES Consortium, Haaf, T., LeGuern, E., Depienne, C. (2014) De novo mutations in HCN1 cause early infantile 
epileptic encephalopathy. Nature Genetics, 46:6, 640-5; doi: 10.1038/ng.2952 (in consortium listed LCSB authors are: Ballling, R., May, P., Krause, R.)

32. Sudhakar, P., Reck, M., Wang, W., He, F. Q., Dobler, I. W., Zeng, AP. (2014) Construction and verification of the transcriptional regulatory response network of Streptococcus 
mutans upon treatment with the biofilm inhibitor carolacton. BMC Genomics, 15:362; doi: 10.1186/1471-2164-15-362

33. Végh, M.J., Rausell, A., Loos, M., Heldring, C.M., Jurkowski, W., van Nierop, P., Paliukhovich, I., Li, K.W., del Sol, A., Smit, A.B., Spijker, A., van Kesteren, R.E. (2014) Hippocampal 
extracellular matrix levels and stochasticity in synaptic protein expression increase with age and are associated with age-dependent cognitive decline. Molecular and Cellular 
Proteomics, doi 10.1074/mcp.M113.032086

34. Muller, E.E., Sheik, A.R., Wilmes, P. (2014) Lipid-based biofuel production from wastewater. Current Opinion in Biotechnology, 30, 9–16; doi: 10.1016/j.copbio.2014.03.007 

35. Ignac, T.M., Skupin, A., Sakhanenko, N.A., Galas, D.J. (2014) Discovering Pair-Wise Genetic Interactions: An Information Theory-Based Approach. Plos One, 9:3, e92310; doi: 
10.1371/journal.pone.0092310

36. Hugerth, L.W., Muller, E.E.L., Hu, Y., Lebrun, L.A.M., Roume, H., Lundin, D., Wilmes, P., Andersson, A.F. (2014) Systematic design of 18S rRNA gene primers for determining 
eukaryotic diversity in microbial consortia. Plos one, 9:4, e95567; doi: 10.1371/journal.pone.0095567

37. Diederich, N., Stebbins, G., Schiltz, C., Goetz, C. (2014) Are patients with PD people blind to blindsight? Brain, 137:6, 1838-49; doi:  10.1093/brain/awu094

38. Marbaix, A. Y., Tyteca, D., Niehaus, T. D., Hanson A. D., Linster, C. L., Van Schaftingen E. (2014) Occurrence and subcellular distribution of the NAD(P)HX repair system in 
mammals. Biochemical Journal, 460:1, 49-58, doi: 10.1042/BJ20131482 

39. Krug, A., Gutbier, S., Zhao, L., Pöltl, D., Kullmann, C., Ivanova, V., Förster, S., Jagtap, S., Meiser, J., Leparc, G., Schildknecht, S., Adam, M., Hiller, K., Farhan, H., Brunner, T., 
Hartung, T., Sachinidis, A., Leist, M. (2014) Transcriptional and metabolic adaptation of human neurons to the mitochondrial toxicant MPP+. Cell Death & Disease, 5, e1222, 
doi 10.1038/cddis.2014.166

40. Laczny, C.C., Pinel, N., Vlassis, N., Wilmes, P. (2014) Alignment-free Visualization of Metagenomic Data by Nonlinear Dimension Reduction. Scientific Reports, 4:4516; doi: 
10.1038/srep04516

41. Worlitzer, M.M.A., Schwamborn, J.C. (2014) The Notch co-repressor protein NKAP is highly expressed in adult mouse subventricular zone neural progenitor cells. Neuroscience, 
266, 138-49; doi: 10.1016/j.neuroscience.2014.02.019

42. Hipp, G., Diederich, N.J., Pieria, V., Vaillant, M. (2014) Primary vision and facial emotion recognition in early Parkinson’s disease. Journal of the Neurological Sciences, 338, 1:2, 
178-82; doi: 10.1016/j.jns.2013.12.047

43. Sheik, A.R., Muller, E.E.L., Wilmes, P. (2014) A hundred years of activated sludge: time for a rethink. Frontiers in Microbiology, 5:47; doi: 10.3389/fmicb.2014.00047

44. Galas, D.J., Sakhanenko, N.A., Skupin, A., Ignac, T. (2014) Describing the Complexity of Systems: Multivariable “Set Complexity” and the Information Basis of Systems Biology. 
Journal of Computational Biology, 21:2, 118-40; doi: 10.1089/cmb.2013.0039

45. Wegner, A., Weindl, D., Jäger, C., Sapcariu, S., Dong, X., Stephanopoulos, G., Hiller, K. (2014) Fragment Formula Calculator (FFC): Determination of chemical formulas for 
fragment ions in mass spectrometric data. Analytical Chemistry, 86:4, 2221–8; doi: 10.1021/ac403879d

46. Perumal, T., Gunawan, R. (2014) pathPSA: a dynamical pathway-based parametric sensitivity analysis. Industrial & Engineering Chemistry Research, 53:22, 9149-57; doi: 
10.1021/ie403277d

47. Bouvy-Liivrand, M., Heinäniemi, M., John, E., Schneider, J.G., Sauter, T., Sinkkonen, L. (2014) Combinatorial regulation of lipoprotein lipase by microRNAs during mouse 
adipogenesis. RNA Biology, 11:1, 76-91; doi: 10.4161/rna.27655 



42   • • •

48. Schiekofer, S., Bobak, I., Kleber, M.E., Maerz, W., Rudofsky, G., Dugi, K.A., Schneider, J.G. (2014) Association between a Gene Variant near Ataxia-Telangiectasia Mutated (ATM) 
and Coronary Artery Disease (CAD) in Men. Diabetes and Vascular Disease Research, 11:1, 60-3; doi: 10.1177/1479164113514232

49. Steri, V., Ellison, T.S., Gontarczyk, A.M., Weilbaecher, K., Schneider, J.G., Edwards, D., Fruttiger, M., Hodivala-Dilke, K.M., Robinson, S.D. (2014) Acute Depletion of Endothelial β3-
Integrin transiently inhibits tumor growth and angiogenesis in mice. Circulation Research, 114:1, 79-91; doi: 10.1161/circresaha.114.301591

50. Ruusuvuori, P., Lin, J., Scott, A. C., Tan, Z., Sorsa, S., Kallio, A., Nykter, M., Yli-Harja, O., Shmulevich, I., Dudley, A.M. (2014) Quantitative analysis of colony morphology in yeast. 
BioTechniques, 56:1, 18–27; doi: 10.2144/000114123 

51. Christian, N., Skupin, A., Morante, S., Jansen, K., Rossi, G., Ebenhöh, O. (2014) Mesoscopic behavior from microscopic Markov dynamics and its application to calcium release 
channels. Journal of Theoretical Biology, 343, 102–12; doi: 10.1016/j.jtbi.2013.11.010

52. del Sol, A., Buckley, N. J. (2014) A Population Shift View of Cellular Reprogramming. Stem Cells, 32, 1367-72; doi: 10.1002/stem.1627

53. Vlassis, N., Pires Pacheco, M., Sauter, T. (2014) Fast Reconstruction of Compact Context-Specific Metabolic Network Models. PLOS Computational Biology, 10:1, e1003424; doi: 
10.1371/journal.pcbi.1003424

54. Lohse, M., Nagel, A., Herter, T., May, P., Schroda, M., Zrenner, R., Lunn, J., Tohge, T., Fernie, A., Stitt, M., Usadel, B. (2014) Mercator: A fast and simple functional annotation web 
server for genome scale plant sequence data. Plant, Cell & Environment, 37:5, 1250-8; doi: 10.1111/pce.12231

55. Galhardo, M., Sinkkonen, L., Berninger, P., Lin, J., Sauter, T., Heinäniemi, M. (2014) Integrated analysis of transcript level regulation of metabolism reveals disease relevant nodes 
of the human metabolic network. Nucleic Acids Research, 42:3, 1474-96; doi: 10.1093/nar/gkt989

56. He, F.Q., Wang, W., Zheng, P., Sudhakar, P., Sun, J., Zeng, A.P. (2014) Essential O2-responsive genes and network of Pseudomonas aeruginosa revealed by integrating dynamic 
data from inverted conditions. Integrative Biology, 6:2, 215-23; doi: 10.1039/c3ib40180d

Book chapters 2014
1. Laczny, C., Wilmes, P. (2014)Towards the identification of condition-specific microbial populations from human metagenomic data. Book chapter in Nucleic Acids as Molecular 

Diagnostics, 2014, Wiley–VCH; editor: Keller, A., Meese, E., accepted, doi pending

2. Galas, D., Wilmes, P., Wang, K. (2014) RNA in circulation: sources and functions of extracellular exogenous RNA in blood. Encyclopedia of Metagenomics, Springer-Verlag Berlin 
Heidelberg, 2013; editor: Karen E. Nelson; http://www.springerreference.com/docs/html/chapterdbid/303420.html;  doi: 10.1007/SpringerReference_303420 2014-02-03

3. Biryukov. M., Antony, P., Krishna, A., May, P., Trefois, C. (2014) Evaluation of Cell Line Suitability for Disease Specific Perturbation Experiments. Studies in Classification, Data 
Analysis, and Knowledge Organizaion, Springer series 2014; editors: Berthold Lausen, Sabine Krolak-Schwerdt and Matthias Böhmer; accepted, doi/ISBN pending

      Conference reports 2014
1. Ignatenko, A., Kolodkiny, A., Bradyz, N., Peters, B., Balling, R. (2014). Comparison of ode-based models for reactive oxygen species regulation systems. Conference Proceedings 

of ICCSA 2014, Normandie University, Le Havre, France June 23-26, 2014

Publications (2010 - 2014)

0 

10 

20 

30 

40 

50 

60 

70 

2010 2011 2012 2013 2014
(status 31.08.) 

nu
m

be
r o

f p
ub

lic
at

io
ns

 

publications in refereed journals 
conference reports 
book chapters 



 • • •   43      

PATENTS

Title Partners Reference number
Method and kit for the isolation of genomic DNA, 
RNA, proteins and metabolites from a single 
biological sample

Paul Wilmes, Hugo Roume, Thekla 
Cordes, Karsten Hiller

Worldwide (PCT): 
PCT/EP2012/065178

Method to predict the presence of Itaconic 
Acid, IRG1, and/or proteins IRG1 in a subject 
and pharmaceutical composition for treating or 
preventing inflammation 

Alessandro Michelucci, Rudi Balling, 
Thekla Cordes, André Wegner, Jenny 
Ghelfi, Karsten Hiller

Worldwide (PCT): 
PCT/EP2012/068682

Method for obtaining integrated genomic, 
transcriptomic, proteomic and/or metabolomics 
information from a single unique biological sample

Paul Wilmes, Nikos Vlassis Luxembourg: 
91940

“MembRings”: Membranes with integrated O-Rings Pranjul Shah, Paul Wilmes Luxembourg: 
91961

“Xmems”: Functional membranes with integrated 
surfaces

Pranjul Shah, Paul Wilmes Luxembourg: 
92051

Human microbial cell co-culture device Pranjul Shah, Paul Wilmes, Frederic 
Zenhausern (University of Arizona, 
USA), Matthew Esters (University of 
Arizona, USA)

USA: 
61/617,393

Complex RNA composition of body fluids Paul Wilmes, David Galas (ISB), Kai 
Wang (Washington, USA)

USA:
61/658,876

Isolated genes and transgenic organisms for 
producing biofuels

Paul Wilmes (LCSB), Emilie Muller 
(LCSB), Translational Genomics 
Research Institute (Arizona, USA)

USA: 
61/702,659

LuxFold - 3-dimensional protein structure 
prediction

Reinhard Schneider, Paola Pozzo LU/UK: 
1315236.8

Biotechnological production of itaconic acid Karsten Hiller, Thekla Cordes, 
Alessandro Michelucci, Jenny Ghelfi

Europe: n/a

Visualization of high-dimensional nucleotide 
sequence data

Paul Wilmes, Nikos Vlassis, Cedric 
Laczny

Europe: n/a



44   • • •

Editor
University of Luxembourg
Luxembourg Centre for Systems Biomedicine
7, avenue des Hauts-Forneaux
L-4362 Esch-sur-Alzette
T. + 352 46 66 44-6973
E-Mail lcsb@uni.lu
www.uni.lu/lcsb

Realisation and Text
LCSB

Layout and Graphic Design
LCSB

Photos
LCSB, UL and scienceRELATIONS

Print
Imprimerie Centrale s.a., Luxembourg

        This report is also available for download on 
          www.uni.lu/lcsb/research

© Luxembourg Centre for Systems Biomedicine
September 2014





www.uni.lu/lcsb 

www.uni.lu

©
 U

ni
ve

rs
ité

 d
u 

Lu
xe

m
bo

ur
g 

09
/2

01
4 

  


