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Prof. Jens C. Brüning

Aging – an unfavorable aspect of life? 

The Cologne Cluster of Excellence in Cellular Stress Responses in Aging-

associated Diseases provides an dynamic environment for research into the 

aging process and related diseases. Our aim is to understand the molecular 

mechanisms that underlie the aging process and thereby provide a platform 

for the development of new therapies for aging-associated diseases such as 

cancer, diabetes and neurodegenerative disorders. CECAD’s approach is truly 

interdisciplinary and international, with groups of outstanding researchers 

working in four main project areas, and the cluster already holds a leading 

position in international research on the aging process. 

This provides us with many opportunities: Up to now the aging process 

has been examined from the perspective of separate disciplines, but CE-

CAD’s interdisciplinary approach now provides an opportunity to identify the 

points of overlap between individual research areas and may unearth com-

mon underlying causes for age-related diseases. The new laboratory facility 

is due to be completed by the end of 2012 – an important milestone in the 

consolidation of the communication network between scientists of the Uni-

versity of Cologne, University Hospital of Cologne and Max Planck Institute 

for the Biology of Aging. 

Research into age-related diseases is of very high social relevance – how-

ever, it is not simply about extending people’s lifespan but also ensuring that 

their quality of life remains high. This is an important concern of CECAD 

but the organization’s work is not just a reflection of societal themes in a 

research context. The demographic change that society is experiencing will 

continue over the next few decades, and even increase: CECAD’s research 

involves a high level of societal interaction and is positioned at a critical 

interface between science and society. CECAD is funded via the DFG within 

the excellence initiative set up by the German federal and state govern-

ments.

Vision

It is the vision of this cluster of excellence to be able to define processes 

where a failure to function triggers the pathogenic mechanisms underlying 

aging-associated diseases. CECAD seeks to identify key points for thera-

peutic intervention across the whole spectrum of aging-associated diseases. 

CECAD at the University of Cologne is committed to realizing this vision, 

and thus provides a dynamic research environment. CECAD takes an inter-

disciplinary and international approach, and has excellent researchers work-

ing in four main project areas.  We are proud to be playing a decisive role in 

international research into the aging process.

With extremly high dynamic

Editorial
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For the scienti! c output and 

future of the Cluster of Excel-

lence the excellence of the 

research scientists is as crucial 

as formulation of research aims, 

interdisciplinary collaboration 

and close integration within 

international research networks. 

high Relevance

CECAD Cologne
Staff Structure & Funding

The Excellence Cluster CECAD Cologne is supported by 

the Faculty of Mathematics and Natural Sciences and the 

Faculty of Medicine of the University of Cologne. 

Scientific Coordinator: 

Prof. Jens C. Brüning

Institute of Genetics at the University of Cologne, 

Director of the Center for Diabetology, Endocrinology 

and Preventative Medicien at the University Hospital of 

Cologne and Director of the Max-Planck Institut for 

Neurological Research

Deputy Scientific Coordinators: 

Prof. Thomas Langer

Institute of Genetics at the University of Cologne

Prof. Michael Hallek

Director of the Department of Internal Medicine I at 

Cologne University Hospital

Principal Investigators (PI’s): 

up to 35

Scientific Members: 

over 300

Technology Platform: 

Head: Prof. Peter Nürnberg

Genomics Facility, Head: Dr. Peter Frommolt

Proteomics Facility, Head: Dr. Tobias Lamkemeyer

Lipidomics Facility, Head: Dr. Susanne Brodesser

Imaging Facility, Head: Dr. Astrid Schauss

Mouse Phenotyping

 

Platform for Education, 

Career Development and Gender Equality: 

Head: Prof. Carien Niessen

Coordinator: Dr. Doris Birker

Student Assistant: Julia Panteleit

Translational Platform: 

Head: Prof. Oliver Cornely

Navigators: Muriel Freudenberger, 

Dr. Pauline Schumacher

Managing Director: 

Dr. Christopher Schippers

Assistant to Managing Director: Maria Vilgertshofer

Student Assistant: Kai Lichtenberg, Philipp Schreier

Project Management: 

Dr. Nora Redemann

PR & Marketing: 

Head: Astrid Bergmeister

Editorial Assistant: Andrea Pfennig

Student Assistant: Alana Hönig

Financing:

CECAD is funded by the DFG (German Research Founda-

tion) within the Excellence Initiative by German Federal 

and State Governments and receives further financel sup-

port by the University of Cologne.
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What’s happening  
as we get older?

First Chapter  
Research Areas
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The setting of the Research Areas is 

based on an understanding that the 

overall research aim is to identify the 

underlying molecular mechanisms and 

central causes of the aging process and 

of aging-associated disorders.

high Relevance

Is aging an unfavourable concept of life? Understanding the molecular 

mechanisms underlying the aging process is the key to answering this 

question. CECAD Cologne has identified the key fields of enquiry in aging 

research and addresses them in four main research areas:  

Cellular Stress Responses and Dysfunction during 
the Aging Process

Senescence of Membranes and Age-related Impairment 
of Pathogen Defense

Inflammation in Aging-associated Diseases

Metabolic Signaling Pathways in Aging-associated Diseases

Thus CECAD is playing a key role in pioneering international research. 

Leading international scientists at CECAD achieve a high level of transla-

tion between basic research and clinical application, raising the prospect of 

therapies for common aging-associated diseases such as cancer, diabetes, 

and neurodegenerative disorders.

Working with Model Organisms

Models are based on assumptions. Theories are formulated as cognitive 

constructs are then realized and tested through experimentation. Animal 

models allow working hypotheses to be verified on a living organism. The 

goal of this work with so-called ‘model organisms’ such as the mouse, the 

thread worm C. elegans, the fruitfly Drosophila and the zebrafish, is to gain 

knowledge about functions and processes which may be transferable to the 

human sphere: for example, experiments on the signal pathways of insulin 

in diabetes research, or work on podocytes from knock-out mice in kidney 

research. Further examples include the investigation into inflammatory regu-

lators and signal cascades in the pathogenesis of diseases, or experiments 

on thread-worm tissue that could help to answer the question of how far 

the degradation of proteins can affect life span.

Research Areas

Research Area A:

 
Research Area B:

Research Area C:
 

Research Area D:
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Research Area A: Cellular Stress Responses and Dysfunction 
during the Aging Process

The overall vision of the excellence cluster is to acquire an understanding 

of the molecular basis of the aging process. This involves identifying the 

processes where a failure to function leads to the onset of aging-associated 

diseases. 

The projects in Research Area A focus on the cellular mechanisms respon-

sible for the aging process and aging-associated diseases. The main focus of 

this CECAD research field is on the stress responses which, for example, can 

be triggered by ER stress or mitochondrial dysfunction. Here the main aim is 

to unravel the links between the immune system, metabolic processes and 

cellular stress responses. This will further our understanding of atherosclero-

sis, type 2 diabetes, and inflammatory cancer, and provide a platform for the 

development of new treatments.  

There would be no living, growing cells without mitochondria – they are 

the power source of the cells, generating energy and consuming oxygen. A 

small amount of oxygen is also altered in this process. When these danger-

ous reactive oxygen species (ROS) or free radicals converge on other cell 

constituents such as proteins, lipids or DNA, these can be damaged or even 

destroyed. As mitochondrial function diminishes, the production of the 

undesirable oxygen species increases. Young, healthy cells have damage-

limiting defense mechanisms and for a while the cell can compensate for 

the accumulation of damaged molecules but once a certain level has been 

reached, the damage to the cell is exacerbated. 

Some research teams are investigating the role of ROS damage and 

apoptosis as a consequence of aging-associated mitochondria DNA muta-

tions and impaired mitochondrial morphogenesis during the aging process. 

The functional state of the mitochondria is related to endocrine and stress 

signaling cascades that affect the life-span of organisms. There is interplay 

between this state and stimuli, stress or restriction of caloric intake. The 

development of aging-associated diseases is connected to dysregulation of 

these complex regulatory networks. 

Parallel to this, research is ongoing into neurodegenerative disorders such 

as Parkinson’s and Alzheimer’s disease, which are also associated with aging.  

Research Area A takes an integrative approach to cellular dysfunctions 

related to the aging process and to aging-associated diseases. The research 

projects employ a wide variety of experimental approaches, cutting-edge 

technology, and cellular and mouse models. 
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Research Area C:  
Inflammation in Aging-associated Diseases 

The goal of Research Area C is to understand which cellular and molecular 

mechanisms at the interface of the innate immune system with metabolic 

processes and cellular stress responses lead to inflammation. The area of in-

terest includes the pathogenesis of chronic aging-associated diseases with a 

particular focus on atherosclerosis, type 2 diabetes and inflammatory cancer. 

The research involves investigating why the body reacts with inflammatory 

responses, what triggers the onset of disease, and which aspects are impor-

tant for disease progress. A complex network of mediators such as potent 

cytokines regulate the inflammatory responses of cells through the activa-

tion of intracellular signaling cascades. 

Chronic inflammation is an important trigger factor in the pathogenesis 

of the aging-associated diseases such as cancer. Research here focuses on 

investigation of the links between diet, metabolism, cellular stress respons-

es, inherited immune defenses and the resulting tissue damage.

The most important model organism in Research Area C is the mouse. The 

role of inflammatory mediators and signal pathways in the pathogenesis of 

diseases is analyzed in vivo. In order to explore the issue of susceptibility to 

chronic diseases further, CECAD is carrying out studies on the genetic loci 

associated with these diseases.

Research Area B: Senescence of Membranes and Age-related 
Impairment of Pathogen Defense

The functionality of cell membranes is a key factor in pathogen defense. 

Research Area B is deepening our understanding of the defense mechanisms 

of aging membranes.

The immune system becomes weaker with age, thus lowering the ability 

of an organism to defend itself against pathogens. Aging of the immune 

system leads to dysfunction of the innate immune system, and is evidenced 

by lower levels of immunity. Many innate defense mechanisms such as 

signaling through receptors on the cell surface, phagocytes, phagosomal 

maturation and fusion with lysosomes, as well as autophagy, are membrane-

bound processes. Within the membranes, ceramide functions as the base 

molecule for the synthesis of complex sphingolipids, which together with 

sphingolipid-cholesterol create enriched platforms. These not only clus-

ter the receptor molecules but also regulate the uptake of bacterical and 

viral pathogens. Strikingly, all isoforms of ceramide synthases have been 

identified as homologs of yeast longevity-assurance genes (LAF), which are 

proteins that regulate life-span.This discovery led to the hypothesis that 

aging-related changes in the sphingolipid composition of membranes cause 

functional deficits in innate immunity.

CECAD has chosen to take an integrative experimental approach in which 

genetically modified mice with inducible, tissue-specific deficencies in ce-

ramide synthesis are exposed to specific pathogens. The ultimate aim is then 

to develop therapeutic strategies for the treatment of age-related membrane 

dysfunctions.
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Research Area D: 
Metabolic Signaling Pathways in Aging-associated Diseases

The metabolic signaling pathways play a complex role in the genesis of 

aging-associated diseases. The goal of Research Area D is to understand the 

metabolic signaling pathways involved in the development of obesity. The 

control and dysregulation of energy homeostasis are decisive parameters in 

this process. A further line of research in Area D is to identify, in both model 

organisms and human cells, novel genes that carry a predisposition to the 

development of obesity and type 2 diabetes. A third aspect is the identifica-

tion of novel pathomechanisms that lead to complications in diabetes. 

Processes such as the insulin signaling cascade are critical for the regula-

tion of life-span, and their dysregulation is central to the development of 

aging-associated diseases such as obesity and type 2 diabetes. Obesity is 

increasing in western societies, where approximately 30% of the population 

is overweight. Excessive fat mass and being overweight are directly con-

nected to the onset of insulin resistance, leading to the development of type 

2 diabetes and diabetic complications such as retinopathy, nephropathy, and 

various skin conditions.

Experimental approaches in this CECAD research area have a very high 

output, owing to the unique availability of model organisms, and also have 

high translational potential. This means that insights obtained into metabolic 

processes at different levels of complexity can often be directly adopted for 

clinical application.   

Research into the pathogenesis of neurodegenerative diseases is the key 

focus of this research area. Overburdened defense systems allow the ac-

cumulation of defective proteins that no longer function properly. Certain 

enzymes exercise a type of quality management in the cell and are responsi-

ble for the elimination of these proteins. When this process is compromised, 

the malformed proteins ‘glue’ together forming protein clumps in the nerve 

cells, which are the cause of many neurodegenerative diseases. Since such 

malfunctions increase with age, the incidence of neurodegenerative diseases 

also rises significantly in the elderly. These diseases include Parkinson’s, 

Alzheimer’s and Huntington’s chorea. Potentially successful approaches to 

future treatment of these diseases include suppression of the development 

of these protein clumps and restoration of the cell’s ‘quality management’ 

system.
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What services do 
CECAD’s Platforms  
offer?

Second Chapter  
Platforms
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Technology Platforms 

An important added value of CECAD is the availability of central facilities 

in genomics, proteomics, imaging, as well as state-of-the-art platforms for 

the generation and analysis of a wide spectrum of model organisms includ-

ing yeast, D. discoideum, D. melanogaster, D. rerio, C. elegans and mice. 

These facilities currently provide a variety of cutting-edge and sophisticated 

technologies to the research groups and foster the collaboration between 

system- and molecularly-oriented research groups.

Prof. Peter Nürnberg
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Genomics Facility 
Dr. Peter Frommolt

The Cologne Center for Genomics (CCG) headed by Prof. Peter Nürnberg 

functions as a Central Facility of the University as well as a Technology  

Platform of the Cluster of Excellence (CECAD). Over the last years, a high-

throughput sequencing platform of the second generation (1 Illumina 

HiSeq Sequencer, 2 Illumina Genome Analyzer II, 1 Roche-454 FLX Genome 

Sequencer) has been built up. In addition, a corresponding bioinformatics in-

frastructure for adequate data management and fully efficient and state-of-

the-art statistical analysis of sequences has been established. The latter has 

been achieved with the support of the university’s computing center (RRZK).

The analysis services of the Genomics Facility are provided in combination 

with methodological support and a newly established bioinformatics service 

for the analysis of the data, which is run by Dr. Peter Frommolt. Within CE-

CAD, the sequencing platform and bioinformatics service has been used by 

the Antebi, Hennies, Hoppe, Kubisch, Schumacher, Uhlirova and Wollnik labs 

over the report period.

The platform for hybridization of Affymetrix and Illumina microarrays is 

constantly in operation. Combined with bioinformatics support, it has been 

used by the Benzing, Brüning, Hennies, Herling, Pasparakis, Paulsson, Rein-

hardt, Schubert, Schumacher and Wunderlich labs. 

Huebner AK, Gandia M, Frommolt P, Maak A, Wick-

lein EM, Thiele H, Altmüller J, Wagner E, Viñuela A, 

Aguirre LA, Moreno F, Maier H, Rau I, Giesselmann 

S, Nürnberg G, Gal A, Nürnberg P, Hübner CA, del 

Castillo I, Kurth I (2011) Nonsense mutations in 

SMPX, encoding a protein responsive to physical 

force, result in X-chromosomal hearing loss. Am J 

Hum Genet; 88(5): 621-7

Frommolt P, Hellmich M (2009) Resampling in 

multiple-dose factorial designs. Biometr J; 51(6): 

915-31

Sos ML, Michel K, Zander T, Weiß J, Frommolt P, 

Peifer M, Li D, Ullrich R, Koker M, Fischer F, Shi-

mamura T, Rauh D, Mermel C, Fischer S, Stückrath 

I, Heynck S, Beroukhim R, Lin W, Winckler W, Shah 

K, LaFramboise T, Moriarty WF, Hanna M, Tolosi 

L, Rahnenf¨uhrer J, VerhaakR, Chiang D, Getz G, 

Hellmich M, Wolf J, Girard L, Peyton M, Weir BA, 

Chen TH, Greulich H, Barretina J, Shapiro GI, Gar-

raway LA, Gazdar AF, Minna J, Meyerson M, Wong 

KK, Thomas RK (2009) Predicting drug susceptibil-

ity in non-small cell lung cancers based on genetic 

lesions. J Clinical Invest; 119(6): 1727-40

Sos ML, Koker M, Weir BA, Heynck S, Rabinovski R, 

Zander T, Seeger JM, Weiss J, Fischer F, Frommolt 

P, Michel K, Peifer M, Mermel C, Girard L, Peyton 

M, Gazdar AF, Minna JD, Garraway LA, Kashkar 

H, Pao W, Meyerson M, Thomas RK (2009) Loss of 

PTEN uncouples EGFR-dependent lung cancer cells 

from PI3-kinase signaling and contributes to an 

erlotinib-resistant phenotype. Cancer Res; 69(8): 

3256-3261

Frommolt P, Thomas RK (2008) Standardized high-

throughput evaluation of cell-based compound 

screens. BMC Bioinform, 9: 475
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Proteomics Facility 
Dr. Tobias Lamkemeyer
Institute for Genetics

The Proteomics Facility performs protein analysis in the following core areas:

Detection of protein regulation (differential protein expression) using 

stable isotopes/isobaric label (SILAC, TMT)

Specific analysis of modifications of proteins (post-translational modifica-

tions, mainly phosphorylations) 

Detection of neuro-transmitters in microdialysates 

Two highly sensitive mass spectrometers with different ionization techniques, 

linked to nanoLCs, form the core of the technical equipment. Furthermore, 

the detection of neuro-transmitters is carried out through LC-coupled 

electro-chemical detection. The Mascot, Phenyx and Sequest algorithms, as 

well as ProteomeDiscoverer (Thermo Scientific) and MaxQuant comprise the 

high-performance software evaluation equipment. The data is managed by 

the laboratory information management system (LIMS) Proteinscape (Bruker) 

and is archived in the University of Cologne’s computer center. 

Facts & Figures:

Two highly sensitive mass spectrometers, linked to nanoLCs:

MALDI-MS (4800 PLUS TOF/TOF, ABSCIEX)

ESI-MS (LTQ/Orbitrap Discovery, Thermo Scientific)

1

2

3

Steinfeldt T, Könen-Waisman S, Tong L, Pawlowski 

N, Lamkemeyer T, Sibley LD, Hunn JP, Howard JC 

(2010) Phosphorylation of mouse immunity-related 

GTPase (IRG) resistance proteins is an evasion 

strategy for virulent Toxoplasma gondii.PLoS Biol. 

Dec 21;8(12):e1000576

1  Orbitrap: The Thermo Scientific LTQ Orbitrap 

Discovery mass spectrometer is a hybrid system 

combining the LTQ XL linear ion trap mass 

spectrometer and the Orbitrap mass analyser. The 

LTQ Orbitrap Discovery provides fast, sensitive 

and reliable detection of compounds, supporting a 

wide range of applications from routine compound 

identification to the most demanding analysis of 

trace levels of components in a complex mixture, 

and PTM identification. Being compatible with 

fast chromatography, the LTQ Orbitrap Discovery is 

coupled to a Easy nLCII nanoLC sytem (Proxeon).

2  4800: The AB SCIEX 4800 Plus MALDI TOF/TOF 

Analyzer features a compact vertical design and 

OptiBeam on-axis laser providing low attomole 

sensitivity in MS and MS/MS. The 4800 Plus system 

offers complete support for LC-MALDI analyses. 

By decoupling the mass spectral analysis from 

the chromatography separations, it is possible to 

perform comprehensive MS and MS/MS analysis 

without the time constraints of LC. The 4800 Plus 

system will therefore be coupled to a  nanoLC sys-

tem composed of a PAL autosampler and Eksigent 

pumps.

3  Surveyor: The modular design of the 

Thermo Scientific Surveyor Plus HPLC system gives 

increased application flexibility and efficiency. 

Three components, the MS Pump Plus, Autosampler 

Plus and PDA Plus Detector, perform protein and 

peptide analysis while for detection of neurotrans-

mitters in microdialysates, the system is coupled to 

an electrochemical detector (Antec). 
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Lipidomics Facility
Dr. Susanne Brodesser
Institute for Medical Microbiology, Immunology and Hygiene (IMMIH)

The CECAD Lipidomics Facility determines lipid profiles in biological samples, 

with the goal of linking physiological alterations to changes in the lipid 

composition. The facility performs analyses in a variety of biological sources 

(cells, mouse and human tissues, C. elegans, D. melanogaster,  zebrafish, 

blood, isolated cell organelles and bacteria). The analytical service carries out 

sample preparation, extraction, purification and quantitative analysis of the 

lipids of interest, as well as data evaluation. All common lipid classes and 

subclasses are routinely quantified by analytical Thin Layer Chromatography 

(TLC). With Liquid Chromatography coupled to Tandem Mass Spectrometry 

(LC/MS/MS) it is possible to discriminate between lipid subspecies differ-

ing only in the fatty acyl chain. LC/MS/MS-based methods using the 4000 

QTRAP System of AB SCIEX are offered for the quantification of selected 

sphingolipids (ceramides, glucosylceramides, and sphingomyelins) for ex-

ample. For the analysis of fatty acids, the Agilent GC/MSD 7890A/5975C, a 

gas chromatograph coupled to a mass selective detector, is available at the 

facility.

Facts & Figures:

Analytical Thin Layer Chromatography (TLC)

Liquid Chromatography-Tandem Mass Spectrometry (LC/MS/MS)

Gas Chromatography-Mass Spectrometry (GC/MSD)

Quantification of different lipid classes by TLC

4000 QTRAP LC/MS/MS System (AB SCIEX) for mass spectrometric 

analysis of lipid subspecies

GC/MSD 7890A/5975C (Agilent) for analysis of fatty acids

Fehrenschild D, Galli U, Breiden B, Bloch W, 

Schettina P, Brodesser S, Michels C, Günschmann 

C, Sandhoff K, Niessen CM, Niemann C. (2011) 

TCF/Lef1 mediated control of lipid metabolism 

regulates skin barrier function. J Invest Dermatol 

accepted for publication

Brodesser S, Kolter T. (2011) Dihydroceramide 

desaturase inhibition by a cyclopropanated dihy-

droceramide analog in cultured keratinocytes. J. 

Lipids 2011: Article ID 724015

Belgardt BF, Mauer J, Wunderlich FT, Ernst MB, Pal 

M, Spohn G, Brönneke HS, Brodesser S, Hampel 

B, Schauss AC, Brüning JC. (2010) Hypothalamic 

and pituitary c-Jun N-terminal kinase 1 signaling 

coordinately regulates glucose metabolism. Proc 

Natl Acad Sci USA 107: 6028-33

Bach C, Gilch S, Rost R, Greenwood AD, Horsch M, 

Hajj GN, Brodesser S, Facius A, Schädler S, Sandhoff 

K, Beckers J, Leib-Mösch C, Schätzl HM, Vorberg I. 

(2009) Prion-induced activation of cholesterogenic 

gene expression by Srebp2 in neuronal cells. J Biol 

Chem 284: 31260-9

Lastres-Becker I, Brodesser S, Lütjohann D, Azizov 

M, Buchmann J, Hintermann E, Sandhoff K, Schür-

mann A, Nowock J, Auburger G. (2008) Insulin Re-

ceptor and Lipid Metabolism Pathology in Ataxin-2 

Knock-out Mice. Hum Mol Genet 17: 1465-81

1

2

1  Quantification of lipids by analytical Thin 

Layer Chromatography: After separation and de-

rivatization of the lipid bands, the TLC is scanned 

lane by lane by the TLC Scanner 3 of CAMAG, 

which produces quantitative data by densitometry. 

A calibration curve is calculated from the peak 

areas of standard substances developed together 

with the sample extract on the same plate. The 

lipid content of the samples is then calculated on 

the basis of the calibration curve.

2  LC-MS/MS chromatogram displaying the 

separation of 39 Sphingolipid species (including 

subspecies of Ceramide, Glucosylceramide, and 

Sphingomyelin acylated by fatty acids with 16 

to 26 carbon atoms) from mouse skeletal muscle 

using the Multiple Reaction Monitoring scan mode. 

The quantification is carried out by correlation of 

the peak areas of the endogenous lipids with those 

of appropriate internal standard substances which 

were added to the sample prior to the lipid extrac-

tion.
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Within the CECAD Platform Imaging, we offer scientists a choice of 

light microscopes:

Widefield: 

Nikon Eclipse Xi

Deltavision RT (reconstructive Deconvolution) (Applied Precision)

Confocal:

Zeiss Meta 510

Ultraview Spinning Disk (Perkin Elmer)

After a personal training session, users are able to use the microscopes inde-

pendently and make bookings online: 

http://www.imagingfacility.uni-koeln.de

The facility is always there to help with any problems that might arise and 

assist with the establishment of new light-microscopic methods. Two com-

puters are available for further data analysis, equipped with the following 

software: Imaris, Volocity , Huygens (deconvolution), Image J and others.

The microscopes are equipped with incubation chambers and CO2 , allow-

ing live-cell imaging for several days under physiologic conditions. 

Besides z-stacks for three-dimensional reconstruction, colocalisation 

and tracking experiments, more specialized techniques like FRAP 

(Fluorescence Recovery After Photobleaching) and FRET (Foerster 

Resonance Energy Transfer) to study protein dynamics and interactions 

can be used.

Data storage is achieved in collaboration with the „Rechenzentrum“, 

where Imaging users receive their own group account:

https://sofs.uni-koeln.de/projects/CECADImagingfacility

To cover the service contracts, the use of the microscopes is charged 

by the hour (Widefield microscopes 15 Euros/h, Confocal microscopes 20 

Euros/h, training 50 Euros, in groups 30 Euros).

In case of publication, we ask to be mentioned in the acknowledgements. 

For extended help or method establishment, we kindly ask for authorship.

Imaging Facility
Dr. Astrid Schauss
Institute for Genetics

1  Fluorescence image of DAPI stained nuclei 

(blue) of the worm C.elegans taken with the 

Deltavision RT Microscope. z-stacks were taken 

(only one plane shown) and four pictures per plane 

were stitched together with the Softworx program. 

On the left, raw data are shown. On the right, the 

deconvolved image (obtained with the Huygens 

program) is presented. The data are courtesy from 

Stefanie Wolters, Schumacher lab. 

2  Shown are MEF cells (mouse embryonic 

fibroblasts) with GFP-labeled mitochondria (green) 

and peroxisomes highlighted in red. The cells were 

imaged for 1 min at maximum speed and the 

movement of peroxisomes was tracked over time. 

Image analysis was performed with the Volocity 

software (screen shot shown). The peroxisomes 

were recognized automatically and their tracks 

were measured. (own data). 

1

2
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Könner AC, Hess S, Tovar S, Mesaros A, Sánchez-
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Jordan SD, Krüger M, Willmes DM, Redemann N, 
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H, Olkkonen VM, Böttger T, Braun T, Seibler J, 

Brüning JC (2011) Obesity-Induced Overexpres-

sion of miRNA-143 Inhibits Insulin-Stimulated AKT 

Activation and Impairs Glucose Metabolism. Nat 

Cell Biol 13 434-46

Wunderlich FT, Ströhle P, Könner AC, Gruber S, 

Tovar S, Brönneke HS, Juntti-Berggren L, Li LS, van 

Rooijen N, Libert C, Berggren PO, Brüning JC (2010) 

Interleukin-6 signaling in liver-parenchymal cells 
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systemic insulin action. Cell Metab 12(3):237-49

Fischer J, Koch L, Emmerling C, Vierkotten J, Peters 

T, Brüning JC, Rüther U (2009) Inactivation of the 

Fto gene protects from obesity. Nature 458(7240), 

894-8

Mouse Phenotyping 

The newly established technology platform for mouse phenotyping provides 

members of the CECAD with access to standardized methods and the latest 

technologies, which can then be adapted to suit the specific requirements 

of individual projects. The phenotyping platform is designed in particular for 

the metabolic characterization of genetically modified mice, as well as for 

conducting various behavioral tests. If desired, different surgical techniques 

can be undertaken, e.g. intracerebroventricular cannulation. The current set-

up enables the following parameters to be assessed: metabolic rate, food 

and water intake, activity (home cage, running wheel, treadmill, spontane-

ously induced, motor dysfunction), body composition (total fat and lean 

mass, different bone parameters) and fat distribution in the abdominal cavity 

(visceral/subcutaneous), learning behavior and memory capacity, anxiety, 

explorative behavior and the reward system.

1  Scout image (left: artifical color, right: mono-

chrome) of a mouse taken with an X-ray tomogra-

phy based imaging system (micro-CT).

2  Mouse in voluntary running wheel.

3  An agouti-coated mouse model of obesity.

2

1

3
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Translational Platform 

‚From bench to bedside and back’ – CECAD encourages translational activi-

ties with the aim of bringing basic research findings of therapeutic benefit 

to the point of clinical application. Through joint navigation of translational 

projects the translational platform, directed by Pro. Oliver Cornely will forge 

effective links between basic research and clinical practice. The structure of 

these Cologne Navigation Concept (CNC)  resulted from the collaboration of 

CECAD and the Center for Clinical Trials Cologne (CCTC).

The main goal of the translational platform is to foster a strong interdis-

ciplinary research approach involving both basic researchers and clinicians. 

To continue to support the academic scientists carrying out basic research 

in their endeavour to develop products for clinical application, the RP-C 

has set up an innovative service performed by two navigators (CECAD/

CCTC), a navigation tandem, each experienced in basic and clinical research. 

They frequently meet all PIs and junior groups to discuss results from basic 

research, to prioritize, in concert with the researcher, potential translational 

projects, and to find clinical partners. The navigators thus create vertical 

and horizontal links between basic science and clinical networks, supporting 

translation from bench to bedside and vice versa, helping to develop clinical 

trial protocols, and searching for appropriate national/international funding 

opportunities. 

A translational project proceeds through various stages: Phase 1: Basic 

research findings. Once the initial study idea has been drawn up (Phase 2), 

the project enters a first planning phase (Phase 3) and is then developed into 

a concrete study concept (Phase 4) and finally into a clinical trial (Phase 5). 

If the outcome is positive, the results of the clinical trial are introduced and 

applied to clinical practice (Phase 6). The return transfer link takes questions 

arising in clinical practice back to the basic researchers to search for answers 

(Phase 7).

Proving the efficacy of this innovative navigation concept a total of 17 

translational projects was already established 7 month after launching: 15 of 

these target drug use, and 2 target medical devices. External public funding 

sought for 7 projects has already been granted for 5 of these. Furthermore, 

2 patent applications were submitted.

This innovative navigation concept was recently nominated by Cologne 

University for the regional North Rhine-Westphalian Innovations Award 

2011.

Prof. Oliver Cornely

Muriel Freudenberger

Basic
Research

Study
Planning

Study
Idea

Clinical
Trial

Clinical
Practice

Study
Concept

Overview translational process 

from bench to bedside and back.
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Mathematics & 
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The CECAD Cluster of Excellence 
within the University of Cologne

CECAD Support Structure
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Central Of" ce

Research is based on communication. 

Physical proximity enhances communi-

cation, thus promoting collaboration 

between researchers. From this standpoint, 

completion of the CECAD laboratory build-

ing in early 2013 is of great relevance.

high Relevance

Offices Mission

To be successful, research must be integrated into the professional struc-

tures of a modern scientific administrative organisation. The Central Office 

sets the optimal conditions for research and disburdens the scientists from 

administrative work wherever possible.

Research

All CECAD research requires efficient and effective administration as well as 

financial backing. The Central Office coordinates the finances of the cluster 

and works in close collaboration with the University, University Hospital and 

Max-Planck-Institute administrations to secure funding for joint research 

projects – the CECAD Grants. In the same manner, the newly recruited 

groups (Uhlirova, Trifunovic, Hoppe, Schumacher) are supported in all re-

spects. To increase cooperation from a structural point of view, CECAD CRC 

Bridging groups (Iden, Lammers) were set up. They link the cluster with four  

collaborative research centers also involved in aging research. Management 

of the research platforms – the  Imaging, Lipidomics, Proteomics, Genom-

ics and Mouse Phenoytyping facilities - forms another important aspect of 

our work. The Technology Platform provides state-of-the-art equipment 

for performing scientific research and is one of the key benefits the cluster 

offers to its members. Furthermore, the Translational Platform, which helps 

to identifiy and develop projects with a view to later clinical application, is 

supported by the Central Office.

Dr. Christopher Schippers Dr. Nora Redemann Maria Vilgertshofer Kai Lichtenberg Philipp Schreier
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Promotion of Junior Researchers

Promotion of Junior Reseachers is a matter of highest priority for the clus-

ter (s. Page 55). Through effective management of new CECAD research 

groups, organisation of a structured postgraduate training programme, and 

career development schemes, CECAD ensures a steady support of young 

researchers.

Gender Equality

Gender mainstreaming is a political issue and CECAD actively promotes 

gender equality for women and men at all levels of research and administra-

tion. The compatability of research work and family life and promotion of 

gender-specific issues in the public arena form the focus of this initiative (for 

further information see Page 55).

Facility

The new laboratory facility represents a fundamental milestone in CECAD’s 

institutional strategy. Scientific collaboration relies on effective communica-

tion and this is injected with a new dynamic through close physical proxim-

ity. The scheduled moving-in date into the new CECAD Laboratory Building 

is early 2013 – a prospect loaded with expectations and requiring intricate 

planning. Together with two users representatives, CECAD’s Managing 

Director will have been the main sparring partner of the external project 

CECAD Grant Projects

New CECAD Groups

CECAD Technology Platform (Facilities)

CECAD Translational Platform

Graduate School

Fellowship Program

Other Career Development Measures

Collaboration with Family Support of University of Cologne

Female Faculty Club

Maternity Leave Fellowships

Kindergarten

New Building

Executive and Advisory Board Meetings

Members Assemblies, Retreats, Conferences

Marketing

External Communications

Internal Communications

Research

Promotion of 
Junior Researchers

Gender Equality

Facility

Structure

Offices Task Overview
Organisation, Finance and Support in Following Topics:

PR & Marketing

Design of the CECAD laboratory building in 

the Josef-Steltzmann Strasse on the campus of 

Cologne University Hospital. The building will be 

ready for occupation in early 2013. Architects: 

gmp Aachen, Planning and interior construction: 

medfacilities GmbH Cologne and Dr. Heinekamp 

Labor-und-Institutsplanung, Karlsfeld.
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management and planning teams throughout – from the starting phase in 

2008 up to moving into the facility in 2013: Establishing the broad layout 

and critical details while maintaining a user-oriented approach to the con-

struction process is an important project for the whole cluster.

Scientific Communication

By organising seminars, lectures and retreats, CECAD creates a framework 

for the exchange of scientific ideas and a platform for further knowledge 

production. Science today takes place within a dense communications 

network. The CECAD series of seminars is aimed at all research scientists in 

the cluster and provides an important forum for the exchange of ideas and 

networking among the next generation of researchers. Besides the Junior 

Scientists Retreat, a larger retreat is held each year for all CECAD research-

ers: Two days are set aside for discussion of current research issues, aims 

and strategies. The Central Office is also active in organising international 

research conferences such as the Mosbacher Meeting 2010, which it run 

jointly with the German Society for Biochemistry and Molecular Biology and 

the Cologne Spring Meeting in March 2011.

PR & Marketing 

Through active communication with the relevant stakeholders, CECAD’s PR 

& Marketing team are raising the profile of CECAD as well as an awareness 

of aging research among the public (further information on Page 49).

A view of the lighted building at night 

shows its proportions most clearly.

The internal layout of the new CECAD building is based 

on an innovative distribution of space for laboratories, 

documentation and communications. Defined modules 

differentiate between standard and flexible furnishing and 

fittings. The plans went through a requirements analysis 

and operational systems analysis. User involvement is an 

essential, conceptual aspect of this approach.

Official Ceremony: The dignitaries attending the cut 

of the spade in October 2009 reflect the considerable 

scientific and political importance of the new CECAD 

facility (Prof. Thomas Langer, Prof. Edgar Schömig, 

Fritz Schramma, Thomas Rachel, Prof. Andreas Pinkwart, 

Prof. Joachim Klosterkötter, Prof. Axel Freimuth, 

Prof. Hans-Günther Schmalz).
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Structural Overview

High-level decisions e.g. on investments, allocation of funds and appoint-

ments are taken by the Executive Board and implemented through the 

Central Office.

Scientific Coordinator of the Cluster is Leibniz Prizewinner Prof. Jens C. 

Brüning of the Institute of Genetics, who is also Director of the Max-Planck 

Institute for Neurological Research and Director of the Center for Diabetol-

ogy, Endocrinology and Preventative Medicine at the University Hospital of 

Cologne. The two deputy coordinators are Prof. Thomas Langer from the 

Institute of Genetics and Prof. Michael Hallek, Director of the Department of 

Internal Medicine I at Cologne University Hospital.

Members of the Executive Board include the leaders of the CECAD re-

search areas, one director from the Max-Planck-Institute for Biology of Age-

ing and the heads from the platforms for Technology, Translation and Career 

Development/Gender Equality as well as a representative of the Junior 

Research Scientists. The Deans of the Faculty for Mathematics and Natural 

Sciences (Prof. Karl Schneider) and Faculty of Medicine (Prof. Thomas Krieg) 

are also members of the Board.

CECAD undertakes continuous scientific assessment and re-evaluation of 

its research concept. At the Advisory Board Meeting in Autumn 2010, which 

fell during the first funding period, CECAD submitted itself to scientific 

evaluation and consultation. The cluster held an open day of talks, poster 

presentations, advisory panels and discussions. In its résumé, the Advi-

sory Board praised CECAD’s strategic vision, an essential element of which 

focuses on career development for individual researchers in line with the 

scientific goals of the cluster. Encouraging more physicians to take part in 

basic research was one aspect of this drive.

3  & 4    The Advisory Board is the highest profes-

sional body within the CECAD. Scientists of the highest 

international standing in their disciplines meet here to 

make recommendations for the conceptual development 

of the cluster. On this photo, members of the Advisory 

Board are: Klaus Rajewsky, Herbert Jäckle, Frances 

Ashcroft, Tamas Horvath.

1 – 3    The Mosbacher Meeting 2010 was dedi-

cated to „The Biology of Aging: Mechanisms and 

Intervention“ and was a convention attended by 

many of the leading aging experts from all over 

the world.

5   Official Opening: Vice-Speaker Thomas 

Langer gives a talk at the opening ceremony of 

the Nikon Imaging Facility in Cologne.

6   Ernst-Mach Gymnasium: Members of the cluster 

are also active in schools: Matthias Cramer explains the 

work of the cluster to pupils.

3

4

21

5

6

3
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CECAD Finances

The launch of CECAD at the end of 2007 was followed by a recruitment drive 

for new research group leaders and the installation of new technology plat-

forms, which were completed in the first months of 2009. This meant big in-

vestments in state-of-the-art technology in the years 2008 and 2009, resulting 

in research facilities equipped to the highest possible standards. Personnel was 

recruited in parallel to staff the platforms and the new research groups.

Our financial development is proof of the success and soundness of our 

conceptual considerations at the investment planning stage: The outlay on 

equipment has paid off, enabling our research teams to achieve outstand-

ing scientific results.  Consequently, investment costs have fallen. Increasing 

personnel costs reflect the intensity of the cluster’s research activities and show 

that CECAD is committed and focused in pursuing its scientific research goals.

Personnel: 2009 2.7 Mio. Euros 

  2010  3.3 Mio. Euros

Running costs and investments:  2009 2.9 Mio. Euros 

  2010 2.3 Mio. Euros

In the years 2009 and 2010, CECAD had a budget of 11.2 Mio. Euros for 

project funds, which were assigned to the newly installed research groups and 

technology platforms and general CECAD purposes (e.g. administration, pro-

motion of junior scientists, equal opportunity schemes, PR- and marketing). In 

addition, already established research groups received grants to intensify their 

research and collaboration within CECAD. (see figure). The bar inserts illustrate 

the budget distribution of the four CECAD research areas A-D.

Apart from extensive funding from the DFG, amounting to 5.6 Mio. Euros 

annually plus overhead funds, the cluster receives substantial support from the 

University. The main purpose of the University funds is to ensure the continua-

tion of scholarships and junior research groups in the years following the end 

of the first funding period by the DFG.

Finally, the University and University Hospital of Cologne is receiving sub-

stantial support from the federal government and the state of North Rhine-

Westphalia to construct and equip the new CECAD Laboratory Building. The 

construction costs amount to over 85 Mio. Euros, to which will be added fund-

ing for initial procurement of equipment.
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PR & Marketing

The research of the CECAD has an important social function to fulfil in an 

aging society. Our aim is to stimulate public awareness of the social as well 

as individual relevance and benefits of our research. The unique selling point 

(USP) of the CECAD for research investment is the high level of interdisci-

plinary work and close networking, combined with a high rate of translation 

of basic research into clinical applications.

Integrated Communications and Marketing Strategies

CECAD finances its research through public funds. This generates many 

stakeholders, bound to CECAD through their various requirements and inter-

ests. CECAD communicates actively with its partners, both within and out-

side the organisation. Through integrated communications and marketing 

strategies in which target groups, news bulletins, aims and key PR topics are 

aligned, the CECAD provides information specially tailored to the scientific 

community, political forums, scientific administrative bodies and business. In 

this process of science-to-science and science-to-public marketing, CECAD 

has forged many new communication channels in addition to the classic PR 

media.

Astrid Bergmeister Andrea Pfennig Alana Hönig

The redesign of the CECAD header image shows 

regularly functioning cell processes and their 

disruption through erroneous processes occurring 

in aging-associated disorders.

The screen shots show the new image as used 

on CECAD’s new website. In conception and 

user guidance the website is designed to supply 

essential information meeting the many disparate 

requirements of the various CECAD stakeholders.

 CECAD  –  excellent  in  research  of
molecular  mechanisms  in  aging
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International Marketing: 
Science-to-Public and Science-to-Science

Examples are the Science-Container at Expo Shanghai and the interactive 

exhibit on the ship MS Wissenschaft. As a project leader with its Science-

Container “Mega Challenges – Mega Solutions” CECAD took a winning 

place in international marketing, along with two other NRW institutions at 

Expo 2010 in Shanghai (NRW Länderwoche). The theme for Wissenschafts-

jahr 2011 is ‘Research for our Health’ and CECAD is currently presenting an 

interactive exhibit on the popular science exhibition ship MS Wissenschaft. 

What CECAD is offering here is targeted Edutainment, thereby using the PR 

opportunity to present its unique selling points while addressing the edu-

cational and recruitment needs of this specific sector of the public. Aboard 

MS Wisssenschaft young guests are promoted to Managers of Metabolism 

in the game ‘Keep the Worm Alive’ while in ‘Talking Heads’ CECAD scien-

tists explain in more depth why they are engaged in aging research. The link 

www.young-cecad.de provides more information and further insights into 

CECAD’s activities as a follow-up medium. In August 2011, when the ship is 

due to dock in Cologne, CECAD will host an event to bring together internal 

stakeholders as well as the relevant scientific, political and administrative 

stakeholders from outside the cluster.  Through this networking opportunity 

CECAD aims to achieve a double-spill-over effect and maximize its outreach 

potential.

Urban Future - Future Energy - Understand-

ing Aging: The three North Rhine-Westfalian 

universities, Dortmund, Münster and Cologne, 

staged the collaborative project ‘Science Con-

tainer’ demonstrating their interdisciplinary 

approach to research at the tradefair NRW- 

Länderwoche. CECAD took the lead role in 

this science-to-science and science-to-public 

showcase project. 

The floating Science-Center MS Wis-

senschaft is cruising down German and 

Austrian rivers, the theme for 2011 being 

“Research for our Health”. CECAD is 

taking part with an interactive exhibit. In 

the game ‘Keep the worm alive!’, young 

visitors take on the role of managers of 

their own metabolism. Alongside, a trailer 

tailoured to the young audience gives 

them some background or Edutainment. 

As ‘Talking Heads’, CECAD scientists 

describe the research going on in their 

particular area.
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Developing a new CECAD Corporate Image

In 2010 CECAD developed a new image for public and internal communica-

tions, reflecting its basic research objective: investigation of the disturbances 

of cellular activities and molecular mechanisms underlying the aging process. 

This new image is now projected across all the relevant information media.

With regards traditional communications channels, the focus is on CECAD’s 

new website, launched in January 2011, and the new internal newsleter that 

first appeared in May 2011. While the website is effective for external or 

internal use, the newsletter is intended chiefly for internal news topics and 

updates and to intensify links within CECAD. Further projects such as a PR 

film and trade fair stand are in progress.

Classic public relations is another vital aspect of our work, which may 

take the form of press releases, in-house publications or contributions to 

popular science journals and books such as die ZEIT or the Public Service 

Review of Science and Technology.  Another new focus of PR activities is in 

the pipeline.

CECAD is keen to ensure that the scientific fruits of its high-level research 

yield high returns for the public financial resources invested and that these 

funds are applied so as to achieve the highest benefits for society, since the 

development of new therapeutic approaches to aging-associated disorders is 

a matter of considerable social relevance in an aging society.

The University of Cologne has CECAD to thank for its high ranking among 

the universities. The function of PR and Marketing is to highlight CECAD’s 

leading position in the international research arena.

CECAD’s external communications are 

stakeholder-oriented. To give effective public-

ity to our mission for society, our research vi-

sion and our concrete scientific achievements 

it is absolutely essential to address interest 

groups in their own language.

CECAD was selected prizewinner 

for 2009 in the ‘Land of Ideas’ 

contest. Professor Brüning receiv-

ing the award.

Exhibition of the Cologne Prize-

winners from the contest ‘Land of 

Ideas’: Lady Mayoress Antwerpes 

opening the exhibition in January 

2011.

Television interview with Professor 

Brüning on the Tageschau early 

2011 on announcement of the DFG 

Excellence Initiative.

CECAD works closely with the Rectorate of 

Cologne University and recently collaborated 

over the concept and content of a special 

supplement for Die Zeit. 

Internal communications: The CECAD Cologne 

newsletter. Who’s coming – who’s going, who’s 

received an award or a recent grant, what new 

projects or purchases are in the pipeline, what 

interesting events are coming up?: The internal 

CECAD newsletter welds the cluster together and 

strengthens its identity by keeping all CECAD 

members up to date and better informed. 

52 53CECAD Annual Report 2009 - 2011 CECAD Annual Report 2009 - 2011



Successfull support of 

the next generation of 

research scientists is a 

lasting investment in the 

cluster’s scienti! c future.

high Relevance

Platform for Education, 
Career Development and 
Gender Equality Programs

Education & Career Development

The Platform for Education, Career Development and Gender Equality Pro-

grams is dedicated to the career development of CECAD young scientists, 

providing a broad and varied training platform in general scientific and soft 

skills. This includes the structured program of the CECAD Graduate School 

as well as the career development of the Bachelor and Master students, PhD 

students, PostDocs and Junior Group leaders. CECAD’s success is dependent 

on the scientific input and ideas of young, motivated and highly qualified in-

ternational PhD students and postdoc researchers. The Cluster of Excellence 

for Aging Research at the University of Cologne offers a challenging envi-

ronment for young scientists: CECAD identifies the relevant lines of enquiry 

and drives research at a high level of intensity. In turn, the young scientists 

benefit from this and from the opportunity to develop their scientific skills 

and extend their career opportunities.  

The CECAD Graduate School

Research requires excellent training. The CECAD Graduate School with its 

principle of “Creating Sustainable Careers“ therefore offers an extensive 

program for PhD students in the interdisciplinary and future-oriented field of 

aging and aging-associated diseases research. The three-year international 

program provides excellent conditions for research with intensive supervi-

sion and state-of–the-art technology platforms within an international work 

setting. English is the mandatory language of the program. The students 

Dr. Doris BirkerProf. Carien Niessen Julia Panteleit
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receive a full scholarship for the duration of the 3-year program and are 

further supported with 10,000 Euros bench fees per year. Additionally, 

they receive an annual sum of 1000 Euros travel money to ensure that no 

opportunities are missed for international networking through attendance 

of relevant conferences and summer schools. The graduate programme is 

completed by seminars and method courses in aging research. Soft skills 

courses in 2010 and 2011 included „Grant Writing“, „Scientific Writing“, 

and „Poster Presentations“ and advanced courses in scientific research net-

working provide the basics for effective communication of research findings. 

In April 2009, the first five candidates of the CECAD Graduate School were 

selected from eighty  international applicants. In 2010 CECAD could recruit 

seven international students for the graduate program.  The four members 

of the 2011 class were selected from 220 applicants. The rise in number of 

international applicants since the start of the program  is proof of the in-

creasing attractiveness of the doctoral program and the draw of the cluster 

itself. Other factors contributing to its success have been the presence of 

the CECAD Graduate School at recruiting events such as the „Source Event“ 

in Berlin, December 2009, „Nature jobs Career Expo“ in London, September 

2010 and the „MIT European Career Fair“ in Boston January 2011, while an-

nouncement of the scholarships through leading print- and internet media 

also play an important role.

General education and career development

CECAD is dedicated to providing top quality education alongside specialised 

training at different stages of a researcher’s career. To achieve this goal, the 

cluster has invested in and continues to expand a comprehensive training 

program. 

The annual Master’s course „Model systems of Aging and Aging-related 

Disease“ is a key feature, giving CECAD students an introduction to meth-

ods and techniques commonly used in aging research.

All CECAD young scientists are invited to take part in the CECAD seminars 

and soft skills courses. The annual CECAD PhD student and PostDoc retreat 

offers another opportunity for networking, scientific exchange and coopera-

tion among young CECAD members of the university and researchers from 

the Max-Planck Institute for the Biology of Aging who also participate. 

To encourage international networks of PhD students and PostDocs, five 

travel grants were awarded in 2010, enabling successful applicants to attend 

an important meeting in their area of research and explore the possibility of 

working abroad as a PostDoc. 

A further important component of the program was the discussion forum 

organized in February 2011 by CECAD in collaboration with the MPI for 

Biology of Aging and the IPMM Program of the University of Cologne. Here 

external speakers informed the young scientists about sources of funding 

through associations such as DAAD, DFG or the Marie-Curie Actions.

To encourage the transition of PostDoc researchers into independent 

group leader positions, CECAD introduced  „CECAD senior postdoctoral 

fellowships“. These fellowships have so far been awarded to two CECAD 

PostDocs who will receive 10,000 Euros bench fees/year for two years as 

well as a technician position.
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CECAD Independent Junior Research Groups

One major goal of CECAD has been to further recruit exceptional Junior 

Research Group Leaders. In the last four years several excellent interna-

tional young group leaders have joined CECAD and have supplemented and 

strengthened the scientific concept of the cluster. CECAD supports these 

young group leaders with excellent resources and sustained mentoring and 

training programs. Their success and quality is reflected in the prizes and 

awards won by these group leaders. 

Scientific school activities

To generate enthusiasm for scientific research in the next generation requires 

a combination of public outreach and furthering of public understanding 

of science and research’ (PUS/PUR). The fascination of teenagers and young 

adults with processes can be exploited to attract the scientists of tomorrow. 

In October 2009 sixth-formers from high schools were invited to attend a 

holiday academy, led by CECAD Professors, where they ran experiments to 

answer some of the key questions in aging research.  Each year, the Univer-

sity of Cologne holds a Children’s University with activities including field 

studies, laboratory experiments, lectures and detailed work in groups.  This 

gives children and teenagers their first experience of scientific work and a 

taste of the fascination of thinking creatively and formulating questions.  

CECAD researchers also took part in this program in 2009 and 2011.

Gender Equality Programs

Female participation drops progressively beyond the PhD level and an 

important priority of CECAD is the advancement of women in science.  

CECAD has therefore implemented a “Keep Women on the scientific 

Career Path” program that includes career support, mentoring, fam-

ily support and information dissemination. This has already borne fruit, 

since CECAD has been able to recruit a number of excellent female 

group leaders over the last two years. To achieve some of these goals, 

the Platform for Education, Career Development and Gender Equality 

Programs is working closely with the Gender Equality Office and the 

Family Support and Dual Career Office at the University of Cologne as 

well as various collaborative research centers. 

The „CECAD Female Faculty Club“ was started in July 2010 to build 

up vertical communication links between female CECAD researchers 

from the level of Master’s student to Professor. The meetings combine a 

short informative topic related to women in science and/or family mat-

ters with an informal get-together. Topics presented so far have included 

„how to combine science with being a mother“ by our Junior Group 

Leader Aleksandra Trifunovic, „the legal do’s and don’t when you get 

pregnant“ by the Family Support of Cologne University and an overview 

of the different female Cornelia Harte Mentor programs, offered by the 

Gender Equality Office.

Cologne University’s new kindergarten “Paramecium“, due to open in 

Autumn 2011, will give further support to gender equality by offering 

the option of child care tailored to University working hours. CECAD will 

salary two full-time child minders in this center so that 8-10 additional 

children of CECAD parents can be enrolled.
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Body weight is tightly controlled within a species-specific range and organ-

isms have developed a complex regulatory network to avoid either excessive 

weight gain or chronic weight loss. For energy homeostasis, i.e. mainte-

nance of a stable metabolic state, there must be continual communication 

between the different organs involved:  adipose tissue, skeletal muscle, liver, 

pancreas and the central nervous system (CNS). A tight hormonal network 

ensures rapid communication to control initiation and cessation of eating, 

nutrient processing and partitioning of the available energy within dif-

ferent organs and metabolic pathways. Recent experiments indicate that 

many of these homeostatic signals modulate the neural circuitry of food 

reward and motivation. Though this cross-talk has been intensively studied 

for many years, we are far from fully understanding how energy balance 

is maintained. Our aim is to identify the key neuronal targets of peripheral 

hormones involved in control of feeding and peripheral glucose metabolism, 

particularly those of leptin and insulin. We then hope to elucidate the intra-

cellular signaling pathways in such neurons as well as the nature of higher 

integrating neurocircuits orchestrating the multiple outputs associated with 

nutrient balance and intraorganismal fuel partitioning. Finally, we aim to de-

fine the molecular basis of obesity- and aging-associated alterations in these 

pathways in order to establish novel molecular targets for the treatment of 

obesity and diabetes.

Prof. Jens C. Brüning
CECAD Coordinator 
Head of Research Area D 
Principal Investigator
Institute for Genetics
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Belgardt BF, Mauer J, Wunderlich FT, Ernst MB, Pal 

M, Spohn G, Brönneke HS, Brodesser S, Hampel 

B, Schauss AC, Brüning JC (2010) Hypothalamic 

and pituitary c-Jun N-terminal kinase 1 signaling 

coordinately regulates glucose metabolism. Proc 

Natl Acad Sci U S A. 107 6028 – 6033

Mauer J, Chaurasia B, Plum L, Quast T, Hampel B, 

Blüher M, Kolanus W, Kahn CR, Brüning JC (2010) 

Myeloid cell-restricted insulin receptor deficiency 

protects against obesity-induced inflammation and 

systemic insulin resistance. PLoS Genet. May 6; 

6:e1000938

Wunderlich FT, Ströhle P, Könner AC, Gruber S, 

Tovar S, Brönneke HS, Juntti-Berggren L, Li LS, 

van Rooijen N, Libert C, Berggren PO, Brüning JC 

(2010) Interleukin-6 signaling in liver-parenchymal 

cells suppresses hepatic inflammation and 

improves systemic insulin action. Cell Metab 8 

237-249

Fischer J, Koch L, Emmerling C, Vierkotten J, Peters 

T, Brüning JC, Rüther U. (2009) Inactivation of the 

Fto gene protects from obesity. Nature 458 894-8

Kleinridders A, Schenten D, Könner AC, Belgardt 

BF, Mauer J, Okamura T, Wunderlich FT, Medzhitov 

R, Brüning JC (2009) MyD88 signaling in the CNS 

is required for development of fatty acid-induced 

leptin resistance and diet-induced obesity. Cell 

Metab. 10 249-59

1  Staining: Brigitte Hampel, Sulay Tovar. 

Double immunofluorescence for colocalization of 

endogenous tyrosine hydroxylase and transgeni-

cally expressed β-galactosidase in brain slices 

of reporter mice. Nuclear staining: blue (DAPI), 

β-galactosidase staining: green, tyrosine hydroxy-

lase: red.

2  Staining: Brigitte Hampel, Christine Könner.

Immunohistochemistry for endogenous tyrosine 

hydroxylase (brown) in the ventral tegmental area 

of the brain. 

3  Staining: Brigitte Hampel, Sulay Tovar. Immu-

nofluorescence for endogenous tyrosine hydroxy-

lase (red) in the hypothalamic arcuate nucleus.
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A dysfunction of mitochondria, the powerhouses of the cell, has severe 

cellular consequences and is linked to aging and neurodegeneration. We 

are interested in cellular surveillance strategies that have evolved to limit 

mitochondrial damage and ensure cellular integrity. Protein quality control, 

executed by various intramitochondrial proteases, and the dynamic fusion 

and fission of mitochondrial membranes are emerging as key processes in 

the molecular network governing aging and life-span. Impairment of these 

systems is associated with various neurodegenerative disorders that form the 

focus of our research. Studies on AAA proteases, energy-dependent qual-

ity control enzymes in the inner membrane of mitochondria, and associated 

prohibitin scaffold complexes have unraveled important regulatory func-

tions for biogenesis and fusion of mitochondrial membranes and highlight 

the importance of inner membrane integrity for mitochondrial activities and 

neuronal survival. The stress-induced processing of the dynamin-like GTPase 

OPA1 by the novel peptidase OMA1 has been identified as a potential sens-

ing mechanism for mitochondrial dysfunction, offering novel approaches for 

genetic and biochemical interventions.

Prof. Thomas Langer
CECAD Vice Spokesperson
Head of Research Area A
Principal Investigator
Institute for Genetics
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1

6

1  3D-reconstruction of Neurospora crassa 

mitochondria by electron microscopy.

2  & 3    Cryo-electron-microscopic reconstruc-

tions of hexameric m-AAA proteases (top view).

4  Mitochondrial fragmentation and perinuclear 

clustering in PHB2-deficient murine hippocampal 

neurons. Mitochondria were visualized expressing 

mitochondrially targeted EGFP (green). The nucleus 

was stained with DAPI (blue) and neuronal βIII-

tubulin by immunofluorescence (red). 

5  Electron microscopy of murine hippocampal 

mitochondria.

6  Structural model of the AAA ATPase ring of 

the yeast m-AAA protease based on the crystal 

structure of bacterial FtsH. A substrate binding 

region is highlighted in red.

Potting C, Wilmes C, Engmann T, Osman C, Langer 

T (2010) Regulation of mitochondrial phospho-

lipids by Ups1/PRELI-like proteins depends on 

proteolysis and Mdm35. EMBO J 29: 2888-2898

Ehses S, Raschke I, Mancuso G, Bernacchia A, 

Geimer S, Tondera D, Martinou JC, Westermann B, 

Rugarli EI*, Langer T* (2009) Regulation of OPA1 

processing and mitochondrial fusion by m-AAA 

protease isoenzymes and OMA1. J Cell Biol 187: 

1023-1036. *corresponding authors

Augustin S, Gerdes F, Lee S, Tsai FT, Langer T*, Tat-

suta T (2009) An intersubunit signalling network 

coordinates ATP hydrolysis by m-AAA proteases. 

Mol. Cell 35, 574-585 *corresponding author

Osman D, Haag M, Potting C, Rodenfels J, Dip PV, 

Wieland FT, Brügger B, Westermann B, Langer T 

(2009) The genetic interactome of prohibitins: 

coordinated control of cardiolipin and phospha-

tidylethanolamine by conserved regulators in 

mitochondria. J Cell Biol 184: 583-596

Merkwirth C, Dargazanli S, Tatsuta T, Geimer S, 

Löwer B, Wunderlich FT, von Kleist-Retzow JC, 

Waisman A, Westermann B, Langer T (2008) 

Prohibitins control cell proliferation and apoptosis 

by regulating OPA1-dependent cristae morpho-

genesis in mitochondria. Genes & Development 

22: 476-488
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Prof. Michael Hallek
CECAD Vice Spokesperson
Principal Investigator
Department of Internal Medicine  
and Center of Integrated Oncology

Chronic lymphocytic leukemia (B-CLL) is the most common leukemia in the 

Western world, occurring predominantly in the elderly. It is characterized by 

progressive accumulation of long-lived and apoptosis-resistant CD5+ B-cells. 

CLL cells will only expand in a suitable microenvironment. In our search for 

molecular modulators of the microenvironment in CLL pathogenesis we 

study the effects of macrophage migration inhibitory factor (MIF), and its 

putative receptor complex composed of CD74 and CD44, using targeted 

gene deletions in mice. To understand the relevance of MIF for the patho-

genesis of CLL, we use the Eµ-TCL1 mouse model for human CLL. We have 

crossed the Eµ-TCL1-transgenic mouse model with MIF, CD74 and CD44 

knockout mice and found that in the absence of MIF, the development of 

leukemia is significantly slower leading to a longer survival of leukemic mice. 

MIF seems to enhance the homing of macrophages in the typical homing or-

gans (spleen, liver) of CLL cells, which enhance the proliferation and prevent 

apoptosis of leukemic cells. Our aim is to further dissect the pathways of 

this important interaction and to use this knowledge for the development of 

novel therapeutic principles. To this end, we have already used inhibitors of 

typical signaling pathways of the B-cell receptor to induce the apoptosis of 

CLL cells. Over the next 5 years, the following questions will be addressed:

1.  What are the key interactions between CLL cells and the (pro-inflamma-

tory) microenvironment that promote aggressive forms of CLL?

2. What is the role of the PI3K pathway for CLL pathogenesis and treat-

ment? A phase II trial with a PI3K inhibitor will be initiated.

3. Which factors govern the late onset of CLL despite its strong genetic 

predisposition?

Hallek M, Fischer K, Fingerle-Rowson G, Fink AM, 

Busch R, Mayer J, Hensel M, Hopfinger G, Hess G, 

von Grunhagen U, Bergmann M, Catalano J, Zinzani 

PL, Caligaris-Cappio F, Seymour JF, Berrebi A, Jager 

U, Cazin B, Trneny M, Westermann A, Wendtner CM, 

Eichhorst BF, Staib P, Buhler A, Winkler D, Zenz T, 

Bottcher S, Ritgen M, Mendila M, Kneba M, Dohner 

H, Stilgenbauer S (2010) Addition of rituximab 

to fludarabine and cyclophosphamide in patients 

with chronic lymphocytic leukaemia: a randomised, 

open-label, phase 3 trial. Lancet 376: 1164-1174

Pallasch CP, Patz M, Park YJ, Hagist S, Eggle D, 

Claus R, Debey-Pascher S, Schulz A, Frenzel LP, 

Claasen J, Kutsch N, Krause G, Mayr C, Rosenwald 

A, Plass C, Schultze JL, Hallek M, Wendtner CM 

(2009) miRNA deregulation by epigenetic silencing 

disrupts suppression of the oncogene PLAG1 in 

chronic lymphocytic leukemia. Blood 114: 3255-

3264

Fingerle-Rowson G, Kaleswarapu DR, Schlander C, 

Kabgani N, Brocks T, Reinart N, Busch R, Schutz A, 

Lue H, Du X, Liu A, Xiong H, Chen Y, Nemajerova A, 

Hallek M, Bernhagen J, Leng L, Bucala R (2009) A 

tautomerase-null macrophage migration-inhibitory 

factor (MIF) gene knock-in mouse model reveals 

that protein interactions and not enzymatic activity 

mediate MIF-dependent growth regulation. Mol 

Cell Biol 29: 1922-1932

Veldurthy A, Patz M, Hagist S, Pallasch CP, Wendt-

ner CM, Hallek M, Krause G (2008) The kinase 

inhibitor dasatinib induces apoptosis in chronic 

lymphocytic leukemia cells in vitro with preference 

for a subgroup of patients with unmutated IgVH 

genes. Blood 112: 1443-1452

Pogge von Strandmann E, Simhadri VR, von 

Tresckow B, Sasse S, Reiners KS, Hansen HP, Rothe 

A, Boll B, Simhadri VL, Borchmann P, McKinnon 

PJ, Hallek M, Engert A (2007) Human Leukocyte 

Antigen-B-Associated Transcript 3 Is Released from 

Tumor Cells and Engages the NKp30 Receptor on 

Natural Killer Cells. Immunity 27: 965-974

1  Lymphocytic cells: Peripheral blood smear show-

ing chronic lymphocytic leukemia (CLL) with typical 

Gumprecht’s shadows of dark-stained lymphocytes with 

scant cytoplasm.

1
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Prof. Thomas Benzing
Principal Investigator
Kidney Research Center Cologne (KRCC)

4

1  Ultrastructure of the glomerular filter. The 

interdigitating foot processes of podocytes 

determine the architecture of the glomerular filter. 

Podocytes are terminally differentiated cells that 

cannot self-renew. Therefore, just like neurons 

they are predisposed to age-related injuries for a 

lifetime.

2  A genetic mouse model for age-related 

kidney disease. Analysis of differentially expressed 

genes in young mice of the genetic mouse model 

cluster compared to a  group of old wildtype mice 

indicated that the genetically modified mice might 

provide a model for age-related kidney disease.

3  Lessons from the fly. The development of the 

complex symmetry of the fruit fly eye requires 

proteins and cellular programs highly conserved 

through evolution. Their mammalian homologs are 

essential for the integrity of the kidney filtration 

barrier. Deciphering these programs genetically in 

flies will help to elucidate the signaling pathways 

involved in podocyte maintenance and survival. 

4  Renal Cell Carcinoma and Longevity. Almost 

all sporadic renal cell carcinomas are caused by 

mutations in the tumour suppressor protein VHL. 

Renal cell carcinoma is the most lethal malignancy 

of the genito-urinary tract and affects millions 

of patients worldwide. Interestingly, loss of this 

protein in the nematode C. elegans results in an 

increased lifespan. We now aim to identify the 

cell type responsible for the longevity phenotype 

and have observed and analysed the signaling 

pathways involved in stress response and lifetime 

regulation in these mutants.

An ever-increasing proportion of the aging population is affected by renal 

disease and hypertension. Although „normal aging“ does not necessarily 

cause dramatic changes in kidney function, deterioration of kidney filtration 

rate, a strongly increased incidence of hypertension and a high susceptibility 

to acute kidney failure are very common findings. The causes of age-related 

renal pathologies are poorly understood but genetic as well as environmen-

tal factors clearly play a role. Progressive glomerulosclerosis and a decrease 

in glomerular density through micro-/macrovascular changes as well as 

tubular atrophy, interstitial fibrosis and a low regenerative capacity of the 

injured kidney appear to be central to the understanding of this important 

age-associated disorder. Our lab uses mouse models of renal aging as well 

as the model organisms C. elegans and Drosophila melanogaster to address 

the role of genes involved in age-related kidney disease, altered renal repair 

capacity and stem cell function and the degeneration of the glomerular 

filtration barrier. We recently showed that deletion of the vhl-1 gene in C. 

elegans markedly extended lifespan in C. elegans and reduced susceptibility 

to various insults. pVHL is a major component of a ubiquitin ligase complex 

that controls stability of hypoxia-inducible transcription factors. Since pVHL 

is a known kidney disease protein, we are also investigating the role of the 

VHL gene and pathway in regulating age-related susceptibility to renal injury 

and stem cell function.

Habbig S, Bartram MP, Müller RU, Schwarz R, 

Andriopoulos N, Chen S, Sägmüller JG, Höhne 

M, Burst V, Liebau MC, Reinhardt HC, Benzing 

T, Schermer B (2011) NPHP4, a cilia-associated 

protein, negatively regulates the Hippo pathway. J 

Cell Biol, 193, 633-642

Dafinger C, Liebau MC, Elsayed SM, Hellenbroich 

Y, Boltshauser E, Korenke GC, Fabretti F, Janecke 

AR, Ebermann I, Nürnberg G, Nürnberg P, Zentgraf 

H, Koerber F, Addicks K, Elsobky E, Benzing T, 

Schermer B, Bolz HJ (2011) Mutations in KIF7 link 

Joubert syndrome with Sonic Hedgehog signalling 

and microtubule dynamics. J Clin Invest, JCI43639 

[Epub ahead of print]

Liebau MC, Höpker K, Müller RU, Schmedding I, 

Zank S, Schairer B, Fabretti F, Höhne M, Bartram M, 

Dafinger C, Hackl M, Burst V, Habbig S, Zentgraf H, 

Blaukat A, Walz G, Benzing T, Schermer B (2011) 

Nephrocystin-4 regulates Pyk2-induced tyrosine 

phosphorylation of nephrocystin-1 to control 

targeting to monocilia. J Biol Chem, 286, 14237-

14245

Ebermann I, Phillips JB, Liebau MC, Koenekoop RK, 

Schermer B, Lopez I, Schäfer E, Roux AF, Dafinger 

C, Bernd A, Zrenner E, Claustres M, Blanco B, 

Nürnberg G, Nürnberg P, Ruland R, Westerfield M, 

Benzing T, Bolz HJ (2010) PDZD7 is a modifier of 

and digenic contributor to retinal disease in Usher 

syndrome. J Clin Invest, 120, 1812-1823

Müller RU, Fabretti F, Zank S, Burst V, Benzing T, 

Schermer B (2009) The von Hippel-Lindau Tumor 

Suppressor Protein regulates longevity. J Am Soc 

Nephrol, 20, 2513-2517
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Cornely OA, Maertens J, Bresnik M, Ebrahimi R, 

Dellow E, Herbrecht R, Donnelly JP (2010) Ef-

ficacy outcomes in a randomised trial of liposomal 

amphotericin B based on revised EORTC/MSG 2008 

definitions of invasive mould disease. Mycoses. 

Oct 11 

Farowski F, Cornely OA, Vehreschild JJ, Hartmann P, 

Bauer T, Steinbach A, Ruping MJ, Muller C (2010) 

Intracellular concentrations of posaconazole in 

different compartments of peripheral blood. Anti-

microb Agents Chemother, 54, 2928-2931

Cornely OA, Maertens J, Bresnik M, Ebrahimi R, 

Ullmann A J, Bouza E, Heussel C P, Lortholary O, 

Rieger C, Boehme A, Aoun M, Horst HA, Thiebaut  

A, Ruhnke M, Reichert D, Vianelli N, Krause SW, 

Olavarria E, Herbrecht R (2007a) Liposomal 

amphotericin B as initial therapy for invasive 

mold infection: a randomized trial comparing a 

high-loading dose regimen with standard dosing 

(AmBiLoad trial). Clin Infect Dis, 44, 1289-1297

Cornely OA, Maertens J, Winston DJ, Perfect J, 

Ullmann AJ, Walsh TJ, Helfgott D, Holowiecki J, 

Stockelberg D, Goh YT, Petrini M, Hardalo C, Suresh 

R, Angulo-Gonzalez D (2007b) Posaconazole vs. 

fluconazole or itraconazole prophylaxis in patients 

with neutropenia. N Engl J Med, 356, 348-359

Kuse ER, Chetchotisakd P, da Cunha CA, Ruhnke 

M, Barrios C, Raghunadharao D, Sekhon JS, Freire 

A, Ramasubramanian V, Demeyer I, Nucci M, 

Leelarasamee A, Jacobs F, Decruyenaere J, Pittet 

D, Ullmann AJ, Ostrosky-Zeichner L, Lortholary 

O, Koblinger S, Diekmann-Berndt H, Cornely OA 

(2007) Micafungin versus liposomal amphotericin 

B for candidaemia and invasive candidosis: a phase 

III randomised double-blind trial. Lancet, 369, 

1519-1527

1  Overview clinical trial process.

Prof. Oliver Cornely
Head of Translational Platform
Principal Investigator 
Clinical Trials Center Cologne (CTCC)

The Clinical Trials Center Cologne (CTCC) plays a role vital in the success of 

CECAD’s research strategy, bridging the gap between basic research and the 

application of therapeutic advances to clinical practice. The scientific and 

political goal of transferring results from ‘Bench to Bedside and back’ is the 

guiding principle along which Prof. Cornely directs the Medical Division of 

the Clinical Trials Center Cologne. CTCC was established by the Medical Fac-

ulty of the University of Cologne to support  clinical trials processes and to 

further improve the quality of patient-oriented clinical research from the ac-

ademic side. Over the last 4-year funding period since April 2007, financed 

by the Federal Ministry of Education and Research (BMBF 01KN1106), nine 

trial centers were set up within the University Hospital, each with a one-year 

grant for a principal investigator, and a further three-year grant for a study 

nurse. CCTC provides structural support, standardized through the laying 

down of standard operating procedures, for decentralized clinical study cen-

ters and further support through all stages of the clinical trial process. 

The translation of clinical research findings into practical applications  

raises the fundamental question of how the insights gained through basic 

research, e.g. studies on model organisms, can be applied as rapidly and 

widely as possible to the development of new therapeutic approaches. And 

how, on the other hand, solutions to problems arising in clinical practice, 

e.g. in the treatment of neurodegenerative and neuromuscular disorders, 

can be found through basic laboratory research. CECAD is currently running 

five clinical trials and the first groups of patients will be enroled in the com-

ing weeks. Establishing an active navigation system as part of the Transla-

tional Platform will ensure considerable growth in this area in coming years.

11
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Survival and development of mature B cells and B cell-derived lymphomas 

depends on a complex network of signaling cascades. B cell antigen recep-

tor (BCR) engagement is a major survival determinant in mature B cells 

and a central pathogenic force in chronic lymphocytic leukemia (CLL). BCR 

represents the most uniformly implicated promoter of CLL precursor trans-

formation or clonal sustenance. BCR regulates TOSO, which was identified 

as a surface molecule with negative regulatory function on lymphocyte 

apoptosis. Moreover, we were able to show that TOSO is over-expressed on 

the B-cell subset and especially by CLL cells. Recent data indicate that TOSO 

deficiency results in reduced B-cell counts. Preliminary gene expression data 

reveal that TOSO might regulate central developmental and survival path-

ways in B cells. The research of our group is aimed at identifying the impact 

of TOSO on major key survival and activation pathways in normal and malig-

nant B-cell development and its impact on the interaction with the microen-

vironment and metabolic pathways. Finally, we aim to develop strategies to 

target TOSO in vivo, as it may well have therapeutic potential for the treat-

ment of immunologic disorders and hematologic malignancies.

Dr. Lukas P. Frenzel
Prof. Clemens-Martin Wendtner
Principal Investigators
Department of Internal Medicine I

Publications C.M. Wendtner
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in chronic lymphocytic leukemia cells. Blood Dec 

9;116:5280-4.

Kruse U, Pallasch CP, Bantscheff M, Eberhard D, 

Frenzel L, Ghidelli S, Stefan SK, Werner T, Wendtner 

CM, Drewes G (2011) Chemoproteomics-based ki-

nome profiling and target deconvolution of clinical 

multi-kinase inhibitors in primary chronic lympho-

cytic leukemia cells. Leukemia Jan;25(1):89-100.

1  TOSO – major determinant of disrupted balance 

between anti-apoptotic and pro-apoptotic factors in CLL.

2  TOSO is significantly overexpressed in CLL cells 

compared with normal B-cell subsets.

3  TOSO is significantly overexpressed in malignant 

cells from CLL patients with poor-prognosis.

Publications L.P. Frenzel

Frenzel LP, Claus R, Plume N, Schwamb J, 

Konermann C, Pallasch CP, Claasen J, Brinker R, 

Wollnik B, Plass C, Wendtner CM (2011) Sustained 

NK-kappaB activity in chronic lympocytic leukemia 

(CLL) is independent of genetic and epigenetic 

alterations in the TNFAIP3 (A20) locus. Int J Cancer. 

May 15;128(10):2495-500

Frenzel LP, Patz M, Pallasch CP, Brinker R, Claasen 

J, Schulz A, Hallek M, Kashkar H, Wendtner CM 

(2011) Novel X-linked inhibitor of apooptosis 

(XIAP) inhibiting compound as sensitizer for 

TRAIL-mediated apoptosis in chronic lymphocytic 

leukemia with poor prognosis. Br J Hematol. 

Jan;152(2):191-200

Pantulu ND, Pallasch CP, Kurz AK, Kassem A, Frenzel 

L, Sodenkamp S, Kvasnicka HM, Wendtner CM, Zur 

Hausen A (2010) Detection of a novel truncating 

Merkel cell polyomavirus large T antigen deletion 

in chronic lymphocytic leukemia cells. Blood. Dec 

9;116:5280-4

Frenzel LP, Abdullah Z, Kriegeskorte AK, Dieterich 

R, Lange N, Busch DH, Krönke M, Utermöhlen O, 

Hescheler J, Sarić T (2009) Role of natural-killer 

group 2 member D ligands and intercellular adhe-

sion molecule 1 in natural killer cell-mediated lysis 

of murine embryonic stem cells and embryonic 

stem cell-derived cardiomyocytes. Stem Cells. 

Feb;27(2):307-16

Pallasch CP, Patz M, Park YJ, Hagist S, Eggle D, 

Claus R, Debey-Pascher S, Schulz A, Frenzel LP, 

Claasen J, Kutsch N, Krause G, Mayr C, Rosen-

wald A, Plass C, Schultze JL, Hallek M, Wendtner 

CM (2009) miRNA deregulation by epigenetic 

silencing disrupts suppression of the oncogene 

PLAG1 in chronic lymphocytic leukemia. Blood. Oct 

8;114(15):3255-64

Dr. Lukas P. Frenzel Prof. Clemens-Martin Wendtner
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The genetic and cellular basis of the aging-associated disorders obesity and 

anorexia is not fully understood. Energy homeostasis in mammals is un-

der the neuroendocrine control of the hypothalamic melanocortin system, 

comprising antagonistic POMC and AGRP neurons and a whole set of not 

fully characterized second-order neurons. Little is known about the plasticity 

of the system in relation to the metabolic state of the animal and pos-

sible changes that occur during aging. We address these questions in the 

zebrafish. We have found that zebrafish obesity becomes more prominent 

on aging, when somatic growth rates drop, whereas in younger fish the 

predominant response to ad-libitum feeding is increased growth. This shift 

coincides with a shift in the expression response of POMCa versus POMCb, 

the two zebrafish POMC paralogs. We have generated transgenic tools to 

compare the effects of overexpression of POMCa versus POMCb in young 

and older zebrafish, to study development and plasticity of the neuronal 

network via in-vivo imaging of neuronal wiring, synapse density and synaptic 

activity, to lineage-trace POMC and AGRP neurons at different ages, to study 

plasticity at the level of neurogenesis, and to conditionally ablate POMCa/b, 

AGRP and different second-order neurons (GHRH, TRH, HCRT etc.) in young 

and aged fish. Finally, in our ongoing forward genetic screens for zebraf-

ish regulators of obesity or anorexia, we have isolated 8 confirmed mutants 

with alterations in the tightly associated somatic growth.

Prof. Matthias Hammerschmidt
Principal Investigator
Cologne Biocenter

Löhr H, Hammerschmidt M (2011) Zebrafish in en-

docrine systems: recent advances and implications 

for human disease. Annu Rev Physiol 73, 183-211

Li Y, Laue K, Temtamy S, Aglan M, Kotan LD, Yigit 

G, Husniye C, Pawlik B, Nürnberg G, Wakeling EL, 

Quarrell OW, Baessmann I, Lanktree MB, Yilmaz M, 

Hegele RA, Amr K, May KW, Nürnberg P, Topaoglu 

AK, Hammerschmidt M*, Wollnik B* (2010) Tem-

tamy preaxial brachydactyly syndrome is caused by 

loss-of-function mutations in Chondroitin synthase 

1, a potential target of BMP signaling. Am J Hu-

man Genet 87, 757-767   (* joint corresponding 

authors)

Carney TJ, Feitosa N, Sonntag C, Slanchev K, 

Kluger J, Kiyozumi D, Gebauer J, Talbot J, Kimmel 

CB, Sekiguchi K, Wagener R, Schwarz R, Ingham 

PI, Hammerschmidt M (2010) Genetic analysis of 

fin development in zebrafish identifies Furin and 

Hemicentin1 as potential novel Fraser Syndrome 

disease genes. PLoS Genet 6, e1000907

Slanchev K, Carney TJ, Stemmler MP, Koschorz 

B, Amsterdam A, Schwarz H, Hammerschmidt 

M (2009) The epithelial cell adhesion molecule 

EpCAM is required for epithelial morphogenesis 

and integrity during zebrafish epiboly and skin 

development. PLoS Genet 5, e1000563

Laue K, Jänicke M, Plaster N, Sonntag C, Ham-

merschmidt M (2008) Restriction of retinoic acid 

activity by Cyp26b1 is required for proper timing 

and patterning of osteogenesis during zebrafish 

development. Development 135, 3775-3787

1  Confocal brain section of a double-transgenic 

juvenile fish tg(otpb1:GFP; prl:RFP). The otpb1 trans-

gene labels hypothalamic somatostatin-, CRH, TRH, 

vasopressin-like and oxytocin-like neurons or their 

axons, while the prl transgene labels lactotrophic cells 

of the anterior pituitary gland.

2  The tg(pomca-mGFP) transgene, which labels the 

POMC neurons of the arcuate nucleus in the hypothala-

mus.
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Organismal aging and associated tumorigenesis are intrinsically linked to 

DNA damage and altered repair mechanisms. In lymphocytes, the molecular 

relays that govern the thresholds towards senescence vs. lymphomagenesis 

via shifts in cellular programs of repair vs. tolerance are largely unknown. 

The T-cell leukemia 1 (TCL1) oncogene, a strong activator of pro-survival 

AKT, is highly expressed in the lymphatic lineage and is implicated in the 

pathogenesis of T-cell prolymphocytic leukemia (T-PLL) and its B-cell counter-

part chronic lymphocytic leukemia (CLL). A common feature of these tumors 

of mature lymphocytes is their predominance in the elderly, and a marked 

association with genomic aberrations / functional deficiencies of the DNA 

repair regulator ATM. This PI3-like kinase is a crucial regulator of processes 

involved in aging and cancer susceptibility. We hypothesize a functional link 

between TCL1 (oncogene) and ATM (tumor suppressor) in genome integrity 

of lymphocytes and our aim is to understand their oncogenic cooperation. 

We postulate that by augmenting signals through the antigen-receptor- or 

IGF-1R fed central PI3K-AKT-mTOR survival pathway, TCL1 ‘interferes’ with 

an essential genomic integrity / longevity axis of ROS accumulation and 

Foxo-mediated ATM modulation. Our functional analyses on these molecu-

lar relationships tie in with many CECAD focus areas. A first spin-off at 

the translational level is the set of novel substances designed to sense and 

fatally potentiate tumor-specific elevated ROS.

Dr. Marco Herling
Principal Investigator 
Department of Internal Medicine I

Doering M, Ba LA, Lilienthal N, Nicco C, Scherer 

C, Abbas M, Peer-Zada AA, Coriat R, Burkholz T, 

Wessjohann L, Diederich M, Batteux F, Herling M, 

Jacob C (2010) Synthesis and selective anti-cancer 

activity of novel organotellurium based redox 

catalysts. J Med Chem Sep; 19: 6954-63

Popal W, Boucas J, Peer-Zada AA, Herling M (2010) 

Pharmacologic interception in TCL1-associated 

pathways as a treatment rationale for CLL. Leuk 

Lymphoma Aug; 51(8): 1375-788.

Herling M, Patel KA, Weit N, Lilienthal N, Hallek M, 

Keating MJ, Jones D (2009) High TCL1 levels are 

a marker of B-cell receptor pathway responsive-

ness and therapy resistance in chronic lymphocytic 

leukemia. Blood Nov 19;114(21):4675-86

Herling M, Patel KA, Teitell MA, Konopleva M, Rav-

andi F, Kobayashi R, Jones D (2008) High TCL1 ex-

pression and intact T-cell receptor signaling define 

a hyperproliferative subset of T-cell prolymphocytic 

leukemia. Blood Jan 1;111(1):328-37

Herling M, Patel KA, Hsi ED, Chang KC, Rassidakis 

GZ, Ford R, Jones D (2007) TCL1 in B-cell tumors 

retains its normal B-cell pattern of regulation and 

is a marker of differentiation stage. Am J Surg 

Pathol Jul;31(7):1123-1129

1

1  Scenarios for the development of lymphoid 

malignancies in the background of inherited or acquired 

ATM inactivation (nach Stankovic et al, Blood 2002) 

and its potential chronological relationship to TCL1 

aberrations (A) Pediatric Ataxia teleangiectasia (AT) 

patients with inherited inactivation of both ATM alleles 

develop B- and T-cell lymphoma, but T-cell tumors are 

largely predominant. ATM-/- mice also develop only 

T-cell tumors with predominance of chromosome 14 

(TCR-locus) and chromosome 12 (murine TCL1 locus) 

breakpoints. (B) Individuals with both germline ATM 

alleles in wild type constitution can acquire complete 

ATM inactivation during lymphoid development and 

develop TCL1-positive tumors, which are either mature 

B-cell malignancies (B-CLL or mantle cell lymphoma) or 

mature T-cell leukemia (T-PLL). Overall, sporadic B-cell 

tumors are more common than T-cell malignancies in 

non-A-T individuals. (*) However, patients with sporadic 

B-CLL, but also T-PLL can be ATM mutation carriers. 

Thereby, this first (predisposing?) ‘hit’ can incide at 

germline, but also at differentiation stages of a hema-

topoetic precursor prior to the B-cell transformation 

stage, as shown by comparisons of buccal, non-B-cell 

leukocyte and tumor DNA. (Stankovic et al., Blood 

2002). In support, genotyping 992 CLL pts. compared 

to 2707 healthy controls revealed variants (nsSNP’s) in 

ATM and BRCA2 genes to be associated with higher risk 

of CLL (Rudd et al., Blood 2006). 
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Differentiation, developmental processes and environmental changes chal-

lenge the integrity of the proteome in every eukaryotic cell. Proteostasis 

is maintained by the re-folding or degradation of unfolded and damaged 

proteins and is essential for cellular function, organismal development and 

viability. The ability to sustain protein quality control (PQC) is a long-term 

challenge for individual cells and entire organisms since high levels of dam-

aged proteins accumulate with stress and aging. It is commonly thought 

that age-related impairment of PQC affects general proteostasis networks, 

allowing enhanced aggregation of unfolded proteins that can be toxic for 

cells and eventually shortening lifespan. 

Protein ubiquitylation is known to be a key player in posttranslational 

control mechanisms and recent studies point to an involvement of ubiquitin 

in the regulation of aging. The main interest of our group is therefore on 

developmental processes in multicellular organisms that are governed by 

ubiquitin-mediated proteolysis (using C. elegans as a model). Besides the E1, 

E2, and E3 enzymes required for ubiquitin-conjugation, we have identified 

additional modulators involved in substrate recruitment and polyubiquitin 

chain assembly and we are currently investigating molecular mechanisms of 

polyubiquitin chain assembly on protein substrates in physiologically relevant 

pathways. This should provide essential information for research into protein 

aggregation diseases and throw light on the general interplay between pro-

tein homeostasis and aging/longevity. 

Prof. Thorsten Hoppe
Principal Investigator
CECAD Cologne at the Institute for Genetics

Hoppe T, Matuschewski K, Rape M, Schlenker 

S, Ulrich HD, Jentsch S (2000). Activation of a 

Membrane-Bound Transcription Factor by Regu-

lated Ubiquitin/Proteasome-Dependent Processing. 

/Cell/ 102, 577-586 

Hoppe T, Cassata G, Barral JM, Springer W, Hutaga-

lung AH, Epstein HF, Baumeister R (2004) Regula-

tion of the Myosin-Directed Chaperone UNC-45 by 

a Novel E3/E4-Multiubiquitylation Complex in /C. 

elegans/. /Cell// /118, 337-49

Janiesch PC, Kim J, Mouysset J, Barikbin R, Loch-

müller H, Cassata G, Krause S, Hoppe T (2007) The 

ubiquitin-selective chaperone CDC-48/p97 links 

myosin assembly to human myopathy. /Nat. Cell 

Biol./ 9, 379-90

Mouysset J, Deichsel A, Moser S, Hoege C, Hyman 

AA, Gartner A, Hoppe T (2008) Cell cycle progres-

sion requires the CDC-48 UFD-1/NPL-4 complex for 

efficient DNA replication. /Proc. Natl. Acad. Sci./ 

105, 12879-84

Kuhlbrodt K, Janiesch PC, Kevei E, Segref A, 

Barikbin R, Hoppe T (2011) The Machado-Joseph 

disease deubiquitylase ATX-3 couples longevity 

and proteostasis. /Nat. Cell Biol./ 13, 273-81

1

2

3

2  & 3    Recently, we revealed a novel functional 

interaction between UFD-2, the Caenorhabditis elegans 

ortholog of the yeast E4 enzyme UFD2, and CHN-1, a 

homolog of the human cochaperone CHIP. CHIP binds 

to the chaperones Hsc70 and Hsp90 and displays both 

E3 and E4 activity to mediate the ubiquitylation of a 

variety of chaperone-bound substrates. We discovered 

that UFD-2 and CHN-1 form a complex that apparently 

regulates the protein level of the myosin chaperone 

UNC-45, which in turn functions as a molecular chap-

erone to regulate myosin folding and assembly during 

muscle development. In combination, the E3 enzymes 

CHN-1 and UFD-2 are able to increase the multiubiqui-

tylation of UNC-45 (Hoppe et al., 2004). Conceptually, 

these findings support a novel mechanism in which two 

E3 enzymes, UFD-2 and CHN-1, team up to achieve E4 

function. 

Our new findings have revealed an unanticipated func-

tion of the ubiquitin-selective chaperone CDC-48/p97 

in myosin assembly and myofibril organization both in 

C. elegans and humans. The developmentally regulated 

assembly of a CDC-48/UFD-2/CHN-1 complex links 

turnover of the myosin chaperone UNC-45 to functional 

muscle formation. Our data suggest that a similarly 

conserved pathway regulating myosin assembly could 

exist in man. Remarkably, mutations in human p97, 

known to cause hereditary inclusion body myopathy, 

abrogate this muscle-specific activity and result in 

severely disorganized myofibrils. These results identify a 

key role of CDC-48/p97/VCP in the process of myofiber 

differentiation and maintenance, which is abolished 

during pathological conditions leading to protein aggre-

gation and inclusion body formation in human skeletal 

muscle (Janiesch et al., 2007).

1  CDC-48 associates with various alternative adaptor 

proteins that modulate its activity. Previously, we in-

vestigated the conserved role of the CDC48UFD1/NPL4 

complex in ERAD. Interestingly, our new results have 

identified a specific function of this complex throughout 

cell cycle control. We have therefore started a detailed 

analysis of the CDC48UFD1/NPL4 complex using time-

lapse DIC microscopy. In early embryos of C. elegans, 

the first division is unequal and generates an anterior 

blastomere, AB, and a smaller posterior blastomere, P1, 

which have different fates and cell division timing, with 

AB dividing ~2 min before P1. Interestingly, downregu-

lation of the corresponding genes cdc-48., ufd-1 and 

npl-4 by RNAi in the early embryo specifically increases 

the time separating the division of AB from that of P1, 

also called P1 division delay. Furthermore, we were able 

to show suppression of the RNAi induced P1 division 

delay phenotype by simultaneous downregulation of 

the PI-3-like kinase atl-1 and the kinase chk-1. Both ki-

nases activate the DNA replication checkpoint that con-

tributes to asynchrony of cell division in two-cell stage 

wild-type embryos (Mouysset et al., 2008). Recent work 

revealed WRN-1 as an additional checkpoint protein for 

DNA replication. Interestingly, it genetically interacts 

with CDC-48 in this pathway and human p97 physically 

associates to the human Werner (WRN) RecQ helicase. 

Similar to mutations of human WRN, wrn-1(RNAi) 

phenotypes confer features of accelerated aging in the 

worm. Thus, the detailed analysis of the WRN-1/CDC-48 

interaction, using C. elegans as a model organism, will 

help us to decipher the relationship between genome 

stability and aging.

79CECAD Annual Report 2009 - 201178 CECAD Annual Report 2009 - 2011



Cell polarization is crucial for the development of multicellular organisms 

and aberrant cell polarization contributes to various diseases. Seminal stud-

ies in invertebrates identified proteins that regulate various polarization 

processes including asymmetric cell division and epithelial cell polarization. 

Polarity proteins may react to extrinsic polarity cues such as growth factor 

gradients or extrinsic cues such as the microtubule cytoskeleton. By assem-

bling multiprotein complexes, they induce downstream signaling to establish 

cellular asymmetry. Of the three polarity protein complexes described so far 

– Par3, Crumbs and Scribble – the Par3 complex has the broadest function. 

Furthermore, cross-talk between polarity proteins and Rho GTPase signaling 

components controls formation of cell-cell contacts and apico-basal polarity 

in epithelial cells. For decades, loss of apico-basal polarity has been consid-

ered a prerequisite for tumor formation and progression. 

The research of our junior group focuses on the function of polarity pro-

teins in skin homeostasis and in age-related pathologic conditions including 

cancer. We are investigating cell type-specific functions of polarity proteins, 

and studying the consequences of deregulated polarity signaling on cellular 

architecture, survival mechanisms and cell death. Overall, our aim is to gain 

a better understanding of aging-associated skin pathologies, which may 

reveal future directions for targeted therapies.

Dr. Sandra Iden
Principal Investigator
CECAD Cologne at the Institute for Genetics

Iden S, Collard JG (2008) Crosstalk between small 

GTPases and polarity proteins in cell polarization. Nat 

Rev Mol Cell Biol. Nov;9(11):846-59. Review

Ebnet K, Iden S, Gerke V, Suzuki A (2008) Regulation of 

epithelial and endothelial junctions by PAR proteins. 

Front Biosci. May 1;13:6520-36

Pardo J, Wallich R, Ebnet K, Iden S, Zentgraf H, Martin P, 

Ekiciler A, Prins A, Mullbacher A, Huber M, Simon MM 

(2007) Granzyme B is expressed in mouse mast cells in 

vivo and in vitro and causes delayed cell death indepen-

dent of perforin. Cell Death Differ. Oct;14(10):1768-79

Mandicourt G, Iden S, Ebnet K, Aurrand-Lions M, Imhof 

BA (2007) JAM-C regulates tight junctions and integrin-

mediated cell adhesion and migration. J Biol Chem. Jan 

19;282(3):1830-7

1  Polarity proteins of the Par3, Crumbs and Scribble 

complexes. Three conserved protein complexes — the 

partitioning defective (Par), Crumbs and Scribble 

complexes — control many polarization processes in 

different organisms. The polarity proteins were initially 

studied in Drosophila melanogaster and Caenorhabditis 

elegans, but all of them have at least one homolog in 

mammals. 

The par genes were first identified in C.elegans. Two of 

these genes encode the PDZ-domain proteins Par3 and 

Par6 which, together with the Ser/Thr kinase atypical 

protein kinase C (aPKC), constitute the Par complex. 

Isoforms of Par3, Par6 and aPKC are ubiquitously 

expressed and are involved in various cell polarization 

processes. The kinase activity of aPKC is required for a 

functional Par complex, and aPKC-mediated phosphory-

lation of target proteins is a key event of downstream 

polarity signaling. The Crumbs complex comprises the 

2  Crosstalk between Rho GTPases and polarity 

proteins during the formation of epithelial apico–basal 

cell polarity. Simplified schematic of apico–basal 

polarization. Following epithelial (E)-cadherin cluster-

ing, structural proteins (those that form AJs and TJs) 

and signalling proteins, including α-catenin, β-catenin, 

afadin and ZO-1, are recruited to immature cell–cell 

contacts. Transmembrane proteins of the junctional 

adhesion molecule (JAM) and nectin family are 

implicated in localizing the Par complex to primordial 

adhesions. Rho GTPases are activated downstream of 

cadherin clustering by unknown mechanisms. Through 

association with Par3, T-cell-lymphoma invasion and 

metastasis-1 (Tiam1) couples E-cadherin-dependent 

Rac1 activation to activation of aPKC, thereby inducing 

phosphorylation of downstream targets and subsequent 

polarization and maturation into fully polarized epithe-

lium. (adapted from Iden & Collard, NRMCB 2008).

transmembrane protein Crumbs and the cytoplasmic 

scaffolding molecules PALS1 and PATJ. A genetic inter-

action of the cytoplasmic proteins Scribble, Discs large 

(Dlg) and Lethal giant larvae (Lgl) was first described in 

D. melanogaster. 

In polarized mammalian epithelial cells, the Par3 and 

Crumbs-3 complexes localize predominantly to TJs, 

whereas components of the Scribble complex show 

basolateral localization. Several molecular interactions 

between the three complexes have been identified. 

Mutual exclusion of the Scribble complex and the apical 

junctional complexes controls apico–basal polarity, and 

aPKC-mediated phosphorylation of Lgl2 and Par1, an-

other conserved polarity protein (not shown) maintains 

the asymmetric distribution of polarity regulators. AJ, 

adherens junction, TJ, tight junction.  (adapted from 

Iden & Collard, NRMCB 2008).

3  Mechanisms inducing loss of epithelial 

polarity and EMT. a Transforming growth factor-β 

(TGFβ) induces epithelial–mesenchymal transition 

(EMT) through different mechanisms, including 

targeting of polarity proteins and Rho GTPases. 

b Ligand-activated TGFβ receptor II (TGFβRII) 

phosphorylates Par6, which in turn activates the 

E3 ubiquitin ligase Smurf1 and thereby induces 

proteasomal degradation of RhoA, loss of the 

actomyosin ring and breakdown of apico–basal 

polarity. c TGFβ also induces transcriptional down-

regulation of Par3, resulting in the cytoplasmic 

localization of aPKC and Par6, downregulation of 

E-cadherin and loss of TJs and AJs. d Furthermore, 

TGFβ activates the transcriptional repressor Snail, 

which inhibits Crumbs-3 expression, leading 

to the relocalization of the Crumbs-3 complex 

proteins PALS1 and PATJ as well as of the Par 

complex, followed by loss of apico–basal polarity. 

Another early event during EMT is the loss of 

basally localized RhoA activity, which results in 

the disassembly of basal microtubules, disruption 

of integrin-mediated adhesion and the subsequent 

breakdown of the basement membrane.  (adapted 

from Iden & Collard, NRMCB 2008).
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There is a general consensus that an accumulation of cellular damage is the 

initiating event in aging and that mitochondria are the convergence point 

for signaling cascades triggered by cellular damage. The mitochondrial check 

point permits cells either to arrest mid-cycle to restore function or to under-

go apoptosis when severely damaged. Apoptosis is induced by permeabiliza-

tion of the mitochondrial outer membrane, releasing pro-apoptotic factors 

including cytochrome c and SMAC. Whereas cytosolic cytochrome c initiates 

the proteolytic activation of caspases, cytosolic SMAC potentiates caspase 

activity by antagonizing the inhibitor of apoptosis proteins (IAPs) family. 

Our longstanding interest is in understanding the physiological role of 

the crosstalk between mitochondria and IAPs in the context of cancer and 

neurodegenerative diseases and the immediate aim of our research is to 

establish whether alteration of mitochondrial outer membrane permeabiliza-

tion contributes to apoptosis dysregulation or immune inflammation in such 

aging-associated diseases and if so, how. Mechanistically, we will scrutinize 

the molecular mechanisms controlling the coordinated release of mitochon-

drial factors in response to cellular damage cues. Unique opportunities will 

arise from our studies for development of new in-vivo mouse models, the 

ultimate aim being to create synergies between in-vitro and in-vivo research 

programs extending from animal models to patients.

Dr. Hamid Kashkar
Principal Investigator
Institute for Medical Microbiology, Immunology and Hygiene (IMMIH)

Kashkar H (2010) X-linked inhibitor of apoptosis: 

a chemoresistance factor or a hollow promise. Clin 

Cancer Res 16: 4496-4502

Seeger JM, Brinkmann K, Yazdanpanah B, Haubert 

D, Pongratz C, Coutelle O, Kronke M, Kashkar H 

(2010a) Elevated XIAP expression alone does not 

confer chemoresistance. Br J Cancer 102: 1717-

1723

Seeger JM, Schmidt P, Brinkmann K, Hombach AA, 

Coutelle O, Zigrino P, Wagner-Stippich D, Mauch C, 

Abken H, Kronke M, Kashkar H (2010b) The protea-

some inhibitor bortezomib sensitizes melanoma 

cells toward adoptive CTL attack. Cancer Res 70: 

1825-1834

Yazdanpanah B, Wiegmann K, Tchikov V, Krut 

O, Pongratz C, Schramm M, Kleinridders A, 

Wunderlich T, Kashkar H, Utermohlen O, Brüning 

JC, Schutze S, Kronke M (2009) Riboflavin kinase 

couples TNF receptor 1 to NADPH oxidase. Nature 

460: 1159-1163

Haubert D, Gharib N, Rivero F, Wiegmann K, 

Hosel M, Kronke M, Kashkar H (2007) PtdIns(4,5)

P-restricted plasma membrane localization of FAN 

is involved in TNF-induced actin reorganization. 

EMBO J 26: 3308-3321
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1  The apoptotic activity of mitochondria is regulated 

by the family of Bcl2 proteins consisting of anti- (Bcl2, 

Bcl-xL, Mcl1, BI1) and pro-apoptotic (Bax and Bak) 

members. Activation of pro-apoptotic members like Bax 

(conformational change) has been viewed as an early 

key regulatory step, which directs the permeabiliza-

tion of the outer mitochondrial membrane (OMM) and 

releases multiple death-promoting factors including 

cytochrome c and SMAC. These in turn induce caspase 

activity and apoptosis. The objectives of this project 

are to establish: 1) how alterations of the respiratory 

chain modulate Bcl2 protein function, 2) the role of 

mitochondria-ER physical interaction and how it is 

controlled by mitochondrial RC.

2  A wild-type cell line (wt) and a cybrid line contain-

ing mtDNA mutation (a truncation mutation in the cy-

tochrome c oxidase subunit I) (∆COX) were treated with 

different apoptotic stimuli. Cell death was measured 

after 24 hours.

3  Wt and ∆COX cells were treated with increas-

ing concentrations of H2O2. Cytosolic fractions were 

isolated and the amounts of cytosolic SMAC and 

cytochrome c were analyzed by Western blotting.
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Obesity and type 2 diabetes are closely linked diseases that are associated 

with excessive weight and fat mass, and their prevalence is increasing within 

Western populations. To better understand and counteract obesity, type 2 

diabetes, and associated metabolic disorders, increasing efforts are being 

made to define the homeostatic control mechanisms that regulate body 

weight and energy homeostasis. Energy homeostasis is tightly controlled by 

neuronal circuits in the arcuate nucleus of the hypothalamus to adjust food 

intake and energy expenditure according to the availability of fuel sources 

in the periphery of the body. Aging, extreme diets, and diseases can deregu-

late these neuronal systems. Thus, defining age and diet-associated changes 

in this network is critical to the understanding of what makes organisms 

increasingly susceptible to metabolic disorders over their life-span. The long-

term goal of our laboratory is to analyze and define the biophysical parame-

ters and cellular mechanisms that cause age- and diet-dependent changes in 

intrinsic firing characteristics and synaptic properties in the neuronal circuits 

that control energy homeostasis. To achieve this aim, our group is using a 

combination of electrophysiological recordings and optical imaging. A de-

tailed understanding of the cellular and molecular mechanisms that promote 

or prevent deregulation of these neuronal control circuits during aging, 

extreme diets, and diseases may lead to novel approaches for therapeutic 

intervention in metabolic and neurological disorders.

Prof. Peter Kloppenburg
Principal Investigator
Cologne Biocenter 

1

2

1  Diet-dependent modulation of membrane po-

tential in pro-opiomelanocortin-expressing neurons 

(POMC neurons). Left: GFP labeled POMC neurons 

in the arcuate nucleus of the mouse hypothalamus. 

These neurons are important components of the 

neuronal circuit that regulates energy homeostasis. 

Right: High-fat diet (HFD) hyperpolarized the rest-

ing membrane potential of POMC neurons (NCD: 

normal chow diet).

2  Activity dependent Ca2+ influx in a POMC 

neuron. A Calcium Green-1-loaded POMC neuron. 

B, C Framed regions of A in higher magnification. 

Positions of the line scans are marked with red 

lines. The numbers indicate areas of the line scans 

analyzed. D, E Line scans. Ca2+ accumulation was 

induced by a short burst of action potentials. 

Numbers correspond to positions in B and C. right 

panel: extracted fluorescence data from the cor-

responding line scans in D and E.

Klöckener T, Hess S, Belgardt BF, Paeger L, Ver-

hagen LA, Husch A, Sohn J-W, Hampel B, Dhillon 

H, Zigman JM, Lowell BB, Williams KW, Elmquist 

JK, Horvath TL, Kloppenburg P, Brüning JC (2011) 

High-fat Feeding Promotes Obesity via Insulin 

Receptor/PI3k-Dependent  Inhibition of SF-1 VMH 

Neurons. Nat Neurosci, 5. June | doi:10.1038/

nn.2847

Könner AC, Hess S, Tovar S, Mesaros A, Sánchez-

Lasheras C, Evers N, Verhagen LAW, Brönneke 

HS, Kleinridders A, Hampel B, Kloppenburg P, 

Brüning JC (2011) Role for Insulin Signaling in 

Catecholaminergic Neurons in Control of Energy 

Homeostasis. Cell Metab 13:720-728

Ernst MB, Wunderlich CM, Hess S, Paehler M, 

Mesaros A, Koralov SB, Kleinridders A, Husch A, 

Munzberg H, Hampel B, Alber J, Kloppenburg P, 

Bruning JC, Wunderlich FT (2009) Enhanced Stat3 

Activation in POMC Neurons Provokes Negative 

Feedback Inhibition of Leptin and Insulin Signaling 

in Obesity. J Neurosci 29:11582-11593

Husch A, Paehler M, Fusca D, Paeger L, Kloppen-

burg P (2009) Calcium Current Diversity in Physi-

ologically Different Local Interneuron Types of the 

Antennal Lobe. J Neurosci 29:716-726

Belgardt BF, Husch A, Rother E, Ernst MB, Wun-

derlich FT, Hampel B, Klockener T, Alessi D, Klop-

penburg P, Brüning JC (2008) PDK1 deficiency in 

POMC-Expressing cells reveals FOXO1-dependent 

and -independent pathways in control of energy 

homeostasis and stress response. Cell Metab 

7:291-301
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Prof. Thomas Krieg
Principal Investigator
Department for Dermatology and Venerology

Research in the Department of Dermatology concentrates on severe com-

mon skin diseases. Cell-cell and cell-extracellular matrix interactions are 

crucial for the maintenance of healthy skin functions and disturbed in a 

number of such diseases, for example in chronic inflammatory processes, 

autoimmune disorders, non-healing wounds, formation of keloids and other 

fibrotic disorders, invasive growth and metastasis of common skin tumors, 

photo-aging and genodermatoses.

Key questions addressed in our laboratory are

How does the interaction among cells in the epidermis control the barrier 

functions of the skin?

What is the relevance of defined inflammatory cells and their secreted 

mediators for skin diseases and skin aging?

By which mechanisms do cells interact with the extracellular matrix of 

skin and how does this communication affect dermal homeostasis, pro-

teostasis and tumor growth/invasion?

The aim of our work is to translate experimental, clinically oriented research 

into treatments suitable for clinical application.

Blumbach K, Zweers MC, Brunner G, Peters AS, 

Schmitz M, Schulz JN,Schild A, Denton CP, Sakai 

T, Fässler R, Krieg T, Eckes B (2010)  Formation of 

defective granulation tissue in mice with specific 

ablation of integrin-linked kinase in fibroblasts - 

role of TGFb1 levels and RhoA activity.  J Cell Sci 

123:3872-83

Lucas T, Waisman A, Ranjan R, Roes J, Krieg T, Mül-

ler W, Roers A, Eming SA (2010) Differential roles 

of macrophages in diverse phases of skin repair.  J 

Immunol 184:3964-77

Buchstein N, Hoffmann N, Smola H, Lang S, Pauls-

son M, Niemann  C, Krieg T, Eming  SA (2009)  

Alternative proteolytic processing of hepatocyte 

growth factor during wound repair.  Am J Pathol 

174:2116-28

Gabrielli A, Avvedimento EV, Krieg T (2009) Sclero-

derma. N Engl J Med 360: 1989-2003

Zweers MC, Davidson JM, Pozzi A, Hallinger R, Janz 

K, Quondamatteo F, Leutgeb B, Krieg T, Eckes B 

(2007)  Integrin a2b1 is required for regulation of 

murine wound angiogenesis but is dispensable for 

reepithelialization. J Invest Dermatol 127: 467-478

1  - 3   Reciprocal interactions among cells and of 

cells with the surrounding extracellular matrix are 

crucial to maintain skin homeostasis. Alterations have 

been implicated in diseases ranging from skin ulcers 

to cancer of the skin. Studies to dissect the underlying 

molecular mechanisms utilize patient skin biopsies, 

genetic mouse models and complexes in in-vitro cell 

culture systems.

1 2

3
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Aging of the immune system (immunosenescence) renders the aged less able 

to mount an immune response following infectious challenge and is mediat-

ed by both an impaired adaptive immunity and the dysfunction of the innate 

immune system. Furthermore, immunosenescence is associated with a pro-

inflammatory state characterized by elevated cytokine levels and impaired 

membrane cytokine receptor function. Many innate defense mechanisms are 

membrane-bound events and within membranes, ceramides form platforms 

that cluster receptor molecules and regulate uptake of bacterial and viral 

pathogens. Changes in ceramide production appear to follow a develop-

ment-aging continuum and can be generated through different pathways. 

The de novo synthesis involves ceramide synthases 1-6 (CerS). CerS genes 

are homologous to the Lass (longevity assurance homolog) gene family in 

yeast, provoking the hypothesis that age-related changes of membrane 

sphingolipid composition cause functional deficits of innate immunity.

Our results indicate that i) CerS1 expression is decreased in aged mice, 

ii) the concomitant decrease of C:18 ceramide leads to a hyperactive TNF-

converting enzyme (TACE), and iii) that the enhanced TACE activity in turn 

causes increased TNF release, which is the hallmark of the hyper-inflamma-

tory state of the elderly. During the next funding period our group aims to 

identify the molecular basis for the functional link between CerS genes and 

age-related syndromes such as the pro-inflammatory state and oxidative 

stress generated by NADPH oxidases.

Prof. Martin Krönke
Head of Research Area B
Principal Investigator
Institute for Medical Microbiology, Immunology and Hygiene (IMMIH)

Herz J, Pardo J, Kashkar H, Schramm M, Kuzmen-

kina E, Bos E, Wiegmann K, Wallich R, Peters PJ, 

Herzig S, Schmelzer E, Krönke M*, Simon MM, 

Utermöhlen O* (2009)  Acid sphingomyelinase is 

a key regulator of cytotoxic granule secretion by 

primary T lymphocytes. Nat Immunol. 10: 761-768 

(* shared responsible authorship)

Yazdanpanah B, Wiegmann K, Tchikov V, Krut 

O, Pongratz C, Schramm M, Kleinridders A, 

Wunderlich T, Kashkar H, Utermöhlen O, Brüning 

JC, Schütze S, Krönke M (2009)  Riboflavin kinase 

couples TNF receptor 1 to NADPH oxidase. Nature. 

460: 1159-63

Schramm M, Herz J, Haas A, Krönke M, Utermöhlen 

O (2008) Acid sphingomyelinase is required for 

efficient phago-lysosomal fusion. Cell Microbiol. 

10:1839-1853

Haubert D, Gharib N, Rivero F, Wiegmann K, 

Hosel M, Krönke M, Kashkar H (2007) PtdIns(4,5)

P-restricted plasma membrane localization of FAN 

is involved in TNF-induced actin reorganization. 

EMBO J. 26(14): 3308-3321

Schnaith A, Kashkar H, Leggio SA, Addicks K, Krön-

ke M, Krut O (2007) Staphylococcus aureus subvert 

autophagy for induction of caspase-independent 

host cell death. J Biol Chem. 282: 2695-2706

1   Down-modulation of C18-ceramide in aged mice. 

The ceramide composition of membranes from liver 

tissue of old (>19 months) mice exhibited increased 

C22:0, C24:0, and C24:1 ceramides compared to liver 

from 6-week-old mice, whereas the C18-ceramide 

content was significantly lower (Fig. 1). These specific 

changes in C18-Cer expression were detected in aged 

mice from three different sources.

2  CerS1-dependent TNF release. Results from TNF 

ELISAs showing the pronounced effect of overexpres-

sion of CerS1, which alters C18:0-ceramide, on TNF 

release. 

3  CerS1 dependent TACE activity. To obtain mecha-

nistic insights into the action of C:18-ceramide on TNF 

release TACE activity was analysed in HEK293FT cells 

transfected with either CerS expression plasmids or 

CerS specific siRNAs, respectively. Overexpression of 

CerS1 had the most obvious inhibitory effect on TACE. 

After CerS down-regulation by siRNAs, a significant 

increase in TACE activity was observed with CerS1siRNA 

over a 60-minute period compared to cells transfected 

with the scrambled control siRNA. 

1

2

3
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In our group we are interested in the role of post-translational lysine-acet-

ylation in controlling cytoskeletal function. Recent progress in quantitative 

proteomics has shown that thousands of proteins in all cellular compart-

ments covering all essential cellular functions are lysine-acetylated. This 

suggests that the function of post-translational lysine-acetylation extends 

far beyond the control of gene expression as originally thought. Lysine-

acetylation could directly influence protein function by a variety of different 

mechanisms, and dysfunction of the acetylation/deacetylation regulatory 

system may be involved in the development of cellular disorders. 

Using the genetic code expansion concept, our group will study mecha-

nistically how protein lysine-acetylation regulates cytoskeletal function up 

to atomic resolution. We will synthesize proteins carrying homogenously 

and site-specifically incorporated acetyl-lysine residues, using a syntheti-

cally evolved aminoacyl-tRNA synthetase/tRNACUA pair from Methanosarcina 

bakeri. To this end, we will use biophysical methods including X-ray-crystal-

lography to determine the effect of lysine-acetylation on protein structure 

and function.

Quantitative proteomics, using stable-isotope labeling with amino-acids 

in cell culture (SILAC), will provide a detailed view of how the acetylation 

patterns of proteins change in aging-associated diseases such as cancer and 

neurodegenerative disorders.  These studies will reveal functional differ-

ences between lysine-acetylation and other post-translational modifications 

such as phosphorylation and ubiquitylation, which may open up new thera-

peutic strategies for the treatment of aging-associated diseases.

Dr. Michael Lammers
Principal Investigator
CECAD Cologne at the Institute for Genetics

Lammers M, Neumann H, Chin JW, James LC 

(2010) Acetylation regulates Cyclophilin A cataly-

sis, immunosuppression and HIV isomerization. 

Nature Chem Biol 6, 331-337

Lammers M, Meyer S, Kühlmann D, Wittinghofer 

A (2008) Specificity of Interactions between mDia  

Isoforms and Rho Proteins  J. Biol. Chem. 283, 

35236-35246

Lammers M, Rose R, Scrima A, and Wittinghofer 

A (2005) The regulation of mDia1 by autoinhibi-

4176-4187

Rose R*, Weyand M*, Lammers M*, Ishizaki T, Ah-

madian MR, Wittinghofer A (2005) Structural and 

mechanistic insights into the interaction between 

Rho and mammalian Dia. Nature 435, 513-518;    

*equal first authors

1  The genetic-code expansion concept. Archaea 

use an expanded-genetic code, i.e. they decode 

additional proteinogenic amino acids. We use a 

synthetically evolved orthogonal aminoacyl-tRNA 

synthetase/tRNACUA pair from Methanosarcina bak-

eri to specifically charge tRNAs with acetyl-lysine 

and incorporate it recombinantly into proteins as a 

response to an amber-stop codon.

2  Functional consequences of K125 acetylation 

in CypA. (A) Omit map of the acetyl-lysine density 

for the orthorhombic CypA AcK125 structure 

contoured at 1 σ. (B) Acetylation decreases CypA-

catalysed cis to trans isomerization. A linked chy-

motrypsin assay was used to measure the catalytic 

efficiency of cis-trans isomerisation by CypA. The 

two kinetic rates observed represent a first fast 

phase showing cleavage of a nitroanilide peptide 

trans-substrate by chymotrypsin and a second 

slower phase representing cis-to-trans isomeriza-

tion by CypA prior to cleavage by chymotrypsin. 

Plotting CypA or acetylated CypA against kobs 

gives kcat/KM showing that acetylation reduces kcat/

KM 35-fold (Lammers et al., 2010).

3  The reversible acetylation/deacetylation cycle 

of N-(ε)-lysine. KATs catalyse the transfer of the 

acetyl-moiety from acetyl-CoA to the N-(ε)-amino 

group of lysine side chains. KDACs remove the 

acetyl-moiety, reforming the non-acetylated lysine 

side-chain.

1
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3
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The skin barrier protects organisms from drying out and is the first line of defense 

against micro-organisms, UV radiation and heat. For organisms to maintain and 

restore the skin barrier, the interfollicular epidermis (IFE) and its appendages, hair 

follicles (HF) and sebaceous glands must continously be renewed. Different popula-

tions of stem- and progenitor cells guarantee constant self-renewal under steady 

state conditions and sufficient plasticity for the fast replacement of lost tissue in 

case of injury.  The flexible balance between self-renewal and terminal differentia-

tion is determined by the variable conditions of the extracellular environment. Both 

barrier integrity and plasticity of the progenitor cell pools decrease during aging. 

The overall goal of my laboratory is to understand how regulators of cell structure 

integrate with regulators of metabolic activity, proliferation and inflammation to 

control skin barrier formation and homeostasis. Finally, our aim is to understand 

how age associated alterations in molecular regulators of cell architecture alter pro-

genitor cell behavior and result in (age) associated impairment of the skin barrier. 

Prof. Carien Niessen
Head of Platform for Education, Career Development 
and Gender Equality Programs
Principal Investigator
Center for Molecular Medicine Cologne (CMMC)

Tunggal JA*, Helfrich I, *Schmitz A, Schwarz H, 

Günzel D, Fromm M, Kemler R, Krieg T, Niessen CM 

(2005) E-cadherin is essential for in vivo skin bar-

rier function by regulating tight junctions. EMBO J. 

24: 1146-1156

Stachelscheid H*, Ibrahim H*, Koch L, Schmitz A, 

Tscharntke M, Wunderlich FT, Scott J, Michels C, 

Haase I, Wickenhauser C, Brüning J+, Niessen CM 

(2008)Epidermal Insulin/IGF-1 signaling control 

interfollicular morphogenesis and proliferative 

potential via Rac activation, EMBO J. 27:2091-101

Garinis GA, Uittenboogaard LM, Stachelscheid H, 

van Ijcken W, Breit TM, van Steeg H, Mullenders 

LHF, van der Horst GTJ, Brüning JC, Niessen CM, 

Hoeijmakers JHJ, Schumacher B (2009) Persistent 

transcription-blocking DNA lesions trigger somatic 

growth attenuation associated with longevity. Nat. 

Cell Biol.. 11:604-15. Epub 2009 Apr 12

Seifert K, Ibrahim H, Winklbauer R, Niessen CM 

(2009) An adhesion independent, aPKC dependent 

function for cadherins in morphogenetic move-

ments J. Cell Sci.122: 2514-23

Weber S, Niessen M, Prox J, Luellmann-Rauch, 

Schmitz A, Schwanbeck R., Blobel CP, de Strooper 

B, Niessen CM+, Saftig P+ (2011) The disintegrin/

metalloproteinase ADAM10 is essential for the 

Notch -mediated development and integrity of the 

epidermis. Development 138:495-505.

+ Shared last author 

1  Epidermal appendages: (A) The sebecaous 

gland (arrow) is associated with the hair fol-

licle and (B) characterized by SCD1 as stained 

for in green. (C) Wole mounts of three hair fol-

licles and their associated sebaceous glands. 

(D) Scanning electron micrograph of a hair. 

The background image visualizes the tight 

junctional barrier in primary keratinocytes 

stained for the tight junctional marker ZO1-1. 

Red represents the nucleus.

1
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Chromosomes of eukaryotic cells are separated from the cytoplasm by the 

nuclear envelope and its proteins mediate a variety of key cellular activities. 

To identify the mechanisms by which the nuclear envelope contributes to 

aging and disease phenotypes we have investigated the interactions of the 

nuclear envelope proteins Nesprin-1, -2 and -3 and have searched for other 

substances that bind to the Nesprins. We have analyzed and characterized 

primary fibroblasts from patients suffering from muscular dystrophies and 

continued our analysis of Nesprin-2 giant knockout mice. Our results have 

revealed a network of interactions among the Nesprins, interconnecting all 

cytoskeletal filament systems and stabilizing the nucleus and its association 

with cell components such as the centrosome. Nesprins also affect signal 

transduction. Nesprin-2 binds directly to α-catenin and controls the access of 

β-catenin to the nucleus, thereby inhibiting Wnt signaling. In the Nesprin-2 

deficient mouse altered expression and localization of transcription factors 

and changes in the actin cytoskeleton result in impaired wound healing.

Our results suggest that Nesprins play a dual role: they contribute to the 

mechanical stability of the nucleus and cell, and they influence gene expres-

sion through interactions with transcription factors and with chromatin. 

With involvement in such vital functions, they provide intriguing candidates 

to control the onset of age-related diseases.

Prof. Angelika A. Noegel
Principal Investigator 
Institute for Biochemistry I

1  Nesprin-2 Giant function in wound healing. 

Schematic model showing the proposed mechanisms of 

involvement for Nesprin-2 in cell migration, prolifera-

tion and transcription regulation. In wild-type cells 

Nesprin-2 at the ONM, together with other NE proteins, 

connects the nucleus to the actin cytoskeleton. Through 

its association with heterochromatin at the INM, Ne-

sprin-2 affects the proper expression or availability of 

transcription factors. In cells from knockout animals F-

actin distribution and the status of heterochromatin are 

altered. The expression and availability of transcription 

factors is reduced and leads to reduced cell prolifera-

tion.

Schneider M, Lu W, Neumann S, Brachner A, Gotzmann 

J, Noegel AA, Karakesisoglou I (2011) Molecular mecha-

nisms of centrosome and cytoskeleton anchorage at the 

nuclear envelope. Cell Mol Life Sci 68: 1593-1610

Ducka AM, Joel P, Popowicz GM, Trybus KM, Schleicher 

M, Noegel AA, Huber R, Holak TA, Sitar T (2010) 

Structures of actin-bound Wiskott-Aldrich syndrome 

protein homology 2 (WH2) domains of Spire and the 

implication for filament nucleation. Proc Natl Acad Sci 

U S A 107:11757-11762

Neumann S, Schneider M, Daugherty RL, Gottardi CJ, 

Eming SA, Beijer A, Noegel AA, Karakesisoglou I (2010) 

Nesprin-2 interacts with alpha-Catenin and regulates 

Wnt-signaling at the nuclear envelope. J Biol Chem 

285:34932-34938

Lüke Y, Zaim H, Karakesisoglou I, Jaeger VM, Sellin L, Lu 

W, Schneider M, Padmakumar VC, Beijer A, Neumann S, 

Munck M, Gloy J, Walz G, Noegel AA (2008) Nesprin-2 

Giant / NUANCE maintains nuclear envelope architec-

ture and composition in skin. J Cell Sci 121: 1887-1898

Xiong H, Rivero F, Euteneuer U, Mondal S, Mana-Capelli 

S, Larochelle D, Vogel A, Gassen B, Noegel AA (2008)

Dictyostelium Sun-1 connects the centrosome to chro-

matin and ensures genome stability. Traffic 9: 708-724
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Prof. Peter Nürnberg
Head of Technology Platform
Principal Investigator
Cologne Center for Genomics  (CCG)

Dr. Hans Christian Hennies
Principal Investigator
Cologne Center for Genomics  (CCG)

Dupuytren contracture (DC; OMIM 126900) is one of the most common ge-

netic disorders of connective tissue. The incidence is strictly age-dependent, 

peaking in the sixth and seventh decade of life in men and women, respec-

tively. DC is a multifactorial disorder with a strong genetic component. It is 

characterized by disturbed fibroblast proliferation and extracellular matrix 

deposition. We are performing a multiple-stage, whole-genome association 

study to identify common genetic variants associated with the disease. An 

international Dupuytren disease study group has been established and blood 

and tissue samples collected from more than 500 patients to date. Our sec-

ond aim is to generate expression profiles from affected tissues in order to 

assess differential expression. Finally, we will compare properties of affected 

cells with those of normal controls. Tools have been set up to determine the 

contractility of myofibroblasts under various conditions, which will enable us 

to characterize and distinguish age-dependent and stress-induced changes. 

Once integrated, the data obtained will further our understanding of the 

pathology of DC and processes of abnormal fibroblast differentiation.

Publications H.C. Hennies

Dolmans GH, Werker PM, Hennies HC, on behalf 

of the German Dupuytren Study Group, Furniss 

D, Festen EA, Franke L, Becker K, van der Vlies P, 

Wolffenbuttel BH, on behalf of ‚LifeLines Cohort 

Study‘, Tinschert S, Toliat MR, Nothnagel M, Franke 

A, Klopp N, Wichmann HE, Nürnberg P, Giele H, on 

behalf of the BSSH GODD Consortium, Ophoff RA, 

Wijmenga C (2011) WNT-signaling and Dupuy-

tren‘s disease. New Engl J Med in press

Oji V, Eckl KM, Aufenvenne K, Nätebus M, Tarinski 

T, Ackermann K, Seller N, Metze D, Nürnberg G, 

Fölster-Holst R, Schäfer-Korting M, Hausser I, 

Traupe H, Hennies HC (2010) Loss of corneodesmo-

sin leads to severe skin barrier defect, pruritus and 

atopy: unraveling the peeling skin disease. Am J 

Hum Genet 87: 274-281

Alef T, Torres S, Hausser I, Metze D, Türsen Ü, 

Lestringant GG, Hennies HC (2009) Ichthyosis, 

follicular atrophoderma, and hypotrichosis caused 

by mutations in ST14 is associated with impaired 

profilaggrin processing. J Invest Dermatol 129: 

862-869 

Zur Stadt U, Rohr J, Seifert W, Koch F, Grieve S, 

Pagel J, Strauß J, Kasper B, Nürnberg G, Becker 

C, Maul-Pavicic A, Beutel K, Janka G, Griffiths G, 

Ehl S, Hennies HC (2009) Mutations in STXBP2 

(Munc18-2) cause familial hemophagocytic 

lymphohistiocytosis type 5 (FHL-5) by impairing 

the interaction with syntaxin 11. Am J Hum Genet 

85: 482-492

Hennies HC, Kornak U, Zhang H, Egerer J, Zhang 

X, Seifert W, Kühnisch J, Budde B, Nätebus M, Bran-

cati F, Wilcox WR, Müller D, Kaplan PB, Rajab A, 

Zampino G, Fodale V, Dallapiccola B, Newman W, 

Metcalfe K, Clayton-Smith J, Tassabehji M, Stein-

mann B, Barr FA, Nürnberg P, Wieacker P, Mundlos 

S (2008) Gerodermia osteodysplastica is caused by 

mutations in SCYL1BP1, a Rab-6 interacting golgin. 

Nat Genet 40: 1410-1412 

Publications P. Nürnberg

Dolmans GH, Werker PM, Hennies HC, on behalf of the 

German Dupuytren Study Group, Furniss D, Festen EA, 

Franke L, Becker K, van der Vlies P, Wolffenbuttel BH, 

on behalf of ‚LifeLines Cohort Study‘, Tinschert S, Toliat 

MR, Nothnagel M, Franke A, Klopp N, Wichmann HE, 

Nürnberg P, Giele H, on behalf of the BSSH GODD Con-

sortium, Ophoff RA, Wijmenga C (2011) WNT-signaling 

and Dupuytren‘s disease. New Engl J Med in press

Kalay E, Yigit G, Aslan Y, Brown KE, Pohl E, Bicknell LS, 

Kayserili H, Li Y, Tüysüz B, Nürnberg G, Kiess W, Koegl M, 

Baessmann I, Buruk K, Toraman B, Kayipmaz S, Kul S, Ik-

bal M, Turner DJ, Taylor MS, Aerts J, Scott C, Milstein K, 

Dollfus H, Wieczorek D, Brunner HG, Hurles M, Jackson 

AP, Rauch A, Nürnberg P, Karagüzel A, Wollnik B (2010) 

CEP 152 is a genome maintenance protein disrupted in 

Seckel syndrome. Nat Genet 43(1):23-6. Epub 2010 Dec 

5.PMID: 21131973

Henneke M, Diekmann S, Ohlenbusch A, Kaiser J, Engel-

brecht V, Kohlschütter A, Krätzner R, Madruga-Garrido 

M, Mayer M, Opitz L, Rodriguez D, Rüschendorf F, 

Schumacher J, Thiele H, Thoms S, Steinfeld R, Nürnberg 

P, Gärtner J (2009) RNASET2-deficient cystic leukoen-

cephalopathy resembles congenital cytomegalovirus 

brain infection. Nat Genet. Jul;41(7):773-5. Epub 

2009 Jun 14.PMID: 19525954

Rutsch F, Gailus S, Miousse IR, Suormala T, Sagné C, 

Toliat MR, Nürnberg G, Wittkampf T, Buers I, Sharifi 

A, Stucki M, Becker C, Baumgartner M, Robenek 

H, Marquardt T, Höhne W, Gasnier B, Rosenblatt 

DS, Fowler B, Nürnberg P (2009) Identification of 

a putative lysosomal cobalamin exporter altered 

in the cblF defect of vitamin B12 metabolism.  Nat 

Genet. Feb;41(2):234-9. Epub 2009 Jan 11.PMID: 

19136951

Budde BS, Namavar Y, Barth PG, Poll-The BT, Nürn-

berg G, Becker C, van Ruissen F, Weterman MA, 

Fluiter K, te Beek ET, Aronica E, van der Knaap MS, 

Höhne W, Toliat MR, Crow YJ, Steinling M, Voit T, 

Roelenso F, Brussel W, Brockmann K, Kyllerman M, 

Boltshauser E, Hammersen G, Willemsen M, Basel-

Vanagaite L, Krägeloh-Mann I, de Vries LS, Sztriha 

L, Muntoni F, Ferrie CD, Battini R, Hennekam RC, 

Grillo E, Beemer FA, Stoets LM, Wollnik B, Nürnberg 

P, Baas F (2008) tRNA splicing endonuclease muta-

tions cause pontocerebellar hypoplasia.  Nat Genet. 

Sep;40(9):1113-8.PMID: 18711368

1

2

3

Prof. Peter Nürnberg

Dr. Hans Christian Hennies

1  & 2    Increased contractility of myofibroblasts 

obtained from Dupuytren disease patients compared to 

cells from unaffected individuals as shown by floating 

collagen populated with myofibroblasts.

3  Distribution of age at onset (represented by age 

at first surgery) of Dupuytren contracture in male and 

female patients. Materials from a total of 560 clinically 

characterized cases have been sampled for the study so 

far.
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Inflammation is now recognized as a critical player in the pathogenesis of 

multiple human diseases and as an important risk factor for cancer develop-

ment. The IKK/NF-B signaling pathway regulates immune and inflammatory 

responses and is implicated in the pathogenesis of a number of aging-

associated diseases. Our group is studying the mechanisms by which NF-B 

signaling controls cellular responses to infection and injury and affects the 

pathogenesis of chronic inflammatory diseases. Using conditional mouse 

models, we have shown that NF-B signaling in epithelial cells of the skin 

and the intestine is required for the maintenance of immune homeostasis 

in these tissues. Our experiments have also revealed an unexpected func-

tion of IKK/NF-B signaling in liver parenchymal cells, where it acts to prevent 

chronic inflammation and the development of hepatocellular carcinoma. In 

addition, we have shown that NF-B activation is a critical pathogenic factor 

for atherosclerosis in vascular endothelial cells, as it induces the expression 

of adhesion molecules and chemo-attractants that recruit monocytes into 

developing plaques. These signaling pathways therefore continue to show 

rich potential as targets for clinical intervention with age-related diseases.

Prof. Manolis Pasparakis
Head of Research Area C
Principal Investigator
Institute for Genetics

Gareus R, Kotsaki E, Xanthoulea S, van der Made I, 

Gijbels MJ, Kardakaris R, Polykratis A, Kollias G, de 

Winther MP, Pasparakis M (2008) Endothelial cell-

specific NF-kappaB inhibition protects mice from 

atherosclerosis. Cell Metab 8(5): 372-383

Ermolaeva MA, Michallet MC, Papadopoulou N, 

Utermohlen O, Kranidioti K, Kollias G, Tschopp J, 

Pasparakis M (2008) Function of TRADD in tumor 

necrosis factor receptor 1 signaling and in TRIF-

dependent inflammatory responses. Nat Immunol 

9(9): 1037-1046

Nenci A, Becker C, Wullaert A, Gareus R, van 

Loo G, Danese S, Huth M, Nikolaev A, Neufert C, 

Madison B, Gumucio D, Neurath MF, Pasparakis M 

(2007) Epithelial NEMO links innate immunity to 

chronic intestinal inflammation. Nature 446(7135): 

557-561

Luedde T, Beraza N, Kotsikoris V, van Loo G, Nenci 

A, De Vos R, Roskams T, Trautwein C, Pasparakis 

M (2007) Deletion of NEMO/IKKgamma in liver 

parenchymal cells causes steatohepatitis and he-

patocellular carcinoma. Cancer Cell 11(2): 119-132

Gareus R, Huth M, Breiden B, Nenci A, Rosch N, 

Haase I, Bloch W, Sandhoff K, Pasparakis M (2007) 

Normal epidermal differentiation but impaired 

skin-barrier formation upon keratinocyte-restricted 

IKK1 ablation. Nat Cell Biol 9(4): 461-469

1  Reduced atherosclerosis development in 

ApoE-/- mice with NF-B inhibition in endothelial 

cells. En-face staining of dissected aortas with 

Sudan IV showed that ApoE-/- mice expressing 

DNIB in endothelial cells were protected from 

the development of atherosclerotic plaques upon 

feeding with a high-cholesterol diet for 10 weeks, 

while ApoE-/- littermate controls showed severe 

atherosclerosis.

2  Section from mouse skin stained with antibod-

ies recognising keratin 14 (green) that is expressed 

in basal keratinocytes, and keratin 10 (red) that is 

expressed in suprabasal keratinocytes. Nuclei are 

counterstained with DAPI (blue).

1

2
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Research in our group focuses on the role of extracellular matrix (ECM)-

proteins in the development of aging-associated diseases. Within the 

framework of CECAD, we have specifically addressed the roles of testicans 

as mainly CNS-expressed ECM-proteins in the central nervous control of 

energy homeostasis and obesity development. We have demonstrated that 

mice deficient for all 3 testican isoforms develop an obese phenotype and 

currently following up on the question, how testicans may regulate extra-

cellular bioavailability of neuropeptides and neurotransmitters, which are 

critical for control of food intake and energy expenditure. In a second series 

of experiments we aimed to define alterations in ECM-composition dur-

ing the development of diabetic retinopathy. Here, we planned to perform 

longitudinal experiments in a mouse model of genetically determined insulin 

resistance through combined heterozygous deficiency for the insulin recep-

tor (IR) and the insulin receptor substrate (IRS)-1 protein. Surprisingly, while 

these animals exhibited the pre-described phenotype of insulin resistance 

and glucose intolerance at a younger age, they were protected from aging-

asscoaited deterioration of glucose metabolism as observed in control ani-

mals. Thus, this model sets the ground to resolve the apparent controversy 

of insulin resistance contributing to diabetes development in mammals and 

the life-extending effect of genetically determined insulin resistance in lower 

model organisms. Therefore, ongoing studies focus on the elucidation of 

the molecular basis of how genetically determined partial insulin resistance 

protects from age-related impairment of glucose homeostasis in mice. Such 

information could then be usefully translated into new approaches to com-

bating diabetes in the elderly.

Prof. Mats Paulsson
Principal Investigator
Institute for Biochemistry II

Hansen U, Platz N, Becker A, Bruckner P, Paulsson 

M, Zaucke F (2011) A secreted variant of cartilage 

oligomeric matrix protein carrying a chondrodys-

plasia-causing mutation (p.H587R) disrupts col-

lagen fibrillogenesis. Arthritis Rheum. 63, 159-167

Otten C, Hansen U, Talke A, Wagener R, Paulsson 

M, Zaucke F (2010) A matrilin-3 mutation associ-

ated with osteoarthritis does not affect collagen 

affinity but promotes the formation of wider carti-

lage collagen fibrils. Human Mutation 31, 254-263

Ehlen HWA, Sengle G, Klatt AR, Talke A, Müller S, 

Paulsson M, Wagener R (2009) Proteolytic process-

ing causes extensive heterogeneity of tissue 

matrilin forms. J. Biol. Chem. 284, 21545-21556

Gara SK, Grumati P, Urciuolo A, Bonaldo P, Kobbe 

M, Paulsson M, Wagener R (2008) Three novel 

collagen VI chains with high homology to the a3 

chain. J. Biol. Chem. 283, 10658-10670

Gebauer JM, Müller S, Hanisch FG, Paulsson M, Wa-

gener R (2008) O-glucosylation and O-fucosylation 

occur together in close proximity on the first EGF 

repeat of AMACO (VWA2 protein). J. Biol. Chem. 

283, 17846-17854

1  Body weight, body length, relative weight of white 

adipose tissue and serum leptin levels were measured 

at 1, 3, 6, 9 and 12 months of age. DH: male mice het-

erozygous null for the insulin receptor and the insulin 

receptor substrate-1, WT: wildtype littermates. Values 

represent means +/- SEM.

2  Glucose tolerance tests (GTT). Blood glucose con-

centrations of 16 h fasted mice were measured before 

and after intraperitoneal glucose injection. Tests were 

performed at 1, 3, 6, 9 and 12 months. DH: male mice 

heterozygous null for the insulin receptor and insulin 

receptor substrate-1, WT: wildtype littermates. Values 

represent means +/- SEM.

3  Sections of pancreas of male mice of the indicated 

age were stained with hematoxylin/ eosin (left panel). 

Serum insulin levels were measured by ELISA. DH: male 

mice heterozygous null for the insulin receptor and 

insulin receptor substrate-1, WT: wildtype littermates. 

Values represent means +/- SEM.

4  Protein extracts from the livers of 3 mice at the 

indicated age were resolved on SDS-PAGE, blotted and 

probed with antibodies against components of the 

insulin-signaling cascade (insulin receptor (IR), insulin 

receptor substrate (IRS-1), protein kinase B (Akt), 

glycogen synthase kinase-3 (GSK-3), transcription factor 

FOXO1), the insulin-dependent glucose transporter 

GLUT-4 or the IGF-1 receptor. 

1

32

4
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Our laboratory’s research is focused on the analysis of signaling pathways 

that are activated in response to DNA damage. These signaling cascades 

serve to maintain genomic integrity and genes involved in the DNA damage 

response are among the most commonly mutated genes in human cancers. 

In addition to their causal role in cancer susceptibility, genes involved in ge-

nome integrity and maintenance have been linked to a variety of premature 

aging syndromes. While these disabling mutations within the DNA damage 

response network clearly promote tumorigenesis, they are also commonly 

associated with vulnerabilities that are specific to these genetic lesions. For 

example, cancer cells that have lost the prominent tumor suppressor p53 

rely on genes such as ATM, Chk2 or MK2 to survive chemotherapy-induced 

DNA damage. In our research we use mouse models and primary cells from 

humans and mice to characterize these genetic interactions, our ultimate 

goal being to develop tailored therapies that will target the specific vulner-

abilities of tumor cells. We are currently investigating DNA-PKcs as a drug 

target for the treatment of human tumors that carry mutations in the DNA 

damage response gene ATM. We have shown that ATM-deficient tumors rely 

on the protein kinase DNA-PKcs for their survival after exposure to DNA-

damaging chemotherapy. Intriguingly, ATM appears to be mutated in almost 

20% of all human carcinomas. Thus, exploiting a vulnerability that is specific 

to these tumors holds great promise for future cancer therapy.

Dr. Christian Reinhardt
Principal Investigator
Department of Internal Medicine I

Reinhardt HC, Hasskamp P, Schmedding I, Moran-

dell S, van Vugt MATM, Wang X, Linding R, Ong 

S-E, Weaver D, Carr SA, Yaffe MB (2010) DNA Dam-

age Activates a Spatially Distinct Late Cytoplasmic 

Cell-Cycle Checkpoint Network Controlled by 

MK2-Mediated RNA Stabilization. Molecular Cell 

40(1): 34-49

Jiang H*, Reinhardt HC*, Bartkova J, Tommiska 

J, Blomqvist C, Nevanlinna H, Bartek J, Yaffe MB, 

Hemann MT (2009) The combined status of ATM 

and p53 link tumor development with therapeutic 

response. Genes Dev

Janes KA*, Reinhardt HC*, Yaffe MB (2008) 

Cytokine-induced signaling networks prioritize 

dynamic range over signal strength. Cell 135(2): 

343-354

Reinhardt HC, Aslanian AS, Lees JA, Yaffe MB 

(2007) p53-deficient cells rely on ATM- and 

ATR-mediated checkpoint signaling through the 

p38MAPK/MK2 pathway for survival after DNA 

damage. Cancer Cell 11(2): 175-189

Wilker EW, van Vugt MA, Artim SA, Huang PH, Pe-

tersen CP, Reinhardt HC, Feng Y, Sharp PA, Sonen-

berg N, White FM, Yaffe MB (2007) 14-3-3sigma 

controls mitotic translation to facilitate cytokine-

sis. Nature 446(7133): 329-332

1  A simplified model depicting molecular details 

of the cell cycle checkpoint pathways activated in 

response to DNA damage. Recent work from our group 

elucidated a early, Chk1-dependent nuclear checkpoint 

and the late MK2-dependent cytoplasmic checkpoint. 

Dashed arrows between ATM/ATR and p38/MK2 indi-

cate intermediate steps that are not well characterized. 

The MK2-mediated cytoplasmic checkpoint is sustained 

through a positive feedback loop. Following nuclear 

activation, the p38/MK2-signaling complex re-localizes 

to the cytoplasm through a Crm1 dependent transport 

mechanism. MK2-mediated hnRNP A0 and PARN 

phosphorylation, as well as p38-dependent TIAR phos-

phorylation are required to stabilize Gadd45α mRNA, 

resulting in increased Gadd45α protein levels. Gadd45α 

itself is then required to maintain MK2 activity in the 

cytoplasm.1

103CECAD Annual Report 2009 - 2011102 CECAD Annual Report 2009 - 2011



Axonal degeneration may follow a traumatic, toxic, metabolic, or genetic in-

sult to axons. Chronic processes of degeneration in axons play an important 

role in several common neurodegenerative diseases, occurring well before 

the death of the neuronal cell bodies and often accounting for the first 

symptoms in patients. The mechanisms that lead to a loss of axons are still 

poorly understood. Research in our laboratory focuses on the pathogenic 

mechanisms underlying hereditary spastic paraplegia (HSP), a model disease 

for the study of axonal degeneration. HSP is an adult-onset disorder, charac-

terized by progressive weakness and spasticity of the lower limbs and caused 

by retrograde degeneration of the corticospinal axons. HSP is genetically 

heterogeneous, and in recent years enormous progress has been made in 

mapping and cloning several of the genes involved. The goal of our research 

is to establish why ubiquitously expressed genes cause selective degenera-

tion of a subset of axons in the body, whether any of the pathogenic steps 

are reversible, and what interventions can be devised to block or slow down 

progression of the phenotype.

Prof. Elena Rugarli
Principal Investigator 
Cologne Biocenter

Ehses S, Raschke I, Mancuso G, Bernacchia A, 

Geimer S, Tondera D, Martinou JC, Westermann B, 

Rugarli EI*, Langer T* (2009) Regulation of OPA1 

processing and mitochondrial fusion by m-AAA 

protease isoenzymes and OMA1. J Cell Biol 187: 

1023-1036 *shared last authorship

Martinelli P, La Mattina V, Bernacchia A, Magnoni 

R, Cerri F, Cox G, Quattrini A, Casari G, Rugarli EI 

(2009) Genetic interaction between the m-AAA 

protease isoenzymes reveals novel roles in cerebel-

lar degeneration. Hum Mol Genet 18: 2001-2013 

Riano E, Martignoni M, Mancuso G, Cartelli D, 

Crippa F, Toldo I, Siciliano G, Di Bella D, Taroni F, 

Bassi MT, Cappelletti G, Rugarli EI (2009) Pleiotro-

pic effects of spastin on neurite growth depending 

on expression levels. J Neurochem 108:1277-1288

Mancuso G, Rugarli EI (2008) A cryptic promoter in 

the first exon of the SPG4 gene directs the synthe-

sis of the 60 kDa spastin isoform. BMC Biol., 6: 31

Martignoni M, Riano E, Rugarli EI (2008) The 

role of ZFYVE27/protrudin in hereditary spastic 

paraplegia. Am. J. Hum. Genet., 83: 127-128a

1

2

1  Our group is studying the pathogenic 

mechanisms underlying several neurodegenera-

tive disorders characterized by degeneration of 

axons in the central nervous system. Two diseases, 

hereditary spastic paraplegia affecting the motor 

axons, and spinocerebellar ataxia leading to lack 

of motor coordination, are caused by mutations 

in paraplegin and AFG3L2, respectively. These 

two proteins are subunits of large proteolytic 

complexes in mitochondria: the m-AAA proteases.

2  We develop mouse models to study the 

pathways leading to the degeneration of axons, 

when the m-AAA protease is mutated. Loss of 

Afg3l2 causes severe developmental defects in the 

brain, such as abnormal development of Purkinje 

cells in the cerebellum (B). A normal cerebellum is 

shown in A. Abnormal mitochondria accumulate in 

spinal axons of paraplegin-deficient mice (C), or in 

Purkinje cells of double mutant Spg7-/- Afg3l2 +/- 

mice (D). Our goal is to understand the molecular 

processes leading to abnormal mitochondria 

morphology and function and to loss of axons. 
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Patients suffering from type 2 diabetes (T2DM) or midlife obesity have a 

two- to three-fold increased risk for Alzheimer‘s disease (AD). This might 

be explained by vascular complications of T2DM leading to neurodegenera-

tion. Alternatively, neuronal resistance for insulin/insulin-like growth factor-1 

(IGF-1) might represent a molecular link between T2DM, obesity and AD. 

In line with this hypothesis, insulin receptor (IR) and IGF-1 receptor (IGF-

1R) signaling (IIS) is markedly disturbed in the central nervous system of 

AD patients. Similar changes in the IIS have been reported in animals fed a 

high-fat diet and in human patients with T2DM, suggesting that decreased 

IR/IGF-1R signaling might be the common molecular basis of T2DM and AD. 

Our present work reveals that neuron-specific inactivation of the IGF-1R 

rescues premature mortality and reduces the β-amyloid burden in a mouse 

model for AD via decreased amyloid precursor protein processing. Further-

more, deletion of one copy of the hippocampal IGF-1R in neurons reduced 

age-associated weight gain, independent of food intake. Indirect calorimetry 

revealed increased energy expenditure in mice heterozygous for the IGF-

1R, predominantly in the hippocampus. We conclude that IGF-1 mediated 

signals in the hippocampus influence mortality and β-amyloid accumulation 

in AD and also play a role in age-associated weight gain. The next step will 

be to identify the molecular mechanisms involved. 

Dr. Markus Schubert
Principal Investigator
Department of Internal Medicine II

Stöhr O, Hahn J, Moll L, Leeser U, Freude S, Bernard 

C, Schilbach K, Markl A, Udelhoven M, Krone W, 

Schubert M (2011) Insulin receptor substrate-1 and 

-2 mediate resistance to glucose-induced caspase-3 

activation in human neuroblastoma cells. Biochim 

Biophys Acta. May;1812(5):573-80 

Udelhoven M, Leeser U, Freude S, Hettich 

MM, Laudes M, Schnitker J, Krone W, Schubert 

M (2010) Identification of a region in the human 

IRS2 promoter essential for stress induced tran-

scription depending on SP1, NFI binding and ERK 

activation in HepG2 cells. J Mol Endocrinol 44:99-

113

Freude S, Schilbach K, Schubert M (2009) The role 

of IGF-1 receptor and insulin receptor signaling 

for the pathogenesis of Alzheimer‘s disease: from 

model organisms to human disease.Curr Alzheimer 

Res 6:213-23

Freude S, Hettich MM, Schumann C, Stöhr O, 

Koch L, Köhler C, Udelhoven M, Leeser U, Müller 

M, Kubota N, Kadowaki T, Krone W, Schröder H, 

Brüning JC, Schubert M (2009) Neuronal IGF-1 re-

sistance reduces Abeta accumulation and protects 

against premature death in a model of Alzheimer‘s 

disease. FASEB J 23:3315-24

Freude S, Leeser U, Müller M, Hettich MM, Udel-

hoven M, Schilbach K, Tobe K, Kadowaki T, Köhler 

C, Schröder H, Krone W, Brüning JC, Schubert M 

(2008) IRS-2 branch of IGF-1 receptor signaling is 

essential for appropriate timing of myelination. J 

Neurochem. 107:907-17

1  Schematic drawing of APP cleavage by the, α-, β-, 

γ-secretases. β-amyloid peptides are released from the 

amyloid precursor protein (APP) via simultaneous cleav-

age by the β- and γ-secretases. APPs: soluble APP; CTF: 

c-terminal fragment; AICD: APP intracellular domain.

2  Neuron-specific IGF-1R deletion rescues premature 

mortality and reduces β-amyloid burden in a mouse 

model for Alzheimer‘s disease (Tg2576 mice). a) 

Kaplan-Meier analysis of Tg2576, wild-type, hippocam-

pal nIGF-1R-/- as well as mice nIGF-1R-/-/Tg2576 mice. 

b) APP processing and Aβ1-40-concentration in brains 

of the different genotypes.

APP: Amyloid precursor protein, CTF: c-terminal frag-

ments of APP

3  Postnatal growth of mice heterozygous for the IGF-

1R predominantly in the hippocampus.

4  Indirect calorimetry of mice heterozygous for the 

IGF-1R predominantly in the hippocampus.

1

2

3 4
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Aging is strongly correlated with a host of human pathologies, most 

prominently cancer and neurodegenerative diseases such as Alzheimer’s and 

Parkinson’s disease, but also general functional decline. It is therefore of 

matter of importance to further our understanding of the mechanisms un-

derlying human aging. DNA damage has been shown to play a central role 

in cancer and, more recently, in premature aging. The causal role of DNA 

damage in cancer and aging is particularly apparent in human patients with 

inborn deficiencies in nucleotide excision repair (NER). There are two distinct 

branches of initial damage recognition: global genome (GG) NER scans the 

entire genome for helix-distorting DNA lesions, while transcription-coupled 

repair (TCR) detects lesions in actively transcribed genes. Strikingly, GG-NER 

defects lead to skin cancer prone Xeroderma pigmentosum (XP) whereas 

defective TCR gives rise to the premature aging (progeroid) syndromes 

Cockayne syndrome (CS) and trichothiodystrophy (TTD). Our research group 

is using the genetic model organism Caenorhabditis elegans as well as mam-

malian disease models in studies designed to unravel the molecular mecha-

nisms through which DNA damage contributes to aging.

Dr. Björn Schumacher
Principal Investigator
CECAD Cologne at the Institute for Genetics

Garinis GA, Uittenboogaard LM, Stachelscheid 

H, Fousteri M, van Ijcken W, Breit TM, van Steeg 

H, Mullenders LH, van der Horst GT, Bruning JC, 

Niessen CM, Hoeijmakers JH, Schumacher B (2009) 

Persistent transcription-blocking DNA lesions trig-

ger somatic growth attenuation associated with 

longevity. Nat Cell Biol 11(5): 604-615

Schumacher B (2009) Transcription-blocking DNA 

damage in aging: a mechanism for hormesis. 

Bioessays 31(12): 1347-1356

Garinis GA, Schumacher B (2009) Transcription-

blocking DNA damage in aging and longevity. Cell 

Cycle 8(14)

Schumacher B, Hanazawa M, Lee M, Nayak S, 

Volkmann K, Hofmann R, Hengartner M, Schedl 

T, Gartner A (2005) Translational Repression of 

C. elegans p53 by GLD-1 regulates DNA damage 

induced apoptosis. Cell, 11 February; 120: 357-368

Schumacher B, van der Pluijm I, Moorhouse MJ, 

Kosteas T, Robinson AR, Suh Y, Breit TM, van Steeg 

H, Niedernhofer LJ, van Ijcken W, Bartke A, Spindler 

SR, Hoeijmakers JH, van der Horst GT, Garinis GA 

(2008b) Delayed and accelerated aging share com-

mon longevity assurance mechanisms. PLoS Genet 

4(8): e1000161

1  Excision repair in cancer and aging. UV lesions 

and helix-distorting chemical adducts are recognized 

and repaired by a multi-protein nucleotide excision 

repair (NER) complex comprising two pathways: global 

genome (GG) NER and transcription-coupled excision 

repair (TCR). Patients with a defective GG-NER pathway 

are highly susceptible to skin cancer, whereas defects 

in TCR lead to progeroid syndromes. Reproduced from 

Schumacher, Bioessays 2009.

1
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Prof. Günter Schwarz
Principal Investigator
Institute for Biochemistry

Anchoring and clustering of neuroreceptors is vital for correct signal trans-

mission in the central nervous system. The protein gephyrin plays a critical 

role in the organization of postsynaptic structures at glycinergic and GA-

BAergic synapses. We have determined the structures of both the N- and 

C-terminal domains of gephyrin, identified the binding site of the glycine 

receptor and described key motifs for gephyrin clustering. The functional 

diversity and specificity of gephyrin is believed to depend on a number of 

splice-variants that are expressed in a tissue-specific manner and are most 

complex in the brain. Our investigations of gephyrin expression in the hippo-

campus of patients with intractable TLE revealed irregular gephyrin expres-

sion in the cornu ammonis with four abnormally spliced gephyrin variants. 

All TLE gephyrins identified have oligomerization deficits, and curtail hip-

pocampal postsynaptic gephyrin and GABA receptor subunits while interact-

ing with regularly spliced gephyrins. We aim to identify the pathomechanism 

that leads to the formation of mis-spliced gephyrins and uncover the mode 

of dominant negative interaction between native and TLC-gephyrins. Target-

ing of these pathological protein-protein interactions could form a basis for 

novel treatments of TLE and other epilepsies associated with gephyrin-medi-

ated receptor dysfunction in the developing and aging brain.

Förstera B, Belaidi AA, Jüttner R, Bernert C, Lehm-

ann TN, Horn P, Schwarz G, Meier JC (2010) Ir-

regular RNA splicing curtails postsynaptic gephyrin 

in the cornu ammonis of epilepsy patients. Brain 

133: 3778-94

Veldman A, Santamaria-Araujo JS, Sollazzo S, Pitt 

J, Gianello R, Yaplito-Lee J, Wong F, Ramsden CA, 

Reiss R, Cook I, Fairweather J, and Schwarz G* 

(2010) Successful Treatment of Molybdenum Co-

factor Deficiency Type A with Cyclic Pyranopterin 

Monophospate. Pediatrics 125: 1249-54

Schwarz G*, Mendel RR, Ribbe WM (2009) Molyb-

denum cofactors, enzymes and pathways. Nature 

460: 839-47

Fritschy JM, Harvey R, Schwarz G (2008) Gephyrin: 

Where do we stand, where do we go? Trends in 

Neuroscience 31: 257-64

Smolinsky B, Meier JC, Buchmeier S, Schwarz G* 

(2008) Splice-specific functions of gephyrin in 

molybdenum cofactor biosynthesis. J Biol Chem 

283: 17370-9

Lardi-Studler B, Smolinsky B, Petitjean CM, Koenig 

F, Sidler C, Meier JC, Fritschy JM, Schwarz G (2007) 

Vertebrate-specific sequences in the gephyrin 

E-domain regulate cytosolic aggregation and post-

synaptic clustering. J Cell Sci. 120:1371-82

1  Gephyrin is crucial for the transport, clustering and 

normal dynamics of inhibitory glycine and GABA type A 

receptors. Recently, reduced gephyrin immunoreactivity 

has been reported in the hippocampus of patients with 

temporal lobe epilepsy (TLE). We have investigated ge-

phyrin expression in the hippocampus of patients with 

intractable TLE and found irregular gephyrin expression 

in the cornu ammonis with four abnormally spliced 

gephyrin variants (Fig. 1, upper panel). All TLE gephyrins 

so far identified have oligomerisation deficits and show 

increased degradation (Fig. 1, left panel). They also 

curtail hippocampal postsynaptic gephyrin and GABA 

receptor 2 subunits while interacting with regularly 

spliced gephyrins (Fig. 1, panel A-E; expression of TLE 

variants in hippocampal neurons with co-localisation of 

VIAAT and gephyrin (colored yellow)). The observa-

tion that cellular stress can trigger irregular splic-

ing of gephyrin could lead to a breakthrough in our 

understanding of the molecular mechanisms underlying 

age-associated neuronal disorders such as TLE. Förstera 

et al. 2010, Brain 133: 3778.

1
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Plasma membranes and membranes of subcellular compartments of all 

mammalian cells are assembled from proteins attached or integrated into a 

lipid bilayer. Rapid enzymatic modifications of the polar head groups of the 

lipids and their fatty acyl-substituents render the lipid bilayer highly adapt-

able and optimize lipid-protein interactions. Advances in lipidomics applied 

to genetic models in which defined lipid structures are modified have now 

revealed functional correlations between specific lipid molecules and mem-

brane protein functions accompanying adaptive changes in gene expression 

during development, aging or dysregulation of cellular homeostasis. 

Our laboratory is researching the systemic and/or cell specific role of phos-

pholipids substituted with mono- and polyunsaturated fatty acid (PUFAs) 

in cell membrane organization (cell polarity) and function, chiefly in the 

membrane stacks of photoreceptor outer segments of retina. ω3- and ω6-

PUFAs are highly vulnerable to autoxidation and are therefore key targets of 

“oxidative stress”. They are closely involved in the pathogenesis of athero-

sclerosis, brain development, age-related macula degeneration (AMD) and 

skin diseases. AMD is the main cause of vision impairment and blindness 

in the elderly. It has been proposed that AMD and retinitis pigmentosa are 

linked to 22:6 deficiency and/or their photo-autoxydation. Our ∆6-fatty acid 

deficient and auxotrophic mouse mutant (fads2) will allow us to address 

these and other phenotypic traits of the mutant.

Prof. Wilhelm Stoffel
Principal Investigator
Laboratory of Molecular Neuroscience

Stoffel W, Holz B, Jenke B, Binczek E, Günter RH, 

Kiss C, Karakesisoglou I, Thevis M, Weber AA, 

Arnhold S, Addicks K (2008) Delta6-desaturase 

(FADS2) deficiency unveils the role of omega3- and 

omega6-polyunsaturated fatty acids. EMBO J. 

27:2281-92

Binczek E, Jenke B, Holz B, Günter RH, Thevis M, 

Stoffel W (2007) Obesity resistance of the stearoyl-

CoA desaturase-deficient (scd1-/-) mouse results 

from disruption of the epidermal lipid barrier 

and adaptive thermoregulation. Biol Chem  388 : 

405-18

Stoffel W, Jenke B, Holz B, Binczek E, Günter 

RH, Knifka J, Koebke J, Niehoff A (2007)Neutral 

sphingomyelinase (SMPD3) deficiency causes a 

novel form of chondrodysplasia and dwarfism that 

is rescued by Col2A1-driven smpd3 transgene 

expression. Am J Pathol 171:153-61 

1

1  HE stained cross section of A wild type 

seminiferous tubulus and E ovary; of adult male 

and female fads2-/- mmice, supplemented B and 

F with  linoleic adid (18:2): no rescue; C and G  

arachidonic acid (20:4): no rescue, and D and H: 

docosahexaenoic acid 22:6 (DHA): complete rescue 

of male and female fertility.

Arrows point to : mature spermatozoa in A and 

D, round immature spermatocytes  in B and C; to 

mature oocytes and all stages of oogenesis E and 

H, degenerated follicles in F and G.

Comment: 

Male and female fads2null mice are infertile 

due to loss of cell polarity in testis and ovary. 

This genetically induced membrane defect and 

infertility of both genders can be overcome by the 

dietary supply of one specific polyenoic fatty acid: 

docosahexaenoic acid (DHA), which is essential in 

the phospholipid-bilayer for ordered arrangement 

of integral membrane proteins of tight, adherens 

and gap junction in specialized tissues such as 

gonads and central nervous tissue. Our results 

challenge the fluid membrane structure  dogma, in 

which polyenoic fatty acids are simply “membrane 

liquidizers”, but indicate specific functions of DHA 

not only for reproduction and species survival, 

as shown here, but also for brain development 

and function, e.g. visual system, which is another 

aspect of our project.
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Mitochondrial dysfunction has been linked to the pathogenesis of many 

aging-associated diseases such as heart failure, diabetes and Parkinson‘s 

disease. Recently, we provided the first direct evidence that an accelerat-

ing mtDNA mutation rate can result in premature aging. However, little is 

known about the molecular mechanisms connecting an increased incidence 

of mtDNA mutations to the development of premature aging phenotypes. 

In particular, there is limited information available on the key steps that link 

mitochondrial dysfunction with the global control of nuclear gene expres-

sion. Using the roundworm Caenorhabditis elegans as well as transgenic and 

conditional knockout mice as model systems, our group is studying the role 

of mitochondrial dysfunction in determining life-span. Specifically, our stud-

ies focus on: (i) molecular mechanisms of aging driven by increased mtDNA 

mutation load; (ii) regulation of mitochondrial protein synthesis and quality 

control during aging; (iii) signaling pathways that determine longevity and 

are triggered by mitochondrial dysfunction. 

Dr. Aleksandra Trifunovic
Principal Investigator
Institute for Genetics

Kukat A, Edgar D, Bratic I, Maiti P, Trifunovic A (2011) 

Random mtDNA mutations modulate proliferation ca-

pacity in mouse embryonic fibroblasts. Biochem Biophys 

Res Commun. May 7 [Epub ahead of print] 

Bratic I, Hench J, Trifunovic A (2010) C. elegans as a 

model system for mtDNA replication defects. Methods 

Aug;51(4):437-43. Epub 2010 Mar 15

Edgar D, Shabalina I, Camara Y, Wredenberg A, 

Calvaruso MA, Nijtmans  L, Nedergaard J, Cannon B, 

Larsson NG,  Trifunovic A (2009) Random point muta-

tions with major effects on protein coding genes drive 

premature ageing in mtDNA mutator mice. Cell Metab; 

(10):131-138

Bratic I, Hench J, Henriksson J, Antebi A, Burglin T, Trifu-

novic A (2009) Mitochondrial DNA levels, but not mito-

chondrial DNA polymerase, are essential for C. elegans 

development. Nucleic Acids Res. Apr;37(6):1817-28. 

Stewart JB, Freyer C, Elson JL, Wredenberg A, Cansu Z, 

Trifunovic A, Larsson NG (2008) Purifying selection in 

transmission of mammalian mitochondrial DANN. PLoS 

Biol Jan;6(1):e10

1  In order to study the role of mitochondrial 

(dys)function in lifespan determination in round-

worm C. elegans, we have developed a diagnostic 

toolbox that gives a more holistic picture of the 

metabolic state and energy storage simultaneously 

at the level of the organism and of the tissue. As 

a start-up point we have compared C. elegans 

morphology visualized by H&E staining (A) and 

DIC images (B) of adult wild-type worms at Day 

1 of adulthood. p-pharynx, n-nucleus, v-vulva, e- 

embryo, g-germline, m–body wall muscle, o-oocyte, 

i-intestine. 

2  The creation of mtDNA-mutator mice has 

provided the first direct evidence that accelerat-

ing mtDNA mutation rate can result in premature 

aging, in line with the view that loss of mitochon-

drial function is a major causal factor in aging 

(Trifunovic et al., 2004). Our latest results strongly 

argue that the observed phenotypes are a direct 

consequence of the accumulation of mtDNA point 

mutations leading to the synthesis of respiratory 

chain subunits with amino acid substitutions that 

impair complex stability in mtDNA mutator mice 

(Edgar et al., 2009). 

3  Our results strongly argue that even though 

mtDNA mutator mice randomly accumulate point 

mutations, these mutations would have a deleteri-

ous impact primarily on the protein-coding genes. 

We want to test this hypothesis further by creating 

a mouse model with increased numbers of amino 

acid substitutions in mtDNA protein coding genes 

but no additional effects on mtDNA maintenance 

or integrity and no effect on mtDNA-encoded tRNA 

and rRNA genes. For this, we will use a recently 

described mitochondrial translation factor GUF1 

with the unique function of a fidelity factor for 

mitochondrial protein synthesis. Moreover, this 

is the first knock-out model for a mitochondrial 

translational factor and will therefore broaden our 

understanding of this fundamental process. In our 

initial analysis we have performed experiments in 

order to elucidate cellular localization of the GUF1 

protein in mammalian cells. Chimeric GUF1-EGFP 

protein shows a clear pattern of mitochondrial 

localization which overlaps perfectly with the 

mitochondria-specific staining of MitoTracker Red 

CMXRos.

1

2

3
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A highly complex regulatory network of signaling pathways has evolved in 

multicellular organisms to preserve cellular functions during development 

and under changing environmental conditions. Defects in these pathways 

cause abnormal cell behavior including uncontrolled growth and cancer.

Our lab is interested in understanding how signaling pathways cooperate 

to maintain cell and tissue homeostasis during normal development and un-

der stress conditions, and how their function can be derailed during tumor 

formation. We study how signaling specificity is achieved and translated into 

proper cellular responses via changes in target gene expression. Our aim 

is to elucidate the role of stress signaling pathways and bZIP transcription 

factors in regulation of growth and cell migration. While both processes are 

elaborately controlled, both spatially and temporarily, during development, 

aberrant growth and cell motility are hallmarks of malignant tumors. The 

fruit fly Drosophila melanogaster offers an excellent in vivo animal model 

system for the study of developmental and tumor processes. We utilize the 

wide array of genetic and research tools available in Drosophila in combi-

nation with molecular and cell biology techniques, and biochemical and 

genomic approaches, to gain new insights into molecular mechanisms of 

growth and motility.

Dr. Mirka Uhlirova
Principal Investigator
CECAD Cologne at the Institute for Genetics

Wang Q, Uhlirova M, Bohmann D (2010) Spatial restric-

tion of FGF signaling by a matrix metalloprotease 

controls branching morphogenesis. Dev Cell. Jan 19;18 

(1): 157-64

Sekyrova P, Bohmann D, Jindra M, Uhlirova M (2010) 

Interaction between Drosophila bZIP proteins Atf3 and 

Jun prevents replacement of epithelial cells during 

metamorphosis. Development. Jan; 137 (1): 141-50

1  Upper row: Confocal micrographs of Dro-

sophila eye imaginal disc epithelium (left and 

middle: xy sections, right: xz cross-section) carrying 

GFP-marked clonal tumors (green). Cell outlines 

are visualized with antibodies against Fasciclin III 

(blue) and DE-cadherin (red). Clonal activation of 

the Jun-N-terminal kinase (JNK) signaling pathway 

induces apoptosis and extrusion of dying cells from 

the epithelial surface. Surviving cells lose polarity 

and become motile. 

Bottom row: Bright-field images of adult Drosoph-

ila eyes in which wild-type (left) or mutant clones 

were induced using the MARCM technique. JNK 

activation causes either tissue overgrowth (middle) 

or apoptosis (right) depending on the context of 

cooperating oncogenic mutations.

2  Upper row: Formation of the adult fly abdo-

men requires replacement of larval epidermal 

cells (large polyploid cells, left) with imaginal 

cells called histoblasts (right) that proliferate and 

migrate from nests (middle) during metamorphosis.  

Bottom row: Dorsal views of adult Drosophila 

abdomens. Abnormal Atf3 function in larval 

epidermal cells interferes with the epidermal cell 

replacement, resulting in abdominal cleft (right). 

1

2
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Mitochondria supply the majority of cellular ATP through oxidative phos-

phorylation and are hence key players in cellular homeostasis. Most of 

the known mitochondrial disorders result in impaired ATP synthesis and 

affect high-energy demand tissues. Typical clinical manifestations include 

myopathy, seizures, encephalopathy and cardiomyopathy. Mitochondrial 

dysfunction is associated with disorders such as Parkinson’s and Alzheimer’s 

diseases, obesity, type 2 diabetes and the aging process. However, the role 

of mitochondria in the onset and progression of these disorders remains 

unclear.

We are studying mouse models with systemic or tissue-specific mitochon-

drial dysfunction to answer the following questions: What are the cellular 

responses to the mitochondrial dysfunction and how do these responses 

contribute to the pathology? How can mitochondrial dysfunction and its ef-

fects be prevented or reversed in different diseases? Does preserved mito-

chondrial function prevent the onset and/or progression of neurodegenera-

tive or aging-associated diseases?

Studies on the newly established mouse strains will be complemented by 

analysis of cell lines from patients with diagnosed mitochondrial disease. The 

ultimate goal of such research is to develop new strategies to circumvent or 

prevent age-related mitochondrial dysfunction.

Dr. Tina Wenz
Principal Investigator
Institute for Genetics 

Wenz T, Rossi SG, Rotundo RL, Spiegelman BM, 

Moraes CT (2009) Increased muscle PGC-1alpha 

expression protects from sarcopenia and metabolic 

disease during aging. Proc Natl Acad Sci U S A 

106:20405-10

Wenz T (2009) PGC-1alpha activation as a thera-

peutic approach in mitochondrial disease. IUBMB 

Life 61:1051-62

Wenz T, Luca C, Torraco A, Moraes CT (2009) 

mTERF2 regulates oxidative phosphorylation by 

modulating mtDNA transcription. Cell Metab. 

9:499-511  

Wenz T, Diaz F, Hernandez D, Moraes CT (2009) 

Endurance exercise is protective for mice with mi-

tochondrial myopathy. J Appl Physiol. 106:1712-9 

Wenz T, Diaz F, Spiegelman BM, Moraes CT (2008) 

Activation of the PPAR/PGC-1alpha pathway 

prevents a bioenergetic deficit and effectively 

improves a mitochondrial myopathy phenotype. 

Cell Metab. 8:249-56 

Distrubtion of mitochondria (green) and nucleus 

(blue) in HeLa cells
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Prof. Rudolf J. Wiesner
Principal Investigator
Institute for Vegetative Physiology

Baris OR, Klose A, Kloepper JE, Weiland D, Neuhaus 

JFG, Schauen M, Wille A, Müller A, Merkwirth C, 

Langer T, Larsson NG, Krieg T, Tobin DJ, Paus R, 

Wiesner RJ (2011): The mitochondrial electron 

transport chain is dispensable for proliferation and 

differentiation of epidermal progenitor cells. Stem 

Cells (in press)

Gekeler J, Zsurka G, Kunz WS, Preuss SF, Klussmann 

JP, Guntinas-Lichius O, Wiesner RJ  (2009) Clonal 

expansion of different mtDNA variants without 

selective advantage in solid tumors. Mut Res 662: 

28-32

Franko A, Mayer S, Thiel G, Mercy L, Arnould 

T, Hornig-Do HT, Wiesner RJ*, Goffart S (2008) 

CREB-1α is recruited to and mediates upregulation 

of the Cytochrome c promoter during enhanced 

mitochondrial biogenesis accompanying skeletal 

muscle differentiation. Mol Cell Biol 28: 2446-2459 

* corresponding author

von Kleist-Retzow JC, Hornig-Do HT, Schauen M, 

Eckertz S, Duong Dinh T, Stassen F, Lottmann N, 

Bust M, Galunska B, Wielckens K, Hein W, Beuth J, 

Braun JM, Fischer JH, Ganitkevich VY, Maniura-We-

ber K, Wiesner RJ (2007) Impaired mitochondrial 

Ca++ homeostasis in respiratory chain deficient 

cells but efficient compensation of energetic 

disadvantage by enhanced anaerobic glycolysis 

due to low ATP steady state levels. Exp Cell Res 

313: 3076-3089

Hornig-Do HT, von Kleist-Retzow JC, Lanz K, 

Wickenhauser C, Kudin AP, Kunz WS, Wiesner RJ*, 

Schauen M (2007) Human epidermal keratino-

cytes accumulate superoxide due to low activity 

of Mn-SOD, leading to mitochondrial functional 

impairment. J Invest Dermatol 127: 1084-1093 * 

corresponding author

1  Mice with a genetic defect (right) become 

obese and develop type 2 diabetes.

2  Intracellular lipids (Triacylglycerols; TG) are 

high in muscle of type 2 diabetic mice after a high-

fat diet (HFD).

3  However, levels of the five mitochondrial 

respiratory chain complexes are unchanged in type 

2 diabetic mice.

4  Also, 31P-NMR spectroscopy of mouse muscle 

shows identical levels of the energy rich phos-

phates PCr and γ-ATP, thus there is no indication of 

mitochondrial dysfunction in type 2 diabetic mice 

also in vivo.

5  Increased autophagy, as indicated by the high 

levels of the autophagosome protein LC3-II, in 

muscle of type 1 diabetic mice after treatment with 

a ß-cell toxin (STZ).

Despite intensive research, the pathways causing insulin resistance in muscle 

and liver and leading to aging-associated type 2 diabetes (Fig. 1) have not 

yet been established. Ectopic lipids accumulate in these tissues (Fig. 2) and 

are thought to cause alterations in the phosphorylation state of proteins 

involved in insulin receptor signaling. It has been postulated that mitochon-

drial dysfunction observed in muscle of diabetic patients impairs fatty acid 

oxidation, leading to accumulation of such toxic lipid metabolites and hence 

insulin resistance. To investigate this further, we looked at mitochondrial 

performance in muscle and liver of mouse models displaying distinct altera-

tions in circulating factors or lacking components of the insulin-signaling 

pathway. Our results show that mitochondrial dysfunction in muscle and 

liver is neither the cause nor the consequence of obesity-associated insulin 

resistance (Figs. 3 & 4), either under normoglycemic or under hyperglycemic 

conditions. Furthermore, accumulation of intramyocellular lipid metabolites 

is not associated with impaired mitochondrial function. However, mitochon-

drial dysfunction, partly caused by increased autophagy  in muscle (Fig. 5), 

is caused by very low insulin levels and hyperglycemia in type 1 diabetic 

mice and also by complete absence of the InsR, thus demonstrating a clear 

and previously undescribed link between insulin signaling and mitochondrial 

performance. 

2

1

4

3 5
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Dr. Bernd Wollnik
Principal Investigator
Center for Molecular Medicine Cologne (CMMC)

Both aging and certain metabolic disorders are risk factors for a variety of 

common disorders of the elderly. Our aim is to identify novel genetic factors 

and distinct biological pathways contributing to hypercholesterolemia and 

raising the risk of coronary artery disease. We initiated a molecular study 

of 200 cases from the German LIANCO cohort and were able to show that 

LDLR mutations are frequently present in the LIANCO cohort. Moreover, our 

data indicate that transcriptional activation of LDLR is essential for mainte-

nance of normal cholesterol levels and that mutations in the LDLR promoter 

as well as the transcriptional regulators SREBF1 and SREBF2 underlie hyper-

cholesterolemia.

In addition, we have set up a study to investigate molecular mechanisms 

underlying Seckel syndrome, a congenital disorder belonging to the group 

of progeroid phenotypes. We have identified a novel centrosomal protein, 

regulating genomic integrity and cellular responses to DNA damage. Using 

homozygosity mapping and exome sequencing we have found mutations in 

this gene in Seckel syndrome and shown that impaired function leads to ac-

cumulation of genomic defects resulting from replicative stress. In future we 

will introduce and use further novel technologies such as next-generation 

sequencing for gene identification.

Kalay E, Yigit G, Aslan Y, Brown KE, Li Y, Pohl E, 

Bicknell L, Kayserili H, Tüysüz B, Nürnberg N, Kiess 

W, Baessmann I, Buruk K, Kul S, Ikbal M, Taylor MS, 

Aerts J, Scott C, Dollfuss H, Wieczorek D, Brunner 

HG, Rauch A, Nürnberg P, Hurles M, Jackson AP, 

Karagüzel A, Wollnik B (2011) CEP152 is a novel 

genome-maintenance protein and its disruption 

causes genomic instability in Seckel syndrome. Nat 

Genet 43: 23-26

Wollnik B (2010) A common mechanism for micro-

cephaly. Nat Genet 42: 923-924

Li Y, Pawlik B, Elcioglu N, Aglan M, Kayserili H, Yigit 

G, Percin F, Goodman F, Nürnberg G, Cenani A, 

Urquhart J, Chung BD, Ismail S, Amr K, Aslanger AD, 

Becker C, Netzer C, Scambler P, Eyaid W, Hamamy 

H, Clayton-Smith J, Hennekam R, Nürnberg P, Herz 

J, Temtamy SA, Wollnik B (2010) LRP4 mutations 

alter Wnt/beta-catenin signaling and cause limb 

and kidney malformations in Cenani-Lenz syn-

drome. Am J Hum Genet 6: 696-706

Reversade B, Escande-Beillard N, Dimopoulou 

A, Fischer B, Chng SC, Li Y, Shboul M, Tham P-Y, 

Kayserili H, Al-Gazali L, Shahwan M, Brancati F, Lee 

H, O‘Connor BD, Schmidt-von Kegler M, Merriman 

B, Nelson SF, Masri A, Alkazaleh F, Guerra D, Ferrari 

P, Nanda A, Rajab A, Markie D, Gray M, Nelson 

J, Grix A, Sommer A, Savarirayan R, Janecke AR, 

Steichen E, Sillence D, Haußer I, Budde B, Nürnberg 

G, Nürnberg P, Seemann P, Kunkel D, Zambruno G, 

Dallapiccola B, Schuelke M, Robertson S, Hamamy 

H, Wollnik B, Van Maldergem L, Mundlos S, Kornak 

U (2009) Mutations in PYCR1 Cause Cutis Laxa 

with Progeroid Features. Nat Genet 41: 1016-1021

Budde BS, Namavar Y, Barth PG, Poll-The BT, 

Nürnberg G, Becker C, van Ruissen F, Weterman 

MAJ, Fluiter K , te Beek E, Aronica E, van der Knaap 

MS, Höhne W, Toliat MR, Crow YJ, Steinlin M, Voit 

T, Roelens F, Brussel W, Brockmann K, Kyllerman M, 

Boltshauser E, Hammersen G, Willemsen M, Basel-

Vanagaite L, Krägeloh-Mann I, de Vries LS, Sztriha 

L, Muntoni F, Ferrie CD, Battini R, Hennekam RCM, 

Grillo E, Beemer FA, Stoets LM, Wollnik B, Nürn-

berg P, Baas F  (2008) tRNA splicing endonuclease 

mutations cause pontocerebellar hypoplasia. Nat 

Genet 40: 1113-1138

1 2

1  A. LDLR mutation screening identified novel 

mutations and mechanisms in familial and sporadic 

forms of hypercholesterolemia. B. Transcriptional effect 

of SREBF1 and SREBF2 on LDLR. HEK293 cells were 

transiently co-transfected with the LDLR promotor-luc 

reporter gene and SREBF1 or SREBF2 expression vec-

tors, either in the absence or presence of expression 

vector for SCAP.

2  A. Simplified schematic overview of DNA damage 

response. B. Increased DNA damage response in Seckel 

fibroblasts. H2AX phophorylation of wildtype and Seckel 

primary fibroblasts after treatment with HU for 24 h.
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Dr. F. Thomas Wunderlich
Principal Investigator
Institute for Genetics

Aging is accompanied by accumulation of a variety of genetic and epigen-

etic alterations in the genome, some of which may alter the expression 

of genes related to carcinogenesis. Moreover, the prevalence of obesity 

increases with age, along with associated diseases. Obesity elevates the inci-

dence of cancers such as colorectal cancer (CRC) but the molecular and cel-

lular mechanisms involved are poorly understood. Our aim is to elucidate the 

mechanisms underlying aging-associated CRC using mouse models in which 

certain inflammatory signaling pathways are inactivated. While knock out of 

IL-6R signaling throughout the body conferred almost complete protection 

to CRC development, we also observed reduced tumor multiplicity in IEC KO 

mice. However, interestingly, even inactivation of IL-6R signaling in myeloid 

lineage cells reduced CRC development while inactivation of TNF-induced 

JNK-1 in myeloid lineage cell types also conferred relative protection to CRC 

development. Thus, IL-6 and TNF signaling in myeloid lineage cells appear 

to contribute to the development of aging-associated CRC. Moreover, we 

found that diet-induced obesity increases CRC multiplicity and macrophage 

infiltration into the lesions when compared to normal chow-fed mice in a 

slightly modified inflammation-driven CRC approach. Thus, it is tempting to 

speculate that obesity-induced macrophage infiltration is a major cause of 

aging-associated CRC.

1  IL-6R- and JNK-1-deficiency in myeloid lineage 

cells protects mice from development of inflamma-

tion-driven colorectal cancer. 8-week-old mouse 

mutants were i.p. injected with AOM to induce 

CRC. Subsequently, 1.5% DSS was added to their 

drinking water for 5 days to promote inflamma-

tion and CRC development. Mice were sacrificed 

60 days after AOM injection and investigated for 

tumor formation. 

A) Representative distal colons of mouse mutants 

displaying cell type specific disruption of the 

IL-6R  chain after subjection to the above treat-

ment protocol. B) Quantification of inflammation-

driven CRC development in IL-6R mouse mutants 

(n=10-15). (WT, white bar) wildtype, knock out 

of the IL-6R in the whole body (IL-6R∆/∆, gray 

bar), intestinal epithelial cells (IL-6RIEC-KO, black 

bar), myeloid lineage cells (IL-6Rmyl-KO, red bar) 

and mature T lymphocytes (IL-6RT-KO, green bar).  

C) Quantification of inflammation-driven CRC 

development in JNK-1 mouse mutants (n=10). (WT; 

white bar) wildtype, knock out of JNK-1 in intes-

tinal epithelial cells (JNK-1IEC-KO, black bar) and 

myeloid lineage cells (JNK-1myl-KO, red bar).

2  Obesity increases CRC development. 8-week-

old C57/BL6 mice, fed on either a normal chow diet 

(NCD; white bars) or a high fat diet (HFD; black 

bars), were i.p. injected with AOM to induce CRC 

and were further exposed to the respective diet. 

Five days later, 1.5% DSS was added to their drink-

ing water for 5 days to promote inflammation and 

CRC development. Mice were sacrificed 60 days 

after AOM injection and investigated for tumor for-

mation. A) Body weight and B) fat content of NCD 

and HFD fed mice after the CRC protocol (n=10). 

C) Quantitation of CRC development upon NCD 

and HFD feeding. Representative colon sections 

stained with D) H&E E) mac-2 and F) CD3 antibod-

ies. 

Belgardt BF, Mauer J, Wunderlich FT, Ernst MB, Pal 

M, Spohn G, Bronneke HS, Brodesser S, Hampel 

B, Schauss AC, Bruning JC (2010) Hypothalamic 

and pituitary c-Jun N-terminal kinase 1 signaling 

coordinately regulates glucose metabolism. Proc 

Natl Acad Sci U S A, 107, 6028-6033.  the authors 

contributed equally to the work

Wunderlich FT, Strohle P, Konner AC, Gruber S, 

Tovar S, Bronneke HS, Juntti-Berggren L, Li LS, 

van Rooijen N, Libert C, Berggren PO, Bruning, JC 

(2010) Interleukin-6 signaling in liver-parenchymal 

cells suppresses hepatic inflammation and 

improves systemic insulin action. Cell Metab, 12, 

237-249

Ernst MB, Wunderlich CM, Hess S, Paehler M, 

Mesaros A, Koralov SB, Kleinridders A, Husch A, 

Munzberg H, Hampel B, Alber J, Kloppenburg P, 

Bruning JC, Wunderlich FT (2009) Enhanced Stat3 

activation in POMC neurons provokes negative 

feedback inhibition of leptin and insulin signaling 

in obesity. J Neurosci, 29, 11582-11593

Koch L, Wunderlich FT, Seibler J, Konner AC, Ham-

pel B, Irlenbusch S, Brabant G, Kahn CR, Schwenk F, 

Bruning, JC (2008) Central insulin action regulates 

peripheral glucose and fat metabolism in mice. J 

Clin Invest, 118, 2132-2147

Wunderlich FT, Luedde T, Singer S, Schmidt-Suppri-

an M, Baumgartl J, Schirmacher P, Pasparakis M, 

Bruning JC (2008) Hepatic NF-kappa B essential 

modulator deficiency prevents obesity-induced 

insulin resistance but synergizes with high-fat 

feeding in tumorigenesis. Proc Natl Acad Sci U S A, 

105, 1297-1302

1

2

124 125CECAD Annual Report 2009 - 2011 CECAD Annual Report 2009 - 2011



Bergmeister, Astrid (50, 53)

Birker, Doris (40, 54)

Boese, Stefan (59)

Brodesser, Susanne (26 / 27)

Corbis (6, 88, 102, 120 / 121)

Cornely, Oliver (32 / 33, 70)

DIE ZEIT (53)

Dirsing, Simon (2, 10,12,14 / 15)

FKK .design GmbH (Titel, 17, 40, 47, 48, 50, 52, 53)

Frenzel, Lucas (72 / 73)

Frey, Terry – San Diego State University (64)

Frommolt, Peter (22 / 23)

GBM (44)

Getty Images (58)

Giresunlu, Erim (17, 50, 63, 93, 108 / 109)

Hammerschmidt, Matthias (74 / 75)

Hennies, Hans Christian und Nürnberg, Peter (96 / 97)

Hoppe, Thorsten (78 / 79)

Iden, Sandra (80 / 81)

Jankowski, Patrick – Injektikonslabor im Institut  

für Genetik (Titel, 98 / 99)

Kashkar, Hamid (82 / 83)

Kloppenburg, Peter (13, 84 / 85)

Könner, Christine (62 / 63)

Kreuzer, Karl-Anton (66 / 67)

Krieg, Thomas (86 / 87)

Krönke, Martin (88)

Lamkemeyer, Tobias (24)

Lammers, Michael (90 / 91)

Langer, Thomas (64 / 65)

Mauritius Images  (59)

medfacilities GmbH (38, 41, 43 / 43)

Medizinfoto Köln (5, 33, 38 / 39, 44, 49, 55, 65, 66, 68, 

71, 73, 83, 89, 97, 98, 103, 107, 117, 119, 121, 123)

Niessen, Carien (92 / 93, 54)

Noegel, Angelika (94 / 95)

Pasparakis, Manolis (98)

Paulsson, Mats (100)

Polfuß, Jonas (51)

Pressestelle Universität zu Köln (76)

Reinhard, Christian (102)

Rheinisches Bildarchiv Köln (53)

Rugarli, Elena (104 / 105)

Schauss, Astrid (28 / 29, 18 / 19)

Schermer, Bernhard (8 / 9, 10, 13, 34 / 35, 60 / 61, 110, 

132 / 133)

Schippers, Christopher (44, 53)

Schubert, Markus (106 / 107)

Schumacher, Björn (108 / 109)

Schwarz, Günter (110 / 111)

Science Photo Library (2, 4, 16, 32, 36 / 37, 47, 72, 80 / 81, 

90 / 91, 122, 128 / 129)

Stoffel, Wilhelm (112 / 113)

Tovar, Sulay (62)

Triad Berlin Projektgesellschaft mbH (50)

Trifunovic, Aleksandra (114 / 115)

Uhlirova, Mirka (116 / 117)

Weindl, Stefan – AV Multivisionen@gmx.de (44)

Wenz, Tina ( 118 / 119)

Wiesner, Rudolf (120 / 121)

Wollnik, Bernd (122 / 123)

Wunderlich, Thomas (124 / 125)

Image Credits

All rights reserved:

Imprint

Editor Prof. Jens C. Brüning

 University of Cologne 

 Scientific Coordinator of the Excellence Cluster CECAD Cologne

 Zülpicher Strasse 47a, 50674 Cologne, Germany

Conception and Project Management Astrid Bergmeister 

 CECAD Cologne PR & Marketing

Editorial Office and Image Research Astrid Bergmeister, Andrea Pfennig, Alana Hönig

With Contributions from Thomas Benzing

Astrid Bergmeister

Doris Birker

Susanne Brodesser

Hella Brönneke

Jens C. Brüning

Oliver A. Cornely

Lukas P. Frenzel

Peter Frommolt

Matthias Hammerschmidt

Hans Christian Hennies

Marco Herling

Thorsten Hoppe

Sandra Iden

Hamid Kashkar

Peter Kloppenburg

Thomas Krieg

Martin Krönke

Tobias Lamkemeyer

Michael Lammers

Thomas Langer

Carien Niessen

Angelika A. Noegel

Peter Nürnberg

Manolis Pasparakis

Mats Paulsson

Andrea Pfennig

Christian Reinhardt

Elena Rugarli

Astrid Schauss

Christopher Schippers

Markus Schubert

Björn Schumacher

Günter Schwarz

Wilhelm Stoffel

Aleksandra Trifunovic

Mirka Uhlirova

Clemens-Martin Wendtner

Tina Wenz

Rudolf J. Wiesner

Bernd Wollnik

F. Thomas Wunderlich

Supported by Marian Barsoum

Beate Eckes

Muriel Freudenberger

Hildegard Jessen

Martina Kätow

Christine Könner

Anna Niktopoulos

Carola Pongratz

Tanja Raylle

Nora Redemann

Maria Vilgertshofer

Bernhard Schermer

Gisela Schmall

Rita Welticke

Translation and Editing Frances Wharton, Kent UK

Design FKK .design GmbH, Wuppertal

Printed by Köllen-Druck, Bonn

 Cologne, July 2011

126 127CECAD Annual Report 2009 - 2011 CECAD Annual Report 2009 - 2011



Contact:

University of Cologne

CECAD Cologne

PR & Marketing

Zülpicher Strasse 47a

50674 Cologne

Tel.  +49 221 470 5287

E-Mail: astrid.bergmeister@uk-koeln.de

www.cecad.uni-koeln.de

128 CECAD Annual Report 2009 - 2011


