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RNA structure features involved in 
splicing regulation:

Viral genomes such as Hepatis-C and HIV-1 
are known to encode functional RNA struc-
ture in protein-coding regions as one major 
constraint for their genomes it to remain 
short. We contributed early on to these 
studies by showing that these RNA struc-
tures can be reliably predicted provided 
the know protein context is explicitly taken 
into account (Pedersen, Meyer, Forsberg, 
Simmonds and Hein, Nucl. Acids Res. 2004; 
Pedersen, Forsberg, Meyer and Hein, Mol. 
Biol. Evol. 2004; Watts et al., Nature 2009). 
Functional RNA structures overlapping 
protein-coding regions, however, are not 
the preserve of viral genomes, but can also 
regulate the alternative splicing and transla-
tion of eukaryotic protein-coding genes e.g. 
in Arabidopsis thaliana, mouse and human 
(Meyer and Mikl√≥s, Nucl. Acids Res. 2005; 

Sch√∂ning et al., Nucl. Acids Res. 2008). In 
order to explore the link between RNA struc-
ture and alternative splicing on a transcrip-
tome-wide scale, we recently analysed tis-
sue-specific high-throughput transcriptome 
data from the fruit fly. Using a new analysis 
pipeline that explicitly captures the require-
ment for double-stranded regions, we iden-
tified around 2000 novel editing sites as 
well as numerous (244) regions where RNA 
editing and alternative splicing are likely to 
influence each other (see Figure 2). The de-
tected RNA editing sites are approximately 
three times more likely to occur in exons 
with multiple splice sites than unique ones 
and conserved RNA structure features over-
lap 39% (96/244) of these regions (see 
Figure 3). We therefore conclude that local 
RNA structure features have the potential to 
regulate alternative splicing via structural 
changes induced by RNA editing (Mazloom-
ian and Meyer, RNA Biology 2015).

Figure 2: (A) Genomic context of identified editing sites. (B) Distribution of conversion types for four tissue 
types. (C) Percentage of common editing sites between pairs of tissues. (Bottom) Gene CG5850 is differential-
ly expressed between head (blue) and digestive system (red) and editing and splicing may affect each other. 
X-axis: exons of the gene, y-axis: number of reads normalized by library size. Arrows show editing sites. The 
purple box is predicted to be alternatively expressed.
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steady-state transcriptome and quantify 
gene expression regulation from nascent 
transcription to protein synthesis. For 
instance, to determine which, and how 
strongly, ORFs are translated, ribosome 
profiling maps the positions of translat-
ing ribosomes. As the ribosomes move one 
codon at a time, the resulting reads exhibit 
characteristic, three-nucleotide periodic 
footprints along the transcriptome. We have 
developed RiboTaper, a rigorous statistical 
approach that identifies translated regions 
on the basis of this periodicity (Calviello 
et al, Nature Methods, in press; Figure 1). 
We used RiboTaper to derive an extensive 
map of cell-type specific translation that 
covered ORFs for >11,000 protein-coding 
genes from a single experiment. Mass spec-
trometry data confirmed that RiboTaper 
achieved excellent coverage of the cellular 
proteome. Although they frequently con-
tain short ORFs, our analysis also suggested 
that only relatively few of the currently an-
notated long non-coding RNAs appear to 
encode stable polypeptides.

Transcriptional control: from proxi-
mal initiation to distal regulation
In eukaryotes, transcriptional regulatory 
elements are located in different regions 
relative to the gene they control. The core 
promoter, a ~100 nucleotide long region 
centered on the transcription start site 
(TSS), is contained within the proximal pro-
moter region directly upstream of a gene. It 
has been traditionally assumed to perform 
the function to recruit the basal transcrip-
tion complex to the correct genomic loca-
tion, and thus to contain similar sequence 
patterns across all genes. In contrast, distal 
non-coding regulatory regions such as en-
hancers contain different combinations of 
sequence patterns recognized by specific 
transcription factors (TFs) and thus convey 
condition-specific activity (Ohler and Was-
sarman, Development 2010).
The application of deep sequencing has 
shown transcriptional activity at many 
places in the genome, going substantially 
beyond annotated protein-coding genes. 
In ongoing work, we examine transcription 
initiation for different types of pervasive 

Figure 1. RiboTaper, a computational method 
to detect actively translated open reading 
frames (ORFs) from RiboSeq data. (A) The 
workflow. Top: Using known ORFs, the optimal 
read size and offset from the read start can be 
determined, which indicates the precise P-site 
of the translated codon. Middle: Example P-
site profiles for three exons. Bottom: Only the 
coding exon exhibits a significant 3-nucleotide 
periodicity. (B) ORF annotations include both 
coding and upstream ORFs.
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transcription. For instance, many mamma-
lian promoters show divergent transcrip-
tion in both directions, i.e. in the forward 
direction towards the annotated gene and 
in the reverse direction away from the gene. 
Notably, this phenomenon is not conserved 
across all eukaryotes (cf. Core et al, Cell Rep 
2012). We could show that human core pro-
moters are inherently unidirectional and 
that reverse-oriented transcripts originate 
from distinct reverse-directed core promot-
ers (Duttke, Lacadie et al, Mol Cell 2015; 
Figure 2). A new algorithm enabled us to 
use DNase I accessibility to precisely define 
proximal promoter borders (Ibrahim et al, 
Bioinformatics 2015), which revealed that 
for expressed genes across different cell 
types, about 25-45% of promoters are uni-
directional. These unidirectional promot-
ers are depleted at their upstream edges 
of the distinct reverse core promoters. Di-
vergent transcription is thus not an inher-
ent property of the transcription process 
but rather the consequence of the presence 
of two core promoters. We are currently 
examining whether reverse directed tran-
scripts have an influence on the expression 
of the forward counterpart.
For a long time, the large non-coding ge-
nomic sequence space of higher eukaryotes 
made it difficult to pinpoint distal regula-
tory regions that are targeted by TFs. Sev-
eral recent genomic approaches provide 
“global regulatory profiles”, which reflect 
where regulatory factors target specific re-

gions andsites in DNA. Specifically, DNase-
seq provides coarse-resolution maps of 
nucleosome-free sites or “open chromatin”, 
which are universal hallmarks of all types 
of transcriptional regulatory elements in-
cluding proximal promoters. We are now 
investigating DNase-seq data at nucleotide 
resolution, to investigate whether it is pos-
sible to pinpointing individual TF binding 
events (protected “footprints” in the DNase 
profiles) within open chromatin (Yardimci 
et al, Nucleic Acids Res 2014). To this end, 
we built simple baseline models that de-
convolved DNase experimental bias from 
genuine binding signal at putative foot-
prints. In this manner, we found that avail-
able data is frequently not deep enough to 
reliably identify genuine binding, and that 
some TF binding events are inherently hard 
to identify, for instance when the TF recog-
nition sequence overlaps with the experi-
mental bias.

RNA regulation: identifying target 
sites of regulatory proteins
The last decade has seen an outstanding 
increase in appreciation of the role of post-
transcriptional gene regulation. RNA-bind-
ing proteins (RBPs) and small, regulatory 
RNAs such as microRNAs (miRNAs) recog-
nize specific sites in target RNA transcripts 
and influence their fate. It is now feasible 
to map the precise target sites of post-
transcriptional regulators via cross-linking 
followed by deep sequencing (CLIP-seq). In 

Figure 2. Many human promoters are divergently transcribed. (A) By mapping transcription start sites 
(TSS) of nascent RNA transcripts (5’GRO; blue) to regions of open chromatin (DNase I; red), TSS locations 
could be precisely mapped to the edges of proximal promoters. In this way, promoters showing transcrip-
tion in forward-only or both directions were identified. (B) Divergent and unidirectional promoters exhibit 
significant differences in chromatin and sequence composition.
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previous work, we have implemented spe-
cific approaches for reliable, high-resolu-
tion identification of binding sites, as well 
as for follow-up prediction of regulatory se-
quence motifs (Ascano et al, Nature 2012). 
While we are developing the next genera-
tion of algorithms to deal with a wider ar-
ray of experimental methods and improved 
protocols, we have continued to apply exist-
ing methods in several collaborative stud-
ies, for instance to determine the target 
sites of Regnase-1/Roquin (Mino et al, Cell 
2015) and RBPMS (Farazi et al, RNA 2014).

Putting the pieces together: 
networks involving different 
regulatory factors or mechanisms
Our work on DNA and RNA-based regula-
tion converges in projects where we aim 
to dissect quantitative contributions of 
multiple regulatory factors or mechanisms, 
and how they work together to define cor-
rect expression. For instance, several RBPs 
target so-called AU-rich sequence elements 
(AREs) in the 3’ untranslated region of 
mRNAs. ZFP36, also known as tristetra-
prolin or TTP, and ELAVL1, also known 
as HuR, both interact with AREs, but they 
have antagonistic roles. We determined 
ZFP36 binding preferences using CLIP, in-
tegrated it with existing data for ELAVL1, 
and examined the combinatorial regulation 
of AU-rich elements by ZFP36 and ELAVL1 
(Mukhkerjee et al, Genome Biol 2014).
Using partial correlation analysis, we were 
able to quantify the association between 
ZFP36 binding and differential target RNA 
abundance upon ZFP36 overexpression, 
independent of effects from confounding 
features. We identified thousands of over-
lapping ZFP36 and ELAVL1 binding sites; 
careful investigation showed that ZFP36 
degrades transcripts through specific ARE 
sequence variants, representing a subset 
of the sequences ELAVL1 interacts with 
to stabilize transcripts. Thus, ZFP36 and 
ELAVL1 bind an overlapping spectrum of 
RNA sequences, yet with differential rela-
tive preferences that dictate combinatorial 
regulatory potential. Motivated by these 
results, we are currently expanding our 
integrative models to include larger num-

bers of proteins, as well as accounting for 
regulatory effects at different layers of gene 
expression.
The described studies frequently resulted 
from joint work and had the support from 
a number of excellent colleagues, including 
James Kadonaga (UC San Diego); Tom Tus-
chl (Rockefeller University); Philip Benfey, 
Greg Crawford, (Duke University); Markus 
Landthaler, Benedikt Obermayer and Mat-
thias Selbach (MDC).
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Epigenetic regulation 
and chromatin architecture

RNAPII regulation in pluripotent 
and differentiated cells
Robert A. Beagrie, Giulia Caglio, João Dias, 
Ana Miguel Fernandes, Carmelo Ferrai, 
Izabela Harabula, Alexander Kukalev, Kelly 
J. Morris, Marta Oliveira, Tiago Rito, Marisa 
Saponaro, Markus Schueler, Konstantina 
Skourti-Stathaki, Elena Torlai Triglia
 
Appropriate recruitment of the RNA pro-
cessing machinery and chromatin remod-
elers to chromatin is mediated by post-
translational modification of the C-terminal 
domain (CTD) of the largest RNAPII sub-
unit, RPB1 (Brookes & Pombo 2009, EMBO 
Rep. 10, 1213). The CTD is an unusual dis-
ordered domain composed of an heptapep-
tide consensus sequence, Tyr1-Ser2-Pro3-
Thr4-Ser5-Pro6-Ser7, repeated 52 times 
in mammals. All aminoacids are targets for 
post-translational modifications, of which 
we know most about Serine phosphoryla-
tion.
After recruitment of unphosphorylated 
RNAPII to promoters, the CTD becomes 
phosphorylated on Ser5 residues (S5p), 
followed by sequential phosphorylation on 
Ser7 (S7p) and Ser2 (S2p) in the transition 
to elongation. S5p recruits the capping en-
zyme and H3K4 histone methyltransferases 
(HMTs), which mark active promoters. S7p 
is thought to mark the transition to elonga-
tion, whereas S2p recruits H3K36 HMT, to 
mark coding regions, and the splicing and 
polyadenylation machineries. The regula-
tion of RNAPII at the transition between 
initiation and elongation is also influenced 
by CTD modifications at non-canonical ami-
noacids, most often found at position 7 of 
the most C-terminal heptapeptide repeats 
(Figure 1). In 2015, we showed that non-
canonical repeats of the CTD with Ser7-
to-Lys7 substitutions (i.e. Tyr1-Ser2-Pro3-
Thr4-Ser5-Pro6-Lys7) are both mono- and 
di-methylated, and that this modification 

Our laboratory aims to understand mechanisms of 
gene expression which act at multiple levels, from 
the local action of transcription factors, to long-
range chromatin looping events that connect regu-
latory DNA sequences with the genes they regu-
late, to how whole chromosomes are positioned 
within cell nuclei. Binding of transcription factors at 
gene promoters helps recruit chromatin remodel-
ers and the transcription machinery to transcription 
units. Upon recruitment, RNA polymerases either 
remain primed for subsequent activation (e.g. 
after environmental stress, during differentiation or 
disease), or directly transcribe the DNA template 
into RNA molecules, which code for proteins or for 
structural RNAs that constitute many enzymatic 
complexes.
An increasingly important aspect of gene regula-
tion are the mechanisms by which distant regula-
tory DNA sequences physically interact with gene 
promoters to recruit or activate RNA polymerase 
II (RNAPII), the enzyme responsible for transcrib-
ing protein-coding genes, and many structural and 
regulatory RNAs. Much is known about the tran-
scription cycle of protein-coding genes by RNAPII, 
which entails a fascinating and highly coordinated 
sequence of processes that promote nascent 
transcript maturation concomitant with transcrip-
tion. As the nascent RNA emerges from the poly-
merase, it is capped on its 5’ end. The polymerase 
progresses through the coding region and introns 
are spliced out from the nascent transcript. Upon 
termination, the addition of a protective polyA tail 
to the transcript 3’ end also occurs on chromatin. 
These co-transcriptional events are mediated by 
exquisite post-translational modifications of the 
RNAPII enzyme itself, which coordinate the timely 
recruitment of appropriate machineries at each 

stage of the transcription cycle.
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monoubiquitinylate H2AK119. In 2012, 
we showed that Polycomb and RNAPII are 
found co-associated on chromatin at devel-
opmental regulator genes (Brookes et al. 
2012). We used chromatin immunoprecipi-
tation (ChIP) coupled with next generation 
sequencing, to map the phosphorylation 
state of RNAPII and Polycomb occupancy 
across the genome. Surprisingly, not only 
did we find RNAPII at developmental regu-
lator genes under Polycomb repression, but 
its presence was positively correlated with 
the amount and occupancy of Polycomb. To 
characterize the extent of transcriptional 
activity at poised genes, which are targets 
of Polycomb repression, we are analyzing 
chromatin-bound RNAs using genome-
wide approaches, and CAGE-seq data.
Our unbiased genome-wide analyses of 
RNAPII and Polycomb occupancy also 
identified novel gene targets of Polycomb 
regulation in mouse ES cells, which were 

Figure 1: Two novel post-translational modifications of RNA polymerase II (RNAPII) mark the earliest 
stages of the transcription cycle. Mouse RPB1 C-terminal domain is composed of 52 heptapeptide repeats; 
non-consensus amino acids are enriched for at the distal region. Chromatin occupancy of RNAPII-K7me1, 
K7me2, K7ac, 8WG16, S5p, S7p and S2p, and mRNA-seq profiles are shown for active gene Rpl13. A balance 
between K7me and K7ac fine-tunes gene expression. Adapted from Dias et al. (2015).

occurs at the earliest stages of the tran-
scription cycle at active genes in mamma-
lian cells (Dias et al. 2015 eLIFE). 
Regulation of RNAPII by post-translational 
modifications extends beyond the changes 
associated with active transcription cycles. 
Phosphorylated RNAPII has been reported 
at inducible genes, before activation, such 
as heat-shock. Our group has identified a 
novel poised form of RNAPII at silent de-
velopmental regulator genes in mouse ES 
cells, which are repressed by Polycomb 
complexes, but become activated through 
early differentiation and cell commit-
ment (Stock et al. 2007, Nature Cell Biol. 
9, 1428). Two major Polycomb Repressor 
Complexes, PRC1 and PRC2, are important 
for maintaining the poised state of primed 
developmental regulator genes. Polycomb 
complexes modify histone tails; PRC2 con-
tains Ezh2, which methylates H3K27, and 
PRC1 contains Ring1A and Ring1B, which 
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more unexpected. In particular, we found a 
cohort of genes which are active in ES cells 
but whose expression is dampened by Poly-
comb repression (Brookes et al. 2012 Cell 
Stem Cell). This group of genes includes 
many genes important in cell cycle, cancer, 
signaling and energy metabolism. Our cur-
rent studies aim to better understand their 
regulation in the transition from pluripo-
tency to differentiated cellular states.
To probe for the dynamic changes in poly-
merase and chromatin conformation that 
accompany re-programming of gene ex-
pression during cell commitment, we have 
extended our analyses to neural percursor 
cells and differentiated neurons and to car-
diac lineages. Our current bionformatics 
analyses aim to understand how Polycomb 
repression acts to establish poised states of 
RNAPII occupancy at genes in pluripotency 
and differentiation.

Genome architecture: mecha-
nisms of 3D chromatin folding
Mariano Barbieri, Robert A. Beagrie, Giulia 
Caglio, Carmelo Ferrai, Rieke Kempfer, Doro-
thee Kraemer, Alexander Kukalev, Gesa Loof, 
Tiago Rito, Julieta Ramirez Cuellar, Markus 
Schueler, Leo Serebreni, Marta Slimak-
Mastrobuoni, Christoph Thieme, Elena Torlai 
Triglia
 
Long-range gene regulation works through 
chromatin looping mechanisms that bring 
together the promoters of genes with dis-
tant regulatory regions (e.g. enhancers; 
reviewed in Beagrie & Pombo 2016 Bioes-
says). This contact, mediated by transcrip-
tion factors and other chromatin associated 
components, promotes the recruitment of 
the transcriptional machinery to the gene 
promoter, acting as the starting point for 
the synthesis of transcripts. Genes that 

Figure 2: (A) Scheme of mouse embryonic stem cells (ESC), neuronal progenitor cells (NPC) and differenti-
ated neurons. (B) A hierarchical topology of meta-domains (metaTADs) are found by clustering individual 
topological domains (TADs). (C) Contact map of a sub-chromosomal regions (Hi-C data). (D) Meta-domain 
trees for chr6 in ESC and NPC. Two examples of highly similar (green) and dissimilar regions (red) are indi-
cated (Adapted from Fraser et al., 2015.).
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regulate early development are often ex-
pressed at different stages of differentia-
tion and in cell types, and are accordingly 
regulated through specific interactions 
with different regulatory regions. In addi-
tion to contacts with their respective en-
hancers (which have been described up to 
1 Mbp from gene promoters), genes also co-
associate with other genes in 3D space. Our 
group has shown that Active and Polycomb-
repressed genes associate, respectively, 
with ‘active transcription factories’ (con-
taining RNAPII-S5p, S2p) and with ‘Poised 
transcription factories’ (containing RNAPII-
S5p and Polycomb; Ferrai et al. 2010 PLoS 
Biol.; Brookes et al. 2012 Cell Stem Cell), 
and suggested that such associations estab-
lish specific chromatin topologies that are 
important for silencing in the primed state, 
or for robust activation upon induction.
To explore the changes in chromatin con-
tacts that accompany the transcriptional 
reprograming of mouse ES cells during 
neuronal differentiation, we mapped chro-
matin contacts genome wide by Hi-C, and 
matched CAGE data (Fraser et al. 2015 
Molecular Systems Biology). Our analy-
ses have shown that chromatin contacts 
extend across the length of each chromo-
some (across tens of megabases), and that 
the hierarchical folding and reorganization 
of chromosomes are linked to transcrip-
tional changes during cellular differentia-
tion (Figure 2). Polymer physics modeling 
demonstrated that hierarchical folding of 
chromatin promotes efficient packaging 
without loss of contact specificity.
We apply different approaches to study the 
mechanisms underlying complex chroma-
tin folding patterns associated with long-
range regulation, and how they might be 
established through different chromatin 
epigenetic states. With Prof. Mario Nicode-
mi (Univ. Naples, Italy), we have shown that 
available data on chromatin contacts, both 
originated by 3C approaches and fluores-
cence in situ hybridization (FISH), can be 
explained with the Strings & Binders Switch 
(SBS) model (Nicodemi & Pombo 2014 
Curr. Op. Cell Biol.). Currently, we are using 
the SBS model to explore the 3D topology 
of specific genomic loci affected in congeni-
tal disease in mouse ES cells and neurons 

by simulating chromatin occupancy maps 
of epigenetic features as interaction sites. 
We also apply single cell fluorescence imag-
ing to study the cell-to-cell variability and 
physical distances that characterize chro-
matin contacts. We currently develop novel 
approaches to map chromatin contacts at 
the single cell level, which can be applied 
in tissues (such as biopsies) to help inves-
tigate the close relationship between chro-
matin folding and genome function.
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Microscopy, Image Analysis 
& Modeling of Developing Organisms

Lightsheet microscopy data
The relatively small size of C. elegans and the 
fact that cells are densely packed in nervous 
system requires high-resolution light mi-
croscopy acquisitions in order to unambigu-
ously detect all nuclei for mapping. We em-
ploy lightsheet microscopy (Huisken et. al.) 
to maximize optical resolution while mini-
mizing photo damage. In order to exploit 
the full potential of lightsheet microscopy 
we develop multiview image reconstruction, 
image analysis and data management soft-
ware (Fig. 2 and publications). All resulting 
image data can be integrated into the ‘vir-
tual nematodes’ thereby creating powerful, 
descriptive in-toto representations. 

Single-molecule RNA imaging 
We study gene regulation in C. elegans com-
bining deep sequencing and ChIP-seq data 
with single-molecule RNA imaging (Fig. 
3). In collaboration with the lab of Sevinc 
Ercan (NYU) we currently focus on uncov-
ering molecular mechanisms underlying 

Our lab aims at understanding more about 
how gene regulatory networks define 
the development of organisms. We ap-
proach the understanding of these complex 
systems by developing computational and 
experimental solutions for in-toto visualiza-
tion, statistical analysis, and perturbation of 
developing specimen. We combine light & 
electron microscopy, transcription imaging, 
genetics and deep sequencing with com-
puter vision and software development. 
While our lab is focused on C. elegans as a 
model organism we additionally collaborate 
with different labs on various model or-
ganisms providing our computational and 
imaging expertise.

Figure 1: Acquisition of an entire C. elegans larvae in 
dauer stage using transmission electron microscopy 
(acquired at HHMI Janelia). The imaged specimen has 
a length of around 500um and a diameter of 25um. The 
dataset consists of 25.000 individual images covering 
561 physical sections totaling a size of approximately 
1 terabyte. The atlas of cellular location and function 
resulting from the ongoing reconstruction will serve as 
basis for the mapping of light microscopy acquisitions.

High-resolution atlases of 
C. elegans 
We combine different types of microscopic 
acquisitions into one common computa-
tional representation of C. elegans exploit-
ing its high degree of stereotypicity. The 
basis for the integration of live and fixed 
acquisitions of C. elegans are high-resolu-
tion spatial atlases acquired using Serial 
Section Transmission Electron Microscopy 
(Fig. 1). Following the reconstruction of 
the datasets by aligning thousands of two-
dimensional image tiles in three-dimen-
sional space (Cardona et al.), we segment 
and annotate the complete volume to cre-
ate computational representations of entire 
C. elegans at specific developmental stages. 
The fixed lineage of C. elegans subsequently 
allows direct mapping of lower resolution 
light microscopy data onto these ‘virtual 
nematodes’ using the nuclear locations.
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transcriptional repression of the C. elegans 
X-chromosome, which is an important pro-
cess compensating the presence of a second 
X-chromosome in hermaphrodites. Follow-
ing candidate selection based on existing ge-
nome-wide datasets, we use single-molecule 
fluorescent in-situ hybridization (smFISH) 
to visualize individual mRNAs to measure 
fine spatio-temporal differences in expres-
sion between wildtype and mutant animals 
at single-cell level. The smFISH experiments 
performed on fixed specimen are mapped to 
a four-dimensional model of C. elegans de-
velopment acquired by lightsheet microsco-
py using the location of nuclei as reference. 
By studying specific mutants we are aiming 
at dissecting the mechanism of transcrip-
tional repression at the molecular level.

Software development
We develop software solutions for image 
processing based on ImgLib2 and BigDa-
taViewer (publications) that we provide 
as open-source to the community. Most 
software is made available as user-friendly 
plugins in Fiji (Schindelin et al.), capable 
of utilizing cluster infrastructure and GPU 
hardware. We develop versatile solutions 
applicable to many different types of image 
data and biological questions. 

References
Cardona A., Saalfeld S., Schindelin J., Argan-
da-Carreras I., Preibisch S., Longair M., To-
mancak P., Hartenstein V. & Douglas R. PLoS 
One 7, e38011 (2012).
Huisken J., Swoger J., Del Bene F., Witt-
brodt J. & Stelzer E.H. Science 305, 1007–9 
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Schindelin J., Arganda-Carreras I., Frise E., 
Kaynig V., Longair M., Preibisch S., Rueden 
C., Saalfeld S., Schmid B., Tinevez J.Y., 
Hartenstein V., Eliceiri K., Tomancak P. & 
Cardona A. Nat. Meth. 9, 676-82 (2012).

Figure 3: Single molecule FISH experiments in C. elegans. 
(a,b) co-staining for two different isoforms of a gene 
highlighting the spatial expression pattern in different 
developmental stages. (c) computational representation of 
individual mRNA isoforms and nuclear locations from (b). 
(d) straightened C. elegans larva used for computational 
comparison and statistical pattern analysis. 

Figure 2: Multiview (MV) deconvolution of 
lightsheet microscopy data. (a) C. elegans em-
bryo in 4 cell stage, (b) Drosophila embryo in 
blastoderm stage. The upper row shows normal 
fusion, the lower row the result of MV deconvo-
lution. (c,d) MV Deconvolution of a C. elegans in 
L1 stage, arrows mark the cross-sections shown 
as insets. The upper two rows shows orthogo-
nally acquired raw data, the lower row the 
result of MV deconvolution capable of identify-
ing all 558 nuclei unambiguously.
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of Gene Regulatory Elements

Introduction

A major lesson from recent genomics is 
that metazoans share to a large degree the 
same repertoire of protein-encoding genes. 
It is thought that differences between cells 
within a species, between species, or be-
tween healthy and diseased animals are 
in many cases due to differences in when, 
where and how genes are turned on or off. 
Gene regulatory information is to a large 
degree hardwired into the non-coding 
parts of the genome. Our lab focuses on 
decoding transcriptional regulation (iden-
tification and characterization of targets of 
transcription factors in non-coding DNA) 
and post-transcriptional control mediated 
by RNA binding proteins and small, non-
coding RNAs, in particular microRNAs. 
microRNAs are a recently discovered large 
class of regulatory genes, present in virtu-
ally all metazoans. They have been shown 
to bind to specific cis-regulatory sites in 3’ 
untranslated regions (3’ UTRs) of protein-
encoding mRNAs and, by unknown mecha-
nisms, to repress protein production of 
their target mRNAs. Our understanding 
of the biological function of animal mi-
croRNAs is just beginning to emerge, but 
it is clear that microRNAs are regulating 
or involved in a large variety of biological 
processes and human diseases, such as 
developmental timing, differentiation, sig-
nalling, homeostasis of key metabolic gene 
products such as cholesterol, cardiovascu-
lar diseases and cancer. Overall, however, 
it is clear that miRNAs are only a small 
part of the entire post transcriptional gene 
regulation apparatus used by cells, and we 
are beginning to systematically explore the 
largely unknown function of RNA binding 
proteins. 

My lab uses experimental (molecular biol-
ogy, biochemistry) and computational meth-
ods (bioinformatics, computational biology) 
to dissect, systems-wide, function of gene 
regulation in metazoans. One major focus 
is to understand more about post tran-
scriptional gene regulation. We investigate 
general mechanisms and principles of gene 
regulation by microRNAs and RNA binding 
proteins in cell lines and in vivo. For example, 
we are studying function and mechanisms 
of post-transcriptional gene regulation dur-
ing early development in C. elegans. We use 
CrispX-Cas to mutate individual regulatory 
sites in vivo. Furthermore, we have estab-
lished planaria as a model system in our lab. 
Planaria are famous for their almost unlimited 
ability to regenerate any tissue via pluripo-
tent adult stem cells. We investigate mo-
lecular mechanisms of pluripotency and the 
role of post-transcriptional gene regulation in 
planarian stem cell biology and regeneration. 
More recently, we have started to quantify 
RNAs in single cells and implemented state-
of-the-art technology in our lab (microfluid-
ics). We routinely capture RNA of thousands 
of individual cells in 15 minutes. We develop 
computational methods to analyze these 
data and start to apply the entire approach 
to understand more about gene expression 
in neuronal systems and tumors, which are 
both well known to harbor important hetero-
geneity at the single cell level. 
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helped to elucidate the function of microR-
NAs in pancreatic beta cells (insulin secre-
tion), in liver (cholesterol level), and other 
systems. We have shown that microRNAs 
leave cell type specific mRNA expression 
signatures on hundreds of genes (Sood et 
al., PNAS 2006), and that human genotyped 
SNP data can be used to explicitly demon-
strate and quantify the contribution of mi-
croRNA targets to human fitness (Chen and 
Rajewsky, Nature Genetics 2007). We have 
further developed computational methods 
(miRDeep) to predict miRNAs from high 
throughput sequencing data (Friedlaender 
et al., Nature Biotechnology 2008). We have 
also pioneered approaches that allowed to 
experimentally assay, genome-wide, the 
impact of miRNAs on protein synthesis 
(Selbach et al., Nature 2008). A major on-
going effort is currently to use and develop 
several key high- throughput technolo-
gies for in vivo studies in C. elegans and 
planaria: high-throughput proteomics (SI-
LAC), RNA sequencing, and new methods 
that allow the genome-wide identification 
of binding sites of RNA binding proteins. 
Very recently published new biochemical 
and computational methods to obtain con-
text-dependent, in-vivo and precise maps 
of genome-wide miRNA:target interactions 
(Grosswendt et al. Molecular Cell 2014). 

Circular RNAs

We have very recently shown that single-
stranded circular RNAs (circRNAs) are a 
widespread class of animal RNAs with tis-

Figure 1: Possible functions of circRNAs: (a) binding miRNAs or RNA binding proteins (RBPs) to change 
their local free concentration (b) transport of miRNAs/RBPs inside the cell (c) acting in trans (d) involved in 
assembly of other molecules (e) involved in regulating splicing (f) no function. 

It is clear that a better understanding of 
gene regulation and in particular of the 
just emerging universe of non-coding RNAs 
can only come by integrating various data 
sources (comparative sequence analysis, 
mRNA expression data, protein-protein in-
teractions, mutant phenotypes from RNAi 
screens, polymorphism data, experimen-
tally defined gene regulatory networks, 
ChIP-chip data, etc) since each data source 
alone is only a partial description of how 
cells function. For example, to understand 
microRNA function, we not only need to 
identify their targets but also to decode 
how microRNAs are transcriptionally regu-
lated. A major focus of the lab is therefore 
in developing methods that integrate differ-
ent data sources and methods to produce 
global and yet specific predictions about 
how, when, and where genes are regulated. 
This will ultimately lead to the identifica-
tion and functional description of gene reg-
ulatory networks. We will continue to test, 
develop and “translate” these methods and 
their predictions using specific biological 
systems, such regeneration in planaria and 
early embryogenesis in C. elegans.

Specifically, we have developed one of the 
first microRNA target finding algorithms 
and could later on show that microRNAs 
very likely regulate (in a functionally im-
portant way) thousands of genes within 
vertebrates, flies, and nematodes (Krek et 
al., Nature Genetics 2005; Lall et al., Cur-
rent Biology 2006; Gruen et al., PloS Com-
putational Biology 2006). We have further 
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sue and developmental stage specific ex-
pression (Memczak et al. Nature 2013). 
circRNAs are usually expressed from ex-
ons, are found in the cytoplasm, and are 
unusually stable. For a particular circRNA 
(CDR1as) we could show that this circRNA 
can function as a sponge to sequester miR-
7, a neuronal specific miRNA. We are inves-
tigating possible functions of circRNAs and 
mechanisms of circRNA biosynthesis (Ash-
wal-Fluss et al. Molecular Cell 2014, Ivanov 
et al. Cell Reports 2015, Rybak-Wolf et al. 
Molecular Cell 2015). We collaborate with 
the Kadener lab, Hebrew University, Jerusa-
lem). However, it is also possible that many 
circRNAs are inert by-products of splicing 
(Figure 1). Even in this case, because of 
their unusual stability and differential ex-
pression, it will be extremely interesting to 
study circRNAs as possible biomarkers for 
processes (Memczak et al PloS One 2015). 
Generally we have found that hundreds of 
circRNAs are highly abundant and often 
specifically expressed in each neural tissue 
that we have examined (Rybak-Wolf et al. 
Molecular Cell 2015. We have also devel-
oped assays to pull down circRNAs after 
RNA:protein crosslinking with subsequent 
mass-spec to identify proteins which are 
specifically bound to circRNAs (using the 
non-crosslinked pull down as a control, 
Stottmeister et al. unpublished). These as-
says allow the mechanistic understanding 
of knock-down phenotypes that we ob-
serves for circRNAs.

Development in C. elegans 

Although C. elegans is one of the most fa-
mous model systems for developmental 
biology, it has been impossible to use most 
high-throughput technologies to study dif-
ferential gene expression and networks 
during very early embryogenesis (for ex-
ample the oocyte to one-cell embryo tran-
sition upon fertilization). To overcome this 
problem, we have developed a novel meth-
od (“eFACS”) that allows us to sort embryos 
at precise stages during embryogenesis via 
FACS sorting (Stoeckius, Maaskola et al., 
Nature Methods 2009). For example, we 
can now routinely obtain ~60,000 one-cell 
stage embryos (at a purity of >98%) in one 
FACS run, enough to apply virtually any 
high-throughput method of interest. We 
have used eFACS to assay the dynamics of 
small RNA expression during embryogene-
sis. We discovered a wealth of orchestrated, 
specific changes between and within virtu-
ally all classes of small RNAs. These find-
ings open the door for many computational 
and functional follow up studies. For exam-
ple, we have shown that sperm transmits 
RNA into the zygote, and that hundreds of 
paternal mRNAs/small RNAs are present 
in the one-cell embryo (Stoeckius et al., 
submitted). Very recently we have estab-
lished CrisR-Cas in C. elegans (Froehlich et 
al. unpublished) and are currently probing 
the function and regulatory mechanisms of 
binding sites in 3’ untranslated regions. 

Stem cell biology 

We used massive next generation sequenc-
ing to identify miRNAs and piRNAs in S. 
mediterranea. We also identified miRNAs 
that seem specifically linked to stem cell 
biology. A number of these miRNAs are 
conserved in humans (Friedlaender & Ad-
amidi et al., PNAS 2009). We have further 
developed experimental and computa-
tional methods that allowed us to assemble 
the planarian transcriptome via next gen-
eration sequencing of mRNAs (Adamidi et 
al., Genome Research 2011). We have used 
FACS and subsequent RNA-seq and shotgun 
proteomics to obtain planarian stem cells 
and to define which genes are specifically 
expressed in them. Comparison to mamma-
lian embryonic stem cells revealed that mo-
lecular mechanisms for pluripotency are 
deeply conserved throughout life and that 
planarian stem cells are indeed informative 
for mammalian stem cell biology (Oenal et 
al. EMBO J 2012). Part of this work involved 

Figure 2: Single Cell Sequencing via “Drop-Seq”. We have 
implemented a recent advance in single-cell sequenc-
ing technology (adapted from Macosko et al. Cell 2015). 
Each bead carries oligos which can bind the polyA tail of 
mRNAs/lncRNAs. Single cells enter in suspension, beads in 
lysis buffer. Each oligo contains a bead-specific barcode. 
Therefore, the contents of all droplets can be amplified, se-
quenced as one library, and de-convolved computationally 
later on. The approach is the fastest and most inexpensive 
method to date. We capture 4,000 “transcriptomes’ in 15 
minutes runtime (Alles et al. unpublished). 
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collaborations with the Sanchez lab (Utah), 
Chen, Dieterich, and Kempa labs (MDC). 
Currently we are studying the role of al-
ternative splicing in pluripotency. We have 
discovered that two alternative splice regu-
lators bind proximal to the same set of ex-
ons to antagonistically regulate alternative 
splicing. One of these factors is expressed 
in stem cells, the other one in differenti-
ated cells. In this way both factors together 
control functionally important and cell type 
specific inclusion or exclusion of exons 
(Solana et al submitted). 

Towards systematic decod-
ing of the “post-transcriptional 
regulatory code”

We have started to use biochemical methods 
such as PAR-CLIP (Hafner et al., Cell 2010) 
to investigate mechanisms and function of 
post-transcriptional gene regulation. For 
example, we have studied the human RNA 
binding protein HuR. We identified >4000 
functionally relevant targets of HuR and 
could show that HuR regulates mRNA pro-
cessing and alternative splicing (Lebedeva 
et al., Molecular Cell 2011), previously un-
known functions of HuR. Very interestingly, 
we also found that HuR directly and strong-
ly controls the expression of one conserved 
human microRNA (miR-7). Ultimately we 
need to study regulatory relationships not 
in cell lines but in vivo. In a proof of prin-
ciple experiment, we have shown that it is 
possible to biochemically identify targets of 
RBPs in C. elegans and at nucleotide resolu-
tion (Jungkamp et al., Molecular Cell 2011). 
This new method (“iPAR-CLIP”) allows us 
to systematically identify the targets and to 
study the function of any RBP in C. elegans 
One immediate goal was to identify the tar-
gets of DICER and other central components 
of small RNA pathways in vivo (Rybak-Wolf 
et al Cell 2014). Together with a DICER PAR-
CLIP in human cell lines performed by the 
Landthaler lab, we discovered that DICER 
has not only “active” target sites which are 
cleaved. In fact, many mRNAs and lncRNAs 
harbor small hairpin structures which are 
specifically bound by DICER but not cleaved 
(“passive” sites). We could show that pas-
sive sites are biologically active and that 
they are enriched in mRNAs which encode 
proteins which interact with DICER, for 
example proteins found in P-bodies (or 
granules). These molecular networks are 
conserved from C. elegans to man. We also 
found that a lncRNA is highly covered with 
passive DICER binding sites and indeed in 

vivo bound passively by DICER- expression 
of this transcripts therefore inhibits DICER 
free concentration. We have during the past 
years developed simple quantitative mod-
els which can be used to study systemati-
cally and quantitatively such competition 
effects- expression of a RNA with binding 
sites can lead, under certain stoichiomet-
ric conditions, to reduced availability and 
therefore binding of the regulator to other 
binding sites in the transcriptome (Jens and 
Rajewsky Nature Reviews Genetics 2015).
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define edit operations on sequences and to 
construct all possible paths of converting 
one such sequence into another. In MED-
ICC, FSTs define biologically meaningful 
events of amplification and deletion of arbi-
trary length on the genome, which are then 
used to compute the minimum number of 
such events to transform one genome into 
another as an estimate of evolutionary di-
vergence. 
We applied this method to a new cohort of 
patients under treatment for high-grade 
serous ovarian cancer (HGSOC). We dem-
onstrated ongoing somatic copy-number 
evolution in HGSOC, identified potential 
mutator phenotypes and demonstrated 
associations between different degrees of 
ITH and patient progression and survival 
(Schwarz et al. 2015).

Establishing between-genome 
phasing for copy-number variation
The accuracy of tree inference from genom-
ic rearrangements depends on the quality 
of the phasing of copy-numbers: the assign-
ment of major and minor copy-numbers 
to the two physical parental alleles. So far 
phasing has been done using evolutionary 
criteria alone, a heuristic and computation-
ally expensive procedure which impedes 
probe-level resolution tree reconstruction 
(Schwarz et al. 2014). 
We are currently developing and applying 
a novel phasing algorithm for SCNAs from 
multi-region tumour profiles (Figure 1). Us-
ing the shared genetic background of mul-
tiple samples from the same patient we as-
sign copy-numbers to physical alleles based 
on the bi-allelic frequency (BAF) distribu-
tion of heterozygous single-nucleotide poly-
morphisms (SNPs). In combination with our 
previously established evolutionary phas-
ing algorithm this provides a new, accurate 
and fast phasing method which leverages 
the available SNP data effectively. This is a 

Our group was founded in October 2016 
and investigates the aetiology and func-
tional implications of intra-tumour hetero-
geneity using computational approaches, 
with a focus on chromosomal rearrange-
ments, somatic copy-number alterations 
and changes in chromatin structure. To this 
end, we develop and apply machine learn-
ing and statistical methods to reconstruct 
the evolutionary history of cancer in the 
patient and associate germline and somatic 
variation with changes in gene regulation. 
Our group currently consists of two PhD 
students and one visiting PhD student from 
London. We collaborate with a wide range 
of experimental labs within and outside the 
MDC to tackle the most pressing questions 
in cancer genomics.

Previous work – reconstructing 
the evolutionary history of cancer
Cancer is characterised by ubiquitous so-
matic alterations, such as single nucleotide 
variants (SNVs), somatic copy-number al-
terations (SCNAs) and genomic rearrange-
ments, that shape the genetic landscape 
of cancer and contribute to intra-tumour 
heterogeneity (ITH) and genome plastic-
ity. To understand the aetiology of ITH in 
cancers with substantial SCNAs, we devel-
oped MEDICC (Minimum Event Distance for 
Intra-tumour Copy-number Comparisons), 
an algorithm for the reconstruction of the 
evolutionary history of cancer in the pa-
tient from allele-specific copy-number pro-
files (Schwarz et al. 2014). The algorithm 
is based on finite-state transducers (FSTs), 
an algorithmic framework heavily used in 
natural language processing, that allows to 
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crucial step towards probe-level resolution 
tree inference on genomic rearrangement 
events in cancer and exact quantification of 
genetic heterogeneity for routine applica-
tions in translational cancer research.

Assessing the effect of somatic 
variation on the cancer regulatory 
landscape using deep learning
With the tools in hand to accurately re-
construct tumour evolution, the question 
remains which somatic events are func-
tional, i.e. contribute to cancer fitness and 
progression, and which do not. As part of 
the TCGA/ICGC Pan-Cancer Analysis of 
Whole Genomes (PCAWG) working group, 
we are currently investigating the effect of 
different types of somatic variation on the 
regulatory landscape across different can-
cer types. Using 1200 whole-genome se-
quenced cases with tumour and matched 
normal samples and associated RNAseq 
profiles, we map somatic and germline 
variants to allele-specific expression (ASE) 
readouts and quantify the effects of differ-
ent mutation types. 
To be able to assess the directionality of 
the change in allele-specific expression, 
phasing of both germline as well as somatic 
variants is essential. In segments of chro-
mosomal loss or gain, the phase of germ-
line variants is directly evident from the 
BAF, where within a SCNA segment SNPs on 
the same haplotype co-cluster in the cor-
responding BAF bands. We combine this 
phasing with statistical phasing on regions 
lacking SCNAs to achieve near-to-complete 
long-range phasing for germline and SC-
NAs. This allows for the accurate aggrega-
tion of allelic expression to quantify gene-
level ASE. We then phase individual somatic 
variants to the nearest germline heterozy-
gous site, in instances were both co-occur 

on the same NGS read. Our preliminary re-
sults demonstrate a strong effect of SCNAs 
on ASE, accounting for about 80% of total 
ASE variability, with germline and somatic 
points mutations both contributing roughly 
equally to the remaining variability.
It is so far largely unclear to which extent 
non-coding SNVs contribute to cancer gene 
regulation through disruption of transcrip-
tion factor binding sites or modification of 
chromatin states. To estimate such func-
tional effects of individual SNVs de-novo, 
we train a convolutional neural network, 
to predict regulatory effects on 918 epi-
genetic features, including transcription 
factor binding sites, DNase I sensitivity and 
histone modifications. We use this model 
to predict the regulatory effect of ~10M 
phased SNVs from PCAWG, using ran-
domised null variants to identify SNVs that 
were significant positively and negatively 
associated with specific regulatory marks.

Figure 1 – Reference phasing for allele-specific 
copy-number profiles
A: Schematic of the reference phasing: Using a 
common genetic background, amplifications on 
the two parental alleles can be distinguished 
based on the BAF patterns. Only heterozygous 
probes (white) are informative. B: Example of 
an inverted BAF pattern in HGSOC: Within a seg-
mental duplication of CN 3 (red square), sample 
2 shows an inverted BAF pattern compared to 
the reference, indicating the amplification hap-
pened on the opposite allele. Breakpoints are 
indicated as green vertical lines, average total 
DNA content (logR) is shown in yellow.
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Gene regulation 
and cell fate decision in C. elegans

the ectopic induction of neuronal fates in 
non-neuronal tissues such as germ, epider-
mal, and intestinal cells.

The FACT complex safeguards cell 
fates and counteracts reprogram-
ming
We identified subunits of the histone chap-
erone complex FACT and the associated 
histone chaperone SPT6 to act as barri-
ers for induced cellular reprogramming. 
Further characterization of these factors 
revealed that reprogramming upon loss of 
FACT or SPT6 depends on the activity of 
the Aurora-Kinase AIR-2. AIR-2 is required 
for the phosphorylation of Histone H3, 
thereby triggering activation of silenced 
chromatin domains. Our findings suggest 
that the FACT complex protects repressed 
chromatin to prevent activation of gene 
expression, triggered by AIR-2. This new 
type of gene regulation links FACT and the 
Aurora-Kinase B to safeguarding of cel-
lular identities and, importantly, may be 
conserved because these factors have more 
than 90% amino acid homology with hu-
man counterparts. Moreover, in collabora-
tion with S. Diecke (Stem Cell Facility) we 
showed that FACT acts as a barrier for iPSC 
reprogramming also in human fibroblasts 
(Fig. B).” Notably, we previously identified 
that the histone chaperone LIN-53 protects 
germ cells against reprogramming (Tursun 
et al., 2011 Science). In an analogous mouse 
study, the CAF-1 complex, which consists of 
the LIN-53 homolog CAF-1p48/RBBP4/7, 
was recently identified by another group as 
a barrier for iPSC reprogramming (Cheloufi 
et al., Nature 2015). The marked conserva-
tion of function for the same factor, from 
worm to mouse, gives us confidence that 
more C. elegans findings, with regard to cel-
lular reprogramming, can be translated to 
higher organisms and, importantly, human 
tissues.

Understanding mechanisms which safe-
guard cellular identities is key to improv-
ing the reprogramming of differentiated 
cells. We use Caenorhabditis elegans as 
a genetic model organism to systemati-
cally study the molecular basis of cell fate 
maintenance and protection. C. elegans 
provides genetic tractability and visualiza-
tion of cell conversions in vivo. We utilized 
large-scale genetic screens to identify fac-
tors safeguarding cell fates and acting as 
a barrier for direct conversion of cells to a 
different identity (Transdifferentiation / Di-
rect Reprogramming). Additionally, we are 
studying the interconnection of Aging and 
Cellular Reprogramming (Figure A). Our 
findings could help overcome the limita-
tions of Direct Reprogramming in order to 
generate the cellular material for prospec-
tive tissue replacement therapies.

Genetic screens to identify barri-
ers for direct reprogramming
A straightforward strategy to identify fac-
tors counteracting direct reprogramming 
(barrier factors) is to perform genetic 
screens, which can easily be applied to 
C. elegans. Using mutagenesis and RNAi 
screens we systematically interrogate the 
entire genome of animals for ‘barrier fac-
tors’ in vivo. We use transgenic worms that 
allow mis-expression of cell fate-inducing 
master transcription factors combined with 
fluorescent fate reporters, to monitor cell 
conversions in vivo. Our mutagenesis and 
whole-genome RNAi screens (knock-down 
of 20K individual genes) identified around 
160 novel factors, whose depletion allows 
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The histone chaperone LIN-53 is a 
barrier for cellular reprogramming 
and regulates Aging and muscle 
maintenance
As mentioned above, the histone chap-
erone LIN-53 (CAF-1p48/RBBP4/7) acts 
as a barrier for reprogramming in worms 
and mammals. Furthermore, our ongoing 
characterization of LIN-53 in the context 
of cellular reprogramming revealed that 
Notch signaling promotes reprogramming 
by counteracting the chromatin-regulating 
Polycomb Repressive Complex 2 (PRC2), 
with which LIN-53 associates in order to 
safeguard germ cell identity (Figure C; 
Seelk et al., in revision). Yet in different tis-
sues, LIN-53 appears to play distinct roles 
from counteracting reprogramming. Fur-
ther characterization of lin-53 mutants 
revealed that LIN-53 is crucial for muscle 
maintenance and normal aging. Mutants 
show strong motility defects in addition 
to a shortened lifespan. Genetic analysis of 
the muscle and aging phenotypes revealed 
that loss of LIN-53 connects myopathy and 
premature aging by affecting the chromatin 
remodeling complex NuRD and the histone 
deacetylase complex SIN3. Intriguingly, 
the muscle and aging phenotypes can be 
uncoupled by specifically depleting NuRD 
or SIN3, respectively. Moreover, by exam-
ining human samples of laminopathy pa-
tients (collaboration with Simone Spuler’s 
group), we discovered that human LIN-53 
proteins are diminished or mis-localized to 
the cytoplasm in primary human myoblasts 

with Lamin mutations (Figure D). Many 
laminopathy patients suffer from myopathy 
and some show symptoms of premature ag-
ing that parallel the phenotypes of worms 
lacking LIN-53. Hence, it is conceivable 
that affecting LIN-53 levels and function-
ality causes the symptoms of laminopathy 
patients. Currently, we are collecting more 
evidence that LIN-53 plays a role in muscle 
homeostasis and aging regulation in both 
worms and humans.Our aim is to better 
understand the mechanisms which safe-
guard cell fates in differentiated cells and 
in the context of Aging. Our investigations 
may lead to the identification of conserved 
mechanisms due to the fact that the C. el-
egans genome is ~60% homologous to the 
human genome.
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Systems biology  
of neural tissue differentiation

tation (ChIP) followed by next generation 
sequencing (SEQ) to identify the genome-
wide binding profiles of key neurogenic 
TFs. We aim to identify target genes and the 
CRMs through which TFs act. This is crucial 
for understanding the regulatory network 
that shape the NS. 
A more encompassing view of genome 
regulation can be gained by investigating 
chromatin state dynamics. Specific histone 
modifications are not only predictive of en-
hancers, promoters, etc., but also of their 
regulatory state. However, since chroma-
tin features are employed differentially 
throughout the embryo, identification of 
the tissue specific signatures requires isola-
tion of the cell populations of interest. BiTS 
(Batch isolation of Tissue Specific chroma-
tin) allows the isolation of defined cell pop-
ulations by FACS, which are then used for 
ChIP-SEQ. We are uncovering the chromatin 
signatures in the NS and its components 
with exquisite resolution in space and time. 
The functional integration of TF binding and 
chromatin state data remains an important 
goal to assess how TFs shape their chroma-
tin environment and how the chromatin en-
vironment regulates the interaction of TFs 
with the genome.

Transcriptomes resolved in space 
& time
P. Wahle, A. McCorkindale
A caveat of ChIP-SEQ studies is that binding 
data cannot definitively identify target genes 
or predict transcriptional responses. To as-
sess the effect individual TFs have on global 
transcription in vivo, we have established 
genotypes to isolate homozygous mutant 
embryos and comprehensively assess the ef-
fect of key neurogenic TFs on developmen-
tal transcriptomes and lineage decisions in 
the NS. By combining cell type specific tran-
scriptomic and TF binding, we aim to identi-
fy the regulatory effects of neurogenic TFs. A 

How do cells acquire and maintain their 
identity? This question remains a central is-
sue in developmental and stem cell biology. 
Our lab aims to understand the molecular 
mechanisms undifferentiated embryonic 
cells employ to organize into distinct cell 
types and tissues. With the advent of mod-
ern ‘-omics’ approaches, it is becoming pos-
sible to investigate embryonic development 
on genome wide scales. No longer limited to 
asking how individual genes are regulated, 
we can now ask how the genome is regu-
lated to coordinate development. Further-
more, new methodologies allow increased 
resolution of these approaches – from tissue 
specificity to even individual cells.

Because of its genetic tractability and ex-
perimental accessibility, we approach this 
question in embryonic development of the 
fruit fly Drosophila melanogaster. Using ner-
vous system (NS) development as a model, 
we focus on how cell populations subdivide 
and give rise to specific neuroblasts (NBs) 
and NS components. Our aim is to under-
stand the molecular mechanisms underly-
ing NS specification, the regulated delami-
nation of NBs, and their differentiation.

Transcription factor & chromatin 
landscapes
A. Guimaraes, A. Glahs
Coordinated specification and differen-
tiation in development is driven largely via 
spatiotemporal regulation of gene expres-
sion. Whether a cell expresses a particular 
gene is directed by how that gene’s cis-
regulatory elements (CRMs) interpret the 
cellular environment, e.g. which transcrip-
tion factors (TFs) are recruited to CRMs. 
We are utilizing chromatin immunoprecipi-
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regulatory level that remains understudied 
are noncoding RNAs (ncRNAs). We are sys-
tematically assessing both the spatial and 
the temporal expression dynamics of vari-
ous types of ncRNAs (i.e. micro-, circular-, 
and long ncRNAs) in order to investigate 
their functional roles in neurogenesis.

Toward single cell resolution
Philipp Wahle, with the Rajewsky lab, esp. 
Nikos Karaiskos
New methodologies make it possible to 
extract transcriptome information from 
single cells. In a pilot project with Nikolaus 
Rajewsky’s lab, we have deconstructed the 
early 6000-cell embryo, sequenced its in-
dividual cells, and mapped them back to 
their original embryonic positions. What 
emerges is a virtual embryo – a single-cell 
transcriptome-resolved blueprint of devel-
opment: individual cells and positions can 
be queried for their global gene expression 
programs (www.dvex.org). This yields un-
precedented insight into the combinatorial 
gene expression programs that drive devel-
opment, cellular heterogeneity and even 
reveals evolutionary gene expression di-
vergence. Applying this proof-of-principle 
to nervous system development promises 
new insights into the regulation of neuro-
genic fate decisions.

Network extension
S. Krüger, A. Guimaraes
A central aim of the lab is to gain a mechanis-
tic understanding of how individual CRMs 
translate their cellular environment into 
regulatory (in)activity; however, it is clear 
that our provisional networks of NS devel-
opment are still very incomplete. To extend 
the NS networks, we have created flies that 
allow for tissue-specific biochemical isola-
tion of individual CRMs together with the 
proteins that bind to them in vivo. Using 
mass spectrometry to identify the bound 
proteins, we are particularly interested in 
how CRM activity is affected by both, the 
temporal dynamics of CRM-protein inter-
actions across development, as well as in 
the tissue specificity of CRM-protein com-
plexes. With this method, we are not only 
approaching a mechanistic understanding 
of individual CRMs, but once identified, we 
are able to probe novel interactors for their 
global roles. 
Overall, the lab’s aim is to utilize a systems 
biology approach to uncover the interdepen-
dencies among connected regulatory levels 
(e.g. TF binding dynamics, chromatin land-
scape, transcriptional output, and the regu-
latory networks involved) to establish a pre-
dictive model of NS development: we want 
to understand the regulatory interactions 
driving tissue development in the developing 
embryo to a degree that allows modeling the 
global effects of systematic perturbations.

Dissection of the Drosophila NS. A) Early signs of NS subdivision in 
the cellularizing embryo. B) Schematic representation. C) BiTS work-
flow. D) Embryos stained for tissues and cell types to be sorted as indi-
cated at (L->R) st.9, st.11, and st.13. E) Sample tracks of developmental 
transcriptomic data from neuronal (red) and non-neuronal cells (blue) 
for (L->R) a ubiquitous, neuronal, non-neuronal, and a gene showing 
tissue-specific temporal regulation.
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The Experimental and Clinical 
Research Center (ECRC)
Friedrich C. Luft

T he ECRC is a joint project of the 
MDC and the Charité Medical Fac-
ulty. The mission of the ECRC is to 

pursue basic science directly relevant to 
clinical medicine. The mission statement 
could be: “We bring together the courage 
and imagination of basic researchers and 
clinician/scientists”. The idea of bringing 
novel ideas to patient care more quickly 
is termed “translational” research. The 
concept is not new. For instance, insulin 
was discovered in 1921 and given to a dia-
betic patient in 1922. The Nobel Prize was 
awarded for this work in 1923. The ECRC 
is there to keep that goal alive, but we are 
not naïve. The 2005 international review 
panel founding the ECRC recognized that 
the ECRC needed dedicated well-trained 
clinicians heading research groups. These 
clinicians deserved a state-of-the-art infra-
structure. Equally important, the clinicians 
required world-class basic scientists, who 
are committed to working on clinical prob-
lems with clinicians that are generally less 
knowledgeable in the science. These mar-
riages are seldom made in heaven. Who 
remembers Bertram Collip, the biochemist 
who purified insulin so that the compound 
could actually be given to a human? With-
out him, no treatment, no prize, and more 
importantly no cure. 
The ECRC was designed as an interface be-
tween MDC scientists and Charité clinician/
scientists. We are located in a previous hos-
pital building named after Robert Rössle, a 
Charité pathologist in the Virchow line of 
succession. ECRC groups acquire laborato-
ry space and infrastructure through compe-
tition. The space is provided for five years 
and the contract can be renewed, again on 
a competitive basis. Scientific productivity 
is measured in publications and grant sup-
port. Not all, but most ECRC groups are led 
by clinicians who also have patient-care re-
sponsibility at one of the Charité campuses 
and/or in our outpatient facility. Two of our 

group leaders are clinicians at the HELIOS-
Klinikum-Berlin, a large private hospital 
adjacent to the campus. 
Recruitment, mentoring, and interactions 
are our main tools at the ECRC. To entice 
clinicians into a scientific career, we initi-
ated a research fellowship for clinicians at 
the MDC years ago. This fellowship for two 
years with extension enables clinicians to 
accrue scientific expertise and possibly an 
additional degree. The program has been 
very popular and was thereafter adapted 
institution-wide by the Charité. Subsequent 
career development is a problem; however, 
two possibilities are attachment to an exist-
ing ECRC group or establishing a new inde-
pendent group. Another challenge is bring-
ing MDC scientists and clinician/scientists 
together. We have developed a partnership 
granting system to that end to foster such 
collaborations. 
The ECRC has a facility that exists nowhere 
else in Berlin, although that state-of-af-
fairs may change in the future. We have a 
designated clinical research unit (CRU) to 
study humans, outside of the health-care 
system and solely for the purposes of sci-
ence. This unit is operative since 2000 and 
has been extremely productive in fostering 
investigator-initiated mechanistic research. 
Much very valuable clinical research can be 
performed in a patient-care setting. Most 
clinical research viewed by the public fits 
this venue. For instance, comparing tablet 
A with tablet B, or new cancer treatment X 
compared to old cancer treatment Y, or coat-
ed stent Q versus bare-metal stent R needs 
no special unit because extra resources 
to test these questions are minimal. More 
difficult are studies involving “new ideas”. 
Just suppose we develop a new mesenchy-
mal stem-cell-derived therapy for fragile-X 
syndrome. The commercial application is 
not obvious, the condition is not that wide-
spread, and the health-care system is not 
enamored with the idea of supporting this 
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Fig. 1. Philipp Du Bois and Jens Fielitz explain their project to Angela Merkel, while Friedrich Luft looks on.

endeavor. That is where the CRU steps in.
The uniqueness of the ECRC is the mission. 
We are at the source of medically related 
basic science. The MDC is the best broad-
based institute that Germany has to offer. 
Ideas outside the MDC could be channeled 
via that source. Our medical school has the 
entire city of Berlin at its disposal. Thus, 
patient recruitment (from 4 million inhab-
itants) is possible as is nation-wide recruit-
ment. We view “translational research” as 
our job. We admit that we cannot guarantee 
beating the diabetes team of Banting, Best, 
McLeod, and Collip. But this goal is a worth-
while aim.

Research on human subjects in 
the Clinical Research Unit (CRU)
Patient/proband-oriented research is the 
final step in bringing medical innovations 
to humans or in revealing physiological 
or pathological mechanisms in man. This 
bench-to-bedside and bedside-to-bench 

process is today conducted under the 
trendy catchword “translational” research. 
This idea was not lost on the reviewers of 
the Berlin-Institute of Health reviewers of 
2012. These reviewers specifically recom-
mended more financial outlays for patient-
oriented research in the form of CRUs; 
our design was the prototype. Our CRU is 
modeled after the US general clinical re-
search centers and it has functioned well 
since 2000. We have succeeded in making 
the CRU independent of any patient-care 
endeavors that concern third-party payers 
(cross financing). We have recruited physi-
cians, nurses, scientists, technical experts, 
and students.
Our CRU is located in an earlier hospital 
building and relies on excellent facilities 
included the former new bone-marrow 
transplant unit. We are well equipped for 
cardiovascular and metabolic studies with 
resources not available elsewhere, in-
cluding a normobaric hypoxia chamber, a 

ECRC (JOINTLY WITH CHARITÉ)
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Fig. 2. Angela Merkel PhD, a physicist, tackles the atomic force microscope at the ECRC.
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total-body metabolic chamber, and a large 
gamut of techniques including microdialy-
sis, spiro-ergometry, muscle-nerve record-
ings, lower-body negative pressure, insulin 
and glucose-clamp studies, and indirect 
calorimetry. We also conduct detailed body 
composition measurements. We adapt our 
capabilities to the investigator’s needs. Any 
clinical investigator at the Charité is eligible 
to use our facility and its infrastructure af-
ter applying to and receiving approval by 
our Institutional Advisory Committee. We 
can now add biobanking and data-manage-
ment strategies that have been added to the 
program.
We have not focused on inpatient studies 
but could do so if required. As a result, for 
pharmacological investigations we cur-
rently are not doing phase 1 studies but 
conduct phase 2 and phase 3 clinical trials, 
although our focus has been primarily on 
physician-investigator initiated mechanis-
tic research. We have cooperated actively 
with the MDC magnetic resonance imaging 
center, particularly with Jeanette Schulz-
Menger. Our mission is also directed at 

supporting our outpatient clinics covering 
various disciplines. In the outpatient clin-
ics, we have excellent ultrasound capabili-
ties including state-of-the-art echocardiog-
raphy and a laboratory aimed at biobanking 
samples appropriately. We have added a 
genetic screening and mutation-detection 
capability that meets German patient-care 
standards and have a physician with the 
required additional board certification for 
such investigations. 

Human Data Management
For data management of all human data, 
we use REDCap, a clinical data manage-
ment system (also called electronic case 
report form) developed at Vanderbilt Uni-
versity in 2004. The REDCap Consortium is 
composed of 873 active institutional part-
ners in 71 countries and is currently used 
in more than 89,000 projects with over 
116,000 users. Thus, REDCap is one of the 
most frequently used clinical data manage-
ment systems worldwide. Our group has 
joined the REDCap consortium. The entire 
program can be inspected at: www.project-

ECRC (JOINTLY WITH CHARITÉ)
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Outpatient clinics
Skeletal muscle disturbances (congenital and acquired)
Psychiatry (Memory)
Psychiatry (Cognitive assessments)
Medical Genetics (Multidisciplinary)
Neurology (Skeletal muscle disorders)
Neurology (Inflammatory CNS disorders)
Cardiology (Cardiomyopathy)
Nephrology (Diabetes registry)
Metabolism (Diabetes and lipids)
Pediatric allergy (Atopic dermatitis)

Recent CRU Publications

Heusser K, Tank J, Brinkmann J, Schroeder C, May M, Großhennig A, Wenzel D, Died-
rich A, Sweep FC, Mehling H, Luft FC, Jordan J. Preserved autonomic cardiovascular 
regulation with cardiac pacemaker inhibition: a crossover trial using high-fidelity 
cardiovascular phenotyping. J Am Heart Assoc. 2016;5(1).
Toka O, Tank J, Schächterle C, Aydin A, Maass PG, Elitok S, Bartels-Klein E, Hollfinger I, 
Lindschau C, Mai K, Boschmann M, Rahn G, Movsesian MA, Müller T, Doescher A, Gnoth 
S, Mühl A, Toka HR, Wefeld-Neuenfeld Y, Utz W, Töpper A, Jordan J, Schulz-Menger J, 
Klussmann E, Bähring S, Luft FC. Clinical effects of phosphodiesterase 3A mutations in 
inherited hypertension with brachydactyly. Hypertension. 2015;66(4):800-8.
Haufe S, Kaminski J, Utz W, Haas V, Mähler A, Daniels MA, Birkenfeld AL, Lichtinghagen 
R, Luft FC, Schulz-Menger J, Engeli S, Jordan J. Differential response of the natriuretic 
peptide system to weight loss and exercise in overweight or obese patients. J Hyper-
tens. 2015;33(7):1458-64.
Schroeder C, Heusser K, Zoerner AA, Großhennig A, Wenzel D, May M, Sweep FC, 
Mehling H, Luft FC, Tank J, Jordan J. Pacemaker current inhibition in experimental hu-
man cardiac sympathetic activation: a double-blind, randomized, crossover study. Clin 
Pharmacol Ther. 2014;95(6):601-7.
Fischer R, Konkel A, Mehling H, Blossey K, Gapelyuk A, Wessel N, von Schacky C, 
Dechend R, Muller DN, Rothe M, Luft FC, Weylandt K, Schunck WH. Dietary omega-3 
fatty acids modulate the eicosanoid profile in man primarily via the CYP-epoxygenase 
pathway. J Lipid Res. 2014;55(6):1150-1164.

redcap.org. We now manage all our outpa-
tient contacts with an electronic medical 
records system that we installed in 2014. 
The Regenstrief Institute is an internation-
ally respected informatics and healthcare 
research organization, recognized for its 
role in improving quality of care, increasing 
efficiency of healthcare delivery, prevent-
ing medical errors and enhancing patient 
safety. The Regenstrief Institute, Inc., a 
renowned informatics and healthcare re-
search organization, is dedicated to the im-
provement of health through research that 
enhances the quality and cost-effectiveness 
of health care, by conducting health-servic-
es research (HSR). HSR works to improve 
healthcare delivery and health outcomes 
of patients through research on patient 
safety, quality of care, patient-provider 
communication strategies, applied health 
information technologies, system rede-
sign, and medical education research. This 
healthcare information technology can be 
inspected at: www.regenstrief.org.

Education
ECRC members have not only access to all 
MDC facilities but also are welcome at all 
MDC seminars that happen daily. In addi-
tion to internal laboratory meetings, there 
is a monthly ECRC seminar to introduce 
members to what other researchers in the 
building are doing. Finally, we have a week-
ly Clinical Journal Club. At this function, 
Friedrich C. Luft presents every paper pub-
lished in N Engl J Med and Lancet from the 
following week. The material is announced 
in a brief summary ahead of time over email 
portals of the MDC and ECRC. The presen-
tation can be accessed as well. The written 
material is in English, while the presenta-
tion (medical student and house-staff level) 
is held in German. Outside visitors are wel-
come and the material is available weekly 
via Webex or YouTube (load the file down 
weekly at http://www.charite-buch.de/).

Fig. 3. Our CRU organizational concept is adapt-
ed from the general clinical research center idea 
formulated by NIH. We supply infrastructure and 
various services for any investigator approved by 
the Institutional Advisory Committee.

ECRC (JOINTLY WITH CHARITÉ)
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Hypertension-induced  
Target-Organ Damage
The group’s major research interests are the 
renin-angiotensin system2-4 the immune sys-
tem1-5 and how both systems cause hyperten-
sion-induced target-organ damage. Recent 
work has extended the concept analyzing how 
environmental factors such as a high salt affect 
the microbiome, immune cells, target organs, 
and autoimmunity. In a translational approach, 
the Dechend/Müller laboratory focuses primar-
ily on the placenta, heart, and kidneys. The 
group also cooperates closely with MDC sci-
entists and Charité clinician scientists and has 
also been a resource for young clinicians and 
doctoral students beginning their careers in ex-
perimental and clinical cardiovascular research.

The immune system, salt, and 
hypertension-induced target organ 
damage
Hypertension induces target-organ dam-
age; however, the mechanisms are unclear. In 
general, the immune system is traditionally 
considered to be a complex biological system 
that wards off disease, typically by fighting the 
invasion of foreign microorganisms, such as 
bacteria and viruses. We and others found that 
the immune system plays a pivotal role in the 
pathogenesis of Angiotensin (Ang) II-induce 
target-organ damage. 

Together with Jens Titze (Vanderbilt Uni-
versity), we address the regulatory interaction 
between immune cells, lymph vessels, and in-
terstitial matrix components for maintenance 
of internal environmental composition, blood-
pressure regulation, cardiovascular target-
organ damage, and immunity. We provided 
evidence that sodium, a known risk factor for 
cardiovascular disease, interacts with the im-
mune system.1,5 Increased NaCl concentrations 
induced an increase in the cytokine-driven 
TH17 activation in naïve T cells and alter M1 

and M2 macrophage action.1,5 The outcome of 
this increased TH17 activation resulted in an 
accelerated and more severe autoimmune dis-
ease (multiple sclerosis) in mice on a high-salt 
diet.5

Macrophages are an important innate im-
mune cell type, which fulfills a plethora of 
homeostatic functions beyond host defense. 
Functional diversity is reflected by a continu-
ous spectrum of different activation states 
and M(LPS) also referred to as “M1” and 
M(IL-4+IL-13) also referred to as “M2” may be 
viewed as the extreme pro- and anti-inflam-
matory poles of macrophage activation, re-
spectively. Similar to T cells, physiologically in-
creased environmental sodium concentrations 
affected pro- and anti-inflammatory activation 
of macrophages differentially. Pro-inflammato-
ry activation of macrophages with LPS was sig-
nificantly boosted in the presence of high NaCl 
concentrations and enhanced inflammatory 
mediator and effector molecule expression.

In contrast, for murine M2 macrophages 
activated with IL-4+IL-13 recently found that 
activation was blunted in vitro and in vivo.1 
For instance, M(IL-4+IL-13) cells activated in 
the presence of additional NaCl had a signifi-
cantly reduced ability to suppress CD4+ T cell 
proliferation in vitro and a high-salt diet de-
layed cutaneous wound healing. Salt effect on 
M(IL-4+IL-13) activation was independent of 
tonicity.1 Instead, we found evidence that salt 
affected M2 macrophages via an Akt-mTOR 
metabolic signaling pathway and changes in 
cellular metabolism (Figure 1). It is now ac-
knowledged that adaptions of cellular meta-
bolic programs are crucial for proper immune 
cell activation. Metabolic “rewiring” is not 
simply adopted to meet the energetic needs of 
blasting lymphocytes; instead, it also controls 
effector functions and fate decisions of adap-
tive immune cells. One future research goal of 
our laboratory is to elucidate the role of salt on 
immuneometabolism and immune cell func-
tion.
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Putative mechanisms how sodium affects IL-4 
and IL-13-induced M2 macrophage activation.

Pathogenesis of preeclampsia
Preeclampsia is a leading cause of maternal 
death, and perinatal morbidity and mortality 
resulting from premature delivery and intra-
uterine growth restriction. New onset of hy-
pertension and proteinuria arises secondary 
to maternal endothelial and inflammatory 
and immunological dysfunction. We induced 
Treg in our established transgenic rat model 
for preeclampsia by application of super-
agonistic monoclonal antibody for CD28. In-
duction of Treg had no influence on maternal 
hypertension and proteinuria, but it substan-
tially improved fetal outcome by ameliorating 
intra uterine growth restriction.

By whole genome expression analysis of 
placental tissue using microarrays, we found 
CD74 (Cluster of differentiation 74) in pla-
cental macrophages to be one of the most 
down-regulated genes in placentas from 
preeclamptic women. Naïve and activated 
macrophages lacking CD74 showed a shift to-
wards a pro-inflammatory signature and re-
duced macrophage adhesion to trophoblasts. 
CD74-knockout mice showed disturbed pla-
cental morphology, reduced junctional zone 
and smaller placentas with fetal growth re-
striction. These data show that altered mac-
rophage-trophoblast interaction is involved 
in preeclampsia.

We found altered genomic imprinting in 
gene expression in preeclampsia. Statistical 
analyses of dependence between imprint-
ing to probe distance showed that the dif-
ference was driven by altered expression of 
the imprinted transcription factor Distal-less 
homeobox 5 (DLX5). We identified loss of 
imprinting as one underlying mechanism for 
its dysregulation. Overexpression of DLX-5 
into trophoblasts reduced proliferation and 
increased metabolic activity. Transcriptome 
analysis of trophoblasts with DLX5 overex-
pression showed several dysregulated path-
ways, which suggests that DLX5 is involved 
in stress responses. DLX5 transcriptome 
strongly clusters with that of preeclamptic 
placentas, and are separated from the tro-
phoblast wild-type cells suggesting that DLX5 
can model the differential gene expression 
seen in preeclampsia and might be a potent 
transcription factor involved in pathogenesis 
of the disease. We perform these experiments 
in close collaboration with Prof. Zsuzsanna 
Izsvak (MDC) and Prof. Ann-Cathrine Staff 
from Oslo.
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Blood Vessel Function and Target-Organ 
Damage / Registry Diabetic Nephropathy
Our group focuses on ion channels, primarily in 
vascular smooth muscle cells (VSMC), to clarify 
mechanisms contributing to hypertension and car-
diovascular disease. Potassium channels, chloride 
channels and transient receptor potential (TRP) 
channels have received special attention. In col-
laboration with Björn Schroeder, we investigated 
the role of smooth muscle TMEM16a chloride 
channels. We showed that VSMC TMEM16 chan-
nels function as regulator of agonist-dependent 
arterial constriction and systemic blood pressure. 
In collaboration with Thomas Jentsch and Mi-
chael Bader, we provided definitive evidence that 
myogenic responses of mouse mesenteric and 
renal arteries rely on ligand-independent, mecha-
noactivation of AT1R subtype a. We are currently 
studying biased agonism and ryanodine receptor 
isoforms (Figure 1) in VSMC potassium channels 
gating and myogenic tone. A particular attention is 
paid to various KCNQ potassium channel isoforms 
in periadventitial vasoregulation. Thomas Jentsch 
is helping us here. We also have a project focus-
ing on the perivascular adipose tissue (PVAT) as a 
source for relaxing factors. Here, we collaborate 
with Wolf-Hagen Schunck, who has peaked our 
interests in eicosanoids. We also collaborate with 
Huang Yu, Hong Kong, China. Together, we devel-
oped the novel concept that perivascular adipose 
tissue (PVAT) function requires considering het-
erogeneous PVAT as a specialized organ that can 
differentially regulate vascular function depending 
on its anatomical location. Finally, in collabora-
tion with the German Institute of Human Nutrition 
(DifE), we are studying human diabetic nephropa-
thy with a focus on genetics.

 

TMEM16a and TRP channels
TMEM16a, TRPC6, and TRPV1 channels 
are expressed in the vasculature. We used 
smooth muscle specific TMEM16a deficient 
mice and found that TMEM16a downregu-
lates agonist-induced vasoconstrictions and 
thereby contributes to blood pressure regula-
tion. Our current research in this area is di-
rected towards identifying role of TMEM16a 
and ryanodine receptor isoforms in collat-
eral arterial networks. In collaboration with 
Thomas Willnow, we have examined the role 
of the choroid plexus in the pathogenesis of 
multiple sclerosis, and found that claudin 3 
(CLDN3) may be regarded as a crucial and 
novel determinant of blood-cerebrospinal 
fluid barrier integrity. We have also found 
that TRPV1 and TRPV4 channels play a role 
in regulating renal blood flow. We found that 
TRPV1 channels can contribute to ischemia/
reperfusion (I/R) -induced kidney injury.
 
Eicosanoids, H2S and inflammation
EETs serve as endothelial-derived hyperpo-
larizing factors (EDHF), but may also affect 
cardiovascular function by anti-inflammatory 
mechanisms. Our current research in this 
area is directed towards identifying the role 
of H2S producing enzymes as regulator of va-
sodilatory EETs and nitric oxide (NO). In col-
laboration with Michael Bader, we found that 
angiotensin-converting enzyme 2 (ACE2) 
regulates vascular function by modulating 
nitric oxide release and oxidative stress. In 
diabetes mellitus, insulin-induced relaxation 
of arteries is impaired and the level of ortho-
tyrosine (o-Tyr), an oxidized amino acid is 
increased. We found that elevated levels of 
o-Tyr contribute to vasomotor dysfunction in 
diabetes mellitus. By an improved tag-switch 
method, we identified thioredoxin to act as 
depersulfidase. We also identified a novel 
role of Anti-AT1 receptor and –ETA receptor 
antibodies in pulmonary arterial hyperten-
sion associated with systemic sclerosis. Both 
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antibodies may contribute to pulmonary hy-
pertension via increased vascular endothelial 
reactivity and induction of pulmonary vascu-
lopathy. In collaboration with Ralf Dechend, 
we also identified a novel role of vitamin D in 
hypertension and target-organ damage. Our 
data suggest that even short-term severe vi-
tamin D deficiency may directly promote hy-
pertension and impacts on renin-angiotensin 
system components that could contribute to 
target-organ damage.
 
Vasodilator signals from 
perivascular adipose tissue 
We have identified a vasorelaxing factor 
produced in the perivascular adipose tissue 
(ADRF). Our recent work showed that KCNQ 
channels could represent the subtype of Kv 
channels involved. The “third gas”, namely 
H2S, could represent ADRF. However, other 
adipokines may also play a role. We identified 
alterations in the paracrine control of arterial 
tone by periadventitial adipose tissue in ani-
mal models of hypertension and metabolic 
disease. KCNQ and cystathionine gamma-ly-
ase deficient mice are available to us to clarify 
the role of Kv channels and H2S. ADRF and its 
putative targets (KCNQ channels) might rep-
resent exciting new targets for the develop-
ment of drugs for treatment of cardiovascu-
lar and metabolic disorders. Overall, our and 
other data indicate that dysfunctional peri-
vascular adipose tissue (PVAT) contributes to 
cardiovascular risk.
 
Genetic renal diseases
An outgrowth of Maik Gollasch’s clinical re-
sponsibilities has been a focus on clinical 
genetics related to renal diseases. We have 
performed functional analyses of mutations 
causing familiar kidney diseases with specific 
emphasis on TRPC6 channels in focal and 
segmental glomerulosclerosis (FSGS). We 
identified a unique CD2AP mutation in a Ger-
man family, supporting the overall concept 
that CD2AP-associated nephropathy is an au-
tosomal dominant form of FSGS in man. We 
are also studying human diabetic nephropa-
thy with a focus on genetics. For these pur-
poses, we recently established an Outpatient 
Kidney Clinic at Charité Campus Buch and the 
Registry of Diabetic Nephropathy (http://

www.charite-buch.de/rdn/). We are continu-
ously recruiting patients for our Registry and 
renal/vascular disease-specific family stud-
ies. Through these studies, we hope to iden-
tify novel mechanisms leading to increased 
cardiovascular risk and target-organ damage 
and novel treatment targets.

Primary funding
The Deutsche Forschungsgemeinschaft (GO 766/13-1, GO766/15-1; 
GO766/17-1; GO766/18-1, FOR1368), DAAD, Alexander von Hum-
boldt Stiftung, ERA-EDTA and cooperative grants between the MDC 
and ECRC have funded this work.

Intracellular calcium release is 
visualized by calcium sensitive dyes 
and Nipkow spinning disc micros-
copy. Three freshly-isolated cells 
are shown in this figure: The upper 
two cells are isolated from wild-type 
(WT) mice; the lower cell is isolated 
from a ryanodine receptor type 2 
deficient (KO) mouse. The stimulator 
of intracellular ryanodine receptors 
caffeine (10 mM) induced a strong 
calcium release signal in WT, but not 
in KO cells.
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Nephrology and Inflammatory 
Vascular Diseases
Our group is interested in vascular biology 
with special focus on autoimmune vasculitis. 
Patients develop autoantibodies against neu-
trophil and monocyte constituents that reside 
in the cells’ cytoplasm and are called anti-
neutrophil cytoplasmic autoantibodies (ANCA). 
The major ANCA target antigens are myeloper-
oxidase (MPO) and proteinase 3 (PR3). What 
breaks tolerance is not clear, but once ANCA 
are generated they activate neutrophils and 
monocytes. These activated cells adhere to 
the endothelium and cause severe necrotizing 
vasculitis. This highly inflammatory process can 
affect small vessels of every organ; however, 
the kidneys and lungs are the most life-threat-
ening manifestations. Patients develop rapidly 
progressing necrotizing crescentic glomeru-
lonephritis (NCGN) and often require dialysis. 
Timely immunosuppressive treatment improves 
renal function. However, treatment, including 
steroids, cytotoxic drugs and more recently 
CD20-targeted B-cell biological, is not disease 
specific. Translational research is needed to 
develop more specific and less toxic treatment 
protocols. Oxidative and non-oxidative effector 
mechanisms participate in ANCA vasculitis and 
provide potential novel treatment targets.

tential for collateral tissue damage. We stud-
ied NSPs in two inflammatory settings with 
relevance to ANCA vasculitis: 1) NSPs as tis-
sue-damaging enzymes that are transferred 
from the neutrophil to endothelial cells (EC), 
and 2) NSPs as regulator of proinflammatory 
IL-1β generation in neutrophils and mono-
cytes.

We observed that all three NSPs are trans-
ferred to EC where they accumulate and re-
tain their enzymatic activity. In collaboration 
with Gunnar Dittmar’s group at the MDC, we 
used terminal-amine isotopic labeling of sub-
strates (TAILS) to identify several novel endo-
thelial NSP substrates. We characterized the 
extended cleavage pattern and generated cor-
responding IceLogos for each protease. Based 
on the gene ontology analysis we showed that 
NSPs released from ANCA-activated neutro-
phils entered the EC, disturbed the cytoskel-
etal architecture (figure), and caused endo-
thelial permeability increase with increased 
albumin flux. Serine protease inhibitors abro-
gated these effects.

Our second project identified NSPs as 
important regulators of IL-1β generation in 
ANCA-stimulated monocytes and neutrophils 
in vitro and in an ANCA mouse model. Active 
NSPs, and particularly PR3, were efficient al-
ternatives to the classical caspase-1 depen-
dent inflammasome and promoted pro-IL1b 
processing into IL-1β. Using an ANCA mouse 
model we showed that inactive or lacking 
NSPs protected against NCGN and this effect 
was accompanied by a significantly reduced 
IL-1β generation. Treatment of mice with the 
specific IL-1 receptor antagonist, anakinra, 
protected from the disease suggesting that 
IL-1β is a critical inflammatory mediator and 
a treatment target in this model.

Phagocyte NADPH oxidase (Phox) 
restrains the inflammasome
Several clinical antioxidant trials in a variety 
of diseases have failed indicating that reac-

Neutrophil serine proteases (NSPs) 
accelerate vascular inflammation
Neutrophil granules contain large amounts of 
NSPs that include human neutrophil elastase, 
PR3, and cathepsin G. Once the neutrophil is 
activated (e.g. by ANCA), these NSPs are re-
leased into the environment where they act 
as powerful proteolytic enzymes. NSPs shape 
the inflammatory response and have high po-
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tive oxygen species (ROS) have more complex 
functions. We tested the hypothesis that ROS 
produced by Phox restrain inflammation by 
down-regulating caspase-1, thereby reducing 
IL-1β generation and limiting ANCA-induced 
NCGN. In an MPO-ANCA disease model, mice 
transplanted with Phox-deficient BM, showed 
increased renal IL-1β levels and accelerated 
disease. Therapeutic IL-1β receptor blockade 
abrogated aggravated NCGN. IL-1β genera-
tion was strongly accelerated in Phox-defi-
cient monocytes and neutrophils challenged 
with MPO-ANCA and this accelerated IL-1β 
generation was abrogated when caspase-1 
was blocked. The causative role of caspase-1 
was firmly established by showing that gp-
91phox/caspase-1 double-deficient mice were 
rescued. Our study indicated that Phox-gen-
erated ROS down-regulate caspase-1, keep-
ing the inflammasome in check and thereby 
limiting ANCA-induced inflammation. IL-1 
receptor blockade provided also in this study 
protection from the disease and is a promis-
ing treatment strategy. Importantly, our data 
question the benefit of antioxidants.

Genetic regulation of the PR3-
presenting neutrophil surface 
receptor CD177 and disruption of 
the CD177/PR3 complex on neu-
trophils as a treatment strategy
PR3 is the major autoantigen in European 
patients with vasculitis. We identified neu-
trophil-specific CD177 as a PR3-presenting 
membrane receptor. CD177 is restricted to 
a variable, but in a given individual stable 
neutrophil subset. Only this CD177-express-
ing neutrophil subset presents high PR3 
amounts on the neutrophil surface. The per-
centage of CD177pos/mPR3high neutrophils has 
clinical implications for ANCA vasculitis risk 
and clinical outcomes. We are working on 
the genetic and epigenetic regulation of this 

 IceLogo for proteinase 3 (PR3) depicting amino acids 
that were most likely (above the x-axis) or least likely 
(below the x-axis) present in the substrate at the indicated 
P or P’ site. Active neutrophil serine proteases, including 
PR3 are released from ANCA-stimulated neutrophils, ac-
cumulate in EC, and cause actin cytoskeleton disruption 
and permeability increase. Serine protease inhibition by 
PMSF abrogates this effect. Phalloidin (green) and DAPI 
(blue) staining.

CD177/mPR3 phenotype. We have strong 
evidence that DNA methylation plays an im-
portant role.

We also teamed up with Oliver Daumke’s 
group to elucidate the crystal structure of 
CD177 and the CD177:PR3 complex. We 
found previously that, on CD177pos/mPR3high 

neutrophils, PR3 and CD177 form of a larger 
signaling complex within lipid rafts. Recruit-
ment of the transmembrane b2-integrin 
CD11b/CD18 then allows initiation of intra-
cellular signaling pathways and neutrophil 
activation by PR3-ANCA. We believe that 
detailed structural information will help to 
therapeutically interfere with PR3 binding 
to CD177, or, alternatively, with anti-PR3 
antibody-binding to CD177-presented PR3. 
Either approach would have the potential to 
prevent neutrophil activation by PR3-ANCA.
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Biology of Malignant Lymphomas

A detailed molecular understanding of the 
oncogenic process is fundamental for the 
development of new therapeutic strategies 
for human lymphomas. We aim to gain insight 
into the network of oncogenic defects in B 
and T lymphoid cells by using a wide range of 
cell and molecular biology techniques com-
bined with high-throughput and screening ap-
proaches as well as in vivo mouse models. Our 
special interest is focused on the identification 
and characterization of deregulated signaling 
events and aberrant transcription factor activi-
ties in lymphoid malignancies. Using classical 
Hodgkin lymphoma (cHL) and anaplastic large 
cell lymphoma (ALCL) as model systems, we 
analyze the role of lineage infidelity, cellular 
reprogramming and activation of lineage-inap-
propriate survival signals in lymphomagenesis. 
In multiple myeloma we study the impact of 
tumor – microenvironment interactions as well 
as of intrinsic genetic and functional defects on 
the malignant transformation of terminally dif-
ferentiated B cells by employing in vitro and in 
vivo strategies. Collectively, our work does not 
only address fundamental aspects of lympho-
ma pathogenesis, but also aims at providing 
therapeutic solutions.

as well as growth and survival pathways. 
In this part of our work, we aim to under-
stand the hierarchical order and coopera-
tive activity of such TF activities in HRS 
cells using a combinatorial approach that 
integrates the analysis of accessible chro-
matin studies with global gene expression 
and epigenetic data. This search revealed 
enrichment of DNA binding motifs for the 
inducible transcription factors AP-1, NF-kB, 
STAT and IRFs in the active chromatin land-
scape of cHL. Moreover, these motifs were 
specifically occupied in HRS cells, indicat-
ing a chronic activity of the corresponding 
factors. Apart from confirming the role of 
AP-1, NF-kB (both defined in HL by our lab 
in cooperation with the group of C. Scheide-
reit, MDC) and STAT factors for cHL patho-
genesis at a genome-wide level, a key find-
ing of this analysis was the identification of 
overexpressed IRF5, a central regulator of 
inflammatory gene expression, as a specific 
defect of HRS cells. Our work provides evi-
dence that IRF5 in combination with NF-kB 
orchestrates the HL-specific gene expres-
sion program, which offers an explanation 
for the unique inflammatory phenotype of 
cHL. We are currently transferring the ap-
proach described herein to other lymphoid 
malignancies to identify key transcriptional 
regulators of the respective lymphoma en-
tities.
Apart from the direct modulation of cellu-
lar processes like growth or apoptosis, even 
single TFs can enforce malignant transfor-
mation by disrupting the physiologic differ-
entiation program. A number of lymphoid 
tumors display a phenotype that is in ac-
cordance with such a reprogramming pro-
cess, including cHL, PEL and ALCL. Among 
these entities, cHL constitutes the most 
prominent example for lineage infidelity 
and reprogramming. In previous work, we 
have shown that the activity of the TF E2A 
is disrupted in the malignant cells of cHL 
and ALCL. This defect is directly linked to a 
reprogramming process that results in the 

Deregulated transcription factor 
activities as a driving force of ma-
lignant transformation and lineage 
infidelity in human lymphomas
Aberrant transcription factor (TF) activities 
are key regulators of malignant transforma-
tion of hematopoietic cells. In this regard, 
cHL provides a unique example among lym-
phoid malignancies given the exceptional 
diversity and strength of deregulated TFs 
in the malignant Hodgkin-/Reed-Sternberg 
(HRS) cells that target cellular differentiation 
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Figure 1. Key signaling pathways in cHL. Major signaling pathways 
in HRS cells are canonical and non-canonical NF-kB (defined in cHL by 
groups Dörken and Scheidereit), and JAK/STAT signaling. Further key 
players are IRF5, which together with NF-kB coordinates HL-specific 
gene expression (defined in cHL by group Dörken), and high-level ac-
tivation of AP-1/CREB members (JUN, JUNB, ATF3) (defined in cHL by 
groups Dörken and Scheidereit). Green arrows indicate interactions.

up-regulation of genes usually suppressed 
in lymphoid cells, including the myeloid 
CSF1 receptor (CSF1R) gene. Remarkably, 
CSF1R expression in HL cells is not medi-
ated by the canonical myeloid promoter, 
but is activated by an upstream long ter-
minal repeat (LTR) element, providing the 
first example of such an alternative proto-
oncogene activation. In addition, our work 
has significant impact on the development 
of new treatment strategies. For example, 
inhibition of CSF1R activity resulted in 
reduced proliferation or cell death of lym-
phoma cells. Ongoing projects include work 
on the molecular mechanisms of the re-
programming processes in lymphoid cells, 
their therapeutic implications and, in co-
operation with the group of K. Rajewsky 
(MDC), the generation of transgenic mouse 
models to study the impact of lymphoma-
associated factors on cell growth, apoptosis 
and differentiation in vivo.

Identification and characterization 
of molecular defects in B and T 
cell-derived malignancies
Apart from our work on deregulated TF 
networks, we are interested in the identifi-
cation of additional genetic and functional 
defects of B and T cell lymphomas. In par-
ticular, we focus on the pathogenesis of B 
cell-derived malignancies such as cHL and 
multiple myeloma as well as T cell-derived 
malignancies (ALCL and cutaneous lym-
phoproliferative disorders). It is our aim to 
investigate the mechanisms leading to the 
t(2;5)-translocation in ALCL and to evalu-
ate the contribution of breakpoint-proxi-
mal gene deregulation to ALCL pathogen-
esis and for prognosis and development of 
new treatment strategies for ALCL.
Furthermore, to identify factors that are 
involved in the formation of the HL-specific 
tumor microenvironment, we screened 
gene expression profiles of HRS and B non-
Hodgkin cell lines with a focus on cytokines 
and cytokine receptors. With this approach, 
we identified an up-regulation of IL-15 and 
the corresponding receptor components in 
Hodgkin cell lines. We demonstrated that 
IL-15 promotes growth and apoptosis re-
sistance, stimulates JAK/STAT signaling 
and is involved in the regulation of HRS cell-
specific gene expression. In summary, this 
study identified IL-15 as an important part 
of the complex interactions between tumor 
cells and the microenvironment in HL.
Finally, we postulated that a defect of the 
cellular degradation machinery might be 
involved in the unusually strong activa-
tion of transcription factors, including NF-
kB, AP-1, STATs and IRFs, in cHL. By the 
analysis of microarray data, we identified a 
recurrent inactivation of the putative ubiq-
uitin E3-ligase PDLIM2 in cHL and ALCL. 
Loss of PDLIM2 expression was associated 

with PDLIM2 promoter methylation, al-
tered splicing and genomic alterations, and 
contributes to the activation of NF-kB and 
AP-1 in these lymphoma cells. Thus, inac-
tivation of PDLIM2 promotes activation of 
inflammatory signaling pathways, thereby 
contributing to lymphoma pathogenesis.
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Outpatient Clinic for Neuroimmunology

Friedemann Paul is head of the Out-patient 
Clinic of Neuroimmunology at the ECRC caring 
for more than 1500 patients each year suffering 
from neuroimmunological disease like Multiple 
Sclerosis (MS), Neuromyelitis optica (NMO) 
Susac syndrome or Myasthenia gravis. In co-
operation with the NeuroCure Clinical Research 
Center his research is dedicated to translation-
al medicine running numerous trials to develop 
new diagnostic and therapeutic approaches in 
neuroimmunological disorders. The main focus 
is on developing so-called neuroprotective 
(nerve cell protecting) treatment and establish-
ing modern examination procedures such as 
MRI (magnetic resonance imaging) and OCT 
(optical coherence tomography). He works 
closely with basic scientists, clinical neurolo-
gists and neuro-imaging researchers on local, 
national and international level.
 

Multiple Sclerosis
Multiple sclerosis (MS) is the most common 
chronic inflammatory disease of the cen-
tral nervous system that primarily affects 
young adults. It is caused by autoimmune 
processes, meaning the body’s immune 
system falsely recognizes tissue of its own 
nervous system as “foreign” and causes an 
inflammatory reaction, resulting in damage 
to nerve cells and axons with their envelop-
ing protective layer. A variety of neurologi-
cal symptoms may occur: paralysis, visual 
disturbances, abnormal sensations or bal-
ance problems.

The neuroimmunology team focuses on 
developing and establishing new disease 
course and prognostic markers for MS. 
This includes, for example, improving pos-
sibilities in the field of magnetic resonance 
imaging (MRI) and ultra-high field MRI, or 
establishing new imaging techniques such 
as optical coherence tomography (OCT). 

7 Tesla MRI images of brain structures. A 7T T1w MPRAGE 
shows high-resolution anatomical images. B 7T SWI 
depicts tiny brain veins. C,D 7T T2*w FLASH (resolution 
0.2mm x 0.2mm x 2mm) depict highly myelinated struc-
tures like the optic radiation (white arrows) or the stripe of 
Gennari (black arrows). Tiny veins emerge in the periven-
tricular white matter (black arrowheads). Image quality of 
7T gradient echo images may be reduced due to inhomoge-
neities or artifacts (asterisks).

We could show that despite differences in 
disease course and clinical characteristics 
primary progressive and relapsing remit-
ting MS exhibit identical lesion morphology 
in ultra-high field (7 Tesla) MRI.
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Because there is as yet no cure for MS, 
treatment strategies centre primarily on 
improving symptoms and modifying the 
disease course. In this context the team de-
velops and conducts clinical trials with the 
aim of improving treatment options in MS 
and to learn more about the mechanism of 
action of these therapies next to new patho-
physiological aspects of the disease itself.
 
Neuromyelitis optica
Neuromyelitis optica (NMO) has long been 
regarded as a variant of MS. Today we know 
that NMO is an independent disease, which 
is based on different disease mechanisms.

Typical manifestations of NMO are, on 
one the hand, unilateral or bilateral op-
tic neuritis, often leading to severe vision 
problems and, on the other hand, long-
segmented inflammation in the spinal cord, 
which can lead to severe paralysis, abnor-
mal sensations, gait disorders, and bladder 
dysfunction.

The disease is caused by an autoim-
mune response to a cellular water channel 
known as aquaporin-4. Antibodies against 
this water channel can be detected in most 
patients with NMO. As with MS, there is cur-
rently no cure for NMO. As successor of the 

Neuromyelitis optica (NMO) versus Multiple 
Sclerosis (MS) lesion morphology. 7T T2*w 
FLASH images from exemplary NMO (A) and 
MS (B) patients. A small central vein shows 
within the inner third of most MS lesions 
(white arrows). An acute MS lesion is charac-
terised by a hypointense rim (white arrow-
heads) and a surrounding edema (asterisks). 
A central vessel is not visible in NMO lesions 
(black arrowheads) despite using high spatial 
resolution of 0.2mm x 0.2mm x 2mm.

at present widely used immunosuppres-
sant therapy upcoming therapeutic strate-
gies focus on highly specific pharmacologi-
cal interventions in the immune system.

The neuroimmunology group is con-
sidered one of the leading centres in NMO 
research both nationally and internation-
ally. New diagnostic approaches are devel-
oped, e.g., with OCT or MRI imaging and 
therapeutic studies conducted. We were 
able to introduce a paradigm to differenti-
ate between MS and NMO cerebral lesions 
in ultra-high field MRI based on the fact 
that NMO lesions compared to MS lesions 
lack a central vein and rarely show a T2*w-
hypointense rim. Our growing cohort study 
of NMO patients offers a wide opportunity 
to investigate clinical as well as pathopyh-
siolocial aspects of the disease.
 
Primary funding sources
German Research Foundation (DFG Exc 257 and other grants) and 
the German Ministry of Education and Research (Competence Net-
work Multiple Sclerosis KKNMS and other grants), research grant 
from the Guthy Jackson Charitable Foundation/National Multiple 
Sclerosis Society of the USA, European Union Seventh Framework 
Programme (FP7/2007-2013), EU funding program ERACOSYS-
MED, Walter und Ilse Rose Stiftung, Leifheit-Stiftung, Sanitätsrat Dr. 
Arthur Arnstein Stiftung, Federal Ministry for Economic Affairs and 
Technology (ZIM funding line)
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Cardiac MRI

The CMR group at the Experimental Clinical 
Research Center (ECRC) and Clinics for Car-
diology and Nephrology of the HELIOS Clinics 
Berlin Buch has focused research on in vivo 
assessment of functional and structural myo-
cardial abnormalities related to non-ischemic 
diseases and ischemic heart disease. Our 
main hypothesis is, that the in-vivo differentia-
tion of myocardial structural injury is possible 
in preserved ejection fraction and will help to 
explain remodeling processes. Furthermore, 
we understand cardiovascular disease as 
systemic disorders and aim to understand the 
mechanism and the interaction of vascular 
and cardiac disorders. In many projects, we 
are treading the path from the phantom/mod-
el including development of techniques into 
clinical research. Developing and establish-
ing innovative imaging biomarker will allow for 
quantification of structural integrity and in-vivo 
evaluation of prognostic relevant processes.

(Univ. of Virginia, USA), Tobias Schaeffter 
(PTB, Berlin, Germany)
 
We have installed a post-processing lab (CMR 
reading and development) giving us the op-
portunity to speed up processes. During the 
last year we developed standardized proce-
dures (SOP) for quantitative analysis to im-
prove and introduced a systematic quality 
check of all data. That goes along with the 
introduction of staff scientist structure. In 
2011 we founded an academic outpatient 
department of cardiology focused on myo-
cardial disease at the ECRC and established 
a research database dedicated on patient 
oriented research. During the last year a 
fruitful cooperation between the Muscular 
group (headed by Prof Spuler, ECRC) was es-
tablished. That drives the understanding of 
“neuro-cardiology” in muscular dystrophy. 
The group has several outreach activities. Jea-
nette Schulz-Menger is e.g. the Principal In-
vestigators of Germany of the NIH sponsored 
HCMR trial (risk assessment for patients with 
HCM) and is co-heading the Focus Group for 
Cardiovascular Imaging of the German Na-
tional Cohort. Furthermore, she was elected 
as the president of Society for Cardiovascular 
Magnetic Resonance. Florian von Knobels-
dorff and she were members of the writing 
group in societal position statements.

Myocardial tissue injury  
and integrity
The assessment of myocardial tissue changes 
during follow-up is an ongoing challenging 
task in cardiovascular research and clinical 
cardiology and has been our main focus since 
years. The in vivo differentiation of myocardi-
al structure, cell integrity and identification of 
(patho-)physiological mechanism is the driv-
ing force of our research. CMR has the capabil-
ity to differentiate between the various forms 
of myocardial injuries (e.g. edema, hyperemia 
and fibrosis) already in preserved ejection 
fraction. During the last years we have pre-
pared the ground to the next step towards 

 
As Cardiovascular Magnetic Resonance 
(CMR) has the unique possibility to differ-
entiate myocardial injury, we are focusing 
on clinical research using a 1.5 clinical MRI-
scanner with the advantage to reach out to 
higher field strengths at the MDC. The group 
was able to expand the research activities by 
developing translational research tools ap-
plying advanced imaging modalities in close 
collaboration with the Berlin Ultra-High-Field 
Facility (B.U.F.F.). This could be established 
fast, because the head of the Experimental 
MR-Group (Prof Niendorf) has a strong inter-
est and experience in CMR-research. A strong 
collaboration with scientists from all over the 
world allows us to proof and use dedicated 
techniques for myocardial differentiation. 
Examples for cooperation are Peter Kell-
man (NIH, Bethesda, USA), Frederick Epstein 
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quantification of structural changes includ-
ing assessment of extracellular volume. The 
underlying approach is parametric mapping. 
As a first step we published recently (2014) 
normal values at different field strengths and 
are currently working on the assessment of 
non-ischemic heart diseases. Kind and dos-
age of contrast-media is another influencing 
factor for quantitative approaches. We have 
faced its potential influence as published in 
2015 in a prospective randomized trial. The 
understanding of cardiac function is usually 
focused on the left ventricle. We could show, 
that in case of thoracic deformation the right 
ventricle is predominantly altered and may 
profit from surgical correction. There is a 
growing interest in the understanding dia-
stolic dysfunction as a prognostic factor. We 
could show that the analysis of myocardial 
deformation reveals differences between dif-
ferent types of left ventricular hypertrophy 
and volunteers. These preliminary results at 
rest and stress are another connection to our 
interest in the assessment of the aorta.
 
Vascular MR
As mentioned, we are understanding cardio-
vascular diseases as systemic disorders and 
so far we have already published assessment 
of vascular changes of the aorta including 
quantification of wall alteration. The aortic 
wall itself is known to be affected by differ-
ent hemodynamic factors promoting aortic 
remodeling. In 2015 we were able to publish 
the impact of interventional replacement of 
the aortic valve (TAVI) applying 4D-flow im-
aging. (see fig 2) First further results are in-
dicating a relation between left ventricular 
remodeling and aortic wall changes in aortic 
stenosis. Another aspect is the accurate quan-
tification of flow velocity also in patients with 
arrhythmias. We have performed systemic 
analysis from phantom experiments to pa-
tient assessment for evaluation of real-time 
flow. That research is intended to identify 

Quantitative assessment of focal fibrosis in hypertrophic cardiomyopathy.

markers for a more precise and personalized 
therapy guiding in this patient cohort

Cardiac MR at Ultra Highfield
The close collaboration with B.U.F.F. at MDC 
allowed to publish several joint paper in-
cluding the worldwide first paper assessing 
cardiac function of the right ventricle in vol-
unteers at 7.0 Tesla in 2013. In December 
2015 the worldwide first paper in cardiac 
patients at 7.0Tesla was accepted for publi-
cation. We were able to identify subtle myo-
cardial changes .
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Muscle Research Unit and Out-patient 
Clinic for Muscle Diseases
We are interested in muscle sciences.  
In our outpatient clinic at the ECRC we care 
for >1500 patients with genetic and ac-
quired skeletal muscle diseases. Therapies 
for muscular dystrophies are not available. 
Our research is motivated and directed 
towards changing this by investigating the 
potential of muscle stem cells in regenera-
tion and restoring muscle function and by 
possible pharmacologic intervention based 
on detailed understanding of the molecular 
pathophysiology of muscle wasting. Our 
main disease models are muscular dystro-
phies due to mutations in the dysferlin and 
the lamin A/C genes. Equally important are 
the recruitment of excellent young scientists 
to the field as well as the translation of our 
research into the public. MyoGrad is a grad-
uate program dedicated solely to muscle 
sciences (DFG GK1631, UFA). 

 

Muscle stem cells – Satellite cells
Skeletal muscle harbors its own stem cells 
called satellite cells located in the stem cell 
niche between sarcolemma and basal lam-
ina. Satellite cells are essential for muscle 
regeneration. If muscle is injured or if sat-
ellite cells are removed from their micro-
environment they become activated and 
differentiate into myoblasts and myotubes. 
Earlier attempts to use the therapeutic po-
tential of satellite cells failed because dif-
ferentiation interfered with their ability to 
regenerate muscle. We are trying to pre-
serve the regenerative capacity of satellite 
cells yet expanding them. We also aim to ge-
netically repair mutations in genes causing 
muscular dystrophy.
 
Dysferlinopathies
Dysferlin, a large protein located at the sar-
colemma, is involved in membrane repair 
after microinjury, a physiological conse-
quence of normal muscle activity. Mutations 
in dysferlin lead to muscular dystrophy. We 
found that dysferlin is essential for normal 
glucose metabolism in muscle (Schöwel et 
al. in revision).
 
Acquired myopathies: Critical 
illness myopathy and statin-
induced myopathy
Inhibitors of 3-hydroxy-3-methylglutaryl-
coenzym-A-reductase (statins) are pre-
scribed to millions of patients of whom 
10% develop muscle related side effects. 
We are exploring genetic and structural 
aspects of this common myopathy. Critical 
illness myopathy occurs as a severe side 
effect of intensive care unit treatment. In a 
large translational and interdisciplinary ap-
proach that involved several ECRC groups 
we have shown that the failure to activate 
AMPK and to translocate GLUT4 to the sar-
colemma contributes significantly to mus-
cular atrophy.
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PCT-Anmeldung (WO 2016/030371). Cultivating human muscle satellite cells. 
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Pax7 positive human muscle precursor cells (satellite cells) 
after 5 weeks in culture
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Translational Oncology of Solid Tumors

Metastatic dissemination of primary tumors 
is directly linked to patient survival and criti-
cally limits successful therapy in many tumor 
entities. Our translational concepts aim at the 
identification of key molecules in tumor pro-
gression and metastasis for improved prog-
nosis and therapy of solid cancers. We dis-
covered MACC1, S100A4 and transcriptional 
targets or protein binding partners thereof 
as new diagnostic, prognostic and predictive 
key players for tumor progression and me-
tastasis. Biomarker development was done in 
established and patient-derived 3D cultures, 
cell line-derived and patient-derived xeno-
grafts (PDX) and newly generated genetically 
engineered mouse models. We exploited this 
knowledge for improved prognosis and treat-
ment response prediction using tissue and 
blood of cancer patients. Novel therapeutic 
approaches are currently tested in clinical 
trials to treat patients with metastatic dis-
ease using small molecule inhibitors acting on 
these biomarkers.

(MS). We found kinases essential for MACC1 
Y-phosphorylation, and entire signalosomes 
of receptor tyrosine kinases binding pY-
MACC1.We used a MACC1 promoter reporter 
for high throughput screenings (HTS) using 
the FMP-ChemBioNet (J. von Kries, FMP) 
and DKFZ/EMBL libraries (N. Gunkel, DKFZ, 
J. Lewis, EMBL). The S100A4 promoter re-
porter was used for HTS using the NCI/
NIH-Lopac library (R.H. Shoemaker, NCI/NIH 
Bethesda MD). We identified the first MACC1 
and S100A4 transcriptional inhibitors.

Preclinical developments for 
understanding and intervening in 
tumor progression and metastasis
We established in vivo intervention strate-
gies targeting MACC1 and S100A4 for me-
tastasis inhibition. shRNA acting on MACC1 
or S100A4 or on transcriptional or post-
translational targets thereof decreased me-
tastasis. The small molecule transcriptional 
inhibitors of MACC1 or S100A4, identified by 
HTS, restricted MACC1- or S100A4-induced 
metastasis in mice. This repositioning of al-
ready FDA-approved drugs for the new in-
dication of metastasis restriction paves the 
way for clinical trials. 
Based on our MS data, we showed MACC1-
induced metastasis restriction in mice when 
deleting MACC1 pY sites or inhibiting MACC1-
phosphorylating kinases using drugs tested 
in clinical trials. We generated PDX models 
from tumors and metastases of CRC patients 
(B. Rau, Charité, J. Hoffmann, epo), and evalu-
ated biomarkers and pathways for progres-
sion, metastasis, and response prediction to-
wards conventional and targeted therapies.
We generated the first transgenic MACC1 
mouse models vil-MACC1, vil-MACC1/ApcMin 
(B. Jerchow, MDC). vil-MACC1/ApcMin mice 
showed increased number and size of tu-
mors, possessed an accelerated adenoma-
carcinoma-sequence, an invasive phenotype 
linked to reduced survival, and increased 
Wnt and pluripotency signaling with up-
regulation of Nanog and Oct4. These pluri-

Cancer cell signaling of MACC1 
and S100A4 for pathways-based 
interventions
MACC1 was discovered in our group acting 
as decisive driver for tumor progression and 
metastasis for a broad variety of solid can-
cers. By transcriptomics, we found MACC1 
target genes, e.g. SPON2, which induce 
metastasis and are prognostic for colorec-
tal cancer (CRC) patients. We explored the 
miRNA landscape for MACC1- and S100A4-
induced metastasis, identified miRNAs epi-
genetic regulations, interplays for metas-
tasis prognostication and patient survival.
We identified the MACC1 interactome (G. 
Dittmar, MDC) and phospho-interactome (B. 
Küster, TU Munich) by mass spectrometry 



MDC Research Report 2016� 231 

ECRC (JOINTLY WITH CHARITÉ)

Patents / Patent applications

Stein U, Herrmann P, Ilm K, Shanmugam K, Rohr U. Compositions and methods 
for prognosing and treating colorectal cancer. US Provisional US62/422,573 
(15.11.2016)
Stein U, Schwabe H, Walther W, Schlag PM. MACC1-polypeptide and use thereof for 
the diagnostic and therapy of tumors. CA 2,526,240 (16.9.2014), EP1646649B1 
(27.2.2013), JP2006-519895 (13.5.2011), AU2004259281 (12.5.2011), US7,851,168 
B2 (14.12.2010)
Stein U, Juneja M, Walther W. Schlag PM, von Kries JP, Kobelt D. Pharmacologic inter-
vention of tumor growth and metastasis via the MACC1 pathway by using rottlerin. 
EP14179874.4 (5.8.2014)
Stein U, Lederer A, Schlag PM, Herrmann P, Seehofer D. MACC1 as a prognostic 
biomarker in hepatobiliary tumors. US14/291,831 (30.5.2014)
Stein U, Walther W, Sack U, Scudiero D, Schlag PM, Shoemaker RH. Niclosamide 
for treatment of cancer metastasis. US14/112,521 (12.11.2013), EP2012/057049 
(18.4.2012), EP11162875.6 (18.4.2011)

Selected Publications
Lemos C, Hardt MS, Juneja M, Voss C, Forster S, Jerchow B, Haider W, Blaker H, Stein 
U. MACC1 induces tumor progression in transgenic mice and colorectal cancer 
patients via increased pluripotency markers Nanog and Oct4. Clin Cancer Res. 2016, 
22:2812-24.
Schmid F, Wang Q, Huska MR, Andrade-Navarro MA, Lemm M, Fichtner I, Dahlmann 
M, Kobelt D, Walther W, Smith J, Schlag PM, Stein U. SPON2, a newly identified target 
gene of MACC1, drives colorectal cancer metastasis in mice and is prognostic for 
colorectal cancer patient survival. Oncogene. 2016, 35:5942-52.
Lederer A, Herrmann P, Seehofer D, Dietel M, Pratschke J, Schlag P, Stein U. Metasta-
sis-associated in colon cancer 1 is an independent prognostic biomarker for survival 
in Klatskin tumor patients. Hepatology. 2015, 62:841-50.
Dahlmann M, Okhrimenko A, Marcinkowski P, Osterland M, Herrmann P, Smith J, 
Heizmann CW, Schlag PM, Stein U. RAGE mediates S100A4-induced cell motility via 
MAPK/ERK and hypoxia signaling and is a prognostic biomarker for human colorec-
tal cancer metastasis. Oncotarget. 2014, 5:3220-33.
Stein U, Walther W, Arlt F, Schwabe H, Smith J, Fichtner I, Birchmeier W, Schlag PM. 
MACC1, a newly identified key regulator of HGF/Met signaling, predicts colon cancer 
metastasis. Nature Med. 2009, 15:59-67. 
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potency markers are regulated by MACC1 
and strongly correlate with MACC1 levels in 
CRC patients. We provide first evidence that 
MACC1-induced tumor progression in CRC 
acts, at least in part, via the newly discovered 
MACC1/Nanog/Oct4 axis.

Clinical translation for improved 
prognosis, prediction and restric-
tion of tumor progression and 
metastasis
We demonstrated MACC1 as metastasis in-
ducer, prognostic biomarker for CRC and as 
a target for metastasis inhibition. MACC1 
outperforms KRAS, BRAF, and MMR muta-
tion, and improves prognosis combined 
with KRAS13 mutation. We showed highest 
prognostic value of MACC1 at the CRC tumor 
invasion front (V. Kölzer, Uni Bern). We estab-
lished a novel, non-invasive liquid biopsy test 
demonstrating the prognostic value of circu-
lating MACC1 transcripts in patient blood in 
prospective studies. We identified MACC1-
regulated genes, demonstrated their metas-
tasis-inducing potential in mice and their 
prognostic value for CRC patient survival. We 
confirmed MACC1 as prognostic biomarker 
and driver for progression and metastasis in 
tumors and blood from hepatobiliary, gastric, 
pancreatic, breast cancer and glioblastoma 
patients (A. Lederer, S. Burock, C. Denkert, 
K. Detjen, Charité, C. Hagemann, Uni Würz-
burg), and as predictive marker for patient 
stratification for adjuvant treatments in CRC 
stage II (Hoffmann La Roche Pleasanton CA, 
Ventana Tucson AZ). We showed the impor-
tance of S100A4 for CRC in the context of its 
receptor RAGE, which itself and combined 
with S100A4 serves as prognostic biomark-
er for metastasis and survival. Therapeutic 
translation is done in a prospective clinical 
phase II trial treating CRC patients for metas-
tasis inhibition with a newly identified, FDA-
approved small molecule (NCT02519582; U. 
Keilholz, Charité,). Therapeutic outcome is 
monitored by circulating S100A4 transcripts 
in patient blood.

MACC1 induces cell motility, proliferation, 
and scattering in cell culture and metasta-
sis in mouse models. It acts as transcription 
factor regulating e.g. Met expression and 
also interacts with proteins via e.g. its SH3 
domain or proline-rich motif. By microar-
rays we identified the MACC1 transcrip-
tome. By HTS using the MACC1 promoter 
we identified first transcriptional MACC1 
inhibitors. By MS we identified the MACC1 
interactome and phospho-interactome for 
novel interventions.



232 � MDC Research Report 2016



MDC Research Report 2016� 233 MDC Research Report 2016� 233

Scientific Infrastructures &  
Technology Platforms
Jutta Steinkötter



234 � MDC Research Report 2016

Scientific Infrastructures & 
Technology Platforms
Jutta Steinkötter

T echnology Platforms at the MDC sup-
port established and front-end ap-
plication of technologies, provide in-

strumentation and methodologies and are 
engaged in collaborative research projects 
and technology developments. Driven by 
the demands of the MDC’s scientific topics, 
the portfolio of our Technology Platforms 
develops hand in hand with progress and 
innovation in research and with new de-
velopments on the technology market. 
The concept of the MDC’s technology plat-
forms is to provide state-of-the-art services 
as well as specific tailor-made technology 
applications and co-development of meth-
odologies at the forefront of scientific and 
technological innovation. This approach is 
a powerful technology support for research 
groups and results in high-profile publica-
tions and patentable innovation. 

Strategic developments of the past years 
initiated the establishment and combina-
tions of expertise, resources and services 
for new Technology Platforms. 
BIMSB established Platforms for Genomics, 
Integrative Proteomics and Metabolomics, 
Bioinformatics and Light Microscopy. These 
platform concepts were blueprints for BIH 
Platforms, where know-how and expertise 
contributed to the set-up of BIH Platforms 
at the MDC, such as Genomics, Metabolomics 
and Proteomics serving the needs of the BIH 
researchers and projects. Additional technol-
ogies and infrastructures were established in 
collaboration with the BIH: the Pluripotent 
Stem Cell Platform and the Biobank are host-
ed with one branch at the MDC and a second 
branch at the Charité. And last but not least, 
another collaboratively and jointly operated 
research infrastructure is the Chemical Biol-
ogy of the FMP, supported by the MDC. 

Shown are human induced pluripotent stem cells derived cardiomyocytes. The structure of the sarcomeres 
were stained using antibodies against cardiac markers alpha actinin (red) and cardiac troponin (green).  
The nucleus was stained with DAPI (blue).
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Central Technology Platforms and  
Core Facilities

Advanced Light Microscopy 
Anje Sporbert 
Biobank (MDC and BIH)
Tobias Pischon
Bioinformatics 
Altuna Akalin 
Chemical Biology (MDC and FMP)
Jens Peter von Kries & Marc Nazaré 
Electron Microscopy 
Bettina Purfürst 
Genomics (MDC and BIH)
Sascha Sauer
Magnetic Resonance
Thoralf Niendorf
Metabolomics (BIH)
Jennifer Kirwan
Light Microscopy 
Andrew Woehler
Pathophysiology 
Arnd Heuser 
Pluripotent Stem Cells (MDC and BIH)
Sebastian Diecke
Preparative Flowcytometry 
Hans-Peter Rahn 
Proteomics (MDC and BIH)
Gunnar Dittmar
Proteomics / Metabolomics 
Stefan Kempa
Transgenics 
Ralf Kühn

Executive Management

Jutta Steinkötter 

Scientific Board

Holger Gerhardt, Markus Landthaler, 
Matthias Selbach

3D reconstruction of the DNA (blue) replica-
tion machinery in the cell nucleus visualized by 
proteins (green) involved in DNA synthesis and 
incorporated nucleotides (red). 

Most of the MDC’s Platforms are expanding 
their portfolio of technologies and instru-
ments and therefore increase the potential 
for collaborations and technology innova-
tion. The Genomics Platform for example 
provides not only standard service for Ge-
nome and Transcriptome Sequencing on Il-
lumina and PacBio Systems but is also de-
veloping applications for single cell analysis, 
based on cell sorting and various microflu-
idics systems. This major trend shapes re-
search in translational and basic areas and 
many approaches are directed towards 
cell type identification, tracking, cell fate 
decisions and mechanisms of disease. Ex-
panding capacities for animal phenotyping 
were planned and constructed in the past 
years and in 2017, the upcoming reporting 
period, the in vivo Pathophysiology will of-
fer more space for sophisticated imaging, 
physiology, behavior and molecular studies 
of mice. More structural work will be sup-
ported through the EM Platform, which re-
cently installed a new CryoEM. 
As shown in the platform reports, they sub-
stantially contribute to innovation and pub-
lication output of the institute, and based 
on recruitments, investments and strategic 
expansions of the past years, they can offer 
state-of-the-art instrumentation, knowl-
edge and expertise for research projects at 
the MDC and in collaboration with local, na-
tional and international research partners.
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Advanced Light Microscopy

The Advanced Light Microscopy (ALM) 
technology platform provides scientists with 
access to state-of-the-art microscopes and 
imaging techniques and supports research 
projects with customized scientific, method-
ological and technical expertise. ALM cur-
rently supports about 200 researchers from 
more than 45 groups, mainly from the MDC 
and BIMSB, but also from ECRC, Charite and 
FMP.

scope booking, news, reporting of incidents 
and mailing lists. The software can readily 
be adapted to suit the needs of other core 
facilities.
In collaborative imaging projects we can 
offer very customized scientific and meth-
odological support covering steps includ-
ing project planning, the optimization of 
sample preparation and image acquisition, 
image analysis workflows and even the es-
tablishment of new imaging methods.

Selected projects &  
Method development 
Label-free imaging – polarised second 
harmonic generation (SHG), A. Margine-
anu: 2-photon microscopy can be used not 
only to excite fluorescence in tissues and 
organs at higher depths, but also to gener-
ate other effects such as SHG. SHG imaging 
has been applied to the study of changes 
in the extracellular matrix. Because SHG 
yields information on the orientation of 
collagen fibers, adding polarisation imag-
ing offers even more insights. The ALM’s 
intravital 2-photon microscope has been 
modified to permit polarised SHG measure-
ments of cartilage samples obtained from 
mice (Fig.1A, collaboration AG Poole).
Fluorescence lifetime imaging (FLIM), A. 
Margineanu/M. Richter: Fluorescence mi-
croscopy measures not only the intensity 
and cellular distribution of dyes, but also 
other properties of fluorophores such as 
the lifetime. This method is sensitive to the 
fluorophore environment and can be used 
to detect intracellular protein-protein in-
teractions. The energy transfer from a do-
nor to an acceptor (labeling the proteins 
of interest) occurs only when the two fluo-
rophores are at distances <10 nm. FLIM 
provides a more robust approach then ra-
tiometric imaging since only the reduction 
of the donor lifetime must be detected. It 
is also more quantitative, providing donor-
acceptor distances and interacting popula-
tion fractions. FLIM-FRET has been applied 

ALM currently hosts 14 high-end, cutting 
edge imaging systems that cover confo-
cal laser scanning, multi-photon, wide-
field fluorescence, total internal reflec-
tion (TIRF), light-sheet, spinning-disk and 
3D-stimulated emission depletion (STED) 
microscopy, fluorescence lifetime imaging 
(FLIM) as well as laser microdissection. 
This portfolio of advanced techniques per-
mits the imaging of a wide range of fixed 
specimens as well as live imaging of cells, 
tissue preparations, organoids, small or-
ganisms and animals.
Advanced image analysis and process-
ing tools are available on dedicated image 
analysis workstations for 3D reconstruc-
tions, colocalization, quantification, count-
ing, tracking, stitching, and deconvolution.
Regular seminars covering theoretical 
principles and main applications of light/
fluorescence microscopy are given each 
month. Each ALM user receives in-depth, 
individualized practical training in the 
safe handling of microscopes to ensure the 
correct acquisition of data. Regular per-
formance tests of our instrumentation are 
another measure we take to ensure and 
maintain the high quality of scientific data 
acquired with ALM setups. 
The ALM developed core facility manage-
ment software to offer easy access to us-
ers and tools for efficient communication, 
support and troubleshooting. The software 
provides online user registration, micro-
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Selected Publications

Zessin P.J.M.; Sporbert A.; Heilemann M. PCNA appears in two populations of slow 
and fast diffusion with a constant ratio throughout S-phase in replicating mamma-
lian cells, Scientific Reports 6: 18779 (2016-01-13)
Margineanu A., Chan J.J., Kelly D.R., Warren S.C., Flatters D., Kumar S., Katan M., 
Dunsby C.W., French P.M.W. (2016) Screening for protein-protein interactions using 
Förster resonance energy transfer and fluorescence lifetime imaging microscopy, 
Scientific Reports, 6: 28168
Warren S.C., Margineanu A, Katan M., Dunsby C., French P.M. (2015) Homo-FRET 
Based Biosensors and Their Application to Multiplexed Imaging of Signalling Events 
in Live Cells, Int. J. Mol. Sci., 16(7):14695-14716
Heinig K.; Gaetjen M.; Grau M.; Stache V.; Anagnostopoulos I.; Gerlach K.; Niesner 
R.A.; Cseresnyes Z.; Hauser A.E.; Lenz P.; Hehlgans T.; Brink R.; Westermann J.; 
Doerken B.; Lipp M.; Lenz G.; Rehm A.; Hoepken U.E. (2014) Access to follicular den-
dritic cells is a pivotal step in murine chronic lymphocytic leukemia B cell activation 
and proliferation , Cancer Discovery 4: 1448-1465 
Sporbert A.; Cseresnyes Z.; Heidbreder M.; Domaing P.; Hauser S.; Kaltschmidt B.; 
Kaltschmidt C.; Heilemann M.; Widera D. (2013) Simple method for sub-diffraction 
resolution imaging of cellular structures on standard confocal microscopes by three-
photon absorption of quantum dots PLoS ONE 8 (5)
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at ALM to identify substrates that could in-
teract with the titin kinase catalytic domain 
(Fig.1B, collaboration AG Gotthardt) and to 
identify interacting compartments of the 
peptide loading complex (collaboration AG 
Klötzel).
FLIM can also detect biologically active 
molecules using dyes or genetically-encod-
ed biosensors which change their fluores-
cence lifetimes upon binding the molecule 
of interest. One biosensor applied at ALM is 
Peredox, which detects changes in the cy-
toplasmic redox ratio of NAD(P)H/NAD+. 
Together with the biosensor, FLIM of the 
endogenous cellular fluorophores NAD(P)
H and FAD gives an indication of the energy 
metabolism of cells.
Cleared specimens for confocal and light-
sheet microscopy, M. Richter/A. Sporbert: 
Imaging entire organs or specimens greatly 
benefits from rendering tissues more trans-
parent by removing scattering substances 
such as lipids and matching the refractive 
index of the sample to the optical setup. Nu-
merous clearing techniques have been pub-
lished in the last years. We have optimized 
the high-resolution imaging of cleared rat 
hearts, mouse embryos and spinal cords for 
further analysis by 3D reconstructions (col-
laborations with AG Müller, W. Birchmeier 
(Fig.1C), Spagnoli).
Laser-assisted membrane injuries, A. 
Sporbert: High-power lasers can be used to 
cut and catapult cells and tissues (through 
laser-microdissection microscopy) and also 
to create targeted cellular injuries. Uses 
include a range of biophysical and mecha-
nistic studies targeting cells or their com-
ponents. An assay for reversible membrane 
damage was implemented in skeletal mus-
cle cells and cardiomyocytes to evaluate the 
repair capacity of cell membranes (collabo-
ration AG Morano, Fig.1D).
In-vivo/intravital 2-photon microscopy 
(A. Margineanu) for small animals and in-
tact tissue preparations is invaluable in 
the validation of results that have been ob-
tained by standard techniques in physiolog-
ical environments. Examples of projects we 
have supported are the multi-color imaging 
of mouse brain (AG Priller), mouse brain 
stem (AG Siffrin) and spleen (AG Höpken).
Quantum dot triexciton imaging (K. 
Grohmann): Higher order excitated states 
can be generated in some types of commer-
cially available Quantum Dots (QD) by con-
ventional lasers. Detection of these tri-exci-
tons combined with deconvolution results 
in a up to 1.7 fold higher spatial resolution 
of QD labeled subcellular structures using 
standard confocal microscopes.

Fig1. A) Polarised SHG from cartilage in parallel (red) and 
perpendicular (green) detection. Colour-coded images show the 
calculated polarisation images (sample M. Servin-Vinces) B) 
Protein-protein interactions in situ using FLIM imaging. 
Reduced GFP lifetime (red) indicates specific interaction (sample 
F. Rudolph) C) High resolution 3D reconstruction of 480 
stitched images (sample F. Heuberger) D) Laser-assisted 
membrane injury of cardiomyocyte (sample L. vanVuuren).
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Tobias Pischon

Biobank

The biobank offers scientists a platform for 
state of the art storage and access of liq-
uid biosamples at ultra-low temperatures. 
Samples are stored at temperatures below 
-160°C in the vapor phase of liquid nitrogen 
in a fully automated system. This allows high 
quality and reliability for storage as well as 
swift identification, fast access and efficient 
retrieval of samples for analysis. The biobank 
also provides advice and consultation for 
projects with biospecimens regarding de-
sign, planning and implementation of studies 
(e.g. SOPs). As part of the Berlin Institute of 
Health (BIH) the biobank also stores sam-
ples of BIH research projects, cohort stud-
ies and trials. In addition, the biobank stores 
biological samples from 30.000 participants 
of the Metropolitan area Berlin-Brandenburg 
of the German National Cohort.
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have the capacity to store 2.5 million 250 
µL tubes; however, the system can also hold 
tubes with 700 µL, 1000 µL and 2 mL. The 
system guarantees that there is no interrup-
tion of the cold chain during the process of 
transferring the samples into the biobank. 
The tubes with biological samples are pref-
erably transported to the biobank on racks 
in boxes on dry ice. The boxes are opened in 
a dedicated room at a temperature of -20°C 
and the racks are immediately put from dry 
ice into a -80°C buffer system. A fully auto-
mated robot system transfers the racks to 
the liquid nitrogen tanks at a temperature of 
-20°C, and the tracks are put into the tanks 
for storage at temperatures below -160°C. 
The system also allows to store and retrieve 
single tubes or sets or collection of tubes. 
For these instances, a fully automated tube 
picker is integrated into the system that 
works at a temperature of -80°C.
The biobank is equipped with a laboratory 
information management system (LIMS) 
that is able to provide full documentation 
about the samples stored within the sys-
tem, including but not limited to character-
istics of the samples, temperature, storage 
condition, as well as about research proj-
ects and analysis results. 

Contribution to major research 
initiatives
The MDC stores biological samples from 
30.000 participants of the Metropolitan 
area Berlin-Brandenburg of the German Na-
tional Cohort (GNC). The GNC includes par-
ticipants from the general population aged 
20-69 years who are followed up for the 
incidence of major chronic diseases. Initial 
recruitment of participants into the study, 
including a detailed phenotyping and collec-
tion of biological samples, has been started 
in 2014 and will be completed by 2019. In 
addition, there will be a re-assessment of all 
study participants between 2018 and 2023. 
Every 2-3 years questionnaires on lifestyle 
changes and new major diseases will be 

Focus
The biobank is equipped to support basical-
ly any type of research study that requires 
storage of liquid samples at ultra-low tem-
peratures (below -160°C). It is particularly 
suitable for projects that require both, the 
ability that collected biosamples may be 
stored over longer time periods but also 
that they may quickly be made available for 
analysis if necessary. For example, this in-
cludes cohort studies, clinical trials, but also 
experimental studies (e.g. stem cells).

Equipment and infrastructure
The biobank primarily consists of a fully-au-
tomated liquid nitrogen storage system. The 
samples are stored in the vapor phase of liq-
uid nitrogen at temperatures below -160°C. 
To avoid repeated freeze-thaw cycles sam-
ples are preferably stored in tubes with 
small volumes. The system currently holds 
2 large dimension liquid nitrogen tanks that 
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collected. Mortality follow-up and system-
atic linkage with disease registries will be 
performed. The GNC is thus optimally de-
signed to study the association of baseline 
biomarkers as well as changes in biomarker 
concentrations over time, with risk of inci-
dent diseases.
The MDC also stores biological samples 
from 1200 participants of the BioCog proj-
ect (Biomarker Development for Postopera-
tive Cognitive Impairment in the Elderly), 
which is supported within FP7 by the Eu-
ropean Union. The aim of BioCog is to dis-
cover, identify and develop biomarkers for 
the prediction of postoperative cognitive 
impairment (POCI) in elderly people. POCI 
occurs frequently after surgery among per-
sons within the general population, and 
includes postoperative delirium as well as 
postoperative cognitive dysfunction. In Bio-
Cog, biological samples are being collected 
before surgery as well as on different time 
points after surgery, thus allowing detailed 
investigations for prediction of adverse out-
comes.
As part of the Berlin Institute of Health 
(BIH) the biobank also stores samples of 
BIH research projects, cohort studies and 
trials. The BIH Biobank Core Facility is one 
biobank at two locations (Charité CVK and 
MDC) with a synchronized laboratory in-

formation system (LIMS). The BIH Biobank 
Core Facility will store a wide range of dif-
ferent types of specimens collected in BIH 
research project under safe and quality-con-
trolled conditions and will make them avail-
able to BIH researchers. The BIH Biobank 
will also provide advice and consultation 
for BIH projects with biospecimens regard-
ing design, planning and implementation of 
studies (e.g. SOPs), data protection issues, 
and ethical issues. A number of services are 
or will be offered, such as tissue sectioning 
and histology as well as immunohistochem-
istry, DNA or RNA extraction, etc.
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Bioinformatics Platform, BIMSB

Bioinformatics is the application of compu-
tational methods to the management and 
analysis of biological data. By using bioin-
formatics, high-dimensional data can be 
translated to biological knowledge. With the 
advent of high-throughput technologies in 
biology, computational analysis needs of the 
labs are on the rise. This creates a challenge 
in method development, application and also 
a demand in training new individuals.
BIMSB Bioinformatics platform creates and 
maintains bioinformatics tools and data-
bases, and studies biology using those 
in-house or publicly available computational 
techniques. In addition, the platform pro-
vides collaboration opportunities, helpdesk, 
and training for MDC scientists. The platform 
also provides maintanence for hardware 
that hosts BIMSB web apps, group compute 
servers and virtual machines. The platform 
aims to help MDC scientists address their 
biological questions using and developing 
computational methods.

contains annotation and genome-wide da-
tasets for human and most popular model 
organisms. In the last year, we started to pro-
vide space and instructions for users to link 
their data to the local UCSC browser for easy 
visualization.
We also provide a shiny server which con-
tains statistical web applications and interac-
tive documents (http://shiny.mdc-berlin.de). 
The server lets users manipulate the data in 
real-time, they can sort, filter, or change as-
sumptions, and customize their analysis for 
their specific needs.
On top of these, in 2016, we started to provide 
the Galaxy workbench for bioinformatics. 
Galaxy is a framework for doing bioinformat-
ics without the knowledge of programming. 
The users simply link or upload their data to 
their galaxy session and select the tool and 
the parameters they want to run using a web 
browser based interface. Our Galaxy server 
is available at http://galaxy.mdc-berlin.net. 
Until now, we will held two tutorials on how 
to use the galaxy framework and these will 
continue in the future.
 
Scientific software repositories for 
reproducible research
Since December 2014 the Bioinformatics 
Platform is using GNU Guix to satisfy the 
requirements for scientific software en-
vironments of our HPC users. GNU Guix is 
an advanced functional package manager, 
offering support for per-user software pro-
files, simultaneous installation of different 
versions and package variants, transaction-
al upgrades and roll-backs, and a controlled 
build environment to maximize reproduc-
ibility.
Over the past years, we have added hundreds 
of package definitions for tools and libraries 
used in the field of bioinformatics, statistics, 
and machine-learning to the quickly growing 
collection of scientific software in Guix. The 
packages available are listed at http://guix.
mdc-berlin.de

Databases and web apps
The BIMSB Bioinformatics platform main-
tains and develops databases and web apps 
for bioinformatics. With the explosion of 
genomics data, visualizing genomics annota-
tion in harmony with high-throughput data-
sets became more and more important. We 
are maintaining external and internal data-
bases and web applications that contain ana-
lytical tools for bioinformatics.
We are maintaining the DoRiNA database 
(http://dorina.mdc-berlin.de) for RNA bind-
ing protein interactions; this database is as-
sociated with our local copy of UCSC genome 
browser (http://genome.mdc-berlin.de). 
Our local copy of the UCSC genome browser 
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Complete list of team members can be 
found in chapter Berlin Institute for 
Medical Systems Biology, Group “Bioin-
formatics, Mathematical Modelling”

Guix allows us to offer tailor-made bioinfor-
matics software environments for individual 
users, projects, and whole groups. These 
environments are portable across different 
machines, easily reproducible, and safely iso-
lated from changes, providing a reliable basis 
for reproducible research.
 
Consultation and training
The platform also offers knowledge-base, 
help-desk and training for MDC scientists. 
We provide a regular help-desk session, 
called “Bioinformatics walk-in clinics”, where 
users are welcome to ask any bioinformat-
ics question and would not need a prior ap-
pointment. We can direct users to right tools 
and methods or different groups who have 
the right expertise. In addition, this avenue 
could be used to initiate collaborations.
The platform offers regular training opportu-
nities, such as courses on R programing, Unix 
and SGE, and version controls system git. 
Since 2015, we organize international hands-
on courses on computational genomics. Most 
of the applicants for these courses are from 
other institutes abroad and in Germany. In 
total, we have provided 11 courses/tutorials 
to 188 participants.
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Chemical Biology Platform
Screening Unit – Medicinal Chemistry – Drug Design

The Chemical Biology Platform provides 
interdisciplinary scientific support in Screen-
ing, Medicinal Chemistry and Computational 
Chemistry and is jointly operated by the MDC 
and the Leibniz Institut für Molekulare Phar-
makologie, which is located on our joint Cam-
pus in Berlin-Buch. Jens Peter von Kries, Marc 
Nazaré and Ronald Kühne provide expertise 
in the identification and chemical optimization 
of drugs and the generation of chemical tools 
for proof-of-concept studies or of labeled 
biosensor molecules. A broad range of state 
of the art technologies for High-Throughput-
Screening in small molecule libraries actually 
containing about 66.000 drug-like compounds 
or in RNAi-libraries targeting human or mouse 
genomes are available for screening ap-
proaches. The platform enables to identify and 
optimize bioactive small molecules as tools to 
unravel molecular mechanisms in health and 
disease and contributes to identify and vali-
date novel therapeutic targets.

The genome wide RNA-interference col-
lections (siRNA) target mouse (four siRNA 
molecules per gene, pooled) or human ge-
nomes (three separate siRNA molecules). 
From 40.000 (mouse) to 140.000 (human) 
transfections are required for a genome- 
wide screen, if not limited to the so called 
“druggable genome”.

Highlight Projects
Chronic Pain and Mechano-Receptors 
Mechanoreceptors in the skin allow the 
perception of the slightest brush by trans-
forming movement into electrical signals 
controlled by the stomatin-like protein-3 
(STOML3). In collaboration with the group 
of Gary Lewin we identified small-molecule 
inhibitors of STOML3 oligomerization re-
ducing the sensitivity in sensory neurons 
and silencing mechanoreceptors in vivo 
which may allow to treat tactile-driven pain 
following neuropathy.

Identification of the gene for the Volume-
Regulated Anion Channel VRAC 
The group of Thomas Jentsch and the 
Screening Unit identified a long-sought 
gene encoding for a channel protein that 
regulates cell volume. For this purpose, 
mRNA of 21.687 human genes was targeted 
by ~140.000 transfections with interfering 
RNA using a cellular reporter system for 
iodide influx and intra-cellular quenching 
of an iodide-sensitive yellow fluorescent 
protein. The Volume-Regulated Anion Chan-
nel was stimulated by a change of medium 
containing different salt conditions. The in-
hibition of quenching provided a read out 
for high-speed kinetic imaging and the iden-
tification of LRRC8 heteromers as essential 
components of VRAC.

Drugs for functional dissection of differ-
ent paths for NFKB activation 
The laboratory of Claus Scheidereit has a ma-
jor interest in understanding the molecular 

Screening Compound Collections 
(Small Molecule Drugs & RNAi)
The screening compound collections are 
continuously curated and extended and 
provide currently more than 66.000 com-
pounds. About 30.000 compounds have 
been selected for screening according to 
their structural similarity with drugs from 
the World Drug Index containing substruc-
tures of approved drugs. Additional 3.300 
compounds are identical with approved 
drugs or experimental clinical candidates 
suitable for a potential drug repurposing. 
9.000 compounds are donations from a net-
work of chemists and 20.000 compounds 
were derived from a natural product collec-
tion from Analyticon Discovery. 
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mechanisms in regulation of NFKB signaling 
in development and disease like in cancer 
or inflammation. Applying High-Content- 
Screening with automated microscopes and 
the fluorescent detection of NFKB translo-
cation to the nucleus, we identified drugs 
which specifically interfere only with DNA 
induced NFKB activation and therefore pro-
vide unique tools to functionally dissect the 
molecular mechanisms behind. The drugs 
identified were further validated by chemi-
cal synthesis and derivatization. Iterative 
rounds of synthesis, testing and analysis 
showed a well-defined structure-activity-
relationship which will assist the identifica-
tion of the target proteins.

Development of specific inhibitors of the 
tyrosine phosphatase Shp-2 
In stark contrast to their validated signifi-
cance in signal transduction and disease 
pathology, phosphatases are notoriously 
difficult to inhibit using small molecules. 
The protein tyrosine phosphatase Shp-2 
plays a critical role in growth factor-me-
diated processes, primarily by promoting 
the activation of the RAS/ERK signaling 
pathway. Aberrant gain-of-function muta-
tions are associated with several meta-
static cancers. In collaboration with Walter 
Birchmeier, a re-scaffolding approach that 
involves replacing the former framework 
of a tyrosine phosphatase Shp2 inhibitor 
(W. Birchmeier et al., PNAS, 2008), led to 
the discovery of novel structural classes 
and eliminated several chemical liabilities, 
i.e. unfavorable structural features. These 
novel compounds are not only active in a 
sub-micromolar range in the Shp2-enzyme 
assay, but are also effective in the low mi-
cromolar range on hepatocyte growth fac-
tor (HGF)-stimulated canine MDCK-C cells, 
as well as human pancreatic tumor cells for 
epithelial-mesenchymal transition (EMT), a 
hallmark of cancer cell dissemination. 

Tryptophan hydroxylase (TPH) inhibitors
The neurotransmitter serotonin [5-hy-
droxytryptamine (5-HT)] is causally in-
volved in multiple aspects of mood con-
trol in the central nervous system, such 
as regulating sleep, anxiety, drug abuse, 
and food intake. In peripheral tissues, se-
rotonin regulates vascular tone, gut motil-
ity, primary hemostasis, and cell-mediated 
immune responses, and is associated with 
diseases like irritable bowel syndrome and 
carcinoid syndrome. The biosynthesis of 
serotonin is a highly-regulated two-step 
process, starting with the essential amino 
acid L-tryptophan (Trp), while tryptophan 
hydroxylase (TPH) is the initial and rate-
limiting enzyme in the biosynthesis of se-
rotonin. In collaboration with the groups of 
Michael Bader and Udo Heinemann (both 
MDC), and Jens von Kries (FMP), we have 

Group Leader Medicinal Chemistry
Dr. Marc Nazaré

Scientists
Dr. Upendra Anumala*
Dr. Isabel Fernández Bachiller*
Dr. Hassen Bel Abed**
Dr. María Pascual López-Alberca***
Dr. André Horatscheck*
Dr. Peter Lindemann**
Dr. Vera Martos
Dr. Edgar Specker

Technical Assistants
Keven Mallow**
Sandra Miksche**
Dr. Lioudmila Perepelittchenko
Jessica Przygodda*

identified and further developed highly ac-
tive TPH inhibitors that are able to modu-
late physiological serotonin levels. The 
X-ray co-crystal structures obtained with 
our inhibitors allowed us to elucidate the 
binding mode and to reveal the structural 
determinants for the remarkably efficient 
protein-ligand interaction of these inhibi-
tors. Several inhibitors are currently under-
going in vivo efficacy studies in mice.

* part of the reporting period

Team funded by FMP,  
third party or **MDC ***BIH.
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Electron Microscopy

In the period reported, we realized more 
than 25 EM-projects from nearly all re-
search areas of the institute and the related 
organizations. There is a constant high 
demand for phenotyping on the ultrastruc-
tural level, mainly with the mouse system 
and cell cultures, but also with other speci-
men like the naked mole rat, Drosophila and 
yeast. Interestingly, we had a range of proj-
ects to the ultrastructure of mitochondria 
over the last years, and I will highlight some 
of these issues and results here:
 

 
In cell cultures, the inner mitochondrial 
structure is much more difficult to visual-
ize, although single cells should be better 
accessible for the fixans than tissue. Cell 
cultures are always artificial systems and 
the cells may often suffer from suboptimal 
conditions concerning the medium, oxygen 
supply, cell density, passage number and 
others. In many cases, we could not confirm 
the “good morphology in the light micro-
scope” on the ultrastructural level. Cells in 
culture often grow suboptimal and finally 
tend to die, as shown for the mitochondrial 
structure in MCF-7 cells in E and F (collabo-
ration with W. Chen, other projects with O. 
Rocks, F. Wanker and O. Daumke).
 
Recently, we have started again to analyze 
ultrathin cryosections from yeast, follow-
ing the protocols developed by Frank Vogel 
years ago. And we could immediately show 
clear differences in the inner membrane 
architecture: in some mutants, the contacts 
between the outer and inner membranes 
were lost (G and H, collaboration with O. 
Daumke).

Mitochondria are rich of proteins and ap-
pear as darkly stained, compact organells 
following classical plastic embedding and 
contrast (A, heart tissue). Following even 
short periods (30 min !) of stress like oxy-
gen shortage, tissue damage or insufficient 
fixation conditions they tend to swell or 
even burst, as shown in B for heart tissue 
after an experimentally induced cardiac 
infarction (collaboration with M. Gotthar-
dt). This has to be considered carefully in 
phenotyping (projects on heart and skel-
etal muscle with the groups of G. Lewin, I. 
Morano, T. Röpke, A. Heuser, B. Schröder, E. 
Klussmann and J. Fielitz).
 
The inner membrane structure of mito-
chondria is, even in strongly fixed classi-
cal EM-preparations, not always preserved 
well. Cryosectioning according to Tokuyasu 
yield here much better results (C-H). With 
this method, the membranes appear white, 
as known from negative contrast, and show 
much more details. In normal, wild type tis-
sue the arrangement of the inner mitochon-
drial membranes can vary considerably, as 
shown for heart (C) and brain cortex (D), 
and can be quantified in most cases (proj-
ects with G. Lewin and E. Klussmann).
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* part of the period reported

EM-images from different projects showing mitochondria
A,B: mouse heart, plastic embedding, mitochondria (m) 
are compact, darkly stained organells (A), which tend to 
swell under stress (B, induced cardiac infarction)
C-H: cryosections, mouse heart (C) and brain (D), MCF-7 
cell cultures, growing optimal (E) or too dense (F), yeast 
cells depicting the transitions between the outer and inner 
membranes in the wild type (G, arrowheads) which lack in 
mutants (H)
Bar = 200 nm
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Genomics, BIMSB

Novel technologies such as next genera-
tion sequencing have revolutionized genome 
research. The Scientific Genomics Platform 
at the MDC focuses on development and 
implementation of new methods and their 
application in pilot studies to enable the 
provision of cutting-edge methodologies for 
a broad range of life science researchers. 
The platform consists of established units for 
diverse genomics applications – particularly 
using highly parallel sequencing and associ-
ated bioinformatic data analysis. In general, 
the platform has established and continuously 
provides support to cater a large spectrum 
of state-of-the-art sequencing technologies 
and protocols, which are relevant for systems 
wide approaches to the genome, the epig-
enome and the transcriptome. This includes 
methods ranging from whole genome (re)
sequencing, targeted genome sequencing, 
various epigenomic profiling methods to the 
many variants of transcriptome sequencing. 
A particular future focus of the group lays on 
single cell genomics approaches. The es-
tablished technology platforms are open to 
internal and external scientists and were very 
recently extended in capacity and biomedical 
applications through tight scientific coopera-
tion with the Berlin Institute of Health. The 
platform especially supported and collabo-
rated with numerous research groups at the 
MDC and the Charité, as well as with other 
external institutions such as the DKFZ and 
the IZW. Further information can be found at: 
http://genomics.mdc-berlin.de
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NGS instruments and applications
The Scientific Genomics Platform is currently 
equipped with short-read next generation 
sequencing systems from Illumina includ-
ing two HiSeq 4000, one HiSeq 2500, three 
NextSeq 500 (Illumina), and one MiniSeq. 
Moreover, for long-read sequencing SMRT 
instruments from Pacific Biosciences such as 
an RSII and a very recently purchased Sequel 
system are available. So far, the RSII has for ex-
ample been used for specific projects such as 
whole genome sequencing of organisms and 
for novel approaches for lineage tracing using 
long-read sequencing of large PCR products. 

Whole-genome sequencing
The Illumina Nextera whole-genome library 
preparation kit features the rapid creation of 
gDNA libraries from very low input sample 
concentration (> 50ng genomic DNA). During 
library creation, a process termed ‘tagmen-
tation’ simultaneously fragments and tags 
DNA, making fragments amenable to direct 
PCR amplification. A sequencing output of 
~80Gb per genome sample, which is required 
to cover the whole genome with >20x, can be 
achieved by generating ~200 millions paired-
end 2x100/150nt reads.

Exome sequencing
The Agilent SureSelect exome enrichment 
system is routinely used to prepare exome 
sequencing libraries. With a sequencing out-
put of ~10Gb, an average of ~80% of all reads 
fall within the targeted regions+/- 100bp and 
~95% of all targeted bases are covered >= 
20x. A sequencing output of ~10Gb per exome 
sample can be achieved on a thoroughly opti-
mized workflow using the HiSeq systems and 
the SureSelect V5 enrichment system, gen-
erating ~200 million single end 100/150nt 
reads for each probe. Furthermore, newer 
methods such as as Nextera Rapid Capture 
Exome are being used.
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RNA-seq
A large number of varying protocols are be-
ing applied to analyze RNA at large-scale. 
RNA samples are processed in content-de-
fined batches, and standardized single-end 
or paired-end libraries are created using 
established protocols (e.g. the optimized Il-
lunina Truseq Chemistry, and never proto-
cols provided by alternative vendors). De-
pending on the project, various sequencing 
lengths and depths are being applied using 
the most efficient short-read sequencing 
devices for total or for RNA sequencing, re-
spectively. Future development will be ded-
icated to decrease the amount of required 
RNA material, increasing throughput by ap-
propriate robotics and reducing costs.

Small RNA-seq
Starting from usually 1 μg total RNA, a size 
selection is performed for RNAs between 
18 and 30 nt to enrich for small RNAs, in-
cluding miRNAs. Subsequent library prep-
aration steps comprise: adapter ligation 
and PCR amplification. The final small RNA 
library is obtained by a further size selec-
tion step. Usually 1x50nt single-end is 
performed with a minimum of few million 
reads per sample, or more, depending on 
the research question.

ChIP-seq
Starting from about 10 ng of ChIP-DNA, 
the following library preparation steps are 
performed: end-repair, a-tailing, adapter li-
gation, purification and a final PCR enrich-
ment. After quality control of the sequenc-
ing library, up samples are labeled with 
unique barcodes and pooled for sequenc-
ing. Usually 1x50nt single-end sequencing 
with a minimum output of 40 million reads 
for each sample is performed. Future devel-
opment will be dedicated to decrease the 
amount of ChIP-DNA material, increasing 
throughput by appropriate robotics and re-
ducing costs.

DNA methylation analysis
Methylome–wide analysis was mainly per-
formed using Reduced Representation Bi-
sulfite Sequencing (RRBS). The RRBS meth-
od was selected because DNA methylation 
pattern can be analyzed on the nucleotide 
level in CpG island and CpGI shores with a 
coverage of around 10 % of all CpG posi-
tions. Moreover this method is feasible with 
a very low amount of DNA for sequencing 
a minimum of 50 million reads for each 
samplewith of 100 nt lenghts. Recent de-
velopments were dedicated to apply Whole 
Genome Bisulfite Sequencing (WGBS).

Single cell applications 
The group continuously implements new 
methods. Since autumn 2016 in particular 
various complementary single cell genom-
ics approaches were set up including:
–	 Fluidigm C1
–	 FACS-seq (based on BD Aria III and Melody)
–	 Dolomite’s Drop-seq system
–	 1CellBio’s inDrop system
–	 10X Genomics’ Chromium system

The focus was so far on single cell tran-
scriptome analyses. In the future the group 
aims to extend the portfolio to DNA analy-
ses on the level of single cells, as well as on 
simultaneous analysis of (epi)genomic and 
transcriptomics features.

In addition to providing Scientific Genomics 
Platform, as the predecessor of the group 
leader position, Prof. Wei Chen, Dr. Sauer is 
pursuing independent, third-party-funded 
research his associated Laboratory of Func-
tional Genomics, Nutrigenomics and Sys-
tems Biology.
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Magnetic Resonance (B.U.F.F.)

B.U.F.F. builds on collaborations with our partners 
from the Charité, the Leibniz Institute for Molecu-
lar Pharmacology (FMP), the German Metrol-
ogy Institute (PTB), Siemens Healthcare, Bruker 
Biospin and other (inter)national institutions. To 
learn more about the mission of B.U.F.F. please 
visit https://www.mdc-berlin.de/BUFF.

Research focus
Research at B.U.F.F. concentrates on the devel-
opment of enabling MR technology through 
Thoralf Niendorf’s group on experimental 
UHF-MR (1-4). The focus is on new ways of 
mapping anatomy, morphology, microstruc-
ture, function, physiology and metabolism. 
These efforts are designed to characterize 
(patho)physiological and biophysical pro-
cesses to promote transfer from basic re-
search to (pre)clinical studies and vice versa. 
To highlight the anatomical detail and spatial 
resolution capabilities of MRI Figure 3 sur-
veys examples of in vivo mice phenotyping 
and from in vivo human imaging. The hard 
work of B.U.F.F. members resulted in 65 peer-
reviewed publications during 2014-16, 70+ 
abstract contributions to the 2014/15/16 
ISMRM meetings plus one US patent. The 
head of B.U.F.F. (Thoralf Niendorf) recently 
received an ERC Advanced Grant by the Eu-
ropean Research Council.

Equipment and research  
infrastructure
B.U.F.F. provides state-of-the-art infrastruc-
ture for interdisciplinary imaging projects 
and is equipped with small animal (9.4 T) and 
whole-body human (7.0 T & 3.0 T) MR scan-
ners (Figure 1). B.U.F.F. runs an S1 certified 
laboratory and supports small scale animal 
housing. To foster translational research and 
clinical studies B.U.F.F. is equipped with re-
ception areas and changing rooms to comfort 
and guide volunteers and patients (Figure 
2, left). All technical prerequisites needed 
for clinical studies are setup including emer-
gency equipment and extra patient moni
toring units. Members of B.U.F.F. have access 
to infrastructure for hardware and MR pulse 
sequence development. (Figure 2, right).

Figure 1: Picture photographs illustrating the of the 
whole-body human (7.0 T & 3.0 T) and small animal (9.4 T) 
MR scanner environments at B.U.F.F.

Figure 2: Overview of the volunteer/patient preparation 
areas (top left), the MR hardware development laborato-
ries (top right) and the clinical imaging setup (bottom 
left) available at B.U.F.F. bottom right: Members of B.U.F.F. 
congratulating the 1000th volunteer of the population im-
aging study of the national cohort (NAKO) for supporting 
epidemiological and medical research.
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Contributions to major research  
initiatives
Members of B.U.F.F. form a key/integral part 
of major research initiatives and support the 
Helmholtz Alliance for Imaging and Curing 
Environmental Diseases (ICEMED), the DFG 
research group FOR 1368 on Hemodynamics 
of Acute Kidney Injury, the imaging program 
of the German Center for Cardiovascular Re-
search (DZHK), the individualized Medicine 
(iMED) initiative of the Helmholtz Associa-
tion, the BMBF project on targeted radiofre-
quency heating (THERAHEAT), the BMBF 
funded validation project on the diagnosis of 
renal diseases (renalMROXY), the German Ul-
trahigh Field Imaging (GUFI) network, the EU 
COST Action PARENCHIMA on renal imaging, 
the DFG funded project on Fluorine MR tech-
nologies to study cellular therapies, the Marie 
Sklodowska Curie project SODIUMMRI-4-EU 
(EU project 752489), the DFG funded gradu-
ate school on quantitative imaging (BIOQIC) 
and the European Ultrahigh-Field Imaging 
Network in Neurodegenerative Diseases (EU-
FIND). B.U.F.F. is part of the imaging facilities 
of the Berlin Institute of Health (BIH).

German National Cohort at B.U.F.F.
B.U.F.F. is home of the Berlin site of the imag-
ing program (5) of the German National Co-
hort (NAKO) which accommodates 30.000 
volunteers to be included in a comprehensive 
MR examination. 6000 of these volunteers are 
examined at B.U.F.F. This team recently cel-
ebrated the examination of the 3000th volun-
teer (Figure 3).

Teaching and education initiatives
Members of B.U.F.F. are chairing and orga-
nizing the Annual Symposium of Ultrahigh 
Field Magnetic Resonance: Clinical Needs, 
Research Promises and Technical Solutions 
which attracts about 250 MR technology 
leaders and distinguished clinical experts, all 
bridging disciplinary boundaries. On behalf of 
the European Society for Magnetic Resonance 
in Medicine and Biology members of B.U.F.F. 
chaired and organized a one week workshop 
RF coil design: Build your own which is fully 
(over)booked every year.

Public engagement initiatives
B.U.F.F. actively contributes to public engagement 
with open tours to the ‘Lange Nacht der Wissen-
schaften’ (Long Night of Science). B.U.F.F. is also 
engaged into disseminating its research to the 
public by supporting the Life Science Learning Lab 
(German: “Gläsernes Labor”). B.U.F.F. runs a very 
fruitful partnership with the Robert-Havemann 
Gymnasium, Berlin which we support through 
school presentations, on-site visits and lab-tours. 
For further details about B.U.F.F.s public engage-
ment please visit www.mdc-berlin.de/BUFF.

Basic research and clinical science 
opportunities
The B.U.F.F. team is always looking for collabora-
tors committed to the value and power of non-
invasive imaging. We are ready to enter into fair 
collaborative enterprises aiming at moving the 
needle by first class imaging sciences and by 
attracting extramural funding with the goal to 
foster multi-disciplinary and translational re-
search at the MDC. Further details please visit 
www.mdc-berlin.de/BUFF or contact the head of 
B.U.F.F. (Thoralf Niendorf, thoralf.niendorf@mdc-
berlin.de, +49 30 9406 4505). 

Figure 3: Illustration of the anatomical 
detail provided by non-invasice MRI.Top: 
In vivo MRI of the mice heart (resolution 50 
µm), of the mice brain (resolution 30 µm), of 
the vessel tree of the mice brain (resolution 
30 µm) and of the mice kidney (resolution 
30 µm).Bottom: In vivo MRI of the human 
heart (resolution 1.0 mm), of the human 
brain (resolution 0.5 mm), of the vessel tree 
of the human brain (0.5 mm) and of the hu-
man liver (1.0 mm) obtained at 7.0 T.
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Metabolomics, BIH Platform at MDC

The Berlin Institute for Health Metabolomics 
Facility undertakes metabolomics research 
with clear translational medicine potential.  
A dedicated and highly skilled team, we col-
laborate with researchers and clinicians at 
the Charité and MDC to advance medical 
knowledge, especially the interplay between 
heart and brain health.

We are equipped with state-of-the-art, high 
resolution, highly mass accurate mass spec-
trometry instrumentation enabling both 
targeted and non targeted metabolomics 
to be undertaken. An automated sample 
preparation robot and a separate derivati-
sation robot enables robust and reproduc-
ible epidemiological scale analyses to be 
undertaken. 

Technology and applications
Metabolomics aims for a global analysis of 
all metabolites within a cell or biological 
system (for example, blood, urine, cells, 
saliva etc) and measures the perturbations 
that occur in disease states or other chang-
es in conditions e.g. nutrition, exercise, 
different genotypes etc. A variety of mass 
spectrometers and related instrumentation 
is used to enable to enable a wide range of 
molecules to be measured, often at widely 
variable concentrations and with very dif-
ferent physicochemical properties. 

Facilities include: 
•	 Leco GCxGC-Electron impact-Time of 

Flight mass spectrometer: a gas chroma-
tography based system that allows the 
measurement of small molecules and is 
especially useful for polar molecules. A 
previously validated method enabling a 
quantitative, targeted analysis of up to 
nearly one hundred defined metabolites 
involved in central carbon metabolism is 
possible on this system.

•	 Thermo Quantiva: a triple quadrupole mass 
spectrometer allows the measurement of 
small molecules and lipids. Its fast scanning 
speeds make it particularly useful for tar-
geted analysis and it can be combined with 
liquid chromatography for prior separation 
of complex biological matrices.

•	 Thermo Q-Exactive (based on Orbitrap 
technology): a high resolution, highly 
mass accurate Fourier transformation 
mass spectrometer that is used for lipi-
domics and metabolomics analyses

•	 Agilent 1290 two-dimensional liquid 
chromatography system: for detection, 
identification and separation of mol-
ecules with similar chemical properties: 
especially useful for lipids

•	 Owlstone Field Asymmetric Ion Mobility 
Spectrometer: an ion mobility technology 
that enables separation of compounds 
based on cross sectional area to enable 
improved analysis by mass spectrometry 
of mixed isomeric species.

•	 To support epidemiological size metabo-
lomics studies we have developed a ro-
botic system to facilitate the preparation 
of the required standard mixtures for 
metabolomics analyses and to perform 
the extraction and sample preparation 
procedures in an automated way. This ro-
botic system is a significant step towards 
lab automation, as it includes the han-
dling of solid substances and liquids in 
a single system specifically designed for 
our workflows.

Collaborations
We are currently collaborating with several 
different research groups, both local and 
international. Examples of projects we are 
currently involved in include: the metabo-
lomics changes seen in Alzheimer models 
as the disease develops, the metabolomics 
of depressive illness and the lipid changes 
associated with heart disease. We concen-
trate on projects that have relevance to im-
proving people’s health or quality of life.
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The Head of the Group took over only two months before the end of this reporting 
period, but we anticipate new publications will follow very soon!
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Recognising the importance of the “value 
added” approach of systems biology, we 
work closely with other -omic platforms to 
improve the biological information we gain 
from any individual study. This is particu-
larly notable with our close collaboration 
with the Bioinformatics Core Facility where 
strategic cooperation to embed staff mem-
bers in each group will enable the transfer 
of knowledge between both facilities.

External to the MDC, we support the devel-
opment of precision medicine to improve 
medical treatment and prognosis. The 
Head of the Facility, Dr Jennifer Kirwan is a 
member of the Working Party in Precision 
Medicine and Pharmacogenomics for the 
international Metabolomics Society. 

Method development
Metabolomics is still a relatively young 
science and methods are constantly being 
developed to enlarge the range and extent 
of the analyses we can perform. Over the 
next few years, we are working closely with 
other groups to develop and validate new 
methods to answer specific research prob-
lems. The majority of these methods will 
have applications to other projects thus en-
abling a rapid expansion of the abilities of 
the Metabolomics Facility.

Figure 1: The Berlin Institute for Health Metabolomics 
Facility is composed of a range of state-of-the-art technolo-
gies which are used in combination to globally map the me-
tabolome (the range of metabolites in a biological system) 
and assess how the metabolome is altered by disease states.
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Light Microscopy Platform, BIMSB
Light microscopy has long been an essential 
technology for the progress of life sciences 
research. Advances in this technology have 
kept pace with the demands of modern inves-
tigation. We now have the ability to monitor 
the structure and function of living systems 
at scales that vary by orders of magnitude. 
Modern light microscopy allows us to moni-
tor the development of whole organisms, the 
structure and function of single cells, as well 
as the localization and dynamics of single 
molecules. 

The BIMSB Light Microscopy Platform 
was recently established to support re-
search projects for MDC scientists at the 
new BIMSB research center in Berlin Mitte. 
The new facility will host several high-
end instruments including confocal, TIRF, 
live-cell, light sheet, and super resolution 
microscopes. We will also provide expert 
support for project planning, sample prep-
aration, data analysis and visualization as 
well as training for advance fluorescence 
methods such as FRET, FLIM, FRAP, FCS. In 
addition to hosting core light microscopy 
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technology, the platform will work towards 
microscopy-based solutions for systems 
biologists that include automated high-
throughput microscopy, as well as devel-
opment of computational methods for the 
analysis and management of large biologi-
cal imaging data sets.

Research Focus
In addition to providing support for MDC 
and BIMSB research projects, our group is 
continuing to development microscopy-
based approaches to study the regulatory 
mechanisms synaptic plasticity. The abil-
ity of the neuronal synapse to weaken or 
strengthen over time is key to information 
processing and storage in the CNS. Changes 
in the efficiency of synaptic transmission 
that occur on the millisecond to second time 
scale, known as short term plasticity (STP), 
are regulated by a number of processes at 
the axon terminals (or presynaptic boutons). 
Here, upon arrival of an action potential, 
synaptic vesicles (SVs) fuse with the plasma 
membrane releasing neurotransmitters 
into the synaptic cleft where they bind to 
post synaptic receptors to propagate signal. 
Vesicular membrane and protein contents 
are then endocytosed, recycled, and refilled 

Figure 1. Electrochemical gra-
dient measured at the single 
vesicle level. A) A schematic rep-
resentation of labeled SVs imaged 
using a custom-built wide-field UV-
flash uncaging / TIRF microscope. 
B) SV phenotyping is performed by 
on-stage immuno-labeling against 
VGLUT1 or VGAT. C) Averaged spH 
response to NEP-ATP uncaging is 
shown with a representative image 
of spH-SVs. D) Averaged VF.2.1.Cl re-
sponse and a representative image of 
VF2.1.Cl-labeled SVs are presented. 
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with neurotransmitter before they are able 
to again contribute to synaptic transmis-
sion. We are currently investigating several 
steps in this cycle including acidification 
and refilling of SVs with neurotransmitters 
as well as the priming before fusion. 

Regulation of the SV proton 
electrochemical gradient
In order to maintain robust synaptic func-
tion, SVs must be refilled with thousands 
of neurotransmitter molecules within sec-
onds after endocytosis. This process is fu-
eled by a proton electrochemical gradient 
generated across the SV membrane by the 
vacuolar ATPase. It is unclear how trans-
mitter molecules that carry different net 
charges can be efficiently sequestered by 
a common mechanism while maintaining 
charge neutrality and osmotic balance. We 
developed an approach to study the gen-
eration and maintenance of proton electro-
chemical gradient in single SVs. By imaging 
purified SVs labeled with either luminal 
pHluorin or VF2.1.Cl under TIRF illumina-
tion we are able to reliably characterize 
changes in pH or membrane potential, re-
spectively (Fig 1). By coupling in epiflores-
cent UV excitation we are able to flash un-
cage NPE(caged)-ATP and measure the fast 
kinetics of acidification and membrane po-
tential generation in these diffraction lim-
ited organelles. Furthermore we perform 
on stage immuno-labeling to characterize 
the molecular composition of the SVs mea-
sured (i.e. Glutamaterigics vs GABAergic) to 
study how the presence and abundance of 
different SV constituents affect the proton 
electrochemical gradient that drives neu-
rotransmitter refilling (Farsi et al. 2016). 

Optical readout for synaptic 
plasticity
Glutamatergic synapses show large varia-
tions in strength and short-term plasticity 
(STP). The current state of the art approach 
to studying STP relies on patch clamp-based 
electrophysiology. In addition to recording 

postsynaptic response, careful investiga-
tion of STP requires precise control of single 
presynaptic boutons. This has limited such 
investigations to large synapses such as the 
calyx of held and hippocampal mossy fiber 
boutons. Optical approaches utilizing cal-
cium and pH sensitive reporters have been 
developed to help address these limitations 
however do not provide sufficient SNR nor 
temporal kinetics to monitor STP. We have 
successfully developed an approach using a 
genetically encoded glutamate sensor to di-
rectly monitor the release of glutamate into 
the synaptic cleft (Fig 2). This approach al-
lows us to monitor stimulus trains at 100’s 
of synapses simultaneously to characterize 
properties such as paired pulse facilitation 
(Taschenberger et al. 2016). We are con-
tinuing the development of this and other 
microscopy-based approached to offer 
greater insight into the molecular machin-
ery and signaling processes at play during 
STP at the many synapses inaccessible by 
electrophysiology-based techniques. 

Figure 2. Imaging synaptic release 
at hippocampal boutons. A) Primary 
neurons expressing a glutamate sensor 
were imaged, during which 15 APs 
were elicited at 10 Hz. Pseudo-color 
map represents synaptic release. B) 
Traces from repeated stimuli sampled 
from a single synapse are plotted 
in gray, the mean in black, and the 
deconvoled amplitudes below. C) PPR is 
mapped back to the respective synapse. 
D) Analysis of spatial correlation re-
veals a PPR length constant of 4.1 µm.
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Pathophysiology

The Pathophysiology Platform provides 
MDC researchers with a central resource 
for the study of animal disease models. We 
use validated approaches and state-of-the-
art instrumentation that allow for sensitive 
screening of phenotypic variations. Despite 
numerous advances in research techniques 
that avoid the use of animals, such as in 
vitro methods and advanced computer 
modelling, there is still the need for a whole 
system approach to preclinical research 
and for data from conscious and uncon-
scious animals. 

Understanding the complex physiological 
interactions between the cardiovascular, 
respiratory and central nervous systems is 
critical for the development of many human 
pharmaceuticals and therapies. We focus on 
techniques which minimize animal use and 
enable researchers to obtain comparable 
levels of information from fewer animals or 
to obtain more information from the same 
number of animals, thereby reducing future 
use of animals. As such, we use a variety of 
non-invasive in vivo test tools that allow 
monitoring of physiological and bioelec-
trical variables (e.g. blood pressure, heart 
rate, ECG and respiration) in conscious 
animals. Non-invasive, whole body imag-
ing of small animals using techniques such 
as High-Frequency Ultrasound and Time-
Domain-Nuclear-Magnetic-Resonance im-
aging is helping to reduce the number of 
animals used in basic research and drug de-
velopment. We continuously try to improve 
scientific procedures and husbandry which 
minimize actual or potential pain, suffering, 
distress or lasting harm and/or improve 
animal welfare in situations where the use 
of animals is unavoidable.
 
High-Frequency Ultrasound
Ultrasound is a powerful imaging modality 
that enables non-invasive, real-time visual-
ization of organs and tissues. We perform 
sonographic studies of small animals using 
a High-Frequency Ultrasound system. Its 
transducers produce frequencies as high as 
70MHz, which has permitted the identifica-
tion of structures as small as 30µm with a 
maximum temporal resolution of 740fps. 
This makes the platform ideal for pre-clin-
ical research because it permits a study of 
many organs, tissues, and the behavior of 
biological systems that need to be studied 
at this tiny scale. The non-invasive nature of 
ultrasound means that it can be used with 
no harm to animal or human subjects. We 

Veterinary Blood Tests
The Pathophysiology Platform can assist research investi-
gators who would benefit from the availability of services 
that replicates for animals the laboratory tests that are 
routine for humans. Examples include blood chemistry, 
urinalysis, and hematology.
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have established a wide variety of proto-
cols to analyze the phenotypes of mice and 
rats: For cardiovascular studies, ultrasound 
imaging can be used to detect the presence 
of localized or generalized hypertrophy or 
thinning of the myocardium of the left ven-
tricle (LV) and the presence of regional or 
global wall motion abnormalities associ-
ated with systolic dysfunction. The analysis 
of transmitral flow profiles allows the de-
tection of abnormal filling patterns associ-
ated with LV diastolic dysfunction. Strain 
analysis provides a highly sensitive speck-
le-tracking based echocardiographic imag-
ing technique that offers quantitation of the 
velocity of the walls, displacement, strain, 
strain rate, and time to peak analysis. Be-
cause of its non-invasive nature ultrasound 
can be used in longitudinal studies for tu-
mor diagnostics and therapy monitoring. 
3D-Ultrasound imaging allows the reli-
able delineation of tumor boundaries and 
the assessment of tumor heterogeneity. In 
addition, ultrasound imaging is ideal for 
studying pregnancy and development in 
mice and rats.

Body Composition Analysis
Time-Domain-Nuclear-Magnetic-Reso-
nance imaging (TD-NMR) is a powerful 
tool for the non-invasive quantification of 
solids and liquids in objects to be studied. 
Without anesthesia or other preparations, 
animals such as mice and rats can be tested 
for body composition of fat, free body flu-
ids and lean tissue within a few minutes.
After a stimulated adjustment of nuclear 
particle spins within a high energetic mag-
netic field, specific patterns of relaxation 

times of spin rearrangements are recorded 
when the magnetic field is removed. These 
relaxation patterns can be correlated to the 
density of body compounds, i.e. lean tissue, 
fat and free fluids, giving concrete values of 
their proportional composition. The NMR-
whole-body composition analyzer allows a 
non-invasive and reliable quantification of 
whole body components of small animals.

The Methodological Spectrum of 
the Pathophysiology Platform.
High Frequency Ultrasound 
Imaging:(A) Parasternal Long Axis 
View of a Murine Heart,(B) Micro-
Ultrasound Imaging of a Murine Em-
bryo at E12.5,(C) Contrast Imaging 
of a Melanoma Tumor,(D) 3D-Color 
Doppler of a Murine Testicle.
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Pluripotent Stem Cells

This figure summerizes the services offered by 
the stem cell core facility.
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The Pluripotent Stem Cell Core Facility at 
the Max Delbrück Center is a joint project of 
the Berlin Institute of Health and the MDC 
in Berlin Buch. The facility was established 
in September 2014 and is located on the 
first floor of the Walter Friedrich Haus. In 
2014 the laboratories, including S1 and S2 
cell culture labs, were set up and special-
ized equipment was purchased to provide 
MDC/BIH scientists with the latest, cutting-
edge stem cell technologies. These include 
a comprehensive range of methods for cell 
cultures and molecular biology that are 
required to derive, maintain, characterize 
and differentiate human induced pluripo-
tent stem cells (hiPSC). For example, as a 
component to ensure quality control for 
newly derived iPSCs, an iScan System from 
Illumina was purchased to allow the paral-
lel analysis of chromosome stability and a 
confirmation of their identity. For cell char-
acterization, a QuantStudio 6 real-time PCR 
system, a digital PCR machine and fluores-
cence microscopes are available. Further-
more, to carry out genetic engineering on 
the cells, transfection devices (Neon and 
Amaxa, Nucleofection) were purchased. 
The cell culture labs of the core facility are 
equipped with class 2 safety cabinets and a 
special picking hood. This hood is essential 
for many of the steps involved in manual 
cell manipulations, such as selecting clones 
after reprogramming, the genetic manipu-
lation of hiPSCs, or the removal of cells that 
have spontaneously differentiated.

In addition to setting up the infrastructure, 
the facility provides hands-on training in 
basic stem cell culture techniques for scien-
tists who are planning to work with hPSCs. 
In 2014-2016 five stem cell courses con-
sisting of theoretical and practical sections 
were offered and successfully conducted.

The services of the core facility are summa-
rized in figure one and include the extrac-
tion of primary cells and the reprogram-
ming, differentiation and genome editing 
of human pluripotent cells. Additionally we 
help and guide scientists who perform their 
own experiments under our supervision.

Recently, the core facilities established a 
feeder-free cultivation system of hiPSC us-
ing a range of chemically defined condi-
tions including homemade, chemically de-
fined media. Moreover, we have established 
neuronal, endothelial and cardiac differen-
tiation protocols in close cooperation with 
several research groups on the campus. The 
core facility also successfully performed 
initial genome engineering experiments 
including specific knock-out studies of sev-
eral genes and the generation of reporter 

cell lines using CRISPR/CAS9- or TALEN-
mediated gene targeting.

With the German Stem Cell Network (GSCN) 
and others, we have initiated a network of 
stem cell core facilities for iPS derivation 
across Germany. Here the goal is to estab-
lish common standards through the sharing 
of cell lines, tools and protocols which will 
lead to higher efficiency and comparability 
across different experimental frameworks. 
We are convinced that this will fundamen-
tally benefit the stem cell research commu-
nity across Germany. 

Shown are human induced 
pluripotent stem cell derived 
cardiomyocytes. The structure 
of the sarcomeres were visual-
ized by immunofluorescence 
staining using antibodies 
against cardiac markers 
alpha actinin (red) and 
cardiac troponin (green). 
The nucleus was stained 
with DAPI (blue).
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Preparative Flowcytometry

Fluorescence-activated cell sorting (FACS) 
is a specialized type of flow cytometry. It 
was designed in 1971 by Len Herzenberg 
to provide a fast method for physical sepa-
ration of heterogeneous mixtures of cells 
into distinct subsets based on their light 
scattering and fluorescent characteristics. 
The FACS Core Facility at the MDC mainly 
provides assistance in operating such cell 
sorters. These sorters can isolate up to 
20,000 cells per second for large-scale cell 
isolation and allow single cells to be pre-
cisely spotted into microtiter plates or onto 
slides for analytical purposes. In addition, 
the staff of the FACS Core Facility assists in 
the design and setup of more specialized 
or sophisticated experiments that use ad-
ditional state of the art analytical flow cy-
tometers. The facility operates one 3-colour 
laser line analyzer (BD LSR), one 5-colour 
laser line analyzer (BD Fortessa), and four 
high-capacity digital cell sorters (BD Aria).
 

richment of specific subsets of tumor and 
primary murine hematopoietic cells as well 
as of genetically modified subpopulations 
of various cell types in order to analyse the 
biological functions of candidate genes in 
particular with relevance to lymphoma-
genesis. A recent example of such a work 
which required cell sorting experiments of 
various cell types is the characterization of 
transcription factors IRF5 in combination 
with NF-kB as key regulators in classical 
Hodgkin lymphoma (Kreher, Bouhlel et al. 
2014).
 
Similarly, the group of Klaus Rajewsky gen-
erated various mouse models of lympho-
mas and fatal lymphoproliferative disor-
ders and uses flow cytometry to elucidate 
the underlying mechanisms of pathogen-
esis. Their work relies on genetically modi-
fied mouse strains, for instance conditional 
loss- or gain-of-function mutants. In addi-
tion, they enhanced genome editing using 
the CRISPR/Cas9 technology in mammalian 
cells to increases the efficiency of CRISPR/
Cas9-mediated mutations or homologous 
recombination events (Chu, Weber et al. 
2015).
 
Stromal cells are pivotal for the onset and 
survival of lymphoma B cells, but which 
stromal cell subpopulations in the lymph 
nodes contribute to the formation of a lym-
phoma growth-promoting niche had re-
mained elusive. The groups of Armin Rehm 
and Uta E. Höpken have applied a combina-
tion of cell enrichment using magnetic bead 
and FACS to isolate very rare stromal cell 
populations of mesenchymal, myeloid and 
endothelial origin and analyzed their gene 
expression on a genome wide scale. This 
was a prerequisite for the analysis of spe-
cific tumor-induced gene expression pro-
files in stroma-located monocytic, dendritic 
and other lymphoma-accessory cell types 
(Rehm, Gatjen et al. 2014).

Sorted cells are routinely prepared for gene 
expression analysis by microarrays, RNA 
sequencing, quantitative real-time PCR, 
DNA sequencing, live-cell imaging or adop-
tive transfer experiments in animals. Nu-
merous groups from the MDC, BIMSB, ECRC 
and the FMP have used the facility over the 
last few years for such purposes.
 
The greatest number of requests for all pre-
parative cell sorting at the MDC arise from 
primary human and murine cells, which 
are characterized by their immunopheno-
typic parameters. For example, the group 
of Bernd Dörken routinely uses FACS en-
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FACS cannot only be used for the analysis of 
the haematopoietic lineage, but also gained 
in importance for other cells populations. 
Reliable cell surface biomarkers are becom-
ing available for such cell populations, and 
they also can be labeled by transgenic tech-
nologies. For example, the group of Walter 
Birchmeier uses FACS to isolate and analyze 
stem cells from normal tissues and from tu-
mors. They isolated stem cells in the skin 
or the mammary gland, as well as rare cell 
populations present during heart develop-
ment, or cancer stem cells that represent 
rare cell types present in tumors (Holland, 
Gyorffy et al. 2013).
 
Stem cells called Satellite cells also exist in 
the adult muscle. Satellite cells are needed 
for muscle growth and for the regeneration 
of injured muscle tissue. Although satellite 
cells account for only a small fraction of the 
muscle tissue, they can be isolated and en-
riched by FACS. Thus, changes in gene ex-
pression in these stem cells can be assessed 
in mouse mutants, and the isolated cells can 
be cultured for a more detailed character-
ization. The group of Carmen Birchmeier 
sorts satellite cells to investigate how sig-
naling pathways control their development 
and function (Brohl, Vasyutina et al. 2012).
 
Another use of FACS technology is the gen-
eration and genetic modification of induced 
pluripotent stem (iPS) cells. For example, 
the Pluripotent Stem Cell Core Facility gen-
erates human pluripotent stem cells that 
are modified by introducing or correct-
ing a disease-causing mutation, and these 
cells are enriched using FACS. They are 
then used by the groups of Norbert Hüb-
ner, Thomas Willnow or Erich Wanker to 
define the molecular mechanisms that un-
derlie diseases. Moreover, these cells can 
be tagged with various reporters encoding 
fluorescent proteins to enrich for cell types 
that are formed when these cell types dif-
ferentiate. The groups of Simone Spuler 
and Zsuzsanna Izsvak use this approach to 
study the mechanisms underlying cell fate 
decisions.
 
The group of Nikolaus Rajewsky devised 
a method to collect large amounts of pre-
cisely staged C. elegans embryos by FACS 
which are then used for high-throughput 
genomic and biochemical analyses. This 
new method already contributed towards 
a more complete understanding of gene 
regulatory networks during early C. elegans 
development. 

Left: Inside view of a FACSAria (flow cell with sort block 
and deflection plates), Right: Schematic view of the 
separation principle 
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Proteomics

Cells communicate with their environment 
and react to different stimuli and changes in 
the environment. These reactions can either 
be based on transcriptional activity or chemi-
cal modifications of existing proteins, so 
called post-translational modifications. In or-
der to gain insight into the regulation of these 
protein-interaction networks it is necessary to 
identify proteins as well as their modifications 
and to measure the protein expression levels 
within a cell. This requires the identification 
of several hundred or thousand proteins and 
their quantification in a complex mixture. Ad-
vances in modern mass-spectrometry based 
proteomics made it possible to match all 
these criteria. The technique quickly rose to 
be the default method for large-scale protein 
identification in life sciences. 
The core facility mass-spectrometry offers 
a wide range of proteomic methods for the 
identification and quantification of proteins 
and peptides. Besides the identification of 
single proteins in solutions and SDS gel slices, 
the mass-spectrometry core facility uses a 
number of proteomic techniques in different 
collaborations with MDC groups at the MDC. 
In general the techniques can be divided into 
two groups: targeted and discovery or non-
targeted proteomics.

concentration of these players, avoiding the 
sequencing of unrelated, not regulated pro-
teins in the cell. A method that allows the 
selection of a limited number of proteins is 
selected reaction monitoring (SRM). This 
technique has the advantage of a high sensi-
tivity combined with short run times on the 
liquid chromatography systems. Therefor 
opening the possibility of measuring large 
quantities of different samples in a short 
time period and quantifying all components 
of the cascade.
Several collaborations of the core facility 
within the MDC are now based on selected 
reaction monitoring experiments. The core 
facility used a tripple quadrupol mass- 
spectrometer for this type of analysis (Q-
TRAP 5500). One example of this technique 
involves the research on the inflammatory 
NF-κB pathway. For this project a quantifi-
cation method for the two NF-κB precursor 
proteins p100 and p105 and their proteo-
lytically shorted versions p52 and p50 was 
developed. By using specialized SRM tech-
niques it was possible to quantify these mol-
ecules in cell extracts. This quantitative data 
was used to generate mathematical models, 
which allowed the identification of a new 
signaling complex in the NF-κB system.

Non-targeted proteomic 
approaches
The increased sensitivity of mass-spectrom-
eters called for different ways to analyzed 
the recorded data. In the core facility all 
measurements are done quantitatively. For 
this several methods for the introduction 
of isotopic labels have been established. 
Among them (is) metabolic labeling. Meta-
bolic labeling of cells offers great advantages 
for the quantification of proteins. The cells 
of interest are therefore cultured in media, 
which contain isotopic labeled (non radio-
active) amino acids. The additional mass 
of the amino acids can later be detected by 
mass- spectrometry. Comparison of two dif-
ferent samples is possible by analyzing the 

Targeted proteomics
Monitoring the regulation of proteins un-
der different conditions can provide deep 
insight into regulatory networks, which 
underly different signal transduction cas-
cades. For many cascades the major players 
of these pathways are already identified. In-
corporating this knowledge into a targeted 
strategy allows to monitor changes in the 
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sample on a high accuracy orbitrap mass 
spectrometer (Q-Exactive). The results of 
these measurements are relative ratios for 
each protein detected in the two different 
samples. This techniques is currently used 
by the core facility for the quantification of 
immuno-precipitations and large scale pro-
tein identifications. 
For samples, which cannot be cultured in 
media containing heavy amino acids, an-
other technique is available. This technique 
relies on a highly reproducible liquid chro-
matography, since two different chromato-
graphic runs have to match. 

Identification of post-translational 
modifications
The regulation of protein activity or interac-
tions with other proteins can be modulated 
by the modification of side groups of the ami-
no-acids in the peptides sequence. For the 
understanding of the molecular mechanisms, 
which regulate these proteins, it is necessary 
to gain insight into the different post-trans-
lational modifications of proteins. These 
modifications can be detected by mass-spec-
trometry based proteomic analysis. The core 
facility actively pursues the development of 
new methods for the identification of modi-
fication sites by ubiquitin-like proteins. For 
the identification of phosphorylation sites 
the core facility now provides specialized 
methods for improved sensitivity.

Model of the processing of 
the two NF-kB molecules 
p100 and p015 to the p52 
and p50, respectively. 
Activation by lymphotoxin 
stimulation leads to the 
induced processing of the 
the two precursor-proteins. 
Using targeted mass-
spectrometry the absolute 
amounts of p100, p105, p52 
and p50 at different time 
points after stimulation 
were determined and used in 
the mathematical models. 
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Proteomics / Metabolomics, BIMSB

The ‘integrative proteomics and metabo-
lomics’ research and technology platform 
is an integral part of the Berlin Institute for 
Medical Systems Biology (BIMSB). We are 
an Interdisciplinary team consisting of biolo-
gists, engineers, chemists/pharmacologists 
and bio-informaticians.

 
Our core interest is to decode the regulation 
of metabolism at the molecular level. The 
chemical space of metabolites spans a wide 
range of physicochemical properties. The 
size of the molecule, its polarity and com-
plexity finally determines the separation 
method and its detectability by the mass 

Figure 1. Overview about the mass spectrometers installed at BIMSB and related methods. During 
the last years we have installed a GC-ToF-MS, a triple-quadrupole-MS and a LTQ-Orbitrap-Velos. The scheme 
shows the mass spectrometers, established methods and related metabolic pathways that can be analyzed.

spectrometer. Therefore, we have installed 
three different mass spectrometers cou-
pled to several chromatographic systems to 
achieve a high coverage of the biochemical 
network of cells and organs (Fig. 1).

•	 GCxGC-EI-ToF, GC-Q Exactive, gas chro-
matography based systems that allows 
the measurement of small molecules (in-
termediates of the metabolism)

•	 QQQ-LC-MS, a triple quadrupole mass 
spectrometer allows the measurement 
of small molecules, lipids and peptides 
(proteomics)

•	 Q-Exactive, a fourier transformation 
mass spectrometer that is used for pro-
teomics and metabolomics analyses
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Using the established mass spectrometry 
based platforms we are able to quantita-
tively measure metabolites (small mol-
ecules) lipids and proteins from variety 
of sample species. In addition to our own 
scientific projects, we collaborate with our 
colleagues at the BIMSB and MDC and apply 
proteomics and metabolomics techniques;

•	 Metabolic profiling (targeted, non-target-
ed, lipid profiling)

•	 Stable isotope resolved metabolomics (in 
cell cultures and in vivo)

•	 Proteome analyses (SILAC, in vivo SILAC 
and targeted proteomics)

Metabolic Regulation 
Central metabolism is highly flexible and 
continuously adjusted to the physiological 
program of the cell, organ and organism; 
and its regulation appears at the (post-) 
transcriptional, (post-) translational and 
allosteric level. Central metabolism is a 
metabolic super pathway including e.g. 
glycolysis, pentose phosphate pathway, tri 
carboxylic acid cycle, amino acid metabo-
lism, glycogen and nucleotide metabolism. 
Our goal is to characterize the metabolic 
reprogramming events during cellular dif-
ferentiation and transformation at the mo-
lecular level. We aim to understand (i) the 
metabolic differences of stem cells and can-
cer cells. (ii) How metabolism can serve as 
a target for cancer treatment. 
Currently, we focus our technology develop-
ment and research on decoding the crosstalk 
between metabolism and post-transcrip-
tional gene regulation. RNA or DNA binding 
proteins as well as RNA and DNA itself can 
be target of a number of modifying enzymes. 
These metabolic modifications contribute 
substantially to the post-transcriptional reg-
ulatory code. In addition, the metabolic sta-
tus of the cell can influence gene expression 
at (post-) transcriptional and (post-) transla-
tional levels. In order to analyze the crosstalk 
between metabolism and gene regulation we 
are developing new metabolomics and pro-
teomics approaches. Using comprehensive 
nucleotide profiling and RNA-protein inter-
action studies, we identified a nucleotide re-
sponsive and protective metabolic feedback 
mediated by the 3’UTR of MYC.

Figure 2. Dynamic analysis of glucose and glutamine 
metabolism in HCC tissues of ASVB mice. Stable isotope 
labeled glucose (13C glucose) and glutamine (13C gluta-

mine) were applied i.p. and tumor and liver tissue were 
taken after 10 min. 13C carbon incorporation into central 
metabolites was analyzed using GC-MS based metabolo-

mics (in vivo pSIRM).
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Transgenic Core Facility
Engineering of the mouse genome to cre-
ate targeted mutants is a key technology for 
biomedical research. The Transgenic Core 
Facility (TCF) provides a central service for all 
kinds of reproductive technologies, supporting 
MDC research groups and their collaborators 
in their work with genetically modified mouse 
lines. One focus of the TCF is the rederivation 
of mouse lines by embryo transfer to exclude 
pathogens and and the cryopreservation of 
lines using embryo or sperm freezing. The sec-
ond focus of the TCF is the generation of new 
mouse lines by microinjection of genetically 
modified embryonic stem cells into blastocysts 
or of DNA & RNA molecules into zygotes which 
induce genetic modifications in one-cell em-
bryos.

ing number of mouse models worldwide, we 
see an increase in the number of organisa-
tions who offer to send frozen material in-
stead of live mice. These lines are revitalised 
at the MDC follwing a variety of protocols de-
pending on the method of cryo-preservation. 
There are individual projects that do not fit 

Rederivation and cryopreservation 
of mouse lines
The Transgenic Core Facility (TCF) offers in-
house service for all kinds of reproductive 
technologies to support MDC research groups 
and their collaborators which are working 
genetically modified mouse lines. Starting at 
the planning phase, we support users with 
the design and layout of their projects. One 
focus of our work is the rederivation by em-
bryo transfer for the import of mouse lines 
from external facilities and for the transfer of 
immune deficient strains into the new patho-
gen-free facility, without the burden caused 
by opportunistic infections. Furthermore, 
we cryo-preserve the germ cells of precious 
mouse lines and bring frozen lines back to 
life. Cryopreservation is an important tool to 
prevent gene drifting, the loss of colonies in 
case of infection and to save cage space and 
resources occupied by lines which are not 
actively used for research. Since most groups 
choose to conserve mouse sperm this is the 
main form of germ plasm we freeze down 
and store in liquid nitrogen. Due to the grow-

Figure 1 Pronuclear microinjection.
A zygote fixed to the holding capillary (a) is penetrated 
with the injection capillary (filled with DNA/RNA solution 
and moved further to place the capillary`s tip in middle of 
a pronucleus (b). When the injection pressure is applied a 
swelling of the injected pronucleus is observed visible (c), 
indicating successful microinjection.
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Patents / Patent applications 

Record 2014/15/16

21 new mouse lines produced by injection of recombinant ES cell lines
35 new mouse lines produced by pronuclear microinjection (incl. 18 projects using 
CRISPR/Cas)
217 mouse lines preserved by sperm freezing
172 mouse lines transferred by hygienic rederivation or revitalised by in vitro 
fertilisation

Selected Publications

Brandl, C., Ortiz, O., Röttig, B., Wefers, B., Wurst, W., Kühn, R. (2015). Creation of 
targeted genomic deletions using TALEN or CRISPR/Cas nuclease pairs in one-cell 
mouse embryos. FEBS Open Bio 5, 26–35.
Chu, V.T., Weber, T., Wefers, B., Wurst, W., Sander, S., Rajewsky, K., and Kühn, R. 
(2015). Increasing the efficiency of homology-directed repair for CRISPR-Cas9-
induced precise gene editing in mammalian cells. Nat. Biotechnol. 33, 543–548.
Chu, V.T, Weber, T., Graf, R., Sommermann, T., Petsch, K., Sack, U., Volchkov, P., 
Rajewsky, K., Kühn, R. (2015) Efficient generation of Rosa26 knock-in mice using 
CRISPR/Cas9 in C57BL/6 zygotes. HYPERLINK “http://www.ncbi.nlm.nih.gov/
pubmed/26772810”BMC Biotechnol. 2016 Jan 16;16(1):4. 
Chu, V.T., Graf, R., Wirtz, T., Weber, T., Favret, J., Li, X., Petsch, K., Tran, N.T., Sieweke, 
M.H., Berek, C., et al. (2016). Efficient CRISPR-mediated mutagenesis in primary im-
mune cells using CrispRGold and a C57BL/6 Cas9 transgenic mouse line. Proc. Natl. 
Acad. Sci. U.S.A. 113, 12514–12519.

Group Leader
Dr. Ralf Kühn

Technical Assistants
Rainer Kabisch
Katja Becker
Andrea Leschke

into any of the above that can be supported by 
the TCF and we will help whenever it comes 
to the production, isolation, manipulation, 
culture or retransfer of pre-implantation em-
bryos. Moreover, we can give advice on clon-
ing and targeting strategies, ES cell culture 
and derivation and coat color genetics.

Generation of genetically modified 
mouse lines
A second focus of the TCF is the generation of 
new genetically modified mouse lines. This 
is traditionally accomplished by gene tar-
geting in embryonic stem (ES) cells and the 
generation of germline chimaeras obtained 
through the microinjection of recombinant 
ES cells into blastocysts. In recent years en-
gineered nucleases, introduced into zygotes 
by pronuclear microinjection (Fig. 1), able to 
create targeted double-strand breaks (DSB) 
in the genome of the one-cell embryo, have 
emerged as powerful tool for the single step 
production of targeted mutants, independent 
of ES cells. Proof of principle was provided 
with zinc-finger nucleases and TALENs, both 
of which have been displaced by the more 
versatile and efficient CRISPR/Cas9 nuclease 
system. This system is composed of the ge-
neric Cas9 nuclease that is guided to specific 
target sites by short sgRNAs which include 20 
nucleotides complementary to the target se-
quence. Gene editing is achieved by endoge-
nous DSB repair pathways, either imprecisely 
by non-homologous end joining (NHEJ) caus-
ing small deletions, or by homology-directed 
repair (HDR) using repair template vectors 
for the precise insertion of new sequences 
(knockin) (Fig. 2). In mouse zygotes, CRISPR/
Cas9 has been efficiently used for generat-
ing small deletions and knockout mutations 
by the NHEJ repair pathway, reaching fre-
quencies of up to 50% in pups derived from 
Cas9/sgRNA microinjections, even in inbred 
backgrounds such as C57BL/6. In contrast, 
HDR events with co-injected targeting vec-
tors occur less frequently in zygotes at rates 
of 5–10%. The TCF offers advice, protocols 
and template plasmids for the preparation of 
CRISPR/Cas reagents, performs the microin-
jection into zygotes and embryo transfer into 
foster females, and provides help with geno-
typing of the resulting founder mutants. In 
addition, we aim for developing and testing 
new protocols and reagents which increase 
the recovery of knockin mutants.

Figure 2 Gene editing in mouse zygotes using CRISPR/Cas.
Zygotes are microinjected with Cas9 mRNA, sgRNA and a gene 
targeting vector. Upon the production of Cas9 protein the nuclease 
binds together with sgRNA to the selected target site and creates a 
double-strand break. DSBs can be repaired by homology-directed 
repair (HDR) or non-homologous end-joining (NHEJ), leading to 
a knockin or knockout allele. Founder mutants (F0) are further 
mated to establish a mutant line.

Sabine Manz
David Schreiber

Administrative Assistance
Christine Krause 
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Research Groups
2014

Holger GERHARDT began work at MDC, Charite, 
DZHK and BIH in Berlin
Several research institutions in Berlin have jointly suc-
ceeded in attracting the angiogenesis specialist Holger 
Gerhardt to the capital city. Since September he is re-
search group leader at MDC and at Berlin Institute of 
Health (BIH) and concurrently W3 Professor of Experi-
mental Cardiovascular Research at the Charité Berlin. 
Furthermore, he is integrated into the German Center 
for Cardiovascular Research (DZHK). After studying 
biology and receiving his PhD in 2000, Gerhardt worked 
as a postdoctoral fellow in der lab of Christer Betsholtz 
in Sweden until 2004. His most recent position was at 
the London Research Institute, UK, and concurrently at 
the Vesalius Research Center of the Flanders Institute 
of Biotechnology (VIB) at the Catholic University of 
Leuven, Belgium. Gerhardt investigates the formation 
of blood vessels in organism and disease development 
and is seeking ways to stop pathological vessel growth.
 
Young-Ae LEE appointed to W3 Professorship for 
Molecular Pediatric Allergology at Charité
With Young-Ae Lee, the MDC succeeded to recruit an 
excellent clinician scientist to its faculty. The joint ap-
pointment to the full professorship for Molecular Pe-
diatric Allergology by the MDC and the Charité is sup-
ported through additional funding from the Impulse 
and Networking Fund of the Helmholtz President. 
Lee is a board-certified pediatrician and human mo-
lecular geneticist. Her research is concerned with the 
genetics and genomics of chronic inflammation, the 
genetic etiology of allergic disease in childhood and 
with disease risk prediction. Lee received her medical 
degree from Free University Berlin after several years 
of clinical and research training in molecular genetics 
and genetic epidemiology at distinguished academic 
institutions, including Harvard University and the Uni-
versity of California, San Francisco. She completed her 
postgraduate clinical training in Pediatrics and Aller-
gology at Charité Children’s Hospital, Berlin. She was 
appointed Assistant Professor in 2002, and promoted 
to Associate Professor in 2008. 

Appointments and  
Recruitments

Matthias SELBACH received W3 Professorship at 
Charité 
Matthias Selbach studied biology at the University of 
Münster and earned his PhD in the lab of Thomas F. 
Meyer at the Max Planck Institute for Infection Biol-
ogy, Berlin. In 2004, he proceeded to the lab of Mat-
thias Mann in Odense, Denmark, and followed him to 
the Max Planck Institute of Biochemistry in Munich. As 
a postdoctoral fellow in a renowned proteomics lab, 
quantitative mass spectrometry became a cornerstone 
of his work. Since 2007, he headed the independent 
junior group “Cell signalling and mass spectrometry” 
at the MDC. From 2010, he was also an associate pro-
fessor at the Charité. In 2014, Selbach accepted the 
appointment to a full professorship for Proteomics 
at the Charité in cooperation with the MDC. His team 
combines expertise in proteomics and cell biology to 
study biological systems at the global scale. Recent re-
search highlights are the first systematic analysis of the 
impact of microRNAs on protein synthesis and the first 
global quantification of the entire gene expression cas-
cade in mammalian cells.

Hans Schildbach endowed professorship for Kai 
SCHMIDT-OTT
The nephrologist and clinical researcher Kai Schmidt-
Ott accepted the appointment to a W2 professorship for 
Urogenital Cancer Research at Charité. The professor-
ship is jointly funded by the Foundation for Urological 
Research and the MDC. Schmidt-Ott joined the MDC in 
2007 and has worked as a Junior-Professor for Molecu-
lar Medicine at Charité since 2009, having carried out 
postdoctoral work in the laboratory of Jonathan Bar-
asch at Columbia University, New York, USA. By means 
of this joint appointment, Schmidt-Ott can continue 
his career pathway with focus on the development of 
renal and uronary tract and intensify the cooperation 
of MDC and Charité towards the development of new 
approaches in prevention, diagnostics and therapy of 
acute renal injury.



MDC Research Report 2016� 269 

ANNEX

Altuna AKALIN joined the MDC/BIMSB
In March 2014, Altuna Akalin from Friedrich Miescher 
Institute for Biomedical Research in Basel, Switzerland, 
was recruited as head of the bioinformatics platform 
and independent research group leader at BIMSB. Af-
ter studies in Istanbul, Turkey, Akalin moved for his 
PhD studies to the University of Bergen, Norway, and 
spent some time for a collaboration project on high-
throughput sequencing data analysis as a visiting stu-
dent researcher at RIKEN Yokohama Institute, Japan. 
From 2010, Akalin stayed at Weill Cornell Medical 
College, New York, first as a postdoctoral and then as 
a senior research associate. In 2013, he continued as 
a postdoctoral fellow in the lab of Dirk Schuebeler at 
Friedrich Miescher Institute. Akalin’s research focusses 
on the computational analysis and integration of high-
throughput datasets, such as microarrays and next 
generation sequencing, to understand the genetic and 
epigenetic control mechanisms of cancer.

Michela Di VIRGILIO started Helmholtz Young In-
vestigators Group
Since September 2014, Michela DiVirgilio is heading 
an independent research group at MDC. Di Virgilio is 
a specialist in DNA repair and maintenance of genome 
stability and her group is co-funded from the Helm-
holtz program. Having studied Biology at the Univer-
sity of Milano, she completed her PhD thesis under 
the supervision of Jean Gautier at Columbia Univer-
sity, New York, USA. She then joined the lab of Michel 
Nussenzweig at the Rockefeller University, New York, 
USA, for her postdoctoral training. 

Ralf KÜHN recruited to MDC and Berlin Institute of 
Health (BIH) 
Ralf Kühn was recruited to the MDC from Helmholtz-
Zentrum München where he had worked as a staff 
scientist and research group leader in the Institute for 
Developmental Genetics with focus on genome engi-
neering and disease modeling in mice, embryonic and 
induced pluripotent stem cells. Kühn completed his 
PhD thesis in the lab of Klaus Rajewsky at the University 
of Cologne. After a postdoc time at the Institute for Ge-
netics in Cologne, he held a position as Head of Mouse 
Genetics and Principle Scientist at Artemis Pharmaceu-
ticals GmbH, Cologne. From May 2014, Kühn took over 

the Transgenic Core Facility at MDC and established 
in parallel his own BIH-funded research group that is 
using induced pluripotent stem cell lines and designer 
nuclease technologies to study disease mechanisms in 
human cells by reverse genetics.

Niccolo ZAMPIERI recruited from Columbia Univer-
sity 
Niccolo Zampieri was jointly recruited by MDC and 
Charité/NeuroCure from Columbia University, New 
York, USA. He was offered a NeuroCure group leader 
position with labs at the MDC starting in September 
2014. Zampieri studied Biology at the University of Mi-
lano where he also received his PhD degree. He com-
pleted his PhD thesis in Moses Chao’s lab at New York 
University, USA, and moved to Columbia University for 
his postdoctoral work. Zampieri’s research is aiming at 
understanding the mechanisms that control neuronal 
positioning and synaptic specificity during develop-
ment of the nervous system and at defining the logic 
that drives neural circuit assembly. 

2015

Wei CHEN received full professorship for Function-
al Genomics and Systems Biology at Charité 
After studies in Biochemistry and Medical Genetics at 
Xiamen and Sichuan University in China, the Chinese 
scientist Wei Chen completed his PhD study at Max 
Planck Institute for Molecular Genetics, Berlin where 
he focused on the analysis of structural variations in 
the human genome and their roles in causing human 
congenital disorders. During this period, Chen be-
came interested in the development of novel genomics 
technology. Right after finishing his PhD thesis, Chen 
established a research group in the same institute that 
became one of the pioneers in the field of next genera-
tion sequencing (NGS). In 2009, he moved his lab to 
the newly established BIMSB at MDC and set up from 
the scratch one of the leading NGS facilities in Europe. 
Chen accepted an appointment to a full professor-
ship for Functional Genomics and Systems Biology at 
Charité starting in August 2015. Wei Chen accepted an 
offer for a full professorship at Southern University of 
Science and Technology of China, Shenzhen, and left 
the MDC/BIMSB in June, 2016.
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Irmtraud MEYER appointed to full professorship at 
Free University Berlin 
The computational scientist Irmtraud Meyer from 
University of British Columbia, Vancouver, Canada, re-
ceived the call for the W3 professorship “Bioinforma
tics of RNA Structure and Transcriptome Regulation” at 
the Free University Berlin and a research group leader 
position at MDC in 2015. The joint recruitment is co-
funded from the Impulse and Networking Fund of the 
Helmholtz President. The focus of Meyer’s research is 
on transcriptome regulation by RNA folds, RNA-RNA 
interactions and RNA-protein complex formation. After 
studies in physics and mathematics, she did her PhD 
under supervision of Richard Durbin at the University 
of Cambridge, UK. She continued her academic career 
in the UK as a postdoctoral researcher at the University 
of Oxford and at the European Bioinformatics Institute, 
Cambridge. Meyer started working at MDC in January 
2016.

Recruitment of Jan Philipp JUNKER for a junior 
group leader position at BIMSB
Jan Philipp Junker from Hubrecht Institute, Utrecht, 
Netherlands, began as a new junior group leader at 
MDC’s BIMSB in November 2015. His team works on 
quantitative developmental biology at the interface 
between experimental and theoretical science. His re-
search goal is to develop a comprehensive understand-
ing of the spatiotemporal interplay between transcrip-
tion factor binding, chromatin modifications, and gene 
expression for establishing and maintaining cell fates 
and complex body plans. Junker studied Physics at the 
Technical University Munich where he also received his 
PhD degree. Then he worked as a postdoctoral fellow in 
the team of Alexander van Oudenaarden at Massachu-
setts Institute of Technology, USA. Since 2009, he was 
Senior Postdoc at Hubrecht Institute.

Recruitment of Stephan PREIBISCH for a junior 
group leader position at BIMSB 
Stephan Preibisch studied computer science at the 
Technical University Dresden. Then he applied for the 
PhD program of the Max Planck Institute for Molecu-
lar Cell Biology and Genetics in Dresden and joined the 
interdisciplinary team of Pavel Tomancak. He contin-
ued there for a short postdoc term before he moved 

to the Howard Hughes Medical Institute Janelia Farm 
Research Campus in Ashburn, USA. In 2012, he became 
Human Frontier Science Program Fellow under su-
pervision of Robert H. Singer, Albert Einstein College 
of Medicine, New York, and Eugen Myers, Max Planck 
Institute for Molecular Cell Biology and Genetics. In 
September 2015, Stefan Preibisch was recruited to the 
MDC/BIMSB. His team is aiming at creating a complete 
digital representation of the nematode Caenorhabditis 
elegans in the dauer diapause that will combine mi-
croscopy data of all scales as well as high‐resolution 
imaging of transcription.

2016

Michael GOTTHARDT received W3 professorship at 
the Charité
In August 2016, the MDC research group leader Mi-
chael Gotthardt accepted an appointment to the full 
professorship for Experimental und Translational 
Cardiology at the Charité Medical Faculty Berlin. Mi-
chael Gotthardt studied medicine at the University of 
Heidelberg and completed his thesis at the Max Planck 
Institute for Molecular Genetics in Berlin. After clini-
cal internships in Berlin and Boston, he worked as a 
postdoctoral fellow at the University of Texas in Dallas. 
Michael Gotthardt has been leading a reserach team at 
the MDC since 2002. Until today, he is also holding a Re-
search Assistant Professorship at the Washington State 
University in Pullman and a Research Associate Profes-
sorship at the University of Tucson in Arizona. Michael 
Gotthardt is continuing his research group at the MDC 
in order to increase the understanding of the cause and 
progression of inherited heart and muscle diseases and 
aid in developing novel therapeutic strategies. 

Gaetano GARGIULO started Helmholtz Young Inves-
tigators Group at MDC
Gaetano Gargiulo was recruited in September 2016 
from the Netherlands Cancer Institute in Amsterdam to 
establish with co-funding of the Helmholtz Association 
a junior research group on “Molecular Oncology” at the 
MDC. Together with his team, Gargiulo works on the 
molecular characterization of the Gliobastoma, which 
is a brain tumor with a very bad clinical prognosis. 
Gaetano Gargiulo is generating so-called Glioblastoma 
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avatars as disease models for an improved treatment. 
Gargiulo did his graduate studies at the University of 
Milano in Italy and received his PhD degree in Molecu-
lar and Cell Biology from the University of California 
at Berkeley. He spent his first postdoc term in Eileen 
Furlong’s group at the EMBL in Heidelberg, where he 
got additional training in genomics and epigenomics.

Mina GOUTI recruited from Francis Crick Institute 
Since April 2016, Mina Gouti is heading an indepen-
dent junior group at the MDC, which is also part of the 
Helmholtz Program “Personalized Medicine”. Gouti and 
her team are using human and mouse pluripotent stem 
cells to model and understand normal and pathologi-
cal development of the neuromuscular system. After 
studies in Molecular Biology at the University of Hert-
fordshire, Mina Gouti finished her master thesis in the 
group of Amanda Fisher at the Imperial College of Sci-
ence, Technology and Medicine. For her PhD thesis, 
Mina Gouti moved to the Biomedical Research Founda-
tion of the Academy of Athens. After two postdoctoral 
terms in Athens and London, she became Senior Inves-
tigator Scientist in the lab of James Briscoe at the Fran-
cis Crick Institute in London. 

Roland SCHWARZ starts new BIMSB Junior Re-
search Group 
Roland Schwarz studied Computer Science at the Uni-
versity of Applied Sciences in Würzburg and became 
graduate student in the bioinformatics team of Tobias 
Müller at the University’s Biocenter. He worked as a 
postdoctoral fellow at the Cancer Research UK Cam-
bridge Institute in the group of Florian Markowetz and 
subsequently with a Marie Curie Fellowship at the Eu-
ropean Bioinformatics Institute in Hinxton, UK, in the 
group of Nick Goldman. Schwarz accepted the offered 
position as junior group leader at BIMSB and started 
his group “Evolutionary and Cancer Genomics“ in Oc-
tober 2016. He is interested in how somatic alterations 
and genomic rearrangements contribute to tumor fit-
ness and progression in the clinic and to what extent 
somatic variation interacts with the germline genetic 
background to shape the regulatory landscape of can-
cer.

Technology Platforms
2014

Sebastian DIECKE had been Interim Director of the 
Stem Cell Core at the Cardiovascular Institute of Stan-
ford School of Medicine in California before he was 
recruited to the BIH/MDC. In 2014, he established the 
subsidiary of the BIH Core Facility Stem Cells which is 
located on Campus Buch.

2016

Since mid-2016, Jennifer KIRWAN is heading the BIH 
Metabolomics Core Facility, which is also located 
on Campus Buch. Before she moved to Berlin, she had 
gathered experience in managing the Metabolomics Fa-
cility at the University of Birmingham in UK for over 
five years.

Sascha SAUER took the leadership of Genomics Tech-
nology Platforms of BIH and BIMSB in August 2016. 
Dr. Sauer, who is also principal investigator in the “Eu-
ropean Sequencing and Genotyping Infrastructure”, 
was recruited from the Max Planck Institute for Molec-
ular Genetics in Berlin where he held an independent 
group leader position.

Andrew WOEHLER is biomedical engineer by train-
ing. He was leading a junior group within the Cluster 
of Excellence and DFG Research Center for Nanoscale 
Microscopy and Molecular Physiology of the Brain at 
the Max Planck Institute for Biophysical Chemistry in 
Göttingen when he was offered the leadership of the 
BIMSB Light Microscopy Technology Platform start-
ing from May 2016.



272 � MDC Research Report 2016

ANNEX

S ince 2007 the European Research Council (ERC) 
has been funding scientists in basic research 
with one of the most important and prestigious 

funding programs in Europe. In total, scientists of the 
MDC have been awarded 21 of the highly sought-after 
ERC grants, 18 of them were raised directly at the MDC. 
16 grant winners are currently working at the MDC.

ERC Advanced Grants
Funding period: 5 years

Advanced Grants support established researchers who 
are seen as independent research leaders in their own 
right. To qualify for an application, researchers need an 
excellent scientific track record over a period of at least 
ten years. An Advanced Grant supports researchers for 
5 years with € 2.5 million (up to € 3.5 million in excep-
tional cases).

Thomas Willnow
2014 | BeyOND 
Metabolic basis of neurodegenerative disease

Zsuzsanna Izsvák 
2011 | TRANSPOSOstress 
Impact of stress-induced transposon activities on hu-
man disease

Thomas J. Jentsch
2011 | CYTOVOLION
Ion homeostasis and volume regulation of cells and or-
ganelles

Gary Lewin
2011 | EXTREMOPHILE MAMMAL
Molecular exploitation of an extremophile mammal

Klaus Rajewsky
2010 | LYMPHOMA 
Modeling lymphoma pathogenesis in mice - from basic 
mechanisms to pre-clinical models

Martin Lohse*
2008 | TOPAS
Towards the Quantal Nature of Receptor/cAMP Signals

European Research Council 
(ERC) Grants

ERC Consolidator Grants
Funding period: 5 years

Consolidator Grants are intended for independent 
scientists at a stage in their career at which they are 
consolidating their research teams and programs. The 
grant supports researchers with up to € 2.75 million.

James Poulet
2016 | ACoolTouch
Neural mechanisms of multisensory perceptual bind-
ing

Oliver Daumke
2014 | MitoShape
Structural basis of mitochondrial inner membrane 
shape and dynamics

ERC Starting Grants
Funding period: 5 years

Starting Grants support young and aspiring researcher 
leaders and promote their early scientific indepen-
dence. The grant supports scientists with up to € 2 mil-
lion.

Gaetano Gargiulio 
2016 | iGBMavatars
Glioblastoma Subtype Avatar Models for Target Disco
very and Biology 

Jan Philipp Junker 
2016 | SPACEVAR 
Quantitative analysis of variability and robustness in 
spatial pattern formation 
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Michela Di Virgilio
2014 | DNAendProtection 
DNA end protection in Immunity and Cancer

Baris Tursun 
2014 | EPROWORM 
Safeguarding Cell Identities: Mechanisms Counteract-
ing Cell Fate Reprogramming

Holger Gerhardt* 
2012 | REshape
Reverse engineering of vascular patterning through 
mosaic in vivo analysis of endothelial cell shape regula-
tion

Michael Gotthardt
2011 | CardioSplice 
A systems and targeted approach to alternative splic-
ing in the developing and diseased heart: Translating 
basic cell biology to improved cardiac function

Jan-Erik Siemens** 
(since February 2013 Medical Faculty of Heidelberg)
2011 | ThermoReg
Peripheral and Central Mechanisms of Temperature 
Detection and Core Body Thermoregulation

James Poulet
2010 | BrainStates 
Brain states, synapses and behaviour

Matthew Poy
2010 | IsletVasc
Molecular Mechanisms Regulating Pancreatic Islet Vas-
cularization

Francesca Spagnoli
2009 | HEPATOPANCREATIC 
Mechanisms underlying cell fate decision between pan-
creas and liver

ERC Proof of Concept Grant 
Funding period: 18 months

Gary Lewin
2016 | 

Francesca Spagnoli
2014 | TheLiRep 
Exploring the Potential for Therapeutic Lineage Repro-
gramming of Diabetes

Martin Lohse* 
2013 | FRESCA 
FRET-based receptor screening assays 

* 	 ERC Grant recipients have not been at the MDC at the time they 
received the grant.

**	ERC Grant recipients received the funding at their time at the MDC, 
but left the research center in the meantime.
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2014

Hua YU (Beckman Research Institute of City of 
Hope)
Humboldt Research Award 
Alexander von Humboldt Foundation
(for a collaboration with Thomas Blankenstein)

Michael SIEWEKE (CIML; CNRS)
Einstein BIH Visiting Fellow 
(for a collaboration with Klaus Rajewsky)

Jane HOLLAND
Curt Meyer Memorial Price
Berlin Cancer Association

Nikolaus RAJEWSKY
Honorary PhD
Rome’s Sapienza University 

Michael SIEWEKE
Elected EMBO member

Clemens SCHMITT and Soyoung LEE
Johann Georg Zimmermann Research Award
MHH-plus-Stiftung (Medizinische Hochschule 
Hannover)

Florian HERSE
Rösslin-Preis
Deutsche Gesellschaft für Gynäkologie  
und Geburtshilfe (DGGG)

Michela DI VIRGILIO
Female Independency Award
Berlin School of Integrative Oncology (BSIO)

Ulrike STEIN, Peter SCHLAG, Ulrich ROHR  
(Hoffmann-La Roche)
Felix Burda Award for Colon Cancer Research

Marvin JENS
Springer Award for Outstanding Theses in Systems 
Biology

Awards

2015

Yehudit BERGMAN (HUJI Jerusalem)
Helmholtz International Fellow Award
(for a collaboration with Klaus Rajewsky and within the 
SignGene Research School)

Robson Augusto SOUZA DOS SANTOS (Federal  
University of Minas Gerais Belo Horizonte) 
Georg Forster Research Award
Alexander von Humboldt Foundation
(for a collaboration with Michael Bader)

Amanda FISHER (ICL London)
Helmholtz International Fellow Award
(for a collaboration with Nikolaus Rajewsky)

Ulrich MÜLLER (Scripps Research Institute)
Einstein BIH Visiting Fellow
(for a collaboration with Gary Lewin)

Jichang WANG and Zsuzsanna IZSVAK
GSCN Publication of the Year 
German Stem Cell Network (GSCN)

Michael BADER
Gold Medal E.K. Frey – E. Werle Foundation
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2016

Nir FRIEDMAN (HUJI Jerusalem)
Humboldt Research Award
Alexander von Humboldt Foundation
(for a collaboration with Nikolaus Rajewsky and within 
the SignGene Research School)

Jan Philipp JUNKER
ARCHES Prize
Minerva Foundation (MPG/BMBF)

Markus LANDTHALER
Science Award
GlaxoSmithKline Foundation

Roland SCHWARZ
Preis der Berlin-Brandenburgischen Akademie der 
Wissenschaften, gestiftet von der Monika Kutzner 
Stiftung zur Förderung der Krebsforschung

Matthias LEISEGANG
Curt Meyer Memorial Price
Berlin Cancer Association

Véronique GEBALA
Helmholtz Doctoral Prize
Helmholtz Association

Felix LORENZ, Elisa KIEBACK, Julian CLAUß and 
Inan EDES
Grand Prize
One Start Life Sciences Startup Award
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Selected Highlight Publications

2014
Argonaute2 Mediates Compensatory Expansion 

of the Pancreatic β Cell. Tattikota, S. G., Rathjen, T., 
McAnulty, S. J., Wessels, H.-H., Akerman, I., van de Bunt, 
M., et al. (2014). Cell Metabolism, 19 (1), 122–134. 
https://doi.org/10.1016/j.cmet.2013.11.015

MOV10 Is a 5′ to 3′ RNA Helicase Contributing to 
UPF1 mRNA Target Degradation by Translocation 
along 3′ UTRs. Gregersen, L. H., Schueler, M., Mun-
schauer, M., Mastrobuoni, G., Chen, W., Kempa, S., et al. 
(2014). Molecular Cell, 54 (4), 573–585. https://doi.
org/10.1016/j.molcel.2014.03.017

Blood Flow and Bmp Signaling Control Endocardial 
Chamber Morphogenesis. Dietrich, A.-C., Lombardo, 
V. A., Veerkamp, J., Priller, F., Abdelilah-Seyfried, S. 
(2014). Developmental Cell, 30 (4), 367–377. https://
doi.org/10.1016/j.devcel.2014.06.020

LRP2 Acts as SHH Clearance Receptor to Protect the 
Retinal Margin from Mitogenic Stimuli. Christ, A., 
Christa, A., Klippert, J., Eule, J. C., Bachmann, S., Wal-
lace, V. A., et al. (2015). Developmental Cell, 35 (1), 
36–48. https://doi.org/10.1016/j.devcel.2015.09.001

PI3 Kinase and FOXO1 Transcription Factor Activ-
ity Differentially Control B Cells in the Germinal 
Center Light and Dark Zones. Sander, S., Chu, V. T., 
Yasuda, T., Franklin, A., Graf, R., Calado, D. P., et al. 
(2015). Immunity, 43 (6), 1075–1086. https://doi.
org/10.1016/j.immuni.2015.10.021

Sequential Poly-ubiquitylation by Specialized Conju-
gating Enzymes Expands the Versatility of a Quality 
Control Ubiquitin Ligase. Weber, A., Cohen, I., Popp, 
O., Dittmar, G., Reiss, Y., Sommer, T., et al. (2016). Molec-
ular Cell, 63 (5), 827–839. https://doi.org/10.1016/j.
molcel.2016.07.020

Kinetic Analysis of Protein Stability Reveals Age-
Dependent Degradation. McShane, E., Sin, C., Zau-
ber, H., Wells, J. N., Donnelly, N., Wang, X., et al. (2016). 
Cell, 167 (3), 803–815.e21. https://doi.org/10.1016/j.
cell.2016.09.015

Der1 promotes movement of misfolded proteins 
through the endoplasmic reticulum membrane. 
Mehnert, M., Sommer, T., Jarosch, E. (2013). Nature Cell Bi-
ology, 16 (1), 77–86. https://doi.org/10.1038/ncb2882

Changes in neural network homeostasis trigger neu-
ropsychiatric symptoms. Winkelmann, A., Maggio, 
N., Eller, J., Caliskan, G., Semtner, M., Häussler, U., et al. 
(2014). The Journal of Clinical Investigation, 124 (2), 
696–711. https://doi.org/10.1172/JCI71472

Activation of MAPK overrides the termination of 
myelin growth and replaces Nrg1/ErbB3 signals 
during Schwann cell development and myelina-
tion. Sheean, M. E., McShane, E., Cheret, C., Wal-
cher, J., Müller, T., Wulf-Goldenberg, A., et al. (2014). 
Genes & Development, 28 (3), 290–303. https://doi.
org/10.1101/gad.230045.113

Tuning Piezo ion channels to detect molecular-
scale movements relevant for fine touch. Poole, 
K., Herget, R., Lapatsina, L., Ngo, H.-D., Lewin, G. R. 
(2014). Nature Communications, 5, 3520. https://doi.
org/10.1038/ncomms4520

Identification of LRRC8 Heteromers as an Essential 
Component of the Volume-Regulated Anion Chan-
nel VRAC. Voss, F. K., Ullrich, F., Münch, J., Lazarow, K., 
Lutter, D., Mah, N., et al. (2014). Science, 344 (6184), 
634–638. https://doi.org/10.1126/science.1252826

RNA-binding protein RBM20 represses splicing to 
orchestrate cardiac pre-mRNA processing. Maatz, 
H., Jens, M., Liss, M., Schafer, S., Heinig, M., Kirchner, M., 
et al. (2014). The Journal of Clinical Investigation, 124 
(8), 3419–3430. https://doi.org/10.1172/JCI74523

A somatosensory circuit for cooling perception in 
mice. Milenkovic, N., Zhao, W.-J., Walcher, J., Albert, 
T., Siemens, J., Lewin, G. R., Poulet, J. F. A. (2014). Na-
ture Neuroscience, 17 (11), 1560–1566. https://doi.
org/10.1038/nn.3828

Human satellite cells have regenerative capacity 
and are genetically manipulable. Marg, A., Esco-
bar, H., Gloy, S., Kufeld, M., Zacher, J., Spuler, A., et al. 
(2014). The Journal of Clinical Investigation, 124 (10), 
4257–4265. https://doi.org/10.1172/JCI63992

A Variety of Dicer Substrates in Human and C. ele-
gans. Rybak-Wolf, A., Jens, M., Murakawa, Y., Herzog, M., 
Landthaler, M., Rajewsky, N. (2014). Cell, 159 (5), 1153–
1167. https://doi.org/10.1016/j.cell.2014.10.040

Primate-specific endogenous retrovirus-driven 
transcription defines naive-like stem cells. Wang, 
J., Xie, G., Singh, M., Ghanbarian, A. T., Raskó, T., Szvet-
nik, A., et al. (2014). Nature, 516 (7531), 405–409. 
https://doi.org/10.1038/nature13804
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2015
Identification of human T-cell receptors with opti-

mal affinity to cancer antigens using antigen-neg-
ative humanized mice. Obenaus, M., Leitão, C., Leise-
gang, M., Chen, X., Gavvovidis, I., van der Bruggen, P., 
et al. (2015). Nature Biotechnology, 33 (4), 402–407. 
https://doi.org/10.1038/nbt.3147

Increasing the efficiency of homology-directed re-
pair for CRISPR-Cas9-induced precise gene edit-
ing in mammalian cells. Van Trung Chu, Weber, T., 
Wefers, B., Wurst, W., Sander, S., Rajewsky, K., Kühn, 
R. (2015). Nature Biotechnology, 33 (5), 543–548. 
https://doi.org/10.1038/nbt.3198

Translational regulation shapes the molecular 
landscape of complex disease phenotypes. Schafer, 
S., Adami, E., Heinig, M., Rodrigues, K. E. C., Kreuchwig, 
F., Silhavy, J., et al. (2015). Nature Communications, 6, 
7200. https://doi.org/10.1038/ncomms8200

Alk1 and Alk5 inhibition by Nrp1 controls vascular 
sprouting downstream of Notch. Aspalter, I. M., Gor-
don, E., Dubrac, A., Ragab, A., Narloch, J., Vizán, P., et al. 
(2015). Nature Communications, 6, 7264. https://doi.
org/10.1038/ncomms8264

Angiotensin II Induces Skeletal Muscle Atrophy by 
Activating TFEB-Mediated MuRF1 Expression-
Novelty and Significance. Bois, Du, P., Tortola, C. P., 
Lodka, D., Kny, M., Schmidt, F., Song, K., et al. (2015). 
Circulation Research, 117 (5), 424–436. https://doi.
org/10.1161/CIRCRESAHA.114.305393

Crystal structure of the dynamin tetramer. Reu-
bold, T. F., Faelber, K., Plattner, N., Posor, Y., Ketel, K., 
Curth, U., et al. (2015). Nature, 525 (7569), 404–408. 
https://doi.org/10.1038/nature14880

High salt reduces the activation of IL-4– and IL-13–
stimulated macrophages. Binger, K. J., Gebhardt, M., 
Heinig, M., Rintisch, C., Schroeder, A., Neuhofer, W., et 
al. (2015). The Journal of Clinical Investigation, 125 
(11), 4223–4238. https://doi.org/10.1172/JCI80919

Meta-analysis identifies seven susceptibility loci in-
volved in the atopic march. Marenholz, I., Esparza-
Gordillo, J., Rüschendorf, F., Bauerfeind, A., Strachan, 
D. P., Ben D Spycher, et al. (2015). Nature Communica-
tions, 6, 8804. https://doi.org/10.1038/ncomms9804

Detecting actively translated open reading frames 
in ribosome profiling data. Calviello, L., Mukherjee, 
N., Wyler, E., Zauber, H., Hirsekorn, A., Selbach, M., et 
al. (2015). Nature Methods, 13 (2), 165–170. https://
doi.org/10.1038/nmeth.3688

2016
Lineage-specific enhancers activate self-renew-

al genes in macrophages and embryonic stem 
cells. Soucie, E. L., Weng, Z., Geirsdóttir, L., Molawi, 
K., Maurizio, J., Fenouil, R., et al. (2016). Science, 351 
(6274), aad5510–aad5510. https://doi.org/10.1126/
science.aad5510

Blood flow drives lumen formation by inverse mem-
brane blebbing during angiogenesis in vivo. Geba-
la, V., Collins, R., Geudens, I., Phng, L.-K., Gerhardt, H. 
(2016). Nature Cell Biology, 18 (4), 443–450. https://
doi.org/10.1038/ncb3320

Targeting human melanoma neoantigens by T cell 
receptor gene therapy. Leisegang, M., Kammertoens, 
T., Uckert, W., Blankenstein, T. (2016). The Journal of 
Clinical Investigation, 126 (3), 854–858. https://doi.
org/10.1172/JCI83465

SORLA facilitates insulin receptor signaling in adi-
pocytes and exacerbates obesity. Schmidt, V., Schulz, 
N., Yan, X., Schürmann, A., Kempa, S., Kern, M., et al. 
(2016). The Journal of Clinical Investigation, 126 (7), 
2706–2720. https://doi.org/10.1172/JCI84708

Bimodal antagonism of PKA signalling by ARH-
GAP36. Eccles, R. L., Czajkowski, M. T., Barth, C., Müller, 
P. M., McShane, E., Grunwald, S., et al. (2016). Nature 
Communications, 7, 12963. https://doi.org/10.1038/
ncomms12963

Preventing tumor escape by targeting a post-prote-
asomal trimming independent epitope. Textor, A., 
Schmidt, K., Kloetzel, P.-M., Weißbrich, B., Perez, C., Charo, 
J., et al. (2016). Journal of Experimental Medicine, 213 (11), 
2333–2348. https://doi.org/10.1084/jem.20160636

Quantitative interaction mapping reveals an extend-
ed UBX domain in ASPL that disrupts functional 
p97 hexamers. Arumughan, A., Roske, Y., Barth, 
C., Forero, L. L., Bravo-Rodriguez, K., Redel, A., et al. 
(2016). Nature Communications, 7, 13047. https://doi.
org/10.1038/ncomms13047

Titin-truncating variants affect heart function in dis-
ease cohorts and the general population. Schafer, S., 
de Marvao, A., Adami, E., Fiedler, L. R., Ng, B., Khin, E., et 
al. (2016). Nature Genetics, 49 (1), 46–53. https://doi.
org/10.1038/ng.3719

Small-molecule inhibition of STOML3 oligomeriza-
tion reverses pathological mechanical hypersensi-
tivity. Wetzel, C., Pifferi, S., Picci, C., Gök, C., Hoffmann, 
D., Bali, K. K., et al. (2016). Nature Neuroscience, 20 (2), 
209–218. https://doi.org/10.1038/nn.4454



278 � MDC Research Report 2016

ANNEX

Scientific Meetings and  
Conferences

2014
Date Event Host / Organizer

15.-17.05.2014 European Worm Meeting Dr. Baris Tursun

12.-14.06.2014 7th Berlin Summer Meeting  
„From Systems Biology to Systems Medicine“

Prof. Nikolaus Rajewsky

20.06.2014 5th Annual Scientific Symposium ,,Ultrahigh Field 
Magnetic Resonance Clinical Need, Research 
Promises, Technical Solutions”

Prof. Thoralf Niendorf

29.09.-03.10.2014 36th FGMR Discussion Meeting, GDCh Prof. Helmut Oschkinat (FMP)
Prof. Thoralf Niendorf

20.-22. 11.2014 International DZHK-Symposium “Receptors, G proteins 
and integration of Ca2+ signaling in the cardiovascular 
system

DZHK, MDC

2015
Date Event Host / Organizer

28.-29.05.2015 Brain Tumor Meeting Dr. Baris Tursun

04.-06.06.2015 8th Berlin Summer Meeting
Localization of cellular Processes

Prof. Nikolaus Rajewsky

26.06.2015 6th Annual Scientific Symposium ,,Ultrahigh Field 
Magnetic Resonance Clinical Need, Research Promises, 
Technical Solutions”

Prof. Thoralf Niendorf

10.07.2015 Frontiers in Developmental Neuroscience 
Symposium in Honour of Carmen Birchmeier

Prof. Carmen Birchmeier

07.-09.10.2015 ECBS & ICBS joint meeting 2015 “Bringing Chemistry to 
Life”

Dr. Ronald Frank (FMP) 
Prof. Michael Bader,  
Prof. Gary Lewin 



MDC Research Report 2016� 279 

ANNEX

2016
Date Event Host / Organizer

01.-03.06.2016 European Worm Meeting Dr. Baris Tursun

24.06.2016 7th Annual Scientific Symposium ,,Ultrahigh Field 
Magnetic Resonance Clinical Need, Research 
Promises, Technical Solutions”

Prof. Thoralf Niendorf

12.09.2016 Frontiers in DNA Repair Dr. Michela di Virgilio

13.-14.10.2016 9th Berlin Summer Meeting
Circular RNAs and RNA Modifications

Prof. Nikolaus Rajewsky

4.11.2016 Mechanisms of Molecular and Cellular Immunity 1964-
2016
Symposium hosted by Klaus Rajewsky

Prof. Klaus Rajewsky

28.11.2016 Dechema Colloqium
Games of tag – Letting protein modifications out of the 
lab

BBB with MDC
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Selected Seminars
2014 – 2016

MDC LECTURE
02.11.15	 Frederik W. ALT (Boston Children’s 

Hospital, Harvard Medical School, Howard 
Hughes Medical Institute)

	 Chromosomal Loop Domains, Genomic 
Rearrangements, and Cancer

18.12.15	 Tom RAPOPORT (Harvard Medical School, 
Howard Hughes Medical Institute)

	 How an organelle gets into shape

03.11.16	 Michel C. NUSSENZWEIG (Howard 
Hughes Medical Institute, The Rockefeller 
University)

	 The HIV Problem

25.11.16	 Botond ROSKA (Friedrich Miescher 
Institute for Biomedical Research (FMI)

	 The first steps of vision: cell types, circuits 
and repair

ELENA TIMOFÉEFF-
RESSOVSKY LECTURE 
Notable Women in Science and Medicine

29.04.14	 Nine KNOERS (University Medical Center 
Utrecht)

	 The potential of next generation 
sequencing for renal disorders: scientific 
impact and clinical utility

10.06.14	 Hua Eleanore YU (Cancer 
Immunotherapeutics Program, 
Comprehensive Cancer Center)

	 STAT3 pathway: from fundamental 
discoveries to clinical translation

26.03.15	 Anne-Lise BOERRESEN-DALE (Oslo 
University Hospital)

	 Towards integrated “omics” for 
personalized treatment of breast cancer

03.12.15	 Hannelore EHRENREICH (Max Planck 
Institute of Experimental Medicine)

	 Neuropsychiatric diseases: Early steps 
towards biological disease definition

04.03.16	 Anne CORCORAN (Babraham Institute)
	 Local and global epigenetic regulation of 

immunoglobulin V(D)J recombination

06.07.16	 Cornelia WEYAND (Stanford University)
	 The Warburg Effect – from cancer to 

autoimmune disease

07.09.16	 Emmanuelle CHARPENTIER (Max Planck 
Institute for Infection Biology)

	 Genome Engineering with CRISPR-Cas9 
and -Cpfl: lessons learned from bacteria
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LUNCHTIME SEMINAR 
SERIES 
DISTINGUISHED SPEAKERS

28.08.14	 Amir ORIAN (Technion-Israel Institute of 
Technology)

	 Identification of a genetic network that 
maintains the differentiated identity and 
tissue homeostasis

18.09.14	 Sebastian KADENER (Hebrew University)
	 Linear splicing efficiency and trans-acting 

factors determine the production rate of 
circRNAs

18.06.15	 Yehudit BERGMAN (Hebrew University 
Medical School)

	 Epigenetic programming of allelic choice

19.11.15	 Angela de PACE (Systems Biology 
Department at Harvard Medical School)

	 Precision and plasticity in animal 
transcription

29.09.16	 Martyn GOULDING (Salk Institute)
	 Genetic approaches for dissecting the 

circuitry for touch and movement

24.11.16	 Stirling CHURCHMAN (Harvard)
	 Gene expression regulation at high 

resolution

BIMSB DISTINGUISHED 
SPEAKERS
21.04.15	 Matthias HENTZE (EMBL)
	 RNA-binding proteins, metabolism and a 

new function of the genome

05.05.15	 Eric WESTHOF (IBMC/CNRS)
	 How far can we predict RNA architectures 

and RNA binding of proteins

26.05.15	 Anders KROGH (University of Copenhagen)
	 Bayesian transcriptome assembly improves 

detection and quantification of alternative 
transcripts in RNAseq

01.09.16	 Oliver HOBERT (Howard Hughes Medical 
Institute, Columbia University)

	 A regulatory map of the C. elegans nervous 
system

06.12.16	 Wolf REIK (Babraham Institute)
	 Epigenetic reprogramming in mammalian 

development
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WOLLENBERGER SPECIAL 
Cardiovascular and Metabolic Disease 
Seminar Series

20.10.14	 Luc MAROTEAUX (INSERM U839, UPMC, 
Institut du Fer à Moulin)

	 Serotonin from development to 
pathophysiology: The 5-HT2B receptor 
contribution

11.03.15	 Alvin H. SCHMAIER (Case Western Reserve 
University)

	 Mas agonism in thrombosis

23.03.15	 Antonio BALDINI (University Federico II; 
Institute of Genetics and Biophysics)

	 Balancing gene haploinsufficiency by 
targeting chromatin: the case of congenital 
heart disease

10.06.16	 Matthias RIEF (Technical University 
Munich)

	 Mechanics of single protein molecules
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Facts and Figures

Staff and Guests	 1660
		
thereof in research	 1291		
thereof PhD students	 363		

Core Funding	 87,5 million Euro	
Investments	 17,1 million Euro	
Extramural Funding	 30,7 million Euro

Total	 135,3 million Euro	

Personnel (as of December 31, 2016)	

MDC Budget 2016 (as of December 31, 2016)

Other Revenues

Technology Transfer

DZHK Project Funding

BIH Project Funding

Third-Party Project Funding

65 %
Core Funding

3 %

Technology Transfer

12 %
Investments

23 %
Extramural Funding
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Other Revenues

Technology Transfer

DZHK Project Funding

BIH Project Funding

Third-Party Project Funding

53 %
Third-Party
Project Funding

27 %
Other Revenues

3 %

Technology Transfer

5 %

DZHK Project Funding

12 %

BIH Project Funding

Budget in million Euro

Source (no. of projects)

BMBF (36)

DFG (74)

HGF (25)

EU (31)

Industry (13)

Fundations (46)

Others (42)

0,0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0

Others (42)

Foundations (46)

Industry (13)

EU (31)

HGF (25)

DFG (74)

BMBF (36)
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Supervisory Board
The Supervisory Board is the supervisory commit-
tee of the MDC and is responsible for monitoring the 
legality, effectiveness, and economic efficiency of the 
management of all the activities of the corporation. It 
determines which decisions of the Board of Directors 
require the prior approval of the Supervisory Board 
and may issue instructions about important matters 
involving political aspects of the research and financial 
affairs of the corporation.

The Supervisory Board consists of no more than twelve 
members. Its members include, among others: two 
representatives from the federal government, a re
presentative of the State of Berlin, the chairman of the 
Scientific Advisory Board, the Presidents of the Hum-
boldt Universität zu Berlin and the Freie Universität 
Berlin, and two MDC representatives.

Chairperson

MinDir’in Bärbel Brumme-Bothe 
Federal Ministry of Education and Research

Vice-Chairperson

Dr. Hans Reckers 
Senat Chancellery, Berlin

Organizational Structure

Members

Prof. Dr. Peter-André Alt 
Freie Universität Berlin

Prof. Dr. Andreas Busch 
Bayer Pharmaceuticals

Prof. Dr. Patrick Cramer 
Max Planck Institute for Biophysical Chemistry

Prof. Dr. Horst Domdey 
BioM GmbH

MinR Dr. Jan Grapentin 
Federal Ministry of Education and Research

Prof. Dr. Annette Grüters-Kieslich 
Charité-Universitätsmedizin Berlin

Prof. Dr. Sabine Kunst 
Humboldt-Universität zu Berlin

Prof. Dr. Hannah Monyer 
Deutsches Krebsforschungszentum

Prof. Dr. Claus Scheidereit 
Max-Delbrück-Center for Molecular Medicine

Dr. Jana Wolf 
Max-Delbrück-Center for Molecular Medicine
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Scientific Advisory Board
Chairperson

Prof. Dr. Patrick Cramer 
Max Planck Institute for Biophysical Chemistry

Members

Prof. Dr. Federico Caligaris-Cappio 
University Scientific Institute San Raffaele, Milano

Prof. Dr. Stefanie Dimmeler 
Goethe-University Frankfurt

Prof. Dr. Eckart D. Gundelfinger 
Leibniz Institute for Neurobiology

Prof. Dr. Nancy Hynes 
Friedrich Miescher Institute for Biomedical Research

Prof. Dr. Elisa Izaurralde 
Max Planck Institute for Developmental Biology

Prof. Dr. Kerstin Krieglstein 
University of Freiburg

Prof. Dr. Nine Knoers 
University Medical Centre Utrecht

Prof. Dr. Anna Tramontano † 
Sapienza University of Rome

* As of 31.12.2016
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Administration and Infrastructure

Legal Affairs and Technology Transfer

Scientific Coordination Administrative Coordination

Chair, Scientific Director
Prof. Dr. Martin Lohse

Administrative Director

Chair
Bärbel Brumme-Bothe (Fed. Min. Education and Research)

Dagmar Gerhard

Women’s Representative
     Dr. Christiane Nolte

Dr. Gwendolyn Billig
Dr. Nuria Cerdá-Esteban

Dr. Gesa Schäfer

Dr. Claudia Thurow

Internal Audit

Science Administration

Supervisory Board

Staff CouncilBoard of Directors

Scientific Advisory Board

Scientific Council

Chair
Prof. Dr. Patrick Cramer

(MPI for Biophysical Chemistry)

Chair
Prof. Dr. Gary Lewin

Uta Brinker
Kirstin Müller

Dr. Heike Wolke

Dana Lafuente
Katrin Rosswog
Stefanie Rach

Issue: December, 2016
www.mdc-berlin.de/organigram-E

Organization Chart of the MAX DELBRÜCK CENTER FOR MOLECULAR MEDICINE in the Helmholtz Association
Corporation under public law

Coordinator: Coordinator: Director:
Prof. Dr. Friedrich C. Luft 

Head of administration:
Dr. Regina Jünger (Charité)

Prof. Dr. Norbert Hübner

Cardiovascular and 
Metabolic Disease

Cancer 
Research

Disorders of the 
Nervous System

Berlin Institute for
Medical Systems Biology

Experimental and Clinical
Research Center (with Charité)

Coordinator: 
Prof. Dr. Carmen BirchmeierProf. Dr. Claus Scheidereit

Coordinator: 
Prof. Dr. Nikolaus Rajewsky

Core Facilities

Advanced Light Microscopy
Dr. Anje Sporbert

Preparative Flowcytometry
Dr. Hans-Peter Rahn

Electron Microscopy
Dr. Bettina Purfürst

Transgenics
Dr. Ralf Kühn

Mass Spectrometry
N.N.

Management:
Dr. Jutta Steinkötter

Legend
cr = cross-reference
PF = permanent fellow

Pathophysiology
Dr. Arnd Heuser

International Office
Dr. Oksana Seumenicht

Biological and Laboratory Safety
Dr. Christian Klein

Graduate Office
Dr. Michaela Herzig

Research Funding
Dr. Ioannis Legouras

Animal Facilities
Dr. Karin Jacobi

Communications
Vera Glaßer (interim)

Mailing address: Robert-Rössle-Strasse 10, D-13125, Berlin

Magnetic Resonance
Prof. Thoralf Niendorf

Bioinformatics
Dr. Altuna Akalin

Purchasing
Dr. Carsten Oehme

Technical Facility Management
Construction:    Ralf Streckwall
Operation:        Michael Arnold

Library
Dr. Dorothea Busjahn

Finances
Andreas Feldo

Personnel
Dr. Barbara Wiskow (interim)

IT
Dr. Alf Wachsmann

Funding Resources Management DZHK
Magdalena Milsch-Hetzig

Management:
Dr. Kathrin Saar

Management:
Dr. Michael Hinz

Management:
Dr. Michael Strehle

Program-Management:
Dr. Cornelia Maurer

PD Dr. Jens Fielitz
Prof. Dr. Maik Gollasch
Prof. Dr. Ralph Kettritz
PD Dr. Sabine Klaassen
Prof. Dr. Friedrich C. Luft (cr)
Prof. Dr. Dominik N. Müller (cr) /
 Dr. Ralf Dechend
PD Dr. Il-Kang Na
Prof. Friedemann Paul
PD Dr. Adrian Schreiber
Prof. Dr. Jeanette Schulz-Menger
PD Dr. Volker Siffrin
Prof. Dr. Simone Spuler
Prof. Dr. Ulrike Stein (cr)

iPS
Dr. Sebastian Diecke

Animal Welfare Officers:  Nadja Daberkow-Nitsche, Claudia Gösele, 
   Karin Jacobi, Boris Jerchow, Anne Zintzsch
   Anti-Corruption Officer:  Ina Herrmann
Data Protection Officer: Ulrike Ohnesorge
Disabilities Officer:   Marina Winterfeld

IT Security Officer:  Dr. Torsten Johr
Research Ombudsman: Prof. Dr. Jens Reich
Ph.D. Ombudspersons: Dr. Daniela Panáková, Prof. Dr. Matthias Selbach

Representatives & Mediators

Hazardous Goods Officer: Yvette Wefeld-Neuenfeld
Risk Management Officer: Katrin Rosswog

Genomics
Dr. Sascha Sauer

Proteomics / Metabolomics
Dr. Stefan Kempa

Prof. Dr. Michael Bader
Dr. Martin Falcke
Prof. Dr. Holger Gerhardt
Prof. Dr. Michael Gotthardt
Prof. Dr. Norbert Hübner
Dr. Zsuzsanna Izsvák
Prof. Dr. Thomas Jentsch (cr)
Dr. Enno Klußmann (PF)
Prof. Dr. Young-Ae Lee
Prof. Dr. Friedrich C. Luft (cr)
Prof. Dr. Ingo L. Morano
Prof. Dr. Dominik N. Müller (cr)
Prof. Dr. Thoralf Niendorf
Dr. Daniela Panáková
Prof. Dr. Tobias Pischon
Dr. Matthew Poy
Prof. Dr. Kai Schmidt-Ott
Prof. Dr. Matthias Selbach (cr)
Dr. Francesca Spagnoli
Prof. Dr. Matthias Treier
Prof. Dr. Thomas Willnow

Prof. Dr. Walter Birchmeier
Prof. Dr. Thomas Blankenstein
Prof. Dr. Peter Daniel
Prof. Dr. Oliver Daumke
Dr. Michela Di Virgilio
Dr. Gaetano Gargiulo
Prof. Dr. Udo Heinemann
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