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The DKFZ covers the entire breadth of modern cancer research. Fields of research range 
from knowledge of the molecular basis of the development of cancer, distribution and risk 
factors within the population to diagnosis and treatment.  

as an interdisciplinary environment, DKFZ employs scientists with qualifications in medi-
cine, biology, biochemistry, physics, chemistry, mathematics, informatics or related issues. 
more than 100 division heads, group leaders and senior scientists, 200 postdocs and about 
400 PhD students work together at the Center.  

at the DKFZ, researchers benefit from intensive scientific exchange between research pro-
grams and individual groups, which serves as the basis for the internationally renowned 
research at the Center.  

Research groups are organized into seven research programs: 

 • Cell Biology and Tumor Biology
 • Functional and structural genomics
 • Cancer Risk Factors and PreventionTumor Immunology
 • Imaging and Radiooncology
 • Infection, Inflammation and Cancer and 
 • Translational Cancer Research.

In the german Cancer Consortium (DKTK), one of six german Centers for health Research, 
the DKFZ maintains translational centers at seven university partnering sites. Combining 
excellent university hospitals with high-profile research at a helmholtz Center is an im-
portant contribution to improving the chances of cancer patients (see also pages 150ff).
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Functional and  
structural genomics

Cancer arises when genes in a cell are changed in such a way that they cause the cell to 
divide uncontrollably or resist cell death. however, for this to occur, a multitude of specific 
changes have to coincide. It is the task of this Research Program to analyze the genome, i. e. 
the complete set of genes and its products, in order to lay the foundation for developing 
new diagnostic and treatment methods. This involves mapping the genome, localizing 
genes within genetic material, and investigating the functions of cancer-relevant genomic 
areas. The vast amounts of data accumulated in the process are being captured and eval-
uated using bioinformatics methods. By combining approaches from mathematics, sta-
tistics, physics, and computer science with computer-assisted simulation techniques, the 
theoretical groups within the Research Program are bridging the gap between theoreti-
cal and experimental research. The methods developed are then directly utilized in many 
areas within collaborations between numerous DKFZ Divisions, other external research 
groups and clinical partners.

Coordinator
Prof. dr. michael Boutros
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awards  

Professor Roland eils: 
hmLs Investigator award 2014

Professor stefan Pfister: 
Walther and Christine Richtzenhain Foundation Sponsorship Award 2014

Professor Peter Lichter: 
 Johann Georg Zimmermann Prize 2014/15

Dr. hendrik Witt: 
Erna Brunner Prize 2015

Dr. aurelio Teleman: 
Johann Georg Zimmermann Prize 2015/16



gene activity is not determined by the 
DNa sequence alone, but also by its 
three-dimensional organization in the cell: 
DNa and chromatin global structure plays 
a crucial role in the regulation of many 
processes, such as cell differentiation or 
carcinogenesis. We study the three-di-
mensional structure and dynamics of the 
genome in normal and tumor cells and 
describe it by quantitative models taken 
from physics and mathematics. This will 
help us understand the connection be-
tween genome structure and normal or 
pathological states of the cell. We study 
long-range interactions in genomic DNa, 
the structure of nucleosomes and chroma-
tin fiber, and the organization of chromo-
some territories in the living cell nucleus. 
The experiments are supplemented by ad-
vanced computer simulation techniques 
that describe the organization of DNa and 
chromatin as a flexible polymer. 
all these studies require advanced bio-
physical methods. a special emphasis 
in our group is on single-molecule tech-
niques (fluorescence correlation spectros-
copy, single pair FReT, scanning force mi-
croscopy), and advanced imaging (single 

plane illumination microscopy). Further-
more, we use light and neutron scattering, 
analytical ultracentrifugation, absorp-
tion and fluorescence spectroscopy, and 
stopped flow kinetics. our methodology is 
actively used in collaborations for charac-
terizing protein-protein and protein-DNa 
interactions, as well as for intermediate 
filament proteins.

FUTURe oUTLooK:
In the future, we shall follow three major 
lines of research:
1.  the role of histone tails and their modi-

fications in chromatin packaging, using 
single molecule FReT to characterize 
structural transitions in nucleosomes;

2.  the dynamics of protein transport in the 
cell nucleus, using our newly developed 
single plane illumination microscopy 
with ultra-fast detection;

3.  the dynamics of assembly of intermedi-
ate filament (IF) proteins, the biophys-
ical characterization of their structure 
and flexibility, and their role in nuclear 
architecture.

our computer simulation activities range 
from atomic-detail molecular dynamics of 
proteins and DNa to coarse-grained mod-
els of the genome architecture in entire cell 
nuclei. This theoretical aspect will always 
form an important complement to our ex-
perimental research. The ultimate goal is 
to design a physical model of the entire cell 
in time and space, which can contribute to 
the understanding of cancer development 
and to its therapy. our research shall be a 
step on the way there.

Kinetic scheme for nucleosome disassembly/assembly, revealed by single molecule fluorescence 
studies on labeled mononucleosomes (collaboration with Claus Seidel, Düsseldorf).

Division 
Biophysics of Macromolecules

CanCer researCh at DKFZ 20166

Head: Prof. dr. Jörg langowski

Biophysics of macromolecules (B040)
german Cancer Research Center

Im Neuenheimer Feld 280
69120 heidelberg

Phone: +49 6221 42 3390
joerg.langowski@dkfz.de

Research Program B: FunCTional and sTruCTural genomiCs

seLeCTeD PUBLICaTIoNs: 
(1) Pernus a. and Langowski J. (2015).  Imaging 
Fos-Jun transcription factor mobility and in-
teraction in live cells by single plane illumina-
tion-fluorescence cross correlation spectros-
copy. PLoS One, 10(4):e0123070
(2) Krieger J. W. et al. (2015). Imaging fluores-
cence (cross-) correlation spectroscopy in live 
cells and organisms. Nat Protoc. 10(12):1948-
74. 
(3) erler J. et al. (2014). The role of histone tails 
in the nucleosome: a computational study. 
Biophysical Journal, 107(12), 2911-2922. 
(4) Böhm V. et al. (2010). Nucleosomal DNa 
accessibility governed by the dimer/tetram-
er interface. Nucleic Acids Research, 39(8), 
3093–3102. 



FUTURe oUTLooK:
our future research is mostly in two di-
rections. We have already seen from our 
current data that signaling is not regulated 
in isolated pathways, but rather in complex 
networks. Therefore, in the future we will 
investigate the impact individual perturba-
tions have on a variety of cellular pathways 
and at different levels (DNa, RNa, protein, 
metabolite, phenotype…). This should pro-
vide us with a better understanding of the 

connectivity between multi-layer inter-
action systems. such information will be 
essential, for example, in identifying strat-
egies that should help to overcome drug 
resistance. 
While much of our current knowledge is 
based on in vitro experiments, we need to 
validate findings in vivo in order to prove 
their relevance. To this end, we will gener-
ate and test animal models and challenge 
our hypotheses with patient samples. 
Projects to this end have been initiated 
and first promising results have already 
been obtained. our research is funded 
mostly by national (BmBF, Landesstiftung 
Baden-Württemberg) and international 
(eU) agencies.

Cancer and other human diseases arise 
from genetic aberrations that are either 
inherited or occur spontaneously in so-
matic cells. These defects cause abnormal 
activities of gene products that lead to 
malfunctioning of molecular and cellular 
interactions which may induce tumors and 
cause cancer progression.
The central objective of our division is to 
understand the complex molecular mecha-
nisms that have evolved in the regulation of 

signaling networks and how these impact 
cancer development, metastasis, and drug 
resistance. To this end, we generate and 
maintain resources for large-scale exper-
imentation, apply high-throughput func-
tional genomics and proteomics technol-
ogies, and analyze candidate genes using 
in vitro as well as in vivo systems. effects of 
perturbations (gene gain- and loss-of-func-
tion, miRNa, drugs) imposed on the signal-
ing processes are experimentally tested and 
then computationally modeled. This gen-
erates mechanistic knowledge that is ex-
ploited to identify new diagnostic and prog-
nostic markers, as well as to develop novel 
strategies for therapeutic intervention. our 
major focus here is on breast cancer, where 
we investigate protein and non-protein 
factors that are involved in the progression 
of different subtypes via their activities in 
interrelated signaling networks.
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Head: Prof. dr. stefan wiemann

molecular genome analysis (B050)
german Cancer Research Center 
Im Neuenheimer Feld 580
69120 heidelberg
Phone: +49 6221 42 4646
s.wiemann@dkfz.de 

seLeCTeD PUBLICaTIoNs: 
(1) Wiemann s, et al. (2015). The oRFeome 
Collaboration: a genome-scale human oRF-
clone resource. Nature Methods, 13(3):191-
192. PmID: 26914201, www.ncbi.nlm.nih.gov/
pubmed/26914201
(2) haller F. et al.(2015).Paediatric and adult 
soft tissue sarcomas with NTRK1 gene fu-
sions: a subset of spindle cell sarcomas uni-
fied by a prominent myopericytic/haeman-
giopericytic pattern. J Pathol, 238(5):700-710. 
PmID: 26863915, www.ncbi.nlm.nih.gov/
pubmed/26863915
(3) Keklikoglou I, et al. (2015).  microRNa-206 
functions as a pleiotropic modulator of cell 
proliferation, invasion and lymphangiogen-
esis in pancreatic adenocarcinoma by tar-
geting aNXa2 and KRas genes. Oncogene, 
34(37):4867-4878. PmID: 25500542, www.nc-
bi.nlm.nih.gov/pubmed/25500542
(4) Ben-Chetrit N, et al. (2015).  synaptoja-
nin 2 is a druggable mediator of metasta-
sis and the gene is overexpressed and am-
plified in breast cancer. Sci Signal, 8(360):ra7. 
PmID: 25605973, www.ncbi.nlm.nih.gov/
pubmed/25605973

Division 
Molecular Genome analysis

Overexpression of the ErbB2 protein in epithelial breast cells leads to enhanced growth, reduced 
apoptosis as well as loss of cell polarity in the center of acini structures grown in 3D. 
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seLeCTeD PUBLICaTIoNs: 
(1) Zuckermann, m. et al. (2015). somatic CRIsPR/ 
Cas9- mediated tumor suppressor disruption 
enables versatile brain tumor modeling. Nat 
Comm, 6: 7391. 
(2) hovestadt, V. et al. (2014). Decoding the 
laboratory landscape of medulloblastoma us-
ing DNa methylation sequencing. Nature, 
510(7506), 537–541. 
(3) Tönjes m. et al. (2013). BCaT1 promotes cell 
proliferation via amino acid catabolism in IDh1 
wildtype gliomas. Nat Med, 19(7), 901–908. 
(4) Jones D.T.W. et al. (2012). Dissecting the ge-
nomic complexity underlying medulloblasto-
ma. Nature, 488(7409), 100–105.

FUTURe oUTLooK:
We apply molecular profiling of cancer cell 
populations to identify the entire spectrum 
of alterations that may occur in a given 
tumor entity and to assess their clinical rel-
evance. The contribution of the tumor-mi-
croenvironment to carcinogenesis has 
become a further focus.  Furthermore, we 
implement a strategy for the establish-
ment of cancer genome sequencing in clin-
ical diagnostic settings. Candidate genes, 
for which we established a pathogenic role 
in carcinogenesis, are tested in pre-clinical 
in vitro and in vivo models using known in-
hibitors. more recently, we established and 
developed novel approaches for the gen-
eration of mouse models by somatic gene 
transfer that allow testing of gain-of-func-
tion and loss-of-function candidate genes. 
We also complement these studies by the 
isolation of novel inhibitors, exploiting the 
DKFZ/emBL core facility for the screening 
of small molecular libraries as well as the 
screening of biological extracts through 
dedicated scientific collaborations. We also 
contribute to the establishment of novel 
clinical umbrella trials that aim at treating 
relapsed cancer patients on the basis of 
the identified novel targets inferring novel 
treatment options.

our laboratory applies oncogenomic ap-
proaches for the elucidation of pathomech-
anisms of tumor etiology and progression 
as a basis for novel treatment strategies, 
and for the identification of prognostic and 
predictive genes and gene signatures. To 
this aim, we perform large screens using 
comprehensive molecular profiling tech-
nologies revealing tumor cell alterations 
at the level of the genome, transcriptome, 
methylome and chromatin. Integration of 
such data sets with clinical data allows us 
to identify candidate genes, which we sub-
sequently test for their i) possible role in 
tumor pathophysiology, ii) potential as tar-
gets for novel therapy-strategies, iii) prog-
nostic value to stratify patient subgroups 
for risk-adapted therapy regimens and iv) 
potential to predict therapy response or re-
sistance in cancer patients. 
Within the last 5 years, we have greatly con-
tributed to novel tumor sub-classification 
schemes that allow for stratification of can-
cer patients for different therapy regimens 
on the basis of molecular tumor profiles. By 
unravelling pathogenically relevant genes, 
we have identified candidate targets for the 
development of novel therapies, in partic-
ular in leukemia and glioma. Through the 
functional characterization of candidate 
genes, we also developed pre-clinical mod-
els for the testing of novel therapies.

Head: Prof. dr. Peter lichter

molecular genetics (B060)
german Cancer Research Center

Im Neuenheimer Feld 280
69120 heidelberg

Phone: +49 6221 42 4619
peter.lichter@dkfz.de

Division 
Molecular Genetics

Research Program B: FunCTional and sTruCTural genomiCs
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Pediatric Neurooncology is currently a vi-
brant field of research. This is desperately 
needed, since brain tumors have become 
the number one cause of cancer-related 
mortality in children. our group aims to 
bridge the gap between generating genom-
ic screening data as well as faithful models 
for preclinical drug testing, and exploiting 
these data for the sake of our patients. 
The first goal includes the identification, 
validation and clinical application of prog-
nostic and predictive biomarkers in dif-
ferent childhood brain tumors, including 
genome, transcriptome and epigenome 
analysis, and integrative bioinformatics ap-
proaches. The second major focus involves 
the generation of suitable in vitro and in 
vivo models for systematic pre-clinical test-
ing of novel smart drugs, often in combina-
tion with established cytotoxic drugs, che-
motherapy or immunotherapy. These novel 
therapies are ultimately translated into 
patient care, tightly linked with thorough 
patient selection based on the genetic/mo-
lecular signature of the individual tumor 
(“personalized cancer care”).

FUTURe oUTLooK:
The thorough understanding of the im-
mense biological heterogeneity of child-
hood brain tumors is a prerequisite for 
targeted treatment approaches. Thus, we 

will continue to comprehensively inves-
tigate the entire genetic and epigenetic 
diversity of childhood brain tumors with-
in and across histopathological entities. 
many of these novel methods are currently 
being prepared for routine diagnostic ap-
plications in a clinical setting through our 
nationally and internationally acting mo-
lecular diagnostics programs (www.pediat-
ric-neurooncology.com). Preclinical models 
will allow us to specifically test biological 
hypotheses gained from genome-wide pri-
mary tumor analyses in vitro and in vivo, 
before they are recommended for use in 
patients. 
another focus will be the analysis of clon-
ality within tumors, their respective me-
tastases, and tumor relapses, by ultra-deep 
next-generation and single-cell sequencing 
techniques. as a third major focus, we have 
started focusing on the detection of tu-
mor-specific alteration in body fluids, such 
as cerebrospinal fluid and plasma, which 
can be exploited for molecular diagnostics, 
tumor cell clearance (minimal residual dis-
ease), detection of molecular targets, and 
primary resistance mechanisms. Finally, we 
will evaluate novel as well as many con-
ventional therapies systematically for their 
inter-individual range in pharmacokinetics. 
These differences might help explaining 
successes and failures in individual patients. 

Head: Prof. dr. stefan Pfister

Pediatric Neurooncology (B062)
german Cancer Research Center and 
Department of Pediatric hematology and 
oncology, heidelberg University hospital
Im Neuenheimer Feld 280
69120 heidelberg
Phone: +49 6221 42 4618
s.pfister@dkfz.de

seLeCTeD PUBLICaTIoNs: 
(1) Lin, C.Y. et al. (2015). active medulloblasto-
ma enhancers reveal subgroup-specific cellu-
lar origins. Nature, 530(7588), 57-62.
(2) Pajtler K.W. et al. (2015). molecular Classi-
fication of ependymal Tumors across all CNs 
Compartments, histopathological grades, 
and age groups. Cancer Cell, 27(5), 728-743. 
(3) Northcott, P. et al. (2014). enhancer hijack-
ing activates gFI1 family oncogenes in medul-
loblastoma. Nature, 511(7510), 428-434. 
(4) Kool m. (2014). genome sequencing of 
shh medulloblastoma Predicts genotype-Re-
lated Response to smoothened Inhibition. 
Cancer Cell, 25(3), 393-405.

Division 
Pediatric neurooncology

Pilocytic astrocytoma 
was found to be 
a single pathway 
disease with 100% 
of cases showing 
mutually exclusive 
mutations in the 
MAPK pathways and 
no cooperating driver 
mutations identified 
in other pathways.
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seLeCTeD PUBLICaTIoNs: 
(1) Botla, s.K. et al. (2015). early epigenetic 
down-regulation of microRNa-192 expression 
promotes pancreatic cancer progression. Can-
cer Res., in press.
(2) Bradbury, a. et al. (2015). Reproducibility: 
standardize antibodies used in research.  
Nature, 518(7537), 27-29. 
(3) moskalev, e.a. et al. (2015). ghsR DNa hy-
permethylation is a common epigenetic al-
teration of high diagnostic value in a broad 
spectrum of cancers. Oncotarget, 6(6), 4418-
4427. 
(4) Nijaguna, m.B. et al. (2015). Definition of 
a serum marker panel for glioblastoma dis-
crimination and identification of Interleu-
kin 1β in the microglial secretome as a novel 
mediator of endothelial cell survival in-
duced by C-Reactive Protein. J. Proteomics, 
128, 251-261. 

are amendable to translation. one scientific 
aim is the identification of disease-specific 
protein isoforms. structural variation is of-
ten an indicator for different functional ac-
tivity. also, measurements of protein inter-
actions are performed, in particular for the 
identification of variations that occur at a 
personal level. a third activity is the creation 
of a map of the protein-mediated commu-
nication between the different cell types of 
the pancreatic tumor microenvironment. 

FUTURe oUTLooK:
another line of work aims at the fully syn-
thetic, in vitro implementation of complex 
biological processes. We are motivated to 
use them for the production of biomedi-
cally active molecules, such as non-immu-
nogenic agents, and the establishment of 
an entirely artificial molecular system. Cell-
free biosynthetic production will be crucial 
for mastering many biotechnological and 
pharmacochemical challenges. artificial bi-
ological systems will complement systems 
Biology by evaluating biological models 
experimentally. similar to physics, insight 
into cellular function will be gained by an 
iterative process of performing experimen-
tal and theoretical systems Biology. even-
tually, this may lead to the establishment 
of a fully synthetic self-replicating system 
and, ultimately, an archetypical model of 
a cell.

Research at our Division focuses on an as-
sessment and description of the realization 
and regulation of cellular function from 
genetic information. analysis of tumor 
material is at the center of attention, with 
an emphasis on pancreatic cancer and per-
sonalized approaches. The effect of DNa 
sequence variations and the epigenetic 
modulation of the genome are studied. This 
is combined with measurements on vari-
ations in transcription factor binding and 

changes in transcript levels of coding and 
noncoding RNas. Concomitantly, the actual 
protein expression is analyzed. Besides the 
creation of basic scientific knowledge, we 
aim at establishing means for early and 
non-invasive molecular diagnosis as a ba-
sis for accurate prognosis, reliable patient 
stratification, and precise monitoring of 
treatment results. another objective is the 
identification of new therapeutic approach-
es. For this, we complement molecular anal-
yses with functional studies for the elucida-
tion of relevant cellular mechanisms. 
Technically, we pursue particularly devel-
opments in the field of proteome analysis. 
analytical processes in this area are still 
inadequate for many, especially biomed-
ical purposes. We have established affin-
ity-based processes that permit a robust-
ness and reproducibility that meet the 
requirements of clinical applications and 

Head: dr. Jörg Hoheisel

Functional genome analysis (B070)
german Cancer Research Center

Im Neuenheimer Feld 280
69120 heidelberg

Phone: +49 6221 42 4680
j.hoheisel@dkfz.de

Division 
Functional Genome analysis

Research Program B: FunCTional and sTruCTural genomiCs

Visualization of the degree of methylation in breast samples. Each sample is depicted as a 
colored square. Differentially methylated CpG sites are represented by black dots; all co-localize 
with the cancer samples at the right side, indicating that the highest methylation level is found 
in cancer. In contrast, healthy samples are located to the left, in the opposite direction off the 
centroid, indicating the lowest level of methylation. Likewise, based on their localization along 
the horizontal axis (first principal component), it can be seen that an intermediate methylation 
load existed in samples from benign tumors and non-cancerous tissues isolated from right next to 
actual tumors.
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Using current DNa sequencing methods, it 
is feasible nowadays to determine the se-
quence of a human individual (e. g. a cancer 
patient) within a single day. other comple-
mentary technologies, such as epigenome, 
transcriptome, proteome or metabolome 
analysis, deliver additional data with great 
potential for precise diagnostics.  given 
the enormous technological advances in 
data generation, the integration of these 
data in order to generate new insights into 

complex biological functions is still a major 
challenge and can only be achieved using 
interdisciplinary approaches. our division 
is developing computer-assisted methods 
for interpreting complex genomic and other 
biological data, as well as methods for mod-
eling and simulation of biological processes. 
major activities include the development of 
integrated bioinformatic approaches for the 
interpretation and management of cancer 
genome and accompanying clinical data, 
the application of state-of-the-art technolo-
gies in automated live-cell imaging and im-
age analysis, experimental and theoretical 
systems biology approaches addressing key 
cellular mechanisms and their aberrations 
in cancer cells, as well as the development 
of new synthetic biology tools to manipu-
late cell processes. To this end, the division 
is integrating systems biology, automated 
image processing, state-of-the-art light mi-
croscopy, cell biology and bioinformatics.

FUTURe oUTLooK:
our overarching aim is to develop new 
insights linking alterations in cancer, or 
other diseased cells, with biological func-
tions in order to find new potential targets 
for improved diagnostics and treatment. 
Therefore, we develop integrated platforms 
combining bioinformatic data analysis and 
mathematical modeling of complex diseas-
es processes. In the future, these systems 
medicine platforms will provide computer- 
assisted diagnostics and decision support 
tools to medical doctors in patient care.

Head: Prof. dr. roland eils

Theoretical Bioinformatics (B080)
german Cancer Research Center
Berliner straße 41
69120 heidelberg
Phone: +49 6221 42 3600
r.eils@dkfz.de

Recent work by the group has shown how 
smoking during pregnancy causes epigenetic 
reprogramming in mothers and children.  
© Molecular Systems Biology, EMBOpress

seLeCTeD PUBLICaTIoNs: 
(1) Bauer T., et al. (2015). environment-induced 
epigenetic reprogramming in genomic regu-
latory elements in smoking mothers and their 
children. Mol Syst Biol, 12(3), 861. 
(2) gu L. et al. (2015). BaZ2a (TIP5) is involved 
in epigenetic alterations in prostate cancer 
and its overexpression predicts disease recur-
rence. Nat Genet, 47(1), 22–30.
(3) Jäger N. et al. (2013). hypermutation of the 
inactive X chromosome is a frequent event in 
cancer. Cell, 155(3), 567 – 581.
(4) Jones D.T.W. et al. (2013). Recurrent somat-
ic alterations of FgFR1 and NTRK2 in pilocytic 
astrocytoma. Nat Genet, 45(8), 927–932.

Division 
theoretical Bioinformatics
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seLeCTeD PUBLICaTIoNs: 
(1) Rand U. et al. (2012). multi-layered cellu-
lar stochasticity and paracrine amplification 
shape the type-I interferon response. Mol Syst 
Biol, 8:584.
(2) Luijsterburg m.s. et al. (2010). stochas-
tic and reversible assembly of a multiprotein 
DNa repair complex ensures accurate target 
site recognition and efficient repair. J Cell Biol, 
189(3), 445–463.
(3) Busse D. et al. (2010). Competing feedback 
loops shape IL-2 signaling between help-
er and regulatory T cells in cellular microen-
vironments. Proc Natl Acad Sci U S A, 107(7), 
3058–3063.
(4) schulz e. et al. (2009). sequential polariza-
tion and imprinting of T-helper type 1 differ-
entiation by interferon-β and interleukin-12. 
Immunity, 30(5), 678– 688.

from synergistic oncogene action. From 
both strands of work common principles at 
the systems level are emerging. our work 
aims at identifying the functional behavior 
of molecular networks in the cell and at 
quantifying the control exerted by individu-
al components to inform novel therapeutic 
approaches.

FUTURe oUTLooK:
a key challenge of quantitative biology is to 
understand the interplay between molecu-
lar modules – such as those controlling the 
induction and maintenance of expression 
of master transcription factors for cell fate – 
and genome-wide programs that mediate 
coordinated cell function.

The Division of Theoretical systems Biology 
pursues multidisciplinary research to un-
derstand how biological function emerges 
from interacting components – molecules 
within a cell and cells within an organ-
ism. our work is essentially collaborative 
and characterized by a tight interplay 
between experimentation, data analysis 
and mathematical modeling. We dissect 
the molecular switches that regulate the 
proliferation and differentiation of T lym-
phocytes and thus, orchestrate adaptive 
immune responses. The second focus of the 
division is on growth-factor signaling and 
cell-cycle control. We study the interplay of 
these processes in human tumor models to 
understand how therapy resistance arises 

Head: Prof. dr. Thomas Höfer

Theoretical systems Biology (B086)
german Cancer Research Center

Im Neuenheimer Feld 267
69120 heidelberg

Phone: +49 6221 54 51380
t.hoefer@dkfz.de

Division 
theoretical systems Biology 

Research Program B: FunCTional and sTruCTural genomiCs

Tracking of individual tumor cells in the 
fluorescence microscope.
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Cellular signaling networks control key 
decisions during development, health 
and disease. genomic approaches such as 
whole genome sequencing and genetic 
mapping have identified many genet-
ic variants in signaling components, yet 
their function and interactions oftentimes 
remain unknown. To address this, we per-
form systematic screens to functionally 
identify novel components, understand 
how they are connected and how to in-
terfere with their aberrant regulation 
in disease. We use genetic and genomic 
methods to link genotypes to phenotypes, 
and cell biological approaches to study 
specific processes and probe underlying 
mechanisms.  

Current research interests are:
Systems genetics, chemical genetics and 
synthetic lethality in cancer cells 
genetic variants can mask, alleviate or am-
plify the phenotypic effect of other variants; 
such genetic interactions can profoundly 
affect normal development and disease. 
We developed novel methods to identify 
genetic interactions in metazoan cells using 
RNai and other perturbations. We compu-
tationally derived epistatic interactions to 
build models of cellular wiring under nor-
mal and disease conditions. Furthermore, 
we are interested in uncovering genetic 
dependencies in healthy and cancer cells by 
creating maps of complex genetic interac-
tions. Building on this, we study genetic and 
chemico-genetic dependencies using sin-
gle-cell, high content imaging and co-per-

turbations by RNai and CRIsPR/Cas9. 
Wnt signaling networks in development 
and cancer
Wnt signaling pathways are required for 
stem cell maintenance and patterning 
decisions in all metazoans and are often 
dysregulated in cancer. Recently, we dis-
covered novel factors required for proper 
Wnt secretion and loading of Wnt family 
proteins onto extracellular vesicles. We use 
genetics in multiple model organisms (e. g. 
Drosophila and mouse) to understand the 
physiological and pathophysiological reg-
ulation of Wnt signaling. high-throughput 
screens and integrative genomic approach-
es are used to identify and characterize 
novel Wnt pathway components. 
Experimental and computational  
approaches for high-throughput screening
our group pioneers novel methods for 
high-throughput functional screens using 
RNai and CRIsPR/Cas9. This includes the 
development of novel perturbation libraries, 
new image-based phenotyping assays and 
combinatorial approaches for genetic and 
small molecule perturbations. We also de-
velop new computational tools for the anal-
ysis and visualization of high-throughput 
screens and integrative analysis of screening 
results, including algorithms and software 
applications to identify RNai and CRIsPR/
Cas9 reagents and predict off-target effects. 

FUTURe oUTLooK:
extensive interactions between different 
genetic alleles with large effects on many 
phenotypes have been documented in 
many model systems. our research group is 
interested in the systematic analysis of ge-
netic interactions to dissect genotype-phe-
notype relationships using single-cell 
and multi-omic approaches. We will de-
velop genomic technologies required for 
high-throughput screening using genome 
engineering, cell-based screens in primary 
cell types and novel approaches for data in-
tegration. We aim to generate comprehen-
sive functional maps of cellular processes 
in order to understand epistatic interaction 
in tumorigenesis and therapy response. 
another area of interest is the in-depth 
analysis of Wnt and interacting signaling 
networks in development, stem and tumor 
cells. We use model systems like Drosophila, 
mouse and human cancer cells to identify 
key components and understand how they 
are embedded into physiological processes. 

Head: Prof. dr. michael Boutros 

signaling and Functional genomics (B110)
german Cancer Research Center 
Im Neuenheimer Feld 580
69120 heidelberg
Phone: +49 6221 42 1951
m.boutros@dkfz.de
www.dkfz.de/signaling

By silencing genes using RNAi, we can analyze 
the genes’ effect in a quantitative and high-
throughput manner. In this microscopy image 
of human cancer cells, nuclei are shown in 
red, cell membranes in green, and the cellular 
scaffolding in blue.

seLeCTeD PUBLICaTIoNs: 
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(2) Laufer C. et al. (2013). mapping genetic in-
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are secreted on exosomes. Nat Cell Biol, 14(10), 
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(1) senyilmaz D. et al. (2015). Regulation of 
mitochondrial morphology and function by 
stearoylation of TfR1. Nature, 525(7567), 124-
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(2) Tiebe m. et al. (2015). RePToR and ReP-
ToR-BP regulate organismal metabolism and 
transcription downstream of ToRC1. Develop-
mental Cell, 33(3), 272-284.
(3) Demetriades C. et al. (2014). Regulation 
of ToRC1 in response to amino acid starva-
tion via lysosomal recruitment of TsC2. Cell, 
156(4), 786-799.
(4) Schleich S. et al. (2014). DENR•MCT-1 Pro-
motes Translation Reinitiation Downstream 
of uoRFs to Control Tissue growth. Nature, 
512(7513), 208-212.

FUTURe oUTLooK:
The aim of our work is to understand the 
processes regulating cell growth so that 
this knowledge can be used in the future 
for cancer therapy. Unlike other cells in 
the body, cancer cells have mutations that 
promote cell growth. Blocking this process 
will hopefully be a powerful method to 
specifically and efficiently inhibit tumor 
progression.

When cancer cells proliferate to form a 
tumor, they need to grow and to divide. 
Regulation of cell division (i. e. the cell cy-
cle) has been extensively studied. In com-
parison, the mechanisms regulating cell 
growth (i. e. the accumulation of cell mass) 
are less well understood. The Teleman 
lab studies cell growth and its regulation. 
We study two aspects of cell growth: 1) To 
grow, cells need to produce biosynthetic 
building blocks such as nucleotides, amino 
acids and lipids, by activating metabolic 
pathways. hence, we study cellular metab-
olism and how it differs in growing cells 
compared to non-growing cells. 2) Cells 
decide to grow, however, based on infor-
mation coming from outside the cell, such 
as the presence of nutrients and growth 
factors. Cells receive and process this infor-
mation via signaling pathways such as the 
insulin or ToR pathway. Therefore, we also 
study the signaling pathways controlling 
growth.
Both cellular metabolism and growth-sig-
naling are highly conserved amongst 
animals, from the fruit fly Drosophila to 
humans. Powerful model systems such as 
Drosophila allow rapid discovery of new 
biology since they are simpler and more ge-
netically tractable compared to mammals. 
For this reason, the Teleman lab studies cell 
growth using a combination of human tis-
sue culture and Drosophila.

Head: dr. aurelio Teleman 

signal Transduction in Cancer and 
metabolism (B140)

german Cancer Research Center 
Im Neuenheimer Feld 580

69120 heidelberg
Phone: +49 6221 42 1620

a.teleman@dkfz.de 

Division 
signal transduction in Cancer and Metabolism

Research Program B: FunCTional and sTruCTural genomiCs



Location of adipose tissue in an adult fly, as 
revealed by GFP expression.
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seLeCTeD PUBLICaTIoNs: 
(1) Nachmani D. et al. (2014). RNa binding pro-
teins regulate the expression of the immune 
activating ligand mICB. Nat Commun, 5: 4186.
(2) hämmerle m. et al. (2013). Post-transcrip-
tional destabilization of the liver-specific 
long non-coding RNa hULC by the IgF2 mR-
Na-binding protein 1 (IgF2BP1). Hepatology, 
58(5), 1703–1712. 
(3) gutschner T. et al. (2013). The non-coding 
RNa maLaT1 is a critical regulator of the me-
tastasis phenotype of lung cancer cells. Can-
cer Res, 73(3), 1180–1189.
(4) gutschner T. et al. (2011). Non-coding RNa 
gene silencing through genomic integration 
of RNa destabilizing elements using zinc fin-
ger nucleases. Genome Res, 21(11), 1944–1954. 

migration and metastasis in a xenograft 
mouse model. Joining forces with IsIs Phar-
maceuticals, we developed an inhibitor 
for maLaT1, an antisense oligonucleotide 
(aso), which effectively reduced maLaT1 
in the mouse model and suppressed lung 
cancer metastasis (Cancer Res 2013). at the 
molecular level, we identified maLaT1 as an 
epigenetic regulator inducing a signature 
of metastasis-associated genes. 

FUTURe oUTLooK: 
after profiling the expression of thou-
sands of lncRNas in lung, liver and breast 
cancer, we elucidate the cellular and mo-
lecular function of lncRNas regulated in 
cancer. here, we use innovative techniques 
like genome editing to silence lncRNas in 
cancer cells and RNa affinity purification 
to identify the interactomes of cancer-as-
sociated lncRNas. To further generate hy-
potheses on the lncRNa functions, we use 
bioinformatic guilt-by-association studies. 
To accelerate our discoveries of novel ln-
cRNas in cancer, we have developed a siR-
Na library specifically targeting 638 can-
cer-associated lncRNas identified in our 
screen, allowing for their rapid functional 
characterization.

more than 70 percent of the human ge-
nome is transcribed into RNa, while only 2 
percent are protein-encoding. These recent 
insights into RNa biology induced a para-
digm shift toward the recognition of RNas 
as functionally important molecules – be-
yond serving as messengers for protein-en-
coding genes. short non-coding RNas, the 
microRNas, play important roles in gene 
regulation. The tumor-suppressive or onco-
genic role of many microRNas and their fre-

quent deregulation in tumors allow a first 
glimpse into the striking role that non-cod-
ing RNas can play in cancer. Novel long 
non-coding RNas (ncRNa, lncRNa, lincRNa) 
fulfill important functions ranging from 
epigenetic gene regulation to scaffolding 
functions in the cytoplasm. 
our research focuses on the new and in-
novative research area of long non-coding 
RNas and their role in cancer. We elucidate 
the expression patterns, regulatory mecha-
nisms and cellular and molecular functions 
of lncRNas relevant to cancer. one example 
nicely illustrates our research approach: 
We identified the lncRNa maLaT1 (metas-
tasis-associated in Lung adenocarcinoma 
Transcript 1) as a biomarker associated with 
a poor prognosis and the development of 
distant metastasis in lung cancer (onco-
gene 2003). We then developed a novel ap-
proach to quantitatively silence this lncRNa 
in lung cancer cells by genome editing 
(genome Res 2011). This loss-of-function 
revealed that maLaT1 was essential for cell 

Head: Prof. dr. sven diederichs
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lncRNA MALAT1 is a marker for development of 
metastasis in lung cancer and is associated with 
poor survival (Oncogene 2003). Its suppression 
using a novel silencing approach based on 
genome editing (Genome Res 2011) prevents 
the development of lung cancer metastasis in 
MALAT1-KO cells (Cancer Res 2013).
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The goal of the Division is to gain insights 
into molecular mechanisms that regulate 
cellular decisions and to address their im-
pact on behavior at the tissue and organ 
level. When these control mechanisms 
fail, cancer and other diseases arise. Cel-
lular responses are regulated by a multi-
tude of extracellular signals received by 
cell surface receptors. Within cells the 
information is processed through com-
plex intracellular signaling networks that 

in turn impinge on gene regulation and 
affect metabolism to finally coordinate 
physiological responses such as prolifer-
ation, survival and differentiation. These 
responses operate on very different time 
scales, ranging from minutes to hours and 
days. Thus, it is essential to examine key 
dynamic properties of biological systems, 
which can be addressed by combining 
the generation of quantitative time-re-
solved data with mathematical modeling. 
Data-based mathematical models enable 
rapid testing of hypotheses to uncover de-
regulation in cancer and to predict strate-
gies of intervention in diseases. 
In close collaboration with modeling part-
ners, methods for quantitative analysis of 
signaling networks were developed and 
multiple dynamic pathway models were 
established, yielding unexpected insights 
into regulatory mechanisms of signaling 
pathways. 

The main projects of the division address:

1. Unraveling principal mechanisms of 
erythropoietin (epo)-mediated cellular 
decisions in the hematopoietic system.

2. Bridging from the cellular to the whole 
organ level during liver regeneration.

3. Insights into altered regulation in cancer 
and prediction of strategies for efficient  
intervention in diseases (cancer, drug-in-
duced liver injury, viral infection).

4. Contribution to personalized treatment 
options in lung cancer

FUTURe oUTLooK: 
This knowledge will be used to establish 
integrated models of signaling pathways, 
to link them to gene regulation as well as 
cell-cell communication and to include cell 
cycle progression and cell survival. Finally, 
we aspire to integrate this information 
into multi-scale models and whole body 
models. Translational aspects are strength-
ened through intensive collaborations with 
clinical partners and companies in the 
frame of large third party funded research 
networks.

Head: Prof. dr. ursula Klingmüller

systems Biology of Cellular signal Transduction 
(B200)
german Cancer Research Center 
Im Neuenheimer Feld 280
69120 heidelberg
Phone: +49 6221 42 4481 
u.klingmueller@dkfz.de

In erythroid progenitor cells, the cell membrane 
is visualized by staining for transferrin receptor 
expression (green) and nuclear DNA content 
(blue).
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FUTURe oUTLooK:
The overall goal of the lab is to develop new 
mouse models that combine chromosomal 
instability with other genes that are known 
to be important in lung tumorigenesis. 
These models will serve to further our 
understanding of the role of CIN in tumor 
progression and relapse, and identification 
of new mechanisms of resistance to ther-
apies. how CIN influences the response to 
these therapies will be crucial in determin-
ing the most efficient way of combating 
lung cancer. The animal models will also 
serve as preclinical models to study the 
most efficient combinational therapies in 
lung cancer.

The Cooperation Unit molecular Thoracic 
oncology is a research collaboration with 
the ThoraxKlinik within the medical Fac-
ulty of heidelberg University. our main in-
terest is to understand the molecular ba-
sis of lung tumor development and drug 
resistance. Chromosomal instability (CIN), 
the inability to correctly segregate sister 
chromatids during mitosis, is a hallmark 
of cancer cells. CIN is also associated with 
poor survival and therapeutic outcome in 
a number of malignancies, including lung 
cancer. 
We discovered that overexpression of the 
mitotic checkpoint protein mad2, common-
ly found in human tumors, leads to CIN 
and the development of aneuploid tumors 
in mouse models. In addition, CIN can fa-
cilitate escape from oncogene addiction 
(the dependence of tumor cells on their 
initiating lesion for survival) and may be 
responsible for tumor relapse after target-
ed therapies. These observations highlight 
early genetic instability and intra-tumor 
heterogeneity as cardinal characteristics 
of human cancer with key importance for 

efforts to control disease and overcome 
therapy resistance. however, very little is 
known about the mechanism of how and 
when CIN promotes tumor relapse. Using a 
combination of mouse genetics and highly 
innovative 3D in vitro culture systems, our 
lab focuses on understanding the molec-
ular mechanisms that lead to CIN and the 
consequences it may have in tumor initia-
tion, suppression and relapse.

Head: Prof. dr. rocio sotillo

molecular Thoracic oncology (B220)
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Primary lung epithelial cells from Mad2 
expressing mice grown in 3D culture. 
Overexpression of Mad2 arrests cells in mitosis 
and leads to chromosome missegregation. 
Green: H2B-GFP, Magenta: sir-Tubulin.
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Proteomes are highly complex, consisting 
of thousands of proteins that operate in 
intricate networks in a cell and condi-
tion-specific manner. The interest in our 
division is to understand proteome com-
plexity, and to develop tools to investigate 
how the proteome is dynamically regulated 
in time and space. Using state-of-the-art 
mass spectrometric technologies we aim to 
understand processes that are fundamen-
tal to cancer biology and to pluripotency in 
stem cells, both using cell lines as well as in 
vivo model systems. For instance, this has 
enabled us to identify novel proteins con-
trolling the identity of mouse hematopoi-
etic stem cells, and proteins that are key in 
the gain of pluripotency during reprogram-
ming of fibroblasts to induced pluripotent 
stem cells (iPsCs). Benefiting from novel 
methodologies for sample preparation de-
veloped in our lab, we are now capable of 
handling very small sample sizes, integrat-
ed in a robotic system for automated and 
standardized sample handling. This tech-
nology will be highly beneficial for studying 
quantity-limited (clinical) samples.

In addition, we have a specific interest in se-
creted proteins for their role in cellular cross-
talk, in RNa-binding proteins involved in 
translational control, and in chromatin-bind-
ing proteins for their key function in tran-
scriptional regulation and cell fate decision. 
We have developed dedicated biochemical 
methodologies to enrich for each of these 
protein classes, based on click-chemistry to 
study secretory proteins, and combinations 
of cross-linking and various affinity-enrich-
ment approaches to capture and identify 
proteins interacting with RNa and DNa. 

FUTURe oUTLooK:
We will now exploit the power of these 
innovative biochemical methods in combi-
nation with our mass spectrometric plat-
forms to gain mechanistic insight in the 
regulation of cancer and stem cell identity. 
In particular, we will use our optimized 
workflows for global proteome profiling of 
clinical tumor samples. secretome analy-
sis will shed light on inter-cellular commu-
nication in a cancer context, and on prin-
cipal mechanisms of secretory pathways. 
We will extend our chromatin interaction 
studies to identify and functionally char-
acterize the composition and dynamics of 
protein networks around transcription fac-
tors and chromatin-modifying enzymes. 
We increasingly combine this informa-
tion with ChIP-seq and RNa-seq, to gain 
a more complete understanding of how 
gene expression is regulated, and how this 
is derailed in cancer. 

Head: Prof. dr. Jeroen Krijgsveld

Proteomics of stem Cells and Cancer (B230)
german Cancer Research Center
Im Neuenheimer Feld 581
69120 heidelberg
Phone: +49 6221 421720
j.krijgsveld@dkfz.de

The nuclear pore protein Nup210 was identified as a protein required for cellular reprogramming 
from fibroblasts to induced pluripotent stem cells (iPS). In the absence of Nup210 (bottom panels), 
cells fail to produce iPS colonies, instead retaining their mesenchymal properties expressing 
fibronectin and snail.
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one of the essential characteristics of 
living systems is the ability of their mo-
lecular components to self-assemble into 
functional structures and to balance their 
organization within the cellular environ-
ment through the mechanism of homeo-
stasis. It is clear that protein homeostasis, 
or proteostasis, is closely coupled to many 
other biological processes ranging from 
the trafficking of molecules to specific 
cellular locations to the regulation of cell 
growth and differentiation. In addition, 
only correctly folded proteins have the abil-
ity to remain soluble in crowded biological 
environments and to interact selectively 
with their natural partners. It is, therefore, 
unsurprising that the failure of proteosta-
sis mechanisms underpins the pathogen-
esis of common diseases of old age, most 
notably, cancer and neurodegenerative dis-

orders such as alzheimer’s and Parkinson’s 
disease. In many such diseases, proteins 
self-assemble in an aberrant manner into 
large molecular aggregates, including sol-
uble oligomeric species and amyloid fibrils. 
arguably, strategies to ameliorate misfold-
ing and aggregation will depend on a de-
tailed understanding of the manipulators 
of the proteostasis network.

FUTURe oUTLooK:
The main interest of our lab is to advance 
our understanding of the molecular events 
triggered by protein misfolding and the 
subsequent impact of protein aggregation 
on cellular integrity. We combine biochem-
ical and molecular biological studies to 
tackle questions such as: What are the char-
acteristics of aggregated protein species ac-
cumulating in vivo? how are specific species 
toxic to cells? Which cellular mechanisms 
can be modified to rescue proteostasis? 
To address these questions, we combine 
protein engineering with the wide range of 
genetic and molecular techniques available 
in cell culture and Drosophila melanogaster. 
We are also very interested in establishing 
novel experimental tools, which include for 
example quantitative analysis of Drosophila 
models and in vivo characterization of pro-

tein-protein interactions. hopefully, under-
standing the detailed molecular processes 
leading to protein misfolding will open new 
avenues towards the design and develop-
ment of rational treatments for these debil-
itating diseases.
This Junior Research Group is generously 
supported by the Chica-and-Heinz-Schaller-
Foundation (CHS).

Head: dr. Thomas Jahn
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Schematic energy 
landscape for 
protein folding and 
aggregation (see 
Jahn & Radford 
FEBS J. 2005). The 
competition between 
unimolecular folding 
and aggregate 
formation is 
intricately balanced 
by the cellular 
proteostasis network.
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the achieved results to the organism level. 
PCD undergoes substantial positive and 
negative regulation by the endolysosom-
al compartment. Thus, primary goals are 
the systemic identification of regulato-
ry mechanisms governing lysosomal and 
PCD signaling pathways and confirmation 
of in vivo functionality. our research has 
yielded novel insights into specific mecha-
nisms for optimizing cancer cell death. We 
recently reported the novel cell biological 
phenomenon of ubiquitylation-mediated 
intramitochondrial processing by endoly-
sosomes during PCD, and through a sys-
tems biology approach we have elucidated 
its potential as a pro-survival pathway, an-
tagonizing canonical mitochondrial apop-
tosis signaling. 

FUTURe oUTLooK:
Current work focuses on extracting dynam-
ic information from cell-to-cell phenotype 
heterogeneity in imaging datasets, and in-
tegrating these findings within mathemat-
ical models of crosstalk between endoly-
ososmal and mitochondrial compartments, 
mitochondrial biogenesis and quality con-
trol, and metabolic homeostasis.  

Programmed cell death (PCD) is regulat-
ed by the spatially- and temporally-coor-
dinated interplay of genetically defined 
signaling pathways. The understanding 
of PCD is of central importance, in that its 
successful execution is the key to cancer 
therapy. as fundamental discoveries con-
cerning PCD mechanisms, or even new 
modes of PCD, are still being reported, ad-
dressing the complexity of PCD signaling 
is a growing challenge. systems biology 
offers tools to utilize such biological com-
plexity through full data integration and 
mathematically-derived non-intuitive hy-
pothesis generation. our multidisciplinary 
research group, funded by the Federal 
ministry of education and Research (BmBF) 
within the program “e:Bio – Innovation 
Competition systems Biology”, is dedicated 
to the elucidation of lysosomal control of 

PCD in cancer versus non-cancer cells. our 
approach encompasses the cell culture ex-
periments-based generation of theoretical 
model predictions, and testing of in vivo 
functionality in the model organism C. ele-
gans. To that end, we are integrating quan-
titative fluorescence microscopy and bio-
chemical methods with systems biological 
modeling approaches, and are translating 

Head: dr. anne Hamacher-Brady
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Metabolic stress-induced, 
E3 ligase-mediated 
mitochondrial K63 
ubiquitin chaining in 
breast cancer cells. In 
this image mitochondria 
are labeled in red, K63 
ubiquitin chains in green, 
E3 ligase in blue.



We use computational statistics and ma-
chine learning methods to understand and 
predict genotype to phenotype relation-
ships. our aim is to derive systems-level 
maps of interactions between genes and 
proteins, in order to model and predict 
the functional consequences of sequence 
variations in the human population and in 
cancer. With the tremendous increase in 
biological data recorded with high-through-
put techniques, it gets more and more chal-
lenging to mine and interpret the available 
data. our contribution is the development 
of computational statistics for high-dimen-
sional data, including feature selection 
tools, differential testing and network mod-
eling. one research focus is the modeling of 
genetic and physical interactions. genetic 
interactions describe how genetic pertur-
bations influence each other, e. g. with 
respect to their cellular phenotypes. We 
have developed methods for quality control, 

normalization and statistical analysis of 
image-based genetic interaction screens. To 
better understand molecular mechanisms, 
it is also important to study physical inter-
actions between molecules. We have devel-
oped analysis methods for protein quantifi-
cation by mass spectrometry data. With this 
and downstream bioinformatics workflows, 
we have contributed to obtaining a better 
understanding of RNa-binding proteins. 
The original software packages are made 
publicly available as open source, mainly as 
a contribution to the Bioconductor project.

FUTURe oUTLooK:
We will develop computational and sta-
tistical methods required for the analysis 
of emerging, cutting-edge data, especially 
from high-throughput functional and ge-
netic assays, and advanced applications of 
spectrometry. specifically, the computa-
tional research in proteomics will focus on 
integrating individual genome sequenc-
es into the analysis of proteomic mass 
spectrometry data. Furthermore, we will 
develop the computational methods need-
ed to understand how gene products and 
their mutations are interacting with each 
other physically and functionally, and how 
genetic and environmental variables com-
binatorially result in a given phenotype, 
including disease. We will develop compu-
tational methods that aim to predict the 
phenotypic outcome of drug treatments 
and combinations of drugs under a known 
genetic background. For this, we will com-

bine observational population data with 
high-throughput perturbation screens. The 
computational methods will be instru-
mental for cancer proteomics in basic and 
biomarker research and for the construc-
tion of predictive, translational platforms 
for the next generation of individualized, 
genome-informed drug therapies.

Head: dr. Bernd Fischer 

Computational genome Biology (B210)
german Cancer Research Center

Im Neuenheimer Feld 580
69120 heidelberg

Phone: +49 6221 42 1280
b.fischer@dkfz.de

Cells are 
automatically 
segmented in 
images from a 
high-throughput 
screen. Nucleus 
area, eccentricity, 
fluorescence 
intensity and other 
morphological and 
textural features are 
extracted for each 
cell and summarized 
per experiment. 
Epistatic relationships 
between genes are 
inferred by statistical 
and machine learning 
methods using the 
extracted features.
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Junior Research Group 
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FUTURe oUTLooK:
1) The identified epigenetic signatures 

are developed by the research network 
“PReCise” (coordinated by Daniel mer-
tens and Karsten Rippe) to stratify leu-
kemia patients into different treatment 
groups. 

2) The aberrant epigenetic landscape drives 
transcription, and we used transcriptom-
ic screens to identify compounds that 
target the microenvironmental support. 
We show that these repurposed sub-
stances are active in a leukemia mouse 
model via disruption of hypoxia-induc-
ible pathways that are the most import-
ant support in the leukemic niche. 

Cancer patients die from resistance to ther-
apy and metastasis. These processes are 
based on genetic and epigenetic aberra-
tions and require the support of the tumor 
microenvironment that supplies pro-sur-
vival and protective stimuli. Understanding 
the molecular mechanism of these process-
es will allow one to target aberrant (epi)
genetic pathways, interrupt the support 
of the microenvironment and address re-
sistance to therapy. The Cooperation Unit 
between the DKFZ and the University hos-
pital of Ulm is ideally suited to translate 
molecular findings on chronic leukemia 
towards clinical application with respect to 
prognosis and therapy.

DKFZ Junior Group 
Mechanisms of Leukemogenesis

Head: Pd dr. daniel mertens

mechanisms of Leukemogenesis (B061)
german Cancer Research Center aIm 
Neuenheimer Feld 280
69120 heidelberg
Phone: +49 731 500 45870
d.mertens@dkfz.de 
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Chromatin – the complex of the DNa ge-
nome with histones and other chromosom-
al proteins – is organized into cell-type spe-
cific patterns of repressive or active states. 
These represent an additional regulatory 
‘epigenetic’ layer that controls access to the 
information encoded in the DNa sequence. 
The Research group genome organization 
and Function applies an interdisciplinary 
approach to investigate how the underly-
ing chromatin networks operate. our re-
search aims at rationalizing how chromatin 
states are established and propagated, and 
how they control cellular functions like 
transcription or DNa repair. By comparing 
healthy and malignant cells, we dissect 
epigenetic deregulation in cancers and the 

functional consequences of tumor-specific 
‘driver’ mutations that affect chromatin 
networks and epigenetic signaling. This 
work is also applied to understand the 
effects of perturbing chromatin networks 
with ‘epigenetic drugs’ used in cancer 
therapy that inhibit chromatin-modifying 
enzymes. 

FUTURe oUTLooK:
In our future research we will integrate 
single cell sequencing methods and fluo-
rescence microscopy. The goal is to dissect 
cellular heterogeneity in primary tumor 
cells in terms of deregulated epigenetic sig-
naling and drug response, with a focus on 
chronic and acute leukemia.
 

Head: Pd dr.  Karsten rippe

genome organization and Function (B066)
german Cancer Research Center 
Im Neuenheimer Feld 280
69120 heidelberg
Phone: +49 6221 54 51376
karsten.rippe@dkfz.de

Research Group 
Genome Organization and Function
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glioblastoma urgently calls for an improve-
ment of therapy success, implying many 
opportunities for translational research. 
Its annual incidence varies from 5 to 7 per 
100,000 each year, about 25,000 new cases 
are diagnosed in the european Union.
The aim of the DKFZ Junior group “Brain 
Tumor Translational Targets” is to discover 
new therapeutics for glioblastoma pa-
tients, focusing on the therapy-resistant 
sub-population of cells, so-called cancer 
stem-like cells. 
The research of our group comprises the 
use of high-throughput functional screen-
ing methods to uncover oncological pro-
cesses and thereby identify new druggable 
therapeutic targets for glioblastoma.
In recent years, the advent of high-through-
put next-generation sequencing technolo-

gies has led to a new era in the study of de 
novo mutations, helping to uncover disease 
preconditions and mechanisms. however, 
these informative analyses do not account 
for post-translational modifications that 
lead to oncogene activation or tumor sup-
pressor gene inhibition. high-throughput 
phenotypic screens as performed in our 
group have proven to resolve this issue 
and offer a large panel of candidate genes 
that are worth considering as therapeutic 
targets.

FUTURe oUTLooK:
our long-term research goal is to bring 
new compounds into preclinical studies to 
assess the therapeutic efficiency of newly 
identified targets’ inhibitors for brain tu-
mor patients.

Head: dr. Violaine goidts

Brain Tumor Translational Targets (B067)
german Cancer Research Center 

Im Neuenheimer Feld 580
69120 heidelberg

Phone: +49 6221 42 4635
v.goidts@dkfz.de

DKFZ Junior Group 
Brain tumor translational targets
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susceptibility to breast cancer (BC) is in-
fluenced by rare coding variants in suscep-
tibility genes, notably BRCa1 and BRCa2, 
and a large number of about 100 common 
variants across the genome. In contrast to 
BRCa variants, common variants confer 
low risks. however, common variants com-
bined result in high risks. our group aims 
to identify genetic and non-genetic factors 
associated with overall and subtype-spe-
cific BC risk in the general population (1) 
and genetic modifiers of breast and ovari-
an cancer risks in BRCa mutation carriers. 
We have shown that the single nucleo-
tide polymorphism rs7984952 in the UsPL1 
gene is associated with the risk of poorly 

Head: Prof. dr. ute Hamann

molecular genetics of Breast Cancer (B072)
german Cancer Research Center 

Im Neuenheimer Feld 280
69120 heidelberg

Phone: +49 6221 42 2344
u.hamann@dkfz.de

Research Group 
Molecular Genetics of Breast Cancer

differentiated breast tumors (2). We also in-
vestigate the role of variants in asians and 
hispanics. another focus is the search for 
new biomarkers for BC prognosis and pre-
diction of endocrine treatment outcome. 
The identified common variants are useful 
for the distinction of women at high and 
low risk of BC and hence improve targeted 
early detection and prevention. 

FUTURe oUTLooK:
Future work will focus on the identifica-
tion of epigenetic changes that contribute 
to BC risk and affect the prognosis in the 
general population and BRCa mutation 
carriers. 
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fied (epi-) genetic alterations leading to 
mYCN/mYC or TeRT oncogene activation 
in neuroblastoma cells that define dis-
tinctly different aggressive neuroblasto-
ma subtypes. our specific interest is in 
investigating the functional impact of 
these oncogenic alterations during neuro-
blastoma tumor initiation and malignant 
progression. 

FUTURe oUTLooK:
Future research is aimed at developing 
new molecularly targeted therapeutic 
approaches that specifically target these 
alterations in high-risk neuroblastoma 
subtypes.

Head: Pd dr. Frank westermann

Neuroblastoma genomics (B087)
german Cancer Research Center
Im Neuenheimer Feld 280
69120 heidelberg
Phone: +49 6221 42 3219
f.westermann@dkfz.de

Research Group 
neuroblastoma Genomics

malignant tumors acquire distinctive and 
complementary capabilities that enable 
tumor growth and metastatic dissemi-
nation. The Research group “Neuroblas-
toma genomics” studies genetic and 
epigenetic alterations in cancer cells that 
control these features using Neuroblasto-
ma as a model. Neuroblastoma – derived 
from progenitor cells of the peripheral 
sympathetic nervous system – is the most 
common single-entity solid cancer in early 
childhood. It is characterized by heteroge-
neous clinical phenotypes ranging from 
spontaneous regression to malignant 
progression despite intensive multimodal 
therapies. To this end, we have identi-
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three areas: (I) large scale investigation of 
so far unknown proteomes, (II) quantita-
tive description of posttranslational mod-
ifications, and (III) relative and absolute 
quantification of proteins and protein 
complexes. To this end we are applying 
metabolic labeling with heavy isotopes 
as well as label-free approaches to obtain 
comprehensive information to uncover 
the dynamics and interactions of protein 
networks. 

FUTURe oUTLooK:
We will apply mass spectrometry to inves-
tigate and quantitatively describe protein 
interactions and networks.

Proteomes change qualitatively and quan-
titatively, reflecting the alterations in the 
physiological state of cells, body fluids, 
organelles and organisms. This is not only 
achieved by the expression of different 
genes and proteins, but also by a large 
number of posttranslational events giving 
rise to the high complexity on the protein 
level. In recent years, mass spectrometry 
has emerged to be one of the most power- 
ful tools to study proteomes, protein net-
works and multiprotein platforms. In col-
laborative projects with clinical partners 
our Research group “Functional Proteome 
analysis” is participating in several long-
term research activities including mainly 

Head: dr. martina schnölzer

Functional Proteome analysis (B100)
german Cancer Research Center
Im Neuenheimer Feld 280
69120 heidelberg
Phone: +49 6221 42 2723
m.schnoelzer@dkfz-heidelberg.de

Research Group 
Functional Proteome analysis
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