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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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Essen/Düsseldorf

Freiburg

Tübingen

München

Dresden

Berlin

Heidelberg (Core Center)
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Research Program a: Cell Biology and Tumor Biology
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Cell Biology and  
Tumor Biology

The Research Program (FsP-a) concentrates the basic cell and tumor biology-focused re-
search groups at the Center. The FsP-a groups focus on either the molecular, cellular and 
functional analysis of the mechanisms leading to tumor initiation, tumor promotion and 
tumor progression including metastasis or tackle fundamental discipline-independent bi-
ological questions. The scientists of the Research Program “Cell and Tumor Biology” pursue 
towards this end the following specific aims:

 • They investigate how genome stability is ensured, as inherited or acquired alterations 
in the genome are causative for tumor initiation and progression. The experimental 
program also focuses on epigenetic mechanisms and RNa biology.

 • They study cell surveillance and damage control mechanisms, which allow cells to 
monitor molecular processes and respond to pathologic damage. This includes the con-
trol of protein stability and turnover.

 • They unravel critical signaling pathways and networks that enable cells to perceive 
and correctly respond to information and to govern cellular processes. scientists in this 
research program investigate how dysregulation of these mechanisms is linked to ma-
lignancies. 

 • They analyze cell differentiation pathways and the biology of stem and progenitor cells, 
taking into consideration that perturbed cell differentiation and dysregulated stem cell 
programs are at the heart of many oncological and non-oncological diseases.

 • They exploit the complexity of tumor cell interactions with their microenvironment to 
analyze a tumor not just as a clump of tumor cells leading to local disease, but rather 
as a complex pathologic organ causing systemic disease. metabolic changes are stud-
ied as risk factors and consequences of tumorigenesis and tumor progression. 

To tackle these issues, the scientists employ a broad array of highly specialized molecular, 
cellular and organismic tools and techniques. With scientific excellence being the primary 
recruitment criterion, outstanding groups are affiliated with the FsP-a. Thus, their cut-
ting-edge basic cell and tumor biology research establishes the knowledge-based foun-
dation for rational translation and exploitation into medical application for some of the 
most devastating human diseases. For a conceptually broader basic science appreciation 
beyond its primary tumor biology focus, DKFZ’s Cell and Tumor Biology Research Program 
is part of the DKFZ-ZmBh alliance, a strategic partnership between the FsP-a and the 
Center for molecular Biology of heidelberg University (ZmBh), which was established in 
2007 in order to overcome the classical boundaries between the two strong university and 
non-university institutions on the heidelberg campus. Details about research projects of 
the individual FsP-a research groups can be found on the following pages.

Coordinator
Prof. dr. andreas Trumpp
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awards 
and granTs

Professor helmut augustin: 
HMLS Investigator Award 2014 

Professor andreas Trumpp : 
Swiss Bridge Award 2015

Dr. hai-Kun Liu: 
eRC Consolidator grant 2015  

and  
Chica and heinz schaller Foundation award 2015



bilities for the design of better diagnostic 
and therapeutic tools for breast cancer (3). 
In pancreatic cancer we have identified 
novel tumor subclasses and developed 
biomarkers to allow the stratification of 
patients. one subclass shows a widespread 
resistance to current therapies. This is me-
diated by CYP3a5, which initiates an en-
zymatic cascade to metabolize and inacti-
vate the drugs. Blockade of CYP3a5 breaks 

resistance and sensitizes the tumors to 
several drugs in preclinical settings (4). We 
are now developing CYP3a5 inhibitors for 
combination therapies to target pancreatic 
cancers.

FUTURe oUTLooK:
We functionally characterize both normal 
and malignant stem cells by using in vitro 
and in vivo approaches. We then use state-
of-the-art methods to uncover the mech-
anisms that control and drive normal and 
uncontrolled self-renewal as well as ther-
apy resistance. From model systems, we 
typically extend our work to the analysis of 
primary patient derived samples and link 
the results to clinical parameters with the 
goal to develop innovative strategies to de-
tect and target cancer and metastatic stem 
cells and break therapy resistance.
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Patient PDAC biopsy sample stained for CYP3A5 
(green) and nuclei (blue).

Head: Prof. dr. andreas Trumpp

stem Cells and Cancer (a010)
Co-Director of the DKFZ-ZmBh alliance

managing Director of the heidelberg 
Institute for stem Cell Technology and 

experimental medicine (hI-sTem ggmbh) 
german Cancer Research Center 

Im Neuenheimer Feld 280
69120 heidelberg

Phone: +49 6221 42 3901
a.trumpp@dkfz.de

stem cells are essential for maintaining 
and repairing regenerative tissues. how-
ever, genetic alterations of stem cells can 
lead to the generation of “cancer stem 
cells” (CsCs) that drive tumorigenesis and 
metastasis. starting with mouse models, 
we extend our work to the analysis of pri-
mary patient samples (blood, bone marrow, 
tumor/metastasis samples) and link the 
results to clinical parameters with the goal 
to develop innovative strategies to detect 
and target cancer and metastatic stem 
cells and break therapy resistance (see also: 
www.hi-stem.de).
We are interested to unravel the molecular 
and cellular basis of hematopoietic stem 
cell (hsC) and embryonic stem cell (esC) 
self-renewal. We have previously shown 
that the most potent hsCs are in a state of 
deep dormancy. In response to infections 
or chemotherapy mediated cell loss, dor-
mant hsCs become activated and organize 
the repair of the system (Wilson, Cell 2008; 
essers, Nature 2009). Using genome-wide 
transcriptomics, proteomics and meth-
ylome analysis, we have established the 
molecular landscape of hsCs and progen-
itors to understand the molecular basis 
of self-renewal and multipotency, as well 
as the interactions between stem cells 
and their niche (1). We then showed that 
the oncogene mYC controls dormancy of 
pluripotent cells in the embryo and hsCs 
in the adult organism. Thus, mYC is the 
key regulator controlling entry and exit 
from dormancy of normal stem cells and 
potentially in cancer and metastasis stem 
cells (2). In our mDs and amL program we 
study signaling networks and the role of 
the microenvironment for disease progres-
sion and therapy resistance (medyouf, Cell 
stem Cell 2014). In solid tumors, we have 
identified circulating “metastasis initiating 
cells” (mICs) directly from the peripher-
al blood of breast cancer patients, which 
are able to initiate new bone and lung 
metastasis. Their cell surface receptors 
CD44+meT+CD47+ offer now novel possi-

seLeCTeD PUBLICaTIoNs: 
(1) Noll e.m. et al., (2015). CYP3a5 mediates 
basal and acquired therapy resistance in dif-
ferent subtypes of pancreatic ductal adeno-
carcinoma. Nature Medicine, 22(3), 278-287.
(2) scognamiglio R. et al., (2015). myc Deple-
tion Induces a Pluripotent Dormant state 
mimicking Diapause. Cell, 164(4), 668-680. 
(Cover story)
(3) Cabezas- Wallscheid N. et al., (2014). Iden-
tification of regulatory networks in hsCs and 
their immediate progeny via integrated pro-
teome, transcriptome and DNa methylome 
analysis. Cell Stem Cell, 15(4), 507-522. (Cov-
er story)
(4) Baccelli I. et al. (2013). Identification of a 
population of blood circulating tumor cells 
from breast cancer patients that initiates me-
tastasis in a xenograft assay. Nature Biotech-
nology, 31(6), 539–544.

Division 
stem Cells and Cancer
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sive. In this context, the Division of molec-
ular embryology is using frogs and mice as 
model organisms to study mechanisms of 
Wnt signaling, which underlies embryon-
ic cell differentiation. We are identifying 
developmental control genes, and are in-
vestigating their functions and regulation. 
our particular interest is investigating the 
mechanisms of signaling events at the 
plasma membrane.

FUTURe oUTLooK:
Future research is aimed at identifying nov-
el Wnt pathway components, to study their 
role and mechanism of action.

how cells communicate with their envi-
ronment via cell-cell interactions and by 
growth factors is a key question in the mo-
lecular life sciences. The Wnt growth factor 
signaling pathway plays an eminent role in 
development and stem cells. Understand-
ing the molecular events that regulate Wnt 
signalling is of fundamental importance 
for cancer research. Yet, many aspects of 
the Wnt signal transduction remain elu-

Head: Prof. dr. Christof niehrs

molecular embryology (a050)
german Cancer Research Center
Im Neuenheimer Feld 280
69120 heidelberg
Phone: +49 6221 42 4693
niehrs@dkzf.de

Two-headed Xenopus embryo following 
experimental overstimulation of the head 
inducer Dickkopf 1.

seLeCTeD PUBLICaTIoNs: 
(1) Koch, s. et al. (2015). Post-transcription-
al Wnt signaling governs epididymal sperm 
maturation. Cell, 163(5),1225-1236
(2) Perez-acebron, s.P. et al. (2014). mitot-
ic wnt signaling promotes protein stabiliza-
tion and regulates cell size. Mol Cell, 54(4), 
663-774.
(3) Cruciat, C.m. et al. (2013). RNa helicase 
DDX3 is a regulatory subunit of casein ki-
nase 1 in Wnt-β-catenin signaling. Science, 
339(6126), 1436-1441.
(4) Cruciat, C.m. et al. (2010). Requirement of 
prorenin receptor and vacuolar h+-aTPase 
mediated acidification for Wnt signaling.  
Science, 327(5964), 459-463.

Division 
Molecular embryology



The Division is working on the characteriza-
tion of the genetic response of organisms 
and their cells to external signals (growth 
factors, inflammation-related cytokines, 
carcinogens and tumor promoters), em-
ploying genetically modified mouse models 
(which replicate features of human dis-
eases) and cell- and organ cultures derived 
thereof. We want to define and character-
ize altered gene functions, which result 
in imbalanced signaling pathways and 
downstream genetic programs that form 
the basis for acquired capabilities of uncon-
trolled cell growth, evasion of apoptosis, 
sustained angiogenesis and, finally, en-
hanced tissue invasion and metastasis. To 
date, we have applied genetically modified 
animal models, in vitro organ systems, and 
genome-wide expression analyses in or-
der to decipher the individual functions of 
aP-1 subunits. our study of individual aP-1 
subunits with regard to their regulation, 
as well as the identification of distinct tar-
gets genes and genetic programs critically 
involved in cancer development and pro-
gression, has yielded major contributions 
to our current understanding of genetic 

programs in physiological (e. g. embryogen-
esis, vascular biology/angiogenesis, wound 
healing) and pathological processes (chron-
ic inflammation, tumorigenesis). In collabo-
ration with clinical partners, these studies, 
accompanied by analyses of human tumor 
samples, aim ultimately to define novel 
molecular markers for diagnosis and thera-
peutic intervention.

FUTURe oUTLooK:
With the goal of bridging basic science and 
translational research, and in collabora-
tion with partners at the DKFZ, heidelberg 
University and external partners, our pro-
gram will focus on intra- and intercellu-
lar signaling pathways and downstream 
genetic programs in cancer to develop and 
evaluate molecules as potential biomarkers 
or drug targets. We will utilize state-of-the-
art methods including modified transgen-
ic mice, various tumor models, interspe-
cies heterologous co-culture cell systems, 
genome-wide expression and epigenetic 
analyses combined with systems biological 
approaches, and molecular and cellular bi-
ology to study tumor-relevant genetic net-
works. We will focus on mechanisms of cell-
cell communication in wound healing, and 
cross-talk between tumor cells and cells of 
the microenvironment (endothelial, mesen-
chymal and immune cells). attention will be 
especially focused on (soluble) mediators of 
cell communication as well as downstream 
signaling pathways and genetic programs 
initiated in the corresponding target cells. 
our main projects concern:
1. Physiology and pathology of wound 

healing: genetic programs of cell prolif-
eration, migration and differentiation.

2. Function of the cell surface protein 
podoplanin in brain and skin tumors.

3. genetic and epigenetic programs of 
tumor angiogenesis and vessel physiolo-
gy; role of the tumor stroma.

4. Function of the receptor Rage and its 
ligands (s100 proteins) in inflammation 
and cancer.
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Immunohistological analysis of a mouse 
liver tissue section showing induction of liver 
progenitor cells (red) in response to chronic liver 
damage in a murine model of inflammation-
driven liver carcinogenesis (Pusterla et al., 2013, 
Hepatology 58, 363-73)

Head: Prof. dr. Peter angel
signal Transduction and growth Control 

(a100)
german Cancer Research Center 

Im Neuenheimer Feld 280
69120 heidelberg

Phone: +49 6221 42 4570
p.angel@dkfz.de

seLeCTeD PUBLICaTIoNs: 
(1) Licht a.h. et al. (2010). Junb regulates arte-
rial contraction capacity, cellular contractility, 
and migration via its target myl9 in mice.  
J Clin Invest, 120(7), 2307–2318.
(2) gebhardt C. et al. (2008) Rage signaling 
sustains inflammation and promotes tumor 
development. J Exp Med, 205(2), 275–285. 
(3) hess J. et al. (2004). Functions of aP-1 sub-
units: Quarrel and harmony among siblings. 
J Cell Sci, 117(Pt 25), 5965–5973. 
(4) szabowski a. et al. (2000). c-Jun and JunB 
antagonistically control cytokine-regulated 
mesenchymal-epidermal interaction in skin. 
Cell, 103(5), 745–755. 

Division 
signal transduction and Growth Control



CanCer researCh at DKFZ 2016 9

to better understand the basic function of 
epigenetics in ecological adaptation and 
phenotypic plasticity.

FUTURe oUTLooK:
The division will continue its focus on the 
mechanisms that drive epigenetic de-
regulation during tumorigenesis. We will 
also continue to explore the role of RNa 
methylation in the re-coding of the cancer 
transcriptome. Finally, we will further in-
vestigate adaptive functions of DNa meth-
ylation by establishing marbled crayfish 
as a novel model system for epigenetics 
research.

epigenetic mechanisms regulate the inter-
pretation of genetic information and adapt 
gene expression patterns to changing de-
velopmental or environmental contexts. 
several epigenetic mechanisms have been 
identified so far, with DNa cytosine meth-
ylation representing the best-studied and 
possibly most relevant epigenetic mark. 
Interestingly, cytosine methylation is also 
present in RNa, suggesting conserved epi-
genetic functions of DNa and RNa methyl-
ation. our research focuses on understand-
ing the biological function of cytosine 
methylation as a versatile epigenetic mark. 
Importantly, altered DNa methylation 
patterns represent one of the earliest and 
most consistent hallmarks of human can-
cers. We are using molecular approaches 
in combination with genome-wide epigen-
etic profiling technologies to analyze epi-
genetic dysregulation in premalignant con-
ditions and during tumor formation. We 
have also developed a detailed mechanis-
tic understanding of RNa methylation as a 
novel epigenetic mark. Finally, we are using 
several innovative animal model systems, 
such as honeybees, locusts and crayfish, 

Head: Prof. dr. Frank lyko

epigenetics (a130)
german Cancer Research Center
Im Neuenheimer Feld 280
69120 heidelberg
Phone: +49 6221 42 3800
f.lyko@dkfz.de

Microscopic image of cancer stem cells expressing EGFP under the control of the OCT4- 
promoter. seLeCTeD PUBLICaTIoNs: 

(1) Raddatz, g. et al. (2012). Dnmt3a protects 
active chromosome domains against can-
cer-associated hypomethylation. PLoS Genetics, 
8(12), e1003146.
(2) Tuorto, F. et al. (2012). RNa cytosine meth-
ylation by Dnmt2 and Nsun2 promotes tRNa 
stability and protein synthesis. Nat Struct Biol, 
19(9), 900–905.
(3) Lyko F. et al. (2010). The honey bee epig-
enomes: differential methylation of brain DNa 
in queens and workers. PLoS Biology, 8(11), 
e1000506. 
(4) schaefer m. et al. (2010). RNa methyla-
tion by Dnmt2 protects transfer RNas against 
stress-induced cleavage. Genes & Develop-
ment, 24(15), 1590–1595.

Division 
epigenetics



For a long time, reactive oxygen species 
have been mostly regarded as unwanted 
and damaging side-products of cellular me-
tabolism. however, it has become clear that 
some of these species, in particular hydro-
gen peroxide (h2o2), play important posi-
tive roles as signaling molecules, and thus 
are essential for organismal health. oxida-
tive signals are now recognized to trigger 
adaptive responses and adequate cell fate 
decisions. The signaling function of h2o2 
is based on the reversible oxidative modi-
fication of transcription factors and other 
proteins involved in cell regulation. our 
special attention is devoted to the molec-
ular mechanisms by which h2o2 achieves 
specificity as a signaling molecule. We are 

investigating signaling pathways by which 
endogenous h2o2 contributes to metabolic 
stress adaptation and cytoprotection. Fur-
thermore, we aim to understand how tu-
mor cells take advantage of redox signaling 
pathways.

FUTURe oUTLooK:
We will continue to investigate the molec-
ular mechanisms of redox signaling, in par-
ticular the role of peroxidases as primary 
oxidant receptors and mediators of regula-
tory protein oxidation. We will continue to 
make use of mechanistic insights to create 
tools that enable the visualization and ma-
nipulation of defined redox signals inside 
living cells and model organisms. We will 
employ these tools to obtain understand-
ing of redox homeostasis in healthy and 
malignant situations. In particular, we are 
interested in intervention strategies that 
enhance cytoprotective redox signals in 
healthy cells and prevent them in malig-
nant cells. 
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Redox-sensitive cysteine residues (yellow) can 
act as molecular switches.

Head: Pd dr. Tobias dick

Redox Regulation (a160)
german Cancer Research Center

Im Neuenheimer Feld 280
69120 heidelberg

Phone: +49 6221 42 2320
t.dick@dkfz.de

seLeCTeD PUBLICaTIoNs: 
(1) Peralta, D. et al. (2015). a proton relay en-
hances h2o2 sensitivity of gaPDh to facil-
itate metabolic adaptation. Nat Chem Biol, 
11(2), 156-163.
(2) sobotta, m.C. et al. (2015). Peroxiredoxin-2 
and sTaT3 form a redox relay for h2o2 signal-
ing. Nat Chem Biol, 11(1), 64-70.
(3) morgan, B. et al. (2013). multiple glutathi-
one disulfide removal pathways mediate cy-
tosolic redox homeostasis. Nat Chem Biol, 
9(2), 119–125.
(4) albrecht, s.C. et al. (2011). In vivo mapping 
of hydrogen peroxide and oxidized glutathi-
one reveals chemical and regional specific-
ity of redox homeostasis. Cell Metab, 14(6), 
819–829. 

Division 
redox regulation
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FUTURe oUTLooK:
molecules of the angiopoietin/Tie ligand/
receptor family exert gatekeeper func-
tions within the vascular system to control 
tissue homeostasis and serve metabolic 
maintenance functions. Future work of the 
laboratory will be aimed at better under-
standing the molecular mechanisms of the 
vessel wall in the control of tissue homeo-
stasis, most notably as it relates to mainte-
nance and repair processes. experimental 
approaches include (i) the vascular control 
of liver regeneration and liver tumorigen-
esis, (ii) the role of blood vessels in con-
tributing to fibrotic tissue remodeling, (iii) 
the role of the vasculature in controlling 
tissue metabolism, including obesity, (iv) 
the role of blood vessels during aging and 
the role of vessel wall resident and bone 
marrow-derived stem cells during this 
process, and (v) the role of blood vessels in 
mediating the metastatic dissemination of 
circulating tumor cells. The lab will further 
intensify its efforts to elucidate the molec-
ular and functional properties of the least 
well understood cells of the vessel wall, 
the perivascular pericytes, a cell type lining 
the outer surface of capillaries. We will 
study pericyte-endothelial interactions in 
depth to unravel pericyte function during 
pathological conditions including fibrosis 
and tumor progression.

our laboratory studies the interactions 
between tumor cells and blood and lym-
phatic vessels during tumor progression 
and metastasis, as it relates to the growth 
of blood vessels in tumors. angiogenesis, 
the sprouting of new blood vessels from 
existing vessels, is an oncofetal process 
that occurs physiologically during develop-
ment and postnatal growth, but in adults 
is mostly restricted to pathological pro-
cesses, which makes it an attractive target. 
angiogenesis is characterized by molecular 
and cellular events which enable cells of 
the vessel wall (endothelial cells) to sprout 
from a pre-existing capillary to form new 
capillaries, which could then form a vascu-
lar network that matures over time with 

the recruitment of perivascular mural cells 
(smooth muscle cells, pericytes). We study 
the essential role of angiopoietin/Tie 
signaling in blood and lymphatic vessels 
and analyze the molecular and functional 
properties of endothelial cells and peri-
cytes during physiological and patholog-
ical angiogenesis and vessel remodeling. 
given the critical roles of blood and lym-
phatic dysfunction for numerous oncologi-
cal and non-oncological diseases, this work 
is aimed at better understanding the com-
plexity of vessel functions to pave the way 
for rational therapeutic exploitation.

Head: Prof. dr. Hellmut augustin 

Vascular oncology and metastasis (a190)
german Cancer Research Center 
Im Neuenheimer Feld 280
69120 heidelberg
Phone: +49 6221 42 1500
h.augustin@dkfz.de
Lab-webpage: www.augustinlab.de

Mouse pups are born with an avascular 
retina. After birth, retinal blood vessels grow 
centrifugally from the optic disc over a period 
of 6 to 8 days to form a complex sheet-like 
capillary network that eventually prunes and 
matures over time. Due to its versatility and 
opportunities for high resolution analysis, 
the postnatal retinal angiogenesis model has 
developed to become the most popular model 
to study angiogenesis in vivo.

seLeCTeD PUBLICaTIoNs: 
(1) scholz B. et al. (2015). endothelial RsPo3  
controls vascular stability and pruning 
through non-canonical WNT/Ca(2+)/NFaT  
signaling. Dev Cell, 36(1), 79-93.  
(2) mogler C. et al. (2015). hepatic stellate 
cell-expressed endosialin balances fibro- 
genesis and hepatocyte proliferation during 
liver damage. EMBO Mol Med, 7(3), 332–338.
(3) srivastava K. et al. (2014). Postsurgical  
adjuvant tumor therapy by combining anti- 
angiopoietin-2 and metronomic chemo- 
therapy limits metastatic growth. Cancer Cell, 
26(6), 880–895.
(4) hu J. et al. (2014). endothelial cell-derived 
angiopoietin-2 controls liver regeneration as 
a spatiotemporal rheostat. Science, 343(6169), 
416–419.

Division 
Vascular Oncology and Metastasis 



FUTURe oUTLooK: 
The laboratory continues to focus on the 
regulation of the cell growth and prolifera-
tion in several cell types in Drosophila. The 
main projects concern:

 • Regulation of cell cycle exit during differ-
entiation

 • Cell cycle control by hsp90 and the  
aPC/C ubiquitin ligase

 • Control of endocycles by e2F and the 
CRL4 ubiquitin ligase

 • growth regulation of the endocycle
 • mechanism of endocycling in murine tro-

phoblast giant cells
 • Intestinal stem cell control by cell signal-

ing pathways including Jak/stat, egFR/
Ras/maPK, hippo, and others

 • Whole-genome screens for regulators of 
intestinal stem cell proliferation and dif-
ferentiation

 • Cell cycle controls in intestinal stem cells 
and their progeny

 • Development of an in vitro intestinal 
stem cell culture model

CanCer researCh at DKFZ 201612
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Stem cell tumors 
(green cells) in a fruit 
fly intestine caused by 
forced activation of 
Spitz, a conserved  
EGF-type growth factor. 
The fly intestine has 
many similarities to its 
human counterpart, 
and is being used by the 
Division to understand 
the genetic basis 
of gastrointestinal 
tumorigenesis.

Head: Prof. dr. Bruce edgar

Cell growth and Proliferation (a220)
german Cancer Research Center /ZmBh

Im Neuenheimer Feld 282
69120 heidelberg

Phone: +49 6221 54 6827
b.edgar@dkfz.de

The precise control of cell proliferation is es-
sential for development in growing animals 
and plants, and for tissue homeostasis in 
adults. Loss of this control is a pre-requisite 
for carcinogenesis. Research in the Division 
of Cell growth and Proliferation focuses on 
the mechanisms that control cell growth 
and proliferation using the Drosophila mod-
el system. The team uses diverse molecu-
lar, genetic and cytological approaches to 
discover, and then characterize, genes and 
pathways that regulate the growth and pro-
liferation of cells in vivo in different organs 
and tissue types in this small fruit fly. genes 
discovered in this way often prove to be on-
cogenes or tumor suppressors in humans, 
and thus these basic studies fuel more ap-
plied cancer research. ongoing projects ad-
dress the control of cell proliferation by the 
e2F, Retinoblastoma, and aPC/C complexes, 
the mechanism of growth-dependent en-
doreplication cell cycles, nutrient-regulated 
cell growth via the insulin-ToR signaling 
network, and the regulation of homeostat-
ic and neoplastic growth in the fly’s gut by 
intestinal stem cells.

seLeCTeD PUBLICaTIoNs: 
(1) Jiang h. et al. (2011). egFR/Ras/maPK sig-
naling mediates adult midgut epithelial ho-
meostasis and regeneration in Drosophila. 
Cell Stem Cell, 8(1), 84–95. 
(2) shaw R.L. et al. (2010). The hippo pathway 
regulates intestinal stem cell proliferation 
during Drosophila adult midgut regeneration. 
Development, 137(b24), 4147–4158
(3) Jiang h. et al. (2009). Cytokine/Jak/stat 
signaling mediates regeneration and homeo-
stasis in the Drosophila midgut. Cell, 137(7), 
1343–1355.
(4) shibutani s.T. et al. (2008). Intrinsic nega-
tive cell cycle regulation provided by PIP box- 
and Cul4Cdt2-mediated destruction of e2f1 
during s phase. Dev Cell, 15(6), 890–900.

Division 
Cell Growth and Proliferation 
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to manipulate interneurons selectively in 
the hippocampal-entorhinal cortex forma 
tion. To this end, we employ virus-medi-
ated gene expression of light-activated 
channels (e. g. Channel rhodopsin) that 
allow for the reliable on-line identifica-
tion of gaBaergic interneurons in freely 
moving mice and subsequent interference 
with the cellular activity during behavior-
al performance. This approach opens up 
possibilities for establishing causal rela-
tionships between gaBaergic interneuron 
activity, spatial coding and memory. Finally, 
we have discovered novel gaBaergic path-
ways between hippocampus and medial 
entorhinal cortex as well as many other 
brain areas whose function for neuronal 
synchronization between these two major 
brain areas remains to be established. 
Projects regarding neurogenesis will focus 
on modification of neurogenesis by envi-
ronmental factors and will establish the 
functional significance of neurogenesis for 
hippocampal and olfactory learning.

The research focus of our lab regards the 
study of gaBaergic neurons and their role 
in controlling synchronous network activ-
ity. gaBaergic interneurons are the princi-
pal source of inhibition in the adult brain 
and synchronize the activity of neuronal 
networks with millisecond precision, a pre-
requisite for most higher brain functions. 
Projects focusing on gaBaergic interneuron 
function are tightly interlinked and include 
studies at the molecular, cellular, network 
and behavioral level. We identified molec-
ular targets that are ideal for manipulating 
gaBaergic interneuron activity in order to 
probe cell and network function. Thus, we 
utilize genetically modified mice with re-
duced gaBaergic interneuron recruitment 
or altered connectivity and study the effect 
on spatial coding and memory. We focus on 
the hippocampal-entorhinal formation, a 
brain structure that is required for spatial 
navigation in rodents and episodic memo-
ry in humans. We employ optogenetics to 
identify and manipulate gaBaergic inter-
neuron activity in freely moving mice. Fi-
nally, we study plasticity resulting from the 
integration of newborn neurons into estab-
lished postnatal networks in the olfactory 
bulb and in the hippocampus. Neurogene-
sis projects focus on genes involved in cell 
generation, migration and differentiation.

FUTURe oUTLooK: 
We will extend our ongoing investigations 
in the following directions: 
Projects revolving around gaBaergic inter-
neuron function will entail more local ge-
netic manipulation. so far, genetic manip-
ulation affected gaBaergic interneurons in 
the whole forebrain, but it would be ideal 

Head: Prof. dr. Hannah monyer
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term spatial memory. J. Neurosci, 31(17), 6542–
6552. 
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active adult neurogenesis is one of the 
most exciting discoveries in neuroscience 
within the last decade. The subventricular 
zone (sVZ) of the lateral ventricle (LV) and 
the subgranular zone (sgZ) of the dentate 
gyrus (Dg) in the hippocampus are the 
largest germinal zones of sustained neuro-
genesis during adulthood in the mamma-
lian central nervous system. astrocyte-like 
type B cells in the adult sVZ are thought to 
be multipotent neural stem cells (NsCs). 
These cells give rise to transient amplifying 
type C cells, which in turn differentiate into 
type a cells (neuroblasts) that migrate to 
the olfactory bulb (oB) through the rostral 
migratory stream (Rms). NsCs in the sgZ 
mainly give rise to new granular cells in the 
Dg which are thought to be important for 
spatial learning and memory. adult neu-
rogenesis in the sVZ represents a unique 
system in which to study regulation of NsC 
proliferation, differentiation and directed 
neuronal migration in vivo. strikingly, these 
cells can also initiate gliomagenesis after 
acquiring the same oncogenic mutations 
which were found in human brain tumor 

patients. our lab aims to identify crucial 
molecular pathways that are important for 
the regulation of normal and neoplastic 
neural stem cells. To achieve this goal, we 
are mainly using mouse models in which 
we have altered the activity of some onco-
genes, tumor suppressors and chromatin 
remodelers specifically in adult mouse neu-
ral stem cells.

FUTURe oUTLooK:
We have generated several mouse models 
which can be used to introduce genetic 
mutations specifically in NsCs. We are cur-
rently using these models to study: 
1. Genetic and epigenetic regulation of  

neural stem cells 
epigenetic mechanisms are crucial for 
the regulation of the most important 
characteristics of stem cells, namely, 
self-renewal and multipotency. Key tran-
scriptional factors play decisive roles in 
determining the identity of stem cells 
and their progenies. one major focus in 
our lab is understanding the interplay 
between crucial transcriptional factor 
and chromatin remodelers, in particular 
their functions during neural stem cell 
self-renewal and differentiation. 

2. Neoplastic neural stem cells 
one important issue of targeting brain 
tumor stem cells (BTsCs) is to avoid 
damaging normal stem cells. Thus our 
goal is to identify critical differences 
between normal and tumor stem cells, 
which will provide important informa-
tion for targeting BTsCs exclusively.

3. Mouse models of brain tumors 
We have developed several inducible 
mouse brain tumor models by introduc-
ing genetic mutations that are frequent-
ly found in human patients. We consider 
the inducible model a better model to 
recapitulate human glioblastoma, and it 
will be extremely interesting to further 
investigate the cellular and molecular 
changes that occur before detectable 
brain tumor formation in this particular 
model. 
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A GFP labeled newborn neuron in the mouse 
adult hippocampus.
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molecular chaperones are central compo-
nents of the cellular machinery that main-
tains protein homeostasis, and therefore 
have fundamental impact on cell physiol- 
ogy, aging and disease. our goal is to un-
derstand the mechanisms of chaperone 
networks in protein biogenesis and quality 
control, and how these networks relate to 
cancer and neurodegeneration. We have 
three main research themes: 
(1) Biogenesis of proteins: 
a multi-layered machinery engages trans-
lating ribosomes to promote folding of 
newly synthesized proteins. We want to 
understand how this machinery guides na-
scent polypeptides to the native state, and 
how assembly of oligomeric protein com-
plexes are achieved. 
(2) Cellular protein quality control: 
Perturbation of proteostasis activates 
quality control systems which refold and 
degrade misfolded proteins or sequester 
them into aggregates. We are investigating 
the organised aggregation of proteins in 
cells, and the mechanisms by which chap-
erones rescue aggregated proteins. 

(3) Propagation of protein misfolding from 
cell to cell: 
Various diseases such as neurodegenera-
tion exhibit a complex pathology involving 
non-cell autonomous effects and progres-
sive cell-to-cell spreading of protein 
misfolding. We want to understand how 
local misfolding is affecting neighboring 
cells and tissues and how proteostasis is 
orchestrated at the organismal level.
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FUTURe oUTLooK:
We will continue to focus on the three 
main topics: 
(1) Biogenesis of proteins: 
What are the mechanisms of chaper-
one-assisted co-translational protein 
folding and assembly? To what extent are 
protein folding processes regulated by vari-
ations in translation speed? how do silent 
mutations related to cancer affect transla-
tion speed and protein folding? 
(2) Cellular protein quality control: 
how do hsp70-based chaperone networks 
operate in protein disaggregation and re-
folding? What is the basis for the triage de-
cision between degradation and refolding 
of misfolded proteins? 
(3) Propagation of protein misfolding from 
cell to cell: 
Which pathways and cellular factors me-
diate the spreading of protein aggregates 
from cell to cell? how does the chaperone 
network affect the formation and spread-
ing of protein aggregates?

Head: Prof. dr. Bernd Bukau

Chaperones and Proteases (a250)
german Cancer Research Center & ZmBh
Im Neuenheimer Feld 282
69120 heidelberg
Phone: +49 6221 54 6795
bukau@zmbh.uni-heidelberg.de

Aggregate deposits of misfolded proteins in yeast cells:  Proteotoxic stress causes accumulation of 
misfolded proteins, which are sequestered at distinct cellular sites, CytoQ and INQ (IntraNuclear 
Quality control). Sequestration at CytoQs relies on the small heat shock protein, Hsp42. INQ resides 
inside the nucleus next to the nucleolus, depends on Btn2 and harbors cytosolic and nuclear 
misfolded proteins. Misfolded proteins can be extracted from INQ and CytoQ by combined action 
of Hsp70 and Hsp104, allowing for substrate refolding. 
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adult stem cells are defined by their ability 
to self renew and generate terminally dif-
ferentiated cells of different lineages. These 
cells are therefore important for mainte-
nance of tissue homeostasis and repair and 
aberrant regulation of these processes may 
result in tumor initiation and progression.  
our laboratory is particularly interested 
in understanding stem cell heterogeneity 
and plasticity. how many differently com-
mitted stem cells do we have in the adult 
brain? how many different subtypes do 
we actually need for efficient brain repair? 
how restricted is stem cell plasticity in the 
brain compared to other adult organs? 
What are the molecular triggers of plastici-
ty and how are they linked to tissue repair 
and tumor initiation/progression? To tackle 
these questions we rely on state-of-the-art 
technologies that enable studying of these 
processes at different levels: (1) molecular: 
including the study of chromatin, transcrip-
tion and translation regulation; (2) single 
cell:  including clonal analysis and single 
cell “omics”; (3) organ: focusing on stem 
cell’s interaction with other local cell types 

and immune cells; and (4) organismal lev-
el: including genetic and disease animal 
models. 
Unraveling the complex functions of CD95 
in homeostasis and disease is the second 
major topic of the laboratory. In particular, 
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Left: Tracing of acinar cells using Rainbow2-labeling in order to investigate homeostasis of adult 
pancreas, inset showing organoids resulting by proliferation of acinar cells in vitro under 3D culture 
conditions, formula describes the average number of nuclei in a clone, an important parameter for 
the mathematical modeling of acinar cell propagation. 
Right: summary of recent data related to neural stem cell (NSC) biology, bottom left shows NSCs 
in the center of pinwheel structures (in green) in the subventricular zone of adult mice, single-cell 
sequencing demonstrated heterogeneity which is illustrated by principal component analysis 
(PCA) in the bottom right part. These NSCs are producing newborn neurons in the olfactory bulb 
throughout the life of a mouse, labeled with red fluorescent protein (RFP, see top right). Interferon 
signaling contributes to activation of quiescent NSCs when mice are subjected to brain injury as 
illustrated in the upstream regulator analysis on the top left.
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we have discovered the multiple roles that 
CD95 plays in different neural, immune 
and tumor cells. We have identified CD95 
as a modulator of survival, activation and 
lineage commitment in stem cells and in-
flammation. aberrant regulation of CD95 
activity crucially contributes to brain and 
pancreatic tumor progression. Identifica-
tion of the different arms of action of CD95 
should facilitate the device of targeted 
therapies against cancer, and inflammatory 
and neurodegenerative disorders.

FUTURe oUTLooK:
our current and future research focuses 
on understanding the molecular program 
involved in the control of stem cell quies-
cence/activation and plasticity, and the re-
versibility of these processes. Findings from 
adult stem cells will be further examined in 
human cancer stem cells and animal mod-
els of cancer. our research aims at identi-
fying molecular mechanisms involved in 
stem cell biology and tumor initiation and/
or progression.
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Neural stem cells produce newborn neurons 
(labeled with red fluorescence protein) in the 
olfactory bulb throughout the life of a mouse.
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Model illustrating lncRNA-induced expression of SPHK1 (Sphingosine kinase 1). Tethering the 
antisense RNA Khps1 to DNA:RNA Triplex-Forming Region 2 (TFR2) guides the Khps1-associated 
histone acetyltransferase p300 to the SPHK1-B promoter. p300-dependent histone acetylation leads 
to chromatin de-compaction, facilitating E2F1 binding and activation of SPHK1 transcription.

Head: Prof. dr. ingrid grummt
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our group identifies, characterizes and 
exploits the molecular mechanisms that 
control gene expression at the genetic and 
epigenetic level, aiming to understand the 
chain of events by which external signals 
are transferred into the cell nucleus to 
regulate transcription of specific genes. 
Focusing on the role of nuclear noncod-
ing RNa (ncRNa) in chromatin structure 
and epigenetic regulation, we found that 
ncRNa has an impact on many chroma-
tin-mediated processes, linking both the 
RNa and chromatin fields. We have dis-
covered a novel RNa-based strategy for 
epigenetic programming, showing that 
ncRNas are capable of forming DNa:RNa 
triplexes with regulatory gene sequenc-
es. These triplex structures are specifically 
recognized by the DNa methyltransferase 
DNmT3b, thereby inducing DNa methyl-
ation and transcriptional silencing. other 
ncRNas guide histone modifying enzymes 
to specific genomic sites, demonstrating 
that ncRNas can act as selective ligands 
for chromatin modifying enzymes. Deci-
phering novel epigenetic and metabolic 
control mechanisms of gene expression 

will reveal how epigenetic defects cause 
human diseases and will be instrumental 
in facilitating therapeutic strategies in the 
future.

FUTURe oUTLooK:
evidence from a variety of experimental sys-
tems demonstrates that non-coding RNas 
(ncRNas) play a significant role in the con-
trol of gene expression and epigenetic regu-
lation. It seems that ncRNas are numerous 
and highly adapted in roles that require 
specific nucleic acid recognition without 
complex catalysis, such as in guiding RNa 
modifications or in directing post-transcrip-
tional regulation of gene expression and 
chromatin structure. We intend to identify 
ncRNas involved in the regulation of chro-
matin and transcription and will investigate 
the mechanism by which these ncRNas reg-
ulate the function of transcription factors 
and chromatin modifying enzymes. We will 
perform genome-wide analyses to explore 
with which proteins these regulatory RNas 
are associated and will validate their role 
in key biological processes. We expect that 
in the long term, these studies will lead 
to an understanding of the mechanisms 
that propagate a specific chromatin struc-
ture through cell division and will provide 
mechanistic insights into the functions of 
ncRNas in transcriptional regulation.

seLeCTeD PUBLICaTIoNs: 
(1) Zhao Z. et al. (2015). IncRNa-induced nucle-
osome repositioning reinforces transcription-
al repression of rRNa genes upon hypotonic 
stress. Cell Rep, 14(8), 1876-1882.
(2) Postepska-Igielska a. et al. (2015). LncRNa 
Khps1 regulates expression of the proto-onco- 
gene sPhK1 via triplex-mediated changes in 
chromatin structure. Mol Cell, 60(4), 626-
636.
(3) arab K. et al. (2014). Long noncoding RNa, 
TaRID, mediates demethylation and activa-
tion of the tumor suppressor TCF21. Mol Cell, 
55(4), 604-614.
(4) Bierhoff h. et al. (2014). Quiescence-in-
duced LncRNas trigger h4K20 trimethylation 
and transcriptional silencing. Mol Cell, 54(4), 
675-682.

Helmholtz Professorship 
Molecular Biology of the Cell II



CanCer researCh at DKFZ 2016 19

ed disks, mutations of which have been 
found worldwide to be responsible for 
arrhythmogenic cardiomyopathies that 
oftentimes result in “sudden death”. We 
have also evaluated the diagnostic value 
of these molecules for tumor cell typing, 
notably for the identification of the spe-
cific primary tumor of a given metastatic 
tumor. In another project we have iden-
tified, characterized and immunocyto-
chemically visualized a specific category 
of structure-determining protein, the lipid 
droplet surrounding protein cortex formed 
by type-specific molecules, which now pro-
vides another kind of immunocytochemi-
cal diagnostic reagent. 

FUTURe oUTLooK:
ongoing and future work aims at com-
pleting the analyses of cell type-specific 
molecules of cell-cell junctions and lipid 
cortices, as well as a new category of cell-
cell junctions, the tessellate junctions. 

Cell morphology, character, function and 
interaction with other cells are estab-
lished and predominantly determined by 
their architectonic organization, i. e. the 
cytoskeleton in both normal and patho-
logical states, in situ and in cell culture. 
In particular, our studies focuses on the 
structural and molecular elements form-
ing cytoplasmic filament systems, notably 
microfilament bundles as well as interme-
diate-sized filaments, and their specific 
anchorage structures, the dense plaques 
located on the cytoplasmic sides of cell-
cell junctions (primarily adhering cell-cell 
junctions). We are extending and complet-
ing our analyses of the major constituent 

molecules of cell type-specific junctions 
using biochemical and immunological 
methods, including chemical cross-linking 
as well as high-resolution immunofluores-
cence and immunoelectron microscopy. 
In 2014 we nearly completed our analyses 
of the constitutive molecules of the “com-
posite junctions” in myocardial intercalat-

Head: Prof. dr. werner w. Franke 
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Double-label immunofluorescence microscopy 
of a monolayer culture of epithelial cells 
(human keratinocytes of line HaCaT, nuclei 
are stained blue) connected by cell-cell bridges 
with central desmosomes (red and yellow show 
the major molecule, desmoplakin) anchoring 
bundles of keratin filaments (green). For details 
see W.W. Franke (2009) Cold Spring Harb. 
Perspect. Biol. 1, a003061
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FUTURe oUTLooK:
a better understanding on how quiescent 
hsCs can be activated by pro-inflammato-
ry cytokines might open up possibilities to 
target quiescent leukemic stem cells (LsCs), 
making them susceptible to conventional 
chemotherapy. LsCs are thought to initi-
ate and maintain leukemia. They can also 
transplant the disease and show unlimited 
self-renewal. Further, LsCs appear to be re-
sistant to conventional therapies including 
chemotherapy. Their quiescent status as 
well as localization in protective stem cell 
niches, are likely critical components. Thus, 
our finding that IFNα activates normal 
quiescent hsCs by putatively altering their 
niche interactions, may open new possibil-
ities for combining IFNα with classical che-
motherapy and potentially cure the disease.
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Like normal hematopoietic stem cells (HSCs), 
most leukemic stem cells (LSCs) are resistant 
to anti-proliferative chemotherapy (a). 
Their resistance is believed to be the cause 
of leukemia relapse. Several reasons for this 
resistance have been suggested, one of them 
being the dormant status of LSCs. Thus, if 
dormancy is a main reason for LSC resistance 
to chemotherapy, one can postulate a two-step 
therapy model by which the dormant LSCs can 
be targeted: activation of dormant LSCs by 
activators of quiescence such as IFNa, followed 
by targeted chemotherapy (b). Such therapy 
would not only reduce the bulk of the leukemia, 
but also eliminate the dormant LSCs, thus 
reducing the chances of relapse.
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Infection is a major source of natural stress 
for the hematopoietic system, leading to 
the exhaustion of large amounts of blood 
and immune cells. Restoration of homeo-
stasis following successful elimination of 
the infection depends on the replacement 
of these cells by hematopoietic stem cells 
(hsCs). In response to infection, long term 
quiescent hsCs are efficiently recruited into 
the cell cycle and returned back to quies-
cence after re-establishment of homeosta-
sis. We have previously demonstrated that 
IFNα, produced by virally infected immune 
cells to block the infection of more mature 
blood cells, can directly activate the entire 
hsC pool (essers et al, 2009, Nature). The 
focus of our current research is to under-
stand the link of inflammation and the hsC 
compartment via the effect of the pro-in-
flammatory cytokines on quiescent hsCs. 
even though hsCs directly respond to cyto-
kines like IFNs, it remains unclear wheth-
er hsCs can directly sense the infectious 
state. hsCs have the machinery to detect 
infectious particles as they express most of 
the Toll like receptors (TLRs), the major re-
ceptors for detecting pathogen-associated 
molecular patterns (PamPs), on their sur-
face. We investigate how hsCs as well as 
their niche environment in the bone mar-
row respond to different inflammatory cy-
tokines, pathogens, and viruses. Infections 
are for example associated with extensive 
platelet consumption. We have now identi-
fied potent stem-like megakaryocyte-com-
mitted progenitors (sL-mkPs) within the 
hsC compartment. acute IFN signaling 
triggers cell cycle activation of quiescent 
sL-mkP and mk protein production, me-
diating an efficient platelet recovery after 
inflammation-induced thrombocytopenia 
(haas et al, 2015, Cell stem Cell). 
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al decline and transformation. We have 
recently developed a model of DNa dam-
age in hematopoietic stem cells (hsCs) 
in vivo, which is precipitated by exposure 
of mice to agonists that mimic physio-
logic stress such as infection and chronic 
blood loss. These stress agonists drive 
hsCs out of their homeostatic quiescent 
status, resulting in de novo DNa damage 
as a consequence of increased replicative 
stress associated with dynamic changes 
in hsC energy metabolism. Importantly, 
this stress-induced DNa damage results in 
a phenotype of cumulative hsC attrition 
and a myeloid differentiation bias, which 
is akin to accelerated aging. In the setting 
of a clinically relevant mouse model of de-
fective DNa repair (Fanconi anemia), stress 
hematopoiesis leads to a premature col-
lapse of the entire hematopoietic system, 
fully recapitulating the progression of this 
disease in Fanconi anemia patients.

FUTURe oUTLooK:
The model described above is an ideal 
platform to study the response of hsCs to 
physiologic DNa damage and will allow us 
to better understand how environmental 
stress stimuli such as infections can impact 
upon both the rate of aging of tissues and 
the incidence of malignant transformation. 
This may have important clinical impli-
cations relevant to the study of age-re-
lated hematopoietic defects in patients. 
Furthermore, by defining the mechanism 
via which transforming mutations are ac-
quired in hsCs in response to stress, we 
will potentially gain a new perspective on 
environmental factors that influence car-
cinogenesis. such knowledge could then be 
used to devise strategies which reduce the 
risk of developing cancer in the first place.

In regenerating organs, the process of ag-
ing is likely driven by the progressive de-
pletion of adult stem cell populations that 
are responsible for maintaining tissues 
throughout the lifetime of an organism. 
one mechanism thought to be a primary 
cause of progressive adult stem cell deple-

tion with ongoing time, is the accumula-
tion of DNa damage in the stem cell com-
partment and the subsequent response to 
this insult. as well as potentially driving 
the loss of adult stem cells, DNa damage 
in this cell population is the likely mecha-
nism behind the sequential acquisition of 
transforming mutations that lead to ma-
lignant transformation. Critically, to date, 
no one has identified the universal physio-
logic source of DNa damage in adult stem 
cells that leads to age-associated function-
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Sections of bone marrow from a normal mouse 
(left) and a mouse deficient in the Fanconi 
anemia DNA repair pathway (right) which 
have both been chronically exposed to stress 
designed to mimic a viral infection. The normal 
bone marrow is full of hematopoietic cells, 
which are stained purple and pink. However, 
the premature ageing phenotype of the 
Fanconi anemia bone marrow is manifest as 
a profound depletion of hematopoietic cells, 
resulting in the expansion of adipocytes.
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FUTURe oUTLooK: 
our aim is to determine how the niche 
supports and maintains metastatic stem 
cell characteristics and its possible role in 
resistance to cancer therapy. It is increas-
ingly evident that stem cell properties play 
an important role in metastasis devel-
opment, and that the niche may support 
and maintain these features. We will pay 
particular attention to the extracellular 
matrix that has been demonstrated, by us 
and others, to be an essential component 
of the metastatic niche. The function of 
the eCm extends beyond a structural scaf-
fold and has been shown to be important 
for cell regulation and modulation of sig-
naling pathways. The eCm components of 
the metastatic niche support cancer pro-
gression and effectively help cancer cells 
to colonize distant organs. moreover, the 
metastatic niche may be a mode for dis-
seminated cancer cells to resist therapeu-
tic intervention. We will analyze the role of 
niche components in resistance to cancer 
therapy, an attribute that is tightly linked 
to metastatic progression. The dissection 
of the metastatic niche and the eCm me-
diated signaling within could provide new 
avenues to therapeutically impair the dis-
seminated cancer cells and prevent meta-
static relapse.
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Immunostaining of lung metastasis in a breast 
cancer xenograft showing expression of the 
metastatic niche component tenascin-C at the 
invasive front (arrowheads).

Head: dr. Thordur oskarsson
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metastasis is the spread of cancer cells from 
their site of origin leading to outgrowth 
in distant organs and is the cause of most 
cancer related deaths. To progress into overt 
metastasis, disseminated cancer cells must 
resist a non-permissive environment and 
maintain viability and growth at distant 
sites. Increasing evidence suggests that 
cancer cells adapt by engaging and manip-
ulating the microenvironment, generating a 
metastatic niche that promotes cancer cell 
fitness. To study the metastatic niche, our 
lab utilizes 3D culture systems of primary 
cancer cells, RNa interference, transcrip-
tomic and proteomic screens and various 
mouse models of cancer progression and 
metastasis. We have shown that tenascin C 
(TNC), an extracellular matrix (eCm) protein 
expressed in normal stem cell niches, is im-
portant in the metastatic niche and advanc-
es metastatic progression in breast cancer. 
TNC promotes viability of metastasis initi-
ating cells by enhancing the expression of 
musashi-1, a positive regulator of Notch sig-
naling, and by inducing the Wnt target gene 
LgR5. We are currently dissecting further 
the pathways modulated by TNC and study-
ing the surface receptors that TNC engages. 
moreover, we are analyzing other metastat-
ic niche components in cancer progression, 
with a focus on the eCm. 
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FUTURe oUTLooK:
The molecular characterization of sPoC 
signaling and cell cycle control of cytoki-
nesis (the final stage of cell division) will 
constitute an important part of our future 
research. In addition, we are investigating 
centrioles, specialized sub-structures of 
centrosomes, that serve as a template for 
the formation of the basal body, from which 
cilia and flagella are assembled. Cilia play 
an essential role in signaling and cell motil-
ity. Defects in the formation or function of 
cilia are related to a large number of severe 
genetic disorders. Recent studies have indi-
cated that cilia malfunction is also related 
to tumor development. Therefore, our fu-
ture aims are to understand the molecular 
mechanisms that control ciliogenesis and 
the functional link between cilia, cell cycle 
progression and tumor formation in mam-
malian cells.

More information on our research: 
www.dkfz.de/en/celldivision/

Image of cell division occurring in the bud-
ding yeast Saccharomyces cerevisiae. The 
chromosomes are shown in blue, the mitotic 
spindle and centrosome in green.

Head: dr. gislene Pereira
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The process of cell division must be tight-
ly regulated to avoid errors. Furthermore, 
cells must undergo cell division only 
when required. our group is studying 
the centrosome, a key component of the 
cellular machinery required for cell divi-
sion. Centrosomes play a decisive role in 
the temporal and spatial organization of 
the microtubules of the bipolar spindle, 
which segregates the genetic material to 
opposite poles of the cell during cell divi-
sion. In addition, a large body of evidence 
suggests that centrosomes also function 
as a signaling platform that integrates a 
multitude of cellular signals to control cell 
fate determination and cell cycle progres-
sion. De-regulation of centrosome function 
or number is directly related to develop-
mental disorders and tumors. our lab has 
a long-standing interest in understanding 
how centrosome-associated components 
control signaling and cell cycle progression 
on a molecular level, and how centrosome 
malfunctioning is related to disease. our 
work has significantly contributed to the 
identification and molecular characteriza-
tion of a centrosome-associated mitotic 
checkpoint named the spindle position 
checkpoint (sPoC). This checkpoint stops 
cell cycle progression in response to errors 
in the distribution of the genetic material 
during cell division. more recently, a similar 
mechanism was reported to exist in high-
er eukaryotic stem cells. This is current-
ly being explored by our group in cellular 
models of neural and hematopoietic stem 
cells. In addition, we are investigating the 
molecular mechanisms by which conserved 
centrosome-associated cell cycle regulators 
(hippo pathway and Cdc42 gTPase) control 
cell division in young and aged cells.
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FUTURe oUTLooK:
our research group investigates signaling 
pathways that control blood vessel growth 
and the transport of nutrients, cancer cells 
and immune cells across the vessel wall. 
We have identified Delta-Notch and sema-
phorin-Neuropilin signaling pathways as 
key players of pathological angiogenesis 
and metastasis. Based on this, our research 
aims at identifying critical molecular and 
cellular mechanisms of tumor progres-
sion driven by these signaling pathways. 
We developed innovative tools to interfere 
with Notch signaling, and we are currently 
testing them in preclinical cancer models. 
The fact that Notch signaling is also active 
in normal blood vessels might complicate 
the therapeutic use of such compounds. 
Therefore, we are also investigating how 
Notch signaling activity is modified under 
physiological conditions and how it con-
trols the integrity and function of the vas-
cular barrier. our data indicates that block-
ing Notch signaling might be a powerful 
strategy to interfere with several steps of 
the metastatic cascade. however, such 
treatment also interferes with the proper 
flux of nutrients and hormones across the 
vessel wall. We are currently investigating 
the molecular mechanisms responsible 
and are developing strategies to circum-
vent this.

Blood vessels play an essential role in 
the maintenance of all organ functions, 
because they provide oxygen and nu-
trients. Tumors cannot grow beyond a 
certain size without the recruitment or 
the growth of new blood vessels (angio-
genesis). Therefore, therapies have been 
developed to interfere with angiogene-
sis. Recent research has shown that blood 
vessels are not simple passive tubes for 
the transport of blood, but that they also 
instruct tissue regeneration and differen-
tiation. moreover, there is increasing ev-
idence that signaling pathways in endo-
thelial cells actively control the transport 
of nutrients and immune cells across the 
vessel wall.

Head: Pd dr. andreas Fischer

Vascular signaling and Cancer (a270)
german Cancer Research Center
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a.fischer@dkfz.de
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Small blood vessels of the retina with some 
vessels covered by pericytes (black).
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FUTURe oUTLooK:
1.  mechanisms of amyloid β pathology: 

one of the hallmarks of alzheimer’s 
disease is the accumulation of amyloid 
beta-peptide (aβ) in the brain and its 
deposition as plaques. however, the 
current prevailing view is that soluble 
oligomeric aββ is one of the main medi-
ators of alzheimer neurotoxicity, rather 
than the plaques. There are indications 
that glutamate receptors play a role in 
aβ-mediated neurotoxicity. We will use 
glutamate receptor transgenic mice to 
investigate the influence of this interac-
tion on the physiology and anatomy of 
hippocampal and cortical neurons.

2.  Regulation of synaptic communica-
tion via amPa receptor interacting pro-
teins: Precise control of amPa receptor 
number and localization on the cell 
membrane regulates synaptic strength 
and is thus of great importance for all 
cognitive processes. amPa receptor in-
teracting proteins (TaRPs, CKamP family 
members, cornichons and synDig1) reg-
ulate receptor localization and function. 
We will use heterologous expression 
systems and transgenic mice to analyze 
the influence of those proteins on the 
electrophysiological properties and lo-
calization of amPa receptors.

Head: Pd dr. Jakob von engelhardt

synaptic signaling and Neurodegeneration 
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german Cancer Research Center
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our group investigates glutamatergic syn-
aptic transmission in the hippocampus 
and cortex. We are particularly interested 
in what role different glutamate receptors 
(amPa and NmDa receptors) and gluta-
mate receptor-interacting proteins play 
in physiological and pathophysiological 
processes. amPa receptors mediate most 
of the fast excitatory transmission in the 
central nervous system. NmDa receptors 
are important for synaptic plasticity and 
thus for learning and memory. In addition, 
excessive activation of NmDa receptors is 
detrimental for neurons (excitotoxicity) 
and contributes to the pathophysiology of 
brain diseases such as stroke and neurode-
generative diseases.
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Glutamate receptor function and surface 
trafficking is controlled by the interaction with 
auxiliary subunits such as TARPs or CKAMP44. 
Schematic representation of the 424 residue 
CKAMP44 protein, with signal peptide (SP), 
extracellular domain with cysteine-rich region 
(C’s), single transmembrane region (TM) 
and intracellular domain containing a PDZ 
domain interaction site at the C-terminus. The 
extracellular cysteine-rich region with proposed 
disulfide bridges of a Cystine-knot is shown 
below. The in situ hybridizations illustrate that 
CKAMP44 mRNA is expressed in the brain of 
embryonic day 19 (E19), postnatal day 15 (P15) 
and adult mice. The immunocytochemical 
analyses of cultured neurons show that 
CKAMP44 is expressed in dendritic spines and 
co-localizes with AMPA receptor subunits 
GluA2/3. CKAMP44 directly interacts with 
AMPA receptors, modulates current kinetics and 
increases the number of receptors on the cell 
surface and in synapses.
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FUTURe oUTLooK:
We are interested in expanding the mech-
anistic understanding about the mmR 
reaction by identifying and character-
izing mutations/genes that prevent the 
accumulation of mutations. To learn more 
about these processes, we combine genet-
ics, molecular and cell biology approach-
es in S. cerevisiae and mammalian tissue 
culture.
our studies aim to characterize the mech-
anistic aspects of the mmR reaction, in 
particular, the mmR repair intermediate 
mlh1-Pms1 (mlh1-Pms2 in humans), which 
we have identified as active sites of repair 
in budding yeast. Furthermore, we are in-
terested in identifying and characterizing 
alternative mechanisms that can result 

in mmR inactivation, and how specific 
missense mutations inactivate mmR func-
tion in a dominant manner. These studies 
might reveal why specific mmR missense 
mutations result in different degrees of 
cancer manifestation (e. g. early-onset, 
high penetrance and relapse).
moreover, our future work aims at iden-
tifying and characterizing previously un-
recognized genes that affect DNa genome 
stability. We expect that some of these 
identified genes will in the future expand 
our understanding of the mechanisms 
that can contribute to cancer progression 
and might provide additional tools for can-
cer diagnosis.

The maintenance of genome integrity rep-
resents an important challenge for every 
living organism. a variety of environmental 
factors (chemicals, radiation, viruses, etc.), 
but also others intrinsic to cellular metab-
olism (e. g. oxidative species or DNa repli-
cation errors) are frequently damaging the 
information contained within the DNa.
alterations in the genetic information 
(mutations) are the cause of several hu-
man diseases, including cancer. Not sur-
prisingly, living organisms have developed 
a variety of DNa repair mechanisms that 
act in concert to safeguard the stability of 
the genome. 
our research group investigates the 
molecular mechanisms that allow DNa 
repair pathways to preserve genome 

stability, specifically the DNa mismatch 
repair (mmR) pathway. This pathway is a 
post-replicative repair mechanism that in-
creases DNa replication fidelity (to about 
three orders of magnitude) by recognizing 
errors introduced during DNa replication, 
and promoting repair by an excision and 
re-synthesis mechanism. mutations that 
inactivate mmR result in Lynch syndrome, 
also referred to as hereditary Non-Polyp-
osis Colorectal Cancer (hNPCC). This syn-
drome is characterized by genome insta-
bility, especially at repetitive sequences or 
microsatellites (microsatellite instability or 
msI) and early onset of colorectal and oth-
er types of cancer. 

Junior Research Group 
Dna repair Mechanisms and Cancer 

Visualization of Mismatch repair Mlh1-Pms1 complexes in wild-type (A) and exo1Δ mutant (B) in 
living yeast cells. Deletion of EXO1 results in increased abundance of Mlh1-Pms1 foci (some foci 
examples are indicated with white arrows)
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our work aims at understanding the con-
trol of stem cell function by organismal 
metabolism. We focus on adipose tissue 
mesenchymal stem/stromal cells (asCs) – 
immature cells partly associated with the 
vasculature – which contribute to tissue 
remodelling by adopting different fates 
including the formation of new adipocytes. 
In particular, we are interested in the role 
of asCs in nutrition-driven early adipose 
tissue growth, leading to childhood obesity 
and the programming of adult metabolic 
disease. In addition, we have been contrib-
uting major discoveries on the regulation 
of the oxidative/thermogenic adipocyte 
fate of asCs, which is triggered by organis-
mal cold exposure and conveys protection 
from metabolic disease.

Fluorescence image of adipose tissue stem/
stromal cells during their differentiation to 
adipocytes (red: lipid staining; green: green 
fluorescent protein; blue: DNA staining).
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FUTURe oUTLooK:
Currently, we are investigating how the 
microenvironment senses and relays nu-
tritional cues and systemic metabolic 
states to control asC function and thereby 
adipose tissue quantity and quality. We en-
visage reaching conclusions relevant to the 
prevention and management of childhood 
obesity in relation to adult metabolic dis-
ease. Finally, we expect to obtain insight 
into common mechanistic links between 
organismal metabolism and normal versus 
neoplastic tissue growth. Head: dr. alexandros Vegiopoulos 
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