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programme (Bayern-LOM). This now includes a 
compulsory research semester in the lab as well as 
con  nued par  cipa  on in research ac  vi  es and 
seminars un  l their gradua  on. The structure and 
diversity of Life@FAU off ers students now an even 
larger spectrum of ac  vi  es to choose from and also 
increased fl exibility. The aim is to improve the quality 
and acceptance of experimental MD-thesis and to 
provide the qualifi ed and mo  vated trainees with 
op  mal condi  ons. Thanks to addi  onal funding 
by the Faculty we were also able to increase the 
number of scholarships to now 25 per year, allowing 
us to be  er support the fortunately high number of 
interested physicians in training with their thesis.

Establishing a Clinician-Scien  st-Programme (CSP) 
according to the DFG-recommenda  ons was 

another important issue dealt with by the Board. For 
many years now, IZKF support for medical trainees 
has included many major elements of such CSPs, 
including laboratory rota  ons for clinicians as well 
as junior research grants. Other elements usually 
implemented in CSPs, e.g. tailored scien  fi c training 
curricula, are available on a voluntary basis but need 
to be formalized into a compulsory programme. At 
the end of 2017, the Board decided to implement 
such a CSP. The details of the programme are 
currently being worked out and we expect to have a 
fi rst call for par  cipants already in 2018.

Following the external Faculty evalua  on in 
February 2017 the Board intensely discussed 

ways to be  er support the crea  on of collabora  ve 
research programmes. To this end, changes in the 
funding format for advanced IZKF projects were 
debated. The idea was that intramural funding 
should support especially projects that could 
serve as building blocks for future ac  vi  es such 
as DFG collabora  ve research units or centres 
(Forschergruppen and SFBs). At fi rst sight this 

Developments in the last year were to a large extent 
marked by ac  vi  es in the area of promo  ng 

young researchers. A  er lengthy discussions and 
prepara  ons an important development ini  ated and 
intensely promoted by IZKF fi nally came to frui  on: 
the founding of a joint graduate school between 
the Department of Biology and the Medical Faculty 
called “Life@FAU”. Under this umbrella all DFG-
funded research training groups from both facul  es 
and the IZKF Research Training Group joined forces 
to off er a structured gradua  on programme which 
is also open to independent graduate students, 
e.g. from DFG-research grants who currently have 
no access to such structured training. With this 
framework we aim to improve the training of young 
graduate students by providing on the one hand a 
minimum requirement for all and on the other hand 
harnessing synergis  c eff ects between the ac  vi  es 
of the individual training programmes, which are 
now open for a broader circle of students. This will 
benefi t especially independent students. In addi  on, 
the Faculty has now a modern and a  rac  ve training 
structure with high intra- and extramural visibility. 
IZKF has the biggest training group and therefore it 
was a natural decision that IZKF Administra  ve Offi  ce 
also serves as administra  ve offi  ce of Life@FAU. 
The spokesman of IZKF Junior Scien  st Commi  ee 
and IZKF board member Prof. Christoph Becker was 
elected as Chairperson of the Steering Commi  ee.

Medical students who usually write their 
MD-thesis in parallel to their studies will 

also benefi t from this infrastructure. Recipients 
of IZKF scholarships performing an experimental 
thesis have already been receiving a comparable 
structured training programme, although of reduced 
dura  on. This programme was now revised to 
accommodate the new Bavarian regula  ons agreed 
by the fi ve Bavarian Medical Facul  es in the realm 
of Bavarian performance-related resource alloca  on 

 Editorial
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seemed like an a  rac  ve idea, which nevertheless 
many diffi  cul  es surfaced when scru  nised more 
carefully. In principle this possibility has already 
been available for many years. Interested scien  sts 
could submit coordinated interac  ng proposals, and 
indeed several projects funded by IZKF were later 
integrated into such collabora  ve programmes. But 
never a specifi c ini  a  ve was born from within IZKF. 
The Board discussed restric  ng future calls to certain 
topics, but it was realised that selec  on of these 
topics would be diffi  cult and confl ic  ng and could 
jeopardize quality criteria for the sake of an exact fi t. 
Also the experience with such programmes at other 
centers was mixed at best. A  er many delibera  ons 
the Board fi nally agreed that the strength of IZKF 
with its internal scien  fi c evalua  on is the selec  on 
of projects based on scien  fi c excellence and not 
so much the se   ng of scien  fi c priori  es and the 
associated preference of certain research focusses to 
the detriment of others. IZKF will therefore con  nue 
with its proven procedures and programmes of 
suppor  ng scien  sts from all areas of the Faculty 
based on scien  fi c excellence only.

This funding structure has a long track record of 
success. As always you will fi nd in the back part 

of this report interes  ng results and facts of the 
con  nued output evalua  on by the administra  ve 
offi  ce documen  ng the success of the diff erent IZKF 
funding programmes. Currently funded projects from 
our last call are s  ll well under way. The scien  fi c 
descrip  on of these projects is in the front part of 
the annual report. Due to budget limita  ons we can 
only have a new call for projects when these ongoing 
projects are terminated in 2019. In order to ensure 
the con  nued access of a broad group of scien  sts 
the Board also decided to limit the funding of future 
advanced projects to one personnel posi  on only.

Star  ng this year we also report in more detail 
on the star  ng programme ELAN following 

its consolida  on in IZKF. We have adapted the 
terminology and now refer to these projects as pilot 
projects. Selec  on criteria and funding volumes 
remain unaltered. Notably, in 2017 we were able to 
fund for the fi rst  me also projects from the part of 
the Faculty administered by the University (Kapitel 
1519). This became possible thanks to funds from 
within the Emerging Talents Ini  a  ve (ETI). This 
now fulfi ls a longstanding aspira  on of the Board to 
ensure equal access to intramural research funding 
for all ins  tu  ons of the Faculty. 

This annual report appears for the second  me 
in the design of the Faculty of Medicine. This 

refl ects the strong links with the Faculty and our 
focus on promo  ng research. Also our webpage 
has moved to a prominent posi  on of the Facul  es’ 
webpage at www.izkf.med.fau.de. The content was 
revised and the presenta  on was improved. We 
discon  nued the restricted internal pages, now all 
content is publicly available. We also expanded the 
coverage of the Junior Research groups, who now 
have an ample pla  orm to portray and promote their 
research ac  vi  es. I invite you to browse through 
our webpage and learn about the many ac  vi  es of 
IZKF.

I also want to take the opportunity to congratulate 
our Junior Research Group leader Dr. Paolo Ceppi 

for obtaining the pres  gious „Lung Cancer Young 
Inves  gator Award 2017“ of the Interna  onal 
Associa  on for the study of Lung Cancer (IASLC). Dr. 
Ceppi heads the Junior Group 1 „Understanding the 
plas  city of cancer cells“ in the focus research area 
of oncology since 2015. The topics of his research 
are the mechanisms of plas  city of cancer cells, 
epithelial-mesenchymal transi  on (EMT), cancer 
stemcells and suscep  bility of cancer cells to 
chemotherapy. This prize is an important recogni  on 
of his work and that of his team. 

Finally, I want to express my hear  elt gra  tude to 
all members of the administra  ve offi  ce for their 

con  nued dedica  on. Without Dr. Faber and her 
team not only this annual report but also the success 
of IZKF as a whole would not be possible. And I thank 
you for your con  nued interest in IZKF.

Prof. Dr. André Reis
Chairman
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About us

History

The Interdisciplinary Center for Clinical Research 
(IZKF) was founded in 1996 under the leadership of 
Prof. Joachim Kalden with the focus “Infl ammatory 
Processes: Ae  opathogenesis, Diagnos  cs and The-
rapy”. It was established as an interac  ve research 
network of the Faculty of Medicine with scien  fi c 
projects, several core units and two junior research 
groups. Aims were to foster clinical research, to pro-
mote young scien  sts and to increase transparency 
and compe   veness of fund alloca  on through peer 
review procedures. During the fi rst 8 years (1996-
2004) it received regressive funding from the Fede-
ral Ministry of Research and Technology within the 
programme “Health related research 2000”. Since 
2004 it has been fully funded by the Faculty of Medi-
cine and the University. 

Under the leadership of Prof. André Reis, the ini  al 
scien  fi c focus on infl amma  on research has been 
further developed to accommodate other focal re-
search areas and interdisciplinary fi elds of the Facul-
ty as well. This allows nearly all ins  tu  ons of the 
Faculty of Medicine to fi le applica  ons with IZKF.

The IZKF off ers research grants in all focal research 
areas of the Faculty of Medicine.

Mission Statement

The IZKF is the central structure of research deve-
lopment of the Faculty of Medicine. Its mission is to 
improve the overall quality of clinical research, to 
s  mulate interdisciplinary research, to advance the 
careers of young scien  sts and to foster the acquisi-
 on of extramural funds.

Improvement of quality
Clinical research has to meet the challenge of 
transferring the enormous advances of biomedi-
cal research to pa  ent care in a situa  on of limited 
human and fi nancial resources. IZKF especially sup-
ports clinical research through effi  cient structures 
suppor  ng research, protected  me for clinicians, 
interdisciplinary research projects and an intensive 
career development of young scien  sts. 

S  mula  on of interdisciplinarity
Important scien  fi c and medical advances are o  en 
achieved at the interface of disciplines. Thus foste-
ring interdisciplinarity is an important goal of IZKF. To 
that end, IZKF Erlangen especially encourages inter-
disciplinary projects from all areas of the Faculty but 
also with co-applicants from other facul  es. 

Support for young scien  sts
Suppor  ng young scien  sts is a major aim of the 
IZKF. Targeted promo  on of young scien  sts is achie-
ved by various career development programmes, 
workshops, seminars and a mentoring-programme.

Acquisi  on of extramural funding
In recent years greater emphasis has been put on 
the goal of enabling research projects to acquire ex-
tramural funding. Success is closely monitored and 
selec  on criteria now include past performance. A 
special programme for young researchers was esta-
blished to help them start an independent scien  fi c 
career and successfully acquiring external funding.

Project funding is allocated a  er a stringent peer- 
review process based solely on scien  fi c criteria. 
Research grants applica  ons are assessed in a two-
stage review process. Pilot projects (ELAN) are also 
predominantly reviewed in a two-stage review pro-
cess. Junior projects are subject to a one-stage inter-
nal review only. 

Main research areas of the Faculty of Medicine

Over the years funding of junior scien  sts has be-
come ever more important and is now a par with 
project funding. In an a  empt to be  er provide a 
uniform pla  orm for career development the two 
separate funding instruments of the Faculty of Me-
dicine - IZKF and ELAN-Fonds - were consolidated 
under the umbrella of IZKF.
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Governance

IZKF is a self-organised structure within the Faculty 
of Medicine. The IZKF has a set of wri  en rules and 
regula  ons approved by the Faculty of Medicine. All 
rules and regula  ons are con  nuously reviewed and 
revised if necessary. Governing bodies include the 
General Assembly, the Management Board, the Ju-
nior Scien  st Commi  ee, the ELAN Commission and 
the External Scien  fi c Advisory Board (SAB). The Ma-
nagement Board is the general steering commission 
of the IZKF. It is responsible for developing the sci-
en  fi c programme, controlling the fi nancial frame-
work and alloca  ng resources to projects as well as 
ensuring that results are reported. It is composed of 
up to 13 members with vo  ng right, up to 11 elec-
ted by the Faculty of Medicine for a three year pe-
riod and two ex-offi  cio members from the Faculty 
of Medicine as well as four advisory members from 
the University Hospital and the University. Five an-
nual mee  ngs are held and decisions are taken by 
simple qualifi ed majority. Elected members include 
the Chairman who is responsible for daily opera  ons 
with the support of the Administra  ve Offi  ce.

Programmes and the fi nancial framework are revie-
wed and approved by the External Scien  fi c Adviso-
ry Board. This body meets on site every two or three 
years to oversee the general development of the 
IZKF and the proposed projects. The board consists 
of at least 10 interna  onally recognized scien  sts 
(31.12.2017 20) from uni-
versi  es and research in-
s  tutes led by an elected 
chairperson. 

Members are appointed 
by the University presi-
dent, upon the propo-
sal of the Management 
Board for a period of six 
years. 

The Junior Scien  st Com-
mi  ee supports the Ma-

nagement Board in establishing and supervising ca-
reer development programmes for young scien  sts. 
It assigns the MD-thesis scholarships and organises 
the IZKF Graduate School. In addi  on, it par  cipa-
tes in the internal review process for project funding 
and for laboratory rota  ons. It is composed of the 
spokesman for promo  on of young researchers elec-
ted by the Faculty of Medicine, fi ve project leaders, 
three from advanced projects, one from junior pro-
jects and one of the junior research group leaders 
and at least one representa  ve from the doctoral 
students.

The ELAN-Commission consists of the spokesman for 
start-up support (ELAN) and at least 11 further mem-
bers all elected by the Faculty of Medicine for a peri-
od of three years. This commission is responsible for 
reviewing pilot projects and assists in the selec  on 
of advanced and junior projects.

The General Assembly convenes once a year to dis-
cuss the annual report of the chairman and to con-
tribute proposals for the further development of 
the IZKF. The members are all project leaders, the 
directors of clinics and ins  tutes receiving funding, 
and the speakers of all local collabora  ve research 
centers and graduate schools.

Governance of the IZKF
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About us

Statutary Bodies

 Management Board

Chairman
Prof. Dr. André Reis, Ins  tute of Human Gene  cs

Deputy Chairman

Prof. Dr. Michael Wegner, Ins  tute of Biochemistry

Members
Prof. Dr. Christoph Becker, Department of Medicine 1
Prof. Dr. Chris  an Bogdan, Ins  tute of Clinical Microbiology, Immunology and Hygiene
Prof. Dr. Anja Bosserhoff , Ins  tute of Biochemistry
Prof. Dr. Thomas Brabletz, Chair of Experimental Medicine I 
Prof. Dr. Johann Helmut Brandstä  er, Division of Animal Physiology
Prof. Dr. Dr. Raymund Horch, Department of Plas  c and Hand Surgery
Prof. Dr. Andreas Mackensen, Department of Medicine 5
Prof. Dr. Dr. Jürgen Schü  ler, Dean of the Faculty of Medicine, Department of Anaesthesiology
Prof. Dr. Jürgen Winkler, Department of Molecular Neurology

Consulta  ve Members

Prof. Dr. Joachim Hornegger, President of the FAU
Chris  an Zens, Head of Administra  on of the FAU
Prof. Dr. Dr. Heinrich Iro, Medical Director of the University Hospital Erlangen
Dr. Albrecht Bender, Head of Administra  on of the University Hospital Erlangen
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Prof. Dr.  Reis

Prof. Dr.  Wegner

Current members of the Management Board 

Prof. Dr. Dr.  Iro Dr.  BenderProf. Dr. Hornegger

Prof. Dr.  Bosserhoff Prof. Dr.  BogdanProf. Dr.  Becker Prof. Dr.  Brabletz Prof. Dr.  Brandstä  er

Prof. Dr.  Winkler

Zens

Prof. Dr. Dr.  Horch Prof. Dr.  Mackensen Prof. Dr. Dr. Schü  ler
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About us

 ELAN-Commission

Spokesman for pilot projects (ELAN)
Prof. Dr. Thomas Brabletz, Chair of Experimental Medicine I

Members
Prof. Dr. Tobias Bäuerle, Ins  tute of Radiology
Prof. Dr. Jürgen Behrens, Chair of Experimental Medicine II
Prof. Dr. Robert Cesnjevar, Department of Paediatric Cardiac Surgery
Prof. Dr. Yesim Erim, Department of Psychosoma  c Medicine and Psychotherapy
Prof. Dr. Peter A. Fasching, Department of Obstetrics and Gynaecology
Prof. Dr. Mar  n Fromm, Chair of Clinical Pharmacology and Clinical Toxicology
Prof. Dr. Gerhard Krönke, Department of Medicine 3
Prof. Dr. Ralf Linker, Department of Neurology
Prof. Dr. Chris  an Pilarsky, Department of Surgery
Prof. Dr. Alexander Steinkasserer, Department of Immune Modula  on
Prof. Dr. Regina Trollmann, Department of Paediatrics and Adolescent Medicine
Prof. Dr. Klaus Überla, Ins  tute of Clinical and Molecular Virology
Prof. Dr. Beate Winner, Department of Stem Cell Biology
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Prof. Dr.  Brabletz

Prof. Dr.  Krönke Prof. Dr.  PilarskyProf. Dr.  Linker

Prof. Dr.  Überla Prof. Dr. Winner

Prof. Dr. Fromm

Current members of the ELAN Commission

Prof. Dr.  Cesnjevar Prof. Dr.  Erim Prof. Dr.  FaschingProf. Dr.  BehrensProf. Dr.  Bäuerle

Prof. Dr.  Trollmann

Prof. Dr.  Steinkasserer
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About us

Spokesman for career development programmes
Prof. Dr. Christoph Becker, Department of Medicine 1

Members
Dr. Caroline Bosch-Voskens, Department of Dermatology
Prof. Dr. Aline Bozec, Department of Medicine 3
Dr. Paolo Ceppi, IZKF Junior Research Group 1
Prof. Dr. Felix Engel, Department of Nephropathology 
Benjamin Häberle, Ins  tute of Biochemistry
Isabelle Schöpe, Department of Surgery (  ll 31.10.2017) 
Prof. Dr. Schulze, Department of Oto-Rhino-Laryngology - Head and Neck Surgery

Dr. Bosch-Voskens Prof. Dr. Bozec Prof. Dr. Engel

 Junior Scien  st Commi  ee

Prof. Dr. Becker

Current members of the Junior Scien  st Commi  ee 

Dr. Ceppi

Häberle Prof. Dr. Schulze
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Manager

Dr. Katrin Faber

  IZKF Administra  on

  Anne Reichel
  Kathrin Neufang (since 01.10.2017)

  Bianca Meyerhöfer-Klee (part-  me)

 Administra  ve Offi  ce

Dr.  Faber

Reichel Meyerhöfer-Klee

Current staff  of the Administra  ve Offi  ce 

Neufang
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About us

Surname Name
Alzheimer Chris  an
Amann Kers  n
Andreev Katharina
Bäuerle Tobias
Becker Christoph
Beckmann Ma  hias W.
Behrens Jürgen
Bender Albrecht
Bernkopf Dominic
Bogdan Chris  an
Bosch-Voskens Caroline
Boßerhoff Anja
Bozec Aline
Brabletz Thomas
Brandstä  er Johann Helmut
Buchholz Björn
Ceppi Paolo
Cesnjevar Robert
Dietrich Peter
Distler Jörg
Dörfl er Arnd
Dudziak Diana
Dulin David
Eberhardt Esther
Eichler Anna
Ensser Armin
Enz Ralf
Erber Ramona
Erim Yesim
Fasching Peter
Fino  o Suse  a
Fromm Mar  n

Surname Name
Full Florian
Gefeller Olaf
Georgiadou Ekaterini
Gerlach Katharina
Golub Yulia
Gramberg Thomas
Grampp Steff en
Grützmann Robert
Günther Claudia
Häberle Benjamin
Hartmann Arndt
Hellerbrand Claus
Hilgers Karl F.
Horch Raymund
Iro Heinrich
Jäck Hans-Mar  n
Janko Chris  na
Jitschin Regina
Klingberg Anika
Klucken Jochen
Korbmacher Christoph
Kornhuber Johannes
Krappmann  Sven
Kremer Andreas
Krönke Gerhard
Kruse Friedrich E.
Lai Xin
Lang Roland
Lee De-Hyung
Lehmann Chris  an
Leppkes Moritz
Lie Dieter Chichung

 General Assembly
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General Assembly of the IZKF (08.11.2017)

Surname Name
Linker Ralf
Lutzny-Geier Gloria
Mackensen Andreas
Marxreiter Franz
Mielenz Dirk
Moll Gunther
Mougiakakos Dimitrios
Müller Chris  an
Münzner Julienne
Naschberger Elisabeth
Neurath Markus
Nimmerjahn Falk
Nitschke Lars
Pachowsky Milena
Palumbo-Zerr Katrin
Patankar Jay
Pe  er Michaela
Pilarsky Chris  an
Rascher Wolfgang
Regensburger Mar  n
Reis André

Reuter Nina
Rother Ulrich
Sche  Georg
Schlötzer-Schrehardt Ursula
Schmidt Manuel
Schöpe Isabella

Schubert Ulrich
Schuler Gerold
Schulze Holger
Schü  ler Jürgen
Schwab Stefan

Surname Name
Schwappacher Raphaela
Seidel Thomas
Stamminger Thomas
Steinkasserer Alexander
Stürzl Michael
Tenbusch Ma  hias
Traxdorf Maximilian
Überla Klaus
Uslu Ugur
Veelken Roland
Vöhringer David
Wahlbuhl-Becker Mandy
Waldmann Elisabeth
Waldner Maximilian
Wegner Michael
Winkler Jürgen
Winner Beate
Wirtz Stefan
Zhang Yun
Zimmermann Katharina
Zweier Chris  ane
Zundler Sebas  an
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 External Scien  fi c Advisory Board

About us

Members
Prof. Dr. Dirk Busch,
Technical University of Munich, Ins  tute for Medical Microbiology, Immunology and Hygiene
Prof. Dr. Hartmut  Hengel, 
Freiburg University Hospital - Department of Virology
Prof. Dr. Ulrich Kalinke,
TWINCORE, Centre for Experimental and Clinical Infec  on Research
Prof. Dr. Thomas Kamradt,
Jena University Hospital, Ins  tute of Immunology
Prof. Dr. Dörthe  Katschinski
Gö   ngen University Medical Center - Department of Cardiovascular Physiology
Prof. Dr. Tanja Kuhlmann,
University Hospital Münster, Ins  tute of Neuropathology
Prof. Dr. Holger Moch,
University Hospital Zurich, Ins  tute of Pathology and Molecular Pathology
Prof. Dr. Hermann  Pavenstädt 
Münster University Hospital - Internal Medicine, Department of Nephrology and Rheumatology
Prof. Dr. Jörg Prinz,
LMU München, Department of Dermatology and Allergology
Prof. Dr. Olaf  Rieß
University of Tübingen - Ins  tute of Human Gene  cs
Prof. Dr. Jörg B. Schulz
University Hospital Aachen - Department of Neurology 
Prof. Dr. Thomas Seuff erlein
University Hospital Ulm - Internal Medicine I
Prof. Dr. Reiner Siebert,
University Hospital Ulm, Ins  tute of Human Gene  cs
Prof. Dr. Lydia Sorokin,
University of Münster, Ins  tute of Physiological Chemistry and Pathobiochemistry

Chairman
Prof. Dr. Dieter  Häussinger (  ll 31.12.2017) 
Düsseldorf University Hospital - Department of Gastroenterology, Hepatology and 
Infec  ology  

Vice-Chair
Prof. Dr. Michael  Sendtner (since 01.01.2018 Chairman)
University Hospital Würzburg - Ins  tute for Clinical Neurobiology

Prof. Dr. Häussinger

Prof. Dr. Sendtner
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Prof. Dr. Gisa  Tiegs 
Hamburg-Eppendorf University Medical Center - Ins  tute of Experimental Immunology and Hepatology

Prof. Dr. Reinhard  Bü  ner (  ll 31.03.2017),
Cologne University Hospital - Ins  tute of Pathology
Prof. Dr. Malte  Kelm (  ll 31.03.2017),
Düsseldorf University Hospital - Department of Cardiology, Pneumology and Angiology
Prof. Dr. Chris  an  Kurts (  ll 31.03.2017),
Bonn University Hospital - Ins  tute of Molecular Medicine and Experimental Immunology
Prof. Dr. Klaus  Pfeff er (  ll 31.12.2017)
Düsseldorf University Hospital - Ins  tute of Medical Microbiology
Prof. Dr. Wolff   Schmiegel (  ll 31.12.2017)
Bochum University Hospital - Department of Medicine
Prof. Dr. Thomas  Wirth (  ll 31.12.2017)
University of Ulm - Ins  tute of Physiological Chemistry

External Scien  fi c Advisory 
Board (31.12.2017)Prof. Dr. Wirth*

Prof. Dr. Pavenstädt

Prof. Dr. Katschinski

Prof. Dr. Pfeff er*

Prof. Dr. Hengel Prof. Dr. Kamradt

Prof. Dr. Schmiegel*

Prof. Dr. Tiegs

Prof. Dr. Busch Prof. Dr. Kalinke

Prof. Dr. Rieß Prof. Dr. Seuff erleinProf. Dr. Schulz

Prof. Dr. Kuhlmann Prof. Dr. Moch Prof. Dr. Prinz

Prof. Dr. Siebert

Prof. Dr. Sorokin*  ll 31.12.2017
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Programmes
Research Grants
Career Development Programmes
Pilot Projects
Central Projects
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Programmes

Research Grants

Advanced Projects

The IZKF offers research grants in all focal research 
areas of the Faculty of Medicine, i.e. immunology 
and infec  on research, renal and vascular research, 
neurosciences, tumor research and medical 
engineering. The project dura  on is 30 months. 
A  er a single funding period projects should be 
transferred to extramural funding. If the applica  on 
for extramural funding was fi led within the dura  on 
of the IZKF project, the dura  on of the projects will 
be extended for another 6 months.

IZKF projects include now one personnel posi  on 
(graduate student or technical assistant). Applicants 
are expected to have an ac  ve publica  on record 
and own external funding. Preliminary results should 
yield the promise of a successful transfer of the 
project into external funding a  er the 30-months 

Overview

Calls for advanced and junior projects, pilot projects (ELAN), junior research 
groups, core facili  es, MD-thesis scholarships and laboratory rota  ons are 
periodically announced within the Faculty of Medicine.

Programmes of the IZKF
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term. Innova  ve and original ideas and concepts 
are especially valued as well as the clinical relevance 
and interdisciplinary approaches. Applicants from 
all clinics, departments and ins  tutes of the Faculty 
of Medicine and co-applicants from other facul  es 
are en  tled with no age limit.

Project funding is allocated a  er a stringent peer-
review process based solely on scien  fi c criteria. 
Research grants are approved 
a  er a two-stage review 
process. In an ini  al step, 
dra   proposals are subject 
to an internal review by the 
Management Board, the Junior 
Scien  st Commi  ee, members 
of the ELAN Commission 
and other recognized scien  sts of the Faculty of 
Medicine based on a wri  en proposal and public 
presenta  on. Decisions are reached a  er internal 
delibera  on and are communicated immediately 
a  erwards. Successful proposals are presented 
in full to the Scien  fi c Advisory Board during their 
peer-review site visits. Nega  ve funding decisions 
of the board are binding. Projects must start within 
six months a  er acceptance. Over the years funding 
rates were about 30 - 40%. Proposals are accepted 
every two or three years.

Staff Technical assistant or
Graduate student 

Consumables T€ 15 p.a. 

Others Par  cipa  on in Travel, Publica  on and High Tech Pool; 
IZKF laboratory rota  ons for physicians

Dura  on 30 months

Staff Graduate student or
Technical assistant 

Consumables T€ 20 p.a.

Others Par  cipa  on in Travel, Publica  on and High Tech Pool

Dura  on 30 + 6 months

Junior Projects

For scien  sts star  ng their independent career, ob-
taining their fi rst extramural research funding is an 
important step. To aid in this process, the IZKF of-
fers star  ng grants to young postdoctoral physicians 
and scien  sts up to 35 years of age without previous 
signifi cant external funding. Candidates should have 
a visible publica  on record and projects should be 
based on an original idea with fi rst tangible results. 
Projects include a posi  on for a technician or a gra-
duate student and consumables for 30 months. 

A  er this  me it is expected that successful candida-
tes submit an external grant applica  on. 
If the applica  on is fi led within dura  on 
of the junior project, the spending period 
will be extended by another 6 months.

Junior projects are subject to a one-stage 
internal review only. Full proposals are 
reviewed by the Management Board, the 
Junior Scien  st Commi  ee and the ELAN 
Commission based on a wri  en proposal 

and public presenta  on. Decisions are reached a  er 
internal delibera  on and communicated immediate-
ly a  erwards to the proponents. Proposals are ac-
cepted every year.
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Junior Research Groups

Junior research groups off er an a  rac  ve career 
development opportunity for outstanding young 
scien  sts with a training in medicine or natural sci-
ences and a strong background and reputa  on in 
one of the Facul  es‘ main research fi elds. Over a 
period of 6 years each junior research group recei-
ves funding for the group leader, one postdoctoral 
scien  st and one graduate student, one technical 
assistant and consumables. From this posi  on se-
veral previous junior research group leaders have 
been appointed to a professorship or have achie-
ved other a  rac  ve posi  ons. The groups opera-
te independently but may be associated to indi-
vidual clinics or ins  tutes. For physicians a part 
 me involvement in clinical ac  vi  es is possible. 

Groups also have access to research funds alloca-
ted by the Faculty based on scien  fi c performance 
criteria (LOM). At the end of 2017 there are two ju-
nior research groups. One group (N1) is housed in 
the Nikolaus Fiebiger Center for Molecular Medi-
cine with its a  rac  ve scien  fi c environment and 
diverse ac  vi  es; the other (N2) is located at the 
Kußmaul-Campus at the Op  cal Imaging Center 
Erlangen (OICE).

Staff Group leader 
Postdoctoral scien  st
Graduate student
Technical assistant

Consumables T€ 50 p.a.

Others Par  cipa  on in the alloca  on of funds 
based on performance criteria (LOM)
Laboratory space 
Investment funds

Dura  on 6 years

Pilot Projects (ELAN)

The aim of  the ELAN programme is to support scien-
 fi c projects at a very early stage and help prepare 

them for successful applica  on for external funding 
(start-up projects), to support newly established 
working groups, to develop new innova  ve ideas (pi-
lot projects) or as interim funding if temporary gaps 
arise between individual extramural funding periods. 
Young scien  sts up to 38 years of age are supported 
with a maximum of € 50,000 for a period of up to 
12 months. Since 2017, also applicants from the part 
of the Faculty administrated by the University (Kapi-
tel 1519) are approved for the programme, so that 
young scien  sts from the en  re Faculty of Medici-
ne can apply. In addi  on, newly appointed Profes-
sors can submit their applica  on regardless of age.

Staff One posi  on

Consumables max. T€ 50

Others Par  cipa  on in Publica  on Pool

Dura  on max. 12 months
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Career Development Programmes

Support for and development of young scien  sts has 
been a central goal of the IZKF since its incep  on. 
In addi  on to the junior research groups, advanced 
and junior projects, the IZKF also off ers other spe-
cifi c programmes for young scien  sts such as MD-
thesis scholarships and laboratory rota  ons.

Laboratory Rota  ons

Access to protected research  me is essen  al for 
young clinicians developing their projects. The labo-
ratory rota  on posi  ons enable young scien  sts to 
fully devote themselves to a research project. This 
rota  on can be for 6-12 months in full  me or 12-24 
months in part  me. This programme is open to all 
young clinicians of the Faculty. Junior project leaders 
can also access this programme in addi  on to their 
project funding. The IZKF can allocate up to 6 full-
 me posi  ons; this equates to 72 months, which can 

be used fl exibly. The ini  al grant always consists of 6 
months in full  me or 12 months in part  me. Exten-
sions are condi  onal on successful evalua  on based 
on oral presenta  on of work progress and updated 
work programme. 

MD-Thesis Scholarships

This programme was ini  ated to arouse interest for 
science in mo  vated medical students early on in 
their career. Medical students are supported in per-
forming an experimental thesis in associa  on with 
the IZKF or externally funded projects. It is expected 
that they spend a signifi cant  me in a laboratory.  
Up to 25 grants are available for medical students 
with outstanding performance and commitment in 
studies. The par  ciants have to work full-  me in the 
laboratory over a period of 9 months, whereby a 
scholarship is off ered during their research ac  vity 
of 8 con  nuous month. Furthermore, the doctoral 
students have to complete defi ned training modu-
le during their studies. Training modules like guest 
speaker seminars, so   skills courses and the con  -
nuous supervision by a doctoral commi  ee should 
con  nue throughout un  l comple  on of the docto-
rate. Every par  cipant of the MD-Thesis Scholarship 
Programme automa  cally becomes a member of 
the IZKF Research Training Group and the Graduate 
School of Life Sciences at FAU (Life@FAU) inaugura-
ted in October 2017. Thus, the doctoral students can 
benefi t from a structured, interdisciplinary training 
programme.
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Research Training Group

The IZKF runs a research training group for all PhD 
and MD-students of the IZKF. Par  cipa  on is man-
datory for all doctoral candidates in sciences who 
are not involved in an alterna  ve structured training 
programme of the Faculty/ University and for docto-
ral candidates who receive funding as part of an IZKF 
MD-thesis scholarship. Other students may associa-
te with the research training group. 

Aims of the IZKF Research Training Group include 
fostering networking and scien  fi c self-organisa  on, 
methodological competence and so   skills as well as 
off ering insights into other scien  fi c fi elds and care-
er opportuni  es. A structured seminar programme, 
courses in basic methods, in scien  fi c wri  ng and 
presenta  on are organised by the Junior Scien  st 
Commi  ee. In addi  on, the par  cipants of the gra-
duate school have to a  end guest speaker seminars 
and to par  cipate in the annual internal retreat. 
Par  cipa  on in external congresses and in seminars 
organised by the doctoral students are mandatory.

The research training group also off ers a mentoring 
programme for all doctoral students. Each doctoral 

student announces three supervisors. At least one 
annual mee  ng of the doctoral student and the su-
pervision commi  ee is expected. 

Currently, the IZKF Research Training Group is 
divided into two areas neuroscience (Neuro) and 
immunology/infec  on/oncology/renal and vascular 
research (T(h)ink). An addi  onal oncology group is 
in prepara  on.

In 2017, the IZKF Research Training Group was in-
tegrated into the newly created Graduate School 
of Life Sciences at FAU (Life@FAU). This new um-
brella organisa  on was established by ini  a  ve of 
IZKF. Life@FAU supports interdisciplinary graduate 
programmes in medicine and science at FAU and 
off ers doctoral candidates in the fi elds of medici-
ne and the natural sciences a structured, interdis-
ciplinary training programme. The objec  ves of 
Life@FAU are to enhance the structured training 
programmes for doctoral candidates in life sciences 
at FAU, to create uniform standards in postgraduate 
educa  on and to ensure the provision of structured 
training programmes.

Postgraduate Workshop

Every two years, the Junior Scien  st Commi  ee or-
ganises the IZKF Postgraduate Workshop. The Post-
graduate Workshop alternates with the IZKF Interna-
 onal Symposium at Kloster Banz.

At the IZKF Postgraduate Workshop, lectures are 
held by interna  onally recognized speakers on a 
 mely topic. The focus of the workshop is on a pos-

ter session in which all members of the graduate 
school are expected to present their projects. Two 
poster prizes are awarded.
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Core Facili  es

Modern molecular technologies, such as genomics, 
proteomics and advanced molecular imaging, requi-
re very expensive and complicated instrumenta  on 
and are methodologically very demanding. Thus it is 
o  en not scien  fi cally worthwhile or cost-eff ec  ve 
to establish and maintain these techniques in par-
allel in diff erent groups. Core facili  es or units are 
centralised methodological pla  orms that off er ac-
cess to these modern methods and technologies to a 
broad user spectrum. This enables access to modern 
technologies to smaller groups and also to those 
with other main methodological interests as well as 
allows students to be directly exposed to these mo-
dern developments.

Core facili  es are operated under the leadership of 
a scien  fi c group with demonstrated excellence and 
interest in developing the methodology. In return for 
ins  tu  onal support, it is expected that the opera-
 ng group assists other groups with their know-how 

in accessing this technology. The support provided 
by the IZKF and the Faculty usually includes the in-
i  al investment for the instrumenta  on of the plat-
form, the cost for se   ng up the opera  on as well as 
its con  nued technological development. IZKF pio-
neers the development of core facili  es in Erlangen 
and usually supports them for an ini  al start-up pha-
se of up to 6 years. Once established and successful-
ly working, long-term support is provided directly by 
the Faculty.

Services and costs are to be made transparent and 
equal access has to be ensured. Core facili  es are 
regularly evaluated for their eff ec  ve opera  on, 
scien  fi c excellence and  meliness. 

The IZKF off ers a pla  orm for developing new core 
units. Important core units of the Faculty of Medici-
ne are based on a start-up funding by the IZKF.

Core units of the Faculty of Medicine
 currently in opera  on:

•   Next genera  on sequencing
•   Cell sor  ng unit with immune monitoring
•   Preclinical animal unit
•   Small animal imaging – PIPE

Next genera  on sequencing core unit
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Interna  onal IZKF Symposium

IZKF regularly organises interna  onal scien  fi c sym-
posia which are held at the conference center at 
the baroque monastery of Kloster Banz in the upper 
Main valley. This venue off ers a unique s  mula  ng 
and interac  ve environment. An a  rac  ve program-
me with many speakers from Germany and abroad is 
developed by a Programme Commi  ee. In addi  on, 
the par  cipants of the symposium present their con-
cepts and results in poster sessions. All interested 
scien  sts are welcome to join the symposium. 

Conference hall at the IZKF Symposium

Intensive poster discussion

Historical seminar room at the conference venue
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Visi  ng Professor Programme

To encourage coopera  on and to foster the ex- 
change of ideas, IZKF promotes visits of external 
scien  sts. Currently it administers and supports two 
complementary programmes. 

IZKF Visi  ng Professor Programme

The IZKF Visi  ng Professor Programme is running 
successfully for many years. Every year approx. 10 
scien  sts from abroad but also from other places in 
Germany can be invited for a stay of between 2 days 
and 4 months. The programme covers an amount of 
up to € 3,000 for travel and accommoda  on costs for 
visi  ng researchers. Applica  on is restricted to IZKF 
members and the invited researcher‘s subject must 
be related to IZKF. Since the existence of the FAU Vi-
si  ng Professor Programme the IZKF Programme is 
focused on promo  ng younger scien  sts. 

FAU Visi  ng Professor Programme

IZKF manages the FAU Visi  ng Professor Programme 
according to the FAU bylaws. A maximum of € 3,000 
of funding is available to cover travel and accommo-
da  on costs for visi  ng professors from abroad with 
high interna  onal reputa  on. At least one presenta-
 on must be given in Erlangen, with members of the 

Faculty being invited. All appointed professors of the 
Faculty of Medicine can apply for this programme.

Special Programmes

Special programmes provide addi  onal funding for 
IZKF projects but not all programmes are available to 
all funding lines of IZKF.

High Tech Pool

IZKF ac  vely encourages the use of modern “omics” 
technologies in the projects, such as those provided 
by the Core Unit Next Genera  on Sequencing. Since 
these experiments are generally expensive and con-
sumables within IZKF advanced and junior projects 
are restricted to € 20,000 or less, addi  onal support 
is necessary. Costs for consumables can therefore 
be supported upon request with up to € 10,000 per 
project, provided that the project itself contributes 
at least 30% of the total. This programme is available 
for advanced and junior projects.

Travel Funding

To enable IZKF members to present their results to 
the academic community, IZKF supports their par  -
cipa  on in interna  onal conferences. All applicants 
are expected to give a lecture or present a poster. 
The subject ma  er of the event must be related to 
the IZKF project in order to receive funding. The fi -
nancial contribu  on of the IZKF is limited to € 500 for 
conferences in Germany, € 1,000 in Europe, and up 
to € 1,500 for conferences outside Europe.

This programme is also available for successful ap-
plicants for MD-thesis scholarships and laboratory 
rota  ons, but not for pilot projects.

Publica  on Funding

The publica  on of results obtained in IZKF projects 
in scien  fi c journals is ac  vely supported. It is ex-
pected that the IZKF funding of the project is ack-
nowledged. The IZKF covers publica  on costs up to 
€ 1,500. If the total costs are more then € 3,000 a 
fi nancial contribu  on of € 2,000 is given by the IZKF. 
This programme is also available for successful ap-
plicants for MD-thesis scholarships, laboratory rota-
 ons and pilot projects.

Travel Scholarships

Travel scholarships allow IZKF‘s young researchers 
to spend  me at other laboratories in Germany or 
abroad to conduct important experiments or learn 
the latest techniques and methods. The programme 
also allows doctoral candidates to intensify exis  ng 
collabora  ons or establish new ones. Travel grants 
include transporta  on and accommoda  on for up to 
3 months. An extension of the travel scholarship for 
another 3 months is possible.
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Advanced Research Grants                      
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Renal and Vascular Research 106

Neurosciences                            78

Oncology                                      64

Immunology and Infec  on       34
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 Immunology and Infec  on

Project 
No. Project  tle Term Applicant(s) Ins  tute

A56 Role of HIG2 in atherosclerosis 01.03.2014- 
28.02.2017 PD Dr. Warnecke Department of Medicine 4

A61 Leishmania, iNOS and iron 01.02.2014- 
31.01.2017

Prof. Bogdan,
PD Dr. Schleicher

Ins  tute of Clinical Microbiology, 
Immunology and Hygiene

A63 Mechanisms of TNF-Mediated Control of Intracellular 
Pathogens in Mice and Man

01.07.2016-
31.12.2018 Prof. Bogdan Ins  tute of Clinical Microbiology, 

Immunology and Hygiene

A64
The tyrosine-protein phosphatase SHP2 regulates 
TGF -dependent ac  va  on of JAK2/STAT3 in fi bro  c 
diseases

01.02.2016- 
31.07.2018

Prof. Distler, 
Prof. Sche  Department of Medicine 3 

A65 Tolerizing poten  al of human dendri  c cell subpopu-
la  ons

01.04.2016- 
30.09.2018 Prof. Dudziak Department of Dermatology

A66 Genome wide CRISPR/Cas9 knockout for the iden  fi ca-
 on of an  viral cellular restric  on factors

01.07.2016-
31.12.2018 Prof. Ensser Ins  tute of Clinical and Molecular 

Virology

A67 Analysis of the TRIM5alpha-mediated block to LINE-1 
retroelements

01.02.2016- 
31.07.2018 Prof. Gramberg Ins  tute of Clinical and Molecular 

Virology

A68 Analysis of the role of the IL-23/Th17 axis during the 
control of an  body ac  vity in rheumatoid arthri  s

16.06.2016-
15.12.2018

Prof. Krönke, 
Prof. Nimmerjahn

Department of Medicine 3, 
Division of Gene  cs

A69 Contribu  on of ATM kinase and the DNA-damage 
response in the innate immunity to infec  on

01.07.2016-
31.12.2018 Prof. Lang Ins  tute of Clinical Microbiology, 

Immunology and Hygiene

A70 Novel targets for an  retroviral therapy - deubiqui  na-
 ng enzymes regulate HIV-1 replica  on

01.07.2016-
31.12.2018 Prof. Schubert Ins  tute of Clinical and Molecular 

Virology

A71 Viral modula  on of the protein kinase ULK1 01.07.2016-
31.12.2018

Prof. 
Stamminger

Ins  tute of Clinical and Molecular 
Virology

A72 Targeted modula  on of regulatory T cells and analyses 
of the underlying mechanisms

01.07.2016-
31.12.2018 Prof. Steinkasserer Department of Immune 

Modula  on

A73 Checkpoint inhibitors as adjuvants for viral vaccines 01.07.2016-
31.03.2019 Prof. Überla Ins  tute of Clinical and Molecular 

Virology

A74 The Role of Eosinophils in Allergic Bronchopulmonary 
Aspergillosis

01.06.2016-
30.11.2018

Prof. Vöhringer, 
Prof. Krappmann

Department of Infec  on Biology, 
Ins  tute of Clinical Microbiology, 
Immunology and Hygiene

A75 Role of MLKL-dependent programmed necro  c cell 
death in the pathogenesis of hepa   s

01.07.2016-
31.12.2018

PD Dr. Dr. Günther, 
PD Dr. Dr. Wirtz Department of Medicine 1  
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Project 
No. Project  tle Term Applicant(s) Ins  tute

D23 Infl uence of bone marrow adipocytes on the metas-
ta  c niche in experimental bone metastasis

01.01.2016- 
30.06.2018 Prof. Bozec Department of Medicine 3

D24
Diff eren  a  on-associated Schwann cell transcrip-
 on factors in melanoma– learning from embryo-

genesis

01.06.2016-
30.11.2018

Prof. Bosserhoff ,  
Prof. Wegner Ins  tute of Biochemistry

D25 Interac  on of the EGFR- and the ZEB1-pathway in 
aggressive cancer types

01.05.2016-
31.10.2018 Prof. Brabletz Chair of Experimental 

Medicine I

D26 Iden  fi ca  on of an  gen specifi city of tumor-infi ltra-
 ng lymphocytes in triple-nega  ve breast cancer

01.01.2016- 
30.06.2018

Prof. Mackensen, 
Prof. Fasching

Department of Medicine 5,
Department of Obstetrics and 
Gynecology

D27
2-Hydroxyglutarate in Acute Myeloid Leukaemia: 
Novel Molecular Targets and Impact on Immune 
Escape

01.07.2016-
31.12.2018 Prof. Mougiakakos Department of Medicine 5

D28 SPARCL1 func  on in vessel matura  on and metas-
tasis of colorectal carcinoma

01.02.2016-
31.07.2018

Prof. Stürzl, 
PD Dr. Naschberger Department of Surgery

D29 Aging and senescence of the adap  ve immune sys-
tem in colorectal cancer

01.01.2016- 
30.06.2018 Prof. Waldner Department of Medicine 1
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 Neurosciences

Project 
No. Project  tle Term Applicant(s) Ins  tute

E12 Adult hippocampal neurogenesis in 
synucleinopathies

01.04.2014- 
31.03.2017

Prof. Winkler, 
Prof. Lie

Department of Molecular 
Neurology, 
Ins  tute of Biochemistry

E13 The role of acid sphingomyelinase in depression/
anxiety-induced alcohol addic  on

01.04.2014- 
31.03.2017

Prof. Müller,
PD Dr. Reichel, 
Prof. Kornhuber

Department of Psychiatry and 
Psychotherapy, 
Department of Medicine 4, 
Department of Psychiatry and 
Psychotherapy

E14 Role of TRPC5 in trigeminal nocicep  on 01.04.2014- 
31.03.2017 Prof. Zimmermann Department of 

Anaesthesiology

E16 Regulatory networks in neurogenesis and neurodeve-
lopmental disorders

01.04.2014- 
31.03.2017

Prof. Lie, 
Prof. Reis

Ins  tute of Biochemistry, 
Ins  tute of Human Gene  cs

E17 The neuromuscular role of Wnt signaling pathways 01.04.2014- 
31.03.2017

Prof. 
Hashemolhosseini Ins  tute of Biochemistry

E19 Inhibitory neurotransmission in the cochlea: 
Glutamate and endocannabinoids

15.02.2016- 
14.08.2018 Prof. Enz Ins  tute of Biochemistry

E20 Iden  fi ca  on of molecules, receptors and genes invol-
ved in chronic pruritus

01.05.2016-
31.10.2018

Dr. Dr. Kremer, 
Prof. Zimmermann

Department of Medicine 1,
Department of Anesthesiology

E21 Modula  on of alpha-Synuclein pathology 
by FoxO-dependent pathways

01.05.2016-
31.10.2018

Prof. Lie, 
Prof. Klucken

Ins  tute of Biochemistry,
Department of Molecular Neu-
rology

E22 The role of Swiprosin-1/EFhd2 in resilience to drug 
addic  on

01.03.2016- 
31.08.2018

Prof. Müller,
Prof. Alzheimer, 
PD Dr. Mielenz

Department of Psychiatry and 
Psychotherapy,
Ins  tute of Physiology and 
Pathophysiology,
Department of Molecular 
Immunology

E23 Iden  fi ca  on and characteriza  on of LOXL1 risk vari-
ants for pseudoexfolia  on syndrome and glaucoma

01.01.2016- 
30.06.2018

Prof. Schlötzer-
Schrehardt, 
Prof. Reis

Department of Ophtalmology,
Ins  tute of Human Gene  cs

E24
The role of alpha-synuclein during infl ammatory de-
myelina  on and degenera  on in the central nervous 
system

01.01.2016- 
30.06.2018

Prof. Winkler, 
Prof. Linker

Department of Molecular 
Neurology, 
Department of Neurology

E25 Modeling pain syndromes using human induced 
pluripotent stem cell-derived nociceptors

01.07.2016-
31.12.2018

Prof. Winner, 
Prof. Schü  ler

Department of Stem Cell Biology, 
Department of Anesthesiology

E26 Gene  cs and pathomechanisms of intellectual disabi-
lity with microcephaly

01.03.2016- 
31.08.2018 Prof. Zweier Ins  tute of Human Gene  cs

E27 Lysophospha  dic acid-induced pruritus of cholestasis 01.03.2016- 
31.08.2018

Dr. Dr. Kremer, 
Prof. Fischer

Department of Medicine 1,
Ins  tute of Physiology and Patho-
physiology
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 Renal and Vascular Research

Project 
No. Project  tle Term Applicant(s) Ins  tute

F3 Fam60a in heart and brain development 01.03.2014- 
28.02.2017 Prof. Engel Department of Nephropathology

F5 The Role of ANO1 in Polycys  c Kidney Disease 01.07.2016-
31.12.2018 Dr. Buchholz Department of Medicine 4

F6 Renal aff erent nerve ac  vity - 
sympathoinhibitory or sympathoexcitatory?

01.07.2016- 
31.12.2018

Prof. Veelken, 
Prof. Amann

Department of Medicine 4, 
Department of Nephropathology
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A56 - Final Report
01.03.2014 - 28.02.2017

Role of HIG2 in atherosclerosis

PD Dr. Chris  na Warnecke, Department of Medicine 4 – Nephrology and Hypertension

Hig2/hilpda is a Hif-1 and Ppar target in macropha-
ges and mediates lipid droplet (LD) forma  on.
Bone marrow-derived macrophages (BMDMs) from 
 e2-cre hilpda knockout (cKO) mice did not form LDs 

a  er Hif-1 ac  va  on or loading with fa  y acids (FA) 
or cholesterol. Hilpda was upregulated by Hif-1 un-
der M1 and M2 condi  ons, as well as by Ppar ligan-
ds and FA. Adrp/Plin2, associated with hypoxic lipid 
accumula  on previously, proved to be a Ppar target, 
but was hardly induced by Hif-1 in BMDMs. Hif-1
cKO and adrp knockdown reduced, but did not ab-
olish lipid accumula  on. Comparison of Hilpda and 
Adrp/Plin2 indicated that Hilpda mediates LD forma-
 on, whereas Adrp stabilizes LDs.

The hypoxia-inducible lipid droplet protein Hig2/Hilpda is highly expressed in atherosclero  c foam cells, 
but its role in atherogenesis has not been shown. We found that Hilpda is crucial to neutral lipid accumu-
la  on, resistance against lipid overload and controlled PGE2 produc  on in macrophages. Tie2-cre- but not 
lysM-cre-mediated Hilpda deple  on in apolipoprotein E-defi cient mice reduced total aor  c plaque size and 
macrophage content, and vascular infl amma  on under normal and high fat diet. 

Mechanisms and func  onal consequences of Hilp-
da-induced neutral lipid storage. 
Hilpda-induced lipid storage did not require increa-
sed uptake of lipoproteins or FA. Tracing of “click”-FA 
confi rmed that esterifi ca  on to di- and triacylglyce-
rol is impaired in hilpda cKO BMDMs, but not uptake 
and integra  on of FA into membrane phospholipids. 
Hilpda-induced LD forma  on decreased ROS a  er 
reoxygena  on and protected against membrane da-
mage a  er FA overload, but did not alter ATP levels.
A  er FA loading for 8 h, which enhanced subsequent 
LPS-s  mulated PGE2 forma  on, hilpda cKO BMDMs 
produced more PGE2, whereas a  er FA loading for 
32 h PGE2 produc  on was reduced in cKO BMDMs, 

In apoe-/-  e2-cre hilpda cKO mice -/+ HFD total aor  c plaque area is reduced (A and B). Aor  c root lipid deposi  on (Oil red O; 
C and D) and CD68+macrophages are decreased in hilpda cKO mice, whereas -smooth muscle ac  n (Sma) is increased (E).
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Publica  ons during funding period 
Maier A, Wu H, Cordasic N, Oefner P, Dietel B, Thiele C, Weidemann A, Eckardt KU, Warnecke C (2017) Hypoxia-inducible protein 2 
Hig2/Hilpda mediates neutral lipid accumula  on in macrophages and contributes to atherosclerosis in apolipoprotein E-defi cient 
mice. FASEB J. 31(11): 4971-4984 

indica  ng that LDs can serve both as buff er and as 
reservoir for the FA substrates of PGE2 produc  on. 
Thus, Hilpda-mediated LD forma  on is crucial to a 
controlled and inducible produc  on of PGE2, which 
increases Vegf expression and vascular permeability 
in acute infl amma  on and contributes to plaque de-
stabiliza  on in advanced plaques. 

Hilpda contributes to atherogenesis in Apolipoprote-
in E-defi cient mice.
In human plaques HILPDA was highly expressed in 
foam cells surrounding the lipid core and in the vul-
nerable plaque shoulder. Co-localiza  on with COX2/
PTGS2 suggested that HILPDA may contribute to 
PGE2 produc  on, destabiliza  on and rupture of ad-
vanced human plaques.
We analyzed apolipoprotein E-defi cient (apoe-/-) 
mice with lysM-cre- and  e2-cre-driven hilpda cKO. 
In  e2-cre cKO, but not in lysM-cre cKO mice, Hilpda 
deple  on reduced total lesion areas in whole aortas 
and macrophage content and lipid deposi  on in aor-
 c roots. We then inves  gated male apoe-/-  e2-cre 

hilpda cKO mice a  er 8 weeks of high fat diet (HFD), 

expec  ng to stress diff erences between cKO and wt 
mice by Ppar-mediated hilpda induc  on. However, 
although HFD doubled total aor  c plaque area, it 
did not increase, but blunted the rela  ve diff erence 
in atherogenesis between hilpda cKO and wt mice. 
In large blood vessels, Fabp4, a marker of atheros-
clerosis progression, was robustly induced by HFD. 
Expression of Vegf, Fabp4 and Ptges/mPges1 mRNA 
were signifi cantly lower in apoe-/- hilpda cKO than 
in wt mice, and Icam1 showed a tendency towards 
reduc  on, indica  ng a  enuated vascular infl amma-
 on in hilpda cKO mice.

Thus, Hilpda contributes to early lesion forma  on 
and vascular infl amma  on and probably also to the 
progression of atherosclerosis.

Contact:
PD Dr. Warnecke
phone: +49 9131 85 39562/39567
e-mail: chris  na.warnecke@uk-erlangen.de

PD Dr. Warnecke

Hilpda-induced LDs restrict PGE2 produc  on a  er 8 h fa  y acid (FA) overload (A), but support PGE2 synthesis 32 h a  er FA loading (B). 
Hilpda and Cox2 co-localize in plaques (C). Vegf and infl ammatory genes in blood vessels of hilpda wt and cKO mice (D).
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Leishmania, iNOS and iron

Prof. Dr. Chris  an Bogdan, PD Dr. Ulrike Schleicher, 
Ins  tute of Clinical Microbiology, Immunology and Hygiene

Replica  on and intracellular survival of Leishmania 
parasites depends on iron, but is limited by the ac-
 vity of inducible nitric oxide (NO) synthase (iNOS 

or NOS2). NOS2 is expressed in phagocytes upon 
s  mula  on by cytokines (e.g. IFNγ, TNF) and/or 
microbial ligands and converts L-arginine into cit-
rulline and NO. Based on studies with promas  gote 
Leishmania, NO is capable to exert direct leishmani-
cidal eff ects. However, whether this is also true for 
amas  gote Leishmania, has never been demons-
trated. In the light of the known signaling func  on 
of NO, possible indirect an  microbial eff ects of NO 
need to be considered.

In order to test the hypothesis that the an  -leishma-
nial eff ect of NO is also a result of the withdrawal of 
iron from the microenvironment of amas  gotes, we 
performed killing assays with infected bone marrow-
derived macrophages (BMM) that were s  mulated 
for endogenous NO produc  on or incubated with an 
exogenous NO donor in the presence or absence of 
exogenous Fe2+ (FeSO4) or Fe3+ (FeCl3). In both set-
 ngs, the Fe compounds were able to reverse the 

killing of intracellular Leishmania. To elucidate the 
underlying mechanism(s), we tested whether the 
expression of ferropor  n-1 (Fpn1), the only known 
cellular export system for Fe2+/Fe3+, is regulated by 
NOS2/NO. We found that NO did not increase Fpn1 
mRNA or protein expression. To defi ni  vely rule 
out a role for Fpn1, we analyzed BMM from Tie2cre 
Fpn1fl /fl  mice. Killing of Leishmania remained unim-
paired in IFN-γ/LPS-s  mulated BMM lacking Fpn1.

In a reverse approach iron-loaded L. major-infected 
C57BL/6 mice showed disease exacerba  on with 
aggravated skin swelling at the site of infec  on and 
higher parasite loads in the lesion. This was paral-

Leishmania are infec  ous pathogens whose intracellular, iron-dependent survival and prolifera  on is coun-
teracted by the ac  vity of inducible nitric oxide synthase (NOS2). This project aims to test whether and by 
which mechanism the iron metabolism and the expression of NOS2 cross-regulate each other during cuta-
neous and visceral leishmaniasis and thereby aff ect the an  leishmanial ac  vity of macrophages.

leled by enhanced cell death in the infected  ssue, in-
creased infl ux of CD11b+Ly6G+Ly6C+ neutrophil-like 
cells lacking suppressor ac  vity and decreased per-
centages of T-cells, eosinophils, macrophages and 
dendri  c cells. Furthermore, iron overload increased 
the expression of IFN-gamma, TNF, IL-4, TGF-beta 
and NOS2 mRNA in skin lesions, whereas NOS2 pro-
tein expression and NO produc  on was suppressed 
compared to control mice. Interes  ngly, arginase 
(Arg) 1, which competes with NOS2 for the substrate 
L-arginine, was upregulated on mRNA and protein 
level. In Arg1-defi cient C57BL/6 mice the aggravated 
course of disease following iron loading was abolis-
hed and NO produc  on in the lesions was par  ally 
restored. Similar eff ects were observed when iron-
loaded C57BL/6 mice were treated with an  -IL-4-an-
 bodies indica  ng that iron-driven Arg1 induc  on is 

mainly due to enhanced IL-4 levels.

Expression of NOS2 and Arg1 mRNA (A) or protein (B) in the skin 
lesions of L. major-infected, iron dextran-loaded versus dextran-
treated (control) C57BL/6 mice.
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We conclude that (a) NOS2-derived NO does not up-
regulate iron export, but aff ects intracellular Leish-
mania survival by another iron-dependent mecha-
nism (e.g. by destruc  on of Fe-S clusters) and that 
(b) iron diff eren  ally aff ects NOS2 and Arg1 expres-
sion. Disease exacerba  on and impaired parasite 
control at least par  ally result from IL-4-mediated 
Arg1 expression that decreases NO produc  on in 
iron-loaded mice. 

Prof. Dr. Bogdan
phone: +49 9131 85 22551
e-mail: chris  an.bogdan@uk-erlangen.de

Invited lectures
6th World Conferences on leishmaniasis, May 16-20, 2017, Toledo, Spain, Arginase 1 during the acute and latent phase of cutaneous 
leishmaniasis
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Schleicher U, Liese J, Jus  es N, Mischke T, Haeberlein S, Sebald H, Kalinke U, Weiss S and Bogdan C (2018) Type I interferon signaling 
is required for CpG-oligodesoxynucleo  de-induced control of Leishmania major, but not for spontaneous cure of subcutaneous cure 
of primary and secondary L. major infec  on. Fron  ers Immunol. doi: 10.3389/ fi mmu.2018.00079
Soulat D, Bogdan C (2017) Func  on of macrophage and parasite phosphatases in leishmaniasis. Fron  ers Immunol 8: 1-21
Leitherer S, Clos J, Liebler-Tenorio EM, Schleicher U, Bogdan C, Soulat D (2017) Characteriza  on of the protein tyrosine phosphatase 
LmPRL-1 secreted by Leishmania major via the exosome pathway. Infect Immun. 85(8): 1-19 
Ribechini E, Hutchinson JA, Hergovits S, Heuer M, Lucas J, Schleicher U, Jordán Garrote AL, Po  er SJ, Riquelme P, Brackmann H, 
Müller N, Raifer H, Berberich I, Huber M, Beilhack A, Lohoff  M, Bogdan C, Eyrich M, Hermanns HM, Geissler EK, Lutz MB (2017) 
Novel GM-CSF signals via IFN-gR/IRF-1 and AKT/mTOR license monocytes for suppressor func  on. Blood Advances 1(14): 947-960
Sek  oglu IM, Carretero R, Bender N, Bogdan C, Garbi N, Umansky V, Umansky L, Urban K, von Kebel-Döberitz M, Somasundaram 
V, Wink D, Beckhove P, Hämmerling GJ (2016) Macrophage-derived nitric oxide ini  ates T-cell diapedesis and tumor rejec  on. On-
coimmunology 5(10): e1204506
Schleicher U,  Paduch K,  Debus A,  Obermeyer S, Konig T,  Kling J C, Ribechini E,  Dudziak D, Mougiakakos D,  Murray P J, Ostuni 
R,  Korner H and Bogdan C (2016) TNF-Mediated Restric  on of Arginase 1 Expression in Myeloid Cells Triggers Type 2 NO Synthase 
Ac  vity at the Site of Infec  on. Cell Reports 15: 1062-1075
Schatz V, Strüssmann Y, Mahnke A, Schley G, Waldner M, Ri  er U, Wild J, Willam C, Dehne N, Brüne B, McNiff  JM, Colegio OR, Bog-
dan C and Jantsch J (2016) Myeloid-derived HIF1a promotes control of Leishmania major. J. Immunol. 197: 4034-4041
Siegert I, Schödel J, Nairz M, Schatz V, De  mer K, Dick C, Kalucka J, Franke K, Ehrenschwender M, Schley G, Beneke A, Su  er J, Moll 
M, Hellerbrand C, Wielockx B, Katschinski DM, Lang R, Galy B, Hentze MW, Koivunen P, Oefner PJ, Bogdan C, Weiss G, Willam C, 
Jantsch J (2015) Ferri  n-Mediated Iron Sequestra  on Stabilizes Hypoxia-Inducible Factor-1α upon LPS Ac  va  on in the Presence of 
Ample Oxygen. Cell Reports 13(10): 2048-55
Jantsch J, Schatz V, Friedrich D, Schröder A, Kopp C, Siegert I, Maronna A, Wendelborn D, Linz P, Binger KJ, Gebhardt M, Heinig M, 
Neubert P, Fischer F, Teufel S, David JP, Neufert C, Cavallaro A, Rakova N, Küper C, Beck FX, Neuhofer W, Muller DN, Schuler G, Uder 
M, Bogdan C, Lu   FC, Titze J (2015) Cutaneous Na+ storage strengthens the an  microbial barrier func  on of the skin and boosts 
macrophage-driven host defense. Cell Metabolism 21(3): 493-501
Bogdan C. (2015) Nitric oxide in innate and adap  ve immunity: an update. Trends Immunol 36(3): 161-178
Bode SF, Bogdan C, Beutel K, Behnisch W, Greiner J, Henning S, Jorch N, Jankofsky M, Jakob M, Schmid I, et al. (2014) Hemophago-
cy  c lymphohis  ocytosis in imported pediatric visceral leishmaniasis in a nonendemic area. J Pediatrics 165: 147-153

Prof. Dr. Bogdan PD Dr. Schleicher

Course of infec  on (A), parasite burden (B) and NO produc  on 
(nitrotyrosine staining, C) in the skin lesions of L. major-infected 
iron dextran-loaded or dextran-treated (control) C57BL/6 WT ver-
sus Arg1 mice.
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Tumor necrosis factor (TNF)-defi cient C57BL/6 mice 
fail to control an infec  on with the intracellular 
pathogen Leishmania (L.) major and develop fatal 
visceral disease, despite an intact Th1 immune res-
ponse and expression of type 2 nitric oxide (NO) syn-
thase (NOS2) protein that converts L-arginine into 
citrulline and leishmanicidal NO. NOS2 ac  vity can 
be antagonized by arginase (Arg)1 that metabolizes 
L-arginine into urea and ornithine. In L. major-infec-
ted TNF-/- mice we discovered a hyperexpression of 
Arg1, paralleled by suppression of NOS2 ac  vity and 
NO produc  on at the sites of infec  on. To test whe-
ther in L. major-infected TNF-/- mice Arg1 upregula  -
on alone accounts for the detrimental outcome, we 
generated C57BL/6 mice defi cient for both TNF and 
Arg1. Unexpectedly, TNF-/-Tie2Cre+/-Arg1fl /fl  mice de-
veloped progressive cutaneous leishmaniasis com-
parable to TNF-/- mice, despite restored NO release 
in the infected  ssue. These results support the hy-
pothesis that altera  ons other than the upregula  -
on of Arg1 contribute to the non-healing course of 
infec  on in TNF-/- mice.
L. major-infected TNF-/- mice exhibited visceral di-
sease with high splenic parasite loads. Previously, we 
showed that in the spleen parasite control requires 
the produc  on of reac  ve oxygen species (ROS) by 
phagocyte NADPH-oxidase (Phox) rather than NO 
release by NOS2. As Phox ac  vity is induced by TNF, 
we inves  gated the produc  on of ROS in wildtype 
(WT) versus TNF-/- mice. Surprisingly, an increase of 
overall ROS produc  on was seen in TNF-/- mice by in 
vivo imaging (IVIS). Since this method also detects 
extracellular ROS, we are planning to analyze mRNA 
and protein expression of Phox components and the 
genera  on of ROS specifi cally in splenocytes.

Mechanisms of TNF-Mediated Control of Intracellular 
Pathogens in Mice and Man

Prof. Dr. Chris  an Bogdan, Ins  tute of Clinical Microbiology, Immunology and Hygiene

Neutraliza  on or dele  on of tumor necrosis factor (TNF) causes loss of control of intracellular pathogens 
in mice and humans, but the underlying mechanisms are incompletely understood. This project aims to 
iden  fy by which mechanisms TNF protects from progressive cutaneous leishmaniasis. In parallel, TNF-
regulated protec  ve versus disease-media  ng pathways will be evaluated in immune cells of pa  ents with 
rheumatoid arthri  s (RA) before and a  er treatment with TNF-antagonists.

A63 - Progress Report
01.07.2016 - 31.12.2018

As TNF-defi ciency also aff ected T cell popula  ons 
(CD4+Tbet+, CD8+, CD4+FOXP3+), we analyzed T cell 
exhaus  on in L. major-infected TNF-/- mice. The in-
hibitory surface molecule programmed cell death 
protein 1 (PD-1) was upregulated on CD4+ and on 
CD8+ T cells, sugges  ng T cell suppression in infected 
TNF-/- mice. However, blocking of PD-1 by applica  on 
of an  -PD-1 did not prevent non-healing disease in 
L. major.

(A) ROS produc  on in infected WT and TNF-/- mice; (B) lymph 
node PD1+CD4+ T cells in infected WT vs. TNF-/- mice; (C) lesion 
size and (D) parasite load of infected WT vs. TNF-/- mice a  er an  -
PD-1 or control rat IgG2a treatment
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Prof. Dr. Bogdan

In order to discover “novel” TNF-regulated an  mi-
crobial eff ectors, spleens of L. major-infected TNF-/- 

vs. WT mice at two diff erent  me points of infec  on 
were analyzed by RNAseq technology (coop. with 
Dr. Ekici). A high number of diff eren  ally expressed 
genes were iden  fi ed, some of which were already 
validated by real-  me PCR (e.g. MadCAM-1, Stra6, 
Erdr1, Fcamr, Fcgr1) and fl ow cytometry (changes in 
B cell popula  ons). Pathway analyses (Ingenuity®) 
and func  onal studies are performed to link these 
genes to the suscep  bility of TNF-/- mice.

(A) RNA extrac  on from spleens 
of naive or infected TNF-/- and 
WT mice for gene expression 
analysis by RNASeq. (B) Signifi -
cantly regulated genes in infec-
ted WT vs. TNF-/- mice at day 0, 
19 and 27 post infec  on as de-
tected by RNASeq, p < 0.05.

Invited lectures
6th World Conferences on leishmaniasis, May 16-20, 2017, Toledo, Spain, Arginase 1 during the acute and latent phase of cutaneous 
leishmaniasis

Publica  ons during funding period 
Soulat D, Bogdan C (2017) Func  on of macrophage and parasite phosphatases in leishmaniasis. Fron  ers in Immunology 8: 1-21
Leitherer S, Clos J, Liebler-Tenorio EM, Schleicher U, Bogdan C, Soulat D (2017) Characteriza  on of the protein tyrosine phosphatase 
LmPRL-1 secreted by Leishmania major via the exosome pathway. Infec  on Immunity 85(8): 1-19 
Schleicher U, Paduch K, Debus A, Obermeyer S, König T, Kling JC, Ribechini E, Dudziak D, Mougiakakos D, Murray PJ, Ostuni R, Körner 
H, Bogdan C (2016) TNF-meditated restric  on of arginase 1 expression in myeloid cells triggers type 2 NO synthase ac  vity at the 
site of infec  on. Cell Reports 15(5): 1062-1075

Finally, we are also inves  ga  ng the regula  on of 
Arg1 by TNF in humans. To this end, Arg1 expressi-
on is analyzed in peripheral blood mononuclear cells 
and neutrophils from rheumatoid arthri  s pa  ents 
prior and during treatment with TNF-antagonists.

Contact:
Prof. Dr. Bogdan
phone: +49 9131 85 22551
e-mail: chris  an.bogdan@uk-erlangen.de
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The tyrosine-protein phosphatase SHP2 regulates TGF-
dependent ac  va  on of JAK2/STAT3 in fi bro  c diseases

Prof. Dr. Jörg Distler, Prof. Dr. Georg Sche  , Department of Medicine 3 – Rheumatology and Immunology

SHP2 is a ubiquitously expressed non-receptor tyrosine phosphatase with important regulatory eff ects on 
receptor tyrosine kinase-, cytokine- and G-protein coupled receptor signaling. Altered SHP2 ac  vity due to 
muta  ons of the PTPN11 gene have been found in Noonan syndrome, juvenile myelomonocy  c leukemia, 
and several types of human malignancies. We provide fi rst evidence that SHP2 might also play a central role 
in the pathogenesis of fi bro  c diseases such as Systemic Sclerosis (SSc). Inac  va  on of SHP2 signaling pre-
vents the TGF-β mediated ac  va  on of JAK2 / STAT3 signaling to prevent myofi broblast diff eren  a  on and 
collagen release. Inac  va  on of SHP2 by gene  c or pharmacologic approaches inhibits TGF-β-dependent 
fi broblast ac  va  on and ameliorates experimental fi brosis. Given the availability of SHP2 inhibitors, SHP2 
might thus be a novel target for the treatment of fi bro  c diseases.  

A64 - Progress Report
01.02.2016 - 31.07.2018

Fibroblast-specifi c knockout of Shp2 protects from experimental fi brosis.
a: TBRICA-induced fi brosis. b: Bleomycin-induced skin fi brosis. c: TSK1 model. Representa  ve images of Masson trichrome stained skin 
shown at 40-fold magnifi ca  on. Dermal thickness, hydroxyproline content and myofi broblast counts. All groups in all models consisted 
of ≥ 6 mice each



41IZKF Erlangen Annual Report 2017

Uncontrolled ac  va  on of TGFβ signaling is a com-
mon denominator of fi bro  c  ssue remodeling. 
Here we characterize the tyrosine phosphatase 
SHP2 as a molecular checkpoint for TGFβ-induced 
JAK2/STAT3 signaling and as a poten  al target for 
the treatment of fi brosis. SHP2 is recruited to JAK2 
in a TGFβ-dependent manner in fi broblasts and de-
phosphorylates JAK2 at Y570, which permits subse-
quent ac  va  on of STAT3. Although SHP2 expression 
is decreased in systemic sclerosis (SSc), the mode-
rate downregula  on of SHP2 expression is not suf-
fi cient to counterbalance the hyper-ac  va  on of 
TGFβ signaling in SSc. However, augmenta  on of 

Prof. Dr. Distler Prof. Dr. Sche  

Invited lectures
Annual Mee  ng of the American College of Rheumatology Mee  ng, November 2017, San Diego, CA, USA, All roads lead to fi brosis
Keystone Mee  ng “Injury, Infl amma  on and Fibrosis“, March 2017, Snowbird, UT, USA, Targe  ng TGFbeta-Dependent Fibroblast 
Ac  va  on
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Šumová B, Chakraborty D, Mallano T, Chen CW, Distler A, Distler O, Sche   G, Šenolt L, Distler JH (2017) Ac  va  on of Signal Trans-
ducer and Ac  vator of Transcrip  on 3 (STAT3) integrates common profi bro  c pathways to promote fi broblast ac  va  on and  ssue 
fi brosis. Nat. Comm 8(1): 1130
Huang J, Maier C, Zhang Y, Soare A, Dees C, Beyer C, Harre U, Chen C-W, Distler O, Sche   G, Wollin L, Distler JH (2017) Nintedanib 
macrophage ac  va  on and ameliorates vascular and fi bro  c manifesta  ons in the Fra2 mouse model of systemic sclerosis. Ann 
Rheum Dis 76(11): 1941-1948
Rauber S, Luber M, Weber S, Maul L, Soare A, Wohlfahrt T, Lin N-Y, Dietel K, Bozec A, Herrmann M, Kaplan MH, Weigmann B, Zaiss 
M, Fearon U, Veale DJ, Canete JD, Distler O, Rivallese F, Pitzalis C, Neurath MF, McKenzie ANJ, Wirtz S, Sche   G, Distler JH, Ramming 
A (2017) Resolu  on of infl amma  on by interleukin 9 producing type 2 innate lymphoid cells. Nat Med. 23: 938-944
Zhang Y, Liang R, Chen C-W, Mallano T, Dees C, Distler A, Reich A, Bergmann C, Ramming A, Gelse K, Milenz D, Distler O,Sche   G, 
Distler JH (2017) JAK1-dependent transphosphoryla  on of JAK2 limits the an  -fi bro  c eff ects of selec  ve JAK2 inhibitors upon long-
term treatment. Ann Rheum Dis. 76(8): 1467-1475
Maier C, Ramming A, Bergmann C, Weinkam R, Ki  an N, Sche   G, Distler JH, Beyer C (2017) Inhibi  on of phosphodiesterase 4 (PDE4) 
reduces dermal fi brosis by interfering with the release of interleukin-6 from M2 macrophages. Ann Rheum Dis.76(6): 1133-1141
Chen CW, Beyer C, Liu J, Maier C, Li C, Trinh-Minh T, Xu X, Cole SH, Hsieh MH, Ng N, Althage A, Meeusen S, Pan S, Svensson EC, Seidel 
HM, Sche   G, Gergely P, Harris JL, Distler JH (2017) Pharmacological inhibi  on of porcupine induces regression of experimental skin 
fi brosis by targe  ng Wnt signalling. Ann Rheum Dis. 76(4): 773-778

this endogenous regula  on by gene  c or pharmaco-
logic inac  va  on of SHP2 promotes accumula  on of 
JAK2 phosphorylated at Y570, reduces JAK2/STAT3 
signaling, inhibits TGFβ-induced fi broblast ac  va  on 
and ameliorates dermal and pulmonary fi brosis. Gi-
ven the availability of potent SHP2 inhibitors, SHP2 
might thus be a poten  al novel target for the treat-
ment of fi brosis.

Contact:
Prof. Dr. Distler
phone: +49 9131 85 43008
e-mail: joerg.distler@uk-erlangen.de
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In our preliminary data, we sorted DC subsets from 
blood, spleen, and thymus and s  mulated the iso-
lated DCs with Toll like receptor (TLR) ligands. A  er 
culture, we measured the concentra  on of secreted 
cytokines and chemokines by CBA assay from col-
lected supernatants. Strikingly, we found that the 
cellular surface expression profi le did not refl ect 
the secreted cytokines and chemokines as thymic 
DCs expressed all cos  mulatory molecules expected 
to be there upon pathogenic s  mula  on. However, 
the amount of several cytokines was strongly redu-
ced in the supernatants of thymic DCs compared to 
blood or splenic DCs. Most importantly, we found 
that the produc  on of the TH1 polarizing cytokine 
IL-12 was almost completely blocked in the thymus, 
whereas blood and splenic DCs produced compara-
ble amounts of it. As IL-12 is a cri  cal cytokine in the 
regula  on of immune responses it is interes  ng why 
thymic DCs are unable to secrete this cytokine. We 
hypothesize that DCs in the thymus have a toleroge-
nic poten  al, inhibi  ng the pre-ac  va  on of thymo-
cytes even in the case of a poten  al infec  on. We 
are interested to understand this tolerizing poten  al 

Tolerizing poten  al of human dendri  c cell subpopula  ons

Prof. Dr. Diana Dudziak, Department of Dermatology

Dendri  c cells (DCs) play a major role in the maintenance of tolerance. Expression profi ling of DC subsets 
revealed that lympho-hematopoie  c organs have only a minor infl uence on DC ontogeny and the resul  ng 
DC subtype signature in the steady state. Strikingly, isolated thymic DCs displayed a tolerogenic phenotype 
upon pathogenic s  mula  on. We are aiming to inves  gate this tolerizing poten  al in thymic DC subsets on 
func  onal and epigene  c level. 

A65 - Progress Report
01.04.2016 - 30.09.2018

of human thymic DCs as this immunoprivileged site 
might harbor important aspects also for understan-
ding of tumor development.

Results in Aim 1: Determina  on of func  onal diff e-
rences between blood and thymic DCs
To strengthen our preliminary fi ndings we perfor-
med side-by-side polariza  on and prolifera  on as-
says in a co-culture of isolated and ac  vated thymic 
and blood DCs with HLA-mismatched naïve CD4+ 
peripheral blood T cells. Cell-sorted DCs from the-
se  ssues were s  mulated with TLR ligands. A  er 
24 hrs, the cells were co-cultured with purifi ed allo-
geneic blood CD4+ T cells. Intracellular FACS analyses 
revealed that thymic DCs are inhibited in driving TH1 
diff eren  a  on while the diff eren  a  on into TH2 and 
TH17 was unaltered compared to blood DCs. Next, 
we will inves  gate CD8+ driven responses.

Results in Aim 2: Iden  fi ca  on of epigene  c modi-
fi ca  ons in steady-state and ac  vated thymic and 
blood DC subpopula  ons
Thymic DCs might be infl uenced by either  ssue fac-
tors or diff eren  al ac  vity of regulatory components 
(e.g. transcrip  ons factors). Inves  ga  ng the expres-
sion of NFкB and NFкB regula  ng factors we found 
only slight diff erences between thymic and blood 
DCs. Therefore, we measured the phosphoryla  on 
of signaling molecules by upon s  mula  on with TLR 
ligands of sorted blood and thymic DCs. Notably, 
we found a diff eren  al DC specifi c phosphoryla  on 
profi le in that NFкB p65 and p38 MAPK were stron-
ger and longer phosphorylated in R848-s  mulated 
blood DCs compared to thymic DCs. Those data are 
of specifi c importance, as we needed more evidence 
about poten  al regulatory mechanisms in thymic 
DCs. Based on our fi ndings, we are currently sor  ng 

Human DC subpopula  ons and their role in tolerance and 
immunity. 
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Prof. Dr. Dudziak

Invited lectures
6th Chinese-German Symposium on Immunology, November 2017, Hangzhou China, Exploring dendri  c cells in mouse and man for 
vaccine development in tumor and autoimmune therapy
Annual Mee  ng of the Autumn School of Immunology, October 9, 2017, Merseburg, How dendri  c cells (interact and) ac  vate T 
cells
47th Annual Mee  ng of the German Society of Immunology, September 2017, Erlangen, Understanding the transcrip  onal code of 
dendri  c cells to improve immunotherapeu  c approaches
101st Annual Mee  ng of the German Society of Pathology‚ June 2017, Erlangen, Understanding the transcrip  onal code of dendri  c 
cells to improve immunotherapeu  c approaches
Guest speaker at the MPI for Infec  on Research, March 28, 2017, Berlin, Dendri  c cells in mouse and man – In-depth analysis for 
be  er vaccine design
Guest speaker at the TRR156, March 15, 2017, Heidelberg, Dendri  c cells in mouse and man – In-depth analysis for be  er vaccine 
design
Guest speaker at the ‘Erlanger days of Radiology’, March 18, 2017, Erlangen, Vakzinierung mit Dendri  schen Zellen 

Publica  ons during funding period
Friede ME, Leibelt S, Dudziak D, Steinle A (2017) Select Clr-g Expression on Ac  vated Dendri  c Cells Facilitates Cognate Interac  on 
with a Minor Subset of Splenic NK Cells Expressing the Inhibitory Nkrp1g Receptor. J Immunol. doi: 10.4049/jimmunol.1701180
Schneppenheim J, Loock AC, Hü  l S, Schweizer M, Lüllmann-Rauch R, Oberg HH, Arnold P, Lehmann CHK, Dudziak D, Kabelitz D, 
Lucius R, Lennon-Duménil AM, Sa  ig P, Schröder B (2017) The infl uence of MHCII on B cell defects 1 induced by invariant chain/CD74 
N2 terminal fragments. J Immunol. 199: 172-185
Lehmann CHK, Baranska A, Heidkamp GF, Heger L, Neubert K, Lühr JJ, Hoff mann A, Reimer K, Brückner C, Beck S, Seeling M, Kießling 
M, Soulat D, Krug A, Ravetch JV, Leusen JHW, Nimmerjahn F, Dudziak D (2017) DC subset specifi c induc  on of T cell responses upon 
an  gen uptake via Fcγ receptors in vivo. J Exp Med. 214(5): 1509-1528
Mokada-Gopal L, Boeser A, Lehmann CHK, Drepper F, Dudziak D, Warscheid B, Voehringer D (2017) Iden  fi ca  on of Novel STAT6-
Regulated Proteins in Mouse B Cells by Compara  ve Transcriptome and Proteome Analysis. J Immunol. 198(9): 3737-3745
Gerstner S, Köhler W, Heidkamp G, Purbojo A, Uchida S, Ekici AB, Heger L, Luetke-Eversloh M, Schubert R, Bader P, Klingebiel T, Koehl 
U, Mackensen A, Romagnani C, Cesnjevar R, Dudziak D, Ullrich E (2016) Specifi c phenotype and func  on of CD56-expressing innate 
immune cell subsets in human thymus. J Leukoc Biol.100(6): 1297-1310
Heidkamp GF, Sander J, Lehmann CH, Heger L, Eissing N, Baranska A, Lühr JJ, Hoff mann A, Reimer K, Lux A, Söder S, Hartmann A, 
Zenk J, Ulas T, McGovern N, Alexiou C, Spriewald B, Mackensen A, Schuler G, Schauf B, Forster A, Repp R, Fasching PA, Purbojo A, 
Cesnjevar R, Ullrich E, Ginhoux F, Schlitzer A, Nimmerjahn F, Schultze JL, Dudziak D (2016) Human lymphoid organ dendri  c cell 
iden  ty is predominantly dictated by ontogeny, not  ssue microenvironment. Science Immunol 1(6): 1-17 

non- and TLR ac  vated DCs for epigene  c profi ling, 
including ATAC sequencing combined with RNA-Seq 
analyses.

Contact:
Prof. Dr. Dudziak
phone: +49 9131 85 39346
e-mail: diana.dudziak@uk-erlangen.de 

Diff eren  al phosphoryla-
 on of signaling molecu-

les in blood and thymic 
DCs a  er s  mula  on with 
the TLR7/8 ligand R848
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Viruses, like other intracellular parasites, must 
evade the ac  ons of the host cell‘s innate immune 
response, and o  en devote a substan  al por  on 
of their coding capacity to counteract these cellu-
lar restric  on factors. The systema  c and unbiased 
approach at iden  fying cellular restric  on factors of 
DNA viruses uses the powerful CRISPR/Cas9 knock-
out and SAM technology. The projects major objec-
 ves are (1) performing complementary, unbiased 

CRISPR/Cas9 based screens for the iden  fi ca  on of 
novel candidate cellular factors restric  ng DNA viru-
ses and in par  cular Gammaherpesviruses, and fac-
tors restric  ng growth of Gammaherpesvirus-trans-
formed cells; this data from objec  ve (1) will also 
represent a valuable resource on their own that can 
be tapped into for future research projects. Objec-
 ve (2) is the verifi ca  on of a subset of these cellular 

candidate restric  on factors, that are selected based 
on novelty and eff ect strength, which is followed by 
the (3) iden  fi ca  on of the viral proteins that are the 
targets of the cellular restric  on factors and (4) the 
elucida  on of the mechanism. 
A  er performing fi rst genome wide screening ex-
periments on KSHV infected SLK target cells, we 
found the ini  al screens were limited by the FACS-
sor  ng rate of large epithelial cells, such as SLK(Caki) 
or HeLa, which allowed to separate  ~1500 cells per 
second, and would have resulted in sort  mes excee-
ding 20 hours for a typical sample of 50-100 million 
cells. Therefore, we constructed recombinant KSHV 
Bac16, Bac16RGB and HVS, expressing a murine 
H-2Kk surface marker that allows magne  c (pre-)
sor  ng of virus infected cells. This can then be fol-
lowed by FACS sor  ng of GFP and GFP/BFP popu-
la  ons. The synergis  c ac  va  on mediator (SAM) 

Genome wide CRISPR/Cas9 knockout for the iden  fi ca  on 
of an  viral cellular restric  on factors

Prof. Dr. Armin Ensser, Ins  tute of Clinical and Molecular Virology

The project focuses on cellular factors that restrict herpesviruses and/or limit the growth of tumor cells 
transformed by human gammaherpesviruses. These factors represent primary therapeu  c targets. We em-
ploy a two-pronged, unbiased approach at iden  fying such restric  on factors using the powerful CRISPR/
Cas9 knockout technology. One system targets each human gene with several independent constructs for 
knockout, the other system is capable of ac  va  ng the promoter of each human gene.

A66 - Progress Report
01.07.2016 - 31.12.2018

Magne  c enrichment of cells infected by H-2kk expressing KSHV. 
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Publica  ons during funding period 
Ensser A (2017) Genome Sequence of the Alcelaphine Gammaherpesvirus 1 A  enuated Laboratory Strain WC11. Genome Announc 
5(45)
Full F, Hahn AS, Grosskopf AK, Ensser A (2017) Gammaherpesviral Tegument Proteins, PML-Nuclear Bodies and the Ubiqui  n-Pro-
teasome System. Viruses 9(10)

system was func  onally verifi ed and established 
as a complementary approach to validate the sgR-
NA ko-screen. Its genome-wide sgRNA2.0 library 
of >70.000 plasmids is now available and the com-
ponents of the SAM system, NLS-dCas9-VP64 and 
helper transac  vator MS2-p65-HSF1 were tested in 
model cell lines (e.g. SLK(Caki), HeLa). Furthermore, 
an improved version of the genome-wide sgRNA lib-
rary in the pLen  CRISPRv2 vector became recently 
available. We have obtained and amplifi ed this “Bru-
nello-Library” consis  ng of 4 sgRNA per cellular gene 
and 1000 non-targe  ng control sgRNAs (total 77.441 
constructs) and sequence verifi ed it by Illumina NGS 
on the core units HiSeq 2500 instrument. The Bru-
nello library is more effi  cient due to its op  mized 
algorithm for sgRNA design, resul  ng in a lower 
false discovery rate (FDR), and the lower complexity 
requires 1/3 less cells to be transduced, and conse-
quently, less sor  ng  me for selec  on of enriched or 
depleted cells. In summary, the two complementary 
screens will help us to iden  fy targets with increa-
sed confi dence via the respec  ve opposite ranking 
in knockout vs. SAM screens, ensuring that we can 
focus on relevant genes.

Contact:
Prof. Dr. Ensser
phone: +49 9131 85 22104
e-mail: armin.ensser@fau.de

Synthe  c ac  va  on mediator (SAM) targeted to PML promoter.
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Within the fi rst year of funding, we demonstrated 
that the retroviral restric  on factor TRIM5α redu-
ces the retrotransposi  on frequencies of LINE-1 
reporter elements. To iden  fy regions of TRIM5α 
important for LINE-1 restric  on, we analyzed natu-
rally occurring TRIM5α variants, single nucleo  de 
polymorphisms (SNPs), as wells as TRIM5α dele  on 
mutants in LINE-1 GFP reporter assays. We found the 
N-terminal RING domain of TRIM5α, which harbors 
an E3 ligase func  on, to be dispensable for restric-
 on of LINE-1. In contrast, we iden  fi ed a single SNP 

located within the SPRY domain of TRIM5α, which 
directly interacts with retroviral capsids, that causes 
a complete loss of LINE-1 restric  on. To confi rm the 
importance of the SPRY domain and to determine 
the role of the B-Box domain, which is important for 
mul  meriza  on of TRIM5α, in LINE-1 restric  on, we 
analyzed the retrotransposi  on effi  ciency of LINE-1 
GFP in the presence of addi  onal SAMHD1 mutants. 
We found that replacing charged surface amino acids 
in the SPRY domain abrogated the block to LINE-1 
confi rming the role of the SPRY domain in LINE-1 re-
stric  on. Furthermore, changing cri  cal amino acids 
within the B-box (C95, R119) also strongly reduced 
TRIM5α ac  vity against LINE-1, sugges  ng that mul-
 meriza  on of TRIM5α is important for its ac  vity 

against LINE-1. 

Analysis of the TRIM5alpha-mediated block to LINE-1 
retroelements

Prof. Dr. Thomas Gramberg, Ins  tute of Clinical and Molecular Virology

LINE-1 is the only autonomously ac  ve retrotransposon in humans. LINE-1 retrotransposi  on has been 
shown to cause various gene  c disorders and it is key to control LINE-1 to maintain genome integrity. We 
found that the retroviral restric  on factor TRIM5α also inhibits LINE-1 elements. In this study, we will de-
termine the features of TRIM5α important for the block. We will also analyze the mechanism of LINE-1 
inhibi  on and ask if other mobile elements are restricted as well.  

A67 - Progress Report
01.02.2016 - 31.07.2018

Muta  ons in B-Box and SPRY-domain of TRIM5α abrogate its 
an  -L1 ac  vity. 293T cells were transfected with TRIM5α or the 
indicated mutants and an L1 GFP reporter plasmid. Retrotrans-
posi  on events were quan  fi ed 5 days later and normalized to 
pcDNA-transfected control cells. 
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Invited lectures
Guest seminar (SFB) Ins  tut für Virologie, MHH, June 08, 2017, Hannover, Restric  on factors block Retroviruses and endogenous 
Retroelements
Guest seminar Robert Koch Ins  tut, May 08, 2017, Berlin, The role of SAMHD1 in fending off  Retroviruses and endogenous Retro-
elements

Awards
Thiersch Preis, Habilita  onspreis der Med. Fakultät, Thomas Gramberg, November 6, 2017, Erlangen

Publica  ons during funding period
none

Since the restric  on of LINE-1 by TRIM5α seems in-
dependent of its E3 ligase func  on, we wondered 
whether the reported TRIM5α-mediated induc  on 
of the MAP-Kinase pathway ac  va  ng AP-1 and NF-
kB transcrip  on factors might play a role in LINE-1 
restric  on. In 293T cells, we found the replica  on of 
LINE-1 GFP to be potently restricted by overexpres-
sion of cons  tu  vely ac  ve mutants of the signaling 
kinases MEK1 and Raf1.  In AP-1 and NfKb-depen-
dent luciferase reporter assay, overexpression of TRI-
M5a led to NF-kB and AP-1 ac  va  on. Interes  ngly, 
the TRIM5α-mediated AP-1 signal in the presence 
of LINE-1 was enhanced, sugges  ng that TRIM5α 
induces inhibitory AP-1 signaling in the presence of 

AP-1 ac  va  on by TRIM5a correlates with L1 inhibi  on. A) L1-GFP+ 293T cells were transfected with MEK1 
and Raf or the ac  ve mutants MEK-E and Raf-DD. B) Cells were transfected with an AP1-driven luciferase 
reporter, L1, and TRIM5α. Luciferase ac  vity was determined a  er 48h.

LINE-1. In summary, the inverse correla  on between 
LINE-1 replica  on and AP-1 induc  on by TRIM5α 
suggests the involvement of the TRIM5a-mediated 
MAP-Kinase ac  va  on in LINE-1 retrotransposi  on. 
Our fi ndings suggest that AP-1 restricts the ac  vity 
of LINE-1 mobile gene  c elements and thereby con-
tributes to host genome stability.

Contact:
Prof. Dr. Gramberg
phone: +49 9131 85 36481
e-mail: thomas.gramberg@fau.de
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Analysis of the role of the IL-23/Th17 axis during the control 
of an  body ac  vity in rheumatoid arthri  s

Prof. Dr. Gerhard Krönke, Department of Medicine 3 – Rheumatology and Immunology
Prof. Dr. Falk Nimmerjahn, Division of Gene  cs

We previously iden  fi ed the IL-23/TH17 axis as im-
portant modulator of the infl ammatory ac  vity of 
autoan  bodies during rheumatoid arthri  s (RA). 
TH17 cells cri  cally contributed to the ini  al produc-
 on of pro-infl ammatory and arthritogenic IgG befo-

re onset of infl amma  on. Here, we iden  fi ed TH17 
cells in secondary lympha  c organs that displayed a 
T follicular helper cell phenotype and entered germi-
nal centers where they regulated the glycosyltrans-
ferase expression in newly diff eren  a  ng plasma 

We currently determine the role of the IL-23/TH17 axis during the control of the intrinsic infl ammatory ac-
 vity of autoan  bodies during onset of autoimmune arthri  s. We have iden  fi ed a pathway where TH17 

cells regulate expression of glycosyltransferases in newly diff eren  a  ng an  body-producing cells and the-
reby determine the glycosyla  on profi le and ac  vity of consecu  vely produced immunoglobulin G. 

A68 - Progress Report
16.06.2016 - 15.12.2018

cells. This IL-23-dependent pathway determined the 
glycosyla  on profi le of newly-produced autoan  bo-
dies. These changes in autoan  body glycosyla  on in 
turn drama  cally increased the pro-infl ammatory 
ac  vity of these immunoglobulins and were essen-
 al for the autoan  body triggered onset of autoim-

mune arthri  s in the RA model of K/BxN arthri  s. 
Currently we are dissec  ng the role of single TH17-
derived cytokines in the control of the B cell res-
ponse as well as of the glycosyla  on of an  bodies. 

IL-23 contributes to the ini  a  on of arthri  s. (a) Il23a-/- mice a  er induc  on of CIA. (b) K/BxN mice, treated with an 
IL23 an  body. (c) Il23a-/- mice that received CII-specifi c an  bodies or (d) WT mice that received serum from K/BxN 
mice together with an IL23 an  body.
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Prof. Dr. Krönke Prof. Dr. Nimmerjahn

Invited lectures
An  body Engineering and Therapeu  cs conference, December 2017, San Diego, Regula  on of infl ammatory proper  es of autoan-
 body glycosyla  on in autoimmune disesase

Molecular-Medicine Seminar, December 2017, University of Strasbourg, France, Regulatory checkpoints controlling the transi  on 
between autoimmunity and infl amma  on and their impact for human autoimmune disease
Seminar at the Centre for Immunobiology, October 2017, University of Glasgow, UK, Regulatory checkpoints controlling the transi-
 on between autoimmunity and infl amma  on

Awards
Langener Wissenscha  spreis, Gerhard Krönke, November 2017, Langen

Publica  ons during funding period 
Rothe T, Ipseiz N, Faas M, Lang S, Perez-Branguli F, Metzger D, Ichinose H, Winner B, Sche   G and Krönke G. (2017) The Nuclear 
Receptor Nr4a1 Acts as a Microglia Rheostat and Serves as a Therapeu  c Target in Autoimmune-Driven Central Nervous System 
Infl amma  on. J Immunol.198(10): 3878-3885
Pfeifl e R, Rothe R, Ipseiz N, Scherer HU, Culemann S, Harre U, Ackermann JA, Seefried M, Kleyer A, n Uderhardt S, Haugg B, Hueber 
AJ, Daum P, Heidkamp GF, Ge C, Böhm S, Lux A, Schuh W, Magorivska I, Nandakumar KS, Lönnblom E, Becker C, Dudziak D, Wuhrer 
M, Rombouts Y  Koeleman CA, Toes R, Winkler TH, Holmdahl R, Herrmann M, Blüml S, Nimmerjahn F, Sche   G and Krönke G. (2017) 
Regula  on of autoan  body ac  vity by the IL-23/Th17 axis promotes the onset of autoimmune disease. Nat Immunol. 18(1): 104-
113

Here we are focusing on the cytokines IL-17, IL-22, 
GM-CSF and RANKL. Preliminary data show that In 
the model of K/BxN arthri  s blockade of IL-17A, but 
not of IL-22 suppresses development of arthri  s sug-
ges  ng a major role of IL-17 in the TH17-dependent 
regula  on of B cell ac  vity in this an  body-mediated 
model of RA. 

Contact:
Prof. Dr. Krönke
phone: +49 9131 85 43012
e-mail: gerhard.kroenke@uk-erlangen.de

Impact of an an  body-mediated blockade of (a) IL-17 and (b) IL-22 on the clinical course of K/BxN arthri  s.
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In this project, we employ condi  onal ATM knockout 
mice to inves  gate in vitro and in vivo how the DNA 
damage response regulates the func  on of macro-
phages and dendri  c cells (DC) upon encounter with 
microbial s  muli. 
In a fi rst set of in vitro experiments using bone mar-
row derived macrophages, we have observed that 
ionizing irradia  on (IR) alters the balance of pro- and 
an  -infl ammatory cytokine produc  on in response 
to subsequent s  mula  on with LPS. TNF, IL-6 and IL-
12 were signifi cantly increased, whereas IL-10 was 
down-regulated. This eff ect of IR was completely de-
pendent on ATM, as shown by Cre-mediated dele  -
on in ATMfl ox/fl ox BMDM. Interes  ngly, non-irradiated 
ATM-defi cient BMDM displayed moderately increa-
sed IL-10 and reduced proinfl ammatory LPS-induced 
cytokines compared to control BMDM, consistent 
with autochthonous ac  va  on of ATM by TLR4 ac-
 va  on. 

The transcrip  on factor p53 is a canonical 
downstream target of ATM kinase. In irradiated ma-
crophages, we found strong and dose-dependent 
phosphoryla  on of p53 a  er one hour, which was 
completely dependent on ATM. We next assessed 
whether IR per se induces cytokine expression and 
observed a moderate and transient upregula  on of 
mRNA encoding IL-6 and TNF, with a peak between 
1.5 – 3 hours. Preliminary data using pharmacologi-
cal inhibitors suggest that p53 and NFB ac  va  on 
contribute to the IR-induced cytokine expression. To 
further dissect the mechanisms of cross-regula  on 
between DNA-damage response and TLR signaling 
in macrophages, we plan to employ condi  onal 
knockout mice for p53 and components of the NFB 
pathway. 

Contribu  on of ATM kinase and the DNA-damage response 
in innate immunity to infec  on

Prof. Dr. Roland Lang, Ins  tute of Clinical Microbiology, Immunology and Hygiene

The DNA-damage response (DDR) requires the kinase ATM and is essen  al for the integrity of the host 
genome. We observed ac  va  on of the ATM kinase pathway in Toll-like receptor (TLR)-s  mulated mac-
rophages and a modula  on of the infl ammatory response by ATM-inhibi  on. Here, we carry out detailed 
studies to elucidate the molecular mechanisms and the consequences of ATM/DDR ac  va  on for the host 
response, protec  on and immunopathology during infec  on. 

A69 - Progress Report
01.07.2016 - 31.12.2018

In vivo challenge with the TLR4-ligand LPS causes 
rapid systemic cytokine produc  on, which can lead 
to organ damage and shock. Prior IR of mice with 2 
Gy caused a signifi cant reduc  on of TNF serum le-
vels, whereas IL-6 produc  on remained unaltered, 
sugges  ng that the consequences of DNA-damage 
induc  on are diff eren  ally regulated in vivo. The in-
volvement of ATM kinase in immune responses to 
infec  on and infl amma  on is currently inves  gated 
using condi  onal knockout mice with ATM dele  on 
in macrophages or DC. Preliminary data from immu-
niza  on experiments indicate that ATM-defi ciency in 
CD11c+ DC results in increased induc  on of Th cells 
producing IFN and IL-17. 

Irradia  on alters the balance of cytokine produc  on in response 
to the TLR4 ligand LPS. ATM-defi cient and control bone marrow-
derived macrophages (BMDM) were irradiated (10 Gy), followed 
by s  mula  on with LPS. Cytokines were measured from super-

natants. 
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Invited lectures
Medical Faculty Dresden, April 26, 2017, Dresden, Balancing innate immune responses in infec  on
Medical Faculty Mainz, September 26, 2017, Mainz, Angeborene Immunität gegen Infek  onen: von Detek  on zu Resolu  on
DGfI Autumn School of Immunology Merseburg, 09.10.2017, Merseburg, Ontogeny, diff eren  a  on and ac  va  on states of macro-
phages

Publica  ons during funding period 
none

Taken together, our results support the no  on that 
the DNA damage response through ATM kinase 
exerts a signifi cant regulatory eff ect on the innate 
response to microbial danger. While macrophage 
ac  va  on status in vitro was clearly biased towards 
a more infl ammatory response by DNA damage 
response, the resul  ng phenotypes in vivo were also 
compa  ble with an a  enua  on of infl ammatory cy-
tokine produc  on by DNA damage and ATM. There-
fore, in ongoing work we are inves  ga  ng in more 
detail and breadth the eff ect of ATM-defi ciency in 
murine infec  on and immuniza  on models.  

Contact:
Prof. Dr. Lang 
phone: +49 9131 85 22979
e-mail: roland.lang@uk-erlangen.de

Irradia  on ac  vates p53 and induces transient cytokine transcrip-
 on dependent on ATM. (A) BMDM were irradiated with the in-

dicated doses. Phosphoryla  on of p53 was determined a  er 1 h 
by Western blot. (B) Kine  cs of mRNA expression of Tnf and Il6 in 
irradiated (10 Gy) ATM-defi cient and control BMDM. 
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To further unravel the role of the UPS in HIV-1 repli-
ca  on we have been inves  ga  ng the interac  on of 
small HIV-1 proteins with the UPS. 
Currently, it is not clear of whether the ion channel 
ac  vity of the regulatory HIV-1 Vpu protein is invol-
ved in the degrada  on of host cell receptors, like 
tetherin or CD4. However, we were able to demons-
trate that this ac  vity is conserved throughout the 
evolu  on of HIV-1 and its ancestor SIVcpz. In case 
of the HIV-1 regulatory protein Vpr we could show, 
together with the group of Dr. Balasubramanyam, 
Houston, USA, that Vpr, by interac  ng with the cel-
lular DBB1, DCAF and Cul4A-ligase complex plays an 
important role in HIV-associated fa  y liver diseases. 
We will now inves  gate the role of certain DUBs in 
these processes. The 52 aa HIV-1 p6 Gag protein re-

Novel targets for an  retroviral therapy – deubiqui  na  ng 
enzymes regulate HIV-1 replica  on

Prof. Dr. Ulrich Schubert, Ins  tute of Clinical and Molecular Virology

We found that certain deubiqui  na  ng enzymes (DUBs) play an essen  al role in HIV-1 replica  on. In 
addi  on, we have been inves  ga  ng the role of three HIV-1 proteins, Vpr, Vpu and p6, in the interac  on 
with the ubiqui  n proteasome system (UPS). We found that Vpr is involved in HIV-associated fat metabo-
lism diseases and Vpu directs the polyubiqui  na  on of certain host cell-receptors. p6 regulates the poly-
ubiqui  na  on of Gag and is degraded by the insulin-degrading enzyme (IDE)

A70 - Progress Report
01.07.2016 - 31.12.2018

gulates virus budding, a process that somehow invol-
ves the polyubiqui  na  on of Gag. Now we demons-
trated that the interac  on of Gag with the plasma 
membrane and its subsequent polyubiqui  na  on 
and access to DUBs, as well as the 26S proteasome, 
is regulated by the charge distribu  on in p6. Fur-
thermore, we found that the p6 represents the fi rst 
known viral substrate of the ubiquitously expressed 
cytosolic metalloendopep  dase IDE. Thereby, p6 is 
approximately 100-fold more effi  ciently degraded by 
IDE than its eponymous substrate insulin. This phe-
nomenon could be considered as one explana  on 
for the signifi cantly higher risk for type II diabetes in 

Hypothe  cal model: the role of DUBs in the p6 mediated polyubiqui  na  on of HIV-1 Gag. (E0A=p6 mutant 
lacking all nega  ve charged amino acids)
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HIV-1 viral protein R (Vpr) induces fa  y liver in mice via LXRα and PPARα dysregula  on: implica  ons for HIV-specifi c pathogenesis of 
NAFLD. Nature Scien  fi c Reports 17;7(1): 13362
Setz C, Friedrich M, Rauch P, Fraedrich K, Ma  haei A, Traxdorf M, Schubert U (2017) Inhibitors of Deubiqui  na  ng Enzymes Block 
HIV-1 Replica  on and Augment the Presenta  on of Gag-Derived MHC-I Epitopes. Viruses 9(8): 222
Hahn F, Schmalen A, Setz C, Friedrich M, Schlößer S, Kölle J, Spranger R, Rauch P, Fraedrich K, Reif T, Karius-Fischer J, Balasubrama-
nyam A, Henklein P, Fossen T, Schubert U (2017) Proteolysis of mature HIV-1 p6 Gag protein by the insulin-degrading enzyme (IDE) 
regulates virus replica  on in an Env-dependent manner. PLOS ONE 12(4): e0174254

HIV-1 carriers. Moreover, this proteolysis regulates 
virus replica  on in an Env-dependent manner. Un  l 
now it is unclear if certain DUBs are involved in the 
IDE-mediated degrada  on of p6, a topic which we 
will further inves  gate. 
For the fi rst  me we were able to demonstrate that 
DUBs are involved in HIV-1 replica  on by regula  ng 
the Gag processing and thus virus infec  vity. As only 
certain DUB-inhibitors (DIs), which specifi cally inhi-
bit USP47, have an  -retroviral ac  vity, we hypothe-
sized that this DUB candidate plays a signifi cant role 
in HIV-1 replica  on. By performing loss of func  on 
analysis we could confi rm that USP47 is crucial for 
the maintenance of the infec  vity of HIV-1. Further-
more, we could show that the HIV-1 replica  on du-
ring permanent (up to 15 days post infec  on, p.i.) 
and even structured (only day 1 and 3 p.i.) treatment 
of lymphoid  ssue with USP47-specifi c DIs, resul  ng 

Synergis  c inhibi  on of HIV-1 replica  on by combinatory treatment of lympha  c  ssue with DIs (PR-619) and 
proteasome inhibitors (Bortezomib).

in a complete block of virus replica  on. Thereby, vir-
tually no toxicity was detected even at the highest 
concentra  ons of the DIs. Most strikingly, combina-
tory treatment of DIs and proteasome inhibitors in 
a concentra  on range, where the inhibitors alone 
had no infl uence on virus replica  on, revealed a sy-
nergis  c an  retroviral ac  vity of inhibitors that act 
on both components of the UPS, proteasomes and 
DUBs.
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Role of Ulk1 for the replica  on of human cytome-
galovirus
Research of the last years iden  fi ed the serine/thre-
onine kinase Ulk1 as an important ini  ator protein 
of autophagy. Autophagy is a highly conserved cata-
bolic process which results in the lysosomal degra-
da  on of cytoplasmic material and may contribute 
to the elimina  on of pathogens. We observed that 
HCMV infec  on of primary human fi broblasts results 
in a strong upregula  on of Ulk1 at late  mes of the 
replica  ve cycle. This correlates with a hyperphos-
phoryla  on of Ulk1 at serine 317, 556, 638 and 758. 
Since Ulk1 is phosphorylated via AMPK and mTOR 
we performed infec  on experiments in the presence 
of the inhibitors compound C (specifi c for AMPK) 
and mTorin1 or rapamycin (specifi c for mTOR). The 
substances were added late a  er infec  on in order 
to interfere with the HCMV-induced upregula  on 
of Ulk1. The most important result of these expe-
riments was the observa  on that compound C was 
able to abrogate the HCMV-mediated induc  on of 
Ulk1. In order to characterize the func  onal conse-
quences of inhibited Ulk1 upregula  on, we analyzed 
infec  on kine  cs in order to quan  fy the accumu-
la  on of viral proteins and the release of viral pa-
 cles. Interes  ngly, while no eff ect of compound C 

on the expression of viral proteins was detectable, 
we observed a signifi cantly reduced release of viral 
par  cles. This was a fi rst indica  on that Ulk1 may af-
fect the steps of viral par  cle assembly and/or the 
release. In order to search for viral target molecules 
we performed in vitro kinase analyses using various 
viral proteins as substrates. This revealed a strong 
phosphoryla  on of the viral tegument protein pp28 
by Ulk1. This is important, since pp28 is known to 

Viral modula  on of the protein kinase ULK1

Prof. Dr. Thomas Stamminger, Ins  tute of Clinical and Molecular Virology (  ll 31.12.2017), 
Ins  tute of Virology, Ulm University Medical Center (from 01.01.2018)

The cellular protein kinase Ulk1 is a cri  cal regulatory factor at the intersec  on of autophagy and innate 
immunity. We observed that Ulk1 is strongly upregulated a  er infec  on with human cytomegalovirus and 
could show that this upregula  on is important for viral replica  on. Consequently, inhibitors of Ulk1 ac  vity 
interfered with viral replica  on revealing a novel an  viral principle that may also dampen hyperinfl amma-
 on.

A71 - Progress Report
01.07.2016 - 31.12.2018

be essen  al for the secondary envelopment of viral 
par  cles. In order to further corroborate this, two-
dimensional gel electrophoresis experiments were 
performed revealing that pp28 is phosphorylated 
in a Ulk1-dependent manner. Furthermore, we ob-
served an accumula  on of Ulk1 in the cytoplasmic 
virion assembly compartment. Taken together, our 
results strongly suggest that HCMV u  lizes Ulk1 and 
ini  al steps of autophagy for an effi  cient morphoge-
nesis of viral par  cles. 

In vitro kinase assays reveal a strong phosphoryla  on of the viral 
tegument protein pp28 by Ulk1
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The protein kinase Ulk1 as a novel target for an  viral 
strategies 
So far, we have shown that an interference with Ulk1 
phosphoryla  on via an inhibi  on of AMPK ac  vity 
nega  vely aff ects the release of viral par  cles. Thus, 
we were interested to inves  gate whether a direct 
inhibi  on of Ulk1 kinase ac  vity also acts an  viral. 
Consequently, several substances with suspected 
or described Ulk1 inhibitory ac  vity were tested by 
in vitro kinase assays. This revealed a dose-depen-
dent eff ect of the substances SU11274, SU6656, 
MRT68921 and SBI-0206965 on Ulk1 autophospho-
ryla  on as well as on the phosphoryla  on of pp28. 
In par  cular, SBI-0206965 also inhibited the release 
of viral par  cles and may therefore be suitable for 
an  viral approaches. 

Contact:
Prof. Dr. Stamminger
phone: +49 9131 85 26783
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Inhibi  on of viral replica  on by the Ulk1 kinase inhibitor SBI-0206965
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Targeted modula  on of regulatory T cells and analyses of 
the underlying mechanisms

Prof. Dr. Alexander Steinkasserer, Department of Immune Modula  on

In order to inves  gate the specifi c role of CD83 ex-
clusively on Tregs we generated condi  onal KO mice 
(Foxp3Cre CD83fl ox/fl ox) using the Cre-loxP system. In 
addi  on to these CD83 condi  onal knockout (cKO) 
animals, also CD83 complete knockout mice (KO) 
were generated using EIIa-Cre mice. A  er having 
verifi ed the CD83 CKO-status we performed in vivo 
experiments using the EAE model which is the best 
animal model to study the early infl ammatory phase 
of mul  ple sclerosis (MS). These data revealed that 
animals, which do not express CD83 on their Tregs, 
show (i) an earlier and highly increased disease on-
set and (ii) a prolonged paralyses, indica  ng that 
the resolu  on of infl amma  on is cri  cally impaired 
in CD83 CKO mice. These fi rst fi ndings demonstrate 
that Treg specifi c CD83 CKO animals have a func  onal 
phenotype, further suppor  ng our hypothesis that 
CD83 is of cri  cal  importance for regulatory T cells. 
To further analyze these in vivo fi ndings, we raised 
the ques  on whether cKO Tregs can be equally ex-
panded as WT Tregs upon ac  va  on in vitro. Thus, 
naïve CD4+CD25+CD62L+ T cells were cultured in the 
presence of IL-2 and an  -CD3/CD28 expansion be-
ads and a  er 10 days, cKO Tregs showed equal ex-
pansion rates as WT Tregs. However, on mRNA level 
we detected increased IFNγ levels in cKO Treg cells 
and a downregula  on of GATA3 expression levels. 
Thus, we conclude that an  -CD3/CD28 and IL-2 s  -
mulated cKO Tregs can be equally ac  vated and ex-
panded, however, cKO derived Tregs showed an al-

Regulatory T cells (Tregs) are crucial players to maintain immune homeostasis, to establish tolerance me-
chanisms and to prevent autoimmunity. Previously we showed that ac  vated murine as well as of human 
Tregs express the cell surface molecule CD83, indica  ng that this molecule is func  onally important. To 
elucidate the biological func  on of CD83 expression on Tregs we generated Treg-specifi c CD83 condi  onal 
knockout (CKO) animals, which are now under inves  ga  on in our laboratory. 

A72 - Progress Report
01.07.2016 - 31.12.2018

tered pro-infl ammatory cytokine pa  ern. To analyze 
if the suppressive capacity of cKO Tregs is impaired 
using an addi  onal in vivo model, total CD4+ T cells 
from WT or cKO mice were isolated and transferred 
into RAG1-/- mice. The fi rst and very striking eff ects 
were a strongly increased mortality rate in RAG1-/- 
mice, and an increased weight loss. In addi  on an 
increased clinical severity score with higher infl am-
ma  on was observed in cKO cell transferred animals 
compared to WT controls. Analysis of mesenteric 
lymph nodes showed a signifi cant lower infi ltra-
 on of Tregs, whereas pro-infl ammatory cytokine 

produc  on was signifi cantly increased. In contrast, 
signifi cantly reduced GATA3 expression levels were 
detected in cKO animals, while TGF-β levels were 
not aff ected. Addi  onally, fl ow cytometric analyses 
of mLNs revealed reduced KLRG1+ and CD103+ ex-
pression levels among the Foxp3+ T cell popula  on 
in cKO cell transferred mice. This indicates a reduced 
number of terminal diff eren  ated Tregs in the gas-
trointes  nal tract of RAG1-/- mice a  er adop  ve CD4+ 
T cell transfer from CD83cKO mice. Thus, we show 
that CD83 expression by Tregs is involved in the con-
trol of late diff eren  a  on and stability of regulato-
ry T cell homeostasis. Since we earlier proved that 
also in human Treg cells CD83 expression is rapidly 
and strongly enhanced upon ac  va  on, one could 
envisage that CD83 has similar func  ons in human 
Treg cell diff eren  a  on. 
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CD83cKO mice develop exacerbated EAE pathology (a). Res  mula  ed  splenocytes from EAE mice (b). CBAs 
of supernatants from res  mulated splenocytes (c). Analysis of splenic T cells (d). FACS analyses of naïve T 
cells, eff ector memory T cells (e). 
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Checkpoint inhibitors as adjuvants for viral vaccines

Prof. Dr. Klaus Überla, Ins  tute of Clinical and Molecular Virology

Checkpoint inhibitors (CPI) show great promise in improving immune control of cancer. How these an  bo-
dies aff ect the immunogenicity of vaccines is largely unknown. Using a mouse model, we observed that 
immune checkpoint inhibi  on by monoclonal an  body administra  on during gene  c immuniza  on against 
HIV-1 modulated frequencies of T cell subsets in the spleen. Addi  onally, the co-applica  on of DNA enco-
ding ectodomains of PD-1 and PD-L1 with DNA vaccines enhanced HIV-1 and Infl uenza A-specifi c CD4+ T cell 
responses.

A73 - Progress Report
01.07.2016 - 31.03.2019

Monoclonal an  bodies targe  ng 
co-inhibitory molecules of the 
immune system show promising 
results in tumor therapy by coun-
terac  ng immune-suppressive 
signals. We applied two diff erent 
strategies to block immune check-
points (monoclonal an  body 
treatment and co-expression of 
the PD-1 or PD-L1 ectodomains) 
in order to modulate an  gen-spe-
cifi c T cell responses induced by 
DNA-based vaccines.

Infl uence of CPI an  body administra  on on T helper cells popula  ons.  Frequency of 
CD4+CD44+PD-1+ (A), CD4+CD44+CD62L-CD69+ (B), CD4+CD44+CXCR5+PD-1+Bcl-6+ (C) 
and CD4+CD44+CXCR5+Bcl-6+ (D) cells in the spleen of BALB/c mice two weeks a  er intra-

muscular DNA immuniza  on against Env and Gag.
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Infl uence of systemic CPI treatment on T cell subpo-
pula  ons and T cell responses
To explore the infl uence of an  -PD-1, -PD-L1, and 
-PD-L2 an  bodies on T cell subpopula  ons, mice 
were immunized once with 30 μg HIV-Env and Gag-
Pol expression plasmid by intramuscular electropo-
ra  on. Star  ng two days a  er immuniza  on mice 
received 200 μg of an  -PD-1, -PD-L1, and -PD-L2 an-
 bodies or an isotype control in three day intervals 

by the intraperitoneal route. Two weeks a  er the 
immuniza  on, changes in T helper cell subsets in the 
spleen were analyzed. Treatment with the an  -PD-
L1 an  body enhanced the percentage of an  gen-
experienced CD4+ T cells expressing PD-1, while the 
an  -PD-L2 an  body had no eff ect. A decrease of 
an  gen-experienced CD4+ T cells expressing PD-1 
was observed a  er an  -PD-1 treatment which could 
be either due to deple  on of PD-1 posi  ve cells or 
blocking of their staining during the fl ow cytometric 
analysis. The fact, that both, an  -PD-1 and an  -PD-
L1 treatment enhanced the percentage of ac  vated 
CD4 eff ector cells argues for the la  er. Interes  ngly, 
an  -PD-L1 also enhanced the percentage of T folli-
cular helper (TfH) cells. To avoid ambigui  es in PD-1 
staining in the an  -PD-1 group, the percentage of T 
follicular helper cells was also determined without 
taking PD-1 expression into considera  on. Again an   
PD-L1 enhanced the percentage of TfH-like cells, 
while in the an  -PD-1 group a trend to an enhanced 
percentage of TfH-cells was observed.

Infl uence of CPI on vaccine-induced T helper 
cell responses. Env- and HA-specifi c IFNγ-
producing CD4+ T cells a  er immune check-
point blockade by monoclonal an  body 
administra  on (le  ) or co-expression of the 
ectodomains of PD-1 and PD-L1 (right) two 
weeks a  er intramuscular DNA immuniza  -
on as determined by intracellular cytokine 
staining. 

Eff ect of checkpoint receptor/ligand co-administra-
 on on vaccine-induced CD4+ T cell responses 

Since we observed compe   ve eff ects in the an-
 body responses to the vaccine an  gens and the 

concomi  antly administered CPI an  bodies, immu-
ne checkpoints were also blocked by co-expression 
of soluble PD-1 or PD-L1 ectodomains. Blocking of 
PD-1 by co-administra  on of DNA encoding PD-L1 
induced a signifi cant upregula  on of Env-specifi c 
IFN-producing CD4+ T cells in comparison to immu-
niza  on with Env-DNA alone. As the HIV Env an  gen 
induces an unusual IgG subtype response, we addi  -
onally used DNA vaccines encoding the infl uenza HA 
and NP an  gens in this exploratory experiment. In 
contrast to HIV Env immuniza  on, PD-1 DNA applied 
together with the an  -Infl uenza DNA vaccine signifi -
cantly increased the percentage of HA-specifi c CD4+ 
T cells expressing IFN. 
Together, these data indicate that blocking of im-
mune checkpoints may improve vaccine-induced 
an  gen-specifi c immune responses and their modu-
latory eff ect seems to depend on the nature of the 
respec  ve an  gen.
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Using a mouse model with repe   ve intranasal ap-
plica  on of live or heat-inac  vated A. fumigatus co-
nidia, we could show that only live conidia elicited 
eosinophilia, expression of eosinophil-recrui  ng 
chemokines including eotaxins (CCL11 and CCL24), 
Th2 polariza  on, goblet cell hyperplasia and dif-
feren  a  on of M2 macrophages in the lung. This 
response was en  rely dependent on T cell-derived 
IL-4/IL-13 and slightly reduced in basophil-defi cient 
mice. In vitro co-culture experiments further re-
vealed that live but not heat-inac  vated conidia 
s  mulated eosinophils to release chemokines and 
cytokines as measured by Mul  plex Luminex assays. 
The most strongly induced factors included IL-4, IL-
13, IL-18, IL-23, IL-28 and TNF, MIP 1a, MIP-1b and 
MCP-1. Since eosinophil ac  va  on was dependent 

The Role of Eosinophils in Allergic Bronchopulmonary 
Aspergillosis

Prof. Dr. David Vöhringer, Department of Infec  on Biology
Prof. Dr. Sven Krappmann, Ins  tute of Clinical Microbiology, Immunology and Hygiene

This interdisciplinary project targets the in  mate interplay of eosinophilic granulocytes with cells and cel-
lular components of the fungal pathogen Aspergillus fumigatus in the context of allergic pulmonary asper-
gillosis (ABPA) which mainly aff ects asthma and cys  c fi brosis pa  ents. The main research ques  ons to be 
answered relate to the contribu  on of eosinophils to the immunopathology of ABPA and the ac  va  on of 
eosinophils by A. fumigatus. Infec  ons in an established murine model of ABPA using recombinant mouse 
strains together with co-culturing experiments shed light on the main host and fungal determinants trigge-
ring this complex allergic disease.    

A74 - Progress Report
01.06.2016 - 30.11.2018

on viable conidia, we consider it likely that eosino-
phils respond either to secreted substances or cell 
wall components that only become accessible a  er 
germina  on. Interes  ngly, signaling through Toll-like 
receptors or C-type Lec  n receptors seems not to be 
required for A. fumigatus-induced eosinophil ac  -
va  on since bone marrow-derived eosinophils from 
Myd88- and Card9-defi cient mice showed an unalte-
red cytokine response. Iden  fi ca  on of eosinophil-
s  mula  ng substances will be one of the major goals 
for the next year. To achieve this goal, we will screen 
a comprehensive A. fumigatus transcrip  on factor 
deletant library and in parallel analyze supernatants 
of fungal cultures a  er frac  ona  on by size or char-
ge for the eosinophil-s  mula  ng ac  vity. 

Viable A. fumigatus induces lung eo-
sinophilia and M2 polariza  on. Cell 
popula  ons were assessed from lungs 
gathered from naïve or infected mice 
that had received either PFA-fi xed or 
viable Aspergillus fumigatus (Af) coni-
dia.
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We further analyzed A. fumigatus-induced allergic 
lung infl amma  on in eosinophil-defi cient dblGata 
mice. Unexpectedly, we found no obvious diff eren-
ces in various parameters of allergic infl amma  on 
(Th2 polariza  on, M2 diff eren  a  on or goblet cell 
hyperplasia) during the acute response (day 17) of 
the allergic lung infl amma  on. However, lower ex-
pression levels of IL-4 and the metalloproteases 
MMP-12 and MMP-13 were observed in eosinophil-
defi cient as compared to control mice. This corre-
lated with more severe lung damage in eosinophil-
defi cient mice and suggests that eosinophils may 
contribute to  ssue remodeling and repair. To get a 
be  er insight in eosinophil-regulated gene expressi-
on profi les of the lung during A. fumigatus-induced 
allergic lung infl amma  on and  ssue repair we will 
now perform RNAseq analysis. 
To inves  gate the cellular interac  on of eosinophils 
with morphotypes of A. fumigatus, in vitro co-cultu-
ring experiments were established. The results of a 
live-dead-stain revealed that the reduc  on of fungal 
viability upon confronta  on with murine eosinophils 
is the result of an actual killing mechanism and not 
caused by growth inhibi  on. As phagocytosis could 

be excluded as predominant killing mechanism, the 
an  fungal eff ect is most likely induced by oxida  ve 
mechanisms. Since no diff erences in fungal killing 
rate could be observed a  er co-culturing eosinophils 
with A. fumigatus conidia, germ tubes, or hyphae, 
the reduc  on of viability appears to be indepen-
dent from the fungal morphotype. Furthermore, the 
results of transwell experiments imply that direct 
contact between both cell types is necessary to in-
duce the an  fungal eff ect exerted by eosinophils. 
Preliminary results deduced from various defi ned A. 
fumigatus mutant strains indicate that cell wall car-
bohydrates play an important role for the extent of 
the reduc  on of fungal viability that is induced by 
eosinophilic granulocytes.
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Monitoring the A. fumigatus/eosinophil interplay in vitro. Live-dead staining (A) and viability (B) of A. fumigatus in co-culture with eosi-
nophils. (C) Fungal viability in the absence and presence of eosinophils physically separated.
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Role of MLKL-dependent programmed necro  c cell death in 
the pathogenesis of hepa   s

PD Dr. Dr. Claudia Günther, PD Dr. Dr. Stefan Wirtz, 
Department of Medicine 1 – Gastroenterology, Pneumology and Endocrinology

In this project, we aim to analyze the role of the pseudokinase MLKL in liver diseases. We now found that 
MLKL is upregulated in hepa   s C pa  ents. In order to inves  gate the contribu  on of MLKL to viral induced 
hepa   s, we established a new mouse model that is characterized by acute, cell death mediated liver dys-
func  on. Accordingly, we iden  fi ed that transgenic expression of vFLIP, a viral Caspase-8 inhibitor causes 
severe liver injury that fi nally culminates in mul  ple organ insuffi  ciency and death of the mice. 

A75 - Progress Report
01.07.2016 - 31.12.2018

Hepatocellular death plays a fundamental role in al-
most all hepa  c diseases and thus, detailed know-
ledge about molecular mechanisms that mediate 
cell death responses in the liver is essen  al to ad-
vance therapeu  c strategies. Previous concepts on 
cell death mechanisms have been recently challen-
ged by the descrip  on of necroptosis, a novel form 
of programmed cell death mediated by the ac  v-
a  on of RIP-kinases. The contribu  on of necroptosis 
to infl ammatory liver diseases is controversial and 
par  cularly the role of mixed lineage kinase domain-
like protein (MLKL), a recently iden  fi ed key medi-
ator of necroptosis, is largely unknown. The overall 
goal of this proposal is to iden  fy how cell death is 
regulated during infl ammatory liver injury. Based on 
our preliminary observa  ons, we par  cularly want 
to elucidate the role of MLKL-dependent program-

med necrosis in the pathogenesis of hepa   s cha-
racterized by hepatocellular necrosis. We an  cipate 
our fi nding to be a star  ng point for the iden  fi ca-
 on of novel biomarkers and the development of 

therapeu  c strategies targe  ng regulated necrosis 
in hepa  c diseases. 

To evaluate the contribu  on of MLKL to hepatocellu-
lar necrosis-induced liver dysfunc  on we develop a 
new mouse model that is characterized by acute, cell 
death mediated liver failure. Interes  ngly, many pa-
thogens such as bacteria or viruses express molecu-
les that can directly interfere with the host cell death 
machinery and inhibit host cell death responses. Hu-
man Herpesvirus 8 (HHV8), also known as Kaposi sar-
coma associated Herpesvirus expresses one of such 
molecules. This protein shares structural similari  es 

Transgenic expression 
of vFLIP induces massi-
ve hepatocellular death
(A)Model of vFLIP expressi-
on in hepatocytes. (B) Kap-
lan–Meyer survival analysis. 
(C) Representa  ve images 
of liver sec  ons stained by 
H&E or TUNEL assay (red, 
cell death) and H&E stai-
ned small intes  ne derived 
from control or vFlipAlbCre+ 
mice 8 hours post birth. 
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vFLIP triggered cell death 
is associated with strong 
upregula  on of MLKL
(A)Representa  ve pictures 
of H&E stained embryonic 
liver and gut cross sec  ons 
from control and vFlipAlbCre+ 
mice. (B) Representa  ve pS-
TAT1 (red) staining in neona-
tal liver  ssue. (C) Detec  on 
of MLKL and pMLKL protein 
in  ssue lysates. Ac  n was 
used as loading control.
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with a cellular Caspase-8 inhibitor, the short isoform 
of cFLIP. Previous studies suggest that vFLIP nega-
 vely regulates Caspase-8 ac  vity and thus exerts 

an  -apopto  c func  ons, which could further trig-
ger regulated necrosis. Therefore we hypothesized 
that expression of vFLIP in hepatocytes might induce 
hepatocellular necrosis and thus represents a novel 
mouse model to study the molecular regula  on of 
MLKL-dependent programmed necro  c cell death 
in the pathogenesis of hepa   s. To generate mice 
expressing vFLIP from HHV8 in hepatocytes, Rosa26.
vFLIP mice were crossed to mice which express Cre 
Recombinase under the control of the hepatocyte-
specifi c Albumin promoter. Transgenic expression 
of vFLIP causes severe liver  ssue injury that fi -
nally culminates in mul  ple organ insuffi  ciency and 
death of the mice. Accordingly, perinatal lethality of 
vFlipAlbCre+ was observed between 2 and 8 hours post 
birth. Expression of vFLIP in hepatocytes primarily 
promotes excessive cell death in the liver but also 
aff ects the gut-liver axis and contributes to intes  nal 

damage by yet unknown mechanisms. Notably, we 
uncovered that embryonic development and  ssue 
homeostasis is unaff ected by vFLIP expression, high-
ligh  ng the importance of controlled host cell death 
in post-embryonic life, when the body is exposed 
to a variety of external factors such as microbes or 
food-derived an  gens. Interes  ngly, vFLIP induced 
 ssue injury was associated with ac  va  on of STAT1 

and subsequent induc  on of MLKL gene and protein 
expression, sugges  ng that vFLIP induced hepato-
cellular necrosis might be mediated by MLKL.
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Infl uence of bone marrow adipocytes on the metasta  c 
niche in experimental bone metastasis

Prof. Dr. Aline Bozec, Department of Medicine 3 – Rheumatology and Immunology

The project aims to determine the eff ect of bone marrow adipocytes in the melanoma bone metasta  c 
niche using a high-fat diet (HFD) fed mouse model. During the second year of our funding, we have shown 
that serum from HFD fed mice does not promote growth of the B16F0 cell line in vitro, Furthermore, we 
showed that HFD is associated with an increase of pro-infl ammatory immune cells in the bone marrow me-
tasta  c niche which was found to be correlated with a decreased B16F0 tumor load.

D23 - Progress Report
01.01.2016 - 30.06.2018

In vitro:
High-fat diet fed derived mouse serum does not af-
fect the prolifera  on and migra  on rates of B16F0 
in-vitro, as opposed to B16F10 (Chen G et al 2016). 
We analysed the growth and migra  on pa  erns of 
B16F0 in-vitro when grown in the presence of serum 
derived from mice fed either a normal or a high-fat 
diet. Surprisingly we found that addi  on of either 
had no impact on the prolifera  on or migra  on rate 
of B16F0 as measured by %confl uency and rela  ve 
wound density respec  vely.

In vivo:
B16F0 cells stably expressing GFP are readily iden  fi -
able in the bone marrow: we generated a stable GFP 
expressing B16F0 cell line, allowing us to perform a 
quan  ta  ve analysis of the number of viable B16F0 
cells in vivo in the bone tumor niche.
High-fat diet leads to a decreased tumor load: Flow 
cytometric analyses show that high-fat diet fed mice 
have a decreased number of viable B16F0 cells in the 
bone marrow compared to normal diet fed mice 1 
week post tumor cell injec  on.  

A. Schema  c of the experimental layout for intra-  bial injec  on of B16F0GFP cells in mice previously exposed to 6-7 
weeks of normal diet (ND) or high fat diet (HFD). B-E. Dot plot and quan  fi ca  on of absolute number of B16F0-GFP+ 
cells (B), neutrophils (C), monocytes (D) and macrophages (E) in the  bia of tumor cell injected ND and HFD mice.
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IZKF summer symposium 2017, Erlangen, Talk: Role of adipocyte within the bone marrow metasta  c niche
Kongress der Deutschen Gesellscha   für Innere Medizin 2017, April/May 2017, Mannheim, Talk: Microbiota from obese mice regu-
late hematopoie  c stem cell diff eren  a  on by altering the bone niche. Cell Metabolism

Publica  ons during funding period 
Hannemann N, Jordan J, Paul S, Reid S, Baenkler HW, Sonnewald S, Bäuerle T, Vera J, Sche   G, Bozec A. (2017) The AP-1 Transcrip  -
on Factor c-Jun Promotes Arthri  s by Regula  ng Cyclooxygenase-2 and Arginase-1 Expression in Macrophages. J Immunol. 15: pii: 
1601330
Chen G, Luo Y., Eriksson D, Meng X, Qian C, Bäuerle T., Chen X, Sche   G, Bozec A (2016) High fat diet increases melanoma cell growth 
in the bone marrow by inducing osteopon  n and interleukin 6. Oncotarget 7(18): 26653-69

A. Dot plot pictures representa  ve of the Flow 
cytometry ga  ng strategy.  B. Dot plot pictures 
and quan  fi ca  on of the ra  on of pro infl amm-
atory like (M1) to an  -infl ammatory like (M2) 
cells in the  bia of tumor cell injected ND and 
HFD mice.

High-fat diet is associated with an in-
creasingly pro-infl ammatory bone tu-
mor environment: Flow cytometric 
analyses of the immune cell frac  ons 
in the bone marrow tumor niche show 
that high-fat died fed mice have a sig-
nifi cant increase of neutrophils, mono-
cytes and macrophages. Furthermore, 
the analysis of the macrophage subpo-
pula  ons reveals an increased proin-
fl ammatory macrophage polariza  on 
in the high-fat diet modulated metas-
ta  c niche.

Contact:
Prof. Dr. Bozec
phone: +49 9131 85 29002
e-mail: aline.bozec@uk-erlangen.de
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Diff eren  a  on-associated Schwann cell transcrip  on 
factors in melanoma - learning from embryogenesis

Prof. Dr. Anja Bosserhoff ,  Prof. Dr. Michael Wegner, Ins  tute of Biochemistry

Our aims in this project are the following: 
1. Defi ni  on of diff eren  a  on-associated Schwann 
cell transcrip  on factors that play a role in melano-
ma
2. Determina  on of molecular diff erences and simi-
lari  es between schwannomas and melanomas

At the beginning of the project in June 2016 we star-
ted to determine, which of the transcrip  on factors 
that are expressed and important in Schwann cells 
during development and in the adult diff eren  ated 
cells, are deregulated in melanoma development or 
progression. Un  l now, we were able to defi ne se-
veral Schwann cell transcrip  on factors as strongly 
deregulated in melanoma cell lines compared to 
melanocytes (e.g. TFAP2C, EGR2). A  er analysing 
expression in melanoma cell lines, a confi rma  on of 
the data in  ssue material was successful. 

Melanoma is an aggressively dissemina  ng cancer with con  nuously rising incidence. Melanoma cells de-
rive from melanocytes, which originate from the neural crest and display characteris  cs of cells of the ner-
vous system. Interes  ngly, Schwann cells, nervous system cells derived from the neural crest, can transdif-
feren  ate into melanocytes and vice versa. Based on the exper  se of both PIs, we are focussing on central 
transcrip  on factors of Schwann cell diff eren  a  on and their role in melanoma. 

D24 - Progress Report
01.06.2016 - 30.11.2018

We are now focussing in this collabora  ve project on 
the two transcrip  on factors most strongly deregu-
lated and analyse their specifi c impact on melanoma 
in detail. We already determined their func  onal 
importance in aspects like tumour cell prolifera  on 
and metastasis in vitro. An important task will be the 
defi ni  on of target genes of these transcrip  on fac-
tors in both melanoma and Schwann cell lines. Here, 
we are following up on the idea of an impact on my-
elina  on of these factors. We are planning to gene-
rate melanoma and Schwann cell lines in which the 
transcrip  on factors are deleted by CRISPR/Cas9. A 
proof-of-principle experiment has already been suc-
cessfully conducted for the Sox10 transcrip  on fac-
tor in the S16 Schwann cell line and the melanoma 
cell line Mel Im. The resul  ng transcrip  on factor-de-
fi cient cell lines will be compared in their expression 

Transcrip  on factors involved in diff eren  a  on of Schwann cells.Transcrip  on factors involved in diff eren  a  on of Schwann cells.
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Hinterzartener Kreis Mee  ng, March 23, 2017, Cadenabbia, Italy, Aging and Cancer (AB)
Hallmarks of Skin Cancer, November 7, 2017, Heidelberg, New players in melanoma progression (AB)
Current Topics in Myelin Research, February 20-22, 2017, Kassel, Transcrip  onal Control In Schwann Cells: From Factors To Networks 
(MW)
ISN-Satelliten-Symposium, August 25-29, 2017, Embiez, France, Transcrip  onal Control In Schwann Cells & Oligodendrocytes: From 
Factors To Networks (MW)

Publica  ons during funding period 
none

profi le to the original ones and between melanoma 
and Schwann cell line. In case of the Sox10-defi cient 
Schwann cell line, RNA-seq studies showed a loss of 
Schwann cell iden  ty and diff eren  a  on markers 
and an up- or downregula  on of several signalling 
pathways and regulatory microRNAs. We were, for 
instance, able to show that CRISPR/Cas9-mediated 
loss of Sox10 decreases expression of miR335 and 
mir338. Both microRNAs are direct downstream tar-
gets of Sox10 and aff ect - among others - expression 
of Sox9. This regulatory loop is likely responsible for 
coupling and inversely correla  ng expression levels 
of Sox9 to those of Sox10. This regulatory circuit may 
be relevant to melanoma as Sox10 facilitates ini  a-
 on and progression of melanoma, whereas Sox9 

ac  vely inhibits it. 

Regulatory circuit by which Sox10 represses Sox9 
expression pos  ranscrip  onally.

Schwann cells also give rise to tumours. The resul-
 ng schwannomas are mostly benign and slow gro-

wing and thus very diff erent from melanoma. In a 
second part of the project we are therefore compa-
ring the mRNA expression pa  ern of schwannomas 
and melanomas to set the basis for a characterisa  -
on of genes that promote or repress the metasta  c 
process in melanoma. 

In summary, we will use knowledge from Schwann 
cell diff eren  a  on to defi ne central transcrip  onal 
regulators for melanoma development and progres-
sion, which have not been associated with pathoge-
nesis before, and thereby obtain a be  er molecular 
and cellular understanding of this tumour en  ty. 

Contact:
Prof. Dr. Bosserhoff 
phone: +49 9131 85 24190
e-mail: anja.bosserhoff @fau.de

Prof. Dr. Wegner 
phone: +49 9131 85 24620
e-mail: michael.wegner@fau.de
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We demonstrated that under certain condi  ons – 
e.g. in an oncogenic context of cancer cells – the 
oncogenic factor ZEB1 can switch from a transcrip  -
onal repressor of epithelial genes to a transcrip  onal 
ac  vator of tumor promo  ng genes. We proposed 
novel nuclear interac  on partners and previously 
exem-plifi ed this by showing interac  on with YAP1, a 
main eff ector of Hippo signalling, to ac  vate a speci-
fi c common target gene set. In order to iden  fy addi-
 onal coac  vators of ZEB1, we had performed Co-

IPs from nuclear extracts of aggressive cancer cells, 
coupled to mass-spec and proteomic analyses and 
had detected about 20 unknown nuclear co-factors 
of ZEB1. Among the top 5 iden  fi ed puta  ve co-
factors of ZEB1 were the nuclear EGFR and STAT3. 

Interac  on of the EGFR- and the ZEB1-pathway in 
aggressive cancer types

Prof. Dr. Thomas Brabletz, Chair of Experimental Medicine I – Molecular Pathogenesis Research

The EMT-program provides cancer cells with mo  lity, invasiveness and stem cell features. A major EMT 
inducer is the transcrip  onal ZEB1. However, many of the underlying molecular mechanisms of its tumor 
promo  ng eff ects are unknown. To clarify the versa  le func  ons of ZEB1, we validate, verify and map 
interac  ons with novel interac  on partners iden  fi ed by MassSpec and ChIP-Seq analyses. We further in-
ves  gate their relevance for Zeb1 func  on and cancer progression.

D25 - Progress Report
01.05.2016 - 31.10.2018

Since a nuclear coopera  on of EGFR and STAT3 in 
transcrip  onal ac  va  on was already reported, our 
working model is, that recruitment of EGFR, STAT3 
and other candidate factors (x) shi  s the func  on of 
ZEB1 from a transcrip  onal repressor to an ac  vator 
of a tumor promo  ng gene set.

In the fi rst year of funding, we confi rm the nuclear 
interac  ons of EGFR and Stat 3 with Zeb1 by apply-
ing CoIPs and proximity liga  on assays in tumor cells 
and IL6-ac  vated fi broblasts. In parallel we started 
analyses assessing a func  onal coopera  on to ac  -
vate a common target genes set.

(A) Model: EGFR, STAT3 and others (x) act as ZEB1 co-ac  vator of tumor promo  ng genes. Co-IP (B)  and proximity liga  on assay (C) of 
endogenous ZEB1 and STAT3 in nuclear lysates of IL-6 s  mulated fi broblasts showing that STAT3 interacts with ZEB1 in the nucleus (red).
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Interna  onal Symposium Control of Cell Mo  lity in Development and Cancer, March 23, 2017, Universitätsklinikum Freiburg, Cellu-
lar plas  city in cancer: driving force and therapeu  c target
AACR Annual Mee  ng, April 4, 2017, Washington, USA, EMT, cell plas  city and metastasis
Mildred Scheel Cancer Conference, June 14, 2017, Bonn, Cellular plas  city in cancer: driving force and therapeu  c target
Georg Speyer Haus (GSH) Retreat, June 20, 2017, Burg Rothenfels, Cellular plas  city in cancer: driving force and therapeu  c target
The Francis Crick Ins  tute, July 25, 2017, London, United Kingdom, Cellular plas  city in cancer: driving force and therapeu  c target
GSH-Symposium “Dynamics of adult stem cells and cancer”, October 25, 2017, Frankfurt, Cellular plas  city in cancer: driving force 
and therapeu  c target
AACR-NCI-EORTC Interna  onal Conference on Molecular Targets and Cancer Therapeu  cs, October 29, 2017, Philadelphia, USA, 
Cellular plas  city in cancer: driving force and therapeu  c target
AEK Autumn School Minimal Residual Disease, Circula  ng Tumor Cells and Metastasis, November 6, 2017, Berlin, Cellular plas  city 
in cancer: driving force and therapeu  c target
EKFS Cancer Symposium, November 16, 2017, Gö   ngen, Cellular plas  city in cancer: driving force and therapeu  c target
Pathologisches Ins  tut, Universität Bern, November 23, 2017, Switzerland, Cellular plas  city in cancer: driving force and therapeu  c 
target

Publica  ons during funding period 
none

(A) Zeb1 ChIP-Seq peaks enrich for AP-1 (Jun/Fos) and Tead/Yap mo  ves. (B) Strong overlap of peaks a  er ChIP-Seqs for Zeb1, Jun and 
Yap1. (C) CoIP of Zeb1 and Jun, indica  ng interac  on.

Furthermore a second unbiased strategy was ap-
plied to iden  fy func  onal coopera  on partners 
of Zeb1 in promo  ng tumor progression. To this 
end we analysed Zeb1 ChIP-Seq-data sets genera-
ted in our lab allowing the iden  fi ca  on candidate 
interac  on partners on tumor cell enhancers and 
promoters. Mo  v searches on Zeb1 ChIP Seq peaks 
revealed a strong overlap with binding sites for the 
transcrip  on factor AP-1 (Jun/Fos) and Tead (confi r-
ming the interac  on with the Tead partner YAP1). 
Direct comparison of ChIP Seq peaks for Zeb1, Jun 
and Yap1 revealed a strong overlap in target enhan-

cers and promoters. The consequent hypothesis is 
that all three factors func  onally interact to ac  vate 
a common set of tumor promo  ng genes. First expe-
riments applying CoIPs from cancer cell nuclear ex-
tracts support a direct interac  on of Zeb1 and AP-1 
components Jun and Fra1. 

Contact:
Prof. Dr. Brabletz
phone: +49 9131 85 29104
e-mail: thomas.brabletz@fau.de
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Breast cancer is the most common tumor in women 
with an annual incidence of 75,000 women in Ger-
many. The tumor is classifi ed based on expression 
of hormone receptors (estrogen or progesterone-
receptor) and HER2. About 15-20% of breast cancers 
do neither express HER2 nor hormone receptors 
[triple-nega  ve breast cancer (TNBC)]. This en  ty 
is biologically more aggressive and is predominant-
ly diagnosed in young women. The lack of surface 
expression of hormone receptors or HER2 has an 
addi  onal nega  ve impact on therapeu  c op  ons. 
Interes  ngly, several studies have shown that the 
density of the T-lymphocyte infi ltrate in the prima-
ry tumor has a strong posi  ve prognos  c value in 
TNBC. These data indicate that TNBC is an immuno-
genic tumor and that T-cell based immunotherapy 
could be a promising therapeu  c approach. To allow 
highly potent cellular immuno-
therapy, it would be desirable 
to iden  fy tumor-specifi c an-
 gens as e.g. in tumor specifi c 

muta  ons.

We therefore aimed to iden  fy 
the targets of tumor-infi ltra-
 ng T-cells in TNBC with spe-

cial emphasis being placed on 
tumor-specifi c muta  ons. 

Iden  fi ca  on of an  gen specifi city of tumor-infi ltra  ng 
lymphocytes in triple-nega  ve breast cancer

Prof. Dr. Andreas Mackensen, Department of Medicine 5 – Haematology and Oncology,
Prof. Dr. Peter A. Fasching, Department of Obstetrics and Gynecology

Breast cancer is the most common malignancy in women. About 15-20% of breast cancers do not express 
hormone receptors or HER2 [triple-nega  ve breast cancer; TNBC]. TNBC mainly aff ects younger women 
and is diffi  cult to treat. The density of immune cell infi ltrates in the tumor correlates with clinical outcome. 
However, it is so far unknown which an  gens are targeted by the tumor infi ltra  ng T-lymphocytes. The aim 
of this project is to iden  fy the targets of tumor infi ltra  ng T-cells in TNBC and HER2 breast cancer.

D26 - Progress Report
01.01.2016 - 30.06.2018

Flow cytometric analysis of T-cell reac  vity a  er s  mula  on with the pep  de mix. 

Characteriza  on of tumor-infi ltra  ng immune cells
We so far collected and analyzed the infi ltra  ng im-
mune cells of 358 breast biopsies. 50 (14,0%) were 
derived from pa  ents with ini  al diagnosis of TNBC, 
while 52 (14,5%) were Her2+ tumors, 193 (53,9%) 
hormone-receptor posi  ve and 63 (17,6%) were 
derived from non-malignant lesions. Pa  ents diag-
nosed with TNBC had an average age of 57,3 years 
as compared to 60,1y for Her2+ tumors and 62,1y 
for pa  ents with hormone receptor posi  ve tumors. 

Expansion of tumor-infi ltra  ng T-lymphocytes
T-lymphocytes in biopsies derived from TNBC and 
Her2+ were expanded in vitro to average cell num-
ber of around 50-60 million T-lymphocytes within 
2-3 weeks.
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Reac  vity of T-cell clone 3E1 against tumor specifi c mutant pep  de (P28) and its 
wild-type (WT) counterpart loaded on autologous EBV-LCL as tested by INF-γ ELI-
SA. NC: nega  ve control 

Publica  ons during funding period 
none

Whole genome sequencing of tumor and reference 
DNA
So far whole genome sequencing has been perfor-
med for reference and tumor DNA of 2 pa  ents. 
Bioinforma  cs revealed 32 and 78 coding, missense 
muta  ons in these two pa  ents, respec  vely. 

Iden  fi ca  on of neoan  gen specifi c T-cell clones
We so far analyzed T-cell reac  vi  es of two pa  ents 
by co-culturing expanded TILs with pep  de loaded 
autologous dendri  c cells and sor  ng for ac  vated 
T-cells. In one pa  ent we could not fi nd any pep  de 
specifi c T-cells. In the other pa  ent we found 4 pep-
 de reac  ve T-cell clones. All four clones were CD4 

T-cells reac  ve against the same tumor-specifi c pep-
 de (P28). By tes  ng reac  vity against the wildtype 

counterpart we could show that these T-cell clones 
are truly tumor-specifi c. Currently, we are analyzing 
HLA-restric  on of the T-cell clones and the ability of 
the iden  fi ed neoan  gen to be endogenously pro-
cessed. Furthermore, we will go on with the analysis 
of addi  onal pa  ents. 

Contact:
Prof. Dr. Mackensen
phone: +49 9131 85 35954
e-mail: andreas.mackensen@uk-erlangen.de

Prof. Dr. Fasching
phone: +49 9131 85 33553
e-mail: peter.fasching@uk-erlangen.de
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Metabolic altera  ons in the tumor microenviron-
ment impact malignant poten  al of cancer cells 
by promo  ng amongst others invasiveness and 
chemo-resistance. Increasing evidence suggests a 
nega  ve eff ect on the an  -tumor immune respon-
se. Our main goal is to specify those metabolic pro-
cesses in order to (A) achieve cancer cell eradica  on 
by so-called metabolic targe  ng and to (B) bolster 
an  -tumor immune responses by metabolic repro-
gramming of cancer and immune cells. 2-HG is an 
oncometabolite produced and secreted by various 
tumor en   es, including AML, harboring muta  ons 
in the isocitrate dehydrogenase genes. These mono-
allelic muta  ons result in a loss-of-func  on in terms 
of conversion of isocitrate to α-ketoglutarate (αKG) 
and a gain-of-func  on leading to the reduc  on of 
αKG to 2-hydroxyglutarate (2-HG) instead. Several 
studies so far have aimed to delineate autocrine ef-

2-Hydroxyglutarate in Acute Myeloid Leukaemia: 
Novel Molecular Targets and Impact on Immune Escape

Prof. Dr. Dimitrios Mougiakakos, Department of Medicine 5 – Haematology and Oncology

Increased 2-hydroxyglutarate (2-HG) levels are found in 15% of acute myeloid leukaemia (AML) pa  ents. 
2-HG overproduc  on is a  ributed to muta  ons in isocitrate dehydrogenase 1/2 (IDH1/2). Our data indi-
cates a link between increased 2-HG levels and c-Myc pathway. AML pa  ents display substan  al immune 
defects. Several tumor-derived metabolites hamper immune responses. The impact of 2-HG remains un-
explored. Our aim is to inves  gate the impact of 2-HG on immune responses and to iden  fy targetable 
pathways contribu  ng to its produc  on.

D27 - Progress Report
01.07.2016 - 31.12.2018

fects of 2-HG on the tumor cells. There are reports 
about the compe   ve inhibi  on of αKG-dependent 
enzymes leading to profound epigene  c altera  ons 
about a link between 2-HG content and the cellular 
redox equilibrium, about the promo  on of glutami-
ne metabolism, as well as about interferences with 
mitochondrial respira  on. However, while most stu-
dies are focusing on tumor-directed 2-HG eff ects, 
its microenvironmental impact and, in par  cular, its 
role in AML-mediated immune modula  on remains 
largely unexplored. Therefore, we were interested 
whether 2-HG holds poten  al immune regulatory 
proper  es by interfering with T-cell func  on. In this 
study we found that exogenously applied, non-cell-
permeable 2-HG was readily taken up by T-cells, 
which is underlined by our measurements showing 
up to 1000-fold enriched levels of 2-HG in T-cells 
from IDH2-mutated AML pa  ent samples. While via-

2-HG uptake by T-cells. (A) 2-HG uptake by T-cells was measured by a colorimetric assay. (B) 
2-HG levels in T-cells from healthy donors (HD) and AML pa  ents (AML) quan  fi ed by LS/MS. 
T-cells were analyzed regarding the 2-HG impact (C) on viability and (D) prolifera  on. 
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Bruns H, Bö  cher M, Qorraj M, Fabri M, Jitschin S, Dindorf J, Busch L, Jitschin R, Mackensen A, Mougiakakos D (2017) CLL-cell-
mediated MDSC induc  on by exosomal miR-155 transfer is disrupted by vitamin D. Leukemia 31: 985-988
Qorraj M, Bruns H, Bö  cher M, Weigand L, Saul D, Mackensen A, Jitschin R, Mougiakakos D (2016) The PD-1/PD-L1 axis contributes 
to immune metabolic dysfunc  ons of monocytes in chronic lymphocy  c leukemia. Leukemia 31: 470-478
Braun M, Qorraj M, Bü  ner M, Klein FA, Saul D, Aigner M, Huber W, Mackensen A, Jitschin R, Mougiakakos D (2016) CXCL12 promo-
tes glycoly  c reprogramming in acute myeloid leukemia cells via the CXCR4/mTOR Axis. Leukemia 30: 1788-92

bility, prolifera  on and IFNγ produc  on were mainly 
unaff ected by 2-HG, bioenerge  cs of ac  vated T-
cells shi  ed away from aerobic glycolysis towards 
respira  on. This is at least partly explained by the 
observed 2-HG-triggered hypoxia inducible factor-
1α (HIF-1α) destabiliza  on. In line with previous 
fi ndings that HIF-1α-dependent (aerobic) glycolysis 
orchestrates diff eren  a  on of Th17 cells, we found a 
reduced Th17 polariza  on in presence of 2-HG.

Taken together, our data suggests that abundantly 
produced 2-HG by malignancies such as AML may 
act (in addi  on to its oncometabolic poten  al) as 
a novel immunometabolic modulator. The T-cells’ 
bioenerge  cs are shi  ed towards oxida  ve phospho-
ryla  on and interference with the stability of HIF-1α 
diminishes the forma  on of pro-infl ammatory Th17 

cells. Self-evidently, more studies on the 2-HG’s im-
pact on the various components of the pa  ent’s 
immune system will be necessary in order to put 
our observa  on into the context of both an  -tumor 
immunity as well as protec  on from infec  ons that 
are major causes of mortality and morbidity during 
disease progression.

Contact:
Prof. Dr. Mougiakakos
phone: +49 9131 85 43172
e-mail: dimitrios.mougiakakos@uk-erlangen.de

Metabolic reprogramming by 2-HG. (A) Respira  on (=OCR) was measured in T-cells cultured with/without 2-HG. 
(B) IL-17 secre  on by T-cells was determined in presence of 2-HG with/without DIP stabilizing HIF-1α. (C) Ror(t) 
and IL-17 were quan  fi ed by FACS in T-cells from healthy donors (HD) and pa  ents (AML).
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SPARCL1 func  on in vessel matura  on and metastasis of 
colorectal carcinoma

Prof. Dr. Michael Stürzl, PD Dr. Elisabeth Naschberger, Department of Surgery

The specifi c aims of the project are

Aim 1: Structure-func  on analyses of SPARCL1 and 
isola  on of its cellular receptor 
First, wild type recombinant human SPARCL1 has 
been successfully cloned and purifi ed from superna-
tants of human eukaryo  c cells. The protein show-
ed similar an  -angiogenic ac  vity as compared to 
commercially available recombinant SPARCL1. At 
present, subdomains of SPARCL1 are cloned and pu-
rifi ed and will be used for a structure-func  on ana-
lysis of SPARCL1 an  -angiogenic ac  vity. Secondly, 
CD105/endoglin was iden  fi ed as a cellular receptor 
of SPARCL1 in Hela. At present, valida  on experi-
ments in primary endothelial cells are ongoing.

Aim 2: Impact of SPARCL1 on the induc  on and reso-
lu  on of angiogenesis
In order to analyze the impact of SPARCL1 on angio-
genesis/vessel matura  on in vivo the metatarsal an-
giogenesis assay (coopera  on Ramming/Wohlfahrt, 

We demonstrated tumor microenvironment (TME)-dependent heterogeneity of tumor endothelial cells 
(TECs) in colorectal carcinoma (CRC) and iden  fi ed SPARCL1 as an important regulatory molecule of this 
phenotype contribu  ng to vessel homeostasis and vascular-derived inhibi  on of tumor growth. The project 
inves  gates func  on and underlying mechanisms of SPARCL1 in both processes. Long-term objec  ve is the 
development of a SPARCL1-based treatment approach to suppress metastases in CRC pa  ents.

D28 - Progress Report
01.02.2016 - 31.07.2018

Med3) has been successfully established. In brief, 
metatarsal bones from embryos of wild type SPAR-
CL1 animals were explanted at E18.5 and cul  vated 
under condi  ons allowing outgrowth of endothelial 
sprouts with a suppor  ng feeder layer. An in vivo in-
hibi  on of vessel sprou  ng by addi  on of rec. mu-
rine SPARCL1 to the bones was demonstrated by this 
assay. At present, metatarsals from wt and SPARCL1-
ko mice are compara  vely analyzed.

Aim 3: Impact of SPARCL1 on prognosis and therapy 
response of pa  ents with CRC
SPARCL1 expression was determined in FFPE-extrac-
ted RNA of CRC pa  ent samples (n=614) recruited 
in the Polyprobe study. Implementa  on of the cor-
responding clinical data in adequate so  ware tools 
(TranSMART, coopera  on Christoph/Prokosch, MIK) 
in order to analyze poten  al clinical correla  ons was 
conducted. A reduced incidence of metastases in 
the long-term follow up of R0-resected CRC pa  ents 
with high SPARCL1 expression was iden  fi ed.

SPARCL1 binds to endoglin/CD105 in HeLa cell lysates a  er overexpression. Co-immunoprecipita  on from Hela cells transfec-
ted with SPARCL1, endoglin/CD105 and/or control vector.
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Prof. Dr. Stürzl PD Dr. Naschberger

Invited lectures
5th iTARGET Workshop, March 2017, Erlangen, Tumor-microenvironment dependent imprin  ng of endothelial cells in human colo-
rectal carcinoma (Elisabeth Naschberger)

Awards
Renate-Wi  ern-Sterzel-Preis, Gleichstellungspreis der Friedrich-Alexander-Universität, Prof. Dr. Stürzl, November 6, 2017, Erlangen

Publica  ons during funding period 
Naschberger E, Geißdörfer W, Bogdan C, Tripal P, Kremmer E, Stürzl M, Britzen-Laurent N (2017) Processing and secre  on of gua-
nylate binding protein-1 depend on infl ammatory caspase ac  vity. J Cell Mol Med. 21(9): 1954-1966
López Posadas R, Stürzl M, Atreya I, Neurath MF, Britzen-Laurent N (2017) Interplay of GTPases and cytoskeleton in cellular barrier 
defects during gut infl amma  on. Front. Immunol. 8:1240
He G-W, Günther C, Thonn V, Yu Y-Q, Mar  ni E, Buchen B, Neurath M, Stürzl M, Becker C (2017) Regression of apoptosis-resistant 
colorectal tumors by induc  on of necroptosis in mice. The Journal of Experimental Medicine 214(6): 1655-1662
Bonsignore L, Passelli K, Pelzer C, Perroud M, Konrad A, Thurau M, Stürzl M, Dai L, Trillo-Tinoco J, Del Valle L, Qin Z, Thome M (2017) 
A role for MALT1 ac  vity in Kaposi‘s sarcoma-associated herpesvirus latency and growth of primary eff usion lymphoma. Leukemia 
31(3): 614-624
Naschberger E, Liebl A, Schellerer VS, Schütz M, Britzen-Laurent N, Kölbel P, Schaal U, Haep L, Regensburger D, Wi  mann T, Klein-
Hitpass L, Rau TT, Dietel B, Méniel VS, Clarke AR, Merkel S, Croner RS, Hohenberger W, Stürzl M (2016) Matricellular protein SPARCL1 
regulates tumor microenvironment-dependent endothelial cell heterogeneity in colorectal carcinoma. J Clin Invest. 126(11): 4187-
4204
Britzen-Laurent N, Herrmann C, Naschberger E, Croner RS, Stürzl M (2016) Pathophysiological role of guanylate-binding proteins in 
gastrointes  nal diseases. World J Gastroenterol 22(28): 6434-43
Croner RS, Sevim M, Metodiev MV, Jo P, Ghadimi M, Schellerer V, Brunner M, Geppert C, Rau T, Stürzl M, Naschberger E, Matzel KE, 
Hohenberger W, Lo  speich F, Kellermann J (2016) Iden  fi ca  on of Predic  ve Markers for Response to Neoadjuvant Chemoradia  on 
in Rectal Carcinomas by Proteomic Isotope Coded Protein Label (ICPL) Analysis. Int J Mol Sci 17(2):209
Feiersinger F, Nolte E, Wach S, Rau TT, Vassos N, Geppert C, Konrad A, Merkel S, Taubert H, Stürzl M, Croner RS (2016) MiRNA-21 
expression decreases from primary tumors to liver metastases in colorectal carcinoma. PLoS One 11: e0148580

Endothelial sprout outgrowth from metatarsal bones of wt SPARCL1 mice is inhibited by rec. mSPARCL1. Embryonic metatarsals from wt 
mice were cul  vated in the presence or absence of VEGF and/or SPARCL1. Sprouts were visualized using CD31 staining and quan  fi ed 
by ImageJ.

Contact:
PD Dr. Naschberger
phone: +49 9131 85 39524
e-mail: elisabeth.naschberger@uk-erlangen.de
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Aging is widely described as loss of cellular func  on 
that leads to diseases such as diabetes, cardiovas-
cular disorders, neurodegenera  ve diseases and 
cancer. On the molecular level, an accumula  on of 
genomic altera  ons such as DNA damage or telome-
re shortening results in the ac  va  on of protec  ve 
pathways that induce programmed cell death or 
cellular senescence. Recent data propose that 
these mechanisms also aff ect immune func  on. For 
instance, the infi ltra  on of tumor  ssue with aged T 
cells with short telomeres has been associated with 
a worse prognosis. However, the underlying mecha-
nisms have not been evaluated so far. 

In this project, we evaluate the role of aging and se-
nescence in immune cells in the an  -tumor immune 
response against CRC. Previously, we described our 
ini  al results on the role of aging in immune cells 
using mTERC-knockout mice. Here we present re-
cent data on the role of cellular senescence by using 
mice with dele  on of p21 (Cdkn1a -/- mice) in CRC 
models.

Aging and senescence of the adap  ve immune system in 
colorectal cancer

Prof. Dr. Maximilian Waldner, Department of Medicine 1 – Gastroenterology, Pneumology and Endocrinology

The increasing incidence of colorectal cancer (CRC) during life  me has been largely a  ributed to an accu-
mula  on of genomic damage in tumor cells. Recent data also propose a role for an aged immune system 
in CRC pathogenesis, as tumor infi ltra  ng T cells with short telomeres have been associated with worse 
prognosis in CRC. Our project aims at the func  onal evalua  on of aging related pathways such as telomere 
shortening and cellular senescence in immune cells during CRC development.

D29 - Progress Report
01.01.2016 - 30.06.2018

Eff ect of p21 defi ciency on immune cells under stea-
dy state condi  ons
According to data from the literature, Cdkn1a -/- 
mice undergo normal development. However, due 
to the inability to arrest in G1 phase, mice develop 
spontaneous tumors at an old age. When we inves-
 gated the eff ect of a Cdkn1a-loss on the immune 

system, we observed that untreated Cdkn1a -/- mice 
have higher frequencies of B cells in blood and me-
senteric lymph nodes compared to wildtype mice. 
Moreover, we no  ced that Cdkn1a-loss aff ects CD4+ 
T cell abundance with an accumula  on of eff ector 
memory T cells. How these results can be explained 
by the loss of Cdkn1a on the molecular level is cur-
rently under inves  ga  on.

p21 defi ciency in the tumor microenvironment pro-
tects against CRC growth
To further inves  gate the role of p21 in immune 
cells during CRC development, we exposed Cdkn1a 
-/- mice to an orthotopic CRC model using wildtype 
murine CRC cells (MC38). Upon endoscopic scoring, 

Characteriza  on of the immune system of Cdkn1a -/- mice under steady-state condi  ons: no obvious pheno-
type was observed during development. Flow cytometry data showing relevant immunological diff erences. 
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Prof. Dr. Waldner

Invited lectures 
Workshop von Leibniz-IPHT und Jenop  k „Ex-vivo und in-vivo op  sch molekulare Pathologie: Potenziale und Trends“, March 3, 
2017, Jena, Gastroenterologie - Anforderung an eine verbesserte endoskopische Diagnos  k
Netzwerktreff en BioPhotonik des Kompetenznetzwerks BayernPhotonics, April 25, 2017, Erlangen, Innova  ve op  sche Verfahren 
zur Diagnos  k gastrointes  naler Erkrankungen
101. Jahrestagung der Deutschen Gesellscha   für Pathologie, June 23, 2017, Erlangen, Neue op  sche Verfahren zur Diagnos  k 
gastrointes  naler Erkrankungen
Laser World of PHOTONICS 2017, June 27, 2017, München, Unmet needs for the endoscopic diagnosis of gastrointes  nal diseases
SPECTARIS-Forum Photonik 4.0 - Op  sche Gesundheitstechnologien, November 6, 2017, Berlin, Biophotonik in der Gastroentero-
logie: Diagnos  k der Zukun  

Publica  ons during funding period 
Knieling F, Neufert C, Hartmann A, Claussen J, Urich A, Egger C, Ve  er M, Fischer S, Pfeifer L, Hagel A, Kielisch C, Gortz RS, Wildner 
D, Engel M, Rother J, Uter W, Siebler J, Atreya R, Rascher W, Strobel D, Neurath MF, Waldner MJ (2017) Mul  spectral Optoacous  c 
Tomography for Assessment of Crohn‘s Disease Ac  vity. N Engl J Med 376: 1292-1294

knockout mice developed signifi cantly smaller tu-
mors than wildtype mice. Analyzing the composi-
 on of infi ltra  ng immune cells in the tumor mic-

roenvironment, we observed higher frequencies of 
B cells and dendri  c cells in tumor  ssue of Cdkn1a 
-/- mice. Furthermore, decreased CD4+ CD8+ T cells 
and macrophage frequencies were detected. mRNA 
analysis of Cdkn1a -/- tumors revealed a higher ex-

pression of pro-infl ammatory cytokines 
such as IL-6 and IL-17a, but not IFN or 
TGF.
In summary, our data show that p21 de-
fi ciency leads to reduced tumor growth 
and this phenotype might be infl uenced 
by a role of p21 in tumor infi ltra  ng im-
mune cells. However, as Cdkn1a is syste-
mically deleted in Cdkn1a -/- mice, we 
cannot exclude a func  onal relevance 
for p21 in other cells such as fi broblasts, 
endothelial cells etc. Therefore, we will 
u  lize more specifi c approaches in sub-
sequent experiments including the use 

of Cdkn1a bone marrow chimeras and condi  onal 
knockout mice for p16 and p53 in various T cell sub-
sets.

Contact:
Prof. Dr. Waldner
phone: +49 9131 85 45025
e-mail: maximilian.waldner@uk-erlangen.de

Cdkn1a -/- mice in CRC model. (A) Endoscopic 
tumor assessments a  er orthotopic tumor in-
jec  on. (B) Flow cytometry data of immune cells 
from spleen and tumor  ssue. (C) Rela  ve cytokine 
expression of immune cells infi ltrated in tumors.
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Adult hippocampal neurogenesis in synucleinopathies

Prof. Dr. Jürgen Winkler, Department of Molecular Neurology
Prof. Dr. Dieter Chichung Lie, Ins  tute of Biochemistry

Analysis of the hippocampal serotonergic system in 
BAC transgenic -syn rats and A53T -syn mice and 
consequences on hippocampal neurogenesis
To characterize the early interplay between the hip-
pocampus and the serotonin (5-HT) system, we used 
a -syn transgenic rat model which develops key fea-
tures of PD such as pathological -syn accumula  on 

E12 - Final Report
01.04.2014 - 31.03.2017

Non-motor symptoms (NMS) like anxiety and depression play an important role in Parkinson’s disease 
(PD) and related synucleinopathies. Using diff erent animal models, we iden  fi ed the impact of -synuclein 
(-syn) on the hippocampal serotonergic system aff ec  ng hippocampal neurogenesis, which might con-
tribute to NMS in PD. Moreover, we aimed to decipher new molecular targets for the treatment of these 
highly debilita  ng NMS.

and motor defi cits at the age of 12 months. Prior to 
the onset of this phenotype, we observed a severe 
5-HT dysfunc  on in the hippocampus, as detected 
by reduced input of 5-HT transporter expressing 
neurites, low 5-HT levels, and altered 5-HT receptor 
expression in the dentate gyrus (DG)/CA3 subfi eld 
of the hippocampus. As a consequence, this model 
shows a severe impairment of hippocampal neuro-

genesis, namely a profound reduc  on of neu-
roblasts and newborn neurons, together with 
an early anxiety-like phenotype. Furthermore, 
transgenic A53T -syn mice present with a less 
dense serotonergic innerva  on of the dorsal 
DG of the hippocampus at 12 months of age. 
Interes  ngly, we observed a compromised in-
crease in doublecor  n expressing neuroblasts 
a  er chronic treatment with the selec  ve se-
rotonin reuptake inhibitor (SSRI) fl uoxe  ne at 
the site of reduced serotonergic innerva  on, 
the infrapyramidal blade of the dorsal DG. 
These data further stress the fi ndings of a com-
promised intra-hippocampal circuitry in diff e-
rent models for synucleinopathies as underly-
ing cause for NMS in these diseases. 

Func  on and regula  on of the puta  ve an  de-
pressant target and plas  city regulator Sox11

Plas  city of the DG cri  cally modulates mood 
and anxiety behavior. Data from our laboratory 
and others revealed that an  depressant treat-
ments such as electroconvulsive shock (ECS) 
and an  depressants of the SSRI class increase 
the expression of the transcrip  on factor Sox11 
in DG neurons. We have now established that 
the induc  on of Sox11 in DG neurons is regu-

(A) Unchanged hippocampal 5-HT levels in non-tg vs. A53T mice. (B-F) Ima-
ris® so  ware based fi lament tracing (red) of SERT+ fi bers (green) revealed 
a reduc  on in the dorsal infrapyramidal blade of the DG in A53T mice, 
while innerva  on of the ventral DG was similar in A53T and non-tg mice.
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Invited lectures  
Keystone Symposium „Neurogenesis during Development and in the Adult Brain“, January 8-12, 2017, Olympic Valley, USA, Auto-
phagy-dependent regula  on of neurogenesis

Publica  ons during funding period
Beckervordersandforth R, Ebert B, Schäff ner I, Moss J, Fiebig C, Shin J, Moore DL, Ghosh L, Trinchero MF, Stockburger C, Friedland K, 
Steib K, von Wi  genstein J, Keiner S, Redecker C, Hölter SM, Wurst W, Jagasia R, Schinder AF, Ming G, Toni N, Jessberger S, Song H, 
Lie DC (2017) Role of mitochondrial metabolism in the control of early lineage progression and ageing phenotypes in adult hippo-
campal neurogenesis. Neuron 93(3): 560-573
Kohl Z, Ben Abdallah N, Vogelgsang J, Tischer L, Deußer J, Amato D, Anderson S, Müller CP, Riess O, Masliah E, Nuber S, Winkler 
(2016) Severely impaired hippocampal neurogenesis associates with an early serotonergic defi cit in a BAC α-synuclein transgenic rat 
model of Parkinson’s disease. Neurobiology of Disease 85: 206–217
Cernilogar FM, Di Giaimo R, Rehfeld F, Cappello S, Lie DC (2015). RNA interference machinery-mediated gene regula  on in mouse 
adult neural stem cells. BMC Neuroscience 16: 60
Beckervordersandforth R, Zhang CL, Lie DC (2015) Transcrip  on-Factor-Dependent Control of Adult Hippocampal Neurogenesis. 
Cold Spring Harb Perspect Biol 7(10): a018879
Steib K, Schäff ner I, Jagasia R, Ebert B, Lie DC (2014) Mitochondria modify exercise-induced development of stem cell-derived neu-
rons in the adult brain. J Neurosci 34(19): 6624-33
Rockenstein E, Nuber S, Overk CR, Ubhi K, Mante M, Patrick C, Adame A, Trejo-Morales M, Gerez J, Pico    P, Jensen PH, Campioni 
S, Riek R, Winkler J, Gage FH, Winner B, Masliah E (2014) Accumula  on of oligomer-prone α-synuclein exacerbates synap  c and 
neuronal degenera  on in vivo. Brain 137(Pt 5): 1496-513

Prof. Dr. LieProf. Dr. Winkler

lated by neuronal ac  vity and that the ac  vity-de-
pendent expression of Sox11 is specifi c for the DG. 
Our electrophysiological and behavioral analyses 
revealed that Sox11 expression substan  ally alters 
DG neuron plas  city and hippocampus-dependent 
memory consolida  on. In addi  on, RNA-Sequencing 
analysis showed Sox11 ac  vity altered expression of 
neuronal cytoskeleton-associated genes, ion chan-
nels, and regulators of pre- and postsynap  c deve-
lopment was changed in DG neurons. Collec  vely, 
these data iden  fy Sox11 as a novel DG-specifi c re-
gulator of neuronal plas  city, which may be involved 
in the ac  ons of an  depressants.

(A) AAV-mediated overexpression of Sox11 (red). Sox11-overexpression enhances expression of the mi-
crotubule associated protein DCX (grey, B) and increases excitability of dentate granule neurons (C).

Contact:
Prof. Dr. Winkler
phone: +49 9131 85 39323
e-mail: juergen.winkler@uk-erlangen.de

Prof. Dr. Lie 
phone: +49 9131 85 24622 
e-mail: chi.lie@fau.de



80 IZKF Erlangen Annual Report 2017

The role of acid sphingomyelinase in depression/anxiety-
induced alcohol addic  on

Prof. Dr. Chris  an P. Müller, Department of Psychiatry and Psychotherapy
PD Dr. Mar  n Reichel, Department of Medicine 4 – Nephrology and Hypertension
Prof. Dr. Johannes Kornhuber, Department of Psychiatry and Psychotherapy

In a previous study we found that mice with a 
transgenic over-expression of acid sphingomyelina-
se (tgASM) show enhanced ceramide levels in the 
hippocampus and anxiety and depression-related 
behaviour. They also drink more alcohol than wild 
type (WT) controls. Now we asked whether the en-
hanced alcohol consump  on is mo  vated by drug-
instrumentaliza  on in that the drug is consumed to 
reverse an aversive emo  onal state, i.e. do animals 
drink more to reduce 
their anxiety/depres-
sion levels? We tes-
ted tgASM and WT 
mice in a two-bo  le 
free choice alcohol 
drinking paradigm 
and found that free-
choice alcohol drin-
king reduced depres-
sion-like behaviour 
in tgASM animals in 
a series of depressi-
on tests. Free-choice 
drinking reversed the 
genetically-induced 

E13 - Final Report
01.04.2014 - 31.03.2017

Depression and anxiety are common causes for the establishment of alcohol addic  on, a devasta  ng psy-
chiatric disorder. Based on a dysfunc  on of the acid sphingomyelinase/ceramide pathway, which is asso-
ciated with depression/anxiety, we will inves  gate in a transla  onal approach how alcohol addic  on and 
related neuronal adapta  ons are established. The iden  fi ed mechanism may then provide a new target for 
a personalized treatment of alcohol addic  on comorbid with depression/anxiety.   

increase in brain ASM ac  vity selec  ovely in the de-
pressed tgASM mice, but not in WT animals. In a se-
cond study we asked whether the depressive pheno-
type can be reversed by the pharmacological eff ects 
of the alcohol alone, or whether the free-choice and, 
thus, self-  tra  on, was a crucial element in this ac-
 on. In this study, animals had no free-choice, but 

received repeated alcohol-injec  ons (i.p.). When de-
pression/anxiety behaviour was tested a  erwards, 

Free-choice alcohol drinking has an  depres-
sant eff ects in mice over-expressing ASM 
(tgASM), but not in wild type (WT) mice in A. 
the novelty suppressed feeding test and B. the 
forced swim test (p<0.05; EtOH-ethanol).

Slice mass spectrograms for most abundant sphingomyelin 
(SM) species in the brain of water or alcohol drinking tgASM 
or WT mice. Free-choice alcohol drinking reduces SM levels 
in WT mice. This eff ect is par  ally reversed in tgASM mice. 
(#p<0.05, vs. WT; ***p<0.001).
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Invited lectures 
3. Hamburger Fachgespräch Alkoholabhängigkeit, March 11 2017, Hamburg, Germany, Lipide als Risikofaktoren und Biomarker für 
chronischen Alkoholkonsum
Universi   Sains Malaysia, Center for Drug Research, April 4 2017, Penang, Malaysia, Sphingolipids and the transi  on from depres-
sion to alcoholism 

Publica  ons during funding period
Schneider M, Levant B, Reichel M, Gulbins E, Kornhuber J, Müller CP (2017) Lipids in psychiatric disorders and preven  ve medicine. 
Neuroscience and Biobehavioral Reviews 76: 336-362
Müller CP, Kalinichenko LS, Tiesel J, Wi   M, Stöckl T, Sprenger E, Fuchser J, Beckmann J, Praetner M, Huber SE, Amato D, Mühle C, 
Bü  ner C, Ekici AB, Smaga I, Pomierny-Chamiolo L, Pomierny B, Filip M,  Eulenburg V, Gulbins E, Lourdusamy A, Reichel M, Kornhu-
ber J (2017) Paradox an  depressant eff ects of alcohol are related to acid sphingomyelinase and its control of sphingolipid homeos-
tasis. Acta Neuropathologica 133(3): 463-483 
Huston JP, Kornhuber J, Mühle C, Japtok L, Komorowski M, Ma  ern C, Reichel M, Gulbins E, Kleuser B, Topic B, De Souza Silva MA, 
Müller CP (2016) A sphingolipid mechanism for behavioral ex  nc  on. Journal of Neurochemistry 137: 589-603 
Müller CP, Quednow BB, Lourdusamy A, Kornhuber J, Schumann G, Giese KP (2016) CaM kinases - From memories to addic  on. 
Trends in Pharmacological Sciences 37(2): 153-166
Schöpf I, Easton AC, Sola   J, Golub Y, Kornhuber J, Giese KP, Müller CP (2015) CaMKII autophosphoryla  on mediates neuronal 
ac  va  on in the hippocampal dentate gyrus a  er alcohol and cocaine in mice. Neuroscience Le  ers 591C: 675-68 
Süß P, Kalinichenko L, Baum W, Reichel M, Kornhuber J, E  le B, Distler JHW, Sche   G, Winkler J, Müller CP, Schlachetzki JCM (2015) 
Hippocampal structure and func  on are maintained despite severe innate peripheral infl amma  on. Brain Behavior and Immunity 
49: 156-170 
Gulbins E,  Walter S, Becker KA, Halmer R, Liu Y, Müller CP, Fassbender K, Kornhuber J (2015) Ceramide in neurogenesis and major 
depression. Journal of Neurochemistry 134(2): 183-92  
Kornhuber J, Rhein C, Müller CP, Mühle C (2015) Secretory sphingomyelinase in health and disease. Biological Chemistry 396(6-7): 
707-736 
Müller CP, Reichel M, Mühle C, Rhein C, Gulbins E, Kornhuber J (2015) Brain membrane lipids in major depression and anxiety dis-
order. Biochimica et Biophysica Acta 1851: 1052-1065 
Kornhuber J, Müller CP, Becker KA, Reichel M, Gulbins E (2014) The ceramide system as a novel an  depressant target.+ Trends in 
Pharmacological Sciences 35(6): 293-304 

PD Dr. ReichelProf. Dr. Müller Prof. Dr. Kornhuber

we found rather opposite eff ects compared to a free-
choice administra  on. Alcohol enhanced depressi-
on-like behaviour. Forced alcohol-exposure did not 
aff ect ASM ac  vity, neither in tgASM nor in WT mice. 
We then searched for a brain mechanism that could 
mediate the poten  al therapeu  c eff ects of alcohol 
in the brain of depressed animals within the sphin-
golipid system. Mass spectrometric analysis of brain 
slices showed in tgASM mice, several sphingomyelin 
species largely reduced in the nucleus accumbens 
(Nac) and hippocampus. Free-choice alcohol drin-
king reduces the content of sphingomyelin species in 
the Nac and hippocampus in WT animals. However 
in tgASM mice, alcohol par  ally reversed the decline 
in sphingolipids, which suggests an ac  on towards 
sphingolipid homeostasis. This eff ect was Nac spe-
cifi c, and not observed in the dorsal hippocampus. 
Post mortem neurochemical analysis showed that a 
similar eff ect of the free-choice alcohol was found 

at the level of serotonin and dopamine  ssue levels. 
Furthermore, in-vivo microdialysis showed that re-
sponse dynamic of dopaminergic transmission was 
largely enhanced in tgASM mice with a stronger re-
sponse to an alcohol challenge. These fi ndings sug-
gest the ASM-sphingomyelin/ceramide pathway as 
a poten  al mediator of depression-induced alcohol 
preference, and possibly, addic  on, by controlling 
sphingolipid and monoaminergic homeostasis in 
specifi c parts of the brain reward system.

Contact:
Prof. Dr. Müller
phone: +49 9131 85 36896
e-mail: chris  an.mueller@uk-erlangen.de
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Role of TRPC5 in trigeminal nocicep  on

Prof. Dr. Katharina Zimmermann, Department of Anaesthesiology

Iden  fi ca  on of mouse dental primary aff erent neu-
rons in the trigeminal ganglion
Unambiguous recogni  on of dental primary aff e-
rent neurons (DPAN) within the trigeminal ganglion 
requires the use of retrograde axoplasmic transport 
of fl uorescent dye. Retrograde DiI-based labeling is 
rou  nely used in molars of rats, but in the mouse, 
the neurotoxic Fluoro-Gold (FG) is standard be-
cause of its superior membrane penetra  on. This 
is essen  al, because anatomic propor  ons in the 
oro-facial region diff er substan  ally between rats 
and mice and murine teeth can only borrow a frac-
 on of the dye harbored in a rat molar (less than 

¼). Yet for live cell imaging studies in neurons DiI is 

E14 - Final Report
01.04.2014 - 31.03.2017

In dental hypersensi  vity one of the strongest triggers to induce pain is cold. The trigeminal nocicep  ve 
system exerts unique features in its organiza  on and protein expression profi le. To provide insight into 
the molecular organiza  on of mouse tooth pulp nociceptors we studied the contribu  on of iden  fi ed cold 
transduc  on channels including TRPC5 and found func  onal and morphological evidence for its involve-
ment in cold transduc  on in mouse and human tooth nociceptors.

standard as it leaves physiological proper  es unal-
tered. We successfully established retrograde labe-
ling in mouse molars with DiI by using a formula  on 
called NeuroTrace® which is op  mized for superior 
axonal membrane penetra  on, but not with conven-
 onal crystalline DiI.

Two-Photon Laser Scanning Fluorescence Microscopy reconstruc  on of an en  re mouse trigeminal ganglion showing 
TRPM8 in green and DPAN in red (DiI); cells of the ophthalmic (V1), maxillary (V2) and mandibular (V3) nerves are marked 

with dashed lines.
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Wolfson Centre for Age-Related Diseases at King‘s College London, January 25, 2017, London, Heat-resistant ac  on poten  als in 
nociceptors require TTX-resistant sodium channels subtypes

Publica  ons during funding period
Kadala A, Sotelo-Hitschfeld P, Ahmad Z, Tripal P, Schmid B, Mueller A, Bernal L, Winter Z, Brauchi S, Lohbauer U, Messlinger K, 
Lennerz JK, Zimmermann K (2017) Fluorescent Labeling and 2-Photon Imaging of Mouse Tooth Pulp Nociceptors. Journal of Dental 
Research: doi 10.1177/0022034517740577

TRPC5 and TRPM8 are cold transducers in mouse 
tooth nociceptors
We have obtained cultured DiI-labeled DPAN from 
C57BL/6J mice and subjected to cold s  mula  on 
and treatment with pharmacological agonists of the 
TRPM8 and TRPA1 cold transducers. We found that 
DPAN’s cold sensi  vity relies to 45% on TRPM8 and 
to a negligible frac  on on TRPA1 which leaves room 
for a cold transduc  on mechanism independent of 
TRPM8 and TRPA1. Evidence for TRPC5 as cold trans-
ducer was found in DPAN of mice defi cient of TRPM8 
and TRPA1, where cold responses are reduced by 
half and share a similar shape with the cold respon-
ses obtained in HEK cells heterologously expressed 
with TRPC5. In addi  on, the cold responses recorded 
with calcium microfl uorimetry were decreased by 
the specifi c TRPC5 antagonist ML204. To inves  gate 
the contribu  on of TRPC5 to cold sensi  vity in real 
tooth nociceptors we developed a specifi c jaw-nerve 
prepara  on which allows to record from axons of the 
inferior alveolar nerve innerva  ng molars and incisor 
in the mouse with suc  on electrodes. We found that 
the number of cold sensi  ve fi bers is much reduced 
in TRPC5-defi cient mice. ML204 reliably blocked cold 

Prof. Dr. Zimmermann

Cold responses registered with calcium microfl uorimetry and presumably mediated by TRPC5 in (A) HEK293T cells transiently transfected 
with murine TRPC5 and (B) retrograde labeled dental primary aff erent neurons of a TRPM8/A1-defi cient mouse.

responses and lost its blocking eff ect in nociceptors 
from TRPC5-defi cient mice. Nevertheless, we found 
cold sensi  ve fi bers to be highly reduced in TRPM8/
A1- and TRPC5/A1-defi cient mice. Since cold res-
ponses from TRPC5/A1-defi cient mice do display a 
reduced number of ac  on poten  als and reduced 
thresholds of ac  va  on, TRPM8 remains as second 
important cold transducer. Likely the tooth cold 
transduc  on mechanism is of complex nature and 
involves heteromul  mers of at least two channels, 
TRPC5 and TRPM8.
Together with our results of an upregula  on of 
TRPC5 in human pulpi  c teeth, TRPC5 presents a 
highly interes  ng target for the treatment of in-
fl ammatory tooth pain and den  ne hypersensi  vity 
to cold – frequent dental problems o  en leading to 
the extrac  on of healthy teeth. 

Contact:
Prof. Dr. Zimmermann
phone: +49 9131 85 33102
e-mail: katharina.zimmermann@fau.de
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Regulatory networks in neurogenesis and neurodevelop-
mental disorders

Prof. Dr. Dieter Chichung Lie, Ins  tute of Biochemistry
Prof. Dr. André Reis, Ins  tute of Human Gene  cs

Func  onal Studies of Chroma  n-Remodeling-Factor 
ARID1B 
ARID1B encodes the DNA-binding component of 
the BAF-complex and is the gene mutated in the 
majority of pa  ents with Coffi  n-Siris Sydrome 
(CSS). ARID1B muta  ons are also observed in ID 
pa  ents with a more unspecifi c, broader clinical 
presenta  on. Our studies of pa  ents’ material and 
of cellular knock-down models revealed that genes 
encoding components of migra  on pathways were 
consistently deregulated and that cell migra  on is 
impaired by ARID1B muta  on and loss-of-func  on. 
We have now established pa  ent-derived induced 
pluripotent stem cells (iPSC) and cellular models 
with a CRISPR/Cas9-mediated knock-out of ARID1B, 
to gain deeper insight into the ARID1B-dependent 
regula  on of migra  on of neural cells. 

E16 - Final Report
01.04.2014 - 31.03.2017

Gene  c defects are responsible for the vast majority of intellectual disability (ID) cases in countries with 
high standard of living. There is evidence that ID-gene encoded proteins are connected in pathways that 
regulate neurodevelopment and –plas  city. This project aims to iden  fy common pathophysiological pa-
thways in ID and to probe components of such pathways as novel e  ological genes in ID. 

Search for further ARID1B interac  ng ID genes 
In exome sequencing studies of ID pa  ents with 
symptoms overlapping with those seen in CSS but 
lacking a muta  on in BAF-complex members we 
iden  fi ed muta  ons in candidate genes. In a series 
of female ID-pa  ents from laboratories worldwide 
we iden  fi ed missense variants of the X-linked gene 
NAA10, a main component of the complex catalyzing 
N-terminal acetyla  on of proteins. In collabora  on 
with a laboratory in Bergen, Norway, we confi rmed 
variable eff ect of the variants on protein stability and 
enzyma  c ac  vity. These impacted the phenotype in 
girls, although the situa  on is further complicated 
by the variable degree of X-inac  va  on. Our fi ndings 
support the concept that X-linked recessive genes 
can also manifest in girls.

Knockdown of ARID1B in Neuro2A 
Cells Leads to Neurite Outgrowth 
through ß-Catenin. Immunofl uo-
rescence of Neuro2A cells trans-
fected with siRNAs against con-
trol or ARID1B and ß-catenin as 
indicated, stained for a-tubulin. 
Arrowheads point to neurites 
(image from Vasileiou et al., Am J 
Hum Genet, 2015).
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Invited lectures 
Keystone Symposium „Neurogenesis during Development and in the Adult Brain“, January 8-12 2017, Olympic Valley, USA, Auto-
phagy-dependent regula  on of neurogenesis

Publica  ons during funding period
Beckervordersandforth R, Ebert B, Schäff ner I, Moss J, Fiebig C, Shin J, Moore DL, Ghosh L, Trinchero MF, Stockburger C, Friedland K, 
Steib K, von Wi  genstein J, Keiner S, Redecker C, Hölter SM, Wurst W, Jagasia R, Schinder AF, Ming G, Toni N, Jessberger S, Song H, 
Lie DC (2017) Role of mitochondrial metabolism in the control of early lineage progression and ageing phenotypes in adult hippo-
campal neurogenesis. Neuron 93(3): 560-573
Saunier C, Støve SI, Popp B, Gérard B, Blenski M, AhMew N, de Bie C, Goldenberg P, Isidor B, Keren B, Leheup B, Lampert L, Mignot 
C, Tezcan K, Mancini GM, Nava C, Wasserstein M, Bruel AL, Thevenon J, Masurel A, Duff ourd Y, Kuentz P, Huet F, Rivière JB, van 
Slegtenhorst M, Faivre L, Piton A, Reis A, Arnesen T, Thauvin-Robinet C, Zweier C (2016) Expanding the Phenotype Associated with 
NAA10-Related N-Terminal Acetyla  on Defi ciency. Hum Mutat 37: 755-64
Vasileiou G, Ekici AB, Uebe S, Zweier C, Hoyer J, Engels H, Behrens J, Reis A, Hadjihannas MV (2015) Chroma  n-Remodeling-Factor 
ARID1B Represses Wnt/beta-Catenin Signaling. Am J Hum Genet 97: 445-56
Cernilogar FM, Di Giaimo R, Rehfeld F, Cappello S, Lie DC (2015) RNA interference machinery-mediated gene regula  on in mouse 
adult neural stem cells. BMC Neurosci. 16:60 doi 10.1186/s12868-015-0198-7
Beckervordersandforth R, Zhang CL, Lie DC (2015) Transcrip  on-Factor-Dependent Control of Adult Hippocampal Neurogenesis. 
Cold Spring Harb Perspect Biol. 7(10) doi 10.1101/cshperspect.a018879
Steib K, Schäff ner I, Jagasia R, Ebert B, Lie DC (2014) Mitochondria modify exercise-induced development of stem cell-derived neu-
rons in the adult brain. J Neurosci. 34(19): 6624-33 

Func  onal analysis of the ID-linked transcrip  on fac-
tor Sox11
The BAF complex regulates the expression of the 
transcrip  on factor Sox11. Muta  ons in Sox11 were 
iden  fi ed as a cause for a subset of CSS cases. We 
found that Sox11 regulates diff eren  a  on and syn-
ap  c integra  on during neurogenesis. To inves  ga-
te the pathophysiological mechanisms underlying 
Sox11-muta  on associated CSS we have now gene-
rated iPSCs with muta  ons in the Sox11 gene. 
In proteomic analyses, we iden  fi ed the transcrip-
 on factor TCF4 as interactor of SOX11. TCF4 muta-
 ons cause Pi  -Hopkins syndrome, a disorder cha-

racterized by developmental delay and ID. We found 
that TCF4 is highly expressed in the developing and 
adult cortex and hippocampus. In ongoing analyses 

of TCF4-heterozygote knockout mice, we observed 
hypoplasia of cor  cal and hippocampal structures. 
This phenotype is aggravated by Sox11 heterozygo-
sity. These data suggest a role for TCF4 in the regu-
la  on of cor  cal and hippocampal neurogenesis and 
support the hypothesis that TCF4 and Sox11 coope-
ra  vely regulate developmental pathways.

Contact:
Prof. Dr. Lie
phone: +49 9131 85 24622
e-mail: chi.lie@fau.de

Prof. Dr. Reis
phone: +49 9131 85 22318
e-mail: andre.reis@uk-erlangen.de

Prof. Dr. ReisProf. Dr. Lie

TCF4 expression during cor  cogenesis 
(A-F) Heatmap of TCF4 expression during 
development. (G-H’’) TCF4 co-stainings 
with layer specifi c markers. CP, cor  cal 
plate. IZ, intermediate zone. MZ, margi-
nal zone. PP, preplate. SP, subplate. SVZ, 
subventricular zone, VZ, ventricular zone.
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The neuromuscular role of Wnt signaling pathways

Prof. Dr. Said Hashemolhosseini, Ins  tute of Biochemistry

We started to elucidate the role of canonical Wnt ac-
 vity in adult muscle fi bers using a well-established 

Axin2-lacZ reporter mouse. In these mice, canonical 
Wnt signaling is refl ected by lacZ expression under 
control of the endogenous Axin2 promoter. We de-
tected ac  ve canonical Wnt signaling (1) in myo-
tubes derived from cultured C2C12 cells or murine 
primary myoblasts, (2) in muscle fi bers with small fi -
ber diameter of type IIa and, most likely type IIx, (3) 
at neuromuscular synapses, as well as (4) during re-
genera  on of skeletal muscle a  er injury. Interes  n-
gly, YAP/Taz/Tead1-mediated signaling accompanied 
canonical Wnt signaling in adult muscle fi bers. X-

E17 - Final Report
01.04.2014 - 31.03.2017

The Wnt family of proteins encodes 19 secreted glycoproteins, which bind to the Frizzled transmembrane 
receptors on target cells. Wnt proteins regulate processes such as development and diff eren  a  on and are 
fundamental during embryonic myogenesis. Previously, canonical Wnt signaling ac  vity was detected and 
inves  gated in skeletal muscles mostly during development. However, the role of canonical Wnt signaling 
in res  ng adult muscle fi bers remained fully unknown. We recently reported canonical Wnt signaling ac  vi-
ty in adult muscle fi bers belonging to fi ber type IIa and IIx, and at neuromuscular junc  ons.

Gal-posi  ve muscle fi bers (refl ec  ng canonical Wnt 
ac  vity) were also found to be posi  ve for nuclear 
-catenin, YAP/Taz and Tead1. In cultured muscle 
cells, (1) absence of Axin1 interfered with prolifera-
 on, (2) absence of Axin2 slowed down diff eren  a  on 

into myotubes; interes  ngly, treatment with Wnt3a 
had a similar eff ect, and (3) a  er knockdown of either 
-catenin or Tead1 myogenesis was increased. 
Moreover, canonical Wnt3a induced TOPfl ash and 
Tead1 reporters, and importantly both induc  ons 
did not occur in the presence of Dickkopf-1, an inhi-
bitor of canonical Wnt signaling. All these data have 
been recently published (Huraskin et al., 2016).

Extensor digitorum longus of heterozygous Axin2-lacZ mice were 
dissected, fi xed and stained by X-Gal. Note, if the muscle was 
denervated 5 days before no Axin2-lacZ reporter expression was 

observed.

Transcript amounts of Axin1 and Axin2 were signifi cantly reduced 
upon denerva  on in muscles gastrocnemius and soleus. Func  o-
nal denerva  on was confi rmed by an increase of AChR mRNA 

level.
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Publica  ons during funding period
Giacomazzi G, Holvoet B, Trenson S, Caluwé E, Kravic B, Deroose C, Huylebroeck D, Hashemolhosseini S, Janssens S, McNally E, Quat-
trocelli M, Sampaolesi M (2017) MicroRNAs regulate myogenic propensity of mesodermal iPSC-derived progenitors. Nat Commun. 
8(1): 1249-1262
Kravic B, Harbauer AB, Romanello V, Simeone L, Vögtle FN, Kaiser T, Straubinger M, Huraskin D, Bö  cher M, Cerqua C, Mar  n ED, 
Poveda-Huertes D, Bu  gereit A, Rabalski AJ, Heuss D, Rudolf R, Friedrich O, Litchfi eld D, Marber M, Salvia   L, Mougiakakos D, 
Neuhuber W, Sandri M, Meisinger C, Hashemolhosseini S (2017) Impaired CK2-dependent phosphoryla  on of the import receptor 
Tom22 in murine skeletal muscles aff ects mitochondrial homeostasis through mitophagy. Autophagy 22: 1-65
Dorninger F, Herbst R, Kravic B, Camurdanoglu BZ, Macinkovic I, Zeitler G, Forss-Pe  er S, Siegfried S, Khan MM, Rudolf R, Hashe-
molhosseini S, Berger J (2017) Reduced muscle strength in ether lipid-defi cient mice is accompanied by altered development and 
func  on of the neuromuscular junc  on. J Neurochem. 143(5): 569-583
Eiber N, Simeone L, Hashemolhosseini S (2017) Abla  on of Protein Kinase CK2β in Skeletal Muscle Fibers Interferes with Their Oxi-
da  ve Capacity. Pharmaceu  cals 10(1)

Huraskin D, Eiber N, Reichel M, Zidek L, Kravic B, Behrens J, von Maltzahn J, Hashemolhosseini S (2016) Wnt/-catenin signaling via 
Axin2 is needed for myogenesis and ac  ve in IIa/IIx fi bers with Hippo pathway members. Development 143(17): 3128-42
Rudolf R, Majid Khan M, Wild F and Hashemolhosseini S (2016) The impact of autophagy on peripheral synapses in health and 
disease. Fron  ers in bioscience (Landmark edi  on) 21: 1474-87
Kravic B, Frick A, Jung J, Mei L, Borg JP, Hashemolhosseini S (2016) The role of Erbin, Lano and Scribble at the neuromuscular junc  on 
of skeletal mouse muscles. J Neurochem. 139: 381-395
Durmus H, Ayhan O, Cirak S, Deymeer F, Parman Y, Franke A, Eiber N, Chevessier F, Schlötzer-Schrehardt U, Clemen CS, Hashemol-
hosseini S, Schröder R, Hemmrich-Stanisak G, Tolun A, Serdaroglu-Ofl azer P (2016) Neuromuscular endplate pathology in recessive 
desminopathies: Lessons from man and mice. Neurology 87: 799-805

We also started to address the ques  on, where ca-
nonical Wnt proteins come from (unpublished data). 
Recently, we decided to approach the infl uence of 
the nerve ending in providing Wnts by applying scia-
 c nerve lesion to heterozygous Axin2-lacZ reporter 

mice. Impressively, a  er denerva  on reporter gene 
expression is completely halted; this observa  on 
is in agreement with previous fi ndings that Wnt 
signaling might be reduced in denervated murine 
skeletal muscle shown by global gene expression 
profi ling. Exci  ngly, even Axin1 expression is signi-
fi cantly down-regulated by scia  c nerve lesion in 
muscles. This is even more striking as Axin1 is belie-
ved to be cons  tu  vely expressed and not regulated, 
like Axin2 (Frank Costan  ni, Columbio University, 
NY, USA; personal communica  on). A simultaneous 
downregula  on of both Axins has been described 

Prof. Dr. Hashemolhosseini

in a diff erent context (chondrocyte matura  on) and 
related to TGF- signaling ac  vity and its crosstalk 
with the canonical Wnt pathway. Up to now, there 
is no evidence for a similar mechanism in skeletal 
muscle cells and in par  cular at the NMJ, but increa-
sed TGF- signaling has been associated with muscle 
denerva  on.

Contact:
Prof. Dr. Hashemolhosseini
phone: +49 9131 85 24634
e-mail: said.hashemolhosseini@fau.de
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Introduc  on
Neuronal signal transduc  on is largely guided by a 
synap  c expression of neurotransmi  er receptors. 
These receptors binding regulatory proteins, such as 
enzymes and scaff olds that regulate their traffi  cking, 
localiza  on, ligand affi  nity, desensi  za  on behaviour 
and surface concentra  on. In this way, receptors and 
regulatory proteins assemble into synap  c signal 
complexes. 
Inhibitory feedback loops are important factors for 
the ac  vity and survival of sensory neurons, as well as 
for the protec  on against noxious s  muli. G-protein 
coupled metabotropic glutamate receptors (mGluRs) 
expressed at pre-synap  c sites can invert the ac  vity 
of the excitatory neurotransmi  er glutamate into 
neuronal inhibi  on and thus are well suited to build 
inhibitory feedback loops in glutamatergic neurons. 
The same holds true for pre-synap  cally localized 
endocannabinoid (CB) receptors.

Inhibitory neurotransmission in the cochlea: 
Glutamate and endocannabinoids

Prof. Dr. Ralf Enz, Ins  tute of Biochemistry

Sensory organs need tailor-made signal transduc  on pathways. Pre-synap  c glutamate and endocannabi-
noid receptors regulate ac  vity and survival of sensory neurons via inhibitory feedback loops. While pre-sy-
nap  c inhibi  on in photoreceptors of the re  na is described in detail, corresponding protec  ve mechanisms 
in hair-cells of the cochlea are largely unknown. This project inves  gates pre-synap  c receptor expression 
in hair-cells and elucidates their regula  on by interac  ng proteins.

E19 - Progress Report
15.02.2016 - 14.08.2018

While molecular mechanisms of pre-synap  c 
inhibi  on have been analysed in detail in the re  na, 
the iden  ty of inhibitory protec  ve circuits in the 
cochlea is not well understood. Based on previous 
fi ndings in our laboratory, we hypothesize that 
diff erent sensory organs, e.g. the re  na and the 
cochlea, need a tailor-made regula  on of these 
signal complexes. In this project, we therefore 
analyse receptors and regulatory binding partners in 
hair-cells of the cochlea.
Which pre-synap  c mGluR and CB receptors are ex-
pressed in the cochlea? 
Expression and localiza  on of the mostly pre-synap-
 cally localized mGluR2, mGluR3, mGluR4, mGluR7a, 

mGluR7b, mGluR8a, mGluR8b and CB1 in the inner 
ear is largely unknown. We detected transcripts and 
proteins for all receptor types analysed in the mouse 
cochlea. Using CTBP2 as a marker for pre-synap  c 
ribbons, we could co-localize mGluR2/3, mGluR4, 
mGluR8 and CB2 with ribbon synapses in cochlear 
wholemounts.

CTBP2 labels pre-synap  c ribbons of hair-cells in the cochlea (red). These synapses also express metabotropic 
glutamate receptors (mGluR) and cannabinoid receptors (CB), shown in green. Co-localiza  on is indicated by 
arrowheads (yellow). Nuclei were counterstained with DAPI (blue).
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Prof. Dr. Enz

Publica  ons during funding period
none

How are cochlear mGluR and CB receptors regulated 
by interac  ng proteins? 
Based on our expression data, we searched for 
intracellular proteins that bind to and thereby 
regulate receptor func  on. Protein interac  ons were 
iden  fi ed in individual yeast 2-hybrid screens using 
intracellular C-termini of mGluR2, mGluR3, mGluR4, 
mGluR7a, mGluR7b, mGluR8a, mGluR8b, CB1 and 
CB2 as baits for a cochlear cDNA-library. These 
screens yielded several hundred poten  al interac  on 
partners that were clustered in func  onal groups, 
represen  ng proteins involved in post-transla  onal 
modifi ca  ons, traffi  cking, cell adhesion or of the 
cytoskeleton. Of these, 10 proteins were selected for 
further characteriza  on. Pull-down assays showed 
robust and reproducible interac  on of 3 proteins 
with the receptors´ C-termini. Currently, we test 
binding of these 3 proteins against all mGluR and CB 
receptor types known, and compare the localiza  on 
of interac  ng proteins at hair-cell synapses in the 
cochlea by immunohistochemistry and electron 
microscopy.

Contact:
Prof. Dr. Enz
phone: +49 9131 85 24185
e-mail: ralf.enz@fau.de

Western-blots showing examples of 2 proteins (arrowheads) 
iden  fi ed in our yeast 2-hybrid screens that interact with diff e-
rent mGluR types expressed at ribbon synapses of hair-cells in the 
cochlea in GST pull-down assays. GST serves as nega  ve control.
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Iden  fi ca  on of molecules, receptors and genes involved in 
chronic pruritus

Dr. Dr. Andreas Kremer, Department of Medicine 1 - Gastroenterology, Pneumology and Endocrinology
Prof. Dr. Katharina Zimmermann, Department of Anesthesiology

Iden  fi ca  on of pruritogens in plasma of pa  ents 
suff ering from chronic pruritus
Several GPCRs of the Mas-gene related G protein-
coupled receptor (Mrg) family are selec  vely ac-
 vated by certain pruritogens. We cloned relevant 

members of the human Mrg receptors (X1-4, D, E, 
F, G) and expressed the constructs stably in HepG2 
cells. We confi rmed func  on by tes  ng known 
ligands (e.g. BAM8-22 for X1, compound 48/80 for 
X2, β-alanine for D) and we tested a selec  on of 
poten  al ligands. We iden  fi ed plant extracts of an 
itch-causing legume as novel Mrg agonist and we 
will characterize this compound in detail by physical 
and chemical analysis. 

Chronic pruritus is an agonizing symptom accompanying many dermatological and systemic disorders. Aim 
of this project is to iden  fy pruritogens in plasma of pa  ents suff ering from chronic pruritus, to characterize 
the specifi c NaV channel subtypes that generate and propagate the ac  on poten  als in itch pathways, and 
to iden  fy and characterize novel gene products that predispose to or protect from itch by quan  fying the 
phenotypic diff erences in scratch behavior in inbred mouse strains.

E20 - Progress Report
01.05.2016 - 31.10.2018

Gene  c dele  on (A) or pharmacological inhibi  on of Nav1.7 (C) and Nav1.8 (B) a  enuates endothelin-induced scratching compared to 
wildtype mice. 

Iden  fi ca  on of specifi c NaV channel subtypes re-
quired for itch signaling 
To iden  fy the specifi c NaV subtypes func  onal in 
itch signaling pathways, we measured ac  va  on of 
cultured sensory neurons and scratching behavior 
in NaV1.7-, NaV1.8- and NaV1.9- knock-out mice 
and the underlying wildtype strain. DRG neurons 
of all knockout mice showed an equal depolariza-
 on upon s  mula  on with pruritogens measured by 

calcium imaging and exhibited only minor neurophy-
siological diff erences. However, scratching behavior 
upon intradermal injec  on of diff erent histaminergic 
and non-histaminergic pruritogens was signifi cantly 
impaired in knockout-animals compared to wild-
type mice. These observa  ons were reproduced 
using pharmacological inhibi  on of the respec  ve 
NaV subtypes in wildtype mice. 
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Dr. Dr. Kremer Prof. Dr. Zimmermann

Invited lectures
4th Porto Liver Mee  ng, June 23, 2017, Porto, Portugal, Pruritus management in liver diseases
Hepatologie-Update, Hamburger Lebertage, May 12-13, 2017 Hamburg, Juckreiz bei Lebererkrankungen – was kann man thera-
peu  sch tun
PBC in Mo  on, February 27, 2017, London, UK, Managing symptoms of disease
Expert summit on viral hepa   s, February 12-13, 2017, Berlin, Primär biliäre Cholangi  s – nicht nur der Name ist neu

Awards
Young Inves  gator Award, A.E. Kremer, 2017, Interna  onal Liver Mee  ng, EASL, Amsterdam

Publica  ons during funding period
He GW, Günther C, Kremer AE, Thonn V, Amann K, Poremba C, Neurath MF, Wirtz S, Becker C (2017) PGAM5-mediated programmed 
necrosis of hepatocytes drives acute liver injury. Gut. 66(4): 716-723
Wunsch E, Krawczyk M, Milkiewicz M, Tro   er J, Barbier O, Neurath MF, Lammert F, Kremer AE*, Milkiewicz P* (2016) Serum Au-
totaxin is a Marker of the Severity of Liver Injury and Overall Survival in Pa  ents with Cholesta  c Liver Diseases. Sci Rep. 6:30847
*contributed equally
Günther C, He GW, Kremer AE, Murphy JM, Petrie EJ, Amann K, Vandenabeele P, Linkermann A, Poremba C, Schleicher U, Dewitz C, 
Krautwald S, Neurath MF, Becker C, Wirtz S (2016). The pseudokinase MLKL mediates programmed hepatocellular necrosis indepen-
dently of RIPK3 during hepa   s. J Clin Invest. 126(11): 4346-4360

Z-transformed data of scratch events following intradermal injec-
 on of histamine (top) and endothelin (bo  om) in male mice of 

20 diff erent inbred strains (n=9-13 per strain).

Quan  fi ca  on of acute itch a  er pruritogen injec-
 on in 20 diff erent inbred mouse strains

Scratching ac  vity is quan  fi ed without experimen-
ter bias;  ny tefl on-coated magnets are implanted 
into both hind paws and mice placed in a cage sur-
rounded by a magnet coil. Movement of magnets 
induces an electric current in the magnet fi eld which 

is registered by an oscillograph. A so  ware counts 
the movements and fi lters scratch-like movements 
based physical parameters. The analy  cal procedu-
re has been validated with intradermal compound 
48/80, showing a posi  ve predic  ve value of 95% at 
a sensi  vity of 50%. 
To uncover novel itch-related pathways based on 
heritable diff erences we quan  fi ed scratching be-
haviour in a body of inbred strains. So far, we phe-
notyped twenty inbred mouse strains and observed 
strong diff erences between number and  me of 
scratch bouts following the intradermal injec  on 
of 10 diff erent pruritogens (histamine, chloroquine, 
lysophospha  dic acid, serotonin, endothelin, BAM8-
22, compound48/80, SLIGRL, β-alanine and trypsin). 
As control parameters we measured several para-
meters in the phenomaster cage system including 
in-cage ac  vity and indirect calorimetry. Once we 
have analyzed all pruritogens in all 20 inbred mouse 
strains we will perform haplotype-based computa-
 onal gene  c mapping (HBCGM) of the data and 

further inves  gate genes with high correla  on to the 
phenotypic trait diff erences.

Contact:
Dr. Dr. Kremer
phone: +49 9131 85 45015
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Modula  on of alpha-Synuclein pathology 
by FoxO-dependent pathways

Prof. Dr. Dieter Chichung Lie, Ins  tute of Biochemistry
Prof. Dr. Jochen Klucken, Department of Molecular Neurology

Dysregula  on of autophagy, the central cellular self-clearance mechanism, is impaired in synucleinopathies 
including Parkinson´s disease and has been implicated in the cell-to-cell transfer of aSyn poten  ally leading 
to disease progression. This project addresses the currently unresolved ques  on of how ageing accelerates 
aSyn-related toxicity and cerebral spreading. In the second project phase, we have inves  gated the depen-
dency of autophagy on the ageing-associated FoxO-pathway.  

E21 - Progress Report
01.05.2016 - 31.10.2018

FoxO transcrip  on factors potently modulate auto-
phagy in neural cells 
We found that FoxO-defi ciency impaired the func-
 on and homeostasis of neural precursor cells and 

neurons. Thus, FoxO-defi cient neural precursor cells 
showed excessive prolifera  on and premature diff e-
ren  a  on, while FoxO-defi cient neurons displayed 
aberrant dendritogenesis and synaptogenesis, enlar-
ged mitochondria, and enhanced sensi  vity to dege-
nera  on. Using molecular, biochemical, and imaging 
analyses we found that FoxO-defi ciency resulted in 
a strong impairment of autophagic fl ux in neural 
precursor cells and neurons. Most importantly, we 
could s  mulate autophagic fl ux in FoxO-defi cient 
neurons in vivo, and ii) to almost completely rescue 
the in vitro and in vivo progenitor and neuronal phe-
notype caused by FoxO-defi ciency. Collec  vely these 

fi ndings reveal a novel link between FoxO transcrip-
 on factors, autophagic fl ux, and the development 

and homeostasis of neurons.
Impairment of autophagic fl ux modulates aSyn con-
taining exosome profi le
The second goal of the project was to understand 
the interplay of cellular autophagy with systemic 
changes related to aging. In this phase of the pro-
ject we analyzed the characteris  cs of the exosomes 
that are released by neural cells a  er autophagy 
inhibi  on and iden  fi ed a specifi c protein pa  ern 
represen  ng a dis  nct exosome species which we 
termed autophagoexosomes. This species could be 
iden  fi ed in the human CSF of aff ected pa  ents only 
and supported the spreading of synucleinopathy in 
rodent brains. In a follow up project, we have ini-
 ated to study the eff ect of exercise on brain and 

system autophagy level, since 
exercise – similar to starva-
 on – are important trigger 

for autophagy and might link 
the interplay between cellular 
autophagy, systemic (protec-
 ve) eff ects and age-related 

FoxO dependent signal trans-
duc  on pathways. Ini  al data 
supports that exercise in deed 
induces systema  c (but not 
brain specifi c) autophagy fl ux, 
but, however, substan  ally 
improves the phenotype (e.g. 
gait pa  ern) of rodent synuc-
leinopathy models.

Stem cells expressing the autophagy reporter LC3-GFP-mCherry were diff eren  ated into neu-
rons. While control cells harbored autophagosomes (yellow) and autophagolysosomes (red), 
FoxO-defi cient cells only contained autophagosomes, revealing impaired autophagosome pro-
cessing. 
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Treadmill exercise in mouse models of synucleinopathy (WT: wild 
type, KO: aSyn knock out; huWT: human aSyn) recorded by Cat-
walk XT improved gait parameters: Velocity (A,B), dynamic postu-
ral control (C,D), step cycle (E). T0 (baseline) vs. T2 (a  er 1 month 
exercise).

Prof. Dr. Lie Prof. Dr. Klucken

Invited lectures
20 years of alpha-synuclein in Parkinson’s Disease and related synucleinopathies, September 7-10, 2017, Vravrona Athens, Greece, 
Presenta  on for the poster “Autophagy inhibi  on promotes alpha-synuclein release and transfer via extracellular vesicles with a 
hybrid autophago/exosome-like phenotype” (G. Minakaki)
Interna  onal Symposium „Human induced pluripotent stem cells“ (ForIPS), December 6, 2017, Autophago-exosomes; linking lyso-
somal inhibi  on to disease progression in synucleinopathies (G. Minakaki)
Keystone Conference „Neurogenesis during Development and in the Adult Brain“, January 9 -12, 2017, Olympic Valley, USA. Auto-
phagy-Dependent Control of Neurogenesis (DC. Lie)
Ins  tuto de Biomedicina de Valencia, September 27, 2017, Valencia, Spain, New players in adult hippocampal neurogenesis (DC. Lie)
Spanish Society of Neuroscience, September 29, 2017, Alicante, Spain, Role of mitochondria and autophagy in adult hippocampal 
neurogenesis (DC. Lie)

Awards
Poster Award in the frame of the interna  onal IZKF Graduate Workshop, G. Minakaki, October 19, 2017, Erlangen
Poster Award DGN (Kongress der Deutschen Gesellscha   für Neurologie), S. Menges, September 20-23, 2017, Leipzig
Poster Award in the frame of the interna  onal mee  ng «20 years of alpha-synuclein in Parkinson’s Disease and related synuclein-
opathies: from the bedside to the bench and back to the pa  ent», G. Minakaki, September 7-10, 2017, Vravrona, Athens, Greece

Publica  ons during funding period
Menges S, Minakaki G, Schaefer I, Meixner H, Prots I, Schlotzer-Schrehardt, Friedland K, Winner B, Outeiro T, Winklhofer J, von 
Arnim C, Xiang W, Winkler J and Klucken J (2017) Alpha-synuclein prevents the forma  on of spherical mitochondria and apoptosis 
under oxida  ve stress. Sci Rep. 7: 42942
Beckervordersandforth R, Ebert B, Schaff ner I, Moss J, Fiebig C, Shin J, Moore DL, Ghosh L, Trinchero MF, Stockburger C, Friedland K, 
Steib K, von Wi  genstein J, Keiner S, Redecker C, Holter SM, Xiang W, Wurst W, Jagasia R, Schinder AF, Ming GL, Toni N, Jessberger 
S, Song H and Lie DC (2017) Role of Mitochondrial Metabolism in the Control of Early Lineage Progression and Aging Phenotypes in 
Adult Hippocampal Neurogenesis. Neuron 93(6): 1518

Contact:
Prof. Dr. Lie
phone: +49 9131 85 24622
e-mail: chi.lie@fau.de

Prof. Dr. Klucken 
phone: +49 9131 85 34127
e-mail: jochen.klucken@uk-erlangen.de
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In many socie  es, the majority of adults regularly 
consume alcohol. However, only a small propor  on 
develops alcohol addic  on. Individuals at risk o  en 
show a high sensa  on-seeking/ low anxiety behavi-
oural phenotype. Here we asked which role EFhd2 
(Swiprosin-1) plays in the control of alcohol addic-
 on-associated behaviours. EFhd2 knock out (KO) 

mice drink more alcohol than controls and sponta-
neously escalate their consump  on. This coincided 
with a sensa  on-seeking and low anxiety phenoty-
pe. A reversal of the behavioural phenotype with 
�-carboline, an anxiogenic inverse benzodiazepine 
receptor agonist, normalized alcohol preference 
in EFhd2 KO mice, demonstra  ng an EFHd2-driven 
rela  onship between personality traits and alcohol 
preference. These fi ndings were confi rmed 
in a human sample where we observed 
a posi  ve associa  on of the EFHD2 SNP 
rs112146896 with life  me drinking and a 
nega  ve associa  on with anxiety in healthy 

The role of Swiprosin-1/EFhd2 in resilience to drug 
addic  on

Prof. Dr. Chris  an Müller, Department of Psychiatry and Psychotherapy
Prof. Dr. Chris  an Alzheimer, Ins  tute of Physiology and Pathophysiology
PD Dr. Dirk Mielenz, Department of Molecular Immunology

Drug addic  on is a prevalent psychiatric disorder which develops from controlled consump  on of psycho-
ac  ve drugs. Normal behavioural traits, such as sensa  on seeking and/or low anxiety render an organism 
more or less suscep  ble to the addic  ve eff ects of alcohol. Present fi ndings suggest that Swiprosin-1/ EFhd2 
may be a resilience factor against the establishment of alcohol-, cocaine- and methamphetamine addic  on.

E22 - Progress Report
01.03.2016 - 31.08.2018

adolescents. The lack of EFhd2 reduced extracellular 
dopamine levels in the brain, but enhanced respon-
ses to alcohol. In confi rma  on, gene expression ana-
lysis revealed reduced tyrosine hydroxylase expres-
sion and the regula  on of genes involved in cortex 
development, Eomes and Pax6, in EFhd2 KO cor  ces. 
These fi ndings were corroborated in Xenopus tadpo-
les by EFhd2 knock-down. Magne  c resonance ima-
ging (MRI) in mice showed that a lack of EFhd2 redu-
ces cor  cal volume in adults. Moreover, human MRI 
confi rmed the nega  ve associa  on between life  me 
alcohol drinking and superior frontal gyrus volume. 
These fi ndings showed that EFhd2 is a conserved re-

The lack of Swirprosin-1/ EFhd2 in mice leads to enhanced consump  on of alcohol 
in a free-choice  drinking paradigm and spontaneous escala  on of consump  on. 
Withdrawal from alcohol for three weeks (do  ed green lines) increases alcohol 
consump  on in wild type mice (alcohol depriva  on eff ect), but does not further 
increase consump  on in EFhd2 KO mice (*p<0.05, $p<0.01; #p<0.001 vs. WT). 
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Prof. Dr. Alzheimer PD Dr. MielenzProf. Dr. Müller

Invited lectures
Autumn school of the German society for immunology (DGFI), October 10, 2017, How B cells control immunity

Publica  ons during funding period
Lang SC, Harre U, Purohit P, Dietel K, Kienhöfer D, Hahn J, Baum W, Herrmann M, Sche   G, Mielenz D (2017) Neurodegenera  on 
Enhances the Development of Arthri  s. J Immunol 198: 2394–2402
Mielenz D, Reichel M, Jia T, Quinlan EB, Stöckl T, Me  ang M, Zilske D, Kirmizi-Alsan E, Schönberger P, Praetner M, Huber SE, Amato D, 
Schwarz M, Purohit P, Brachs S, Spranger J, Hess A, Bü  ner C, Ekici AB, Perez-Branguli F, Winner B, Rauschenberger V, Banaschewski 
T, Bokde AL, Büchel C, Conrod PJ, Desrivières S, Flor H, Frouin V, Gallinat J, Garavan H, Gowland P, Heinz A, Mar  not JL, Lemaitre H, 
Nees F, Paus T, Smolka MN, IMAGEN Consor  um, Schambony A, Bäuerle T, Eulenburg V, Alzheimer C, Lourdusamy A, Schumann G, 
Müller CP (2017) EFhd2/Swiprosin-1 is a common gene  c determinator for sensa  on-seeking/low anxiety and alcohol addic  on. 
Mol Psychiatry: doi 10.1038/mp.2017.63

silience factor against alcohol consump  on and its 
escala  on, working through Pax6/Eomes. Reduced 
EFhd2 func  on induces high-risk personality traits of 
sensa  on seeking/ low anxiety associated with en-
hanced alcohol consump  on which may be related 
to cortex func  on. In a parallel study we found that 
EFhd2 KO mice show a faster and more effi  cient es-
tablishment of the condi  oned rewarding eff ects of 
cocaine and methamphetamine, two psychos  mu-
lant type drugs. These fi ndings support the view that 
EFhd2 may not only provide resilience for alcohol ad-
dic  on, but for drug addic  on in general.

Contact:
Prof. Dr. Müller
phone: +49 9131 85 36896
e-mail: chris  an.mueller@uk-erlangen.de

EFhd2 knock out (KO) mice display a sensa  on seeking/ low an-
xiety behavioural phenotype which is frequently associated with 
an enhanced risk for alcohol addic  on. (A) In the open fi eld test 
EFhd2 KO mice show higher locomotor ac  vity in a novel environ-
ment than wild type (WT) mice. (B) The elevated plus maze (EPM) 
test suggests reduced levels of anxiety in EFhd2 KO compared to 
WT mice (*p<0.05).
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To search for sequence variants infl uencing transcrip-
 onal output of LOXL1, we conducted a genome-

wide associa  on scan on 771 German PEX pa  ents 
and 1350 controls, followed by independent tes  ng 
of associated variants in Italian and Japanese data-
sets. We focused on a 3.5-kb four-component poly-
morphic locus posi  oned in intron 1 and 2 of LOXL1 
within genomic regions with enhancer-like chroma-
 n features. We found that the rs11638944:C>G 

transversion exerts a cis-ac  ng eff ect on the expres-
sion levels of LOXL1 by diff eren  al binding of the 
transcrip  on factor RXRα and by enhancing spli-
cing of an alterna  ve LOXL1 transcript associated 
with nonsense-mediated decay. These mechanisms 
eventually lead to reduced levels of LOXL1 mRNA in 
cells and  ssues of risk allele carriers. These fi ndings 
uncover a func  onal mechanism by which common 
noncoding variants infl uence LOXL1 expression and 
thereby predispose to connec  ve  ssue altera  ons 
and suscep  bility to glaucoma (Pasu  o et al. 2017).

Iden  fi ca  on and characteriza  on of LOXL1 risk variants 
for pseudoexfolia  on syndrome and glaucoma

Prof. Dr. Ursula Schlötzer-Schrehardt, Department of Ophtalmology
Prof. Dr. André Reis, Ins  tute of Human Gene  cs

Pseudoexfolia  on (PEX) syndrome represents a systemic connec  ve  ssue disorder and a major cause of 
glaucoma and cardiovascular complica  ons. Although LOXL1 (lysyl oxidase-like 1), coding for a cross-linking 
matrix enzyme, is known as the principal gene  c risk factor, no func  onal variants have been iden  fi ed to 
date. The aim of this project is to describe mechanisms of LOXL1 gene regula  on and to iden  fy func  onal 
LOXL1 variants and analyze how they confer suscep  bility to disease.

E23 - Progress Report
01.01.2016 - 30.06.2018

Alterna  ve splicing and nonsense-mediated mRNA 
We further inves  gated the involvement of alterna-
 ve mRNA splicing coupled to nonsense-mediated 

decay (NMD) in the regula  on of LOXL1 expressi-
on in response to PEX-associated pathophysiologic 
factors. Alterna  vely spliced LOXL1-a transcripts, 
characterized by inclusion of an addi  onal exon in-
troducing a premature termina  on codon in exon 2, 
were upregulated by NMD inhibitors puromycin and 
caff eine or a  er knockdown of NMD core factors. 
Exposure of cells to various PEX-associated (stress) 
factors, including TGF-β1, UV-B light and oxida  ve 
stress, enhanced LOXL1-a transcript levels while le-
vels of wildtype LOXL1 were reduced. These fi ndings 
provide evidence for a func  onal role of alterna  ve 
splicing coupled to NMD in the pos  ranscrip  onal 
regula  on of LOXL1 gene expression and suggest this 
mechanism to represent a dynamic mode of adapt-
ing LOXL1 expression to PEX-associated environmen-
tal and nutri  onal cues (Berner et al. 2017).

Schema  c illustra  on of the nonsense-mediated decay (NMD) pathway as quality control mechanism that degrades unproduc  ve pre-
mature termina  on codon (PTC)-containing mRNA transcripts during transla  on
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Prof. Dr. Schlötzer-Schrehardt Prof. Dr. Reis

Invited lectures
7th World Glaucoma Congress, June 28 – July 1, 2017, Helsinki, Finland, E  ology and pathophysiology of exfolia  on syndrome
7th World Glaucoma Congress, June 28 – July 1, 2017, Helsinki, Finland, The dual role of LOXL1 in exfolia  on syndrome/glaucoma

Publica  ons during funding period
Pasu  o F*, Zenkel M*, Hoja U, Berner D, Uebe S, Ferrazzi F, Schödel J, Liravi P, Ozaki M, Paoli D, Frezzo    P, Mizoguchi T, Nakano S, 
Kubota T, Manabe S, Salvi E, Manunta P, Cusi D, Gieger C, Wichmann HE, Aung T, Khor CC, Kruse FE, Reis A, Schlötzer-Schrehardt U 
(2017) Pseudoexfolia  on syndrome-associated gene  c variants aff ect transcrip  on factor binding and alterna  ve splicing of LOXL1. 
Nat Commun. 8: 15466
Aung T*, Ozaki M*, Lee MC*, Schlötzer-Schrehardt U*, Thorleifsson G*, et al. (2017) Gene  c associa  on study of exfolia  on syndro-
me iden  fi es a protec  ve rare variant at LOXL1 and fi ve new suscep  bility loci. Nat Genet. 49: 993
Berner D, Zenkel M, Pasu  o F, Hoja U, Liravi P, Gusek-Schneider GC, Kruse FE, Schödel J, Reis A, Schlötzer-Schrehardt U (2017) Post-
transcrip  onal regula  on of LOXL1 expression via alterna  ve splicing and nonsense-mediated mRNA decay as an adap  ve stress 
response. Invest Ophthalmol Vis Sci. 58: 5930-5940
[*authors contributed equally]

As members of the Interna  onal Glaucoma Gene  cs 
Consor  um (IGGC), we par  cipated in a genome-
wide associa  on study (GWAS) of >10,000 PEX cases 
and >100,000 controls from 24 countries followed 
by replica  on in 18 countries. We iden  fi ed fi ve 
new loci, underlined by POMP, TMEM136, AGPAT1, 
RBMS3 and SEMA6A, associated with PEX. Protein 
and mRNA expression levels of POMP and TMEM136 
were signifi cantly reduced in ocular  ssues of PEX 
pa  ents compared to age-matched controls and as-
sociated with abnormal accumula  ons of PEX mate-
rial. We further iden  fi ed a rare protec  ve allele at 
LOXL1 (p.Phe407) predicted to aff ect protein func-
 on through deep resequencing. Func  onal assays 

showed an eff ect of the protec  ve p.407F allele on 
increased elas  n and fi brillin synthesis compared to 
the wild-type p.407Y allele. These fi ndings provide 
new biological insights into the pathology of PEX and 
highlight a poten  al role for naturally occurring rare 
LOXL1 variants in disease biology (Aung et al. 2017).

Immunofl uorescent staining of HA-tagged LOXL1 variants overex-
pressed in HLEC cells labelled with an  -HA for detec  on of LOXL1 
(red), elas  n (green) and DAPI (blue) (from: Aung T et al., Nat Ge-
net. 2017)

Contact:
Prof. Dr. Schlötzer-Schrehardt
phone: +49 9131 85 44433
e-mail: ursula.schloetzer-schrehardt@uk-erlangen.de

Prof. Dr. Reis
phone: +49 9131 85 22318
e-mail: andre.reis@uk-erlangen.de
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Neurodegenera  ve and -infl ammatory diseases, like 
mul  ple system atrophy and mul  ple sclerosis (MS), 
are characterized by myelin loss and ac  va  on of 
immune responses in central and peripheral  ssues 
which are accompanied by aggrega  on of aSyn. The 
specifi c contribu  on of aSyn to degenera  ve and 
regenera  ve processes as well as infl amma  on re-
mains to be elucidated. Therefore, our project aims 
at inves  ga  ng the role of aSyn in infl ammatory 
demyelina  on and regula  on in the context of MS. 
For this purpose, next to cell culture experiments, 
we employ two diff erent animal models: the ex-
perimental autoimmune encephalomyeli  s (EAE) 
model, a chronic model of MS refl ec  ng infl amma  -
on and demyelina  on in the central nervous system 
(CNS) and the Cuprizone model, a model of acute 
demyelina  on.

The role of alpha-synuclein during infl ammatory demyeli-
na  on and degenera  on in the central nervous system

Prof. Dr. Jürgen Winkler, Department of Molecular Neurology
Prof. Dr. Ralf Linker, Department of Neurology

Aggrega  on of alpha-synuclein (aSyn) associated with demyelina  on and infl amma  on is a hallmark of 
neurodegenera  ve disorders like mul  ple system atrophy. Recently, increased aSyn levels were also ob-
served in mul  ple sclerosis pa  ents. Previous results showing impaired matura  on and myelina  on of aSyn 
overexpressing primary oligodendrocytes suggest a detrimental role of aSyn aggregates in myelin homeo-
stasis. The aim of this project is to study the role of aSyn under infl ammatory demyelina  on condi  ons.

E24 - Progress Report
01.01.2016 - 30.06.2018

Eff ect of aSyn on infl ammatory processes 
In the fi rst year, our project focused on the interac-
 on of aSyn and infl ammatory processes. In vitro ex-

periments revealed that aSyn is able to modulate mi-
croglial immune responses by uptake of aSyn fi brils 
(Hoff mann et al., 2016). Furthermore, we observed 
physiological aSyn expression by diff erent immune 
cell subsets such as CD4- and CD11b/c-posi  ve cells. 
To analyze the func  onal role of endogenous aSyn in 
neuroinfl amma  on, we induced EAE in wildtype and 
aSyn-knockout mice. Our results suggest that in the 
acute phase of EAE endogenous aSyn acts as a new 
regulator of Th1 responses in neuroinfl amma  on 
(E  le, Kuhbandner et al., 2016).

Role of aSyn in chronic EAE
To further elucidate the role of aSyn in infl ammatory 
demyelina  on in the chronic phase of EAE, we moni-
tored wildtype and aSyn-defi cient mice for 8 weeks 
a  er EAE induc  on. Interes  ngly, aSyn-knockout 
mice showed an ameliorated disease course com-
pared to wildtype mice. At the peak of motor dys-

func  on, these mice exhibited mild 
gait ataxia, while the control group 
suff ered from moderate paralysis of 
the hind limbs. Furthermore, aSyn-
knockout mice showed fast recovery 
and displayed a diff erence of 1 score 
point to wildtype mice at the end of 
the observa  on period. 

Clinical course of MOG-EAE. EAE was induced in aSyn+/+ or aSyn-/-  mice (n=11/12 
per group) by ac  ve immuniza  on with MOG35-55 pep  de and clinical signs were 
assessed using a 10-point scale (*p<0.05).
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Prof. Dr. LinkerProf. Dr. Winkler

Impact of aSyn defi ciency on myelina  on processes
Next to the EAE model, we aim to study the im-
pact of aSyn defi ciency in the Cuprizone model, an 
acute de- and remyelina  on model lacking periphe-
ral immunological processes. Here, toxic demyeli-
na  on is induced by feeding mice a diet containing 
0.2% Cuprizone (CPZ), a chopper chelator, which 
leads to oligodendroglial cell death followed by de-
myelina  on. A  er termina  on of the CPZ diet, new 
oligodendrocyte progenitor cells begin to form new 
myelin sheaths and rapid remyelina  on occurs. 
First, we performed preliminary experiments with 
wildtype mice to standardize the temporary struc-
ture analysis. For the examina  on of toxin-induced 
de- and remyelina  on, mice brains were removed 5, 
5.5, 6 and 7 weeks a  er star  ng the CPZ diet. Luxol 
fast blue (LFB) staining revealed complete demye-

lina  on a  er 5.5 weeks and immunohistochemical 
staining with an  -MBP an  body indicated advanced 
remyelina  on one week a  er withdrawal of CPZ.

Contact:
Prof. Dr. Winkler
phone: +49 9131 85 39323
e-mail: juergen.winkler@uk-erlangen.de

Prof. Dr. Linker
phone: +49 9131 85 32187
e-mail: ralf.linker@uk-erlangen.de

Publica  ons during funding period
Hoff mann A, E  le B, Bruno A, Kulinich A, Hoff mann AC, von Wi  genstein J, Winkler J, Xiang W, Schlachetzki JC (2016) Alpha-synu-
clein ac  vates BV2 microglia dependent on its aggrega  on state. Biochemical and Biophysical Research Communica  ons 479(4): 
881-886
E  le B, Kuhbandner K, Jörg S, Hoff mann A, Winkler J, Linker RA (2016) α-Synuclein defi ciency promotes neuroinfl amma  on by 
increasing Th1 cell-mediated immune responses. Journal of Neuroinfl amma  on 13(1): 201

C57BL/6 mice were fed 0.2% CPZ for 5 weeks. (A) Analyzed area of the corpus callosum. Myelin quan  fi ca-
 on by Luxol Fast Blue (LFB) (B) and MBP (C) staining (n=3, **p<0.01). (D) Representa  ve pictures of brain 

slices stained with LFB or by an  -MBP an  body (scale bar = 200 μm).
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Modeling pain syndromes using human induced 
pluripotent stem cell-derived nociceptors

Prof. Dr. Beate Winner, Department of Stem Cell Biology
Prof. Dr. Jürgen Schü  ler, Department of Anesthesiology

Human monogenic pain disorders can be caused by 
muta  ons in peripheral voltage-gated sodium chan-
nels. Cellular expression systems are lacking the pa-
 ents´ individual gene  c background. To understand 

the impact of SCN11A on human nociceptors, we ge-
nerated IPSC-derived nociceptors from pain pa  ents 
who carry rare gene  c variants of SCN11A (Nav1.9). 
We currently study these pa  ents with painful pe-
ripheral neuropathy with small fi bre neuropathy 
(SFN).

Our aim is to understand the role of the sodium channel subtype Nav1.9 in chronic pain. Fibroblasts from 
pa  ents with hereditary pain syndromes due to Nav1.9 muta  ons were reprogrammed into IPSC and dif-
feren  ated to nociceptors. Using electrophysiological and molecular methods, we monitored the develop-
ment of excitability in these neurons to understand mechanisms of nocicep  on and the role of Nav1.9 in the 
development of human pain.

E25 - Progress Report
01.07.2016 - 31.12.2018

To inves  gate the func  onal relevance of SCN11A 
variants in a human system, we received skin biop-
sies. We isolated and reprogrammed fi broblasts into 
IPSCs by applying the retroviral Yamanaka-protocol. 
All IPSC lines expressed the pluripotency markers 
NANOG and OCT3/4 and exhibited 92.6 – 99.0% 
TRA1-60-posi  ve cells by FACS-analysis. IPSCs were 
diff eren  ated into human nociceptors by applying 
our previously described protocol. Nociceptors ge-
nerated from pa  ents and controls all had ganglion-
like cluster morphology and exhibited a comparable 
expression pa  ern of the peripheral neuron marker 
Peripherin. Almost all Peripherin-posi  ve nocicep-
tors also expressed Nav1.9. mRNA expression of 
the canonical peripheral Navs including Nav1.9 in 
nociceptors was not diff erent between pa  ents and 
controls. Furthermore, the TUJ1-posi  ve cells within 
clusters were posi  ve for the nociceptor-specifi c 
marker TRPV1, consistent with comparable expres-
sion of TRPV1 mRNA levels. 
To assess the overall cellular excitability in larger 
cell popula  ons, we seeded SFN pa  ent- and con-
trol-derived nociceptors onto mul  electrode array 
(MEA) chips and assessed their spontaneous ac  vity. 
Pa  ent-derived nociceptors displayed a signifi cantly 
increased excitability: more spikes, more ac  ve elec-
trodes, and a higher burst frequency were detected. 
Lacosamide is an FDA approved sodium channel mo-
difi er used to treat epilepsy. In MEA recordings of 
one pa  ent-derived nociceptors, lacosamide strong-
ly reduced the number of spikes, but did not have 
an eff ect on controls, indica  ng that pathological 
hyperac  vity was impaired, but general ac  on po-
ten  al genera  on was not inhibited. Based on this 
preclinical predic  on derived from MEA tes  ng, one 

Immunostaining of SFN- and Ctrl-iPSC-derived nociceptors for 
PERIPHERIN (red), Nav1.9 (green), TRPV1 (red), TUJ1 (green) and 

DAPI (blue). 
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Prof. Dr. Winner Prof. Dr. Schü  ler

Invited lectures
ForIPS Symposium, December 6, 2017, München, iPSC disease modeling – current aspects 
BMBF research group mee  ng, November 16, 2017, Köln, Human stem cell based disease modeling – an update

Publica  ons during funding period
none

upper panel: MEA spike fi ring rate heat map of sponta-
neously ac  ve SFN- and Ctrl-nociceptors either mock tre-
ated or with 500 μM lacosamide.. lower panel: num-
ber of spikes per well. inset: nociceptors on MEA chip. 

pa  ent started off -label treatment with lacosamide. 
Within fi ve days the pa  ent’s pain was tremendous-
ly reduced, and peak pain ra  ngs in the evenings 
dropped from VAS 7.5 to 1.5. To assess if the clinical 
response resulted from trea  ng the hyperexcitabili-
ty of the pa  ent’s C-fi bers, we clinically used micro-
neurography while the pa  ent was under lacosami-
de treatment with low pain levels. The propor  on 
of spontaneously ac  ve C-fi bers was drama  cally 
reduced. This shows that lacosamide, which was in-
dividually iden  fi ed as a treatment op  on on iPSC-
derived nociceptors in-vitro, specifi cally modifi ed 
the pa  ent’s peripheral neurons to revert pathology.

Contact:
Prof. Dr. Winner
phone: +49 9131 85 39301
e-mail: beate.winner@fau.de
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De novo missense variants in RHOBTB2 cause a de-
velopmental and epilep  c encephalopathy 
By trio exome sequencing and collabora  on with col-
leagues worldwide, we iden  fi ed de novo missense 
variants in RHOBTB2 in ten individuals with a deve-
lopmental and epilep  c encephalopathy. The highly 
similar phenotype includes early onset seizures, se-
vere intellectual disability, postnatal microcephaly, 
movement disorders and developmental regression.
RHOBTB2 encodes an atypical RhoGTPase, which 
is ac  vated by interac  on with other proteins that 
relieves its auto-inhibited conforma  on and is inac-
 vated by auto-ubiqui  na  on and degrada  on in 

the proteasome. The la  er is mediated by binding of 
the BTB domains of RHOBTB2 to the ubiqui  n ligase 
scaff old cullin 3 and thus to a cullin dependent ubi-
qui  n ligase complex.

Gene  cs and pathomechanisms of intellectual disability 
with microcephaly

Prof. Dr. Dr. Chris  ane Zweier, Ins  tute of Human Gene  cs

Muta  ons in genes from the same pathway o  en result in overlapping clinical phenotypes. Thus, co-mor-
bidity of postnatal microcephaly with intellectual disability (ID) can indicate a gene  c defect aff ec  ng neu-
ronal migra  on, apoptosis or dendrite and synapse forma  on. We aim at the iden  fi ca  on of novel, under-
lying genes in a group of pa  ents with postnatal microcephaly and ID and to characterize their roles and 
interac  ons within common pathways and biological processes.

E26 - Progress Report
01.03.2016 - 31.08.2018

Three of the four diff erent variants we iden  fi ed 
are recurrent, and all cluster within the BTB domain 
encoding region, thus poin  ng to a domain specifi c 
pathomechanism.

RHOBTB2 variants result in increased protein levels
Co-immunoprecipita  on did not show impaired bin-
ding of mutant RHOBTB2 to CUL3. However, 24 h af-
ter transfec  on of HEK293 cells we found increased 
levels of mutant RHOBTB2 compared to wildtype. 
When adding proteasome inhibitor, protein levels 
were equal between mutant and wildtype. These 
observa  ons indicate that the iden  fi ed variants in 
RHOBTB2 might impair its proper ubiqui  na  on and 
degrada  on in the proteasome. This is probably not 
mediated by a direct interac  on with CUL3 but by 
impaired BTB domain stability or dimer forma  on. 
Increased levels of RHOBTB2 and other RHOBTB2-
dependent substrates might therefore be relevant 
for the disease phenotype.

A: Iden  fi ed muta  ons in RHOBTB2 cluster and are B: located within the fi rst BTB or at the interface of the se-
cond BTB domain. C: Increased protein levels of mutant RHOBTB2 compared to wildtype and equal levels when 
adding proteasome inhibitor.
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Prof. Dr. Dr. Zweier

Invited lectures
TMF Workshop Omics in Medial Research, December 5, 2017, Berlin, Undiagnosed Pediatric Diseases
7th european course in clinical dysmorphology „what I know best“, November 6-7, 2017, Rome, Italy, 3p25 dele  on syndrome

Publica  ons during funding period
Popp B, Ekici AB, Thiel CT, Hoyer J, Wiesener A, Kraus C, Reis A, Zweier C (2017) Exome Pool-Seq in neurodevelopmental disorders. 
Eur J Hum Genet 25: 1364-1376
Reuter MS, Krumbiegel M, Schlüter G, Ekici AB, Reis A, Zweier C (2017) Haploinsuffi  ciency of NR4A2 is associated with a neurodeve-
lopmental phenotype with prominent language impairment. Am J Med Genet A 173: 2231-2234
Smogavec M, Cleall A, Hoyer J, Lederer D, Nassogne M-C, Palmer EE, Deprez M, Benoit V, Maystadt I, Noakes C, Leal A, Shaw M, 
Gecz J, Raymond L, Reis A, Shears D, Brockmann K, Zweier C (2016) Eight further individuals with intellectual disability and epilepsy 
carrying bi-allelic CNTNAP2 aberra  ons allow delinea  on of the muta  onal and phenotypic spectrum. J Med Genet 53: 820-27
Saunier C, Støve SI, Popp B, Gérard B, Blenski M, AhMew N, de Bie C, Goldenberg P, Isidor B, Keren B, Leheup B, Lampert L, Mignot 
C, Tezcan K, Mancini GM, Nava C, Wasserstein M, Bruel AL, Thevenon J, Masurel A, Duff ourd Y, Kuentz P, Huet F, Rivière JB, van 
Slegtenhorst M, Faivre L, Piton A, Reis A, Arnesen T, Thauvin-Robinet C, Zweier C (2016) Expanding the Phenotype Associated with 
NAA10-Related N-Terminal Acetyla  on Defi ciency. Hum Mutat 37: 755-64

A: Bang sensi  vity: a  er vortexing, fl ies overexpressing RhoBTB 
(UAS) remain trembling and shaking on the bo  om. Mild or no 
bang sensi  vity upon knockdown (RNAi). B: Dendri  c arboriza  on 
neurons with fewer dendrites upon knockdown of RhoBTB.

Altered dosage of RhoBTB in Drosophila results in 
seizure suscep  bility and other neurological pheno-
types
As the iden  fi ed variants in RHOBTB2 seem to result 
in impaired degrada  on and thus increased amount 
of protein, manipula  ng RhoBTB dosage in Drosophi-
la melanogaster by  ssue specifi c knockdown and 
par  cularly overexpression appeared to be a very 
suitable modelling approach. In accordance with the 
human phenotype we found seizure suscep  bility 
in the fl y that was more severe upon pan-neuronal 
overexpression than upon knockdown. Further-
more, severe, gross neurological, locomotor defects 
were observed upon overexpression of RhoBTB in 
all neurons and par  cularly in motoneurons, while 
complex learning and memory processes were un-
aff ected. This might possibly support a contributory 
eff ect of epilep  c ac  vity to the severity of intel-
lectual disability in the aff ected human individuals. 
The observa  on of more severe neurological phe-
notypes upon overexpression of RhoBTB than upon 
knockdown is in line with the assump  on from hu-
mans that increased RHOBTB2 levels contribute to 
the disease causing mechanism.
Addi  onally, we found knockdown of RhoBTB in Dro-
sophila dendri  c arboriza  on neurons resul  ng in a 
decreased number of dendrites, thus sugges  ng a 
role of RhoBTB in dendri  c development.

Contact:
Prof. Dr. Dr. Zweier
phone: +49 9131 85 29113
e-mail: chris  ane.zweier@uk-erlangen.de
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Unravelling the LPA-signalling axis between glia cells 
and sensory neurons
In cultures of dissociated sensory ganglia, responses 
to LPA and other widely used agonists were inves-
 gated. Cells responsive to both LPA and capsaicin 

were rare, as shown by comparing the calci-
um  me course of cells responding to either 
LPA or capsaicin and the inverse correla  on 
between these responses (r = –0.63, p<0.001, 
product-momentum correla  on). Subsequent-
ly, this was inves  gated more thoroughly ex-
posing cultures of dissociated sensory ganglia 
to LPA 1 μM, GSK1016790A 100 nM (TRPV4 
agonist), CIM0216 3 μM (TRPM3 agonist), car-
vacrol 100 μM (TRPA1 agonist), capsaicin 200 
nM (TRPV1 agonist) and KCL 60 mM. Only 1.6% 
(13 of 829) of the cells reac  ng to LPA were 
considered neurons based on their phenotype 
and response to KCl. The percentage of cells 
being classifi ed as neurons and responding to 
both LPA and one of the signature ion channel 
agonists GSK1016790A, CIM0216, carvacrol or 
capsaicin was minimal. Responsiveness to LPA 
and potassium correlated inversely (r = –0.37, 
p<0.001, n=1237, product-momentum corre-
la  on). Responses to potassium were smaller 
in neurons compared to SGCs (p<0.001, t-test 
independent samples), but suffi  cient to not ea-
sily dis  nguish based on this criterion. In contrast, 
LPA diff eren  ates the two popula  ons more clear-
ly. LPA 18:1 caused only a marginal ac  va  on of 
heterologously expressed TRPV1, and responses in 
dorsal root ganglion cultures from TRPV1-defi cient 
mice were similar to controls. The LPA 18:1-induced 

Lysophospha  dic acid-induced pruritus of cholestasis

Dr. Dr. Andreas Kremer, Department of Medicine 1 - Gastroenterology, Pneumology and Endocrinology
Prof. Dr. Michael Fischer, Ins  tute of Physiology and Pathophysiology (  ll 31.08.2016)

In cholesta  c pa  ents with chronic pruritus we previously found elevated serum levels of lysophospha  dic 
acid (LPA). The aim of this transla  onal project is to unravel the molecular mechanisms of LPA in cellular 
assays and to understand the interac  on with substances known to cause itch. This will be validated in an 
animal model and tested in preclinical human studies. Unravelling this pathway could open new avenues 
for causal an  -pruri  c treatment strategies.

E27 - Progress Report
01.03.2016 - 31.08.2018

LPA ac  vates satellite glia cells but only 1.6% of neurons. Le   panel: Over-
lay of the transmission image (greyscaled) and the response intensity to 
LPA (red) and to KCl (green). Right panel: Sca  erplots of the ra  o increase 
for every cell to LPA and Capsaicin. 

increase in cytoplasma  c calcium stems from the 
endoplasma  c re  culum. In combina  on with LPA 
receptor expression results from DRGs and Schwann 
cells, pharmacological results indicate a signaling 
pathway through LPA receptor 1.
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Dr. Dr. Kremer Prof. Dr. Fischer

Invited lectures
Expert summit on viral hepa   s, 2017, Berlin, Primär biliäre Cholangi  s – nicht nur der Name ist neu
PBC in Mo  on, 2017, London, UK, Managing symptoms of disease
Hepatologie-Update, Hamburger Lebertage, 2017, Hamburg, Juckreiz bei Lebererkrankungen – was kann man therapeu  sch tun
4th Porto Liver Mee  ng, 2017 Porto, Portugal, Pruritus management in liver diseases
Federa  on of the European Neuroscience Socie  es, 2017, Pecs, Hungary, Tissue acidosis-induced pain
FEPS 2017, Wien, Austria, TRPA1 and TRPV1 photosensi  za  on by 7-Dehydrocholesterol
FEPS 2017, Wien, Austria, Human sensors for  ssue acidosis
FEPS 2017, Wien, Austria, Lysophospha  dic acid ac  vates peripheral glial cells

Awards
Young Inves  gator Award, A.E. Kremer, 2017, Interna  onal Liver Mee  ng, EASL, Amsterdam

Publica  ons during funding period
Babes A, Ciotu CI, Hoff mann T, Kichko TI, Selescu T, Neacsu C, Sauer SK, Reeh PW, Fischer MJM (2017) Photosensi  za  on of TRPA1 
and TRPV1 by 7-dehydrocholesterol: implica  ons for the Smith-Lemli-Opitz syndrome. Pain 158(12): 2475-2486
Mack K, Fischer MJM (2017) Disrup  ng sensi  za  on of TRPV4. Neuroscience 352: 1-8
Schwarz MG, Namer B, Reeh PW, Fischer MJ (2017) TRPA1 and TRPV1 antagonists do not inhibit human acidosis-induced pain. J 
Pain 18(5): 526-534
He GW, Günther C, Kremer AE, Thonn V, Amann K, Poremba C, Neurath MF, Wirtz S, Becker C (2017) PGAM5-mediated programmed 
necrosis of hepatocytes drives acute liver injury. Gut 66(4): 716-723
Günther C, He GW, Kremer AE, Murphy JM, Petrie EJ, Amann K, Vandenabeele P, Linkermann A, Poremba C, Schleicher U, Dewitz C, 
Krautwald S, Neurath MF, Becker C, Wirtz S (2016) The pseudokinase MLKL mediates programmed hepatocellular necrosis indepen-
dently of RIPK3 during hepa   s. J Clin Invest. 126(11): 4346-4360
Wunsch E, Krawczyk M, Milkiewicz M, Tro   er J, Barbier O, Neurath MF, Lammert F, Kremer AE*, Milkiewicz P* (2016) Serum Au-
totaxin is a Marker of the Severity of Liver Injury and Overall Survival in Pa  ents with Cholesta  c Liver Diseases. Sci Rep. 6: 30847
*contributed equally

LPA but not vehicle induced a mild itch sensa  on upon focal appli-
ca  on via cowage spicules to the skin of healthy volunteers. Itch 
intensity was rated 0–10 on a numerical scale.

LPA-mediated ac  va  on of sensory neurons in 
healthy volunteers and cholesta  c pa  ents.
Oleoyl-LPA (18:1) was applied intradermally by in-
ser  on of LPA-loaded heat-inac  vated cowhage 
spicules in healthy volunteers (N=18). In addi  on, 
we analyzed for the eff ect of intradermal injec  ons 
of 50 μL LPA. Control applica  ons were performed 
using histamine, capsaicin and the vehicle solu  on. 
Pain and itch intensi  es were quan  fi ed using a nu-
meric ra  ng scale with the range 0–10. LPA applied 
into the skin using cowhage spicules induced a mild 
itch sensa  on compared to vehicle control (mean 
± SEM; 1.4 ± 0.4 vs. 0.3 ± 0.2; p<0.001) las  ng for 
several minutes. Associated sensa  ons such as bur-
ning or s  nging were reported by a few volunteers. 
In contrast, intradermal injec  on of LPA caused a 
dose-dependent burning pain. In contrast to cap-
saicin, burning pain sensa  on occurred delayed. 
LPA hardly induced any fl are reac  on in comparison 
to histamine. LPA caused a sensi  za  on to heat, 
whereas responses to cold, mechanical and elec-
trical s  muli remained unaltered. In prelimina-
ry, using microneurography LPA ac  vated both 

human mechosensi  ve (CM) and mechanoinsen-
si  ve (CMI) nerve fi bres.

Contact:
Dr. Dr. Kremer
phone: + 49 9131 85 45015
e-mail: andreas.kremer@uk-erlangen.de
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Fam60a in heart and brain development

Prof. Dr. Felix Engel, Department of Nephropathology

In silico analyses combined with the analysis of mu-
tants indicate that Fam60a contains a bipar  te NLS
Immunofl uorescence analyses confi rmed that FA-
M60A is a nuclear protein expressed in the neural 
tube, in dorsal root ganglia, and in the mouse em-
bryonic heart. Whole mount in situ hybridiza  on 
(WISH) in zebrafi sh detected fam60a mRNA expres-
sion in the brain primordium, o  c vesicle, heart ven-
tricle, and anterior part of the atrium.

fam60a knockdown disrupts brain development al-
tering her6, neurog1, and ascl1b expression
Injec  on of two diff erent morpholinos (MOs) targe-
 ng fam60a caused a severe brain phenotype with 

the forma  on of a hydrocephalus. Injec  on of fa-
m60a mRNA rescued the hydrocephalus phenotype 
indica  ng that the MO-mediated brain phenotype is 
due to Fam60A deple  on. qPCR experiments indica-
ted that her6 expression is increased in morphants. 
WISH showed an expansion of her6-posi  ve cells in 
the thalamus and a signifi cantly reduced ascl1b ex-
pression in the midbrain and the prethalamus and 
no expression in the rostral thalamus. neurog1 ex-
pression was reduced in the caudal thalamus and 
increased in the telencephalon. In contrast, shh 
expression was not aff ected sugges  ng that the 
mid-diencephalic organizer itself is not perturbed. 
Importantly, injec  on of fam60a mRNA, but not 
fam60a mRNA∆NLS, along with MO was able to 
restore her6 expression in the thalamus. Taken to-
gether, our data indicate that nuclear Fam60A is 
required for the correct spa  al expression of her6 
to control the expression pa  ern of the pro-neural 
genes neurog1 and ascl1b in the mid-diencephalic 
organizer to drive forma  on of the rostral thalamus, 
the prethalamus and the caudal thalamus.

F3 - Final Report
01.03.2014 - 28.02.2017

Neurodevelopmental disorders are the most common and disabling long-term complica  on of congenital 
heart diseases and thus the NHLBI stated “one of the most important challenges in the 21st century for CHD 
pa  ents is to improve neurological defi cits.” The goal of this project is to be  er understand the func  on of 
genes that are co-expressed in brain and heart to contribute to the elucida  on of this heart-brain connec-
 on. The main focus lies on fam60a, a member of the SIN3-HDAC complex.

fam60a knockdown leads to an expansion of her6 expression. Th: 
thalamus, P: pre, r: rostral, c: caudal. p53MO: control for unspe-
cifi c MO-eff ects. Brackets: her6 expression. Red (increased), black 
(reduced) neurog1 expression. Scale bars: 200 μm.
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Invited lectures
Max-Planck-Ins  tut für molekulare Biomedizin, April 24, 2017, Münster, Cardiac regenera  on: from zebrafi sh to mammals

Publica  ons during funding period
Cabrera-Fuentes HA, Aragones J, Bernhagen J, Boening A, Boisvert WA, Bøtker HE, Bulluck H, Cook S, Di Lisa F, Engel FB, Engelmann 
B, Ferrazzi F, Ferdinandy P, Fong A, Fleming I, Gnaiger E, Hernández-Reséndiz S, Kalkhoran SB, Kim MH, Lecour S, Liehn EA, Marber 
MS, Mayr M, Miura T, Ong SB, Peter K, Sedding D, Singh MK, Suleiman MS, Schni  ler HJ, Schulz R, Shim W, Tello D, Vogel CW, Walker 
M, Li QO, Yellon DM, Hausenloy DJ, Preissner KT (2016) From basic mechanisms to clinical applica  ons in heart protec  on, new play-
ers in cardiovascular diseases and cardiac theranos  cs: mee  ng report from the third interna  onal symposium on „New fron  ers in 
cardiovascular research“. Basic Res Cardiol. 111(6): 69
Ferrazzi F, Bellazzi R, Engel FB (2015) Gene network analysis: from heart development to cardiac therapy. Thromb Haemost. 113(3): 
522-31

fam60a knockdown disrupts heart development
Morphant hearts were dysmorphic and not correctly 
looped. Hearts consisted of signifi cantly fewer cardi-
omyocytes, ventricles were round-shaped and their 
arterial part towards the ou  low tract (OFT) was 
missing. The OFT was mal-formed and the atrioven-
tricular canal was less constricted and not any longer 
perpendicular to the blood fl ow.
fam60a TALEN-mediated mutants do not recapitula-
te the fam60a morphant phenotype
It has been shown that MOs can induce non-specifi c 
phenotypes. Thus, we have generated a fam60a mu-
tant line u  lizing TALENs introducing a 10 bp (69-78) 
dele  on. Surprisingly, our fam60a mutant does not 
recapitulate the fam60a morphant phenotype. This 
might be due to compensatory mechanisms induced 
by the muta  on (note, morphants do not induce 

Prof. Dr. Engel

compensatory mechanisms) or by alterna  ve start 
sites downstream of the muta  on. Deep sequencing 
experiments have not revealed compensatory me-
chanisms. Surprisingly, injec  ons of MOs in fam60a 
mutant embryos s  ll exhibited similar phenotypes. 
Currently, we analyze adult fam60a mutants for phe-
notypes.

The ac  n binding protein Flightless I is essen  al for 
cardiac chamber morphogenesis and trabecula  on  
(collabora  on with Didier Stainier, MPI for Heart and 
Lung Research)

Contact:
Prof. Dr. Engel
phone: +49 9131 85 43635
e-mail: felix.engel@uk-erlangen.de

fam60a morphant hearts were dys-
morphic and not correctly looped. The 
ventricle (V) was signifi cantly smaller 
and consisted of fewer cardiomyo-
cytes and the ou  low tract (red ar-
rowhead) was mal-formed.



108 IZKF Erlangen Annual Report 2017

ANO1 promotes cyst growth in an ADPKD mouse 
model
We have established an ADPKD mouse model in col-
labora  on with Prof. Peters (Dept. of Human Gene-
 cs, Leiden). This mouse model is characterized by 

an inducible tubule-specifi c dele  on of the PKD1-
gene (KSPCreERT2;PKD1lox;lox), the main aff ected gene 
in human ADPKD. Dele  on of PKD1 by applica  on of 
tamoxifen at postnatal day 20 resulted in signifi cant 
polycys  c kidney disease within 9 weeks. In contrast, 
double knockout of PKD1 and ANO1 signifi cantly 
ameliorated the renal cys  c phenotype. At the mo-
ment, we are tes  ng several ANO1 inhibitors in our 
established in vitro cyst model for their effi  cacy and 
toxicity in order to fi nd a poten  al candidate to be 
addi  onally tested in vivo.

The Role of ANO1 in Polycys  c Kidney Disease

Dr. Björn Buchholz, Department of Medicine 4

F5 - Progress Report
01.07.2016 - 31.12.2018

Autosomal Dominant Polycys  c Kidney Disease (ADPKD) is a frequent renal disorder which is characterized 
by con  nuous secre  on-dependent growth of mul  ple cysts in both kidneys o  en resul  ng in end stage re-
nal disease. We have shown that the calcium-ac  vated chloride channel anoctamin 1 (ANO1) signifi cantly 
promotes cyst growth in vitro. Now we want to characterize the role of ANO1 in vivo in an ADPKD mouse 
model and want to analyse the mechanisms leading to ANO1 ac  va  on.

P2Y2R mediates ANO1-dependent chloride secre-
 on and cyst expansion

Cyst growth is driven by chloride secre  on. Since 
ANO1-dependent chloride conductance is ac  va-
ted by cytosolic increase of calcium, we wanted to 
understand the underlying mechanism. We found 
that ATP, which has been shown to accumulate in 
the cyst fl uid, leads to strong ac  va  on of ANO1. 
In line with these fi ndings, we found that the Gq-
coupled purinergic receptor P2Y2R mediates ANO1-
dependent chloride secre  on and in vitro cyst ex-
pansion. Furthermore, we could show that P2Y2R is 
a target gene of the hypoxia inducible transcrip  on 
factor HIF-1α which is in line with our previous fi n-
dings that showed that HIF-1α promotes secre  on-
dependent cyst enlargement. Addi  onally, we have 
generated in vivo data further suppor  ng the role 
of HIF-1α for cyst growth which has recently been 
submi  ed. 

Tubule-specifi c dele  on of PKD1 (Pkd1fl ;fl ) causes polycys  c kidneys. Dele  on of ANO1 in addi  on to PKD1 (Pkd1fl ;fl ;Ano1fl ;fl ) 
results in a signifi cantly milder cys  c phenotype.  Ctrl = control kidney.
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Dr. Buchholz

Invited lectures
Annual congress of the Deutsche Gesellscha   für Nephrologie (DGfN), September 15, 2017, Mannheim, The impact of hypoxia on 
cyst growth in polycys  c kidney disease

Publica  ons during funding period
Kraus A, Grampp S, Goppelt-Struebe M, Schreiber R, Kunzelmann K, Peters DJ, Leipziger J, Schley G, Schodel J, Eckardt KU, Buchholz 
B (2016) P2Y2R is a direct target of HIF-1α and mediates secre  on-dependent cyst growth of renal cyst-forming epithelial cells. 
Purinergic Signalling. 12(4): 687-695

Reac  ve oxygen species (ROS) lead to ac  va  on of 
ANO1 via lipid peroxida  on
Recently, we found that mouse and human ADPKD 
kidneys are stained posi  ve for 4-Hydroxynonenal 
(4-HNE), an indicator for oxida  ve stress. Interest-
ingly, idebenone, a ROS scavenger, has been repor-
ted as a direct inhibitor of ANO1. We now have signi-
fi cant data that show that idebenone is not a direct 
inhibitor of ANO1 but prevents lipid peroxida  on like 
other an  oxidants and ROS scavengers which con-
secu  vely prevents ac  va  on of ANO1. In line with 
these fi ndings, ROS ac  va  on promotes cyst growth 
in vitro, which can be inhibited by an  oxidants like 
idebenone but also by direct inhibitors of ANO1 like 

CaCC-inhA01. These fi ndings are of importance since 
idebenone is a dietary supplement that is current-
ly tested in clinical trials for a number of diseases 
with pro-oxidant/pro-infl ammatory altera  ons, par-
 cularly neurodegenera  ve diseases and therefore 

could qualify as a therapeu  c op  on to retard renal 
cyst growth. A manuscript has been prepared and is 
currently under review. 

Contact:
Dr. Buchholz
phone: +49 9131 85 39002
e-mail: bjoern.buchholz@uk-erlangen.de

A 4HNE = indicator for ROS. B Eff ect of lipid peroxidizing tert-butyl hydroperoxide (tBHP) on transepithelial 
voltage ± ANO1 inhibitor CaCC-A01 and the impact of idebenone on ATP-dependent chloride secre  on. C 
In vitro cyst growth ± idebenone.



110 IZKF Erlangen Annual Report 2017

S  mula  on of Renal Aff erent Nerves?
Since only neurons with renal projec  ons from ste-
no  c kidneys in a rat model of renal hypertension 
produced ac  on poten  als upon respec  ve s  mula-
 on - a fi nding that could not explained by intrarenal 

pressure altera  ons or infl amma  on in vivo - it was 
assumed at fi rst that rather altered perfusion occur-
ring in a clipped kidney with renal stenosis could be 
of pivotal importance. However, there is no doubt 
that renal aff erent nerve units are bimodal in that 
they respond to mechanical and chemical s  muli.

In clipped kidneys of the renovascular rat model the 
ac  vity of the renin-angiotensin system is intraren-
ally increased. Increased intrarenal 
angiotensin II level will alter renal so-
dium handling. Hence, it could be pos-
sible that renal aff erent nerve fi bers 
could respond to altered or increased 
sodium concentra  ons in the vicinity 
of inters   ally located intrarenal aff e-
rent nerve endings.

Renal aff erent nerve ac  vity - 
sympathoinhibitory or sympathoexcitatory?

Prof. Dr. Roland Veelken, Department of Medicine 4
Prof. Dr. Kers  n Amann, Department of Nephropathology

The renal aff erent innerva  on is likely involved in the control of sympathe  c nerve ac  vity in hypertension 
and cardiovascular disease. Since aff erent nerves from the kidney are diffi  cult to inves  gate in vivo a cell 
culture model for respec  ve neurons was developed. The main hypothesis of the project suggests that 
these aff erent nerves exert a sympathoinhibitory eff ect on central sympathe  c ou  low in the healthy orga-
nism that is lost under pathophysiological condi  ons.

F6 - Progress Report
01.07.2016 - 31.12.2018

Na+ – a strong s  mulator of neurons with aff erent 
axons from the kidneys
Hence, in a next step before the above men  oned 
hypothesis could be tested in experimental renovas-
cular hypertension we inves  gated in how far increa-
sing sodium concentra  ons could alter currents and 
the ac  vity of neurons with renal aff erents in vitro. 
Furthermore, it had to be tested in how far intraar-
terial bolus applica  ons of increasing concentra  ons 
of sodium into the kidney in vivo would induce sym-
pathe  c nerve ac  vity decreases. It turned out that 
in vitro administering of NaCl to cul  vated DRG neu-
rons with projec  ons from the kidney elicited higher 
inward currents and also increased the produc  on 

Decreases of renal sympathe  c nerve ac  vity (RSNA) in vivo due to intrarenal boli of 
high salt (4.6% and 10 %) and capsaicin (3.3*10-7M–3.3*10-6M) compared to control 
(applica  ons: arrow heads). (* p < 0.05). Intrarenal capsaicin is reference drug for eli-
ci  ng sympathoinhibi  on. 
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Prof. Dr. Veelken Prof. Dr. Amann

Invited lectures
Experimental Biology 2017, April 22-26, 2017, Chicago, Illinois, USA, Bimodal ac  on of intrarenal aff erent s  mula  on by Bradykinin 
on RSNA: Tonic inhibi  on a  er short excita  on (Mar  n Hindermann)

Publica  ons during funding period
none

of ac  on poten  als. Furthermore, eff erent renal 
sympathe  c nerve ac  vity was decreased due 
to intrarenal salt applica  on for several hours. 
These fi ndings support our hypothesis that sodi-
um too is able to elicit a prominent sympathoin-
hibi  on via s  mula  on of renal aff erent nerve 
fi bers. In how far this sympathoinhibitory sodi-
um dependent mechanism is impaired in reno-
vascular hypertension is to be tested.

Bradykinin – Sympathoexcita  on via renal aff e-
rent nerves?
Reports on the eff ects of bradykinin were most 
challenging concerning our hypothesis in that 
bradykinin might have elicited a sympathoexci-
tatory response via aff erent renal nerves in this 
respect. However, we could demonstrate that 
intrarenally administered bradykinin only elici-
ted short-term increases of renal sympathe  c 
nerve ac  vity (pain fi bers from renal capsule?) whe-
reas the same dose of bradykinin induced a strong, 
longlas  ng decrease in renal sympathe  c ac  vity. 
This observa  on supports the general hypothesis of 
the project even further.

The percentage of  renal neurons in vitro with higher fi ring ac  vity (> 4 ac-
 on poten  als (AP) in 10 seconds so called tonic neurons) increased due 

to  s  mula  on with higher saline concentra  ons (*  p < 0.05).

Contact:
Prof. Dr. Veelken
phone: +49 9131 85 39002
e-mail: roland.veelken@uk-erlangen.de

Prof. Dr. Amann 
phone: +49 9131 85 22291
e-mail: kers  n.amann@uk-erlangen.de
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Junior Research Group 1

Dr. Paolo Ceppi

Contact:
phone: +49 9131 85 39300
e-mail: paolo.ceppi@uk-erlangen.de 

Biographical Sketch
The Junior Group Leader started his appointment 
at the Interdisciplinary Center for Clinical Research 
(IZKF), Friedrich-Alexander University Erlangen-
Nürnberg in Erlangen on August 1st, 2015. Below is 
a list of the previous research appointments:

Mar 2011 – Jun 2015 Postdoctoral fellow at the 
Division of Hematology/Oncology, Feinberg School 
of Medicine, Robert H. Lurie Comprehensive Cancer 
Center Northwestern University, Chicago, USA (Prof. 
M. Peter).

Feb 2009 – Dec 2009 Visi  ng PhD student at 
the Department of Experimental Surgery and Mo-
lecular Oncology of Solid Tumors, Medical Faculty 
Mannheim, University of Heidelberg and DKFZ Hei-
delberg, Germany (Prof. H. Allgayer).

Jan 2007 – Dec 2010 PhD student in the Pa-
thology Division of the Department of Clinical and 
Biological Sciences, University of Turin, Italy (Prof. M. 
Papo   ). 

Jul 2004 – Dec 2006 Research assistant at 
Thoracic Oncology Unit and the Pathology Division 
of the Department of Clinical and Biological Scien-
ces, University of Turin, Italy (Prof. G. Scaglio    and 
Prof. M. Papo   ).

Dec 2004 – Jun 2005 Visi  ng Research scholar 
at Department of Biochemistry and Molecular Bio-
logy, Norris Cancer Center, University of Southern 
California, Los Angeles, USA (Prof. P. Danenberg). 
Training at ResponseGene  cs Inc. Los Angeles, USA 
(Dr. K. Danenberg).

Mar 2002 – Jul 2004 Internship at the Depart-
ment of Gene  cs, Biology and Biochemistry, Univer-
sity of Turin, Italy (Prof. F. Malavasi).

From the le  : Maria Eleni Vazakidou, Aarif Siddiqui, Annemarie Schwab, Paolo Ceppi



115IZKF Erlangen Annual Report 2017

Research Focus
The theme of the Junior Group 1 is „Understanding 
the plas  city of cancer cells“. 

Background and Ra  onale: Despite the progresses 
made in the last years with the development of no-
vel molecularly targeted agents, cancer is s  ll a very 
deadly disease. This could be a  ributable in part 
to the fact that only a minority of selected pa  ents 
benefi t from the novel compounds (such as those 
targe  ng oncogenic drivers like EGFR, BRAF, HER2 
and many others), while poor therapeu  cal op  ons 
are available for the vast majority of the pa  ents in 
which a targetable driving oncogenic muta  on is 
undetermined. Moreover, the pathway redundancy 
and the very frequent occurrence of muta  ons limit 
the effi  cacy of these novel drugs even in ini  ally res-
ponding pa  ents. There is therefore an urgent need 
for the iden  fi ca  on of novel fundamental mecha-
nisms of cancer biology and of relevant determi-
nants of chemoresistance in order to develop more 
eff ec  ve drugs and therapeu  c strategies.

The discovery of epithelial-to-mesenchymal transi-
 on (EMT), cancer stem cells (CSCs) and of their 

func  onal associa  on and interdependence repre-
sent some of the most promising advances in the 
last two decades of cancer research. CSCs are defi -
ned as a subpopula  on of undiff eren  ated cancer 
cells with stem-like features responsible for tumors’ 
heterogeneity and for some of the most lethal fea-
tures of cancers: tumorigenicity, metasta  c spread, 
relapse and chemoresistance. The inter-conversion 
between CSCs and non-CSCs has been recently re-
ported and the EMT clearly func  onally involved. 
The EMT is a de-diff eren  a  on process frequently 
observed in cancers with increased invasive poten-
 al and drug resistance. 

A recently emerging concept is that the plas  city of 
cancers is greater than what ini  ally hypothesized, 
and therefore a be  er understanding of the mecha-
nisms behind the inter-conversion of cancer cells 
between diff eren  a  on stages may have many the-
rapeu  c implica  ons. Moreover, cancers, and the 
CSC popula  on in par  cular, are highly dependent 
on aerobic glycolysis, which they use as a major pa-
thway for biosynthesis. The enhanced rate of glyco-
lysis occurs largely because of the increased demand 
of a transformed cell for macromolecule compo-
nents (the so-called Warburg eff ect). The connec  on 
between increased glycoly  c rate, EMT and CSCs has 

recently started to emerge in the literature, but the 
molecular determinants involved are s  ll undefi ned. 
Aim of the research: The Junior Group aims at dis-
covering fundamental druggable mechanisms and 
molecular determinants that regulate the plas  city 
and the aggressiveness of cancer cells, and at stu-
dying the associa  on between cancer diff eren  a  on 
and sensi  vity to chemotherapy. By high-throughput 
approaches we have already iden  fi ed a number of 
poten  al EMT/CSC-regula  ng metabolic mecha-
nisms, which we aim to validate by the analysis of 
human samples and func  onally inves  gate by the 
use of cell and molecular biology techniques. This 
approach may ul  mately lead to the iden  fi ca  ons 
of novel targets for therapeu  c interven  on. 

Third-party funding
Paolo Ceppi, German Cancer Aid Research Grant, De-
termina  on of the role of aldose reductase AKR1B1 
and associated pathways in epithelial-to-mesenchy-
mal transi  on and cancer stem cells, 2017-2020

Paolo Ceppi, Interna  onal Associa  on for the Stu-
dy of Lung Cancer, The role of thymidylate synthase 
in epithelial-to-mesenchymal transi  on in NSCLC, 
2017-2018

Paolo Ceppi, DFG Research Grant, Whole-genome 
CRISPR/Cas9 mediated iden  fi ca  on of miR-200 re-
pressors, 2018-2021
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Understanding the plas  city of cancer cells

Dr. Paolo Ceppi, IZKF - Junior Research Group 1

The group focuses on the iden  fi ca  on of novel fundamental mechanisms of cancer biology using several 
cell and molecular biology techniques, mouse models, high-throughput approaches and the analysis of hu-
man samples. We aim at discovering novel genes and molecular pathways that regulate the plas  city and 
the aggressiveness of cancer cells and at studying the associa  on between cancer diff eren  a  on and sen-
si  vity to chemotherapy, with a special a  en  on on metabolism genes. The fi nal goal is the development 
of more eff ec  ve drugs and therapeu  c strategies.

N1 - Progress Report
01.08.2015 - 31.07.2021

The ac  vity of the lab during the reported period 
has been mainly focused in two projects exploring 
the role of two metabolic enzymes in the plas  city 
of cancer cells: 
1) The role of thymidylate synthase in EMT and can-
cer stemness (Siddiqui et al. The Journal of Patholo-
gy, 2017).
Thymidylate synthase (TS) is a fundamental enzyme 
in the nucleo  de metabolism and one of the oldest 
an  -cancer targets. We discovered a signifi cant cor-
rela  on between TS and the markers of EMT, a de-
velopmental process that allows the cancer cells to 
acquire features of aggressiveness, like mo  lity and 
chemoresistance. TS levels were found signifi cantly 
augmented in mesenchymal-like compared to epi-
thelial-like cancer cells, and up-regulated following 
EMT induc  on by TGF-Beta. Moreover, 
mesenchymal-like cells were found 
more resistant to TS-inhibi  ng drugs. 
Importantly, a par  cularly relevant as-
socia  on was found between TS and 
the powerful EMT driver ZEB1, which 
was confi rmed in clinical specimens 
from lung tumors and in a gene  c 
mouse model of pancrea  c cancer with 
ZEB1 dele  on. A bioinforma  c analysis 

revealed that TS expression was nega  vely correla-
ted with that of several EMT-suppressing microRNAs 
(miRNA)s. By luciferase assays we could confi rm the 
role of EMT-suppressing miRNAs in regula  ng TS, 
and we iden  fi ed a novel specifi c role for miR-375 in 
targe  ng TS 3’UTR. Func  onally, we found that ZEB1 
could indirectly increase TS levels through the regu-
la  on of miR-375. Interes  ngly, TS itself showed to 
have a regulatory role on EMT in cancer cells. Con-
versely, TS overexpression could promote EMT and 
stem-like markers. All together, these data indicate 
the existence of an unprecedented func  onal loop 
involving the TS enzyme, ZEB1 and EMT-related miR-
NAs that govern cancer diff eren  a  on. 

Le  , Thymidylate synthase (shTS) knockdown suppresses EMT in lung adenocarcinoma 
cells increasing E-Cadherin and reducing Vimen  n levels (compared to controls, pLKO). 
Right, a real-  me migra  on assay reveals a signifi cantly reduced mo  lity in cancer cells 
upon TS knockdown.
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Dr. Ceppi

Invited lectures
I Conference of Cancer Pharmacology Research, December 13, 2017, St. John’s University, New York City, USA, A novel role for thy-
midylate synthase in regula  ng EMT and determining tumor aggressiveness
IX Chinese-German Lung Cancer Coopera  ve Group Mee  ng 2017, September 1, 2017, Shanghai, China. Targe  ng stemness and the 
mechanisms of treatment resistance in Lung Cancer
Seminars of the Ins  tute for Medical Microbiology and Hygiene, May 11, 2017, University of Regensburg, Metabolic pathways as 
regulators of epithelial-to-mesenchymal transi  on
5th iTarget Workshop on Tumor Microenvironment, March 15, 2017, Uniklinikum Erlangen, The role of CD95 and CD95 ligand in 
cancer

Awards
Young Inves  gator Award of the Interna  onal Associa  on for the Study of Lung Cancer, Paolo Ceppi, May 4, 2017

Publica  ons during funding period
Rasheed SAK, Leong HS, Lakshmanan M, Raju A, Dadlani D, Chong FT, Rajarethinam R, Skanthakumar T, Tan EY, Hwang JSK, Lim KH, 
Tan DS, Ceppi P, Wang M, Tergaonkar V, Casey PJ, Iyer NG (2017) GNA13 expression promotes drug resistance and tumor-ini  a  ng 
phenotypes in solid tumors. Oncogene doi: 10.1038/s41388-017-0038-6
Siddiqui A, Vazakidou ME, Schwab A, Napoli F, Fernandez-Molina C, Rapa I, Stemmler MP, Volante M, Brabletz T, Ceppi P (2017) 
Thymidylate synthase is func  onally associated with ZEB1 and contributes to the epithelial-to-mesenchymal transi  on of cancer 
cells. The Journal of Pathology 242: 221-233

Scheme of the iden  fi ed role of polyol pathway (PP) genes in EMT 
and cancer stem cells (CSCs). PP genes drive/support cancer EMT 
and the genera  on of cells with the phenotype of CSCs by an au-
tocrine TGF-Beta s  mula  on.

2) The role of polyol pathway in linking glucose meta-
bolism to the aggressiveness of cancer cells (Schwab 
et al. Submi  ed).
By performing a transcriptomic analysis we iden  -
fi ed the glucose-transforming polyol pathway (PP) 
gene aldo-keto-reductase-1-member-B1 (AKR1B1) 
as strongly correlated with epithelial-to-mesen-
chymal transi  on (EMT). This associa  on was con-
fi rmed staining samples from lung cancer pa  ents 
and from an EMT-driven colon cancer mouse model 
with p53 dele  on. In vitro, mesenchymal-like cancer 

cells showed increased AKR1B1 levels and AKR1B1 
knockdown was suffi  cient to revert EMT. An equi-
valent level of EMT suppression was measured by 
targe  ng the downstream enzyme sorbitol-dehydro-
genase (SORD), further poin  ng at the involvement 
of the PP. Compara  ve RNA sequencing profi ling 
confi rmed a profound altera  on of EMT in PP-de-
fi cient cells, revealing a strong repression of TGF-β 
signature genes. Mechanis  cally, excess glucose was 
found to promote EMT through autocrine TGF-β s  -
mula  on, while PP-defi cient cells were refractory to 
glucose-induced EMT. PP represents a molecular link 
between glucose metabolism and cancer diff eren  -
a  on and aggressiveness, and a novel poten  al the-
rapeu  c target. 

Contact:
Dr. Ceppi
phone: +49 9131 85 39300
e-mail: paolo.ceppi@uk-erlangen.de
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Junior Research Group 2

Dr. David Dulin

Contact:
phone: +49 9131 85 40115
e-mail: david.dulin@uk-erlangen.de

Biographical Sketch
Since September 2016, Dr. Dulin has started the 
“Physics and Medicine” IZKF Junior Research group 
N2 at Erlangen, aiming at studying viral and cellular 
transcrip  on and replica  on at the single-molecule 
level using biophysical techniques.

Before star  ng his lab, Dr. Dulin graduated his Ba-
chelor in physics and mathema  cs at the University 
of Bordeaux (France) in 2004 and his Master “Laser, 
Ma  er and Nanoscience” in 2006. 

Between 2006 and 2009, he was a PhD candida-
te in the Laboratory Charles Fabry of the Ins  tut 
d’Op  que (Paris) in the group of Prof. A. Aspect and 
under the supervision of Prof. N. Westbrook. There, 
he worked at establishing a new biophysics lab, with 

a focus on bacterial ribosome transla  on kine  cs 
using single-molecule fl uorescence microscopy.
He then moved to a fi rst postdoctoral posi  on in the 
lab of Prof. N. Dekker at TU Del   (The Netherlands), 
where he stayed un  l August 2014. There, he deve-
loped new magne  c tweezers approaches for high 
throughput and high-resolu  on study of polyme-
rases and helicases kine  cs. In par  cular, he studied 
the mechanism of misincorpora  on and an  viral nu-
cleo  de analogue incorpora  on by viral polymerase.
He then moved to the University of Oxford (UK) for a 
second postdoctoral posi  on, where he studied bac-
terial transcrip  on ini  a  on dynamics using single-
molecule FRET in the lab of Prof. A. Kapanidis, un  l 
being appointed in Erlangen.

From the le  : E. Ostrofet, F. Stal Papini, M. Seifert
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Research Focus
The Dulin lab aims at understanding the fundamen-
tal processes involved in the central dogma of mole-
cular biology, i.e. replica  on, transcrip  on and trans-
la  on, using high-end microscopy. Each step in gene 
expression involves complex molecular motors, e.g. 
DNA polymerase, RNA polymerase (RNAP), riboso-
me. Much has been learned related to these motors 
using standard ensemble biochemical assays, but 
their detailed kine  c characteriza  on remains elusi-
ve. Indeed, these enzymes do not progress linearly 
along their template, but rather through burst of 
successive cataly  c reac  ons interrupted by pauses 
of various origins, e.g. co-factors binding, misincor-
pora  on, which makes gene expression highly sto-
chas  c, and impacts the organisms phenotype. By 
accessing enzyma  c processes one molecule at a 
 me, and not the average behavior of many enzyme, 

single-molecule biophysics has changed our view on 
biology, off ering an understanding of the rare, tran-
sient and stochas  c — but important — events that 
interrupt enzyma  c ac  vity. Our lab develops high-
end microscopy techniques, such as magne  c twee-
zers and single-molecule Fluorescence Resonant 
Energy Transfer (FRET), to describe in great details 
(1) how RNA viruses replicate their genome and (2) 
how the human mitochondrial genome is transcri-
bed. 

1- Flavivirus replica  on mechanism
RNA viruses represent an important class of human 
and animal pathogens. They are responsible of nu-
merous pandemics worldwide, with an important 
economical and societal cost. Amongst RNA viruses, 
the Flavivirus genus is the most resurgent and emer-
gent family of virus. Members of this family, e.g. Den-
gue, West Nile and Zika, are responsible for hund-

reds of million of viral infec  ons every years, with 
li  le or none therapeu  c op  ons. One key target 
for drug development is the replica  on machinery 
of these viruses. However, li  le is known concerning 
the mechanisms of genome replica  on in fl avivirus, 
limi  ng the poten  al development of drugs. Using 
magne  c tweezers and single-molecule FRET, we 
aim at understanding how the viral enzymes cons  -
tu  ng the fl avivirus replicase are recruited and how 
they work together during viral genome replica  on. 

2- Transcrip  on in human mitochondria
Mitochondria are dynamic, double-membrane-
bound organelles that are essen  al components of 
the eukaryo  c cell. They are involved in many cel-
lular processes, but they are mainly known as the 
powerhouse of the eukaryo  c cell by providing the 
major source of cellular energy, i.e. ATP. Due to the 
importance of the mitochondria in many cellular 
processes, abnormal mitochondria ac  vity is linked 
to several disorders, including diabetes, obesity, car-
diovascular disease, Parkinson’s, Alzheimer’s and 
cancer. The mitochondria genome is a gene-dense 
~16 kb circular genome that is transcribed by the 
mitochondrial RNA polymerase (mtRNAP), which in-
i  ates transcrip  on out of three promoters. Though 
the mitochondria transcrip  on complex is rela  vely 
simple, e.g. only two other factors in addi  on to 
mtRNAP necessary for transcrip  on ini  a  on, li  le 
is known on the regula  on and kine  cs of mitochon-
dria transcrip  on ini  a  on, elonga  on and termina-
 on. Using magne  c tweezers and single-molecule 

FRET assays, we inves  gate the mechanism of mito-
chondrial transcrip  on.
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Physics and Medicine

Dr. David Dulin, IZKF - Junior Research Group 2

The Junior Group aims at understanding the molecular processes that regulate gene expression using high-
end microscopy. We therefore develop single-molecule biophysics apparatuses to access enzyma  c proces-
ses at the single-molecule level with high spa  al (~nm) and temporal (~ms) resolu  on, to understand how 
nucleic acids are replicated and transcribed. In par  cular, we aim at characterizing fl aviviruses (Dengue, 
Zika) genome replica  on and human mitochondrial genome transcrip  on. 

N2 - Progress Report
01.09.2016 - 31.08.2022

In September 2016, the Junior Research Group N2 
has started a new research ac  vity in Erlangen, fo-
cused on the study of molecular processes with high-
end microscopy. During the fi rst six months, we have 
established a fully func  onal molecular biology lab 
to synthesize the nucleic acids scaff olds used in ma-
gne  c tweezers experiments. We have also establis-
hed two magne  c tweezers assays in the microscopy 
lab. The molecular biology lab space was opera  onal 
according to biosafety requirement from the end of 
October 2016, and was subsequently equipped with 
all the major equipment for nucleic acids synthesis, 
purifi ca  on and evalua  on. We also developed a 
microfl uidic workshop to assemble the microfl uidic 
fl ow chambers used in microscopy experiments. In 
addi  on, the lab has grown with new members: Dr. 
Flavia Stal-Papini (research assistant, October 2016), 
Eugen Ostrofet (PhD candidates, May 2017) and 
Mona Seifert (PhD candidates, January 2018). A new 
PhD candidate, Monika Spermann, will join us in Fe-
bruary 2018.

To perform single-molecule magne  c tweezers ex-
periments, it is necessary to design and synthesi-
ze specifi c DNA scaff old. Though using standard 

molecular biology techniques, the making of a 
nucleic acid scafold with a high yield and high pu-
rity remains challenging. We have now established 
protocols to synthesize DNA and RNA hairpins, linear 
DNA and RNA for the diff erent experiments we per-
forms in our lab. We are preparing an ar  cle that de-
scribes the new protocols we have developed. Mag-
ne  c tweezers are a force and torque spectroscopy 
technique, i.e. one uses them to apply force and 
torque on nucleic acids. However, a complete force 
calibra  on needs to be performed fi rst, which neces-
sitates DNA scaff olds of a defi ned length. Following 
the fabrica  on of the appropriate DNA scaff old, we 
have calibrated in force our magne  c tweezers ap-
paratus with a novel approach, which will result in a 
new publica  on.

Following these preparatory steps, we have perfor-
med magne  c tweezers experiments on viral poly-
merase replica  on ac  vity, and we have successfully 
observed poliovirus and dengue polymerases repli-
ca  on. We have further tested the resolu  on of our 
assay, and show that we can measure steps down to 
~0.3 nm. We are now collec  ng preliminary results 
for grant applica  ons. 
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Dr. Dulin

Invited lectures
FASEB science research conference, June 2017, Saxtons River, Vermont, USA, Mechanism and Regula  on of Prokaryo  c Transcrip-
 on

SFB960-Symposium, October 2017, Regensburg, The Biology of RNA-Protein Complexes

Publica  ons during funding period
Kriegel F, Ermann N, Forbes R, Dulin D, Dekker NH, Lipfert J (2017) Probing the salt dependence of the torsional s  ff ness of DNA by 
mul  plexed magne  c torque tweezers. Nucl. Acids Res. 45 (10): 5920-5929
Dulin D, Arnold JJ, van Laar T, Oh H-S, Lee C, Harki DA, Depken M, Cameron CE, and Dekker NH (2017) Signatures of Nucleo  de 
Analogue Incorpora  on by an RNA-Dependent RNA Polymerase Revealed Using High-Throughput Magne  c Tweezers. Cell Reports 
21 (4): 1063-1076

(A) Magne  c tweezers set up. (B) Schema  c descrip  on of the magne  c tweezers in (A). (C) Traces of individual poliovirus polymerase 
from a single experiment. (D) Same as in (C) with Dengue polymerase. (E) 0.3 nm steps detected using high-resolu  on magne  c tweezers.

Contact:
Dr. Dulin
phone: +49 9131 85 40115
e-mail: david.dulin@uk-erlangen.de
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Junior Projects

 Immunology and Infec  on

Project 
No. Project  tle Term Applicant Ins  tute

J45 Modula  on of PRC2 ac  vity by HCMV IE2 01.01.2015- 
30.06.2018 Dr. Reuter Ins  tute of Clinical and 

Molecular Virology

J50 Analysis of the role of IL-9 in the induc  on of 
Coli  s-associated cancer (CAC)

16.10.2015- 
15.04.2018 Dr. Gerlach Department of Medicine 1

J56 Epigenec reprogramming of macrophages 01.01.2017-
30.06.2019

Dr. Palumbo-
Zerr Department of Medicine 3

J57 Herpesviruses and DUX4 01.01.2017-
30.06.2019 Dr. Full Ins  tute of Clinical and 

Molecular Virology

J62 Mechanisms of neutrophil infi ltra  on in rheuma-
toid arthri  s

01.08.2017- 
31.01.2020 Dr. Klingberg Department of Medicine 3

J63 IL-3 in infl ammatory bowel disease 01.12.2017- 
31.05.2020 Dr. Zundler Department of Medicine 1

 Oncology

Project 
No. Project  tle Term Applicant Ins  tute

J54 Analysis of alterna  ve mechanisms of 
tumor rejec  on

01.11.2015 - 
30.04.2018 Dr. Lehmann Department of Dermatology

J55
The role of microRNA-188-5p dysregula  on in 
hepato-cellular carcinoma development and 
progression

01.01.2016 - 
30.06.2018 Dr. Dr. Dietrich Ins  tute of Biochemistry

J58 Counterac  ng Wnt signaling 01.09.2016-
28.02.2019 Dr. Bernkopf Chair of Experimental 

Medicine II

J59 Immunotoxin induced an  -tumor immunity 01.07.2018- 
31.12.2019 Dr. Müller Department of Medicine 5

J67 Metabolic reprogramming of AML MDSCs 01.01.2018- 
30.06.2020 Dr. Dr. Jitschin Department of Medicine 5

J68 Role of GATA4 in Intes  nal Infl amma  on & 
Cancer

01.10.2017- 
31.03.2020 Dr. Patankar Department of Medicine 1

 Neurosciences

Project 
No. Project  tle Term Applicant Ins  tute

J46 The role of zinc fi nger protein Zfp276 in glial 
development of the mouse nervous system

01.04.2015- 
30.09.2017 Dr. Küspert Ins  tute of Biochemistry

J51 Infl ammatory signature in Parkinson’s disease 01.10.2015- 
31.03.2019 Dr. Marxreiter Department of Molecular 

Neurology

J52
Modeling cor  cal dysfunc  on of SPG11 spas  c 
paraplegia using pa  ent-derived pluripotent 
stem cells

01.11.2015- 
31.10.2018

Dr.  
Regensburger Department of Neurology
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 Molecular Medicine

Project 
No. Project  tle Term Applicant Ins  tute

J48 PPARβ/δ in the crosstalk of bone and glucose 
metabolism

01.01.2015- 
30.06.2017 Dr. Scholtysek Department of Medicine 3 

J60 The role of Hck/Lyn in Vesicles secre  on 01.10.2016- 
30.04.2018 Dr. Lee Department of Dermatology

 Renal and Vascular Research

Project 
No. Project  tle Term Applicant Ins  tute

J47 Post-transcrip  onal regula  on by Hoxa9 01.03.2015- 
31.08.2017 Dr. Bach Department of Medicine 5

J64 Nephroprotec  on by HIF-hydroxylase inhibitors 01.10.2017- 
31.03.2020 Dr. Grampp Department of Medicine 4

J65 T-System Regula  on by Glucocor  coids 01.11.2017- 
30.04.2020 Dr. Seidel Ins  tute of Cellular and 

Molecular Physiology

 Other methodologically oriented projects, informa  cs, sta  s  cs

Project 
No. Project  tle Term Applicant Ins  tute

J49 Extending sta  s  cal boos  ng algorithms 
for biomedical research

01.04.2015- 
30.09.2017 Dr. Mayr

Department of Medical 
Informa  cs, Biometry and 
Epidemiology

J61 Extending joint models in biomedical outcomes 01.01.2017-
30.06.2019 Dr. Waldmann

Department of Medical 
Informa  cs, Biometry and 
Epidemiology

Project 
No. Project  tle Term Applicant Ins  tute

J53 Diff usion tensor imaging of the visual pathway in 
pseudoexfolia  on glaucoma

03.08.2015- 
02.02.2018 Dr. Schmidt Department of 

Neuroradiology

J66 ß subunits: adding pieces to the puzzle of pain 01.01.2018- 
30.06.2020 Dr. Eberhardt Department of Anaesthe-

siology
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J45 - Progress Report
01.01.2015 - 30.06.2018        Immunology and Infection

Modula  on of PRC2 ac  vity by HCMV IE2

Dr. Nina Reuter, Ins  tute of Clinical and Molecular Virology

Chroma  n-based modifi ca  ons of herpesviral genomes play a crucial role in dicta  ng the outcome of infec-
 on. Host cell mul  protein complexes like PML bodies or the Polycomb repressive complex 2 (PRC2) have 

been iden  fi ed as regulators of viral gene expression on the epigene  c level. This proposal aims at inves  -
ga  ng the role of PRC1/2 for HCMV infec  on as well as elucida  ng the mechanisms HCMV has evolved to 
modulate PRC1/2 func  on for its own benefi t.

Role of PRC1/2 during ly  c HCMV replica  on
To address the relevance of PRC1/2 ac  vity for the 
produc  ve life cycle of HCMV, we dissected the le-
vels of PRC1/2 core components following HCMV 
infec  on. This revealed an HCMV-induced upregula-
 on of the major PRC1/2 factors on the mRNA as well 

as protein level. By immunofl uorescence staining, 
we found that all major PRC1/2 components, which 
are normally evenly distributed throughout the nu-
cleus, relocalize into viral replica  on compartments 
as infec  on progresses. Interes  ngly, however, 
the repressive histone marks ins  tuted by PRC1/2 
turned out to be specifi cally excluded from these si-
tes sugges  ng a diff eren  al role of both complexes 
independent of their repressor ac  vity. This assump-
 on is further supported by recent fi ndings from li-

terature showing a novel func  on of PRC1/2 in the 
regula  on of DNA replica  on and the DNA damage 
response. Intriguingly, both of these cellular proces-
ses are known to be required for an effi  cient HCMV 
replica  on. In accordance with this, we observed a 
clearly impaired virus replica  on upon deple  on of 

individual PRC1/2 core factors by shRNAs. Especially 
viral late gene expression, which is dependent on 
an effi  cient viral genome amplifi ca  on, turned out 
to be nega  vely aff ected by the loss of PRC1/2 com-
ponents. Indeed, by qPCR we could fi nally confi rm 
a diminished viral DNA synthesis in the absence of 
PRC1/2 core factors indica  ng a requirement of po-
lycomb group (PcG) proteins for an effi  cient HCMV 
DNA replica  on.

Analysis of the regula  on of PRC1/2 ac  vity by the 
HCMV eff ector protein IE2p86 (IE2)

By yeast two-hybrid screening and co-immunopreci-
pita  on analysis, we discovered an interac  on bet-
ween the HCMV transac  vator protein IE2 and the 
PcG protein EED, which is a shared component of 
both complexes, PRC1 and 2. This IE2-EED interac-
 on could also be confi rmed in the context of HCMV 

infec  on which further underlines the in vivo rele-
vance of this fi nding. By immunofl uorescence ana-
lysis, we could show that IE2 colocalizes with EED 
and all other PcG factors in viral replica  on centers 

PRC1/2 core factors are required for 
an effi  cient HCMV replica  on. A) Ve-
rifi ca  on of an effi  cient shRNA-me-
diated knockdown of individual PcG 
proteins. B) GFP-based assay of PcG 
protein-knockdown and control HFF 
cells infected with HCMV-GFP.
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(VRCs). This suggests that PRC1/2 are ac  vely rec-
ruited into VRCs by the viral IE2 protein. To further 
elucidate the role of IE2 as a regulator of PRC1/2 
ac  vity, we generated recombinant viruses lacking 
the EED interac  on interface within IE2. Mul  -step 
growth curve analysis revealed a severe growth de-
fect of the EED interac  on-defi cient IE2 mutants in 
comparison to wildtype (wt) HCMV. In accordance 
with our hypothesis, we observed an impaired intra-
cellular accumula  on of newly synthesized viral DNA 
in case of the mutant viruses which resulted from an 
incomplete relocaliza  on of PcG proteins into VRCs 
when compared to wt HCMV. In summary, we iden  -

Dr. Reuter

IE2 redirects PRC1/2 into VRCs for an effi  cient viral genome amplifi ca  on. A) Impaired viral DNA synthesis and B) ineffi  cient PcG protein 
recruitment into VRCs of EED binding-defi cient IE2 mutant viruses in comparison to wt HCMV.

fi ed a novel interac  on between IE2 and EED, which 
contributes to the recruitment of PcG proteins into 
VRCs for effi  cient viral DNA replica  on.

Contact:
Dr. Reuter
phone: +49 9131 85 22017
e-mail: nina.reuter@viro.med.uni-erlangen.de
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The role of zinc fi nger protein Zfp276 in glial development 
of the mouse nervous system

Dr. Melanie Küspert, Ins  tute of Biochemistry

The transcrip  on factor Zfp276 was recently iden  fi ed as a candidate target of Sox10 during myelina  on. 
Induced Zfp276 expression in oligodendrocytes and Schwann cells during the onset of myelina  on argued 
for a regulatory role during this process. Direct regula  on of Zfp276 by Sox10 now could be proven in vitro 
and in vivo. Analyses on Zfp276 func  on revealed reduced oligodendroglial diff eren  a  on a  er deple  on 
of Zfp276 and increased diff eren  a  on upon precocious Zfp276 expression in oligodendrocyte precursors.

Background
Myelina  on is a highly regulated process during de-
velopment of vertebrate PNS and CNS. The transcrip-
 on factor Sox10 is a key regulator of Schwann cell 

and oligodendrocyte diff eren  a  on and its dele  on 
leads to complete failure of myelina  on in the PNS 
and severe hypomyelina  on in the CNS in mice. Ad-
di  onally, several Sox10 muta  ons are described 
that lead to hypomyelina  ng condi  ons in human 
pa  ents. Sox10 func  ons both, via direct ac  va  on 
of myelin gene regulatory elements and induc  on 
of other transcrip  onal ac  vators of myelina  on. In 
the PNS several transcrip  on factors were iden  fi ed, 
which are both direct targets of Sox10 and transcrip-

 onal regulators of myelina  on and which o  en act 
synergis  cally with Sox10 on shared target genes. In 
contrast, downstream targets of Sox10 that medi-
ate its func  on on myelin gene expression are large-
ly unknown for the CNS. Recent transcriptome and 
ChIP-Seq data iden  fi ed the poorly characterized 
zinc fi nger protein Zfp276 as a poten  al new target 
of Sox10 during myelina  on.

(A, B) ISH was performed on spinal cord sec  ons of control (wt) and condi  onal Zfp276 knockout (Zfp276cko) mice at P7. An  sense 
probes for Plp and Mbp mRNA were used. (C) qRT PCR was performed on total mRNA from op  c nerve  ssue of the same mice.
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Dr. Küspert

Rat primary oligodendroglia were transduced with GFP-ex-
pressing (ctrl) and Zfp276/GFP co-expressing (Zfp276) ret-
roviruses and diff eren  ated in vitro for 3 (3ddiff ) or 6 days 
(6ddiff ) prior to IHC for Sox10 and O4 or Sox10 and Mbp. 

Zfp276 is diff eren  ally expressed in myelina  ng glia 
and regulated by Sox10 in a dose-dependent man-
ner
Using qRT PCR, in situ hybridiza  on and immunohis-
tochemistry induc  on of Zfp276 mRNA and protein 
in newly diff eren  ated myelina  ng Schwann cells 
and oligodendrocytes was detected in vivo. The 
spa  o-temporal expression pa  ern of Zfp276 only 
in myelina  ng glial cells but not in non-myelina  ng 
glial cells of the dorsal root ganglion argued for a 
poten  al role in the regula  on of early myelina  on 

events. As implicated by Sox10-ChIP-Seq data and 
by coexpression of both transcrip  on factors a di-
rect eff ector-target-rela  onship between Sox10 and 
Zfp276 could be proven as in early murine postnatal 
spinal cord devoid of Sox10 Zfp276 expression was 
strongly reduced. Based on Sox10-binding regions 
from ChIP-Seq experiments and on evolu  onary 
conserva  on an intronic enhancer of Zfp276 was 
iden  fi ed and its dependence on Sox10 was ana-
lyzed. Both, overexpression and knockdown expe-
riments for Sox10 demonstrated a dose-dependent 
change of enhancer ac  vity. 

Expression of early and late myelin genes is regula-
ted by Zfp276 in oligodendroglial cells
To decipher the role of Zfp276 during glial diff eren  -
a  on oligodendroglial cells were subjected to Zfp276 
knockdown in vitro and condi  onal Zfp276 knockout 
mice in which Zfp276 was deleted in Sox10-expres-
sing cells were analyzed in early postnatal stages. 
Both, the expression of the myelin gene regulatory 
factor Myrf, as well as the expression of early and 
late myelin genes were signifi cantly reduced upon 
Zfp276 deple  on. Consistently, precocious retrovi-
ral expression of Zfp276 already in oligodendrocyte 
precursors led to increased numbers of immature 
and mature oligodendrocytes compared to control-
transduced cells. Future experiments will have to 
elucidate the mechanism by which Zfp276 exerts its 
func  on during oligodendrocyte diff eren  a  on.

Contact:
Dr. Küspert
phone: +49 9131 85 24638
e-mail: melanie.kuespert@fau.de
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Post-transcrip  onal regula  on by Hoxa9

Dr. Chris  an Bach, Department of Medicine 5 – Haematology and Oncology

The oncogene Hoxa9 contributes to post-transcrip  onal regula  on by interac  on with the RNA export and 
protein synthesis regulator eIF4e. To date, target genes of this interac  on have not been iden  fi ed. There-
fore, this project aims to iden  fy post-transcrip  onal targets of Hoxa9 and eIF4e by RNA immunoprecipita-
 on. Moreover, analyses of altered RNA-export will be performed as func  onal valida  on. In summary, this 

study will help to clarify the contribu  on of Hoxa9 to leukemogenesis and provide a solid basis to uncover 
novel therapeu  cally relevant targets.

Hoxa9/eIF4e interac  on
The Hoxa9 transcrip  on factor is an oncogene 
frequently upregulated in pediatric and adult acute 
leukemias. Recently, the interac  on of Hoxa9 with 
the post-transcrip  onal regulator eIF4e was shown 
to ac  vate post-transcrip  onal regula  on of several 
known oncogenes like CyclinD1, c-Myc, and others in 
leukemia cell lines. Therefore, our aim is to uncover 
the impact of the Hoxa9-eIF4e interac  on on 
leukemogenesis and regula  on of poten  al target 
genes both in vitro and in vivo. We demonstrated 
that a Hoxa9 variant carrying two point muta  ons 
(Hoxa9YL) within its eIF4e interac  on mo  f is 
incapable of eIF4e interac  on and had severely 
impaired serial repla  ng capacity in vitro. This 
indicated that eIF4e interac  on is a key mediator of 
the oncogenic ac  vity of Hoxa9.

Hoxa9/eIF4e interac  on is cri  cal for the develop-
ment of full penetrance/low latency AML in vivo
In order to test the leukemogenicity of Hoxa9YL and 
to generate leukemia cell lines for further analysis 
we retrovirally transduced murine hematopoie-
 c progenitor cells with both wildtype Hoxa9 (Ho-

xa9wt) and Hoxa9YL together with the co-factor 
Meis1. A  er transplanta  on into syngenic mice we 
compared overall survival between both groups. 
Hoxa9YL as well as Hoxa9wt transduced cells gave 
rise to overt AML with a similar phenotype. Disease 
latency of Hoxa9YL leukemias, however, was signi-
fi cantly prolonged compared to Hoxa9wt leukemi-
as (median disease onset ~190 days vs. ~90 days), 
concomitant with a reduced disease penetrance for 
Hoxa9YL (80% vs 100%) despite the persistence of 

non-malignant Hoxa9YL transduced cells in the bone 
marrow for more than 400 days post transplanta  -
on. Importantly, we observed a considerably more 
pronounced eff ect on latency (median disease on-
set ~50 days vs. ~150 days) and penetrance (40% 
vs 100%) a  er re-transplanta  on of leukemic bone 
marrow from diseased mice into healthy secondary 
recipients. These fi ndings indicate a persistent cell 
intrinsic reduc  on of leukemogenicity conferred by 
the disrup  on of the Hoxa9/eIF4e interac  on.

Schema  c overview of the hypothesis for leukemia induc  on by 
the Hoxa9/eIF4e interac  on. Normal (A) eIF4e mediated post-
transcrip  onal cell cycle regula  on becomes hyperac  vated upon 
Hoxa9 overexpression (B) resul  ng in enhanced prolifera  on and 

eventually leukemia.
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Dr. Bach

Hoxa9/eIF4e interac  on promotes nuclear export of Mcl-1. (A) 
mRNA distribu  on (top) and total mRNA level (bo  om) of Mcl-1 
and GAPDH (neg. control) in K562 cells transduced with GFP (neg. 
control), Hoxa9wt and Hoxa9YL. (B) Western Blot for Mcl-1 and 

control proteins in transduced K562 cells.

Hoxa9/eIF4e interac  on promotes nuclear export of 
eIF4e targets
We performed DNA binding, microarray and RNA 
export analyses in ‘primary’ leukemia cell lines iso-
lated from diseased mice to elucidate the mecha-
nisms by which Hoxa9/eIF4e interac  on exacerbates 
leukemogenesis. Importantly, neither DNA binding 
nor steady-state mRNA levels were altered by intro-
duc  on of the YL muta  on. However, transduc  on 
of K562 cells (without endogenous Hoxa9 expres-
sion) with Hoxa9wt and Hoxa9YL lead to an increase 
in the cytoplasma  c to nuclear ra  o of Mcl-1 mRNA 
(a known eIF4e target). This is consistent with the 
Hoxa9/eIF4e interac  on posi  vely aff ec  ng nuclear 
mRNA export and resulted in increased Mcl1 protein 
expression in Hoxa9wt transduced cells. Currently, 
we are performing the transcriptome-wide analysis 
of Hoxa9/eIF4e mRNA targets by nuclear RNA immu-
noprecipita  on in order to iden  fy novel poten  al 
therapeu  c candidates.

Contact:
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PPARβ/δ in the crosstalk of bone and glucose metabolism

Dr. Carina Scholtysek, Department of Medicine 3 – Rheumatology and Immunology

Peroxisome proliferator-ac  vated receptors (PPARs) are metabolic key-checkpoints regula  ng cellular de-
velopment and metabolism. Since PPARβ/δ expression in osteoblasts could poten  ally contribute to bene-
fi cial eff ects on energy and bone metabolism we seek to evaluate the func  on of this nuclear receptor as a 
regulator of osteoblast metabolism and uncover the specifi c role of PPARβ/δ in osteoblasts during regular 
bone turnover and systemic energy homeostasis.

PPARβ/δ controls osteogenic diff eren  a  on and me-
tabolism
During the last years, we have focused on common 
factors involved in the regula  on of immune, bone 
and energy homeostasis. Special a  en  on was given 
to the role of lipid mediators and nuclear receptors 
(NRs) in the crosstalk between these systems. Re-
cently published work of our laboratory iden  fi ed 
PPARβ/δ as an anabolic regulator of bone turnover. 
Since its family member PPARɣ acts as 
key regulator during diff eren  a  on of 
mesenchymal stem cells (MSCs) into adi-
pocytes, we subsequently inves  gated a 
possible role for PPARβ/δ during diff e-
ren  a  on of MSCs into the osteoblast li-
neage. Immunofl uorescence staining of 
PPARβ/δ during MSCs diff eren  a  on im-
plicated a prominent nuclear expression 
of PPARβ/δ in wild-type MSCs during os-
teogenic diff eren  a  on. Mineralisa  on 
assays revealed exacerbated diff eren  a-
 on and bone mineralisa  on in PPARβ/
δ-defi cient MSCs in vitro. Accumula  ve 
evidence showed that altered metabolic 
processes have been implicated to aff ect 
cellular diff eren  a  on. To study the po-
ten  al role of PPARβ/δ in the control of 
osteoblast metabolism, we applied OCR 
and ECAR measurements with Seahorse 
Cellular Flux Assays to compare metabo-
lic profi les between PPARβ/δ wild-type 
and PPARβ/δ-defi cient osteoblasts. The 

results indicate that PPARβ/δ-defi cient osteoblasts 
use glycolysis as the preferen  al metabolic pathway 
to meet the energy demands upon diff eren  a  on 
instead of oxida  ve phosphoryla  on as present in 
wildtype osteoblasts. These data highlight PPARβ/δ 
as a metabolic checkpoint during osteoblastogene-
sis and could represent a general mechanism for 
PPARβ/δ contribu  ng to the wide-ranging func  ons 
of energy and bone metabolism.

(A) Immunofl uorescence staining of PPARβ/δ +/+ and PPARβ/δ -/- MSCs a  er 7 days 
of osteogenic diff eren  a  on. (B) Increased mineralisa  on in PPARβ/δ-/- MSCs. (C) 
Decreased oxida  ve phopsphoryla  on and increased glycolysis (D) in PPARβ/δ -/- 
MSCs.
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Dr. Scholtysek

Dele  on of PPARβ/δ in osteoblasts results in decre-
ased bone mass and impaired insulin sensi  vity in 
vivo
We have recently shown that PPARβ/δ-defi cient 
mice display a decreased bone mass. Since our 
data showed a key role of this nuclear receptor in 
osteoblast diff eren  a  on we seek to determine 
whether expression of this nuclear receptor in os-
teoblasts and osteoblast precursor cells is respon-
sible for this osteopenic phenotype. Therefore we 
generated mice carrying a condi  onal dele  on of 
PPARβ/δ in osteoblasts by crossing mice carrying a 
“fl oxed” PPARβ/δ allele with mice expressing the Cre 
recombinase under the Runx2 promoter.  Micro-CT 
(μCT) measurement of  bial and vertebral bones re-
vealed an osteopenic phenotype with signifi cantly 
decreased bone volume and reduced bone mineral 
density in PPARβ/δ condi  onal Runx2 Cre knockout 
mice (PpardRunx2-cKO) compared to their wild-

Dele  on of PPARβ/δ in osteoblasts results in decreased bone volume (BV/TV) and bone mineral 
density (BMD) in  bial (A) and vertebral (B) bone. Plasma glucose levels during insulin tolerance 
tests (C) in mice fed a standard chow and a high-fat chow.

type li  ermates (Ppardfl ox/+). These data confi rm a 
crucial role for PPARβ/δ in osteoblasts during bone 
homeostasis. To determine a poten  al role of skele-
tal PPARβ/δ during the regula  on of glucose homeo-
stasis, mice received either a standard chow (SC) or a 
high fat chow (HFC) for 8 weeks. A  erwards, we per-
formed insulin tolerance tests (ITT). A  er a HFC, but 
not under a SC diet, dele  on of PPARβ/δ in osteo-
blasts resulted in impaired insulin sensi  vity. These 
data suggest an important role of skeletal PPARβ/δ 
in the regula  on of systemic glucose metabolism.

Contact:
Dr. Scholtysek (Scherbel)
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Extending sta  s  cal boos  ng algorithms for 
biomedical research

Dr. Andreas Mayr, Department of Medical Informa  cs, Biometry and Epidemiology

This project focuses on sta  s  cal boos  ng algorithms, par  cularly for model classes that go beyond the 
classical regression of the mean. These computa  onal learning algorithms are very fl exible and allow to 
es  mate and select predictor eff ects in sta  s  cal models. The aim is to further extend these algorithms and 
to analyse their proper  es for specifi c regression se   ngs that are relevant for medical research.

Promo  ng the usage of sta  s  cal boos  ng
Although providing mul  ple advantages like auto-
mated variable selec  on and robustness in high-
dimensional data, the applica  on of sta  s  cal boos-
 ng algorithms is s  ll somehow limited to groups 

with biosta  s  cal background or competence in 
machine learning. To foster the usage of these type 
of algorithms we published two tutorial ar  cles and 
one review ar  cle providing insights in the usage of 
the available so  ware as well as illustra  ve step-by-
step analyses of biomedical research ques  ons. Ad-
di  onally, we developed a specifi c so  ware focusing 
on beta regression models for health-related quality 
of life outcomes providing a more user-friendly in-

terface. In an addi  onal research ar  cle, we further 
analysed the similari  es of predic  on models resul-
 ng from boos  ng and models from more popular 

regularized regression methods.

Extending the algorithm
The variable selec  on proper  es of boos  ng are 
controlled by the number of itera  ons the algorithm 
carries out, which is typically determined via resam-
pling procedures.  We proposed a new method 
based on permutated shadow variables that allows 
stopping the algorithm directly without fi   ng vari-
ous models. Furthermore, we adapted the boos  ng 
algorithm for distribu  onal regression so it can be 
applied in combina  on with stability selec  on, lea-
ding to sparser models. Therefore, we changed the 
update procedure in order to let the algorithm de-
cide for which dimension of the model the update 
serves best to op  mize the overall likelihood. In an 
approach to assess measurement errors, we deve-
loped a permuta  on procedure to construct signifi -
cance tests for systema  c bias and random errors of 
clinical devices.

Boos  ng new model classes

In many clinical studies, survival  mes are measured 
alongside longitudinal markers. From a methodolo-
gical perspec  ve, it is favourable to model these two 
outcomes jointly in order to avoid biased results. We 
proposed a boos  ng algorithm for this type of joint 
models, allowing for the fi rst  me to es  mate them 
in the presence of high-dimensional data while si-
multaneously incorpora  ng variable selec  on. The 
methodological development was accompanied by 
an illustra  ve applica  on on a cys  c fi brosis regis-
try. In a second project, we focused on the construc-

3D plot represen  ng the log-likelihood as global loss func  on for 
diff erent poten  al combina  ons of coeffi  cients for two diff erent 
predictors. The dark line represents the ini  aliza  on of the algo-
rithm and aff ects the steepness of early updates.
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 on formula for small for gesta  onal age (SGA) fetuses. Journal of Ultrasound in Medicine 35: 1713-1724

 on of biomarkers for survival data. We proposed a 
boos  ng algorithm based on the concordance index, 
therefore eff ec  vely avoiding the restric  ve assump-
 ons of the popular Cox procedure and combined it 

with stability selec  on. We illustrated the advanta-
ges of our new approach in an applica  on to es  -
mate biomarkers for the metastases-free survival of 
breast cancer pa  ents. Currently, we are working on 
extending the framework of distribu  onal regres-
sion to mul  variate distribu  ons, providing an algo-
rithm to es  mate the joint condi  onal distribu  on 
of mul  ple clinical endpoints as well as on mixtu-
res of distribu  ons from pathological and healthy 
pa  ents.
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Reference intervals for blood levels of children, es  mated on a 
sample with unlabelled pathological and healthy observa  on 
based on mixture distribu  ons.
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Th9 cells producing IL-9 are induced in coli  s-asso-
ciated cancer
A poten  al relevance for Th9 cells in CAC was high-
lighted by our fi nding that IL-9-expressing T cells are 
present in coli  s-associated neoplasia. We proposed 
that IL-9 is important for CAC development and ana-
lysed which cell type produces the highest levels of 
IL-9 in CAC tumors. For that we took advantage of 
IL-9citrine reporter mice out of which we isolated 
LPMCs from AOM/DSS tumors and measured the 
expression of IL-9 in diff erent cell popula  ons using 
fl ow cytometry. We no  ced that mainly CD4+ cells 
were induced to produce high amounts of IL-9 in 

Analysis of the role of IL-9 in the induc  on of Coli  s-
associated cancer (CAC)

Dr. Katharina Gerlach, Department of Medicine 1 – Gastroenterology, Pneumology and Endocrinology

Infl ammatory bowel disease (IBD) is linked to an increased risk for developing coli  s-associated cancer 
(CAC). Here, we uncovered a signifi cant expansion of IL-9-expressing PU.1+ T cells in CAC. Defi ciency of IL-9 
led to less tumor growth in the AOM/DSS model. Func  onally, high IL-9 levels maintained IL-9 receptor 
upregula  on on epithelial cells increasing SOCS-3 levels and reducing prolifera  on of these cells. Thus our 
fi ndings highlight a pivotal role for IL-9 in the establishment of CAC.

J50 - Progress Report
16.10.2015 - 15.04.2018        Immunology and Infection

CAC sugges  ng that these cells were Th9 cells. As 
Th9 cells can also convert from Th2 cells we next 
analysed LPMCs from AOM/DSS treated wildtype 
mice for the expression of the Th2 cell transcrip-
 on factor GATA3 and the Th9 cell transcrip  on fac-

tor PU.1. We found more GATA3+ T cells compared 
to PU.1+ cells in the control  ssue of wildtype mice. 
However, in tumor  ssue Th9 cells were signifi cantly 
upregulated in contrast to control  ssue and levels 
even exceeded Th2 cells in the tumor. These data 
illustrate that Th9 cells are poten  ally the crucial 
T helper cell subset for the maintenance of coli  s-
associated tumors.

(A) Immunofl uorescent analysis demonstrated an induc  on of mucosal IL-9 expressing T cells in CAC (B) FACS analysis of tumor  ssue 
from CitrineIL-9 reporter showed highest IL-9 expression in CD4+ T cells. (C) In contrast to GATA3+ T cells PU.1+ T cells dominate in the 
tumor  ssue of AOM/DSS treated WT mice.
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IL-9 regulates IL-9 receptor expression and controls 
prolifera  on in coli  s-associated cancer

To inves  gate specifi c target cells for the proin-
fl ammatory cytokine IL-9 in CAC we checked which 
cells express the IL-9 receptor. When we performed 
FACS analysis we found that the IL-9 receptor is 
mainly expressed on epithelial cells of tumor  ssue. 
For in vitro studies we created organoids as a model 
for epithelial cell structures and treated them with 
recombinant IL-9. Staining by immunofl uorescence 
for the IL-9 receptor and subsequent confocal ana-
lysis of the organoids revealed that the proinfl am-
matory cytokine was able to upregulate IL-9 recep-
tor expression on epithelial cells sugges  ng that 
these cells were target cells for IL-9. In a next set of 
experiments, we analysed the infl uence of IL-9 on 
epithelial cell prolifera  on during CAC development. 
Therefore we inves  gated organoids s  mulated with 
recombinant IL-9 by fl ow cytometry for the prolife-

ra  on marker Ki67. Here we found a decreased pro-
lifera  on rate of epithelial cells when IL-9 was pre-
sent sugges  ng an an  -prolifera  ve eff ect of IL-9 on 
epithelial cells. In a next step we looked at signaling 
components in epithelial cells during CAC develop-
ment. We found that the STAT3 inhibitor SOCS3 was 
signifi cantly upregulated in the epithelial cells of 
tumor  ssue when high levels of IL-9 were present.  
In accordance with the higher SOCS3 expression we 
found a signifi cantly lower number of pSTAT3+ cells 
in epithelial cells. These fi ndings propose that IL-9 
controls prolifera  on in CAC through SOCS3 and 
pSTAT3 regula  on.
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(A) IL-9 receptor is mainly expressed on epithelial cells of tumor  ssue. (B) IL-9 led to the 
induc  on of IL-9 receptor expression on epithelial cells. (C) In vitro IL-9 was able to down-
regulate prolifera  on. (D) FACS analysis of organoids incubated with IL-9 led to increased 
SOCS-3 and decreased pSTAT3 expression.
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Infl ammatory signature in Parkinson´s disease

Dr. Franz Marxreiter, Department of Molecular Neurology

We aimed to evaluate, whether altered gut microbi-
ota may play a role in early pathological processes in 
PD. Thus, we hypothesized that, the gastrointes  nal 
microbiome is altered already at early disease stages 
in the course of PD, and remains altered during the 
course of the disease. 

Between Nov 2016 and Nov 2017 we enrolled 150 
par  cipants in this observa  onal study. In PD pa  -
ents, motor performance was measured using the 
Unifi ed Parkinson’s Disease Ra  ng Scale (UPDRS) 
and disease stage was measured using the modifi ed 
Hoehn & Yahr scale (H&Y). Severity of non-motor 
symptoms was assessed using the Non-Motor Sym-
ptoms Scale (NMS). The degree of cons  pa  on was 
addi  onally assessed using the Wexner cons  pa  on 
score. 

Altered gut microbiota may contribute to, or trigger the pathologic processes in the enteric nervous system 
in Parkinson’s disease (PD), causing a proinfl ammatory environment in the enteric nervous system. In re-
cent years, several neurological diseases have been linked to altered gut microbiota (i.e. mul  ple sclerosis), 
however with diff erent bacterial genus and/or families being altered in diff erent study cohorts. In PD, one 
study reported altered abundance of a number of bacterial families in a fi nnish cohort. To further evaluate 
the role of gut microbiota in PD we focused the second part of this project on altera  ons of the gastrointes-
 nal microbiome in diff erent disease stages. 

J51 - Progress Report
01.10.2015 - 31.03.2019       Neurosciences

The par  cipants collected the fecal samples at home 
in a DNA stabilizing solu  on (Stool Collec  on Tubes 
with Stool DNA Stabilizer; Stratec®, Stratec Molecu-
lar, Berlin, Germany). Par  cipants had to return the 
collec  on tubes within 3 days a  er collec  on. Total 
DNA was extracted from the samples. A  erwards 
polymerase chain reac  on amplifi ca  on and pyro-
sequencing the V3 and V4 regions of the bacterial 
16S ribosomal RNA gene was performed and used 
for taxonomic assignment. 

So far, we have analyzed the microbiome of 71 PD 
pa  ents (mean age: 66+10.6; 44% females) and 14 
controls (mean age: 64.9+7.0; 36% females) in close 
collabora  on with the group of Prof. Dr. Markus 
Neurath and PD Dr Stefan Wirtz (Medicine 1, Uni-
versity Hospital Erlangen). Our preliminary results 

Abundances of Citrobacter and Lactobacillus are signifi -
cantly altered between PD disease stages and controls 
(Citrobacter p= 0.00041294, Lactobacillus p= 0.0010838); H+Y= Hoehn and 
Yahr stage
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indicate, that there is no change in alpha- or beta- 
diversity between controls and diff erent PD disease 
stages. Abundances of individual bacterial families, 
especially Lactobacillaceae, Su  erellaceae, and En-
terobacteraiceace, however diff er between disease 
stages and controls, and may be par  cularly altered 
at higher disease stages, only. On the genus level, 
abundances of Citrobacter and Lactobacillus were si-
gnifi cantly altered, also par  cularly at higher disease 
stages. This indicates that some bacterial families 
may be altered at early disease stages already, whe-
reas others may be altered in par  cular at higher 
disease stages. This suggests, that increased abun-
dances of specifi c bacterial families may contribute 
to the pathologc processes early in the course of PD 
while altera  ons in other bacterial families may be 

Abundances of Su  erellaceae (p= 0.015532), Enterobacteriaceae (p= 0.047262), and Lactobacillaceae (p= 0.0010838) diff er between PD 
disease stages and controls; H+Y= Hoehn and Yahr stage

a result of PD and PD related non-motor symptoms 
like cons  pa  on since they are only altered at later 
disease stages.

During the fi nal part of the funding period, we will 
enroll more control subjects. Therea  er, a more de-
tailed sta  s  cal analysis will be performed, correc-
 ng for relevant confounders in order to strengthen 

the preliminary results presented here. 
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Background
The aim of my project is to characterize neurodege-
nera  on using neural stem cell based models. Swi-
prosin-1/E  d2 (E  d2) is highly expressed in the CNS 
during development and in the adult. EFHD2 is regu-
lated by Ca2+ binding, stabilizes F-ac  n and promotes 
neurite extension. Previous studies indicated a dys-
regula  on of EFHD2 in human Alzheimer’s disease 
brains on the protein level. 
Impaired neurogenesis in E  d2–/–

We hypothesized a detrimental eff ect of gene  c 
abla  on of E  d2 on hippocampal integrity and spe-
cifi cally inves  gated adult hippocampal neurogene-
sis. To this end, the hippocampus of adult E  d2–/– / 
LacZ knock-in mice was analyzed. This mouse mo-

Modeling cor  cal dysfunc  on of SPG11 spas  c paraplegia 
using pa  ent-derived pluripotent stem cells

Dr. Mar  n Regensburger, Department of Neurology

E  d2 is highly expressed in the adult hippocampal neurogenic niche and has been implicated in neurode-
genera  ve diseases. We observed a severe reduc  on of the survival of adult newborn neurons in E  d2 
knockouts. Dendrite morphology of newborn neurons was compromised in full E  d2 knockouts, but not 
upon cell autonomous E  d2 dele  on. These data connect E  d2 to impaired synap  c plas  city and iden  fy 
a role of E  d2 in neuronal survival and synap  c integra  on in the adult hippocampus.

J52 - Progress Report
01.11.2015 - 31.10.2018       Neurosciences

del was previously generated in the group of PD Dr. 
Dirk Mielenz. E  d2 was expressed throughout adult 
neuronal development, i.e. in Sox2-posi  ve neural 
stem cells of the dentate gyrus, in doublecor  n-
posi  ve neuroblasts, and in mature NeuN-posi  ve 
neurons. Analysis of prolifera  ng cells labeled with 
the thymidine analogon EdU showed no changes in 
E  d2–/–. However, there was a marked reduc  on of 
doublecor  n-posi  ve cells involving all developmen-
tal subpopula  ons (early, intermediate and mature 
morphology). Addi  onally, the number of newborn 
neurons, as determined by the number of BrdU-/ 
NeuN double-posi  ve cells 1 month a  er labeling, 
was signifi cantly reduced in the E  d2–/– hippocam-
pus.

E  d2 knockout impairs survival of newborn neurons. A) Hippocampal E  d2 expression in E  d2–/–/lacZ knock-in mice. 
B-F) Unchanged hippocampal prolifera  on in E  d2¬–/–. G-K) Reduced number of BrdU-posi  ve cells and newborn neurons 
in E  d2¬–/–.
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Cell-extrinsic role of E  d2 on dendri  c spine forma-
 on

Next, we analyzed dendrite morphology of adult 
newborn neurons in E  d2–/– by use of a GFP-expres-
sing retrovirus. Dendrite length, dendrite complexity 
(as determined by Sholl analysis), and spine densi-
ty of newborn neurons were reduced in E  d2–/–. 
To inves  gate the cell-autonomous role of E  d2 in 
dendrite morphology, we made use of an E  d2fl /fl  

mouse model where exon 2 of E  d2 is deleted upon 
expression of Cre recombinase. Specifi c expression 
of Cre within single newborn neurons upon retro-
viral delivery did not change dendrite morphology, 
indica  ng a cell-extrinsic role of E  d2. Prompted 
by previous reports of altered levels of EFHD2 in 

Alzheimer’s disease brains, we analyzed tau patho-
logy in E  d2–/– and found markedly increased levels 
throughout the adult hippocampus.
Conclusion
These data connect E  d2 to impaired synap  c plas-
 city as present in neurodegenera  ve disease and 

iden  fy a role of E  d2 in neuronal survival and syn-
ap  c integra  on in the adult hippocampus.
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Compromised dendrite and spine morphology in E  d2–/–. A-B) Paradigm of newborn neuron labeling. C) Unchanged bran-
ching points in E  d2¬–/–. D-G) Reduced dendrite length, dendrite complexity, spines and mushroom spines of newborn 
neurons in E  d2–/–.
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In PEX-associated glaucoma, protein deposits block 
normal drainage of aqueous humor and lead to an 
elevated intraocular pressure (IOP) and subsequent-
ly to secondary glaucoma. However, this theory is 
not sa  sfying as crucial ques  ons regarding the pa-
thogenesis of PEXG are s  ll not answered and factors 
other than elevated IOP have to be considered. 

Genome-wide associa  on studies with PEX/PEXG 
pa  ents iden  fi ed common SNPs in the lysyl oxida-
se-like 1 (LOXL1) gene on chromosome 15q24.1 as 
the main gene  c risk factors of the disease. Our pre-
liminary data confi rms that the high-risk haplotype 
is frequently more common in PEXG compared to 
POAG. Since PEX is a systemic disease with micro-
fi brillar deposits accumula  ng not only in ocular 
 ssues, an aff ec  on of the intracranial part of the 

visual pathway (most of the 3rd neuron and the 4th 
neuron) is possible in PEX pa  ents who develop se-
condary glaucoma. 

One important clinical feature of PEXG is an impaired 
stereoacuity resul  ng in depth percep  on defi cits. 
We examined the stereopsis performance in PEXG 
pa  ents using a dynamic stereo test that provides a 
moving stereoscopic s  mulus on a background with 
grass texture. The visual targets consisted of four 
spheres with the same soccer ball texture. Three of 
those virtual soccer balls were located on the screen 
plane; one had an enlarged disparity and appeared 
in front of the screen plane. In this confi gura  on, the 
balls move out of the screen towards the observer 
by con  nuously enlarging only their dispari  es. The 
subject’s task was to detect the leading ball as fast 
as possible. Stereoacuity - measured in arcsec as a 
discrimina  on of two points - is impaired in PEXG 

Diff usion tensor imaging of the visual pathway in pseudoex-
folia  on glaucoma

Dr. Manuel Schmidt, Department of Neuroradiology

J53 - Progress Report
03.08.2015 - 02.02.2018       Neurosciences

Pseudoexfolia  on syndrome (PEX) is an aging-related systemic disorder of the extracellular matrix. Some 
pa  ents with PEX develop glaucoma (PEXG). There is a strong gene  c component. However, gene  c tes  ng 
is not suitable to iden  fy those with PEX at increased risk for developing secondary glaucoma. Aim of this 
project is to explore the role of injury of the central visual pathway in aff ected pa  ents with func  onal and 
structural MR-imaging.

compared to controls (322.2 vs 29.3, p=0.01). With 
dis  nct disparity cells sensi  ve to binocular dis-
parity, located in the primary visual cortex and ex-
trastriate areas represen  ng the neuronal basis of 
stereovision, injury of the central visual pathway is 
sugges  ve in PEXG. Indeed, PEXG pa  ents show ra-
refac  on of the op  c radia  on on diff usivity maps. 
We discovered markedly reduced frac  onal aniso-
tropy in the op  c radia  on (right: 0.648 vs. 0.547, 
p = 0.002; le  : 0.638 vs. 0.554, p= 0.003) of PEXG 
pa  ents sugges  ng axonal damage.

The structural imaging methods developed within 
the scope of this project have already found their 
way into other scien  fi c projects regarding neurode-
genera  ve diseases (Encephalomyeli  s disseminata, 
Parkinson’s disease). We plan to con  nue our work 
within the scope of a project funded by the Deut-
sche Forschungsgemeinscha  . In this project, we 
aim to develop and validate (ex vivo and in vivo) a 
knew MR-imaging contrast called chemical exchange 
satura  on transfer (CEST-imaging) that allows the 
presence of low-concentra  on proteins (in the range 
of μM to mM) to be imaged indirectly. CEST imaging 
could serve as an elegant method to explore protein 
deposits in neuronal  ssues and their role regarding 
axonal degrada  on.
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(A) Illustra  on of dynamic stereopsis evalua  on. The targets are 
constantly moving towards the observer. The subject’s task is to 
detect the leading ball as fast as possible. (B and C) Selec  ve trac-
tography of the op  c tract and the op  c radia  on.

Preliminary data Analysis of two common SNPs (rs1048661G>T 
and rs3825942G>A) of the LOXL1 gene in our PEXG popula  on 
(n=20 PEXG, n=20 controls, n=8 POAG). The high-risk haplotype 
GG is signifi cantly more frequent in PEXG compared to controls.
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CD8+ T cells are a focus of immunological therapies 
as they can directly lyse cancer cells, thereby foste-
ring the treatment or providing even a cure of the 
disease. In pa  ents, the eff ec  veness of a given the-
rapy is mainly measured by cytokine capture assays, 
ELISAs, intracellular FACS staining and/or ELISpot as-
says. It is accepted that a strong produc  on of Th1 
cytokines, such as IFNγ, is an adequate measurand 
and prerequisite for the effi  cacy of an immunological 
an  -tumor response. However, by taking advantage 
of an an  gen targe  ng approach to select dendri-
 c cell subsets in vivo, we could demonstrate that 

the cytokine produc  on does not directly correlate 
with the capacity to lyse target cells. In some disea-
ses, such as melanoma, the primary tumor is not a 
direct cause of tumor-associated deaths, but rather 
its metastases in other organs. Therefore, preven-
 on or the destruc  on of these secondary tumor 

Analysis of alterna  ve mechanisms of tumor rejec  on

Dr. Chris  an Lehmann, Department of Dermatology

J54 - Progress Report
01.11.2015 - 30.04.2018             Oncology

The current immunological tumor therapies aim to induce or reac  vate cytotoxic CD8+ T cell responses to 
a limited number of epitopes. However, we demonstrated that the survival benefi t is independent from 
the strength of CD8+ T cell responses in a melanoma model. We speculate that a major part of this pheno-
menon is due to the protec  on from lethal metastases. In this project, we are focusing on the underlying 
mechanisms to provide insights to improve future tumor therapies.

forma  ons is another important feature of an eff ec-
 ve therapy. Our previous results revealed that even 

in the absence of strong CD8+ T cell responses, mice 
can be protected from tumor outgrowth, which has 
been recapitulated in a therapeu  c model.

Inves  ga  on of new targe  ng-an  bodies in a 
murine melanoma model
Previously, we mainly focused on targe  ng the two 
major classical DC subsets (CD8+ and CD8- DCs), 
which mainly induce CD8+ or CD4+ T cell responses, 
respec  vely. As we hypothesized that a concomitant 
induc  on of both kinds of T cells could be benefi -
cial, we widened our spectra to our recently cloned 
targe  ng an  bodies specifi c for FcγRIIB, FcγRIV, and 
FcγRIIB/III. In par  cular, αFcγRIV-Ova was able to in-
duce strong CD4+ and CD8+ T cell responses simulta-
neously. In the naïve system this was demonstrated 

Induc  on of naïve T cell responses. (a, b) C57BL/6 mice were immunized with named targe  ng an  -
bodies +αCD40+poly(I:C) +/-αFcγRIV w/o Ova. 14 d later, cells were re-s  mulated with a pep  de pool. 

Intracellular (a, b) IFNγ by fl ow cytometry.



143IZKF Erlangen Annual Report 2017

Dr. Lehmann

Invited lectures
„Interna  onal Young Immunologists“ at the 2017 Annual Mee  ng of the Chinese Society for Immunology, October 29, 2017, Tianjin, 
China, An  gen targe  ng of C-type lec  n and Fc receptors for the induc  on of an  -tumor responses in vivo

Publica  ons during funding period 
Schneppenheim J, Loock AC, Hü  l S, Schweizer M, Lüllmann-Rauch R, Oberg HH, Arnold P, Lehmann CHK, Dudziak D, Kabelitz D, 
Lucius R, Lennon-Duménil AM, Sa  ig P, Schröder B (2017) The Infl uence of MHC Class II on B Cell Defects Induced by Invariant Chain/
CD74 N-Terminal Fragments. J Immunol. 199(1): 172-185
Lehmann CHK, Baranska A, Heidkamp GF, Heger L, Neubert K, Lühr JJ, Hoff mann A, Reimer KC, Brückner C, Beck S, Seeling M, 
Kießling M, Soulat D, Krug AB, Ravetch JV, Leusen JHW, Nimmerjahn F*, Dudziak D* (2017) DC subset-specifi c induc  on of T cell 
responses upon an  gen uptake via Fcγ receptors in vivo. J Exp Med. 214(5): 1509-1528 
Mokada-Gopal L, Boeser A, Lehmann CHK, Drepper F, Dudziak D, Warscheid B, Voehringer D (2017) Iden  fi ca  on of Novel STAT6-
Regulated Proteins in Mouse B Cells by Compara  ve Transcriptome and Proteome Analysis. J Immunol. 198(9): 3737-3745
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Cesnjevar R, Ullrich E, Ginhoux F, Schlitzer A, Nimmerjahn F, Schultze JL*, Dudziak D* (2016) Human lymphoid organ dendri  c cell 
iden  ty is predominantly dictated by ontogeny, not  ssue microenvironment. Sci Immunol. 1(6)
Lehmann CHK, Baranska A, Heidkamp GF, Kiessling M, Spoulat D, Krug A, Ravetch JV, Leussen JHW, Nimmerjahn F, Dudziak D (2016) 
364 An  gen targe  ng of Fc-receptors induces strong T cell responses in vivo independent of ITAM signaling. Journal of Inves  ga  ve 
Dermatology 136(9): 223
Lehmann CHK, Heger L, Heidkamp GF, Baranska A, Lühr, JJ, Hoff mann, A, and Dudziak D (2016) Direct delivery of an  gens to Dendri-
 c cells via an  bodies specifi c for endocy  c receptors as a promising strategy for future therapies. Vaccines 4(2): 8

*contributed equally

by the induc  on of IFNγ and IL2 in CD8+ and CD4+ T 
cells as well as the killing of SIINFEKL-loaded target 
cells in vivo.

Introduc  on of the MCA101-Ova tumor model and 
an  gen targe  ng to αFcγRIV
The observed protec  ve capacity of the an  gen tar-
ge  ng an  bodies, which only induced weak T cell 
responses in naïve mice (such as αDCIR2-Ova) could 
be due to the epitope spreading: The small number 

MCA101-Ova as tumor model. Naïve C57Bl/6J mice were immunized with named targe  ng 
an  bodies +αCD40+poly(I:C) 14 days before tumor applica  on. (a) Tumor growth and (b) 
Survival a  er s. c. applica  on of MCA-Ova cells.

of CD8+ T cells might lyse a certain number of tumor 
cells. By this, other tumor an  gens become more 
easily accessible for an  gen-presen  ng cells, which 
might in turn foster the induc  on of new or the re-
ac  va  on of already present T cell responses. To get 
more insights into this mechanism, we are inves  -
ga  ng diff erent closely related tumor models, such 
as B16F10-Ova (MO4) and B16F10 or MCA101-Ova 
and MCA101.

The fi rst experiments with B16F10 revealed that 
there is only a very short  me for interven  on, as 
the cells grow very aggressive. Therefore, we star-
ted to use MCA101-Ova cells, a well-established fi b-
rosarcoma model. By preven  ve treatment of naïve 
mice with αDEC205-Ova, αDCIR2-Ova, αFcγRIV-Ova 
(+αCD40/pIC), we could demonstrate their effi  cacy 
to protect challenged mice from tumor outgrowth 
and prolong survival.

Contact:
Dr. Lehmann
phone: +49 9131 85 29321
e-mail: chris  an.lehmann@uk-erlangen.de
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The role of microRNA-188-5p dysregula  on in hepato-
cellular carcinoma development and progression

Dr. Dr. Peter Dietrich, Ins  tute of Biochemistry

Background
The molecular landscape underlying hepatocellular 
carcinoma (HCC) is known to be decisively shaped 
by the regulatory func  ons of microRNAs (miRs). 
Based on our previous fi ndings that downregula  on 
of microRNA-188-5p contributes to the aggressive 
phenotype of ac  vated synovial fi broblasts in rheu-
matoid arthri  s (Ruedel, Dietrich et al., 2015), we 
hypothesized that miR-188-5p could also aff ect HCC. 
Therefore, the aim of this study was to analyze the 
func  on of miR-188-5p and to reveal novel poten  al 
diagnos  c and therapeu  c target genes for this mi-
croRNA in liver cancer.

J55 - Progress Report
01.01.2016 - 30.06.2018             Oncology

Aberrant microRNA-expression correlates with severity and prognosis of hepatocellular carcinoma (HCC). 
Our results demonstrate that microRNA-188-5p (miR-188-5p) is strongly downregulated in HCC cell lines 
and  ssues. Re-expression of miR-188-5p markedly inhibits prolifera  on, clonogenicity, and migra  on of 
HCC cell lines. Using in silico and cDNA-expression array analysis, we iden  fi ed novel target genes (e.g. 
KLF12, IL6ST, DLG5) for the miR-188-5p in HCC that will be further evaluated.

Results
MiR-188-5p was strongly downregulated in HCC 
and re-expression of miR-188-5p exerted strong 
tumorsuppressive eff ects (reduced migra  on, pro-
lifera  on, clonogenicity and induc  on of a G0/G1 
cell cycle arrest) in HCC cell lines. RNA-expression 
arrays revealed a list of poten  al novel target ge-
nes for miR-188-5p that are unknown HCC including 
Krueppel-like factor 12 (KLF12), Interleukin-6 signal 
transducer (IL6ST) and Discs large MAGUK scaff old 
protein 5 (DLG5). MiR-188-5p-mediated regula  on 
of these target genes was confi rmed in vitro. Using 
 ssue pa  ent samples, KLF12, IL6ST and DLG5 were 

found to be elevated in HCC as compared to non-
tumorous liver  ssues. IL6ST knockdown 
signifi cantly altered HCC cell migratory be-
havior. Moreover, func  onal analysis using 
si-RNA-Pool-mediated gene knockdown 
iden  fi ed KLF12 as a novel therapeu  c tar-
get for HCC.

(A) Migra  on a  er transfec  on with miR-188-5p 
(188-5p) as compared to control-transfected (CTR) 
HCC cells (e.g. HCC cell line PLC). (B) Summarized 
analysis of migra  on for PLC as depicted in (A) (*: 
p<0.05). (C) Flow cytometric propidium iodide stai-
ning depicts percentage of cells (PLC) in cell cycle 
frac  ons (G1/G0, G2) a  er 188-5p-transfec  on as 
compared to controls (CTR).
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BioSysNet/si-Tools Symposium, January 24, 2017, Munich, MicroRNA target iden  fi ca  on and subsequent func  onal valida  on 
using RNAi-mediated specifi c gene silencing reveals novel therapeu  c target genes in cancer

Awards
Congress Travel Award of the FALK Founda  on e.V., FALK Workshops, Peter Dietrich, January 1, 2017, Essen
Poster Award (Poster Highlights 2017) of the German Associa  on of the Study of the Liver (GASL), January 1, 2017, Essen

Patents/ Licenses during funding period
European patent No. 16179431.8 (14.07.2016) Bosserhoff , A., Dietrich, P.: “KRAS inhibitor for use in trea  ng cancer”

Publica  ons during funding period 
Dietrich P, Freese K, Mahli A, Thasler WE, Hellerbrand C, Bosserhoff  AK (2017) Combined eff ects of PLK1 and RAS in hepatocellular 
carcinoma reveal rigoser  b as promising novel therapeu  c „dual-hit“ op  on. Oncotarget, Advance Online Publica  ons [Epub ahead 
of print]
Dietrich P, Fritz V, Koch A, Hartmann A, Bosserhoff  A, Hellerbrand C (2017). Wildtype Kirsten rat sarcoma is a novel microRNA-
622-regulated therapeu  c target for hepatocellular carcinoma and contributes to sorafenib-resistance. Gut. doi: 10.1136/
gutjnl-2017-315402 [Epub ahead of print]
Dietrich P, Kuphal S, Spruss T, Hellerbrand C, Bosserhoff  A (2017) Wildtype KRAS is a Novel Therapeu  c Target for Melanoma Con-
tribu  ng to Primary and Acquired Resistance to BRAF Inhibi  on. Oncogene 2017 Oct 23. doi: 10.1038/onc.2017.391. [Epub ahead 
of print]
Mahli A, Saugspier M, Koch A, Sommer J, Dietrich P, Lee S, Thasler R, Schulze-Luehrmann J, Luehrmann A, Thasler WE, Müller M, 
Bosserhoff  A, Hellerbrand C. ERK ac  va  on and autophagy impairment are central mediators of irinotecan-induced steatohepa   s. 
Gut. doi: 10.1136/gutjnl-2016-312485. [Epub ahead of print]

Conclusions/Outlook
By combining global gene expression ana-
lysis with a systema  c in silico and expe-
rimental screening process, we iden  fi ed 
several novel target genes of the tumor-
suppressive miR-188-5p in HCC. KLF12 and IL6ST 
were iden  fi ed as important modulators of oncoge-
nic func  ons in HCC cells and could serve as molecu-
lar targets for HCC therapy in the future.

cDNA array analysis comparing control-trans-
fected (miR-CTR) and miR-188-5p-transfected 
HCC cells (Hep3B). Signifi cantly downregu-
lated genes with 3’UTR binding sites for the 
miR-188-5p (e.g. DLG5) will be further analyzed.

Contact:
Dr. Dr. Dietrich
phone: +49 9131 85 29384
e-mail: peter.dietrich@fau.de
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Epigene  c reprogramming of macrophages

Dr. Katrin Palumbo-Zerr, Department of Medicine 3 – Rheumatology and Immunology

Our results show that uptake of apopto  c cells (ACs) 
results in the diff eren  al regula  on of the expres-
sion of LPS-induced cytokines in macrophages. 
Whereas we observe an inhibi  on of pro-infl am-
matory cytokines such as TNFα and IL-6, several other 
cytokines such as CCL5 are not blocked. These diff e-
ren  al changes in cytokine expression correlate with 
changes in histone (H3K27) acetyla  on at the res-

Clearance of apopto  c cells (ACs) is a key step during the resolu  on of infl amma  on and the maintenance 
of self-tolerance. In the current project we aim to dissect the immunometabolic consequences of the clea-
rance of AC by macrophages. Uptake of ACs results in an an  -infl ammatory reprogramming of macropha-
ges and our data suggest that these events are linked to a metabolic reprogramming and fundamental 
epigene  c changes in these cells.

pec  ve promoters. Moreover, we determined meta-
bolic changes within the macrophage and detected 
a dras  c increase in oxida  ve phosphoryla  on and 
ATP produc  on in macrophages that ingested ACs. 
Interes  ngly, these metabolic changes were linked 
to ac  va  on of the mTOR pathway as inhibi  on of 
mTOR by Torin and Rapamycin blocked the increase 
in oxygen consump  on rate (OCR) in macrophages 

Phagocytosis of ACs results in dis  nct expression pa  ern,  me kine  cs and diff eren  al blockade of cytokines. (a) ELISA-based analysis of 
TNFα, IL-6 and CCL5 cytokine release. (b) ChIP analysis of histone acetyla  on on H3K27 at the respec  ve promoters. 
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Inhibi  on of mTOR by Torin and Rapamycin blocks the increase in oxygen consump  on in macrophages a  er uptake of ACs. Seahorse 
analysis of oxygen consump  on rate (OCR).: (a) mitochondrial respira  on, (b) proton leak, (c) ATP produc  on and (d) coupling effi  ciency.

a  er uptake of ACs. Together these data suggest a 
fundamental immunometabolic reprogramming of 
macrophages during the clearance of ACs. Future 
research will focus on the interconnec  on between 
the observed changes and the responsible molecu-
lar pathways to iden  fy novel targets for the treat-
ment of chronic infl ammatory diseases.  

Contact:
Dr. Palumbo-Zerr
phone: +49 9131 85 39379
e-mail: katrin.palumbo@uk-erlangen.de
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Herpesviruses and DUX4

Dr. Florian Full, Ins  tute of Clinical and Molecular Virology

Herpesviral infec  on is the cause of signifi cant 
morbidity and mortality in humans worldwide, es-
pecially in immunocompromised individuals. Fur-
thermore, two of the eight human herpesviruses, 
Kaposi‘s sarcoma-associated herpesvirus (KSHV) and 
Epstein-Barr virus (EBV), are classifi ed as human car-
cinogens. Despite diff erences in pathogenesis and 
carcinogenicity, herpesviruses share common fea-
tures in their replica  on strategies, most notably in 
the switch from latency to ly  c replica  on. As such, 
molecular insight into the factors that modulate the 
latent-to-ly  c switch of herpesviral replica  on is of 
fundamental importance for the development of no-
vel an  -herpesviral therapies. 

Expression of the embryonic transcrip  on factor DUX4 in adults causes Facioscapulohumeral Muscular 
Dystrophy (FSHD) and is associated with various forms of cancer. We show that DUX4 and hundreds of its 
target genes are ac  vated upon reac  va  on/replica  on of herpesviruses. We are currently elucida  ng the 
molecular mechanism of how herpesviruses upregulate DUX4 expression, how DUX4-induced genes aff ect 
herpesviral replica  on and whether DUX4 expression has an impact on herpesviral disease.

Using RNA-Seq experiments we iden  fi ed DUX4 as 
a transcrip  on factor that is ac  vated upon ly  c re-
plica  on of Herpes simplex virus (HSV). Further ex-
periments also confi rmed expression of DUX4 upon 
ly  c replica  on of Human Cytomegalovirus (HCMV) 
and ly  c reac  va  on of Kaposi‘s sarcoma-associated 
herpesvirus (KSHV). DUX4 is a germline transcrip
 on factor that is exclusively expressed during ear-

ly embryonic development in healthy individuals. 
However, aberrant expression of DUX4 in muscle 
cells is the cause of Facioscapulohumeral Muscular 
Dystrophy (FSHD). In addi  on, DUX4 overexpres-
sion is also associated with various forms of cancer. 
Strikingly DUX4 upregula  on could be observed 

Upregula  on of mRNA of DUX4 and DUX4-target genes upon replica  on of HSV-1, HCMV and KSHV at indicated  me points assessed by 
quan  ta  ve real  me PCR.
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Full F, Hahn AS, Großkopf AK, Ensser A (2017) Gammaherpesviral Tegument Proteins, PML-Nuclear Bodies and the Ubiqui  n-Prote-
asome System. Viruses 2017 Oct 21;9(10) 

a) Intracellular FACS staining of HSV-1 ICP-0 protein a  er infec  on of 293T cells with HSV-1 upon shRNA mediated kd of TRIM49. n=(4) 
b) 3D reconstruc  on of TRIM49 protein localiza  on in HeLa cells red: TRIM49, blue: DAPI

upon infec  on with herpesviruses of all subgroups 
poin  ng at a conserved herpesviral mechanism of 
DUX4 induc  on. We could further demonstrate that 
DUX4 expression upon herpesviral replica  on leads 
to the upregula  on of hundreds of DUX4 target ge-
nes, among them several members of the TRIM, 
PRAMEF and ZSCAN protein families. Notably, most 
of the DUX4 target genes are minimally or not at all 
expressed in normal (uninfected) diff eren  ated cells 
and their biological func  ons have yet to be cha-
racterized. We started with the characteriza  on of 
DUX4 target genes by i) analyzing the infl uence of 
knockdown/overexpression on viral replica  on, ii) 
analyzing the subcellular localiza  on of uncharac-
terized proteins and iii) iden  fi ca  on of interac  on 
partners by mass spectrometry. In addi  on we ge-

nerated various CRISPR/CAS9 knockout cell lines for 
DUX4 and its most important target genes to further 
analyze their eff ect on herpesviral infec  on. 
Taken together, our results indicate that ,  and 
-herpesviruses induce a DUX4-dependent germ-
line-specifi c transcrip  onal program. We are cur-
rently elucida  ng the molecular mechanism of how 
herpesviral infec  on upregulates DUX4 expression, 
and how DUX4-induced genes aff ect herpesviral re-
plica  on.

Contact:
Dr. Full
phone: +49 9131 85 26494
e-mail: fl orian.full@uk-erlangen.de
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Counterac  ng Wnt signaling

Dr. Dominic Bernkopf, Chair of Experimental Medicine II

In the course of this project we want to understand 
why conduc  n does not polymerize in contrast to 
its paralog axin, inves  gate whether conduc  n po-
lymeriza  on can be enforced and analyze whether 
this suffi  ces to inhibit Wnt/-catenin signaling in co-
lorectal cancer. 

Wnt/-catenin signaling is the major driving force of colorectal cancer making it an interes  ng therapeu  c 
target. Our project focuses on conduc  n/axin2 a nega  ve regulator of Wnt/-catenin signaling sharing 
high homology with axin. Since axin-mediated -catenin degrada  on correlates with axin polymeriza  on 
and conduc  n does not polymerize, we hypothesize that induc  on of polymeriza  on will enhance conduc-
 n-mediated -catenin degrada  on, which could by exploited for cancer therapy.

We could previously show that dele  on of the con-
duc  n RGS (regulator of G-protein signaling) domain 
or replacement by the axin RGS domain results in 
effi  cient polymeriza  on of conduc  n indica  ng that 
the RGS domain of conduc  n prevents polymeriza-
 on. Since the conduc  n RGS domain shows high 

homology to RGS domains in GAPs (GTPase-ac  -
va  ng proteins) which bind to G subunits of tri-
meric G-proteins and catalyze GTP hydrolysis, we 
wondered whether binding of G proteins to the 
conduc  n RGS domain aff ects conduc  n polymeri-
za  on. Indeed, co-expression of Gi2 induced po-
lymeriza  on of transiently expressed conduc  n, as 

seen by the forma  on of microscopically-visible 
spherical structures called “puncta”. Induc  on of 
conduc  n polymeriza  on was not observed with 
Go, Gi1 nor Gi3 sugges  ng a rather specifi c 
mechanism. Interes  ngly, out of the four tested 
G proteins Gi2 also showed the strongest in-
terac  on with the conduc  n RGS domain in GST-
pulldown assays sugges  ng that G-RGS interac-
 on is important for induc  on of polymeriza  on. 

In line, weakening of the Gi2-RGS interac  on 
by introducing two published muta  ons in Gi2 
(G42R G184S) signifi cantly reduced induc  on of 

Conduc  n polymeriza  on is induced by Gi2 binding A) Im-
munofl uorescence staining. Arrowheads: co-localiza  on. B+C) 
Quan  fi ca  on of cells with conduc  n puncta induced by diff e-
rent G proteins or AlF4- treatment, as indicated.***p<0.001 
(n=1500).
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Rauschenberger V, Bernkopf DB, Krenn S, Jalal K, Heller J, Behrens J, Gentzel M, Schambony A (2017) The phosphatase Pgam5 anta-
gonizes Wnt/beta-Catenin signaling in embryonic anterior-posterior axis pa  erning. Development 144: 2234-2247

Conduc  n-mediated degrada  on of -catenin in colorectal cancer 
cells (SW480) is enhanced by Gi2 A) Immunofl uorescence stai-
ning. B) Quan  fi ca  on of -catenin and conduc  n intensi  es of 
three independent experiments as in A. **p<0.01 (n=30).

conduc  n polymeriza  on. Moreover, treatment of 
cells co-expressing Gi2 and conduc  n with AlF4-,
which stabilizes the conforma  on of G proteins 
with the highest affi  nity to RGS domains and there-
by strengthens the Gi2-RGS interac  on, increased 
conduc  n polymeriza  on. Together these data sug-
gest that Gi2 induces conduc  n polymeriza  on via 
direct binding to the conduc  n RGS domain. Next, 
we analyzed whether induc  on of conduc  n poly-
meriza  on by Gi2 increases -catenin degrada  -
on by conduc  n in colorectal cancer cells (SW480). 
Transient expression of conduc  n reduced -catenin 
levels, as previously described. Importantly, -ca-
tenin levels were even lower in cells co-expressing 
conduc  n together with Gi2. Gi2 alone did not 
signifi cantly reduce -catenin levels. These data sug-
gest that Gi2 enhances conduc  n-mediated -ca-
tenin degrada  on poten  ally by inducing conduc  n 
polymeriza  on.

We will con  nue to study (i) how the conduc  n RGS 
domain prevents polymeriza  on, (ii) how this is 
counteracted by Gi2 binding and (iii) whether en-
hancing conduc  n-mediated -catenin degrada  on 
by Gi2 can be exploited for colorectal cancer treat-
ment.

Contact:
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Immunotoxin induced an  -tumor immunity

Dr. Fabian Müller, Department of Medicine 5 – Haematology and Oncology

The goal of this project is to establish an immune 
competent lymphoma mouse model that facilitates 
the tes  ng of Moxetumomab pasudotox (Moxe) and 
its eff ects on the murine immune system. Because 
Moxetumomab binds only to human CD22, we gene-
rated a chimeric protein (chiCD22) consis  ng of the 
intracellular domains of the murine and the extracel-
lular domains of the human CD22. We hyposezised 
that Moxe binds the human parts on the cell surface 
and that the intracellular murine parts ensure the 
correct transport of Moxe through the various intra-
cellular compartments.
Murine lymphoma cell lines including the mul  ple 
myeloma 4TOO and the Burki  ’s lymphoma 291PC 
were transduced with chiCD22 using newly construc-
ted murine len  viruses. The successfully transduced 
cell lines were FACS-sorted for highest expression of 
chiCD22 and single cloned by limited dilu  on. Then, 
the chiCD22-posi  ve cell lines were specifi cally killed 
by Moxe in a dose dependent manner suppor  ng 
that the chimeric protein effi  ciently transports Moxe 
and thus, sensi  zes the mouse cells to a drug which 
exclusively targets human CD22.

The immunotoxin Moxetumomab pasudotox consists of a CD22 targe  ng an  body and Pseudomonas exo-
toxin. It specifi cally lyses human B-cell lymphomas. Immunotoxins can induce an an  -tumor immune res-
ponse in pa  ents with solid tumors. Hypothesizing that Moxe similarly induces an an  -lymphoma immune 
response, we aim to establish and characterize an immune competent murine lymphoma model expressing 
human CD22 to then determine the lymphoma infi ltra  ng immune cells and the changes induced by Moxe.

Next, we tested whether the C57BL/6-derived 
291PCchiCD22 cells would grow in mice and found that 
wild-type C57BL/6 mice rejected 291PCchiCD22. Prof. 
Nischke, Dept. of Biology, FAU Erlangen developed a 
C57BL/6tm(chiCD22) where the murine CD22 was repla-
ced by the chiCD22 by homologue recombina  on. 
In a collabora  ve eff ort, we subcutaneously injec-
ted the 291PCchiCD22 in the fl ank of C57BL/6cm(chiCD22) 
mice where they engra  ed and formed tumors. The 
291PCchiCD22 which grew in mice maintained the high 
expression of chiCD22. Preliminary results demons-
trated a major macrophage and NK-cell frac  on 
among the tumor-infi ltra  ng immune cells. The phe-
notypic and func  onal assessment of these tumor 
infi ltra  ng immune cells is ongoing.
In parallel, we aimed to develop a second 
mouse model independent of len  viral trans-
duc  on. C57BL/6λ-myc mice overexpress the myc-
oncogene in B-cells and thus, spontaneously de-
velop lymphomas. Together with Prof. Nitschke’s 
group, we cross-bred the C57BL/6tm(chiCD22) 
mice and the C57BL/6λ-myc mice. The resul  ng 
C57BL/6λ-myc/tm(chiCD22) mouse strain spontaneously 

Murine B cell lymphomas transduced with chimeric CD22 become sensi  ve to Moxe. A Indicated murine B-cell 
lymphomas were transduced with chimeric CD22 and single cloned.  B 291PCchiCD22 cells are sensi  ve to Moxe 
in a dose-dependent manner.
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developed a B-cell lymphoma which 
highly expressed the chiCD22. These 
chiCD22 posi  ve lymphoma cells were 
extracted and serially transplanted into 
recipient C57BL/6tm(chiCD22) mice. As for the 
291PCchiCD22 model, the characteriza  on of 
the lymphoma infi ltra  ng immune cells is 
ongoing.
During the remaining funding period we 
will use the two model systems to closer 
characterize the tumor infi ltra  ng cells. In 
addi  on to a detailed phenotypic assess-
ment, the func  onal state of the tumor-
associated macrophages and NK cells will be de-
termined. Both model systems will then be used to 
measure the effi  cacy of Moxe against the chiCD22 
posi  ve murine tumor cells in vivo and ul  mately, to 
determine the eff ects of Moxe on the tumor-infi ltra-
 ng host immune cells.

Contact:
Dr. Müller
phone: +49 9131 85 39542
e-mail: fabian.mueller@uk-erlangen.de

Novel chiCD22 posi  ve, myc-driven murine B-cell lymphoma. A BL6tm(chi22)/λ-
myc mouse developed lymphadenopathy and was sacrifi ced. Lymph nodes (LN), 
spleen, and bone marrow (BM) show a predominant B-cell clone sugges  ng 
chiCD22 posi  ve lymphoma.
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The role of Hck/Lyn in Vesicles secre  on

Dr. Jung-Hyun Lee, Department of Dermatology 

The ac  vated Hck is detected in pEV and liver  ssue 
of HIV pa  ents  
In vitro, the tyrosine kinase was essen  al for the up-
loading of ADAM17 into EV and was also present in 
EV in large amounts. We therefore speculated that 
plasma EV (pEV) from pa  ents may harbor a tyrosine 
kinase. Purifi ed pEV from 6 non-viremic pa  ents and 
1 healthy control were blo  ed for 7 tyrosine kinases. 
Hck was iden  fi ed in all HIV samples but not in cont-
rols. In addi  on, a phopho-Src (p-Src) was detected, 
sugges  ng that the pEV-associated tyrosine kinase 
was ac  vated. Interes  ngly, we detected haptoglo-
bin, an acute phase protein mainly secreted by liver 
cells in HIV pEV. This liver-specifi c factor was found in 
sucrose gradient frac  ons of HIV pEV along with ac  -

Research of the last years revealed that ADAM proteases-containing extracellular vesicles (EV) contributed 
to the HIV pathogenesis. In the present project we aim to understand and elucidate the underlying mole-
cular and cellular mechanism of the secre  on of EV. We discovered that EV secre  on was governed by the 
tyrosine kinases Hck. HIV infec  on induced the ac  va  on of Hck and triggered the Hck-mediated cytoske-
leton reorganiza  on of infected cells through induc  on of HAS3.  

vated Hck and Nef, but not in respec  ve frac  ons of 
healthy control pEV. These data suggested that liver 
could be one of cellular source of EV secre  on in HIV 
infec  on. To confi rm this idea, we analyzed liver  s-
sue from a HIV-infected non-viremic individual who 
died of liver cirrhosis-associated complica  ons. Stai-
ning of liver samples showed that strong increased 
Hck expression was detected in HIV pa  ent liver, but 
not in healthy donor liver. These results suggested 
that Hck ac  va  on was poten  ally connected to the 
genera  on and/or func  on of HIV pEV and liver as 
the likely cellular origin of HIV pEV. 

(A) Blo   ng of indicated tyrosine kinases in pEV purifi ed by diff eren  al centrifuga  on from HIV pa  ents and healthy donor. (B) Western 
blot analysis of pEV purifi ed by sucrose gradient from a HIV pa  ent and a healthy donor. (C) Mul  -epitope ligand cartography (MELC) 
analysis of liver.
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Hck mediates the cytoskeleton reorganiza  on for ve-
sicular secre  on 
We no  ced that HIV infec  on induced membrane 
protrusions, similar as described Hck func  on for 
F-ac  n reorganiza  on to form protrusions of the 
plasma membrane in a Cdc42- and Rac-dependent 
manner. To analyze this eff ect we co-transfected GFP. 
Transfec  on of HIV proviral construct induced the 
membrane protrusions, while Hck knockdown (Hck 
Crispr/cas9-RFP) blocked this func  on. We hypothe-
sized that one of regulatory protein might be related 
to this induc  on of membrane protrusions by Hck 
ac  va  on. Recent studies showed that Hyaluronan 
acid synthase 3(HAS3) was related to the regula  on 
of cytoskeleton reorganiza  on through induc  on of 
cell protrusions. In line with these fi ndings, trans-
la  on of HAS3 was induced by HIV infec  on along 
with ac  vated ADAM17 and Hck. We concluded that 
HIV infec  on increased the secre  on of ADAM pro-
teases-containing EV through Hck ac  va  on, which 
induced a plasma membrane reorganiza  on that 
possibly allowed vesicular secre  on.

Invited lectures
Extracellular Vesicle Research Mini-Symposium, July 19, 2017, Erlangen, HIV ac  vates the tyrosine kinase Hck in hepatocytes to 
secrete ADAM protease-containing extracellular vesicles

Publica  ons during funding period 
none

(A) Florescent microscopy analysis of indicated constructs expressed liver cells. (B)Western blot analysis of indicated const-
ructs transfected liver cells. 

Contact:
Prof. Dr. Baur
phone: + 49 9131 85 45813
e-mail: andreas.baur@uk-erlangen.de
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J61 - Progress Report
01.01.2017 - 30.06.2019         Others

Extending joint models in biomedical outcomes

Dr. Elisabeth Waldmann, Department of Medical Informa  cs, Biometry and Epidemiology

Joint Modelling
There are several kinds of models, referred to as 
joint model. We are dealing with a joint model for 
longitudinal and  me-to-event outcomes. This mo-
del has to es  mate the impact of covariates on those 
two outcomes: a longitudinal measurement, such as 
any kind of biomarker, and an event  me, such as 
death (hence the term survival analysis). Assuming 
those two outcomes are depending on each other, it 
is preferable to use a joint model, which accounts for 
the infl uence of covariates as well as the rela  onship 
between the outcomes. The covariates can be divi-
ded in three groups: variables having an impact on 
the longitudinal outcome (from now on referred to 
as the longitudinal sub-predictor), variables having 
an impact on the event-  me-outcome (from now on 
referred to as the survival sub-predictor) and variab-
les having an impact on both (from now on referred 
to as the shared sub-predictor). 

Research on the associa  on between longitudinal and  me of event measurements is crucial in biomedical 
studies. This associa  on, however, can only be modelled reliably if the two quan   es are modelled jointly. 
The aim of this project is to extend those joint models in both: on one side to include the ability to model 
longitudinal processes more appropriately for diff erent data structures and on the other side in the impor-
tant ques  on of variable selec  on.

Variable Selec  on via Boos  ng
The ques  on of variable selec  on was un  l recently 
completely ignored in the fi eld of joint modelling. 
We hence concentrated on the ques  on of how to 
select variables in joint modelling frameworks. Gra-
dient boos  ng is a special inference method origi-
na  ng in the machine learning context, which has 
lately been used more and more in the sta  s  cal 
community. Boos  ng methods are famous for their 
ability to es  mate and select eff ects in regression 
models simultaneously. The method furthermore 
prevents from overfi   ng by an inherent shrinkage 
mechanism. We therefor developed a special boos-
 ng algorithm for joint models, partly based on the 
fi ndings from the previous IZKF Junior Project J49. 
This fi rst basic algorithm, which includes longitudi-
nal and shared sub-predictor, is already implemen-
ted and published. We are currently working on an 
extension which includes a survival sub-predictor.

Example of a data structure joint modelling is suitable for. The le   side displays 
longitudinal outcomes, the right side event  mes, respec  vely censoring. While 
events for Individuals A & B are observed, censoring occurs for Individual C.
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Invited lectures
Research Seminar Department of Applied Sta  s  cs, JKU, April 27, 2017, Linz, Austria, Joint Modelling of Longitudinal and Time-to-
Event Data -from classical approaches to machine learning
Research Seminar Department of Sta  s  cs LMU, May 31, 2017, Munich, Joint Modelling of Longitudinal and Time-to-Event Data 
-from classical approaches to machine learning
Interna  onal Conference of the ERCIM WG on Computa  onal and Methodological Sta  s  cs, December 16, 2017, London, UK, 
Variable selec  on and alloca  on in joint models for longitudinal and  me-to-event data via boos  ng

Publica  ons during funding period 
Waldmann E, Taylor-Robinson D, Klein N, Kneib T, Pressler T, Schmid M, Mayr A (2017) Boos  ng Joint Models for Longitudinal and 
Time-to-Event Data. Biometrical Journal, 59(6): 1104-1121
Mayr A, Hofner B, Waldmann E, Hepp T, Meyer S, Gefeller O (2017) An update on sta  s  cal boos  ng in biomedicine. Computa  onal 
and Mathema  cal Methods in Medicine Vol. 2017, Ar  cle ID 6083072, doi:10.1155/2017/6083072
Gefeller O, Hofner B, Mayr A, Waldmann E (2017) Predic  ve Modelling Based on Sta  s  cal Learning in Biomedicine, Computa  onal 
and Mathema  cal Methods in Medicine Vol. 2017, Ar  cle ID 4041736, doi:10.1155/2017/4041736

Variable Alloca  on via Boos  ng
Since researchers do not necessarily know which 
covariate has an infl uence on which part of the out-
come, we are working on an algorithm which is able 
to do both - select and allocate variables to the cor-
rect sub-predictor. We are currently working on an 
extension of our boos  ng algorithm which is able to 
do so and fi rst simula  on studies are already show-
ing that our concept is working. 
Comparison of Joint Modelling Approaches
Joint modelling has lately been implemented in vari-
ous diff erent ways, most of them based on likelihood 
approaches. Those implementa  ons vary in perfor-
mance, but also in model class. One of our goals is 
to compare those implementa  ons and give insights 
into which approach is appropriate for which kind of 
data set. 

Beyond the Mean Regression
First steps have also been done in the direc  on of 
extending the joint model towards beyond the mean 
regression. In this context, we added a further set 
of sub-predictors to model the variance of the lon-
gitudinal outcome based on covariates. Those sub-
predictors can then again be linked to the survival 
model.

Contact:
Dr. Waldmann
phone: +49 9131 85 22722
e-mail: elisabeth.waldmann@fau.de

Coeffi  cient paths for a simula  on study on the selec  on and alloca  on 
algorithm. The not-selected grey line consists of 2500 non-informa  ve 
variables. TP: true posi  ve, i.e. correctly selected, FP: false posi  ve, i.e. 
wrongly selected.
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Mechanisms of neutrophil infi ltra  on in rheumatoid 
arthri  s

Neutrophil granulocytes play a central role in innate immunity, but their func  on regarding pathogenesis 
of autoimmune diseases like rheumatoid arthri  s is poorly understood. Previous studies were restricted to 
cell-unspecifi c models or cell culture experiments. Thus, we aim to study this cell type via novel cu   ng-edge 
imaging techniques and newly available high specifi c mouse models in vivo. 

e-mail: anika.klingberg@uk-erlangen.de

J62  01.08.2017 - 31.01.2020      Immunology and Infection

Dr. Anika Klingberg, Department of Medicine 3 – Rheumatology and Immunology

IL-3 in infl ammatory bowel disease

The role of IL-3 in the pathogenesis of infl ammatory bowel diseases (IBD) has not been explored so far. Preli-
minary data show that the course of oxazolone coli  s is aggravated in IL-3 defi cient mice vs. controls and that 
the expression of IL-3 is signifi cantly increased in ac  ve ulcera  ve coli  s. Therefore, this project is designed 
to address the role of IL-3 in experimental coli  s and human IBD. This could lead to the iden  fi ca  on of novel 
therapeu  c targets for the treatment of IBD.

e-mail: sebas  an.zundler@uk-erlangen.de

J63  01.12.2017 - 31.05.2020      Immunology and Infection

Dr. Sebas  an Zundler, Department of Medicine 1 – Gastroenterology, Pneumology and 
Endocrinology

Dr. Klingberg

Dr. Zundler
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T-System Regula  on by Glucocor  coids

The transverse tubular system (t-system) of ventricular cardiomyocytes is crucial for cardiac contrac  lity. Sta-
bilizing t-system structure is a target of therapy and preven  on because the t-system depletes or structurally 
declines in heart failure. However, mechanisms of t-system regula  on remain largely unknown. Our preli-
minary data suggest t-system regula  on by cor  coid receptor signaling. The proposed project shall iden  fy 
underlying signaling pathways and associated proteins.

e-mail: thomas.seidel@fau.de

J65  01.11.2017 - 30.04.2020     Renal and Vascular Research

Dr. Thomas Seidel, Ins  tute of Cellular and Molecular Physiology

Nephroprotec  on by HIF-hydroxylase inhibitors

Acute kidney injury has an increasing incidence and no specifi c pharmacological treatment op  ons. A great
body of evidence from rodent models suggests that the stabiliza  on of hypoxia-inducible factors leads to an
improved kidney func  on. A new genera  on of specifi c PHD-inhibitors has been introduced for the treatment 
of anemia in chronic kidney disease. Aim of this study is to inves  gate the nephroprotec  ve poten  al of novel 
HIF-hydroxylase inhibitors in human renal tubular cells.

e-mail: steff en.grampp@uk-erlangen.de

J64  01.10.2017 - 31.03.2020     Renal and Vascular Research

Dr. Steff en Grampp, Department of Internal Medicine 4, Nephrology and Hypertension

Dr. Grampp

Dr. Seidel
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 subunits: adding pieces to the puzzle of pain

The objec  ve of this study is to iden  fy the role of regulatory proteins of voltage-gated sodium channels 
(subunits) as poten  al contributors and new therapeu  c targets of pain. Main focus of this work will be on 
muta  ons of 1 and 3 that have recently been found in pa  ents suff ering from the pain syndrome erythro-
melalgia. Using human stem cell-derived nociceptors these muta  ons will be func  onally characterised with 
electrophysiological and molecular biology methods.

e-mail: esther.eberhardt@kfa.imed.uni-erlangen.de

J66  01.01.2018 - 30.06.2020      Neurosciences

Dr. Esther Eberhardt, Department of Anaesthesiology

Metabolic reprogramming of AML MDSCs

AML is the most common acute leukemia in adults. Emerging evidence suggests that immune altera  ons fa-
vor leukemogenesis and relapse. Myeloid derived suppressor cells (MDSCs) are mediators of tumor immune 
escape. Here, we aim to decipher the interconnec  on between metabolic reprogramming and MDSC abun-
dance in AML and to unravel the role of AML-derived exosomes in this context. A be  er understanding is key 
for improving immune-based therapeu  c approaches in AML.

e-mail: regina.jitschin@uk-erlangen.de

J67  01.01.2018 - 30.06.2020           Oncology

Dr. Dr. Regina Jitschin, Department of Medicine 5 - Hematology and Medical Oncology

Dr. Eberhardt

Dr. Dr. Jitschin
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Role of GATA4 in Intes  nal Infl amma  on & Cancer

GATA4 is expressed in the intes  nal epithelia and regulates metabolic func  ons in physiological states. We 
have shown that a microbiota-derived signal regulates epithelial GATA4. Epigene  c silencing of GATA4 fre-
quently occurs in colon cancer pa  ents. However, its role in bridging gut barrier, infl amma  on and carcino-
genesis remains poorly defi ned. We seek to iden  fy pathways and strategies to restore GATA4 in cancer to 
provide new therapeu  c alterna  ves in the treatment of colon cancer.

e-mail: jay.patankar@uk-erlangen.de

J68  01.10.2017 - 31.03.2020           Oncology

Dr. Jay V. Patankar, Department of Medicine 1 – 
Gastroenterology, Pneumology and Endocrinology

Dr. Patankar
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Pilot Projects

Pilot Projects                                   
Overview
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Pilot Projects

 Ongoing Projects

Project No. Project  tle Applicant Term Ins  tute

CH-16-06-26-1
Measurements of kidney perfusion a  er 
transplanta  on by intraopera  ve fl uores-
cence angiography 

Dr. Rother 16.01.2017-
15.01.2018 Department of Surgery

HN-16-08-05-1
Targeted induc  on of immunogenic cell 
death by drug-loaded nanopar  cles for 
tumor therapy

Dr. Janko 13.02.2017-
12.02.2018

Department of Otorhi-
nolaryngology – Head 
and Neck Surgery

HN-16-08-22-1 Automated sleep stage analysis based on 
global EEG pa  ern analysis Dr. Traxdorf 01.02.2017-

31.01.2018

Department of Otorhi-
nolaryngology – Head 
and Neck Surgery

M3-16-10-05-1 Interleukin 9 is an essen  al factor for reso-
lu  on of arthri  s Dr. Ramming 01.04.2017-

31.03.2018
Department of 
Medicine 3

MH-16-10-12-1

Func  onal inves  ga  on of the puta  ve 
ATP-dependent chroma  n remodeler 
PfSwr1 and its role in the deposi  on of 
histone variants in the malaria parasite 
Plasmodium falciparum

Dr. Pe  er 01.02.2017-
31.01.2018

Ins  tute of Clinical Mi-
crobiology, Immunology 
and Hygiene

P001
A systems biology approach to iden  fy 
microRNAs associated with dendri  c cell-
mediated immunogenicity 

Dr. Lai 01.04.2017-
31.03.2018

Department of 
Dermatology

P002
CD22-targe  ng Pseudomonas exotoxin 
– Mertansine duo-toxin for the an  body-
based therapy of B-cell malignanciess

Dr. Müller 01.05.2017-
30.04.2018

Department of 
Medicine 5

P003
Characteriza  on of transformed intes  nal 
epithelial cells with a rhabdoid sarcomato-
id phenotype

Dr. Münzner 01.05.2017-
30.04.2018 Ins  tute of Pathology

P004
Trauma-related disorders and psycho-social 
resources in refugees from Syria with resi-
dence permit

Dr. Georgia-
dou

01.04.2017-
31.03.2018

Division of Psychosoma-
 cs and Psychotherapy

P005
Evalua  on of collagen gel in car  lage repair 
and biochemical high-fi eld MR imaging 
using T2 mapping

Dr. Pachow-
sky

01.12.2017- 
30.11.2018 Department of Surgery

P006
JAK1-dependent transphosphoryla  on of 
JAK2 limits the an  -fi bro  c eff ects of selec-
 ve JAK2 inhibitor

Dr. Zhang 01.10.2017-
30.09.2018

Department of 
Medicine 3

P007
CRISPR/Cas9 based gene knock out to iden-
 fy new suscep  bility genes for pancrea  c 

cancer chemotherapy 
Prof. Pilarsky 01.08.2017-

31.07.2018 Department of Surgery

P009
Infl uence of CD40 receptor blockade on 
development of CD19+ B cells to acquire 
immunoregulatory func  on 

Dr. Wahlbuhl-
Becker

13.12.2017- 
12.12.2018

Department of Paedi-
atrics and Adolescent 
Medicine

P010
Assessment of the FGFR1 amplicon as 
poten  al prognos  c and predic  ve marker 
in breast cancer

Dr. Erber 01.09.2017-
31.08.2018 Ins  tute of Pathology

P011
Eff ects of physical exercise and infl uence 
of motor proteins on muscle atrophy in 
cancer pa  ents 

Dr. Schwap-
pacher

01.08.2017-
31.07.2018

Department of 
Medicine 1
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Project No. Project  tle Applicant Term Ins  tute

P013

Eff ects of prenatal trauma on maternal 
hormone balance, placenta func  on and 
expression of HPA-axis related genes in 
fetal brain and placenta

Dr. Golub/ 
Dr. Frey

15.08.2017-
14.08.2018

Division of Child and 
Adolescent Mental 
Health

P014
Iden  fi ca  on of factors making steato  c 
liver  ssue to an a  rac  ve metasta  c niche 
for melanoma

Prof. Heller-
brand

01.11.2017- 
31.10.2018

Ins  tute of 
Biochemistry

 Terminated Projects

Project No. Project  tle Applicant Term Ins  tute

AU-14-10-06-1 Qualifi ca  on to „Master of Medical 
Educa  on“

Dr. Menzel-
Severing

15.09.2015-
25.09.2017

Department of 
Ophtalmology

CH-15-04-27-1
Iden  fi ca  on of ac  n binding domains 
within GBP1 and their role in ac  n 
remodeling

Dr. Unterer 01.02.2016-
31.01.2017 Department of Surgery

DE-15-12-15-1

Genera  on of be  er designer dentri  c 
cells for therapeu  c cancer vaccina  on 
by electropora  on of MRNA encoding 
cons  tu  vely ac  ve TRAF6

Dr. Hoyer 01.04.2016-
31.03.2017

Department of 
Dermatology

DE-16-08-11-1

The simultaneous siRNA-mediated 
knock-down of inhibitory receptors to 
improve engineered CAR/TCR-T-cell 
func  onality

Dr. Uslu 01.01.2017-
31.12.2017

Department of 
Dermatology

FK-15-11-18-1

Quan  fi ca  on of the surface and 
transmembrane domain of Syncy  n-1 
for diagnosis and prognosis of placental 
disorders and breast cancer

Dr. Rübner 01.06.2016-
30.04.2017

Department of Obstetrics 
and Gynecology

HP-15-10-07-1

Mesenchymal stem cells and myoblast 
diff eren  a  on under GDF-11 and IGFBP 
s  mula  on on PCL-collagen-nanofi ber 
scaff olds 

Dr. Cai 01.07.2016-
30.06.2017

Department of Plas  c and 
Hand Surgery

ID-15-12-22-1
Herpes simplex virus type 1 mediated 
modula  on of dendri  c cell adhesion 
and migra  on

Dr. 
Heilingloh

01.07.2016-
30.06.2017

Department of Immune 
Modula  on

M1-15-12-16-1 Epithelial cell shedding in the absence of 
geranylgeranyla  on

Dr. 
López Posadas

01.11.2016-
31.10.2017 Department of Medicine 1
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Project No. Project  tle Applicant Term Ins  tute

M1-16-02-17-1 Analysis of α4β7 and β7 integrin blocka-
de in infl ammatory bowel diseases Dr. Zundler 01.10.2016-

30.09.2017 Department of Medicine 1

JP-16-05-11-1
Prenatal depressive symptoms and dist-
ress: Associa  ons with child epigenome, 
cor  sol release and mental health

Dr. Eichler 01.01.2017-
31.12.2017

Department of Child and 
Adolescent Mental Health

M1-16-10.04-1
Molecular mechanisms of chroma  n 
decondensa  on in the process of neu-
trophil extracellular trap forma  on

Dr. Leppkes 01.02.2017-
30.11.2017 Department of Medicine 1

M3-15-08-06-1
The mechanisms of glucocor  costeroids- 
and estrogens- regulated autophagy in 
osteoclasts

Dr. Lin 01.04.2016-
31.03.2017 Department of Medicine 3

M3-15-08-16-1 Female sex steroids impact on an  body 
glycosyla  on Dr. Engdahl 01.02.2016-

31.01.2017 Department of Medicine 3

M3-15-08-17-1 The impact of Siglec-9 and Siglec-E on 
osteoclastogenesis Dr. Harre 01.03.2016-

28.02.2017 Department of Medicine 3

M3-15-08-25-1 Crosstalk between FcgR and IFNgR signa-
ling pathways during OC diff eren  a  on

Dr. Herbort 
(Groetsch)

01.04.2016-
30.10.2017 Department of Medicine 3

M3-16-03-30-1
Evalua  on of the impact of medium to 
long chain fa  y acids on bone resorbing 
cells.

Dr. Zaiss 16.10.2016-
15.10.2017 Department of Medicine 3

M4-15-11-10-1
Iden  fi ca  on of interleukin-1alpha as 
a key cytokine in crystal-induced renal 
failure.

Dr. Knauf 01.05.2016-
30.04.2017 Department of Medicine 4

M5-15-12-16-1

GMP-compliant manufacturing of 
bispecifi c 
T cells through retroviral TCR transduc-
 on

Dr. Gary 01.10.2016-
30.09.2017 Department of Medicine 5

MP-16-05-24-1
The role of Tbet expressing Foxp3+ 
regulatory 
T cells in lung carcinoma

Dr. Andreev 01.12.2016-
30.11.2017

Department of Molecular 
Pneumology

NT-15-10-28-1

The β-Catenin/Wnt-Pathway as Cross-
Talk-Mechanism between Podocytes and 
Parietal Epithelial Cells in the Develop-
ment of Focal-Segmental Glomerulosc-
lerosis

Dr. Pfi ster 01.09.2016-
31.08.2017

Department of 
Nephropathology

NT-16-01-04-1 Mechanism and func  onal role of MTOC 
transloca  on during heart development

Dr. Vergarajau-
regui

01.06.2016-
31.05.2017

Department of 
Nephropathology
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Project No. Project  tle Applicant Term Ins  tute

P008
Induc  on of mucosal immune responses 
by gene-based vaccines against viral respi-
ratory tract infec  ons

Prof. Ten-
busch

01.01.2018- 
31.12.2018

Ins  tute of Clinical and 
Molecular Virology

P012 The role of RIPK4 during intes  nal infl am-
ma  on and colorectal cancer development Dr. Mar  ni 01.01.2018- 

31.12.2018 Department of Medicine 1

P015 Modula  on of human purinergic receptor 
P2X4 by bile acids Dr. Ilyaskin 01.05.2018- 

31.10.2018 Ins  tute of Physiology

P016
Establishment of a laboratory method for 
the detec  on of novel contrast media for 
ultrasound imaging

Dr. Knieling 01.02.2018- 
31.01.2019

Department of Pediatric 
and Adolescent Medicinie

P017
Electronic support for periopera  ve risk 
evalua  on - a pilot study and proof of 
concept

Dr. Wagner 12 mo. Department of 
Anaesthesiology

P019
The involvement of the enteric nervous 
system in the immunopathogenesis of 
mul  ple sclerosis

Prof. Kürten 11 mo. Ins  tute of Anatomy

P021

Es  ma  on of bone strength of the distal 
radius and meta-carpal head using micro fi -
nite element analysis from high-resolu  on 
peripheral quan  ta  ve computed tomo-
graphy (HR-pQCT) in rheumatoid arthri  s

Dr. Kleyer 01.03.2018- 
31.08.2018 Department of Medicine 3

P022
Vasculariza  on and bone forma  on of 
cell-loaded hydrogel matrices in the rat AV 
loop model

Dr. Steiner 12 mo. Department of Plas  c and 
Hand Surgery

P023

Dipep  dyl-pep  dase-4 (DPP4) characteri-
zes a subpopula  on of fi brosis-promo  ng 
fi broblasts and is a molecular target for the 
treatment of fi brosis

Dr. Soare 12 mo. Department of Medicine 3

P024 The contribu  on of butyrophilins in the 
pathogenesis of Rheumatoid Arthri  s

Dr. Sarter-
Zaiss 12 mo. Department of Medicine 3
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News and Figures

Overview

Advanced Projects 39

Immunology and Infec  on 15

Oncology 7

Neurosciences 14

Renal and Vascular Research 3

Tandem projects between diff erent departments and ins  tutes 14

Junior Research Groups 2

Junior Projects running in 2017 22

Immunology and Infec  on 6

Oncology 5

Neurosciences 4

Renal and Vascular Research 3

Molecular Medicine 2

Others 2

Thereof projects completed in 2017 4

Projects approved in 2017, star  ng in 2018 2

Ins  tu  ons with funded projects 27

Employees of the IZKF 111

Number of scien  sts (including laboratory rota  ons) 72

Number of non-scien  sts 39

Pilot Projects running in 2017 38

Newly granted in 2017 17

Projects completed in 2017 21

Projects approved in 2017, star  ng in 2018 10

Appointments of IZKF project leaders to W2/ W3 - posi  ons 5

The following fi gures show the broad acceptance and the great interest of the Faculty of Medicine members 
in the programmes of the IZKF. The IZKF gives fi nancial support to projects in all focal areas of the Faculty 
of Medicine and into a large number of diff erent ins  tu  ons. In total 92 master thesis, doctoral thesis and 
habilita  ons were ongoing in 2017 and 75 publica  ons were completed. 
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Ongoing scien  fi c theses 92

Master theses 11

Doctoral theses 78

Habilita  ons 3

Laboratory rota  ons 18

MD-thesis scholarship holders 39

Par  cipants research training group 116

T(h)INK - Oncology, Immunology and Infec  on, Renal and Vascular Research 60

PhD students from IZKF projects 19

Associated par  cipants 22

MD-thesis scholarships holders 19

Neurosciences 56

PhD students from IZKF projects 16

Associated par  cipants 37

MD-thesis scholarships holders 3

Number of patents 2

Number of awards 16

Publica  ons 75

Cumula  ve impact factor 620.577

Average impact factor per publica  on 8.274

Average publica  ons per project 1.29

Publica  ons in journals with IF ≥ 10 26

Total expenditures IZKF 6,250 K€

Summary of important fi gures 2017
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Junior Research Group Leader Dr. Paolo Ceppi is awarded with 
the Young Inves  gator Research Award
Dr. Paolo Ceppi, leader of the Junior Research Group 1 
„Understanding the plas  city of cancer cells“ was awar-
ded with the Young Inves  gator Award - Lung Cancer“ by 
the Interna  onal Associa  on for the study of Lung Cancer 
(IASLC). This pres  geous price is awarded once a year.

The award was given to Dr. Paolo Ceppi for his contribu-
 on to the molecular characterisa  on of lung tumors, 

which improved the therapeu  c stra  fi ca  on of the 
pa  ents and promoted the introduc  on of the histologi-
cal determina  on in the clinical decision-making in non-
small cell lung cancer. This funding will be used to support the current lab 
projects on determining the role of thymidylate synthase in the epithelial-to-
mesenchymal transi  on in non-small cell lung cancer.

Dr. Ceppi

Summer Symposium 2017
In July 2017, the IZKF organised a one-day summer symposium “Re-
search Highlights at IZKF”. Selected current and former IZKF pro-
ject leaders and IZKF junior research group leaders presented 
research results achieved in connec  on with IZKF funding. The summer sym-
posium was held on July 21st in the newly inaugurated Harald zur Hausen-lec-
ture hall of the Faculty of Medicine. A  er an 
a  rac  ve programme, a networking party 
took place in the Nikolaus-Fiebiger Center 
where advanced and junior project leaders 
exchanged ideas about their research.
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Life@FAU
In October 2017, the Graduate School for Life Scien-
ces (Life@FAU) was launched following an ini  a  ve 
from IZKF. It off ers an interdisciplinary structured 
training programme for doctoral students at the 
Faculty of Medicine and the Department of Biolo-
gy. The Faculty of Medicine and the Department of 
Biology at the Faculty of Sciences are involved on 
equal foo  ng. All research training groups of both 
facul  es are members of Life@FAU including the 

IZKF Research Training Group. The objec  ves of 
Life@FAU are to enhance structured training pro-
grammes for doctoral candidates at FAU, to create 
uniform standards in postgraduate educa  on in the 
fi eld of life sciences and to ensure the provision of 
structured training programmes. A steering commit-
tee with Prof. Christoph Becker (Department of Me-
dicine 1) as chairman was elected.

From le   to right: Prof. Dr. Becker,  G. Minakaki, 
Prof. Lie

IZKF Postgraduate Workshop 2017
On October 15th, 2017, the 15th IZKF Postgraduate Workshop 
took place in the “Neues Hörsaalzentrum”. Two interes  ng talks 
were given. Prof. Dr. Loren Field (Indiana University School of Me-
dicine, Wells Center for Pediatric Research) gave a lecture on the 
topic “Monitoring S-phase ac  vity in the adult heart” and Prof. Dr. 
Mar  n Kerschensteiner (Ins  tute of Clinical Neuroimmunology, 
University Hospital and Biomedical Center (BMC), Ludwig-Ma-
ximilians University Munich) talked about “A dynamic view of 
neuroinfl amma  on.”

Within the poster session 33 doctoral candidates presented 
their projects. The selec  on commi  ee awarded the two poster 
prizes to

• Georgia Minakaki (Department of Molecular Neurology): 
„Autophagy inhibi  on promotes alpha-synuclein release and 
transfer via extracellular vesicles with a hybrid autophago/ 
exosome-like phenotype “
• Julia von Wi  genstein (Ins  tute of Biochemistry): 
„Sox11 - a novel ac  vity-regulated gene with dentate gyrus-
specifi c expression “
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Figures
 Research Grants
The IZKF off ers research grants in the funding lines advanced projects, junior projects, pilot projects and juni-
or research groups. In 2017, 39 advanced and 17 junior projects received funding of the IZKF. These projects 
cover the main research areas of the Faculty of Medicine, i.e. immunology and infec  on research, renal and 
vascular research, neurosciences and tumor research.  
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Chair of Experimental Medicine I x

Chair of Experimental Medicine II x

Department of Anesthesiology x

Department of Dermatology x x

Department of Immune Modula  on x

Department of Infec  on Biology x

Department of Medical Informa  cs, Biometry and Epidemiology x

Department of Medicine 1 x x x

Department of Medicine 3 x x x

Department of Medicine 4 x x

Department of Medicine 5 x

Department of Molecular Immunology x

Department of Neurology x

Department of Neuroradiology x

Department of Obstetrics and Gynaecology x

Department of Ophthalmology x

Department of Psychiatry and Psychotherapy x

Department of Stem Cell Biology x

Department of Surgery x

Division of Gene  cs x

Department of Molecular Neurology x

Department of Nephropathology x

Ins  tute of Biochemistry x x

Ins  tute of Clinical and Molecular Virology x

Ins  tute of Clinical Microbiology, Immunology, and Hygiene x

Ins  tute of Human Gene  cs x

Ins  tute of Physiology and Pathophysiology x

Ins  tutes and departments running advanced or junior projects in 2017 and the respec  ve associa  on to the 
focal research areas of the Faculty.
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 Junior Projects
The junior projects are established to support young 
postdoctoral physicians and scien  sts to obtain 
their fi rst third-party funding. In 2017, 19 proposals 
were reviewed and 7 (37%) of them were selected 
for funding. The approved projects cover all of the 
focal research areas of the Faculty of Medicine. The 
successful applicants work in 6 diff erent ins  tu  ons 
within the Faculty of Medicine. In total, 5 (71%) are 
physicians and 2 (29%) scien  sts; 4 (57%) of the 
successful applicants are men and 3 (43%) are wo-
men. The median of age of them was 33 years. 

Distribu  on of physicians and scien  sts between 2009 and 2017. Gender distribu  on of junior projects between 2009 and 2017.

All focal research areas of the Faculty are represented with Immunology and Infec  on (32%) and Oncology 
(27%) being the most successful over the years.

Distribu  on of junior projects among main research areas of the 
Faculty of Medicine between 2009 and 2017.

The fi rst call for junior projects was in 2009. Since 
then the programme is announced annually. Overall 
68 junior projects were selected for funding between 
2009 and 2017. Between 2009 and 2017, 30 (44%) 
physicians received funding and 38 (56%) scien  sts. 
20 (67%) of the physicians requested a laboratory 
rota  on, thereof 7 (35%) were women and 13 (65%) 
men. Over the en  re period we equally supported 
men and women: 34 successful applicants were wo-
men and 34 men. The median of age was 32 at  me 
of applica  on, for both women and men.
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Overall candidates from 22 diff erent ins  tu  ons within the Faculty of Medicine were successful. 

Distribu  on of junior projects among ins  tutes between 2009 and 2017.
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 Pilot Projects
In 2017 the pilot project programme was newly in-
tegrated into IZKF. Pilot projects are intended to 
support scien  sts at an early stage. In the repor  ng 
period 2017 27 proposals were discussed during 
the mee  ngs of the ELAN commission. Thereof, 21 
(78%) received funding. The approved 
projects cover nearly all the focal research 
areas of the Faculty of Medicine: oncology 
8, immunology and infec  on 7, neuros-
ciences 1 and others 5 projects. In 2017, 
pilot project leaders from 15 diff erent ins-
 tu  ons were reviewed. In total, 11 (52%) 

of the successful applicants are men and 
10 (48%) are women. The median of age 
was 32 for all project leaders. Women had 
a median of age of 32 and men of 33 years. 

Applica  ons for pilot projects can be sub-
mi  ed at any  me. Since 2012 an elect-
ronic applica  on using the ELAN-Tool is 
expected. The ELAN commission meets 
5-6  mes a year and selects projects for 
funding. Between 2012 and 2017 a total 
of 229 proposals for pilot projects were re-
viewed by the ELAN commission. Overall, 161 (70%) 
projects were granted for funding. Between 2012 
and 2017 in total 76 women (47%) and 85 men (53%) 
applied successfully for pilot projects. The median of 
age was 34 years for all, 32 years for women and 34 
years for men.

Gender distribu  on of pilot project leaders between 
2012 and 2017.

Distribu  on of pilot projects per main research areas between 
2012 and 2017.

All focal research areas of 
the Faculty are represented 
with Immunology and In-
fec  on (26%) and Oncology 
(23%) being the most suc-
cessful over the years. 59 
(37%) of 161 projects were 
completed with a publica-
 on.
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Candidates from 39 diff erent ins  tu  ons within the Faculty of Medicine were successful. 

Distribu  on of pilot projects among ins  tutes between 2012 and 2017.
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 Laboratory Rota  ons
In 2017 candidates from 11 different ins  tu  ons 
were supported in the Laboratory Rota  on Program-
me. Six new proposals were reviewed by the Ma-
nagement Board in 2017. Five (83%) of them were 
granted and just one proposal 
was rejected. Two (40%) of the 
granted candidates are women 
and 3 (60%) of them men.  The 
median of age was 33 years at 
the  me when the proposal was 
submi  ed.

Between 2012 and 2016 37 la-
boratory rota  ons have been 
funded. 26 (70%) of the funded 
candidates were men and 11 
(30%) were women. The suc-
cessful candidates were at the 
age of 29 to 40 years (average 
of women 34.5 years, average of 
men 35.5 years).

The IZKF monitors the career developement of all 
par  cipants of the rota  on programme. Six (16%) of 
them already fi nished their habilita  on procedure. 
Another 10 (27%) habilita  ons are ongoing. Seven 
(19%) physicians obtained a posi  on as group leader. 

Man months funded in the rota  on programme.

Distribu  on of laboratory rota  ons  among the main research areas 
from 2009 un  l 2017.

Many par  cipants successfully applied for external 
funding. 23 (62%) of 37 par  cipants received fun-
ding including both intramural and external funded 
ones. 

Par  cipants of the laboratory rota-
 on programme work on research 

projects from all main research 
areas of the Faculty of Medicine.
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Name Ins  tu  on Funding period Full-  me/ 
part-  me

Dr. Esther Eberhard Department of Anaesthesiology (AN) 09/2016 - 02/2017 100%

Dr. Marcel Ve  er Department of Medicine 1 (M1) 04/2017 - 09/2018 100%/50%

Dr. Wajima Safi Department of Medicine 4 (M4) 07/2017 - 12/2017 100%

Dr. Benedikt Jacobs Department of Medicine 5 (M5) 07/2017 - 12/2017 100%

Dr. Lisa Meintker Department of Medicine 5 (M5) 07/2017 - 12/2017 100%

Dr. Clemens Bockmeyer Department of Nephropathology (NT) 04/2016 - 03/2017 50%

Dr. Manuel Weber Department of Oral and Cranio-Maxillofa-
cial Surgery 06/2017 - 05/2018 50%

Dr. Fabian Fahlbusch Department of Paediatrics and Adolescent 
Medicine (KI) 10/2016 - 03/2017 100%

Dr. Ferdinand Knieling Department of Paediatrics and Adolescent 
Medicine (KI) 02/2016 - 01/2017 100%

Dr. Jakob Zierk Department of Paediatrics and Adolescent 
Medicine (KI) 02/2017 - 07/2017 100%

Dr. Rebekka Götzl Department of Plas  c and Hand Surgery 
(HP) 04/2016 - 03/2017 50%

Dr. Timo Oberstein Department of Psychiatry and Psychothe-
rapy (PS) 08/2016 - 07/2017 100%

PD Dr. Ulrike Hüff meier Ins  tute of Humane Gene  cs (HU) 09/2015 - 08/2017 50%

Rota  ons of Junior Project leaders

Dr. Fabian Müller Department of Medicine 5 (M5) 11/2016 - 10/2017 100%

Dr. Mar  n Regensburger Department of Neurology (NL) 07/2016 - 06/2017 100%
Laboratory Rota  ons running in 2017

 MD-thesis Scholarships
Within the doctoral programme 18 scholarships for 
medical doctoral students were awarded each year 
un  l 2017, each granted for a period of 7 months 
with a monthly allowance of € 773. In 2017, the gui-
delines of the programme changed. Since April 2017 
up to 25 grants are available for medical students. 
The scholarships with a monthly allowance of € 735 
are off ered during the research ac  vity of 8 con  -
nuous months.  A full-  me dedica  on to the thesis 
is expected. 

In 2017, a total of 39 medical doctoral students from 
17 ins  tu  ons were funded. Due to the fact that 
some scholarships granted in 2016 ended in 2017, 
the number of funded doctoral students is higher 
than the number of scholarships available. Overall,  
27 applica  ons for the MD-thesis scholarship pro-

gramme have been received in 2017. The Junior Sci-
en  st Commi  ee approved 23 applica  ons (85%), 9 
(39%) of the successful applicants were females and 
14 (61%) males. The median was 23 years.

Since its incep  on in 2007, IZKF supported a total 
of 133 medical students with a scholarship. Medical 
students o  en ini  ate experimental work on their 
doctoral thesis during their studies. They will fi nish 
the thesis, though, only several years a  er they 
graduate. By the end of 2017, 46 (35%) students had 
already completed their doctoral thesis. Interes  n-
gly, 20 students (44%) obtained the highest degree 
possible, summa cum laude. This compares very 
favourably to the average 5% of all MD thesis pre-
sented and is tes  mony to the excellent quality of 
MD thesis performed within this programme.
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MD-thesis scholarships

Name Ins  tu  on Funding period

Brandt, Amelie Department of Medicine 3 (M3) 04/2017 - 10/2017

Böhm, Magdalena Ins  tute of Clinical and Molecular Virology (VI) 07/2016 - 01/2017

Eitler, David Department of Otorhinolaryngology – Head and Neck Surgery (HN) 10/2017 - 05/2018

Fastancz, Petra Department of Medicine 1 (M1) 11/2016 - 05/2017

Fischer, Kim Department of Medicine 3 (M3) 11/2016 - 05/2017

Fritz, Niklas Department of Cardiac Surgery (HC) 10/2016 - 04/2017

Greif, Vicky Department of Medicine 1 (M1) 12/2017 - 07/2018

Hackenbracht, Julia Ins  tute of Neuropathology (NP) 01/2017 - 07/2017

Hanka, Isabella Department of Cardiac Surgery (HC) 04/2017 - 10/2017

Hardt, Moritz Department of Plas  c and Hand Surgery (HP) 09/2016 - 03/2017

Hekler, Daniel Department of Psychiatry and Psychotherapy (PS) 01/2017 - 07/2017

Heß, Merlin Department of Paediatrics and Adolescent Medicine (KI) 04/2017 - 10/2017

Hoff mann, Lucas Ins  tute of Neuropathology (NP) 12/2017 - 07/2018

Hug, Karsten Department of Medicine 2 (M2) 10/2017 - 05/2018

Kaul, Frederik Ins  tute of Biochemistry 04/2017 - 10/2017

Klingler, Anika Department of Surgery (CH) 04/2017 - 10/2017

König, Lore  a Department of Psychiatry and Psychotherapy (PS) 09/2016 - 03/2017

Kossel, Clara Department of Paediatrics and Adolescent Medicine (KI) 11/2016 - 05/2017

Luz, Hannah Department of Medicine 4 (M4) 11/2016 - 05/2017

Mayer, Anna-Lena Department of Nephropathology (NT) 11/2016 - 05/2017

Miedl, Markus Department of Nephropathology (NT) 10/2017 - 05/2018

Mi  ag, Nora Ins  tute of Biochemistry 08/2017 - 03/2018

Off ensperger, Laura Department of Medicine 1 (M1) 10/2016 - 04/2017

Osterloh, Justus Department of Medicine 1 (M1) 10/2017 - 03/2018

Prochnicki, Ania Department of Nephropathology (NT) 04/2017 - 10/2017

Rentschler, Lukas Department of Medicine 4 (M4) 11/2016 - 05/2017

Ri  er, Maximilian Department of Surgery (CH) 10/2017 - 05/2018

Rösel, Nadine Department of Psychiatry and Psychotherapy (PS) 10/2017 - 05/2018

Rümmele, David Department of Nephropathology (NT) 10/2017 - 03/2018

Schleier, Lena Department of Medicine 1 (M1) 01/2017 - 07/2017

Schmid, Jonas Department of Medicine 1 (M1) 10/2017 - 05/2018

Schnell, Alexander Department of Paediatrics and Adolescent Medicine (KI) 01/2017 - 07/2017

Scholz, Julia Department of Medicine 4 (M4) 10/2017 - 05/2018

Schulz, Oscar Department of Medicine 3 (M3) 10/2016 - 04/2017

Seeberg, Jacob Department of Radia  on Oncology (ST) 07/2016 - 01/2017

Stegmann, Hedwig Department of Paediatric Cardiology (KE) 11/2016 - 05/2017

Steinfeldt, Jakob Department of Nephropathology (NT) 04/2017 - 10/2017

Steff en, Jan Insitute of Cellular and Molecular Physiology 07/2016 - 01/2017

Westergerling, Parisa Department of Medicine 4 (M4) 07/2016 - 01/2017
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 Research Training Group
In 2017 the IZKF Research Training Group included 116 members. 

Un  l November 2017, Isabella Schöpe was speaker of the IZKF Research 
Training Group for the area oncology, immunology, renal and vascular 
infec  on. Iris Stolzer was 
elected her successor. 
Benjamin Häberle was 
reelected as speaker of 
the IZKF Research Trai-
ning Group for the area of 
neurosciences.

Par  cipants IZKF Research Training Groupl 116

Neurosciences (ICN) 56

Par  cipants from IZKF projects 16

Associated par  cipants 37

MD-thesis scholarships 3

T(h)INK - Oncology, immunology and infec  on, renal and vascular research 60

Par  cipants from IZKF projects 19

Associated par  cipants 22

MD-thesis scholarships 19

Par  cipants of the IZKF Research Training Group 2017

So   skill and sta  s  c courses given in 2017

•   Scien  fi c Wri  ng, Dr. Deborah Benne  , 19.-21.07.2017, 15.-17.11.2017
•   Presenta  on Skills, Dr. Deborah Benne  , 26.-28.04.2017, 22.-24.11.2017
•   Kommunika  on und Rhetorik, Gerhard Kranz, 11.-12.07.2017
•   Microscopy course on sample prepara  on for two channel confocal fi xed sample and spinning disc live    
     cell imaging, Dr. Ralf Palmisano, 20.-23.06.2017
•   Biosta  s  cs, Dr. Ma  hias Englbrecht, 12.-13.05.2017, 06.-07.10.2017

 Visi  ng Professor Programme
Lectures given by external scien  sts in 2017 - FAU-Visi  ng Professor Programme

Scien  st
(Proposed by) Ins  tute Lecture  tle

Prof. Katharina Brandl
(Prof. Beate Winner)

Skaggs School of Pharmacy and Pharmaceu  cal Scien-
ces, University of California San Diego, USA

How to engage the classroom?

Dr. Mária Dux
(Prof. Karl Meßlinger)

Department of Physiology, University of Szeged, 
Hungary

Veränderungen im trigeminovaskulären 
System nach Hochfe  - und Hochzucker-Diät 
bei Nagern - Relevanz für die Pathophysiologie 
der Migräne

Prof. Carl June
(Prof. Andreas Mackensen)

Department of Pathology and Laboratory Medicine, 
Univeristy of Pennsylvania, Philadelphia, USA

CAR T cells in leukemia and myeloma

Prof. Byung In Lee
(Prof. Michael Buchfelder)

Department of Neurology, Yonsei University, Seoul, 
South Korea

Diagnosis and treatment of symptoma  c epi-
lepsies (with special regards to neurosurgery)
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Scien  st
(Proposed by) Ins  tute Lecture  tle

Prof. Francesco Ferragu  
(Prof. Ralf Enz)

Ins  tute of Pharmacology, Medical University of 
Innsbruck, Austria

The intercalated cell masses as a relay sta  on 
for hippocampal and somatosensory inputs to 
the amygdala: Implica  ons for fear lerning

Dr. Felix Hol
(Dr. Dulin)

Department of Bioengineering, Stanford University, 
USA

Interroga  ng Mosquito-pathogen Communi-
 es using High-throughput Microfl uidics

Dr. Sebas  an Illes
(Prof. Beate Winner)

Department of Physiology at Ins  tute of Neuroscience 
and Physiology, University of Gothenburg, Sweden

Human induced pluripotent stem cell-based 
func  onal cor  cal circuits for personalised 
neuropsychiatric disease modelling

Dr. Bilal Kerman
(Prof. Jürgen Winkler)

Histology and Embryology Department, Istanbul Medi-
pol University School of Medicine, Turkey

In vitro modelling of myelina  on and demye-
lina  on

Prof. Jonel Trebicka
(Dr. Peter Di  rich)

Department of Internal Medicine, University of Bonn, 
Germany

Renin-Angiotensin-System and development 
of liver disease and complica  ons

Prof. Barbara Treutlein
(Prof. Beate Winner)

Department for Gene  cs, Max Planck Ins  tute for 
Evolu  onary Anthropology, Leipzig, Germany

Reconstruc  ng human neurogenesis using 
single-cell transcriptomics

Lectures given by external scien  sts in 2017 - IZKF-Visi  ng Professor Programme

Scien  st
(Proposed by) Ins  tute Lecture  tle

Prof. Sylvie Le Gall
(Prof. Klaus Überla)

Ragon Ins  tute of MGH, MIT and Harvard, Cambridge, 
USA

An  gen processing and presenta  on in HIV 
infec  on

Prof. Dingenus Meijer
(Prof. Michael Wegner)

Centre for Neuroregenera  on, University of Edinburgh, 
UK

Func  onal and structural diff eren  a  on of 
the axon

Prof. Hans Schreiber
(Prof. Andreas Mackensen)

Division of Pathology, University of Chicago, USA arge  ng cancer-specifi c muta  ons for T-cell 
Therapy

Prof. Stuart Shankland
(Prof. Kers  n Amann)

Division of Nephrology, University of Washington, USA Glomerular regenera  on from Resident stem/
progenitor cells

Prof. Olaf Stüve
(Prof. Ralf Linker)

Department of Neurology and Neurotherapeu  cs, Uni-
versity of Texas Southwestern Medical Center, Dallas, 
USA

The Pathogenic Role of An  gen-Specifi c CD4+ 
T Cells in Neuromyeli  s Op  ca

Dr. Sco   L. Thomson
(Prof. Michael Döllinger)

Department of Mechanical Engineering, Brigham 
Young University, Provo, USA

Computa  onal and experimental studies of 
the biomechanics of human voice produc  on
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IZKF Funding and Output

 Budget
Since 2004, the IZKF has been fully supported by 
intramural funds. The main fi nancial contribu  on is 
given by the Faculty of Medicine. Addi  onal contri-
bu  ons are received from the FAU. In 2017, a sing-
le consolidated budget for the IZKF and the former 
ELAN Fonds is reported for the fi rst  me.

Part of the expenditures of 2017 were fi nanced from 
residual funds of the previous years.

Revenues

Support of the Medical Faculty 5,483 K€

Support of the University 364 K€

Contribu  on of IZKF for junior research groups  - 24 K€

Total revenues 2017 5,823 K€

Expenditures

Advanced projects 3,081 K€

Pilot projects 975 K€ 

Career development 1,939 K€ 

thereof junior research groups 437 K€

thereof junior projects 911 K€

thereof laboratory rota  ons 446 K€

thereof MD-thesis scholarships 129 K€

thereof research training group 16 K€

Central projects 96 K€

Administra  on 159 K€

Total expenditures 2017 6,250 K€

Financial Statement IZKF 2017

 Output and Evalua  on
Various parameters are used to assess compliance 
with the mission of the IZKF in advancing clinically 
oriented research at the Faculty. Scien  fi c publica-
 ons and academic success of young scien  sts are 

the most obvious and straigh  orward ones. Ad-
di  onally, the acquisi  on of extramural funding is 
an explicit objec  ve of IZKF. Furthermore, patents, 
scien  fi c prizes and off ers of professorships are re-
levant parameters. Other important parameters for 
the IZKF are the number of diff erent ins  tu  ons and 
scien  sts, who are involved in the IZKF, the number 
of interdisciplinary projects as well as the number of 
joint publica  ons.

In the repor  ng period altogether 58 scien  fi c pro-
jects were ac  vely running: 39 advanced projects, 
17 junior projects and 2 junior research groups. In 
addi  on, 7 junior projects started their work in 2017 
(5) or in the beginning of 2018 (2). These 58 fun-
ded scien  fi c projects published 75 original ar  cles 
in 2017 resul  ng in an average of 1.29 publica  ons 
per project. The cumula  ve impact factor (IF) was 
620.577, averaging 8.274 per publica  on. The high 
quality of many of these publica  ons is refl ected in 
26 publica  ons with an IF of more than 10. Being 
part of IZKF allows intensive networking and direct 
access to collabora  ons, which can be seen in 13 
publica  ons that were generated in a coopera  on 
of mul  ple projects. Addi  onal ar  cles of fi nalised 
projects are in prepara  on, submi  ed or accepted. 
Publica  ons that have already been accepted are lis-
ted in the corresponding fi nal reports.

Intense academic ac  vity within IZKF projects is re-
fl ected in 11 master theses, 78 doctoral theses and 
three habilita  ons that were in progress or fi nalised 
in 2017. A total of 72 scien  sts from 27 ins  tu  ons 
are involved in 58 scien  fi c projects funded by IZKF.
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Some IZKF project leaders were able to achieve out-
standing results. 16 prizes were awarded to IZKF pro-
ject leaders. Five professorships were off ered, two of 
them were accepted.

In many instances funding by the IZKF starts at an 
early phase of the project, thus it must be considered 
as a high risk funding programme. It is nevertheless 
reassuring that most of the projects are successful 
and many of them are con  nued a  er termina  on 
of intramural funding. To support this with fi gures, 
results of a detailed survey of acquired third-party 
funding by IZKF-projects are given on the next pages.

Beginning with the funding period 2010-2013, grants 
were awarded for a period of 30 months with an ex-
tension by 6 months, if these projects are submit-
ted for external funding. Within the funding period 
2013-2016 all projects submi  ed third party funds 
applica  ons and therefore received the 6 months 
funding extension. When considering the last two 
funding periods (2010-2016) 47 projects were fun-
ded by the IZKF of which 44 (94%) submi  ed third 
party funds applica  ons. Of these, 35 projects (80%) 
were granted extramural funding and only 9 (20%) 
were not funded. This impressive success is also re-
fl ected by the fact that IZKF funding resulted in the 
acquisi  on of more extramural funds than were ori-
ginally spent.

Similarly, the junior projects lead to a high number 
of extramural funding applica  ons with a very high 
success rate. This development has been stable over 
the en  re dura  on of the programme. 
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News and Figures

Approved applica  ons for third-party funding of advanced 
projects between 2010 and 2017

Applica  ons for third-party funding submi  ed by advanced 
projects between 2010 and 2017

Acquisi  on of third-party funding by advanced projects

This column graph compares the number of advanced projects with that for the submi  ed and approved applica  ons 
for external funding in each funding period.
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External funding received from advanced projects between 
2010 and 2017

External funding received from advanced projects between 2007 and 2017. 
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News and Figures

Approved applica  ons for third-party funding of junior projects 
(projects ini  ated between 2009 and 2014).

Applica  ons for third-party funding submi  ed by junior projects 
(projects ini  ated between 2009 and 2014).

Success-rate of junior projects. Ini  ated 2009-2013.

Acquisi  on of third-party funding by junior projects
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External funding received from all junior projects 
ini  ated between 2009 and 2013.

External funding received from junior projects ini  ated between 2009 and 2013. 
* Several grant applica  ons are s  ll under evalua  on. 
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News and Figures

For this output analysis 128 pilot projects concluded between 2012 and 2016  were evaluated. In total  35 of 
them (27%) obtained external funding for the project.

Approved applica  ons for third-party funding of pilot projects 
(projects completed between 2012 and 2016).

Success-rate of pilot projects. Further applica  ons of projects ini  ated in 2016 are planned.

Acquisi  on of third-party funding by pilot projects
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External funding received from all pilot projects completed bet-
ween 2012 and 2016

External funding from pilot projects completed between 2012 and 2016.
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