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Foreword

Dear readers,

Successfully bridging the gap between re-
search and education as well as the profes-
sion as a physician and doctor in academic
healthcare is a challenge to university-based
medicine. Establishing the necessary frame-
work is one of the great concerns of the Fa-
culty of Medicine, not only to inspire the best
minds sustainably into viewing Wirzburg as a
centre of science. It is thus my great pleasu-
re to introduce a number of new colleagues
who were appointed by our Faculty during the
last two years:

Professor Dr. Stefan Frantz took over as Di-
rector of the Department of Internal Medici-
ne |, Professor Dr. Hubert Kiibler as Director
of the Department of Urology and Paediatric
Urology, and Professor Dr. Christoph Maack
as Director of the Department of Translati-
onal Research at the Comprehensive Heart
Failure Center Wiirzburg (CHFC). Moreover, a
number of new chairs were established at the
Faculty of Medicine. Professor Dr. Philip To-
vote occupied the newly established Chair of
Systems Neurobiology at the Institute of Cli-
nical Neurobiology within the framework of a
Heisenberg professorship. Professor Dr. Cyn-
thia Sharma was appointed Chair of Molecu-
lar Infection Biology Il in the Institute of Mole-
cular Infection Biology, while the appointment
of Professor Dr. Oliver Kurzai heralded the
establishment of the first and currently sole
Chair of Medical Microbiology and Mycology
in Germany. In conjunction with the foundati-
on of the Max-Planck Research Group for Sys-
tems Immunology, we were able to appoint
Professor Dr. Wolfgang Kastenmdiller and Pro-
fessor Dr. Georg Gasteiger as the newly es-
tablished Chairs of Systems Immunology |
and Il. The Faculty of Medicine also under-
went structural expansion through the foun-
ding of the Institute of General Practice in Jan-
uary 2018 under the leadership of Professor
Dr. lldiké Gagyor and Professor Dr. Anne Sim-
menroth, who share the tasks of teaching and
research. Furthermore, a total of 11 W2 and
4 W1 professorships were newly appointed
in both the clinical and preclinical-theoreti-
cal fields of medicine in 2017 and 2018. Their
work is portrayed in depth in this edition of
the research report.

Motivating students into participating ac-
tively in science as early as possible and
preparing them for a scientific career or sci-
entifically related activity through suitable
measures is a primary focus of the Faculty of
Medicine. To live up to this aspiration is also
the aim of the new “elite degree program-
mes” on offer, “Translational Medicine” and
“Translational Neuroscience”, which are on
offer to medical students as additional cour-
ses of study. These degree programmes, fi-

nanced by the Elite Network in Bavaria, are
characterized by a particularly demanding
range of courses taught, excellent by inter-
national standards, on the basis of novel in-
terdisciplinary concepts and highly intensive
supervision.

The Faculty of Medicine has also reacted in
a timely manner to the problems of recrui-
ting the next generation of scientists in cli-
nical research by creating the infrastructu-
re and positions to enable clinicians in spe-
cialty training the time to carry out research
in addition to the time-consuming treatment
and care of patients. In order to continue
meeting this aim, we have developed las-
ting infrastructure and concepts of qualifi-
cation with the foundation of the Integrati-
ve Clinician Scientist College (ICSC), which
provides the next generation of scientifically
active doctors the freedom to research and
qualifies them specifically on their path to-
wards becoming clinician scientists. The
ICSC is located within the Interdisciplinary
Center for Clinical Research (IZKF) and acts
as an umbrella providing standards with re-
spect to organizational framework and qua-
lity, alongside a wide range of continuing/
further education opportunities. One of the
clinician-scientist programmes available is a
programme funded by the DFG since 2018
titled “Understanding InterOrgan Networks
in Cardiac and Vascular Diseases (UNION-
CVD)”, which deals with the translational re-
search into organ interactions in cardiac and

vascular disease as well as cardiac and vas-
cular symptoms of non-cardiovascular condi-
tions/diseases. In a highly competitive appli-
cation procedure with the aim of combatting
the shortage of young scientists in cancer
research, the Faculty of Medicine has suc-
ceeded in its bid to establish one of only five
nationwide Mildred-Scheel-Junior-Research
Centers. A total of ten million Euros over the
next five years were awarded to provide the
ideal working environment and work-life ba-
lance to young talents from the fields of me-
dicine and the natural sciences. Up to eight
research groups will soon be able to embark
on their research work on the medical cam-
pus. A distinctive feature of the programme
is the concept of supporting interdisciplinary
tandems of clinician scientists and medical
scientists, which was seen by the reviewers’
panel as exceptionally trendsetting.

Another central concern of the Faculty of
Medicine is to expand particularly promising
fields of research gradually and consolidate
their infrastructure. With completion of the
move into the new research building for the
German Comprehensive Heart Failure Cen-
ter in January 2017, scientists and clinicians
from various disciplines may now focus their
attention on basic and clinical research as
well as patient care, united under one roof.
This step has underlined once again the inter-
nationally visible and nationally leading role
of heart failure research in Wirzburg, last but
not least strengthened through the previous-

&
E

-

16.500.000 €

S Wi

|

-

|

Professor Dr. Jorg Vogel (left), founding director of the Helmholtz Institute for RNA-based In-
fection Research, together with the Bavarian State Minister for Economy and Media, Energy
and Technology llse Aigner (centre) and Professor Dr. Dirk Heinz (right), Scientific Director of
the Helmholtz Centre for Infection Research, pictured at the official contract-signing ceremo-
ny in the Prince’s Hall of the Residence in Wiirzburg on 24 May 2017. (Photo: Rudi Merki)
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ly mentioned appointment of Professor Dr.
Christoph Maack.

The successful establishment of two new ex-
tramural institutions is viewed as an outstan-
ding milestone for Wirzburg as a centre of
science. In May 2017, the Julius-Maximilians-
University Wirzburg and the Helmholtz As-
sociation celebrated the inauguration of the
Institute for RNA-Based Infection Research
(HIRI), seated within the Helmholtz Centre for
Infection Research (HZI). Since its foundati-
on, the development of the HIRI has advan-
ced a long way and six further workgroup lea-
ders from Germany, the USA, France, Ireland,
and Turkey have been recruited in Wirzburg
alongside the founding director Professor Dr.
Jorg Vogel. To strengthen the links between

the current research foci of the participating
institutions, the sum of 1.9 million Euros has
already been distributed among scientists at
the HIRI, the University of Wirzburg, and the
HZI for use in joint research initiatives. Last
but not least, work on establishing the Max-
Planck Research Group for Systems Immu-
nology is pressing ahead. In addition to the
appointment of Professor Dr. Georg Gastei-
ger and Professor Dr. Wolfgang Kastenmiil-
ler, two further junior research groups have
taken up research work in Wirzburg.

Numerous successful applications bear wit-
ness to the strength of biomedical researchin
Wirzburg, including a series of newly funded
transregional collaborative research centers,
in which the university-based medical cen-

ter in Wirzburg, as an attractive partner to-
gether with other locations, is committed to
current topics in medicine for the wellbeing
of the population.

At this point | would like to express my grati-
tude to the Executive Board of the University,
all the research funding organizations, politi-
cians, ministerial employees, and friends of
the Faculty of Medicine. It is only with your
help, promotion, and support that the excel-
lent potential that exists in Wirzburg can ful-
ly unfold.

Wirzburg, May 2019
Professor Dr. Matthias Frosch
Dean

Honours awarded by the Faculty of Medicine

Conferral of an honorary doctorate to
Professor Dr. Dr. h.c. mult. Otmar Wiestler
during the doctorate award ceremony in the
“Neubaukirche” on 13 May 2017. Professor
Dr. Dr. h. ¢. mult. O. Wiestler initially accep-
ted the chair of neuropathology at the Uni-
versity of Bonn in 1992, where he built up
the Institute of Neuropathology into a lea-
ding centre of research into brain tumours,
human epilepsy, and neural stem cells. He
moved to Heidelberg in 2004, where he
took over the position as Director of the
Board and Scientific Director of the German
Cancer Research Centre as successor to
Professor Dr. Dr. h. c. mult. Harald zur Hau-
sen. In 2015, Professor Dr. Dr. h. ¢. mult. O.
Wiestler was appointed as president of the
Helmholtz Community of German Research
Centres. With Professor Dr. Dr. h. c. mult.
0. Wiestler, the Faculty of Medicine honou-
red an outstanding scientist and far-sighted
scientific politician setting new standards.
With the foundation of the Helmholtz Insti-
tute for RNA-Based Infection Research, the
University of Wiirzburg is now also structu-
rally integrated into the Helmholtz Associa-
tion.

Professor Dr. Dr. h. c. mult. Otmar Wiestler (3rd from left) framed by the well-wishers: Profes-
sor Dr. Jorg Vogel (left), Professor Dr. Matthias Frosch (2nd from left), Professor Dr. Georg Ertl
(3rd from right), Professor Dr. Hermann Einsele (Znd from right) und Professor Dr. Ralf Bargou

(right). (Photo: Angie Wolf)
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The History of the Faculty of Medicine in Wirzburg

The Faculty of Medicine in Wirzburg ranks
among the four oldest medical faculties in
Germany. It was preceded only by Heidel-
berg, Cologne and Erfurt, and thus has to-
day a history of more than 600 years behind
it. Together with theology and law, medicine
had its place among the three higher facul-
ties in 1402 already, at the original foundation
of Wirzburg University. It is not clear, howe-
ver, to what degree formal medical teaching
was inaugurated at the time. Certainly, any
regular teaching activities must have come to
an end within a few decades, due to the ra-
pid decline of the University as a whole. Long
before 1402 already, Wirzburg was held in
high esteem as a center of medical learning,
however. Already in the late 13" century, the
Abbot of the monastery of Aldersbach in Lo-
wer Bavaria undertook a journey of more than
300 kilometers to consult the learned phy-
sicians in Wirzburg about his failing health.
About the same time, probably around 1280,
one of the most influential vernacular medi-
cal handbooks of the Middle Ages was writ-
ten, the “Arzneibuch” of Ortolf von Baierland
who called himself explicitly a “physician from
Wirzburg”. Compiled “from all the Latin me-
dical books | have ever read”, Ortolf’s “Arz-
neibuch” offered of a summa of medieval me-
dical learning. From the mid-14" century, a
topographical illustration of the brain by the
Wirzburg canon Berthold von Blumentrost
has come down to us, which attributed the
major rational faculties - imagination, cogi-
tation and memory - to the various cereb-
ral ventricles. This made perfect sense within
the ruling Galenic paradigm, which associa-
ted the rational faculites with the very subtle
and mobile animal spirits that were assumed
to move in the ventricles rather than within
the cerebral substance itself.

Restart: University and Julius-Spital

In the 16" century, various learned physicians
of renown were active in Wiirzburg, Burck-
hard von Horneck, for instance, and the phy-
sician-poet Johannes Posthius. Only with the
second foundation of the University in 1582,
however, formal academic medical teaching
was put into place. Again, medicine ranked
among the University’s three higher faculties
from the start, though it took several years
until the Faculty of Medicine truly came to
life. In 1587, the Faculty‘s statutes were ap-
proved. By 1593, finally, the professors had
been appointed and began teaching. Wirz-
burg had come to offer exceptionally good
conditions for a sound medical education.
Adriaan van Roomen, also known as Adria-
nus Romanus, had been appointed to the first
and most prestigious professorship, the chair

for medical theory. Within a couple of years,
van Roomen, who was also a mathematician
of international acclaim, succeeded in esta-
blishing a flourishing culture of medical dis-
sertations and disputations and promoted a
number of medical students to doctors. At
the same time, conditions for clinical, practi-
cal training had markedly improved, thanks
to the newly founded Julius-Spital. In contrast
to many other contemporary hospitals, which
cared almost exclusively for the aged and in-
firm, the Julius-Spital was, from its very be-
ginning, explicitly designated also as a hos-
pital “in aegrorum curationem?”, i.e. for the
medical treatment of the curable sick. The
Julius-Spital thus offered medical students
a welcome opportunity to observe various
kinds of diseases and to witness the effects
of different curative approaches. Such bed-
side teaching was very popular among con-
temporary medical students and was a ma-
jor reason, why numerous medical students
crossed the Alps to study in Montpellier or at
one of the Northern Italian universities, whe-
re they were commonly allowed to accompa-
ny the professors on their visits to patients in
the hospitals and in private homes.

After van Roomen’s retirement and death
and due to the recurring outbreaks of plague
and the Thirty Years War the Faculty of Medi-
cine in Wirzburg lost much of its internatio-
nal renown, however. Only very few medical
students continued to find their way to Wirz-
burg and even fewer were promoted to doc-
tors of medicine. From the late 17" century,
the government tried to counteract this trend
and initiated important reforms. The number
of medical chairs was raised to five in 1709;
originally there were only two or three. Follo-
wing the example of leading protestant uni-
versities such as those in Leiden and Halle a
botanical garden was set up - botanical gar-
dens were then considered important tea-
ching tools which helped medical students
become familiar with the various plants used
as medicinal drugs. An anatomical theater
was built in the garden pavilion of the Julius-
Spital and the famous Parisian surgeon Louis
Sievert was brought in to improve anatomi-
cal teaching. The professor of anatomy was
instructed to dissect a corpse at least every
four weeks in the winter time, in the presence
of the other professors. Academic disputati-
ons and dissertations were encouraged. Yet
these efforts bore little fruit, at first. The Fa-
culty lacked professors whose fame could at-
tract medical students from further away, and
the teaching methods remained rather old-
fashioned. In 1739, the professors still had
to be explicitly forbidden to dictate their lec-
tures word by word. In 1758, Karl Philipp von
Greiffenklau began his request for a survey of
the Faculty’s state bluntly by asking: “Where-
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in lies the cause of the immense decline of
the Medical Faculty?”

On the way towards modernity:
The Siebold-Dynasty

It was due primarily to the incessant activi-
ties of one man, Carl Caspar Siebold, that
this rather desolate situation changed within
a couple of decades and the Wirzburg Me-
dical Faculty became one the foremost insti-
tutions of its kind in Germany. Siebold, sin-
ce 1769 professor of anatomy, surgery and
obstetrics, began a systematic drive to im-
prove medical education, introducing new
modern teaching methods. Since 1766, me-
dical students had been offered regular cli-
nical instruction again, in the Julius-Spital.
Towards the end of the 18" century, large-
scale reconstruction work created space for
about 200 curable patients and thus marked-
ly improved the conditions for bedside tea-
ching. Siebold was also a driving force be-
hind the rebuilding of the Theatrum anatomi-
cum and behind the establishment, in 1805,
of a modern operation theatre in the Julius-
Spital. Siebold’s sons were to follow their
father’s footsteps and like him contributed
to the modernization of in-patient care and
medical instruction. Johann Barthel von Sie-
bold who worked primarily as an anatomist
and surgeon lectured on pathological ana-
tomy. Adam Elias von Siebold continued his
father’s efforts to improve obstetrical trai-
ning for medical students and midwives. In
1805, he opened the first obstetrical hospi-
tal in Wirzburg in a building which formerly
housed epileptics.

The rapid ascent of the Medical Faculty under
Siebold and his sons was ultimately crucial
for the survival of the University as a whole.
When Wirzburg came under Bavarian rule in
1803, it was the university in Bamberg rather
than the one in Wirzburg that was closed. In
the process, the Wirzburg Medical Faculty
even saw its fame further promoted by lea-
ding professors from the former Bamberg in-
stitution. One of Germany’s foremost anato-
mists, physiologists and embryologists, Ig-
naz Ddllinger, joined its ranks. Like Ddllinger,
Wilhelm von Hoven, a former school mate
of Friedrich Schiller, came from Bamberg to
Wirzburg. Later he became a major medi-
cal figure in Nuremberg, and was, by all ap-
pearances, the driving force behind the first
double-blind trial in history, which was orga-
nized in Nuremberg in 1835 in an attempt to
disprove the efficacy of homeopathic drugs.
The strongest attraction on German medical
students was exerted, for a couple of years,
by the philosopher Wilhelm Schelling who
sought to put medicine on new, philosophi-



cal foundations. At the height of his fame
in Wirzburg, 270 medical students immat-
riculated in one year. Soon, growing disillu-
sionment set in, however, and his audience
shrank rapidly.

Schonlein - Virchow - Rontgen

Over the following decades, Wirzburg incre-
asingly developed into a center of empirical-
observational and, finally, laboratory-based,
experimental approaches. Clinical instruc-
tion was further improved by a massive ex-
pansion of policlinical care. Thousands of
out-patients provided medical students with
unique possibilities to visit and observe pati-
ents in their homes and to take responsibility
for their care, guided by a more experienced
physician. Johann Lukas Schonlein, the foun-
der of the so-called “natural history school”
in medicine, introduced scores of students
to his approach. He called for a detailed and
unprejudiced observation of signs and symp-
toms as the basis of a new, empirically foun-
ded nosology. Based on his method, Schon-
lein described various diseases for the first
time and some like the Schoenlein-Henoch
purpura carry his name to this day. Nikolaus
Anton Friedreich gave an account of facial
nerve paralysis. Johann Georg Pickel and
Johann Joseph von Scherer helped lay the
groundwork for a modern science of phar-
maceutics and medical chemistry respec-
tively. Around the middle of the 19" century,
Franz von Rinecker was the Faculty’s domi-
nant figure. He made important contributions
to pediatrics, psychiatry and dermatology ali-
ke and thanks to his efforts Wirzburg can
boast one the first pediatric hospitals at any
university in the world. Under Rinecker’s lea-
dership, Rudolf Virchow and Albert Kolliker
were appointed professors, who helped turn
anatomy and pathology into modern labora-
tory sciences and, in the case of Virchow’s
cellular pathology, provided contemporary
medicine as a whole with a new theoretical
basis. Outstanding contributions also came
from researchers outside of the Medical Fa-
culty, from the biologists Julius Sachs and
Theodor Boveri, for example, and from the
physicist Wilhelm Conrad Rontgen who dis-
covered the x-rays.

By 1900, the Julius-Spital - in 1800 still to a
large degree a last resort for poor, single pa-
tients and invalids - and the various univer-
sity hospitals had become the most impor-
tant providers of in-patient care in Wiirzburg.
In the 1920s, the close and fruitful, though
sometimes conflict-ridden ties between the
Juliusspital and the Medical Faculty were so-
mewhat loosened when the new Luitpold-
Hospital was built in Grombihl.

Fig. 1: The University Hospital in Grombdh!
(aerial view, 1950s).

The National Socialist era

The National Socialist period left deep marks
on the Wirzburg Medical Faculty. The Insti-
tut fur Vererbungswissenschaft und Rasse-
forschung (Institute of Hereditary Science
and Racial Research) conducted large scale
genetic surveys of the population in the area
around Wirzburg. Werner Heyde, who was
appointed professor of psychiatry in Wirz-
burg in 1939, played a leading role in the so-
called ,,Aktion T4”, the organized mass mur-
der of 10,000s of psychiatric patients and
handicapped men, women and children bet-
ween 1939 und 1941. Based on the ,Gesetz
zur Verhiltung erbkranken Nachwuchses®
(1933) sterilizations and abortions were per-
formed against the women’s will in the Ma-
ternity Hospital under Carl GauB. The Anato-
mical Institute obtained numerous corpses of
people who had been executed for political
reasons as well as, through Heyde, about 80
corpses of men and women who by all appea-
rances had been murdered - possibly in the
gas chambers - with carbon monoxide. Most
of the other hospitals and institutes were also
in some way or other implicated in National
Socialist medicine and almost all professors
lost their chairs after 1945.

After 1945

The massive air raid in the spring of 1945 da-
maged or destroyed large parts of the Uni-
versity and the hospitals. Already a couple of
days after the raid, the first operations were
performed again, however, and out-patient
care as well as work on the wards resumed.
Only ten years after the end of the war, the
Faculty counted three of the big names in
contemporary Western medicine among its
members, the surgeon Werner Wachsmuth,
the internist Ernst Wollheim and the otorhi-
nolaryngologist Horst Wullstein. Wullstein
not only acquired international fame with his
new method of tympanoplasty and his spe-
cial operation microscope. As the driving
force behind the foundation of a “head clinic”
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he also paved the road towards the establish-
ment of interdisciplinary centers which incre-
asingly came to shape the Faculty and which
acted as crucial catalysts for cutting-edge bi-
omedical research. In 1992, a new center for
biomedical research was opened on the Hub-
land, which today brings together members
of ten different institutions, from the facul-
ties of medicine, chemistry and pharmacy as
well as biology., In 2002, the “Virchow Zen-
trum” was established as a national research
center for experimental biomedicine, endo-
wed with a number of research professor-
ships and research groups headed by juni-
or researchers, which also plays a major role
in the “Graduate School of Life Sciences”.
Wiirzburg has come to house a center for re-
search on infectious diseases and a center
for interdisciplinary clinical research. In ad-
dition, since 1971, a fair number of so-called
“Sonderforschungsbereiche” (large, often
interdisciplinary research networks) have
been active, financed by large grants from
the Deutsche Forschungsgemeinschaft. The
trend towards interdisciplinary research and
medical care gained further momentum over
the last years, with the creation of the Center
for Operative Medicine, the Center for Inter-
nal Medicine and the Center for Experimen-
tal and Molecular Medicine. 2017 also saw
the inauguration of the research building for
the Comprehensive Heart Failure Centre in
Wirzburg, setting yet another high point in
the structural development of the Faculty of
Medicine.

Professor Dr. med. Dr. phil. Michael Stolberg
Institute for the History of Medicine
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Institute of Anatomy and Cell Biology,

Chair of Anatomy |

CONTACT DETAILS

Professor Dr. med. Siileyman Ergiin
(acting Head)

Koellikerstr. 6

97070 Wiirzburg

Phone: 0931/31-82707

Fax: 0931/31-82712

E-mail: sueleyman.erguen@uni-wuerzburg.de
www.anatomie.uni-wuerzburg.de

Professor Dr. med. Dr. rer. nat.
Barbara M. Braunger

(since 11/2017)

Phone: 0931/31-84387

Mission and Structure

At the Department | of the Institute for Anat-
omy and Cell Biology, the research work fo-
cuses on the topics of neuronal and neuro-
vascular processes and the role of microglial
cells in these processes as well as on the tu-
mor microenvironment, angiogenesis and tu-
mor extracellular matrix. The research group
Retina (head: Prof. B. M. Braunger) has the
overall goal to identify mechanisms and cell
populations contributing to the development
of retinal diseases. To achieve this, the re-
search group focuses on mechanisms lead-
ing to neuroprotection or -degeneration,
mechanisms promoting vascular mainte-
nance, microglia cells in the context of vas-
cular pathologies and neurodegeneration
and the role of CEACAM1 within the retina.
The research group Tumor microenvironment
and angiogenesis (head: Dr. E. Henke, Prof.
S. Erglin) is focusing on elucidating the influ-

ence of the tumor extracellular matrix (tumor
matrisome) on growth, vascularization, ther-
apeutic resistance and, consequently, the
course of disease.

Research at Department | is performed by 3
post-doctoral researchers, 3 Ph.D. students
and 2 technical assistants.

Research Foci

Mechanisms leading to

neuroprotection or -degeneration

(B. Braunger, N. Wagner, S. Schmitt, C. Biel-
meier, K. Elsner)

Hereditary retinal degenerations or age-re-
lated macular degeneration (AMD) are com-
mon causes of blindness in western coun-
tries. Eventually, apoptosis of photoreceptors
leads to an impaired vision with no existing
causative treatment. However, first clinical
trials show that the application of the neuro-
protective factor ciliary neurotrophic factor
(CNTF) slows the progression of retinal dege-
nerations concomitant with a stabilization of
the remaining visual acuity. Still, the regulato-
ry network of neuroprotective growth factors
in the retina is not fully understood yet. The
retina research group aims to identify neuro-
protective signaling pathways in the retina.
We focus on the neuroprotective properties
of the transforming growth factor 3 (TGF-(3),
vascular endothelial growth factor (VEGF)
and endothelin- receptor type B (EDNRB) si-
gnaling pathways. In this context, our overall
aim is to understand and unravel the impact
of the signaling pathways on the different cel-
lular populations in the retina involved in neu-
roprotection or -degeneration. We use trans-
genic mice and conditional knockout animal
models and use different, complementary
damage models, for example the light dama-
ge model or genetic models of photoreceptor
degeneration. Furthermore, we use cell cul-
ture systems, in which we delete genes of in-
terest (e.g. EDNRB) to unravel the molecular
cellular mechanisms leading to neurodege-
neration or -protection. Midterm, our results
could promote the development of new neu-
roprotective therapies.

Mechanisms promoting
vascular maintenance
(B. Braunger, A. Schlecht (Alumni))

In this project, the retina group focuses on
the development and maintenance of re-
tinal/choroidal vessels. Currently, our re-
search concentrates on the development
of choroidal neovascularization (CNV), a pa-
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thology that can frequently be observed in
patients suffering from the wet form of age-
related macular degeneration (AMD). Here,
CNV breaks through the Bruch’s membrane,
an extracellular matrix component, invading
the subretinal space in an uncontrolled man-
ner. Recently, we could demonstrate that the
deletion of TGF-f signaling specifically within
endothelial cells is sufficient to promote the
development of CNV (Schlecht et al., 2017).
Prof. Braunger presented these data at the
Biennial Symposium on AMD at the Harvard
University in Boston, USA (October 2018).
Now we aim to clarify the specific role of en-
dothelial TGF- signaling in maintaining ana-
tomical barriers in the eye. Furthermore, we
will identify secreted molecular factors that
could lead to the degradation of extracellular
matrix. Our long-term vision for this project is
that the stabilization of vascular beds, conco-
mitant with the maintenance for anatomical
barriers might inhibit the progression of reti-
nal/choroidal vasculopathies at a very early
time point.

Microglia cells in the context of vascu-
lar pathologies and neurodegeneration
(B. Braunger)

In the near future, the research group will
also work on the impact of local inflamma-
tory cells, e.g. microglia cells, in the deve-
lopment of CNV. To this end, we will use our
genetic animal models and the model of la-

Fig. 1: Light-sheet fluorescence microsco-
py of a transparent eye of a six-week-old lec-
tin-injected mouse with a deletion of Tgfbr2
in the entire eye. We observe an irregular ar-
rangement of the retinal plexus with anasto-
moses between retinal and choroidal vessels
and a persistence of the hyaloid artery, a ves-
sel, that is present only during development
of the eye.
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Fig. 2: Quantitative modeling of transformati-
ons of the tumor vasculature. 3D-Represen-
tation of the vasculature in muscle (A) and
breast carcinoma tissue (B). After image ana-
lysis the diameter of the vessels in encoded
by different colors. The analysis results in
the calculation of various parameters, inclu-
ding the straightness (C) and the diameter of
the capillaries (D). Vessels in tumors diverge
strongly from normal tissue: they are contor-
ted (aberration from the value 1.0 of straight
vessels) and their average diameter is not
only significantly larger, but the broad curve
also indicates a strong variance.

ser-induced CNV. We aim to clarify the spe-
cific role of endothelial TGF-$ signaling on
the initial development of CNV and if microg-
lia cells have an additive effect. In the larger
context of our research, we consider micro-
glia cells as a very promising subpopulation
of cells that might promote the beginning of
diseases like AMD.

The role of CEACAM1 in the retina
(B. Braunger, J. Miller, N. Wagner, F. Klee-
feldt, S. Ergiin)

The Carcinoembryonic antigen-related cell
adhesion molecule-1 (CEACAM1) is a signa-
ling cell adhesion receptor that is involved in
several biological processes including blood
vessel morphogenesis and the regulation of
endothelial barrier function. Our data show,
that CEACAM1 knockout animals do not exhi-
bit obvious alterations in retinal morphology.
However, we detected significantly elevated
TGF-B1 mRNA levels in the retina and the ap-
pearance of microglia/macrophages in the
subretinal space in older mice. One reason
for this could be an impaired outer blood re-
tinal barrier, a scenario that we will start to
investigate. Furthermore, we aim to analyze,
if CEACAM1 knockout animals demonstrate

an increased immune reaction concomitant
with an increased angiogenic response follo-
wing laser induced CNV.

Modulation of the tumor matrisome to
increase efficacy of cancer therapy
(E. Henke, R. Nandigama, S. Ergiin)

The tumor stroma consists of a multitude of
cell types and the extracellular matrix (ECM).
This tumor microenvironment strongly influ-
ences tumor behavior, its growth, its malig-
nancy and its response to therapy. Compa-
red to normal organs, the tumor stroma is si-
gnificantly altered. For example, tumors pro-
duce increased amounts of matrix proteins
as well as enzymes the cause cross-linking
and stiffening of the ECM. The increased ri-
gidity of the tumor ECM results in reduced
permeability for oxygen and nutrients but
also for therapeutic agents. Thus, the poor-
ly permeable ECM acts as a physical barri-
er protecting the tumor cells from drug ex-
posure. We explore the possibility to impro-
ve response to cancer therapy by developing
applicable pharmacological interventions to
modulate the tumor ECM. An approach that
also could result in a minimization of side ef-
fects of current therapeutics.

Another focus of our research is the interac-
tion of the various components of the tumor
microenvironment, and the interplay bet-
ween the pathologically altered tumor ECM
and cells of the immune system in particular.
A targeted destabilization of the tumor ECM
enhances infiltration of immune cells and
thereby improves control of the tumor by the
patient’s own immune defense.

Quantitative modeling of transformati-
ons of the tumor vasculature
(E. Henke, R. Nandigama, S. Ergiin)

Blood vessels in tumors are often defective
and dysfunctional. This results in a constant
undersupply and consequently in increased
malignancy and resistance to therapy. A ran-
ge of therapeutic approaches has been sug-
gested to improve this situation. However, to
successfully develop these novel methods a
quantitative endpoint describing the degree
of dysfunctionality of the vasculature is nee-
ded.

In collaboration with the Rudolf-Virchow-
Zentrum we develop quantitative models of
the vasculature in a range of breast tumors.
For comparison these models are supple-
mented with data of the vasculature in nor-
mal organs. For this approach we use state-
of-the-art microscopy techniques (laser flu-
orescence light sheet microscopy) and 3D-

9

image analysis (Fig. 2). We aim at a full pa-
rameterization of the various vessel systems
and a subsequent ranking of these parame-
ters with respect to their value in quantifying
vessel system quality.

Using transgenic mouse models and vascu-
lar-targeted therapeutics we study the effect
of the tumor blood vessels and their quality
on therapeutic efficacy. The pharmacological
data is than correlated with the data of the
virtual vessel system models.

Teaching

Courses in microscopic and macroscopic
anatomy, neuroanatomy and cell biology are
held for medical, and dentistry students. Ad-
ditionally, the theses of medical and dentist-
ry doctoral students, PhD students (biology),
Bachelor and Master students of neurosci-
ences and biomedicine are supervised.

SELECTED PUBLICATIONS

Kugler M, Schlecht A, Fuchshofer R, Schmitt Si,
Kleiter I, Aigner L, Tamm ER, Braunger BM. (2017)
SMAD?7 deficiency stimulates Miller progenitor cell
proliferation during the development of the mam-
malian retina. Histochem Cell Biol. 148:21-32.

Nandigama R, Upcin B, Aktas BH, Ergiin S, Henke
E. (2018) Restriction of drug transport by the tumor
environment. Histochem Cell Biol 150:631-648.

Rohrig F, Vorlova S, Hoffmann H, Wartenberg M,
Escorcia FE, Keller S, Tenspolde M, Weigand |,
Gatzner S, Manova K, Penack O, Scheinberg DA,
Rosenwald A, Ergiin S, Granot Z, Henke E. (2017)
VEGF-ablation therapy reduces drug delivery and
therapeutic response in ECM-dense tumors. On-
cogene 36:p1-12.

Rossow L, Veitl S, Vorlova S, Wax JK, Kuhn AE,
Maltzahn V, Upcin B, Karl F, Hoffmann H, Gétz-
ner S, Kallius M, Nandigama R, Scheld D, Irmak
S, Herterich S, Zernecke A, Ergiin S, Henke E.
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therapy. Oncogene 37:4921-4940.
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Mission and Structure

In Department Il of the Institute of Anatomy
and Cell Biology research activities are per-
formed in the following areas: the cardiova-
scular research group (AG) (head: Prof. S.
Erglin) is looking into a) the role of the cell
adhesion molecule CEACAM1 in regulation
of the endothelial barrier and atherosclero-
sis, and b) the role of the vascular wall-resi-
dent stem cells in myocardial infarction. The
AG Tumor angiogenesis (head: Prof. S. Ergiin
and Dr. E. Henke) studies a) the role of CE-
ACAM1 in tumor vascularization and metas-
tatic spreading, b) the role of vascular wall-
resident stem cells in these processes in in
vivo-tumor models and c) the influence of the
extracellular matrix on tumor angiogenesis.
Work in the AG Stem cells and regenerative
medicine (head: Prof. S. Ergin, Dr. P. Wors-
dorfer) is focused on the generation of iPS
(induced pluripotent stem) cells and vascu-
larized organoids (brain, tumor and cardiac
organoids) as well as on the mechanisms of
differentiation and regenerative potential of
stem cells from the “vasculogenic zone” in
the adventitia of adult blood vessels. The AG
Neuromorphology (head: Prof. E. Asan) stu-
dies the influence of the monoaminergic and
peptidergic systems on processing of emoti-
onal stimuli in the amygdala. The AG Peroxi-
somes in cardiovascular biology (head: Prof.

S. Karnati) studies the molecular mecha-
nisms of how peroxisomes participate in cel-
lular redox communication networks in car-
diovascular diseases. The core-unit AG Ima-
ging (S. Ergilin, S. Karnati, E. Asan, N. Wag-
ner) provides a platform for imaging using
confocal and conventional electron micros-
copy as well as serial block face REM-CLEM
technology.

Research at Department Il is carried out by
10 post-doctoral scientists, 6 doctoral stu-
dents and 5 technical assistants.

Research Foci

Stem Cells and Regenerative Medicine
(S. Ergin, P. Worsdorfer, S. R. Mekala, F.
Kleefeldt, H. Bommel)

The generation of induced pluripotent stem
cells (iPSCs) and their directed differentiation
into specific cell types such as vascular pro-
genitors, neural progenitors or cardiomyocy-
tes enables us to generate complex, vascula-
rized organoid models in vitro (Fig.1 A). These
models can be used as tools for basic deve-
lopmental biology as well as disease mode-
ling. Moreover, these organoids can be used
as basis for the development of new cell or
tissue replacement therapies. Besides using
epigenetically reprogrammed iPSCs, we are
interested in the adventitial stem cell niche
of blood vessels. This niche was first descri-
bed by our group as so-called “vasculogenic
zone”. It exists within the wall of mouse and
human vessels and harbors a variety of diffe-
rent stem and progenitor cells. Recently, we
could show that adventitial CD34* Sca Flk1*
stem cells can be differentiated into sponta-
neously beating cardiomyocytes without any
genetic manipulation (Mekala et al., 2018)
(Fig. 1B).

Endothelial barrier, vascular
inflammation and atherosclerosis

(S. Erglin, U. RickschloB, F. Kleefeldt, Wag-
ner, H. Bommel)

Cardiovascular diseases still represent the
leading cause of death within industrial coun-
tries. Mostly, dysfunction of the endothelium
that covers the inner surface of the vessel wall
is the starting point for subsequent patholog-
ical alterations within blood vessels. Analyz-
ing mechanisms contributing to endothelial
dysfunction, our group focuses on the role of
the adhesion molecule CEACAM1. Using en-
dothelial cell lines, we were able to show se-
vere impairment of endothelial function due
to CEACAM1 deficiency. We found that the
formation of the important anti-atheroscle-
rotic factor nitric oxide (NO) is reduced, en-
dothelial adhesiveness towards immune cells
is increased and integrity of the endothelial
barrier is compromised (Fig. 2; Ghavampour et
al., 2018). However, preliminary data obtained
from the murine model suggest that the effect
of CEACAM1 on endothelial function might be
age-dependent. Therefore, we aim to identify
the contribution of CEACAM1 to physiologi-
cal vascular aging as well as to pathological
alterations, i.e. atherosclerosis in vitro and in
vivo using murine models (i.e. LdlIKO, Ldlr/
Ceacam1-KO) (Fig. 2).

Tumor angiogenesis, lymph angiogene-
sis and tumor metastatic spreading

(S. Erglin, E. Henke, S. Hibner, M. Veyhl-
Wichmann, V. Pfeiffer)

Tumors take second place in the cause of
death-statistics worldwide. For growth and
metastatic spreading, they need new ves-
sels. “Tumor starvation”, i.e. depriving the
tumor of its own blood vessels, is one of the
foremost aims in worldwide tumor research.

Fig. 1: A) Generation of vascularized organoids as exemplarily shown for tumor organoid. B) In
vitro generation of spontaneously beating cardiomyocytes (figure panel with striated staining
pattern in red and green) and activation of coronary vessel wall-resident stem cells after myo-

cardial infarction.
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Fig. 2: Summarizing figure on the effects of CEACAM1 in endothelial cells. (1) CEACAM1 fa-
cilitates membrane localization of endothelial NO synthase and hence supports endothelial
NO formation. (2) CEACAM1 facilitates anti-adhesive properties of the endothelium by sup-
pressing the expression of adhesion molecules and glycocalyx-degrading enzymes (MMP-9,
Hyaluronidase, Chondroitinase). (3) CEACAM1 facilitates basal endothelial barrier function by
suppression of Caveolin-1 phosphorylation, but mediates TNF-a-induced barrier destabiliza-
tion via Src kinase-dependent phosphorylation of adhesion junction proteins (VE-Cadherin, -

Catenin).

We are attempting, using in vitro, ex vivo and
in vivo models, to characterize the molecu-
lar mechanisms of angiogenesis and postna-
tal vasculogenesis, to identify new cell types
and factors contributing to tumor vasculari-
zation. One specific focus of our research
is the role of the cell-celladhesion molecule
CEACAMT1 in tumor vascularization. In a DFG-
funded project, we are additionally studying
the role of this molecule in lymph angiogene-
sis and in the lymphogenic metastasis of pro-
state cancer. Furthermore, we could recently
show that vessel remodeling under anti-angi-
ogenetic therapy has a significant influence
on the efficacy of tumor therapy. In particu-
lar, we study the role of vascular wall-resident
stem cells in these processes.

Neuromorphology
(E. Asan)

Elucidation of the structural basis for com-
plex nervous system functions is the main
objective of research in the neuromorphology
group. Analyses are focused on the cen-
tral nervous processing of emotional stimu-
li, particularly in telencephalic areas such as
the amygdala, and on the modulatory role of
the monoaminergic and vegetative systems.
Additionally, light and electron microscopic
analyses of various regions and structures in
the central and peripheral nervous system of
different species ranging from Drosophila to
mammals, and of different neural cell types
in situ and in vitro are performed in coopera-
tion with other research groups. These stu-
dies provide, for instance, functionally rele-
vant information concerning structural alte-
rations of specific, identified neural cells in
genetically modified individuals and in animal

models for disorders of the nervous system.
These studies further contribute to the iden-
tification of the (sub)cellular localization of
various molecules (e.g. neurotrophic factors,
receptors for neurotransmitters and -modu-
lators, adhesion proteins) which play central
roles in developmental processes as well as
for information processing within the ner-
vous system.

The role of peroxisomes in
cardiovascular biology
(S. Karnati)

Peroxisomes are very dynamic and metabo-
lically active ubiquitous organelles that have
the capacity to rapidly produce and scaven-
ge ROS and thus play a central role in cellu-
lar redox signaling processes. However, the
molecular mechanisms of how peroxisomes
participate in cellular redox communication
networks in cardiovascular diseases (CVDs)
remain largely unknown. High levels of pero-
xisomal ROS may induce profound changes
in gene expression and could initiate diver-
se cell signaling pathways leading to sever-
al cardiovascular disorders (endothelial dys-
function, ischemia-reperfusion injury, and
atherosclerosis). Therefore, we are interes-
ted to develop the high-resolution microsco-
pic imaging tools that allow tight spatial and
temporal imaging of peroxisomal (site-speci-
fic) ROS and elucidate its functional role in
the pathogenesis of CVDs. Further, peroxiso-
mes control and regulate the inflammation
process that aggravates fibrosis. Our recent
study showed that in pulmonary fibrosis, pe-
roxisomal function is impaired and that per-
oxisome induction attenuates the fibrotic re-
sponse. Likewise, we are interested to dis-
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sect the peroxisomal contribution and its
molecular mechanisms in the pathogenesis
of cardiac fibrosis. We are starting a new field
of science in cardiovascular biology, to pro-
vide updated insights into the mechanisms
behind cardiovascular complications media-
ted by peroxisomal metabolism that possibly
establishes novel diagnostic and therapeutic
strategies to more effectively treat cardiova-
scular diseases.

Teaching

Courses in microscopic and macroscopic
anatomy, neuroanatomy and cell biology are
held for medical, biomedical and dentistry
students (a total of about 420 students a
year). Additionally, thesis work of medical
and dentistry doctoral students, PhD stu-
dents (biology), Bachelor and Master stu-
dents of neurosciences and biomedicine
is supervised. The Department Il organizes
a workshop of the Anatomical Society eve-
ry two years (next event in the last week of
September 2019).

SELECTED PUBLICATIONS

Ghavampour S, Kleefeldt F, Bbmmel H, Volland
J, Paus A, Horst A, Pfeiffer V, Hiibner S, Wagner
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barrier function is differentially regulated by CE-
ACAM 1-mediated signaling. FASEB ] 32:5612-
5625.

Karnati S, Oruqaj G, Janga H, Tumpara S, Co-
lasante C, Van Veldhoven PP, Braverman N, Pilatz
A, Mariani TJ, Baumgart-Vogt E. (2018) PPARo~
mediated peroxisome induction compensates
PPARy-deficiency in bronchiolar club cells. PLoS
One 13:€0203466.

Mekala SR, Wérsddrfer P, Bauer J, Stoll O, Wagner
N, Reeh L, Loew K, Eckner G, Kwok CK, Wisch-
meyer E, Dickinson ME, Schulze H, Stegner D,
Benndorf RA, Edenhofer F, Pfeiffer V, Kuerten S,
Frantz S, Ergiin S. (2018) Generation of Cardio-
myocytes from Vascular Adventitia-Resident Stem
Cells. Circ Res 123:686-699.

Schampel A, Volovitch O, Koeniger T, Scholz CJ,
Jorg S, Linker RA, Wischmeyer E, Wunsch M, Hell
W, Ergiin S, Kuerten S. (2017) Nimodipine fosters
remyelination in @ mouse model of multiple scl-
erosis and induces microglia-specific apoptosis.
Proc Natl Acad Sci U S A. 114:E3295-E3304.

Scholz N, Guan C, Nieberler M, Grotemeyer A,
Maiellaro I, Gao S, Beck S, Pawlak M, Sauer M,
Asan E, Rothemund S, Winkler J, Promel S, Na-
gel G, Langenhan T, Kittel RJ. (2017) Mechano-
dependent signaling by Latrophilin/CIRL quen-
ches cAMP in proprioceptive neurons. Elife 6. pii:
€28360.
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Mission and Structure

The Institute of Physiology comprises chairs
for Vegetative Physiology and for Neurophysi-
ology (Prof. Heckmann). The research at Ve-
getative Physiology is focused on Cardiova-
scular Physiology and four research groups
are led by the University Professors Dr. Mi-
chaela Kuhn, Dr. Andreas Friebe and Dr. Kai
Schuh as well as by the junior scientist Dr.
Erick Miranda Laferte.

Major Research Interest

Our research focuses on the regulation and
functions of the intracellular second messen-
ger cyclic GMP (cGMP). This signaling mole-
cule is synthesized by enzymes named gu-
anylyl cyclases (GCs): transmembrane GCs,
receptors for different peptide hormones;
and cytosolic GCs, which are activated by ni-
tric oxide/NO. Intracellular cGMP regulates
many different cell functions such as growth
and differentiation, migration, contraction,
secretion and ion transport. To dissect the re-
gulation, physiological functions and disease
relevant alterations of hormone-receptor sys-
tems signaling via cGMP, we generate and
characterize genetic mouse models with con-
ditional, time- and cell-restricted deletions of
specific GC receptors and/or of downstream
cGMP-modulated regulatory proteins. Other
projects dissect the cardiac functions of cy-
toskeleton-associated proteins containing
EVH1 domains, such as SPRED, MENA and
VASP, as well as of proteins forming part of
being associated to cardiomyocyte s LTCC
channels. This research is supported by the
DFG (SFB 688, TRR 166, etc.), the IZKF and
the CHFC Wiirzburg. The University of Wirz-
burg supports our teaching duties.

Natriuretic peptides have pleiotropic
cGMP-mediated endocrine and
paracrine cardiovascular and metabolic
functions

(K. épiranec Spes, W. Chen, F. Werner, N. Si-
vakumar, L. Bendz, J. Martin-Machado, H. M.
Schrader, M. Rusing, S. Tauscher, T. Potap-
enko, L. Krebes, K. Volker, M. Kuhn, and co-
workers)

The heart is not only a ,blood pump“ but
also an important endocrine organ. Atrial
myocytes are full of granules co-storing two
hormones: atrial (ANP) and B-type natriuretic
peptides (BNP). By activation of their shared
guanylyl cyclase-A (GC-A) receptor, ANP and
BNP lower arterial blood pressure and intra-
vascular volume, and thereby reduce cardiac
work load (Figure 1; Chen et al., 2016). Addi-
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tionally, these peptides have important met-
abolic functions, improving the release and
actions of insulin. Hence, the cGMP-produc-
ing GC-A receptor is expressed in pancreat-
ic B cells, and also in target cells for insulin
(adipocytes, skeletal muscle). Our research
shows that in situations of enhanced met-
abolic demand, for instance in obesity and
prediabetes, ANP/GC-A/cGMP signaling im-
proves adaptative B cell proliferation, insulin
secretion and sensitivity (Figure 1; Tauscher
et al., 2018). However, clinical studies also
demonstrated that at long-term obesity is
accompanied by attenuation of ANP/GC-A
activity in adipocytes which contributes to
the development of insulin resistance and
overt type 2 diabetes. In collaboration with
the CHFC we are currently studying whether
such metabolic effects/defects of ANP and
BNP are involved in the cardiac and systemic
metabolic alterations of patients with heart
failure.

The third member of this peptide family, C-
type natriuretic peptide (CNP), received its
name because it shares a common amino
acid core structure with previously isolated
ANP and BNP. However, genetic studies lat-
er revealed that CNP“s major physiological
function is not the regulation of renal natri-
uresis. Instead, CNP is most critical during
bone development, stimulating physiological
endochondral bone growth by autocrine ac-
tivation of its specific cGMP-forming guanylyl
cyclase-B (GC-B) receptor. In addition, CNP is
constitutively released at low levels by endo-
thelial cells. Since our cell culture studies re-
vealed that both microcirculatory endothelial
cells and pericytes express GC-B receptors,
we applied the Cre/loxP system to dissect
the role of microvascular endothelial versus
mural, i.e. pericyte GC-B/cGMP signaling.
Our studies revealed that the endothelial hor-
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Fig. 1: Pleiotropic cGMP-mediated endocrine
actions of ANP and BNP regulate blood pres-
sure and confer metabolic protection (M.
Kuhn, Physiol Rev 2016, 96:751-804).
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Fig. 2: In the microcirculation, endothelial CNP regulates neighboring pericytes. This cross-
talk is critically involved in the regulation of microvascular tone and blood pressure (Spiranec

etal., 2018).

mone acts on neighboring pericytes to dimin-
ish microcirculatory tone. Hence, paracrine
acting CNP complements the homeostatic
actions of local endothelial nitric oxide/NO
and endocrine ANP/BNP in the moderation
of peripheral resistance and thereby of blood
pressure (Figure 2; Spiranec et al., 2018).

Role of NO/cGMP signaling in the
gastrointestinal tract and in fibrosis

(A. Friebe, D. Groneberg, B. Voussen, K.
Beck, A. Aue, F. Schwiering, N. Englert, B.
Roger)

The NO-sensitive intracellular guanylyl cy-
clase (NO-GC) has a key function in the NO/
cGMP cascade. As the most important NO re-
ceptor, NO-GC is involved in many physiologi-
cal regulatory processes. We have generated
transgenic mice with global deletion of NO-
GC. These mice show increased blood pres-
sure, gastrointestinal dysmotility, early post-
natal lethality and shortened bleeding time.
The identities of the individual cell types and
tissues responsible for the respective pheno-
types are not yet clear (Friebe et al., 2018).
To characterize the role of NO-GC in gastro-
intestinal motility and organ fibrosis, we gen-
erated genetic mouse lines in which NO-GC
is specifically ablated in smooth muscle cells
or interstitial cells of Cajal or both. With these
mice we were able to show a prominent role
of NO-GC in the regulation of motor activity
in murine colon and ileum (Beck et al., 2018).
Currently, our focus is the role of NO/cGMP
signaling during fibrotic processes in lung,
liver and skin.

Cardiac roles of the B-subunit of L-type
voltage-gated calcium channels (LTCCs)
(E. Miranda Laferte, S. Pickel, Y. Cruz Garcia,
C. Heindl, M. Kuhn)

LTCCs are heteromultimeric proteins with a
crucial role in cardiac electromechanical cou-
pling. The cytosolic B-subunit (Ca B) regula-
tes the trafficking and activity of the pore-
forming o-subunit, and, in addition, possibly
exerts LTCC-independent functions. To elu-
cidate its role in cardiac hypertrophy we stu-
died the impact of shRNA-mediated Ca 3,
silencing in cultured cardiomyocytes. Ca 3,
downregulation enhanced o -adrenorecep-
tor agonist-induced myocyte hypertrophy wi-
thout involving changes in LTCC activity. Mo-
reover, we observed that a fraction of CaVB2
is targeted to the nucleus. Notably, overex-
pression of a nucleus-targeted Ca 3, preven-
ted cardiomyocyte hypertrophy. Quantitative
proteomic analyses together with biochemi-
cal studies showed that Ca [3, inhibits the ac-
tivity of the calcium-dependent prohypertro-
phic protease calpain. Using mass-spectro-
metry-based analyses we are currently un-
masking the interaction partners of Ca 8, in
cardiomyocytes, to dissect its possible par-
ticipation in other LTCC-independent signa-
ling pathways.

Teaching

The chairs of Vegetative Physiology and Neu-
rophysiology offer a broad spectrum of lectu-
res, integrative seminars and practical cour-
ses for students of Medicine, Dentistry, Phar-
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macy, Biology, and Biomedicine. A major fo-
cus is the intensive teaching of Vegetative
Physiology and Pathophysiology to students
of Medicine (3rd and 4th term).
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Professor Dr. med. Manfred Heckmann
(Head)

Réntgenring 9

97070 Wiirzburg

Phone: 0931/31-82730

Fax: 0931/31-82741

E-mail: heckmann@uni-wuerzburg.de
www.physiologie.uni-wuerzburg.de/en/
neurophysiologie

Professor Dr. rer. nat. Erhard Wischmeyer
Phone: 0931/201-77531

Mission and Structure

Our research focuses on synaptic transmis-
sion, synaptogenesis and neuronal excitabili-
ty from the molecular to the cellular and sys-
tems levels. We use the mouse and the fruit
fly Drosophila melanogaster as prime model
organisms and combine electrophysiological
methods, molecular biological and genetic
tools, with high-end microscopy.

Major Research Interests

Molecular physiology of active zones
(K. Lichter, A. Mrestani, J. Scherbel, M. Paul,
M. Pauli, M. Heckmann)

At chemical synapses the transfer of infor-
mation from a neuron to a postsynaptic tar-
get cell involves release of neurotransmit-
ter substances. Excitation of the presynap-
tic terminal trigger’s fusion of single synaptic
vesicles with the presynaptic cell membrane
and thus the release of the neurotransmitter
that was stored in these vesicles. Synaptic
release occurs preferentially at specialized
presynaptic membrane compartments, so
called active zones. Active zones regulate the
presynaptic release of neurotransmitter and
thus synaptic information processing. Active
zones are complex and dynamic structures
with a radius of about 50 to 500 nm. Active
zones contain many different proteins and
can be viewed as neuronal nanoprocessors.
The organization of active zones is so far not
well understood.

We investigate the structure and the dynam-
ics of active zones in neuromuscular synaps-
es, in the hippocampus and in the cerebel-
lum (with Prof. Anna-Leena Sirén, Experi-
mental Neurosurgery). Very fast high pres-
sure freezing and electron microscopy (with
Prof. Christian Stigloher, central facility for
microscopy of the biocenter) in combination
with electrophysiological, functional charac-
terization allows organization and dynamics
of active zones to be studied.

Super-resolution light microscopy, in particu-
lar localization microscopy and dSTORM (di-
rect Stochastic Reconstruction Microscopy,
with Prof. Markus Sauer, Biotechnology and
Biophysics) and new routines for fast, auto-
mated and reproduceable quantification of
nanoscopic data are developed (with Prof. P.
Kollmannsberger, Center for Computational
and Theoretical Biology) and used to meas-
ure the position of proteins in active zones at
the nanometre level. Modern genetic meth-
ods such as CRISPR/Cas9 in the model or-
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ganism Drosophila melanogaster allow ex-
cellent targeted experimental manipulation
down to the level of single amino acids in
proteins of active zones.

Regulation of cellular excitability by
potassium background currents
(E. Wischmeyer, F. Doring)

Two-pore domain K+ (K2P) channels give rise
totime-andvoltage-independent background
currents that substantially control cellular ex-
citability and K+ homeostasis. The activity of
K2P channels is modulated by various physi-
cal and chemical stimuli as well as by G-pro-
tein coupled receptors. As some members
of the K2P channel family (TREK, TRESK) are
prominently expressed in neurons of the no-
ciceptive system they most probably play an
important role in pain reception. Under in-
flammatory conditions signalling substances
are released that augment excitation of no-
ciceptive neurons and thus pain perception.
The same substances activate simultaneous-
ly TRESK potassium currents leading to in-
hibition of excitation. Peripheral nociceptive
neurones thus exhibit a balanced system of
excitation and inhibition to avoid over-excita-
tion during inflammation.

Autoimmune synaptopathy
(C. Albert-WeiBenberger, M. Heckmann)

Synaptic transmission in the central nervous
system can be disturbed by autoantibodies
against pre- and postsynaptic proteins. Syn-
aptic autoantibodies can cause severe neu-
ropsychiatric disease. We focus on the inves-
tigation of autoantibodies against the NR1-
subunit of NMDA-type glutamate receptor
channels. Recombinant monoclonal autoan-
tibodies of different patients allow detailed
comparisons of the effects of the different
autoantibodies on the receptor channels. We
investigate the interaction of the different au-
toantibodies with the aim to develop thera-
peutic tools.

Teaching

We teach physiology and pathophysiolo-
gy to undergraduates enrolled in medicine,
dentistry, biomedicine, pharmacy, psycholo-
gy and neurobiology (lectures, practical and
comprehensive courses, seminars). The clini-
cal aspect of human physiology is conveyed
in integrated seminar series, which are held
in collaboration with clinicians, which co-lec-
ture on physiological topics.
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trastructural details concealed in conventional confocal imaging. A and B from Kittel et al., Kusch V. Bornschein G, Loreth D, Bank J, Jordan J,
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Professor Dr. rer. nat. Dr.h.c. Manfred Schartl
(Head)

Biozentrum

Am Hubland

97074 Wiirzburg

Phone: 0931/31-84148

Fax: 0931/31-84150
E-mail:phch1@biozentrum.uni-wuerzburg.de
www.pch 1.biozentrum.uni-wuerzburg.de

Professor Dr. rer. nat. Stefan Gaubatz
Phone: 0931/31-84138

Professor Dr. rer. nat. Svenja Meierjohann
Phone: 0931/31-81348

Mission and Structure

In accordance with the global scientific ap-
proach at the Biocenter, the research inte-
rests at the department extend from func-
tional molecular biology to questions con-
cerning the development of organisms and
their interactions with the environment. All
research groups at this unit use molecular
methods to understand problems in Biology
and Medicine on all levels of the biological
organization. The multi-faceted approach is
reflected in the fact that scientists of the de-
partment are developmental biologists, mo-
lecular biologists, biochemists and biomedi-
cal researchers and that the head of the ins-
titute is a member of the Medical Faculty as
well as of the Biological Faculty. The research
focus is the molecular understanding of de-
velopmental processes and the pathobioche-
mistry of cancer.

Major Research Interests

Molecular analysis of melanoma
formation
(M. Schartl)

Due to the enormous complexity and varie-
ty of human cancerous diseases, animal mo-
dels are especially necessary because they
are well suited to analyse basic mechanisms
of tumor development and tumor progressi-
on at the genetic and molecular level. Our
group is mainly interested in the proces-
ses and mechanisms of melanoma develop-
ment, which is studied in several elaborate
model systems, including laboratory fish and
mouse models, in vitro cell culture systems
and patient materials. Traditionally, one fo-
cus is the study of small aquarium model spe-
cies, Xiphophorus and Medaka, which repre-
sent well-established and useful melanoma
models. During the last two years, we have
performed DNA high throughput sequencing
transcriptome analyses of different types of
melanoma, induced by the oncogenic recep-
tor tyrosine kinase Xmrk in both model sys-
tems. We found a high level of similarity in
expression regulation of known and novel tu-
mor related genes in fish melanoma and hu-
man melanoma. These are now further inves-
tigated for their functional relevance to me-
lanoma development. Functional studies are
primarily done in transgenic fish, including
genome editing by the CRISPR/Cas9 tech-
nology.

As small laboratory fish model species are
particularly suited for high throughput ap-
proaches, we are conducting extensive pilot
experiments for a chemical library screen to
identify new molecules, which impact on me-
lanomagenesis. At the beginning we started
with the hypothesis that therapeutic effects
become recognizable on the gene expression
level much earlier than any phenotypic chan-

ges in tumor growth will be visible. We were
able to confirm this by extensive RNA seq
experiments and could define a “transcrip-
tional disease signature”. This should allow
a most effective screening procedure and
at the same time will reduce animal experi-
ment load in the future. From RNA-seq data
of human melanoma, obtained through a lar-
ge national cooperation, we have been able
to identify different transcriptional types and
developmental trajectories from naevi to pri-
mary melanoma that are also relevant to dia-
gnosis and therapy.

Phenotypic plasticity in melanoma and
strategies for optimizing therapy
(S. Meierjohann)

The therapy of malignant melanoma is based
on two main strategies: 1.) the inhibition of
the melanoma oncogene BRAF-V600E with
small molecule inhibitors directed against
BRAF and MEK, and 2.) immune checkpoint
inhibition, which enhances the immune re-
sponse against the tumor. Due to their enor-
mous phenotypic plasticity and adaptation
mechanisms to cope with cellular stress, me-
lanomas are frequently able to develop resis-
tance mechanisms to both types of therapy.
We are investigating mechanisms and fac-
tors, which enable phenotypic plasticity and
have found that oxidative stress and the re-
sulting changes in glutathione are potent in-
ducers of transcriptional phenotypic adapta-
tion. This results in dedifferentiation and the
gain of invasive properties, leading to enhan-
ced pro-metastatic potential. Similar stress
adaptations also occur in vivo, and we are
investigating the factors required for these
adaptations with the aim of identifying novel
potential targets for therapy.

In collaboration with the Departments of
Dermatology, Pathology and the CCC Main-
franken, we are furthermore analysing germ-
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Fig. 1: Schematic presentation of the melanoma analyses by sequencing (left). The genes,
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Fig. 2: A) The interaction between subunits of MMB and YAP was visualized by PLA (red dots).
B) Model illustrating the crosstalk between YAP and B-MYB resulting in expression of mitotic
cell cycle genes. (Scheme by Dr. G. Pattschull)

line and tumor-specific genomic alterations
of melanoma patients, which enables us to
identify genetic reasons for therapy resis-
tance and therapy-relevant alterations (Figu-
re 1). We could demonstrate that activating
alterations in various receptor tyrosine kina-
ses are particularly enriched in patients with
BRAF/NRAS wildype melanomas. In cont-
rast, specific genetic alterations in the nu-
cleotide excision repair (NER) pathway are
found in the rare heritable disease Xeroder-
ma pigmentosum, which goes along with a
strongly increased melanoma predisposition
at young age. Together with colleagues from
the Department of Structural Biology, we are
using genetically manipulated cell line mo-
dels of the NER mutations to better under-
stand processes of early melanoma develop-
ment and to exploit NER deficiencies in the
therapeutic context.

The role of the pRB/E2F pathway
in gene expression and cell cycle
progression

(S. Gaubatz)

Our research focuses on transcriptional con-
trol of the cell cycle by E2F transcription fac-
tors and the retinoblastoma tumor suppres-
sor protein (RB). These proteins play key ro-
les in the regulation of cellular proliferation,
differentiation and apoptosis and they have
been implicated in tumorigenesis. We have
recently identified a novel protein complex in
human cells, called MuvB, that is related to si-
milar complexes in invertebrates. MuvB, con-
sists of the five proteins LIN9, LIN37, LIN52,
LIN54 and RBBP4 and associates with the
p130 retinoblastoma protein paralogue and
with E2F4 to form DREAM, which represses
cell cycle genes in quiescence and early G1.
In contrast, during S phase of the cell cycle,

the interaction of the MuvB core with p130/
E2F4 is lost and MuvB now binds to the B-
MYB oncogene to form the Myb-MuvB (MMB)
complex. By carrying out genome wide stu-
dies by RNA-seq and ChlIP-seq we found that
MMB mediates the activation of a cluster of
genes required for entry into mitosis, spindle
assembly and cytokinesis. The functional im-
portance of mitotic gene regulation by MMB
is underlined by the observation that inacti-
vation of MMB results in mitotic defects and
G2/M arrestin vitro and in vivo. We have also
demonstrated a requirement for MMB for tu-
morigenesis in a mouse model of lung can-
cer driven by oncogenic Ras and mutant p53.
Disrupting the function of MMB may thus be
a novel therapeutic strategy for the treat-
ment of cancer. In our current work we are
investigating the interplay between MMB and
other cancer-related pathways such as the
Hippo-YAP signalling pathway.

We are also interested in the function of no-
vel target genes of DREAM such as GAS2L3,
an actin and microtubule-interacting protein.
In vivo, GAS2L3 plays a specific role in the
heart. GAS2L3 deficient mice die shortly af-
ter birth because of heart failure. Mammali-
an cardiomyocytes lose the ability to proli-
ferate shortly after birth, and further increa-
se in cardiac mass is achieved by hypertro-
phy. The proliferation arrest of cardiomyocy-
tes is accompanied by binucleation through
incomplete cytokinesis. We observed that
GAS2L3 deficiency leads to inhibition of car-
diomyocyte proliferation and to cardiomyo-
cyte hypertrophy during embryonic develop-
ment. Furthermore, loss of GAS2L3 results
in premature binucleation of cardiomyocytes
accompanied by unresolved midbody struc-
tures. Together these results indicate a re-
quirement for GAS2L3 in cardiomyocyte cy-
tokinesis and proliferation during heart de-
velopment.
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Professor Dr. phil. Martin Eilers
(Head)

Biozentrum
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Phone: 0931/318-4111
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Mission and Structure

The department of Biochemistry and Mole-
cular Biology (BMB) is part of the Biocen-
ter founded in 1990, in which 10 instituti-
ons from the faculties of Biology, Chemist-
ry and Medicine co-operate in teaching and
research. The department for BMB teaches
biochemistry for preclinical students in Me-
dicine and Dentistry and coordinates the fo-
cus ,Molecular Oncology® within the MSc
programm Biochemistry.

Beside the established groups of Professor
Martin Eilers, Professor Peter Gallant and
Professor Ernst Conzelmann, Professor Al-
mut Schulze was recruited as a Professor in
the “Leuchtturmprogramm” since the last
report. Furthermore, two new junior groups
could be established in addition to the junior
group of Dr. Armin Wiegering - Dr. Markus
E. Diefenbacher was recruited from Francis
Crick London Research Institute and Dr. El-
mar Wolf raised funds for the establishment
of an Emmy-Noether research group from
the DFG.

The research is focused on the molecular
mechanisms during tumorigenesis. The ma-
jor research aim of BMB is to understand the
function of the Myc family of nuclear onco-
proteins, which contribute to the majority of
all human cancers. A second research aim is
to use mouse models and functional genomic
tools to identify novel strategies for the thera-
py of human cancers.

Major Research Interests

Function and Regulation of the Human
Myc Proto-oncogene
(M. Eilers)

The MYC family of proto-oncogenes partici-
pates in the genesis of the majority of all hu-
man tumors. The three genes of this family
encode transcription factors that are central
regulators of cell growth and cell prolifera-
tion. They exert this control at least in part
by binding to specific DNA sequences and
affecting the transcription of multiple genes
involved in protein synthesis, metabolism
and cell proliferation. Many central questi-
ons about the basic function of Myc and the
regulation of its multiple activities remain un-
answered.

The aim of our research is to unravel how Myc
functions and to devise strategies to use this
knowledge for the treatment of human di-
sease.
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Metabolic Reprogramming in Cancer
(A. Schulze)

Metabolic reprogramming in cancer supports
macromolecule biosynthesis and is a prere-
quisite for rapid growth and proliferation. It
also enables cancer cells to survive condi-
tions of limited nutrient and oxygen supply
that are characteristic for the tumour micro-
environment. The aim of our research is to
uncover the mechanisms by which oncoge-
nes drive metabolic reprogramming in can-
cer and how different metabolic processes
contribute to cancer growth. We also aim to
identify selective metabolic sensitivities in
cancer cells that can be used for novel stra-
tegies for cancer therapy.

Control of Growth in Drosophila
(P. Gallant)

We are exploiting the fruit fly Drosophila me-
lanogaster as a model system to investigate
the molecular mechanisms governing cellu-
lar and organismal growth. On one hand we
are characterizing the mechanism of action
of the proto-oncogene and transcription fac-
tor Myc (defining Myc activated genes as well
as the molecular mechanism of their activati-
on), on the other hand we are identifying no-
vel systemic growth signals.

Stem cells, protein stabilty, and cancer
(M. E. Diefenbacher)

Apart from mutations occurring in proto-on-
cogenes, deregulated protein stability is a
common observation in human malignan-
cies. Sequencing data available from cancer
patients have shown that the ubiquitin ma-
chinery is frequently mutated or inactivated
in lung and colorectal tumours. This includes
the ubiquitin-ligase KEAP1, CUL3, FBXW7
and APC.

By utilising murine intestinal organoid cultu-
res or primary lung cancer cell lines, we aim
to dissect the importance of the ubiquitin sys-
tem and identify novel therapeutic avenues.
Deregulating/suppressing deubiquitining en-
zymes (e.g. Usp28) has been demonstrated
to be beneficial in the murine colorectal can-
cer model upon loss of the E3-ligase Fbxw7
by counteracting increased protein levels for
potent oncogenes.

Colorectal Cancer
(A. Wiegering)

Colorectal cancer is the most common can-
cer of the gastrointestinal tract and accounts
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Fig.: MYC proteins are central regulators in
the development and maintenance of nor-
mal tissue and in the process of tumorigene-
sis (A) Heatmap showing binding to all genes
based on global analyses (ChlIP-sequencing).
Our experiments demonstrate, that MYC and
the MYC interacting protein MIZ1 are global
transcription factors, whose binding pattern
cannot be discriminated from RNA polymer-
ase (RNAPII) or marks of open chromatin
(H3K4me3). Modified from Walz et al, Na-
ture, 2014. (B) Histology of mouse colorec-
tal cancer. USP28 could be identified as a
protein, which regulates MYC stability. Here
we show, that the gene knockout of USP28
(USP28-/-) strongly compromises the devel-
opment of highly proliferative intestinal tu-
mors (Ki67). Modified from Diefenbacher et
al, Cancer Research, 2015. (C) Immunofiuo-
rescence of fly larvae. Cells which express
increased amounts of the MYC protein (la-
beled in green) show enlarged cell nuclei,
demonstrating elevated DNA sysnthesis rates
(replication). Blue: Cell nuclei, red: Cell bor-
ders. (D) Model showing MYCs molecular
mode of action. MYC is a transcription factor
that binds to promoter and enhancer regions
and changes the gene expression pattern

of its target genes. Modified from Wolf et al,
Trends Cell Biol, 2015.

for 80.000 new cases per year in Germany.
Growth and metastasis is MYC dependent.
We are working on new ways to reduce onco-
gene MYC level in CRC. For this we have de-
ciphered to ways: A) An inhibition of protein
translation specific helicases leads to a MYC
reduction and growth arrest in CRC but not
in normal mucosa. By using an shRNA screen
we are searching for proteins that are only
essential for growth of APC mutated tumors
but not for the growth of normal tissue.

Targeting the oncogenic function of
Myc for tumour therapy.
(E. Wolf)

The transcription factor Myc plays a central
role in the development of human tumours

but is also an essential protein. Proof-of-prin-
ciple studies using a dominant negative al-
lele of Myc in mice have demonstrated the
dependency of established tumours on Myc
function. One goal of our research is to devel-
op strategies to target Myc function for can-
cer therapy. We have already discovered that
promoters differ in their affinity for Myc and
that these differences enable Myc to regu-
late functionally distinct genes at different
nuclear concentrations (Lorenzin et al, elife,
2016). The new notion that Myc regulates
distinct sets of genes at physiological and on-
cogenic levels opens the compelling possibil-
ity to specifically target the oncogenic func-
tions of Myc. We are exploring this concept
in vivo and will identify and target crucial Myc
target genes.

Teaching

The chair of Biochemistry and Molecular Bio-
logy in conjunction with the Chair of Physio-
logical Chemistry and with the Chair of Deve-
lopmental Biochemistry teaches Biochemist-
ry and Molecular Biology to the more than
400 students of Medicine and Dentistry per
year. He coordinates the focus ,,Molecular
Oncology“ within the MSc program Bioche-
mistry.
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Mission and Structure

The research interests of the Chair of Deve-
lopmental Biochemistry range from the elu-
cidation of the molecular control of develop-
mental and differentiation processes to di-
seases caused by the misregulation of these
mechanisms. Special attention is paid to pe-
diatric kidney tumors, such as nephroblasto-
mas (Wilms tumors), clear cell sarcomas, or
mesoblastic nephromas, which are investiga-
ted using high-throughput methods. Tumor-
typical gene alterations are functionally cha-
racterized and examined for their role during
normal development of the kidneys and their
corresponding malfunction. We also focus on
the development of the cardiovascular sys-
tem during embryogenesis.

The chair is involved in the education of Me-
dical and Dentistry students, Biologists, Bi-
ochemists and especially in the study pro-
grams Biomedicine and Translational Medi-
cine.

Major Research Interests

Pediatric kidney tumors /
Wilms tumors

Wilms tumors (nephroblastomas) are early
childhood kidney cancers that originate from
a failure of embryonic precursor cells to ful-
ly differentiate. Within the framework of the
German Wilms tumor study, we have establis-
hed a biobank that now comprises more than
1500 tumors with control tissues. These are
routinely examined for chromosomal chan-
ges and mutations in known tumor genes
such as WT1, CTNNB1, DROSHA, DGCR8 or
SIX1/2 and used to identify further biomar-
kers and target structures in order to impro-
ve diagnosis and therapy. This work is part of
an international network, for which the chair
has a coordinating function (Vujanic et al.,
2018).

A major obstacle to in vitro investigations
into the biology of Wilms tumors has so far
been the lack of appropriate cell culture sys-
tems. We have established and functionally

characterized a number of primary cultures
of these tumors. The individual cultures rep-
resent important aspects of the tumors, na-
mely the stroma and epithelial components,
whereas blastema cannot be detected under
these conditions. By expression of telomera-
se, primary cultures could be immortalized
and established as permanent, stable lines.
In the meantime, propagation of blastemal
cells in so-called spheroid cultures has also
been successful (Fig. 1). For the first time,
functional in vitro studies are now possible
on standardized cells that represent all com-
ponents of typical Wilms tumors and these
can be genetically manipulated.

In cooperation with the Heidelberg Initiative
for Personalised Oncology (hipo), we were
able to identify a number of completely new
candidate genes for the high-risk group of
Wilms tumors that are currently under in-
vestigation. The impairment of the proces-
sing of miRNAs by the DROSHA/DGCR8 mi-
croprocessor complex and the deregulation
of a network of growth genes consisting of
SIX1/2, MYCN, LIN28B and others appear
to act as new triggers for these tumors. By
further bioinformatic network analyses in co-
operation with the Center for Bioinformatics
of Saarland University, new candidates for
the orchestration of the oncogenic pheno-
type could be defined.

The targeted analysis of TP53 changes sho-
wed that these, together with anaplasia, re-
present an important risk factor for relapses
and reduced chances of survival (Wegert et
al., 2017).

Functional analysis of Wilms
tumor genes

We have established cell culture and mouse
models for some of the genetic alterations in
Wilms’ tumors, in which the function of the
defective alleles can be studied in vivo. It was
shown that DROSHA changes due to lack of
miRNA processing can lead to dramatic dis-
turbances of kidney development up to renal
failure, whereas DGCR8 mutations are more
selective for groups of miRNA species. (Fig.
2) (Kruber et al, 2018).

Fig. 1: Wilms’ tumor spheroid culture. Histological sections show proliferation (K167) and ex-
pression of differentiation markers (NCAM, vimentin).
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Fig. 2: Expression of the differentiation mar-
ker Six2 in the proliferation zone of a mutant
embryonic kidney with counterstaining of all
cell nuclei using DAPI.

CCSK and CMN

For another pediatric kidney tumor, the clear
cell sarcoma of the kidney (CCSK), we were
able to show that about 85% of these tumors
have small duplications within the BCOR
gene, the functional effect of which we are
currently analyzing using various in vitro me-
thods. The remaining cases could define dia-
gnostically and therapeutically relevant sub-
groups in the future.

In the similarly rare congenital mesoblas-
tic nephroma (CMN), only an ETV6-NTRK3
translocation was known as trigger, which
characterizes the cellular subtype. In coope-
ration with the group of Sam Behjati at the
Sanger Center in Cambridge, we identified
an internal duplication of the EGFR tyrosine
kinase domain as a typical change in classi-
cal and mixed CMN. Rarely, changes in the
BRAF gene were also present. Thus, CCSK
and CMN can be functionally explained as
relatively homogeneous, genetically defined
tumor entities and in the case of CMN there
are direct therapeutic targets which are al-
ready being used successfully.

Regulation of Angiogenesis

Endothelial cells line the inside of blood ves-
sels, regulate the exchange of substances
between blood and surrounding tissues and
communicate with various other cell types.
Depending on the organ system and vascu-
lar calibre, these tasks can be very different.
Using a genetic trick, we were able to iso-

late and sequence mRNAs from embryo-
nic tissues that were actively translated into
proteins. This resulted in tissue-specific pat-
terns of gene activity that reflect the diffe-
rent functions of the respective organs. By
sequencing the RNA repertoire of single sor-
ted endothelial cells this could be further re-
fined. This resulted in a first compendium of
the temporally and spatially controlled gene
activity in endothelial cells in the course of
embryonic angiogenesis, which can be refi-
ned in the future and represents an impor-
tant basis for functional analyses (Hupe et
al., 2017).

Teaching

Together with the Chairs of Physiological
Chemistry and Biochemistry and Molecular
Biology we offer a wide range of lectures,
seminars and courses. This includes above
all the theoretical and practical training of
more than 400 students of human and den-
tal medicine in biochemistry and molecular
biology every year. In addition, students of
the B.Sc./M.Sc. Biomedicine program are
taught a series of courses in biochemistry,
molecular biology and developmental biolo-
gy. Modules with biochemical, developmen-
tal and tumor biological focus are offered for
biology students and biochemistry students.
Furthermore, the chair is involved in the edu-
cation of PhD students within the Graduate
School of Life Sciences (GSLS).

In 2018, the chair, together with the Chair of
Clinical Epidemiology and Biometry, recei-
ved funding for the degree course Translati-
onal Medicine (additional studies and M.Sc.)
within the framework of the Bavarian Elite
Network. In addition to individual teaching
modules, we are also responsible for the or-
ganization and coordination of the course of-
ferings.
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infections and the monitoring of hospital hy-
giene. The Institute performs approximately
90, 000 microbiological analyses annually.
The research activities of the Institute main-
ly focus on the elucidation of molecular me-
chanisms in the pathogenesis of infectious
diseases. Using tools from molecular gene-
tics, cell biology, immunology and genome
research, we investigate the pathogenicity
of bacteria and parasites and develop novel
strategies toward the diagnosis, therapy, and
prevention of infectious diseases. The Insti-
tute also hosts the infection control unit of
the University Hospital.

The Robert-Koch-Institute established the
National Reference Center for Meningococci
and Haemophilus influenzae (NRZMHi) at the
Institute. The activities of the NRZMHi inclu-
de the molecular characterization of patho-
gens, an advisory service in case manage-
ment and the counselling of public health
departments in the epidemiological monito-
ring of outbreaks of meningococci diseases.
The Institute is a member of the pan-Euro-
pean network of reference centers, the Eu-
ropean Meningococcal and Haemophilus Di-
sease Society (EMGM). In cooperation with
the European Center for Disease Prevention
and Control (ECDC) the “Laboratory surveil-
lance and external quality assurance of in-
vasive bacterial diseases in in EU“ (IBD-lab-
net) project is coordinated by the Institute
for Hygiene and Microbiology which focuses
on the establishment of a European labora-
tory network for the surveillance of invasive
infections caused by Neisseria meningitidis,
Streptococcus pneumoniae und Haemophilus
influenzae. Moreover, on behalf of the Ro-
bert-Koch-Institute, the Institute also func-
tions as consiliary laboratory for echinococ-
cosis, employing special diagnostic tests and
providing advice on diagnosis, therapy, pre-
vention, and epidemiology.

Mission and Structure

The activities of the Institute for Hygiene and
Microbiology comprise the laboratory diag-
nosis of infectious diseases caused by bac-
teria, fungi and parasites, advising clinicians
with respect to diagnosis, therapy and pre-
vention of infectious diseases, the research
into infectious diseases and their causative
agents, hospital hygiene and infection cont-
rol as well the education of students in medi-
cine, dentistry and related subjects.

In addition to the comprehensive range of dia-
gnostic tools routinely employed the Institu-
te also provides special molecular and sero-
logical test systems. Our commitment to pa-
tient care also includes the development of
strategies toward the prevention of hospital

Major Research Interests

Infection biology of meningococcal
disease
(A. Schubert-Unkmeir)

Meningococci, an important cause of sep-
ticaemia and meningitis in infants and ado-
lescents, are in the focus of research on in-
fection biology. The molecular basis of trans-
mission across specialized endothelial cells
underlining the blood-brain barrier is a major
point of interest in our research. The group
works on analysing of bacterial factors as
well as host cell receptors that determine the
interaction, and the characterization of major
signalling pathways resulting in cytoskeletal
remodelling and bacterial engulfment.
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Meningococcal host interaction during
colonisation and sepsis
(K. Johswich)

Although it is the causative agent of seve-
re sepsis and meningitis, meningococci are
a common component of the human naso-
pharyngeal flora. Using a novel humanized
mouse model, we characterise the factors
that allow for N. meningitidis colonization
of the nasopharyngeal mucosa. Of particu-
lar interest is whether and how the comple-
ment system affects mucosal colonisation,
as the complement system is pivotal during
invasive meningococcal disease. During sep-
sis, the complement system is strongly ac-
tivated in blood, liberating highly potent in-
flammatory mediators C3a and Cbha. Since
these so-called anaphylatoxins may aggrava-
te systemic hyper-inflammation, we analyse
their contribution to the pathophysiology of
meningococcal sepsis using an experimental
sepsis model.

Genome research on pathogenic
bacteria
(C. Schoen, M. Frosch)

The still unfolding revolution in DNA sequen-
cing and DNA sequence-based technologies
has already transformed the fields of basic
and diagnostic medical microbiology. Work in
our group therefore focuses on the applicati-
on of molecular technologies to improve the
diagnosis of infectious diseases and to better
understand how microorganisms, and in par-
ticular commensal bacteria, can sometimes
cause invasive diseases in humans. Neisse-
ria meningitidis is a prime example that co-
lonizes the nasopharynx of up to 30% of the
healthy human population. Whereas most
isolates from healthy carriers are considered
non-pathogenic, a small number of strains
belonging to hyperinvasive lineages can cau-
se invasive meningococcal disease such as

Fig. 1: N. meningitidis associated with neu-
trophil granulcyte in whole blood. Bacteria
are stained in red, neutrophil surface stained
in green and DNA in blue.
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Fig. 2: The Echinococcus multilocularis Fibroblast Growth Factor receptor EmFRZ2 is ex-
pressed in muscle cells of the metacestode and protoscolex stages. Whole mount in situ hy-
bridization for the expression of emfr2 (green) in metacestode tissue (A), during protoscolex
developemt (B), and in mature protoscoleces (C,D). Pink staining (EdU incorporation) marks
parasite stem cells during proliferation. Note emfr2 expression in sucker muscle cells but not

in parasite stem cells.

acute bacterial meningitis or sepsis. Geno-
mic comparison of hyperinvasive and apatho-
genic lineages did so far not reveal unambi-
guous hints towards indispensable virulence
factors. Our group thus employs a variety of
molecular biological and genomic techni-
ques, including comparative whole-genome
sequencing, microarrays and RNA-sequen-
cing to search for the genetic basis of me-
ningococcal virulence with a particular em-
phasis on the role of small non-coding RNAs
and RNA chaperones.

Infection epidemiology of invasive and
nosocomial pathogens
(U. Vogel, H. Claus)

The molecular epidemiology of N. meningiti-
dis and Haemophilus influenzae is analysed
by bacterial finetyping. Representative strain
collections continuously assembled at the
National Reference Laboratory are used. La-
boratory surveillance also comprises the mo-
nitoring of resistance to antibiotics. Further-

more, the group analyses the epidemiology
of nosocomial pathogens in the frame of its
hospital infection control activities.

Fox-tapeworm and alveolar
echinococcosis
(K. Brehm)

Alveolar echinococcosis, caused by the can-
cer-like growth of the metacestode larva of
the fox-tapeworm Echinococcus multilocu-
laris, is a life-threatening human parasitosis
that leads to liver tissue destruction and me-
tastasis formation in secondary organs. We
have recently characterized the whole geno-
me sequence of this parasite and thus gai-
ned valuable information on novel drug tar-
gets and molecules that govern host-para-
site interaction. These studies are currently
complemented by extensive transcriptomic
and proteomic analyses on in vitro cultivati-
on systems for parasite larvae and stem cells
that we have developed. We demonstrated
that hormonal host-parasite cross communi-
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cation via evolutionarily conserved signalling
systems occurs during alveolar echinococ-
cosis and that totipotent somatic stem cells
play a central role in host-induced parasite
development. Current analyses concentrate
on the integration of host-controlled parasi-
te signalling systems into stem cell signalling
and differentiation, as well as on excretory/
secretory products of parasite larvae as im-
mune-modulators that ensure the long-term
persistence of Echinococcus in the host.

Teaching

Student courses are organised for students
of medicine, dentistry, biomedicine, pharma-
cy, and food chemistry. Scientists at the ins-
titutes participated in the organization of se-
veral scientific and medical meetings.
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Mission and Structure

The Chair for Medical Microbiology and My-
cology jointly with the Chair for Hygiene and
Microbiology is responsible for the laboratory
diagnostics of infectious diseases caused by
bacteria, fungi and parasites. Based on our
lab results we are engaged in consultation of
treating physicians for diagnosis, treatment
and prevention of infectious diseases. Prof.
Oliver Kurzai is head of the German Natio-
nal Reference Center for invasive fungal in-
fections (NRZMyk) appointed by the federal
Ministry for Health and the Robert Koch-Ins-
titute. The NRZMyk is located at the Leibniz
Institute for Natural Product Research and
Infection Biology - Hans-Knoell-Institute in
Jena and is the major point of contact in Ger-
many for all questions regarding diagnostics
and clinical management of invasive fungal
infections. In addition, the NRZMyk partici-
pates in clinical and epidemiological studies,
the evaluation of new diagnostic tools and
the establishment of guidelines for diagnosis
and treatment of fungal infections.

Invasive fungal infections are also the focus
of our research. These life-threatening infec-
tions mainly occurinhospitalized patients suf-

fering from impaired immunity. With increa-
sing numbers of at-risk patients, the frequen-
cy of invasive fungal infections has steadily
been on the rise. Yeasts of the genus Candida
are the most frequent pathogens causing in-
vasive fungal infections in Germany, followed
by moulds in the genus Aspergillus. In additi-
on, a large number of rare and extremely rare
fungal species can cause human infection.
Pathogens within the Mucorales as well as
Fusarium spp. are most difficult to manage
because of a plethora of resistance pheno-
types against common antifungal drugs. In-
vasive fungal infections are related to distur-
bances in host immunity, which can also be
caused by genetic variants that result in im-
paired responses. Research on protective im-
munity and genetic risk factors at the Chair
for Medical Microbiology and Mycology is in-
tegrated into leading national consortia. Fun-
ded by the Federal Ministry for Education and
Science, the research consortium InfectCon-
trol 2020 (scientific administrator: Prof. O.
Kurzai) aims to develop interdisciplinary ap-
proaches to combatting infectious diseases.
Within the collaborative research center /
Transregio FungiNet (TR124) funded by the
German Research Foundation (DFG) we uses
systems biology based approaches to analy-
se pathogen-host interaction in invasive fun-
gal infection

Major Research Interests

Virulence Determinants of Candida spp.
(0. Kurzai)

Yeast Fungi of the genus Candida, mainly
Candida albicans and Candida glabrata are
the most frequent pathogens causing invasi-
ve fungal infections in Germany. C. albicans
can respond to changing environmental con-

ditions by a morphological switch between
yeast and filamentous growth. This morpho-
logical plasticity is a major virulence factor.
In our work, we analyse genetic regulation
of the yeast-to-filament transition in C. albi-
cans. In contrast to C. albicans, C. glabrata
is a monomorphic yeast unable to form fila-
ments. Consequently virulence traits of both
species are largely different. By performing
comparative analyses in diverse infection
models, the differing virulence determinants
of both species are characterised.

Immune Response in Invasive Fungal
Infection
(O. Kurzai)

Manifestation of invasive fungal infections is
in most cases based on underlying defects
in the host immune response. To address
the role of different immune effector mecha-
nisms in the antifungal response we use in-
fection models for primary human immune
cells as well as a human whole blood infec-
tion model. In combination with biomathe-
matical modelling, we can characterize pro-
tective immune activation during invasive
fungal infection. However, the clinical course
of infection is also determined by genetic va-
riants in the host genome. We aim to cha-
racterise genetic variants that are associated
with invasive fungal infection and establish
models for the functional implications of the-
se genetic variations.

Virulence and Antifungal Drug
Resistance in Aspergillus fumigatus
(J. Wagener)

Currently, the number of antifungal drugs
available fot he treatment of invasive fun-

Fig. 1: Azoles act fungicidal on the pathogenic mould Aspergillus fumigatus. (left) hyphae of A.
fumigatus after azol-exposure. Fungal mitochondria are stained green. Contact with the anti-
fungal drug triggers loss of cellular integrity, bursting hyphae and release of intracellular con-
tent. (right) Susceptibility testing of A. fumigatus against voriconazol.
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Fig. 2: The species Candida auris (left: agar-culture, right: microscopy) was initially described
in 2009. Since then, it has spread worldwide. In contrast to other Candida spp. it can readily
spread from human to human, leading to hospital outbreaks. First cases of C. auris infections
in Germany have been confirmed and analyzed at the NRZMyk.

gal infections is limited. Furthermore, emer-
gence of antifungal drug resistance further
impairs choices for antifungal therapy. We
aim to achieve a molecular understanding
of the mode of action of antifungal drugs.
For this, we analyse the exact mechanisms
that result in growth inhibition or fungal cell
death. These mechanisms can differ depen-
dent on the fungal organism. Azole antifun-
gals, for example, excert fungistatic activity
against Candida, but are fungicidal for Asper-
gillus. Vice versa, echinocandins are fungici-
dal for Candida but only fungistatic for As-
pergillus. By analysing these different action
principles as well as the interplay between
fungal pathogens, antifungal drugs and hu-
man immunity, we aim to identify new tar-
gets to improve antifungal therapy.

National Reference Center for Invasive
Fungal Infections NRZMyk
(0. Kurzai)

The NRZMyk is a central point of contact in
Germany for all questions related to diagno-
sis and clinical management of invasive fun-
gal infections. In the past years, diagnostic
activities (currently >600 samples per year)
as well as availability for consiliary advice
could be further extended. One major focus
is the determination of genus and species for
rare and unknown fungal pathogens isolated
from clinical samples. In addition, the NRZ-
Myk has developed a broad range of mole-
cular tests for detection of fungal pathogens
in clinical samples. We participate in clini-
cal and epidemiological studies addressing
the diagnosis of invasive fungal infections in
intensive care units or the worldwide emer-
gence of the new pathogenic species Candi-
da auris. In cooperation with the Department

of Ohthalmology at the University Hospital
in Disseldorf the NRZMyk has established a
National Registry for Fungal Keratitis. Besi-
des these projects, the NRZMyk participates
in national and international standardization
committees like the Antifungal Susceptibili-
ty Testing Subcommittee of the EUCAST and
the National Antibiotic-Susceptibility Testing
Committee (NAK).

New diagnostic Tools to detect Invasive
Fungal Infections
(J. Wagener, O. Kurzai)

Successful treatment of invasive fungal in-
fection is mainly based on early and reliable
diagnosis. Thus we aim to improve diagnos-
tic tools for early detection. Currently we rely
on a limited portfolio of tests, mainly includ-
ing mycological culture, molecular detection
and antigen detection in blood. In severely ill
patients with a high risk for fungal infection
(e.g. patients after allogeneic stem cell trans-
plantation) these tests are the major micro-
biological tools. Together with partners from
diagnostics companies we aim to improve
these tests and evaluate new test systems for
early detection of fungal infection and testing
for antifungal drug resistance.

Teaching

Student’s courses are organised for students
of medicine, dentistry, experimental and
translational medicine, pharmacy and food
chemistry. Scientists at the institutes parti-
cipated in the organization of several scienti-
fic and medical meetings.
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Mission and Structure

The Institute of Molecular Infection Biology
(IMIB) is an interdisciplinary institution within
the Medical Faculty of the University of Wiirz-
burg and part of the Research Center for In-
fectious Diseases (ZINF). It also accommo-
dates the young investigator groups of the
ZINF. Research at the institute focuses on
elucidating fundamental principles of infec-
tion processes. Its members study the mole-
cular aspects of infections caused by a varie-
ty of bacteria, parasites and fungi, to identify
common strategies employed by these pa-
thogens to interact with host cells, the mi-
crobiota and the immune system. While the
majority of projects at the institute focus on
basic research, several important clinically
related projects are performed in collabora-
tion with the University Hospital, ZINF and
Interdisciplinary Center for Clinical Research
(IZKF).

Major Research Interests

The main research interests at the institute
relate to understanding the biology of the pa-
thogens and their interaction with host cells,
the microbiota and the immune response.
This is primarily achieved by using molecu-
lar and cell biological methods, global high-
throughput approaches, including genomics,
transcriptomics, proteomics, and compli-
mented by structural biology and advanced
infectious disease models to understand the
infection process from a new global perspec-
tive.

RNA biology of bacterial infections
(J. Vogel)

Despite considerable advances in our under-
standing of RNA Biology in model bacteria,
the diversity of RNA molecules and the pro-
teins with which they associate are unknown
in the vast majority of medically important
species. The Vogel lab strives to chart the
full cosmos of noncoding RNA functions and
RNA-binding proteins in major bacterial pa-
thogens and the thousand different bacteria
that make up the human microbiome. They
develop new RNA-seq based techniques to
rapidly capture the RNA world of any micro-
be, ideally at the level of single cells, and un-
derstand how and why bacteria use RNA as
a regulator as they infect humans. Studies in-
clude basic mechanistic questions relating to
RNA Biology and apply this knowledge for an
RNA-centric manipulation of the microbiota.

Immunological and cell biological
studies of Leishmania pathogenicity
(H. Moll)

Leishmania cause a spectrum of different
diseases, depending on the parasite spe-
cies and the type of the host’s immune
response. This model allows the analysis
of the mechanisms involved in host resis-
tance or susceptibility to a microbial patho-
gen. The development of new strategies for
immunotherapy and vaccination based on
the use of dendritic cells and the identifica-
tion and characterization of leishmanicidal
compounds are the major research topics
of this group.

cel-mif-231

Microscopy image

Image
segmentation

cel-miR-231
let-Ti-3p
mif-217
miA-371-3p
miA-515-3p
miA-517k
miA-518a
miA-T44
miR-15a
miR-15h
miR-22
miA-181d
miR-185
miR-376b
miA-486-5p
miA-457
miA-5009-50
miA-1269

Hoechst Sa

|
=2.0 «2.0

Aelative infection
{log2 fold over control)

Fig.: A: Analysis of HeLa-cells infected with salmonella after treatment with microRNAs. B: mi-
croRNAs are able to influence the level of infection with salmonella (modified, Maudet et al.

2014, Nature Communications 5:4718).

26



Theoretical-clinical Institutes

Biology and Pathogenicity of Candida
albicans
(J. Morschhéuser)

The yeast Candida albicans is a harmless
commensal in the digestive tract of most
healthy people, but it can also cause super-
ficial infections of the mucosae as well as
life-threatening systemic infections, espe-
cially in immunocompromised patients. The
Morschh&user group is investigating how
C. albicans adapts to different host niches
and changes in its environment. They are es-
pecially interested in the elucidation of sig-
nalling pathways that control morphological
switches and virulence gene expression and
of genetic alterations that are responsible for
the evolution of variants with novel phenoty-
pic traits.

Pathogenic enterobacteria and
probiotic Escherichia coli
(T. Olschlager)

An early and often essential step in the es-
tablishment of a bacterial infection is the
adhesion of the pathogen to host cells.
The Olschlaeger group focuses on iden-
tifying bacterial adhesins and their corre-
sponding eukaryotic receptors. Additional-
ly, substances including phytopharmaceu-
ticals with unknown modes of action are
being tested for their ability to inhibit bac-
terial adherence and invasion of host cells.
The probiotic £. coli strain Nissle 1917 has
been licensed as a drug and the group has
shown that it interferes with the adhesion
and invasion of pathogenic bacteria. Cur-
rent work focuses on the elucidation of the
causative molecular mode(s) of action of
this probiotic £. coli strain.

Virulence and resistance mechanisms
of pathogenic staphylococci
(K. Ohlsen)

Staphylococcus aureus is currently one of
the most important nosocomical patho-
gens. The Ohlsen group is interested in
understanding the molecular mechanisms
involved in its virulence and resistance to
antibiotics. One focus is the elucidation of
the function of protein kinases and corre-
sponding phosphatases. In addition, they
are developing /n vivo imaging technologies
to visualise the infection process and host
defense mechanisms /n situ. Furthermo-
re, they are developing strategies to com-
bat this pathogen including antibody-based
therapy approaches and the search for new
targets and drugs.

Molecular biology of pathogenic
staphylococci
(W. Ziebuhr)

Staphylococcus aureus and Staphylococcus
epidermidis are common causes of health
care-associated (nosocomial) infections that
often affect immunocompromised patients
carrying medical devices. The Ziebuhr group
works on factors and processes contributing
to the establishment of staphylococci as pa-
thogens in the hospital environment. Their
main interest is to team basic research with
public health by covering epidemiology, ge-
netics and the molecular biology of staphy-
lococci.

RNA metabolism in host cells
(A. Eulalio)

RNA metabolism is essential for a number of
host cell functions. It is therefore not surpri-
sing that pathogens have evolved sophistica-
ted mechanisms to subvert these pathways
for their own benefit. The research within the
Eulalio group focuses on determining the im-
pact of bacterial infections on the RNA meta-
bolism of the host cell, and the reciprocal ef-
fect of host RNA regulation on the life cycle of
pathogenic bacteria. A major research focus
has been on the roles of human and mouse
microRNAs using automated microscopy cou-
pled with high-throughput screening approa-
ches of RNA libraries, as well as RNA-seq.

Structural biology of mycobacteria
(S. Geibel)

Tuberculosis is a highly infectious respiratory
disease caused by various strains of myco-
bacteria. Mycobacteria use a variety of type
VIl secretion systems to manipulate the host
cell and to evade its immune response. The
Geibel group is using a variety of structural
approaches, including X-ray crystallography
and cryo-electron microscopy to obtain a
molecular and functional understanding of
the type VIl secretion machines.

Host-pathogen-microbiota
transcriptomes
(A. Westermann)

The interaction of bacterial pathogens with
mammalian hosts and their resident micro-
biota represents an incredibly intricate bi-
ological process, involving numerous orga-
nisms from different kingdoms of life, all ac-
tively contributing to the balance between
pathogenesis and clearance. The group ap-
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plies high-throughput RNA-seq approaches
to complex infection settings comprising of
enteric bacterial pathogens, including Sal-
monella, their mammalian hosts and the re-
sident gut microbiota, with a focus on anae-
robic Bacteroides thetaiotaomicron. The aim
is to identify and molecularly characterize no-
vel noncoding RNAs and RNA-binding prote-
ins with potential roles in bacterial virulence
or protection against pathogenic attack.

Teaching

The IMIB scientists teach undergraduate and
master students from biomedicine, biolo-
gy, biochemistry and food chemistry, which
include both lecture-based and practical
courses. A major part of the teaching ac-
tivities are dedicated to the training of bio-
medicine students. These activities include
practical courses on Molecular Infection Bi-
ology, Molecular Microbiology and Mycology
as well as lectures in general microbiology,
pathogenicity and immunology and semi-
nars on current topics in Infection Biology.
Furthermore, lectures and seminars are pro-
vided for medicine students of the study pro-
gram “Translational Medicine”. The institute
also organises lectures, courses, seminars
and summer schools for the members of the
Graduate College ’Infectiology® in associa-
tion with the International Graduate School
of Life Sciences at the University of Wiirzburg
as well as hosting several internships.
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Mission and Structure

The Chair of Molecular Infection Biology Il was
established in 2016 as part of the Institute of
Molecular Infection Biology (IMIB). The IMIB
is an interdisciplinary research institution
within the Medical Faculty of the University
of Wirzburg and part of the Research Center
for Infectious Diseases (ZINF). The scientists
at IMIB aim to elucidate fundamental princi-
ples of infection processes and host-patho-
gen interactions in a variety of bacterial or
eukaryotic pathogens. The Chair of Molec-
ular Infection Biology Il focuses on mecha-
nisms and functions of post-transcriptional
gene expression control in bacterial gastroin-
testinal pathogens, such as the Epsilonpro-
teobacteria Helicobacter pylori and Campy-
lobacter jejuni. We are especially interested
in the identification and characterization of
small regulatory RNAs and associated RNA
binding proteins involved in stress response
and virulence control. We have been devel-
oping and employing diverse deep-sequenc-
ing approaches to study transcriptomes,
translatomes, and RNA-protein complexes
on a genome-wide scale. These approaches
are combined with genomics, genetics, and
biochemistry methods to identify novel RNA
or protein factors and to characterize how
they regulate genes at the post-transcription-
al level. Our research will not only shed light
on the role of RNA-based regulation in the
virulence of Epsilonproteobacteria, but also
in other bacterial pathogens.

Major Research Interests

Post-transcriptional regulation in
bacterial pathogens

Posttranscriptional regulation represents a
central level of gene expression control in
the cell, in which small RNAs (sRNAs), RNA-
binding proteins (RBPs), and ribonucleases
(RNases) play a key role. In bacteria, the
50- to 400-nt-long sRNAs represent a he-
terogeneous class of molecules that regu-
late gene expression in response to adver-
se growth and environmental stress condi-
tions and have also been implicated in con-
trolling virulence. Genome-wide approaches
have revealed hundreds of sRNAs in diverse
bacteria, including many pathogens. How-
ever, the functions and cellular targets of
most of these sRNAs are still elusive. The
model organisms in our lab are the gastric
pathogen Helicobacter pylori, the causative
agent of gastric cancer, and the related food-
borne pathogen Campylobacter jejuni, which
is currently the most common cause of bac-
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terial food-borne disease (Fig. 1). Using di-
verse deep-sequencing techniques, we have
annotated the transcriptomes of H. pylori and
C. jejuni and have identified many conserved
and strain-specific sSRNAs. Using genomics,
biochemical, molecular biology, and gene-
tics approaches, we are now elucidating the
physiological roles and underlying molecular
mechanisms of SRNAs and RBPs in stress re-
sponses and virulence control. For example,
we could show that the conserved and abun-
dant sRNA RepG directly targets a phase-va-
riable homopolymeric G-repeat in an H. py-
lori chemotaxis receptor mRNA. Length va-
riation of this G-repeat determines the out-
come of post-transcriptional regulation by
the sRNA and thereby influences strain-spe-
cific gene regulation. This represents an un-
expected connection between sRNA-medi-
ated regulation and phase variation, which
is often associated with bacterial virulence.
Besides RepG, we have been characterizing
several other sRNAs in H. pylori and C. je-
Jjuni and have identified several mRNAs en-
coding colonization or virulence factors as
SRNA targets.

Identification and characterization of
RNA protein complexes

The RNA binding protein Hfq plays a key role
in SRNA-mediated regulation in enterobacte-
ria, such as Escherichia coli or Salmonella.
Because Epsilonproteobacteria, like 50% of
all bacteria, lack a homolog of Hfqg, we are
interested in discovering alternative auxiliary
protein factors that are involved in post-tran-
scriptional regulation in these bacteria. Using
biochemical and genomics approaches to
capture and analyze RNA-protein comple-
xes, we aim to identify and study RNA binding
proteins. For example, using co-immunopre-
cipitation combined with RNA-seq (RIP-seq)
we have determined the direct RNA binding
partners of the translational regulator CsrA
in C. jejuni on a genome-wide scale. This has

Fig. 1: Transmission electron microscopy
image of the food-borne pathogen Campylo-
bacter jejuni at 3,000x magnification.
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Fig. 2: Targeting of endogenous RNAs by the
CRISPR-Cas9 nuclease of C. jejuni. The
crRNA-guided CRISPR-Cas9 nucleases ty-
pically target double-stranded DNA targets.
C. jejuni Cas9 can also target endogenous
RNAs through imperfect complementarity
with native crRNA guides bound to tracrR-
NA, followed by cleavage by the HNH domain
of CjCas9. Figure adapted from Dugar et al.
(2018) Molecular Cell.

revealed many flagellar mRNAs to be direct
CsrA targets, and has identified the mRNA
encoding the major flagellin as both the main
target of CsrA repression and an RNA ant-
agonist of CsrA activity (Dugar et al., 2016,
Nature Communications). Moreover, we ob-
served that the flagellin mRNA localizes to
the cell poles in a cell division-dependent
manner, and that CsrA and its protein anta-
gonist FIiW regulate flagellin mRNA localiza-
tion. This suggests that post-transcriptional
networks in bacteria employ a high temporal
and spatial complexity.

Mechanisms and functions of CRISPR-
Cas9 beyond genome defense

CRISPR-Cas systems are RNA-based proka-
ryotic immune systems that employ CRISPR-
RNA (crRNA) guides and diverse nucleases
to target and destroy invading foreign nuc-
leic acids. Components of these systems,
such as the Cas9 nuclease, have recently re-
volutionized genome editing in eukaryotes,
and are nowadays widely exploited for diver-
se biotechnological applications. The study
of CRISPR-Cas systems in diverse prokaryo-
tesis continually uncovering new classes and
subtypes with novel protein components and
mechanisms of action that could be adap-
ted for specialized engineering approaches.
The Cas9 nuclease typically targets double-
stranded DNA. Using co-immunoprecipitati-
on combined with RNA-sequencing, we re-
cently revealed that the CRISPR-Cas9 nucle-
ase of C. jejuni (CjCas9) can bind and cleave

endogenous bacterial RNAs in a crRNA-gui-
ded manner (Fig. 2). Moreover, we showed
that RNA targeting by CjCas9, the smallest
Cas9 used for genome editing so far, can be
programmed to target different sequences in
vitro. This provides new opportunities for bi-
otechnological applications of CjCas9, such
as parallel targeting of RNA and DNA. We are
now interested in the potential roles of RNA
targeting beyond genome defense, such as
virulence control or endogenous gene regu-
lation.

3D-Infection models to study
host-pathogen interactions

To study the roles of bacterial sSRNAs during
infection and to identify factors important
for host-pathogen interactions, we have
been developing and applying novel three-
dimensional (3D) infection models based on
tissue engineering. Such complex multicellu-
lar 3D tissue cultures can mimic the comple-
xity and microenvironment of human tissues
more closely than classical 2D cell line mo-
nolayers. We have successfully established
infection conditions with C. jejuni and a hu-
man small intestine model and have started
to develop a new stomach model for H. pylori.
To identify genes relevant for host-pathogen
interactions during infections of these novel
models, we have been employing deep-se-
quencing analysis of high-density bacterial
transposon mutant libraries before and after
infection, as well as dual RNA-seq to monitor
host and pathogen transcriptomes in paral-
lel. Using our novel 3D infection models, we
aim to identify new regulatory and physiologi-
cal paradigms that govern virulence in these
major human pathogens.

Identification and characterization of
small proteins

Understanding the biology of an organism re-
quires a complete catalog of its expressed
proteins. Ribosome profiling (Ribo-seq; iden-
tification of translated transcripts by deep
sequencing of so-called mRNA footprints
protected by ribosomes) has provided a
sensitive proxy for discovering cellular pro-
teins by determining their open reading fra-
mes (ORFs). Recent studies of the “trans-
latome” of diverse organisms using Ribo-
seq have identified unannotated small ORFs
(smOREFs) that could encode for small prote-
ins with diverse cellular functions. We have
established Ribo-seq in H. pylori and C. jeju-
ni, which has revealed several small mRNAs
encoding smORFs < 70 codons. In addition
to ORF mapping, we also use ribosome pro-
filing to study post-transcriptional regulation
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in C. jejuni and H. pylori on a global scale.
We are now also investigating the functions
of selected small proteins that we have iden-
tified in C. jejuni, and have discovered first
phenotypes for some of them, such as roles
in motility.

Teaching

The Chair of Molecular Infection Biology Il is
involved in the teaching of students in the
Bachelor and Master study programs in bi-
omedicine, biology, and biochemistry. Our
teaching activities comprise both lecture-
based and practical courses, and we super-
vise Bachelor's and Master‘s students’ re-
search internships and thesis projects. All
of our doctoral students are members of the
section “Infection and Immunity” of the Gra-
duate School of Life Sciences (GSLS) and the
chair is involved in graduate supervision and
training, such as organization of workshops,
e.g., within the framework of the GRK2157
(3D-Infect).

SELECTED PUBLICATIONS

Bischler T, Hsieh PK, Resch M, Liu O, Tan HS,
Foley PL, Hartleib A, Sharma CM, Belasco JG.
(2017) Identification of the RNA pyrophospho-
hydrolase RppH of Helicobacter pylori and glo-
bal analysis of its RNA targets. / Biol Chem
292:1934-1950.

Dugar G, Leenay RT, Eisenbart SK, Bischler T, Aul
BU, Beisel CL, Sharma CM. (2018) CRISPR RNA-
dependent binding and cleavage of endogenous
RNAs by the Campylobacter jejuni Cas9. Mol Cell
69:893-905.e7.

Dugar G, Svensson SL, Bischler T, Wéldchen S,
Reinhardt R, Sauer M, Sharma CM. (2016) The
CsrA-FliW network controls polar localization of
the dual-function flagellin mRNA in Campylobac-
ter jejuni. Nat Commun 7:11667.

Fei J, Sharma CM. (2018) RNA Localization in
Bacteria. Microbiol Spectr doi: 10.1128 /microbiol-
spec.RWR-0024-2018.

Svensson SL, Sharma CM. (2016) Small RNAs
in Bacterial Virulence and Communication. Mic-
robiol Spectr doi:10.1128 /microbiolspec. VMBF-
0028-2015.




Institute of Clinical Epidemiology and Biometry (ICE-B)

CONTACT DETAILS

ProfessorDr.med.PeterU.Heuschmann,MPH
(Head)

Josef-Schneider-Str. 2

97080 Wiirzburg

Phone: 0931/201-47308

Fax: 0931/201-647310
E-mail:peter.heuschmann@uni-wuerzburg.de
www.epidemiologie.uni-wuerzburg.de

Professor Dr. rer. nat.
Dr. rer. med. G6tz Gelbrich
Phone: 0931/201-47312

Professor Dr. med. Thomas Keil, MScPH
Joint professorship with the Bavarian
Health and Food Safety Authority (LGL)
Phone: 0931/201-647308

Mission Statement
and Structure

The Institute of Clinical Epidemiology and
Biometry (ICE-B, Chair: Univ.-Prof. Dr. P. U.
Heuschmann) was newly established at the
University of Wiirzburg in October 2011. The
ICE-B represents the disciplines epidemiolo-
gy and biometry in research and teaching at
the medical school of the University of Wirz-
burg. The main research focus of the institute
is clinical epidemiology including the investi-
gation of causes and risk factors of diseases;
therapy and prevention; prognosis and out-
come; diagnostics and screening; as well as
adequacy and quality of medical care.

In 2012, a professorship for biometry was
established (Univ.-Prof. Dr. Dr. G. Gelbrich).
In 2018, a professorship for prevention and
health promotion (Univ.-Prof. Dr. T. Keil) was
created as joint professorship with the Bava-
rian Health and Food Safety Authority (LGL),
that includes chairing the Institute for Health
Resort Medicine and Health Promotion in
Bad Kissingen.

Research Foci

The research focus of the institute comprises
independent interdisciplinary research pro-
jects at the interface between clinical medi-
cine and epidemiology in the three main re-
search areas: clinical research; prognostic
studies; and health services research. Re-
search projects are conducted in close col-
laboration with various departments and in-
stitutes of the University Wirzburg and the
University Hospital Wirzburg including the
Comprehensive Heart Failure Center (CHFC)
of the University of Wiirzburg and the Clinical
Trial Center of the University Hospital Wirz-
burg (CTC), as well as with external national
and international cooperation partners. In
the future, these areas will be complemen-
ted by prevention and health promotion re-
search in collaboration with the Institute for
Health Resort Medicine and Health Promoti-
on in Bad Kissingen.

Clinical research

Main focus of the area “clinical research” is
the development of new methods for desig-
ning and analysing clinical studies of diffe-
rent phases. This also includes the support
of clinical studies being planned or conduc-
ted by institutions within the University Hos-
pital and the University of Wirzburg as well
as with external partners. The ICE-B is closely
collaborating with the Clinical Trial Center of
the University Hospital Wirzburg, especially
in the area of biometry represented by Prof.
Dr. Dr. Gelbrich.

The projects of the ICE-B in this area compri-
se for example the biostatistical support of
national multicentre trials to improve detec-
tion of atrial fibrillation after stroke (e.g. FIND
AF randomized, MONDAFIS).

Prognostic studies

The research area “prognostic studies” in-
cludes planning, conducting and analysing
of cohort studies in high risk groups of the
general population as well as in patients with
specific diseases. One specific research fo-
cus of the ICE-B comprises investigating the
natural course of diseases as well as iden-
tifying high risk groups for clinically relevant
endpoints such as complications, comorbi-
dities or survival in populations from the cli-
nical routine.

As an example for this thematic area, the
»PREvention of STroke in Intracerebral hae-
morrhaGE survivors with Atrial Fibrillation®
(PRESTIGE-AF) study was recently initiated
that receives funding within the ,European
Union Research and Innovation Program-
me Horizon 2020 (http://www.prestige-
af.org). PRESTIGE-AF is an European multi-
centre open prospective randomized clini-
cal trial headed by Prof. Roland Veltkamp,
Imperial College, London. The study will be
conducted in 8 European countries to inves-
tigate if treatment with direct oral anticoagu-
lants (DOAC) is an effective and safe option
for stroke prevention in patients with intrace-
rebral haemorrhage (ICH) with concomitant
atrial fibrillation. The ICE-B develops within
the substudy ,,predictive modelling“ new ap-
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proaches for predicting risk of recurrent stro-
kes based on comprehensive clinical infor-
mation. Within a second step, improvement
of predictive properties will be investigated
by adding additional biological information to
the model such as blood-based biomarkers,
genetic or neuroimaging information. As the
final deliverable a comprehensive risk predic-
tion tool shall be proposed to tailor individual
prevention in ICH patients with concomitant
atrial fibrillation.

Health services research

The thematic area “health services research”
addresses research questions related to ade-
quacy and quality of medical care within the
population. In this research area, a number
of register and cohort studies on coronary
heart disease (e.g. EUROASPIRE) as well as
stroke (e.g. ADSR, RASUONA-prime) were
performed. In addition, the ICE-B participa-
tes as the evaluating institution in a number
of projects to improve health care or to de-
velop new health care concepts for different
disease conditions (e.g. SANO, OVERBEAS,
ZSE-DUO).

As an example, the project ,,structured am-
bulatory post-stroke care program - struktu-
rierte ambulante Nachsorge nach Schlagan-
fall (SANO)“ will be presented funded by the
Federal Joint Committee (G-BA) within the In-
novationfond (01NVF17032). SANO is a clus-
ter-randomised study in 30 regions in Germa-
ny coordinated by Prof. Dr. Armin Grau, De-
partment of Neurology, Klinikum Ludwigsha-
fen and being evaluated by the ICE-B. SANO
aims to improve care as well as diagnosis
and therapy of complications after hospital
discharge in ischemic stroke patients. For
this purpose, a multidisciplinary post-stroke
care network will be established in the inter-
vention regions (figure 1). After inclusion in
the study, patients receive detailed counsel-
ling, motivational interviews as well as defini-
tion of individual treatment targets together
with their relatives. During regular visits to
the hospital as well as to general practitio-
ners, appropriate treatment of individual risk
factors can directly be initiated, and potenti-
al complications being monitored. After the
program, a potential reduction of complica-
tions as well as repeated hospital admissi-
ons by the intervention will be evaluated. For
this purpose, about 1400 ischemic stroke pa-
tients from 15 regions offering the interven-
tion will be compared with about 1400 pa-
tients from control regions, receiving usual
care.

Prevention and health promotion

Since 2016, the new German prevention law
requires a stronger engagement especially
of the federal states, communities and so-
cial security institutions in prevention and
health activities. The ICE-B and the Institute
of Health Resort Medicine and Health Pro-
motion intend to develop and evaluate pre-
ventive strategies for common chronic di-
seases. They will focus on potentially vulne-
rable groups such as the increasing number
of lay carers in family settings (caring relati-
ves) as well as employees of small enterpri-
ses and free-lancers who are often lacking
sufficient resources for occupational health
promotion.

Teaching

In teaching activities, the ICE-B put speci-
fic emphasis in improving the education and
training of medical students, young physici-
ans and scientists in epidemiology and bio-
metry at the University of Wirzburg.
Teaching activities for undergraduate training
of medical students include for example spe-
cific lectures and practical small group cour-
ses in epidemiology and biometry as well as
in evidence-based medicine. In addition, ex-
tended modules for medical students on epi-
demiological and biometrical topics were im-
plemented.

Since October 2014, the ICE-B also offers
statistical consulting for medical students
performing their medical thesis at the Uni-
versity of Wirzburg. In this context, statisti-
cal consulting provides “help for self-help” to
support the students regarding planning, per-
forming, analysing and interpreting their the-
sis project. In total, over 930 consultancies
have been performed (by December 2018).
The close interaction between training and
consultancy activities is also contributing to
improve the quality of the medical theses.
The ICE-B is also actively contributing toge-
ther with Prof. Manfred Gessler and other
colleagues to further develop the “clinical
research and epidemiology” program for me-
dical students existing since 2012 into a pro-
gram and master course “translational me-
dicine”. Since 2018, this program receives
funding as part of the Elite Network Bavaria.
Within this elite course, medical students
have the opportunity to assemble their in-
dividual study profile by choosing from spe-
cific modules covering the entire spectrum
of translational medicine from experimental
medicine to clinical research and epidemio-

logy.
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Institute of Forensic Medicine

CONTACT DETAILS

Professor Dr. med. Michael Bohnert
(Head)

Versbacher Str. 3

97078 Wiirzburg

Phone: 0931/31-47020

Fax: 0931/31-47000

E-mail: i-rechtsmedizin@uni-wuerzburg.de
www.med.uni-wuerzburg.de /rechtsmedizin

Mission and Structure

The Institute of Legal Medicine of the Uni-
versity of Wiirzburg provides services in legal
medicine on behalf of courts of justice, pu-
blic prosecutors and police departments for
the region of Lower Franconia as well as adja-
cent regions in Upper Franconia and Baden-
Wirttemberg. Key responsibilities are the in-
vestigation of deaths, post-mortems, clinical
forensic medicine, assessing fitness to drive,
forensic trace analysis, paternity testing and
forensic-toxicological analysis of body fluids
and pieces of evidence.

Apart from the Board Director, in 2018 the
academic staff of the University of Wirzburg
Institute of Legal Medicine consisted of 2
consultants (Oberarzte), 4 senior house of-
ficers (Assistenzérzte), 2 biologists and 1 to-
xicologist. 11 of the 20 employees of the in-
stitute are paid from the institute’s own re-
sources. The other posts are financed on the
basis of the Institute’s tasks in research and
teaching.

Major Research Interests

Legal medicine is defined as a medical spe-
cialty applying medical and scientific know-
ledge and techniques to the administration
of justice. It is a strongly application-orien-
ted and interdisciplinary subject with re-

search activities geared to the requirements
of the police and the judiciary. As in any other
practice-oriented medical field, the daily ac-
tivities and tasks determine the scientific is-
sues to be addressed. Scientific forensic re-
search concentrates on the assessment of
findings, the evaluation of evidence, the re-
construction of events and the development
of valid assessment criteria. Thus, our sub-
ject plays a special role among the other me-
dical fields, because its scientific focus can
neither be defined as basic research nor is it
primarily oriented to patient care. It is much
more concerned with the individual case
than other subjects.

Current key research areas are forensic neu-
ropathology, forensic osteology and death by
heat exposure.

Forensic Neuropathology
(S. Bohnert, M. Bohnert)

The research group Forensic Neuropathology
examines the effects of mechanic, toxicolog-
ic or hypoxic trauma on human brain. Main
topics are the possibilities and limitations of
post-mortem examination of cerebrospinal
fluid, the histological and immunohistochem-
ical examination of early reactions in trau-
matic brain injuries as well as in drug deaths
and the development of brain edema.

Cooperation partners are the Section Neu-
ropathology at the Institute of Pathology oft
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Fig. 1: Immunocytochemistry: Staining with antibody to TMEM 119, post-mortem interval 4

days, 200x magnification dilution 1:1000.
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Fig. 2: UV-reflection of a cross cut bone sample (middle) with negative control (left) positive
control (right).

he University of Wirzburg, the Institute of Vi-
rology, the Department of Neurology, Univer-
sity Hospital Wirzburg und the Institutes of
Legal Medicine of the Universities Leipzig,
Rostock and Heidelberg.

Determination of the post-mortem
interval of bones
(K. Jellinghaus, M. Bohnert)

The forensic and anthropological assess-
ment of bone finds is not only concerned
with questions such as sex, age, presence of
trauma and individual features but also the
time since death. This is of significant impor-
tance under legal aspects, as apart from gen-
ocide and murder a crime becomes barred
by the statute of limitation and can no longer
be prosecuted after 3, 5, 10, 20 or 30 years
depending on the punishment provided for in
the law (Section 78 Criminal Code). Usually
the Criminal Investigation Department inves-
tigates bones up to a post-mortem interval of
30 years or less. However, due to the differ-
ent preservation state of bones or bone parts
it is often difficult to make a precise state-
ment with regard to the post-mortem inter-
val. A bone’s state of preservation is essen-
tially influenced by the ambient conditions,
which are ultimately more important for the
condition of a bone than the time since death
itself. Due to these diagnostic uncertainties
the age of bone finds is often over- or un-
derestimated. This in turn has consequences
for the investigations. The aim of the present
study is to extend and improve the methodo-
logical spectrum to estimate the post-mor-
tem interval of human bones. For this pur-
pose, the conventional methods to estimate
the post-mortem interval are checked by
means of bones with an exactly known post-
mortem interval and used together with new
techniques (fluorescence, histology, molec-
ular degradation, densitometry) to develop
low-cost routine parameters for the medico-
legal routine which can be used for unknown
bone finds. Collaboration partners are the In-

stitute of Anthropology of Freiburg University
(Prof. Dr. Wittwer-Backofen), the Landesamt
flr Geologie Baden-Wirttemberg, the Reiss-
Engelhorn-Museum Mannheim, and the Fo-
rensic Anthropology Center der University of
Tenneseee, Knoxville.

Traumatomorphology of burn deaths
(M. Bohnert)

The possible findings in burned bodies co-
ver a broad spectrum, ranging from minor,
local, superficial burns of the skin to calci-
ned skeletal remains without any soft tissue
left and total incineration. The extent of the
tissue changes depends on the temperatu-
re actually applied to the body, the time for
which it is applied, the kind of transmission of
the heat to the body and other prevailing con-
ditions. In most cases, the heat acts on the
body beyond death. Consequently, the chan-
ges found are largely of postmortem origin.
The effects of the heat on the body are burns
of the exposed tissue, changes in the con-
tent and distribution of tissue fluids, fixation
of the tissue and shrinking processes.

Burn deaths are critical cases from a foren-

sic viewpoint, especially if the body is hea-

vily destroyed or if the classical signs of vi-

tality are missing. We examine the following

main topics:

» New parameters for proving a peracute fire
death

* Parameters for proving a vital fire exposu-
re

* Correlation between dynamics of the fire,
burn morphology and duration of fire expo-
sure

Teaching

Forensic science is taught to students of me-
dicine in a main lecture held over 2 semes-
ters, a laboratory course and a compulsory
optional subject. In the 6" semester, funda-
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mentals are taught, in the 7" semester spe-
cial topics are addressed and students do a
course on post-mortems. Fundamentals in-
clude the fields of thanatology, forensic trau-
matology, medical law, forensic alcohology,
forensic genetics and forensic toxicology. In
the 7™ semester, the post-mortem examina-
tion, traffic medicine, clinical forensic medi-
cine and forensic case work are covered. In
the laboratory course, students learn how
to perform a post-mortem examination. An
aspect regarded as especially important in
teaching is to make students aware of foren-
sic aspects in their clinical work. Those par-
ticularly interested in the field can attend the
compulsory optional subject “Medical Crimi-
nalistics”.

In a well-attended lecture, legal medicine is
also presented to students of law and bio-
medicine. Junior lawyers (between the first
and second state examination) are regularly
instructed on the effect of alcohol and drugs
in road traffic with a scientifically monitored
drinking test. Regular training courses are
also held for the police and the German Ar-
med Forces.
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CONTACT DETAILS

Professor Dr. med. Andreas Rosenwald
(Head)

Josef-Schneider-Str. 2

97080 Wiirzburg

Phone: 0931/31-81199

Fax: 0931/31-81224

E-mail: Rosenwald@mail.uni-wuerzburg.de
www.pathologie.uni-wuerzburg.de

Professor Dr. med. Eva Geissinger
Phone: 0931/31-81259

Mission and Structure

The Institute of Pathology is an academic cen-
ter with more than 100 employees including
20 pathologists and more than 20 scientists.
The institute delivers clinical care for the uni-
versity hospital and outside health care pro-
viders including histological, cytological and
molecular diagnostic assessments of surgical
biopsies and specimens, as well as autopsi-
es. Specialized departments, e.g. for Neuro-
pathology or Molecular Pathology, concentra-
te on specific diagnostic and scientific topics.
The Institute of Pathology has a particular fo-
cus on diagnostic and scientific aspects of he-
matological malignancies and constitutes one
of several German reference centers which
are responsible for the diagnostic and scienti-
fic work-up of lymphoma specimens from pa-
tients included in German and European pro-
spective clinical trials. The diagnostic experti-
se in this field and the scientific achievements
are internationally visible.

Major Research Interests

Research in Hematopathology and
Consultation Center for Hematological
Malignancies

(A. Rosenwald, E. Geissinger)

The Reference Center for hematological ma-
lignancies operates as a national consulta-
tion center and coordinates research acti-
vities associated with prospective clinical
lymphoma trials including trials of the ‘Ger-
man study group for high-grade non-Hodgkin
lymphomas’. Research interests include the
molecular pathogenesis of malignant B- and
T-cell lymphomas as well as of multiple my-
eloma and cutaneous lymphomas. The mo-
lecular definition of biologically and clinical-
ly relevant lymphoma subtypes in the era of
targeted treatment approaches is one of the
major goals.

Recently, a molecular subgroup of aggressive
B-cell lymphomas that harbour simultaneous
translocations of the MYC and BCL2 oncoge-
nes could be characterized. The group plays
a major role in several national and internati-
onal research networks, including the Leuke-
mia and Lymphoma Molecular Profiling Pro-
ject (National Cancer Institute, USA).

Molecular Pathogenesis of
Hematological Malignancies
(E. Leich)

This research group focuses on the molecu-
lar and clinical characterization of t(14;18)-
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negative follicular lymphomas (FL) and mul-
tiple myeloma (MM). Hypothesis driven ap-
proaches include high throughput technolo-
gies such as “Next Generation Sequencing”
(NGS) and microarrays. In collaboration with
the ‘Leukemia and Lymphoma Molecular Pro-
filing Project’ and the ‘International Cancer
Genome Consortium’, we were able to show
that t(14;18)-negative FL show a late germi-
nal center B-cell phenotype and acquire less
frequently novel N-glycosylation motives in
the variable regions of their immunoglob-
ulin gene loci. Moreover, in the context of
the “Klinische Forschergruppe 216” and the
“Sandertherapieeinheit Multiples Myelom”
we defined a signalling network of recep-
tor tyrosine kinases (RTKs), adhesion mole-
cules and their downstream effectors that is
affected by somatic mutations in almost all
MM-patients. Retrospective NGS-analyses
in study cohorts of the “Deutsche Studien-
gruppe Multiples Myelom” moreover showed
that mutations in RTKs are associated with
an inferior outcome. The functional charac-
terization of RTKs and their effectors are part
of our current research approaches.

Molecular and Cellular Immunology
(F. Berberich-Siebelt)

Within the field of ‘Molecular and Cellular
Immunology’ the major research focuses on
CD4"T cells. For some time, we particularly
analyze the role of the family of NFAT tran-
scription factors as well as individual fami-
ly members and their isoforms for the acti-
vation and function of conventional T cells
(Tcon) and regulatory T cells (Treg). On one
hand, the importance of NFAT factors for
Tcons could be proven in various models for
autoimmune diseases, but on the other hand
it got clear that Tregs are hardly NFAT-de-
pendent in their function. This opens up the
option to specifically inhibit NFAT in contrast
to a general immunosuppression and thus
to preserve the functionality of Tregs. An ex-
ception to the dichotomy between Tcons and
Tregs in relation to the NFAT-dependence
represent such Tregs, which migrate into the
follicles to control the germinal center reac-
tion. Here NFATc1 is essential for the migra-
tion process. In the absence of NFATc1 auto-
antibodies develop as they are known from
lupus erythematosus. Thus, in some circum-
stances, it might be useful to turn off only
individual NFAT members therapeutically. To
this end, pre-clinical models with our differ-
ent NFAT-deficient mice provide directions
and, accordingly, pharmacological inhibitors
and genome editing strategies are tested.
These experiments are performed in coop-
eration with the reference center for hemato-
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Fig.: The transcription factor NFATc1 controls the re-organization of cytoskeleton at the immu-
nological synapse upon activation of cytotoxic T cells (CTLs). TIRF (total-internal-reflection-flu-
orescence microscopy). (Photography: Dr. Nora Miiller) (a) Formation of F-actin rings and ap-
pearance of microtubule organizing center (MTOC) upon CD3,/CD28 activation of CTLs within
5 minutes. (b and c) Defective F-actin formation in CTLs in which NFATc1 was ablated (see

also Klein-Hessling et al., Nature Comm. 2017).

logical malignancies and funded by the DFG,
the Wilhelm Sander-, Fritz Thyssen- and Else
Kroner-Fresenius-Foundation as well as by
Roche und Pfizer.

Transcriptional Control by NFAT Factors
in T-Lymphocytes
(E. Serfling)

The members of ‘genuine’ NFATc (‘Nuclear
Factors of Activated T Cell’) transcription fac-
tors control immune reactions. This is reflec-
ted by the inhibitory effect of immune sup-
pressants Cyclosporin A (CsA) and FK506 on
the activation of NFATs. Both CsA and FK506
are used worldwide in transplant patients to
suppress the rejection of transplanted or-
gans. In a collaboration with the Department
of Surgery we showed recently that the acti-
vity of NFATc1 rejects allogenic heart trans-
plants in mice. The crucial role of NFATc1 in
the control of immune reactions is also re-
flected by our studies on the genome-wide
gene control in CD8'T cells by NFATc1. Using
transgenic mice expressing a biotin-tagged
version of NFATc1 we were able to determine
in Chip-Seq assays the binding of NFATc1-bio
to its target genes upon activation of CD8'T
cells. Among the target genes in CD8'T cells
are numerous lymphokine and chemokine
genes, and, in addition, the PD1,/Pdcd7 and
Ctla4 genes that code for two checkpoint in-
hibitor proteins. These and further findings
prompted us to start a project on the role of
NFATc factors in the generation of melano-
mas in mice.

A second research project of our laboratory
deals with the role of NFAT5 on the differen-
tiation of keratinocytes in skin epidermis. Our
experimental data that were obtained in col-

laboration with the Department of Dermato-
logy indicate a crucial role for NFAT5 in the
terminal differentiation of keratinocytes to
corneocytes. It is likely that defects in NFATS
cause numerous skin diseases that are cha-
racterized by a thickening of epidermis.

Neurodegeneration and
Neuroinflammation
(C. Monoranu)

The research focus in the Department of
Neuropathology is on neurodegenerative
diseases, especially on Alzheimer dementia.
Beside gene expression analysis of human
post mortem brain tissue from patients with
Alzheimer’s disease at different stages, cell-
type specific mitochondrial DNA deletion lev-
els as marker for oxidative stress were as-
sessed based on the concept of selective
vulnerability of different brain regions, which
is not yet fully understood. Microscopically
early affected regions such as the hippocam-
pus show differences also on molecular level
compared to more resistant regions such as
the cerebellum. This also applies to other ob-
viously involved cell types such as astrocytes
and microglia.

Due to the increasing relevance of neuroin-
flammation for the pathogenesis and pro-
gression of neurodegenerative diseases and
forensic neuropathology a new research fo-
cus was recently developed in cooperation
with the Institute of Legal Medicine. Analy-
sis of the time-dependent flow of microglia,
macrophages and astroglia from the dam-
aged brain tissue after mechanical brain inju-
ry into the cerebrospinal fluid compartment
seems to be a promising tool to estimate the
posttraumatic interval.
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Teaching

The Institute of Pathology is responsible for
teaching pathology as part of the medical
curriculum of the Wirzburg Medical School.
Specifically, 3 professors and additional tea-
chingstaff conductlectures, seminars, practi-
cal classes (histology) and macropathologic
case demonstrations (autopsies). Additional
courses for graduate students cover a wide
range of specific subjects, techniques, and
skills. Pathology lecturers also participate in
interdisciplinary teaching projects (e.g. inter-
disciplinary oncology) and clinico-pathologic
conferences for several hospitals and clini-
cal departments. According to the hemato-
pathological focus as well as the reference
center for haematological malignancies, sci-
entific staff of the institute additionally takes
part in the immunological education of medi-
cal and natural science students.

SELECTED PUBLICATIONS

Klein-Hessling S, Muhammad K, Klein M, Pusch

T, Rudolf R, Floter J, Qureischi M, Beilhack A, Va-
eth M, Kummerow C, Backes C, Schoppmeyer

R, Hahn U, Hoth M, Bopp T, Berberich-Siebelt F,
Patra A, Avots A, Muller N, Schulze A, Serfling E.
(2017) NFATc1 controls the cytotoxicity of CD8+ T
cells. Nat Commun 8:511-526.

Scott DW, King RL, Staiger AM, Ben-Neriah S, Ji-
ang A, Horn H, Mottok A, Farinha P, Slack GW, En-
nishi D, Schmitz N, Pfreundschuh M, Nowakowski
GS, Kahl BS, Connors JM, Gascoyne RD, Ott G,
Macon WR, Rosenwald A. (2018) High-grade B-
cell lymphoma with MYC and BCLZ2 and/or BCL6
rearrangements with diffuse large B-cell lympho-
ma morphology. Blood 131:2060-2064.

Strobel S, Griinblatt E, Heinsen H, Riederer P, Es-
pach T, Meder M, Monoranu CM. (2019) Astrocy-
te and microglia-specific mitochondrial DNA dele-
tions levels in sporadic Alzheimer's disease. ] Alz-
heimers Dis 67:149-157.

Wobser M, Maurus K, Roth S, Appenzeller S, We-
yandt G, Goebeler M, Rosenwald A, Geissinger E.
(2017) Myeloid differentiation primary response
88 mutations in a distinct type of cutaneous mar-
ginal-zone lymphoma with a nonclass-switched
immunoglobulin M immunophenotype. Br ] Der-
matol 177:564-566.

Zamo A, Pischimarov J, Schlesner M, Rosenstiel
P, Bomben R, Horn H, Grieb T, Nedeva T, Ldpez C,
Haake A, Richter J, Trimper L, Lawerenz C, Klap-
per W, Méller P, Hummel M, Lenze D, Szczepa-
nowski M, Flossbach L, Schreder M, Gattei V, Ott
G, Siebert R, Rosenwald A, Leich E. (2017) Diffe-
rences between BCL2-break positive and negati-
ve follicular lymphoma unraveled by whole-exome
sequencing. Leukemia 32:685-693.




Institute of Pharmacology and Toxicology,

Chair of Pharmacology

CONTACT DETAILS

Professor Dr. rer. nat. Antje Gohla
(acting Head until 1/2019)

Professor Dr. rer. nat. Kristina Lorenz
(Chair of Pharmacology and Toxicology
since 2/2019)

Versbacher Str. 9
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Phone: 0931/31-48400
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Professor Dr. rer. nat. Carsten Hoffmann
(with Bio-Imaging Center, until 4/2017)

Mission and Structure

The Institute of Pharmacology and Toxicology
comprises the Chairs of Pharmacology and of
Toxicology. The Institute is also home to se-
veral research groups of the Rudolf Virchow
Center that was founded in 2001. The chair
employs ca. 35 staff members (about half of
them grant-funded). All research groups fo-
cus on the molecular mechanisms of cellu-
lar communication, their role in physiologi-
cal functions and their potential to serve as
targets for therapeutic drugs. In addition to
standard biochemical and molecular biology
equipment, the chair has equipment for ra-
pid microscopic imaging, for confocal, 2-pho-
ton and TIRF microscopy, and for phenoty-
ping of transgenic mouse models. The chair
also provides a drug information service for
the University Hospital and Medical Faculty
as well as for outside physicians and pharma-
cists. The Ethics Committee of the Medical
Faculty is also based at the Institute.

Major Research Interests

A major research focus of the Chair of Phar-
macology is on G protein-coupled recep-
tors. They transmit the effects of hormones
and neurotransmitters, but also of thera-
peutic drugs such as opiates, beta blockers
against high blood pressure and anti-aller-
gic antihistamines. These receptors are in-
vestigated with a large array of methods to
answer questions ranging from the structu-
re of receptors and ligands to transgenic di-
sease models and studies on patient samp-
les. Another major research effort focus-
es on heart failure and the development of
new therapeutic strategies. A third focus is
on mechanisms of cellular lipid metabolism
and co-factor homeostasis. Our research is
funded by grants from the DFG, the Rudolf
Virchow Center for Experimental Biomedici-
ne, the SFB688 and the TR166, the European
Union, the BMBF (Federal Ministry of Edu-
cation and Research), the NIH, the Elitenetz-
werk Bayern and others.

Mechanisms und Functions of

G Protein-coupled Receptors

(C. Hoffmann; also Bio-Imaging Center/ Ru-
dolf Virchow Center)

Communication between cells occurs th-
rough signaling molecules like hormones
or neurotransmitters that are recognized by
specific receptors, which constitute the pri-
mary class of drug targets. We investigate
their function and regulation in various model
systems to explore general mechanisms and
functional principles. Over the last few years,
we have developed a variety of techniques
to visualize receptor activation, inactivation

and the resulting signals by means of new
fluorescent sensors and fluorescence micro-
scopy. This allows us to directly observe re-
ceptors and signaling mechanisms ,,at work“.
Recently, we were able to demonstrate the
similarity of the molecular activation mecha-
nisms between class A GPCRs and Frizzled
receptors, and we also provided evidence for
G protein coupling of Frizzled 5 receptors.
Furthermore, together with pharmaceutical
chemists, we were able to describe the first
M1 selective muscarinic receptor ligand that
can be isomerized by light between an ago-
nist or an antagonist. Such “photo-switchab-
le” ligands offer a way to control receptor ac-
tivity by light, and open a new area of photo-
pharmacology.

Signal Transduction by

G Protein-coupled Receptors

(D. Calebiro, M. Lohse; also Bio-Imaging Cen-
ter/Rudolf Virchow Center)

We have developed single-molecule techni-
ques to visualize receptors and their resulting
signals using new sensors and advanced flu-
orescence microscopy methods. These ap-
proaches enable us to analyze the speed and
localization of signals and receptors even at
the level of single molecules in isolated cells.
We have recently succeeded in precisely
characterizing the dynamics and localization
of receptors and their signals. This has al-
lowed us to discover a sequence of distinct
receptor-triggered “signaling waves”. These
findings have important implications for drug
discovery and provide the basis to develop
new drugs with improved efficacy and tolera-
bility. Moreover, we have developed an inno-
vative single-molecule microscopy approach
to investigate receptor interactions on the
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Fig. 1: Design of novel GPCR probes for high-throughput screening. (Schihada et al., Commun

Biol, 2018)

36



Theoretical-clinical Institutes

TIRF microscope

Local signal

Fig. 2: Fluorescence resonance energy transfer (FRET) and single-molecule microscopy to
analyze receptor signaling in single living cells. (Sungkaworn et al., Nature, 2017)

plasma membrane with unprecedented spa-
tiotemporal resolution. Using this approach,
we succeeded for the first time to directly
visualize individual receptors and G proteins
as they interact and signal in living cells. This
has revealed hot spots for G protein signaling
on the plasma membrane, which might con-
fer speed and specificity to GPCR signaling.

Optical Sensors for High-Throughput
Analyses of G Protein-coupled
Receptors

(I. Maiellaro, M. Lohse; also Bio-Imaging Cen-
ter/Rudolf Virchow Center)

Numerous currently employed drugs target G
protein-coupled receptors. The detailed un-
derstanding of receptor function has greatly
affected modern medicine and drug discove-
ry programs. We develop optical probes that
allow the investigation of receptor activation
in high-throughput formats. Furthermore, we
use these probes to elucidate the interac-
tions of receptors with endogenous modula-
tors. These approaches generate time- and
cost-effective tools to monitor receptor func-
tion inside living cells. In addition to facilita-
ting drug development, they might pave the
way towards studying currently unexplored
receptors.

Receptor-Antibodies in Heart Failure/
Myocarditis

(R.Jahns, together with Comprehensive Heart
Failure Center and Rudolf Virchow Center)

Stimulating auto-antibodies against the B1-
adrenergic receptor can be detected in about
a third of patients with dilated or inflamm-
atory heart muscle damage; the cardiovas-
cular mortality-risk of antibody-positive pa-
tients is increased about 3-fold (Boivin-Jahns
V & Jahns R, Front Biosci 2018; Boivin-Jahns
V et al.,, Front Biosci 2018). By immunizati-
on of rats we have generated corresponding
animal models. In several BMBF-funded pro-
jects, we investigate whether formation of

such antibodies in patients is triggered by is-
chemic (myocardial infarction) or inflamma-
tory heart muscle injury (acute myocarditis),
and how such stimulating antibodies can be
therapeutically neutralized with cyclic pep-
tides. For further development and clinical
phase | and Il studies we have founded the Bi-
otech company Corimmun. First results sug-
gest that the immunomodulatory cyclopepti-
de COR-1 offers promise in the treatment of
immune-mediated cardiac diseases (Boivin-
Jahns V et al., PLoS One, 2018).

MicroRNAs in Neuropsychiatric and
Cardiovascular Diseases

(L. Hommers, also Department of Psychiatry
and Interdisciplinary Center for Clinical Re-
search)

Comorbidity of cardiovascular and neuropsy-
chiatric diseases results in a significant ex-
cess mortality. We aim to identify microRNAs
regulating candidate genes of neuropsychia-
tric diseases, predominantly those in G-Pro-
tein coupled pathways, and investigate their
mechanisms of action and test their relevan-
ce in on-going clinical studies of the Compre-
hensive Heart Failure Center.

Phosphatases and Metabolism
(A. Gohla)

We have identified a phosphatase that regu-
lates cellular amino acid and neurotransmit-
ter metabolism by controlling the homeosta-
sis of a central cofactor. By analyzing gene-
targeted mice, we showed that the phospha-
tase affects the balance between stimulato-
ry and inhibitory neurotransmission. Loss of
phosphatase activity improved spatial lear-
ning and memory. Hence, this enzyme might
represent a novel target for the development
of neuropsychiatric drugs. Using biochemical
and cell biological methods, we investigate
the regulation of phosphatase activity by en-
dogenous mechanisms and small molecular
weight compounds.
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Teaching

The institute is responsible for teaching phar-
macology and toxicology to students of me-
dicine, dentistry, pharmacy, biology and bio-
medicine. The focus is on general and clinical
pharmacology for medical students (5th, 6th
and 8th term) and pharmacy students (5th-
8th term). We also play a key role in the con-
ception of the new research oriented BSc/
MSc curriculum in Biomedicine and partici-
pate in the MSc curriculum in Experimental
Medicine.
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Professor Dr. rer. nat. Helga Stopper
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Versbacher Str. 9
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Phone: 0931/31-48427
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E-mail: stopper@toxi.uni-wuerzburg.de
www.toxikologie.uni-wuerzburg.de

Mission and Structure

The departments of Pharmacology (acting
head Prof. Dr. Antje Gohla), and Toxicology
constitute the Institute of Pharmacology and
Toxicology. The building accommodates the
research laboratories and offices, a lecture
hall seating 300 students, course laborato-
ries, a seminar room, and a library for phar-
macology and toxicology. Facilities for work
with high levels of radioactive isotopes, a re-
pair shop, and computer facilities for medical
students are also available.

The workforce of the department of Toxico-
logy comprises about 30 members. Four re-
search groups are led by the University Pro-
fessor Dr. Helga Stopper, the Associate Pro-
fessor Dr. Wolfgang Dekant, the Associate
Professor Dr. Angela Mally, and Dr. Henning
Hintzsche. Postdocs and Ph.D. students with
degrees in chemistry, food chemistry, biolo-
gy, pharmacy, and medicine accomplish the
experimental work, supported by technici-
ans.

Major Research Interests

Chemical Carcinogenesis

Our research focuses on elucidating the first-
line interactions of mutagenic and carcino-
genic chemicals with biological targets, with
the aim of a mechanistically supported risk
characterization of chemically induced can-
cer in humans. We investigate the kinetics
and metabolism of chemicals in vitro, in cells,
animals and humans, paying special attenti-
on to the metabolic activation to chemically
reactive intermediates, their interaction with
biological macromolecules such as DNA and
protein, and their detoxification. We study ge-
notoxicity by analyzing covalent DNA binding,
induction of other types of DNA damage (see
Figures) and the course of events leading to

mutations. Epigenetic mechanisms include
modulation of DNA methylation and histone
acetylation, hormonal effects, changes in the
cell cycle and disturbance of cell differenti-
ation.

Biomarkers

A second research focus are biomarkers in
both animals and humans. Biomarkers of ex-
posure are based mainly on the analysis of
metabolites in urine and on cytogenetic al-
terations, for example in peripheral lympho-
cytes and buccal mucosa cells in humans. In
animal models, early molecular and cellular
alterations are also investigated in the search
of early biomarkers of toxicity and carcino-
genicity in kidney and liver, including idio-
syncratic reactions. Biomarkers of individual
susceptibility are studied in connection with
side effects of radiotherapy and differences
in metabolism due to genetic polymorphisms
or inhibition of enzymes involved in resorpti-
on, metabolism and excretion.

Alternatives to Animal Testing

A further aim is to accelerate the transition
of chemical safety testing from animal-based
approaches with limited predictivity for hu-
man risk to more predictive, animal-sparing
solutions by developing new mechanism-
based in vitro methods and assessing the
confidence in risk assessment based on in
vitro data.

Risk Assessment

Knowledge on the mode of toxic action is a
prerequisite for biologically based extrapola-
tion from cells in culture or laboratory ani-
mals to humans, from high dose to low dose,
and from the reproducible situation of expe-
rimental systems to the heterogeneity of a

Fig. 1: “The Comet Assay”: DNA fragments induced by a genotoxic agent migrate in an elec-
tric field out of the cell nucleus (Head) into a Tail.
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Fig. 2: “The Micronucleus Test”: Chromoso-
me damage is indicated by the presence of
a DNA-containing fragment in the cytoplasm
of the bi-nucleated cell in the middle of the
three cells.

human population. Efforts on dose-response
relationships and mixture effects are based
on experimental data but include elaborate
statistical analysis as well as kinetic mode-

ling.

Investigated Compounds

The list of investigated compounds comprises
a variety of chemical classes and sources.
Exposure at the work place and in the envi-
ronment include aromatic hydrocarbons and
substituted derivatives, as well as chlorinated
and fluorinated chemicals. Dietary exposure
includes mycotoxins (ochratoxin A, fumoni-
sin B,), heat-derived products (acrylamide,
furan), migrants from polymers and phytoe-
strogens. For drugs, we focus on agents for
which the probability of side effects is modu-
lated by environmental factors, pharmacoge-
netic differences and/or enzyme inhibition.
Compounds with estrogenic and antiestroge-
nic activity are used primarily in connection
with the investigation of epigenetic effects.
Endogenous (insulin) and unavoidable DNA-
damaging agents and processes that contri-
bute to “spontaneous” tumor formation are
also of interest. Oxidative stress is conside-
red a major factor in this respect.

Teaching

Our staff covers all aspects of toxicology and
shares the responsibility with the Pharmaco-
logy Department for teaching general and
systematic pharmacology for students of me-
dicine and biomedicine, pharmacy, dentistry,
and biology. For chemistry students, a spe-

cial course meets the legal requirements ac-
cording to the “Gefahrstoffverordnung” to al-
low graduates to do business in chemical ma-
nufacture and sale. Prof. Stopper is speaker
of the class “Biomedicine” of the Graduate
School of the University. The working group
leaders contribute to the postgraduate cour-
ses organized by the Society of Toxicology of
the DGPT to register as DGPT and EUROTOX-
certified Toxicologist. The institute offers ad-
vanced education for the degree of Pharma-
cist for Toxicology and Ecology. Editing and
reviewing for scientific journals, member-
ship in national and international scientific
committees and consulting of political and
governmental bodies is another part of our
activities in the field. For the chemical and
pharmaceutical industry, we offer both the-
oretical and experimental expertise for co-
operations.
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Professor Dr. med. Wolfgang Kastenmiiller
(acting Head)

Professor Dr. rer. nat. Thomas Hiinig
(Head until 9/2017)

Versbacher Str. 7
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Phone: 0931/31-89796
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Mission and Structure

The working groups of the Department of Im-
munology work on topics from basic research
such as the interaction of the immune sys-
tem with the organism, in particular the in-
teraction of different cells of the immune sys-
tem in local networks and with cells of other
organ systems. This includes questions on
the mechanisms by which regulatory T-cells
and myeloid-derived suppressor cells control
pathologic immune responses, the control of
B-cell growth and survival, and the function
and specificity of non-conventional T-cells in
recognizing tumors and infectious agents. In
a number of translational projects, they are
working on the manipulation of the immune
system by monoclonal antibodies and ap-

plication of dendritic cells and myeloid-de-
rived suppressor cells. Funding for research
at the Chair of Immunology is provided by
the Deutsche Forschungsgemeinschaft via
individual project and collaborative research
grants, and by foundations, which invest into
medical progress. In addition, the research
groups are active as cooperation partners in
research projects funded by the Interdiscipli-
nary Center for Clinical Research (IZKF). Ano-
ther important activity of the Chair of Immu-
nology is the laboratory diagnostics for pati-
ents with autoimmune diseases at the Uni-
versity Clinic (headed by Prof. Dr. T. Kerkau
and PD Dr. N. Beyersdorf).

Major Research Interests

Migration and interaction of leukocytes
between and within organs
(W. Kastenmdiller)

Our lab focuses on cell-cell interactions, cel-
lular localization and migration between and
within tissues. To address such questions we
combine classical immunological assays like
multicolor flow cytometry with cutting edge
microscopy including 2-photon imaging of
live animals, confocal analysis of tissue sec-
tion and whole mount preparations to stu-
dy cellular immune responses in the con-
text of infections. Central questions current-
ly addressed in our lab include, function and
development of cytotoxic CD8+ T cells, mig-
ration and dynamics of Dendritic Cells within
tissues, immune defense against viral and
bacterial infections, interface between inna-
te and adaptive immune system, intercellular
communiction.

Phosphoantigen-specific 5 cells:
Molecular basis, evolution und
therapeutic potential

(T. Herrmann)

Yo T cell antigen receptor (yd TCR)-expres-
sing lymphocytes are phylogenetically at
least as old as B-lymphocytes and 'conven-
tional' MHC-restricted ofy T lymphocytes.
A population of yd cells, which so far has
been found only in higher primates, are the
VY9Vd2T-cells. Their 8 TCRs recognize the
so-called phosphoantigens (PAgs). These are
products of microbial isoprenoid synthesis
such as the (E)-4-Hydroxy-3-methyl-but-2-
enyl-pyrophosphate (HMBPP) or the univer-
sal metabolite isopentenyl-pyrophosphate
(IPP), which is accumulated in some tumor
cells. Newly generated reagents allowed us
to identity the new world camelid alpaca (Vi-
cugna pacos) as the first non-primate spe-
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cies possessing Vy9Vd2 T-cells and to bet-
ter understand the molecular mechanisms
of PAg-recognition. We also demonstrated a
special role of the CDR3 regions of the TCR
for PAg-recognition. Currently, we try to iden-
tify chromosome 6 located genes, which are
mandatory for PAg-mediate recognition, with
the final aim to generate mouse models with
functional Vy9Vo2 T cells.

Cooperation between dendritic cells in
Th1 polarization
(M. Lutz)

The success of vaccine dendritic cells (DCs)
depends on the quality of antigen presen-
tation, costimulation, lymph node migrati-
on, and the release of IL-12 in the case of
Th1 priming. Our recent work shows that
interaction between the injected vaccine
DCs with endogenous migrating DCs is ne-
cessary for Th1 induction. Injected lymph
node-migrating DCs, although directing T-
cell priming and novel bystander DC acti-
vation, are not involved in Th1 polarization.
This is mediated by IL-12 production of en-
dogenous XCR1* bystander DCs. Our fin-
dings are important for clinical trials of DC
vaccinations in which endogenous DCs may
be functionally impaired by chemotherapy.

Inoculation with Mycobacterium
tuberculosis induces myeloid
suppressor cells (MDSCs)

(M. Lutz)

Tuberculosis (TB) vaccines based on My-
cobacterium tuberculosis (Mtb) have so far
failed. Since myeloid-derived suppressor
cells (MDSCs) accumulate in patients with
TB, we hypothesized that Mtb vaccines can
also induce MDSCs that impair vaccination
success. Indeed, repeated immunizations of
mice with heat-inactivated Mtb increase the
number of MDSCs in the spleen. Mechanis-
tically, the Mtb-induced Nos2-dependent NO
release by the subset of monocytic MDSCs is
responsible for apoptosis induction of spleen
dendritic cells (DCs). Taken together, these
data demonstrate that Mtb booster vaccines
induce MDSCs in the spleen that restrict T
cell immune protection through NO-depen-
dent DC killing.

B cell maturation
(I. Berberich)

B cells recognize invading microbes, viruses
and foreign substances (antigens) with their
antigen receptors (BCRs) and Toll-like recep-
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ICD2BKO Treg

wt Treg 50 pm

Fig.: from Uri et al. 2017: Only CD4* Foxp3*

T cells (Treg, pink) expressing the CD28 mo-
lecule are capable of protecting mice from
acute Graft versus Host Disease (aGvHD)
over more than three weeks. After genetic
deletion of CD28 in Treg (top, iCD28KO0) their
numbers in the gut of mice with aGvHD are
substantially reduced compared to CD28-ex-
pressing Treg (bottom, wt).

tors (TLRs). After contact with these antigens,
B cells proliferate and differentiate to antibo-
dy-producing “factories” (plasma cells). Cur-
rently, we are trying to understand by in vivo
and in vitro experiments how the E3 ubiqui-
tin ligase HectD1 and the NFAT transcription
factors impact on the development and dif-
ferentiation of B cells.

Role of CD28 costimulation in the acti-
vation of memory CD4* T helper cells
(N. Beyersdorf)

The role of CD28 costimulation in the reacti-
vation of memory CD4" T helper cells is not
well documented. Using blocking reagents
and genetic deletion we could recently show
that CD28 costimulation is critically required
for cytokine release from CD4" T helper 1
cells of mice and humans. CD28 is, thus,
a therapeutic target for the manipulation of
these cells in vivo.

Regulation of misguided
immune reactions
(T. Kerkau, N. Beyersdorf)

The team is working on the pathophysiolo-
gy of and novel immunotherapeutic for pa-
thological immune reactions. For this, we
are studying, among others, animal models
of acute Graft-versus-host-disease (aGvHD),

a major complication after allogeneic bone
marrow transplantation. Here we discovered
that CD28 costimulation of CD4* regulato-
ry T cells is critical for long-term protection
from aGvHD. CD4" T helper cells, further, re-
quire CD28 costimulation to be able to pro-
vide sufficient help to CD8" T cells for leuke-
mia cell killing.

The role of CD4* T cells in myocardial
wound healing
(T. Kerkau, N. Beyersdorf)

In collaboration with Prof. Dr. S. Frantz, PD
Dr. Anna Frey and Prof. Dr. U. Hofmann, In-
ternal Medicine |, the group has recently
identified CD4" regulatory T cells to impro-
ve wound healing after myocardial infarction
(MI). Currently we are testing whether simi-
larly beneficial effects can be observed in
pigs after MI. This could be a major step to-
wards novel forms of immunotherapy for pa-
tients after MI.

Modulation of T cell responses against
Candida albicans
(N. Beyersdorf)

T cells crucially contribute to immunity
against opportunistic pathogens like Candi-
da albicans. In our joint project with Prof. Dr.
P. Zipfel, Jena, we observed binding of a num-
ber of proteins secreted by C. albicans direct-
ly to the surface of T cells modulating T cell
function. We are following up on these obser-
vations to develop new therapeutic options
for infections with C. albicans.

Role of sphingolipids in T cells and
immunity against the Measles virus
(N. Beyersdorf)

Within the DFG research group 2123 ‘Sphin-
golipids in infection control’ we are studying
together with Prof. Dr. J. Schneider-Schaulies
the impact function of sphingolipids on the
balance of CD4" conventional and Foxp3* re-
gulatory T cells. In a prospective clinical stu-
dy we are now validating our findings from
the mouse system in humans, which might
lead to increased use of pharmacological
modulators of sphingolipid metabolism as
immunotherapeutics.

Teaching

Various theoretical and practical courses are
provided to students. These include basic im-
munology lectures for medical, biomedical,
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biochemistry and biology students, which
are complemented by a series of seminars
for advanced students together with practi-
cal courses of 8 weeks per year.
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Mission and Structure

Research within the Chair of Virology is fo-
cused on basic mechanisms of viral patho-
genesis, regulation of cellular and viral gene
expression and immune evasion, as well as
the development of drug resistance. Within
the diagnostic unit serological and molecular
biology techniques are available for qualita-
tive and quantitative analyses as well as es-
tablished cell culture systems for all relevant
human viruses. We host approx. 65 scienti-
fic, administrative and technical staff. Sibylle
Schneider-Schaulies is speaker of the DFG
research unit 2123 ‘Sphingolipid Dynamics in
Infection Control’, which was established in
2014. Lars Délken has held an ERC Consoli-
dator Award since 2017.

Major Research Interests

Systems biology of herpes
virus infections
(L. D&lken)

Herpesviruses cause a broad spectrum of
diseases ranging from common cold sores
to cancer. We employ a systems biology ap-
proach to study how herpes simplex virus 1
(HSV-1) and cytomegaloviruses (CMV) repro-
gram their host cells and escape the immune
system. In the frame of the ERC Consolidator

Award “HERPES”, we are studying herpesvi-
rus effectors of RNA synthesis, processing,
export and stability in productive HSV-1 in-
fection. This revealed host-selective disrupti-
on of transcription termination and impaired
histone repositioning in the wake of RNA po-
lymerase II. Moreover, we are studying trans-
lational regulation by upstream open reading
frames (UORFs) and altered usage of non-ca-
nonical start codons during the course of in-
fection. In collaboration with Prof. Florian Er-
hard and Dr. Emmanuel Saliba (HIRI), we de-
veloped a new single cell RNA-seq approach
(scSLAM-seq), which illustrates real-time
transcriptional activity for thousands of cel-
lular genes at single cell level.

Computational systems virology
(F. Erhard)

The advent of ”"next-generation-sequencing®
and other high-throughput techniques has re-
volutionized research in all life sciences. We
develop new approaches and tools to make
use of the large variety of high-throughput
data to study virus host interactions. We de-
veloped a new statistical method (PRICE) to
identify the full complement of open reading
frames (ORFs) translated in the cells based
on ribosome profiling data. This identified
hundreds of novel viral gene products in hu-
man cytomegalovirus infection. Moreover, it
revealed efficient presentation of peptides
derived from cellular short ORFs (sORFs) by
major histocompatibility class | (MHC-I) mo-
lecules on the cell surface. We thereby pro-
vide the first experimental validation of the-
se cryptic gene products and highlight their
potential relevance in adaptive immune re-
sponses. We also developed new computa-
tional methods (GRAND-SLAM) to quantify
newly synthesized RNA from metabolic la-
belling experiments in single cells (scSLAM-
seq). This revealed the earliest changes in-
duced by cytomegalovirus infection in single
cells. We will now expand our computational
methods and apply them to new biological
models.

Small non-coding RNAs during
virus infection
(S. Backes)

We discovered that the poxviral poly(A) poly-
merase VP55 specifically induces the global
and rapid degradation of miRNAs by a poor-
ly characterized cellular pathway. In addition
to determining the physiological relevance of
poxviral miRNA antagonism for virus replica-
tion, we are establishing approaches to ex-
ploit VP55-induced global and synchronized
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miRNA degradation as a tool to investigate
miRNA decay pathways.

A second major aim of our group is to deter-
mine the biogenesis and functions of a class
of recently discovered small non-coding RNA
species generated by Influenza A viruses
(IAV). These small viral RNAs (svRNAs) di-
rectly associate with the viral RNA polyme-
rase. We propose a new model in which svR-
NAs modulate the viral polymerase to switch
from an mRNA-producing transcriptase to a
genome-producing RNA replicase.

Measles virus immunomodulation
(S. Schneider-Schaulies)

Interaction with cells of hematopoietic ori-
gin is of crucial importance for measles virus
(MV) dissemination. One focus of the group
addresses parameters governing transmis-
sion of infectious virus from immune donor
cells to respiratory tract epithelial cells in 3D
environments involving suitable tissue mo-
dels (GRK 2157). Dynamic repatterning of T
cell receptor signalosome components into
membrane microdomains is crucial for effi-
cient T cell activation.

A second focus of the group addressed the
role of sphingomyelinases both in T cell me-
tabolism and activation and in MV-induced T
cell suppression (,Sphingolipid dynamics in
infection control” FOR2123). Molecular tar-
gets of sphingomyelinase-catalysed memb-
rane restructuring are currently being identi-
fied using functionalized sphingolipids in bio-
orthogonal click reactions (collaboration with
J. Seibel, Organic Chemistry, Z01 FOR2123)
as are membrane proximal effectors of MV
essential for T cell silencing using a phos-
phoproteomic approach (collaboration with
L. Jansch, Helmholtz, Braunschweig).

Pathogenesis of Measles:
Virus-Host-Interactions
(J. Schneider-Schaulies)

Acute measles infection results in transient
immunosuppression. The virus sometimes
persists in the central nervous system (CNS),
which may lead to subacute sclerosing pa-
nencephalitis (SSPE) many years later. Ge-
netic ablation or pharmacological inhibition
of the acid sphingomyelinase (ASM) increa-
ses the frequency and activity of regulatory
T cells and the CNS infection with measles
virus in @ mouse model. Our data suggest
that ASM inhibiting drugs such as amitripty-
line should be considered as potential immu-
nomodulatory drugs for the treatment of in-
flammatory and autoimmune diseases. Other
enzymes of the sphingolipid metabolism are
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Fig.: Visualization of transcriptional activity in single cells A. Single cell SLAM-seq (scSLAM-
seq) combines metabolic RNA labelling, chemical nucleoside conversion and single cell RNA
sequencing. B. Transcriptional activity of an exemplary gene (Relb) in a total of 94 single cells
following 2h of CMV infection. (Erhard et al., in revision)

also promising to inhibit viral infection. Va-
rious candidate host factors and pathways
are under investigation.

Pathogenesis of Pneumoviruses
(C. Krempl)

Respiratory Syncytial virus (RSV) is a major
viral cause of serious lower respiratory tract
disease in children, the elderly as well as im-
munocompromised patients. We combine
model systems for RSV with the surrogate in
vivo model of the RSV-mouse homolog, the
pneumonia virus of mice (PVM), to investiga-
te pathogenicity factors of virus and host with
a focus on virus-induced immunopathology.
PVM-reporter viruses permit the spatio-tem-
poral analysis of infection and the immune
response in transgenic mouse models. RSV
infections are investigated using human re-
spiratory 3D-tissue models in close collabo-
ration with the Department of Tissue Engi-
neering and Regenerative Medicine. The aim
of these studies is a better understanding of
the mechanism of RSV-induced disease and
the development of targeted therapy approa-
ches.

Pathogenesis of HIV infection and
HIV/AIDS in Africa
(C. Scheller)

HIV infection triggers a chronic immune ac-
tivation that correlates with the progression
to AIDS. Despite antiretroviral therapy, some
patients still exhibit elevated immune activa-
tion, which is associated with increased mor-
bidity. Substances that dampen this activati-

on may have a therapeutic benefit. We inves-
tigate the effects of immunomodulators on
disease progression in clinical studies. In ad-
dition, we conduct epidemiological studies to
assess the prevalence of drug-resistant HIV
strains in Sub-Saharan Africa (South Africa,
Tanzania, Malawi).

Pathogenesis of HIV-associated
neurocognitive disorders (HAND)
(E. Koutsilieri, C. Scheller)

Antiretroviral treatment provides a normal life
expectancy for patients with HIV infection.
However, the infection is associated with
neuropsychiatric complications (“HIV-asso-
ciated neurocognitive disorders®, HAND) in
about 30% of the patients. We study the role
of the neurotransmitter dopamine and the in-
fluence of genetic polymorphisms at the do-
paminergic synapse on HAND in patients in
Germany, South Africa and Tanzania. In aran-
domized controlled trial, we analyse efficacy,
safety and tolerability of lithium in the treat-
ment of HAND. A particular focus is on the
influence of lithium on central and periphe-
ral dopaminergic neurotransmission (EDCTP;
SP2011.41304.065/BMBF0O1KA1306).

Development of new antiviral protease
inhibitors and retroviral splicing
(J. Bodem)

Dengue viruses (DENV) are human pathoge-
nic RNA viruses endemic in more than 100
countries. No specific therapy or vaccine is
currently available. In cooperation with the
group of Prof. Tanja Schirmeister (University
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of Mainz), we identified and optimised novel
antiviral agents, which inhibit viral replication
at submicromolar concentrations. Moreover,
we identified new lead compounds targeting
herpesviral proteases, which we are current-
ly improving by rational and structure-guided
drug design.

Complex retroviruses control gene expressi-
on by extensive alternative splicing involving
specific regulatory elements. We found that a
positive acting splice regulator is used by re-
troviruses to inhibit splicing of viral RNAs. This
effect is position dependent and we were able
to elucidate the molecular mechanism.

Clinical Virology
(B. WeiBbrich, C. Prifert, K. Knies)

The clinical diagnostic unit of the Institute
provides the virological diagnostic services
for the University Hospital of Wirzburg. Cli-
nical virology research focuses on the epide-
miology of respiratory viruses. In this area,
there is an intensive collaboration with the
Department of Infectious Diseases of the Pe-
diatric University Hospital.

Teaching

Staff members at the department of virology
offer a variety of lectures, seminars and lab
training for Bachelor-, Master-, and medical
students of the Faculty of Medicine and Nat-
ural Sciences. Students from other faculties
are welcome to attend.
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Mission and Structure

The Institute of Systems Immunology was
founded at the end of 2017 and is momen-
tarily in the set-up and recruitment phase.
Starting January 2020 the institute will com-
mence to function as Max-Planck Research
Group. Supported by the Max-Planck Society
and the State of Bavaria the research groups
will focus on studying the interplay of the im-
mune system with the organism as a whole,
especially the interaction of different cells of
the immune system within local networks as
well as the interaction with cells of other or-
gan systems. The aim is to understand the re-
gulatory mechanisms of the immune system
in order to develop new approaches to gene-
rate effective immune responses against e.g.
infectious agents and tumors or a therapy for
inflammatory diseases.

The Institute of Systems Immunology mainly
focuses on basic research and is active in the
training of PhDs and Post-Docs. The research
is supported through third-party funding pro-
jects of the ECR (Consolidator Grant 2019
- Prof. Kastenmdiller, Starting Grant 2018 -
Prof. Gasteiger) and the DFG (Emmy-Noether
Program - Prof. Gasteiger) and is part of con-
sortia, e.g. the DFG priority program 1937
”Innate Lymphoid Cells”.

Research Foci

The regulation of the immune system requires
complex mechanisms to efficiently fight inva-
sion by pathogens and malignant cells while
preventing harmful reactions against the
body’s healthy tissue or symbiotic microbi-
ota. If this intricate balance is not achieved,
it can lead to an increased susceptibility to
infections and tumors or to the development
of autoimmune diseases. The researchers at
the Institute of Systems Immunology exami-
ne the mechanisms of the immune system
at multiple scales, investigating, for example,
the influence of external and environmental
factors (e.g. diet, microbiome, infection), the
mechanisms of cellular interactions in diffe-
rent tissues as well as the role of single mo-
lecules and metabolic pathways in homeos-
tasis and disease.

Leukocyte Dynamics
(W. Kastenmiller)

Similar to the nervous system the immu-
ne system represents an interactive cellu-
lar network, which gets locally activated in
order to induce systemic changes. There is,
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however, one major difference between the-
se two systems. In contrast to the nervous
system the immune system is comprised of
a dynamic network in the sense that its cel-
lular elements (leukocytes) travel through the
body. When the immune system gets activa-
ted, different cells must work together to in-
duce and organize an efficient immune re-
sponse. Therefore, the cellular migration bet-
ween and within organs is a key feature of the
immune system. In the research group Leu-
cocyte Dynamics we want to find out when,
where and how different immune cells work
together to induce an immune response and
efficiently eliminate pathogens. A main fo-
cus is cell-cell interactions and associated
cellular migration induced by cytokines and
chemokines. In order to get answers to the-
se questions as well as for the analysis of
cellular immune responses in the context of
infections we combine classical immunolo-
gical methods like multicolor flow-cytometry
with the latest microscopy including 2-pho-
ton imaging and confocal analysis of tissue
sections and entire tissues. Our lab works on
the following topics:
e Function and development of cytotoxic
CD8+ T cells
* Migration and dynamics of dendritic cells
in the tissue
¢ Immune defense to viral and bacterial in-
fections
* Interface between innate and adaptive im-
mune system
¢ Intercellular communication within the tis-

sue

Fig. 1: CD8+ T cells interact with a group of
myeloid cells in the lymph node. Depicted is
a section through the lymph node 8h after a
viral infection in the skin (vaccinia virus). Im-
munohistochemical dyeing for macrophages
(green), dendritic cells (purple), antigen spe-
cific CD8+ T cells (white), B cells (blue) and
cells of the connective tissue (grey).
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Fig. 2: Memory T cells populate niches in the
non-lymphoid organs. Depicted is a section
through the skin in the memory-phase after a
local viral infraction (vaccinia virus). Immuno-
histochemical dyeing for E-Cadherin (green)
mark the epidermis and CD3+ T cells (tur-
quois).

Tissue-resident Lymphocytes
(G. Gasteiger)

Nearly all organs and anatomic compart-
ments “accommodate” tissue-resident lym-
phocytes, which create a local network.
Therefore, these cells are strategically posi-
tioned in different physiological barriers like
e.g. the skin, lung and intestine to support
the immune surveillance and the microbial
defense at the front line of our body. In addi-
tion to the immediate immunological effector
function these lymphocytes interact locally
with hematopoietic and non-hematopoietic
cells and in this respect support physiologi-
cal mechanisms of the tissue hemostasis, tis-
sue repair and barrier function. Recently dis-
covered innate lymphoid cells (ILCs) appear
to seed and integrate into different organs
as a part of their default developmental pro-
gram early during life. Tissue resident memo-
ry T cells, on the other hand, can be genera-
ted in the adult organism in response to in-
fection or vaccination. The microanatomical
niches, the numbers and the specific kind of
cell types differ very much between the local
lymphocyte networks in different organs al-
ready under physiological conditions. In the
research group Tissue-resident Lymphocytes
we investigate how and where local lympho-
cyte networks are generated and positioned
in different tissue-contexts and which organ-
specific functions they have. We also exami-
ne the mechanisms of cellular communicati-
on with non-hematopoetic cells or other cells
of the immune system that are recruited from
the blood e.g. during infection. Our aim is to
understand the role of tissue resident lym-
phocytes for balanced tissue function and in

immune responses, inflammatory diseases
and tumor development at barrier tissues.

Metabolism and Immune Cell Signaling
(M. Vaeth)

The research group Metabolism and Immune
Cell Signaling aims to understand the regu-
latory circuits of lymphocyte activation and
function at the molecular level. We investi-
gate the signals and regulatory hubs in the
context of complex inflammatory reactions.
In addition to ‘classical’ signal transduction
(e.g. through Ca? ions) and the control of
gene expression of immune cells (e.g. th-
rough transcription factors of the NFAT pro-
tein family) we are especially interested how
metabolic adaptions of lymphoid cells regula-
te local immune responses. As immune cells
migrate and populate virtually all tissues of
the body they must adapt to the local micro-
environment and nutrient availability. This is
especially interesting in the context of can-
cerous diseases because the specific mic-
roenvironment of tumors often represents a
‘metabolic barrier’ that impedes the function
of cytotoxic T cells and promotes their dys-
function thus disabling efficient anti-tumor
immunity. We aim to understand and exploit
the mechanisms of immune cell regulation in
tissues at the molecular level to identify pro-
mising targets for the development of novel
immune therapies, for example for the treat-
ment of cancer and autoimmune diseases.

Host Microbial Interactions
(M. Gomez de Agliero)

In the human organism billions of different
microorganisms like bacteria, archaeas, fun-
gi, parasites and viruses can be found. Most
of these microorganisms are part of the com-
mensal microflora that provides essential vi-
tamins and different nutrients and they pro-
tect us against microbial attack from patho-
gens. In addition to that the microbiome and
its metabolic products stimulate our immu-
ne system directly as well as indirectly and
therefore contributes to its protective func-
tion. Based on the latest research results the
microbiome stimulates the immune system
already at the first day of life and promotes its
functional development. We could recently
demonstrate that already during pregnancy
the microbiome of the mother influences the
immune system of the unborn child and pre-
pares it to optimally deal with infections af-
ter birth. In our projects we study these func-
tions of the microbiome and want to eluci-
date the underlying molecular mechanisms.
Further, we want to understand how changes
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of the microbiome of the mother impact the
child’s health after birth and long-term during
the course of life. We study how the interac-
tions with the microbiome modulate different
elements of the immune system and thus in-
fluence the immune response in the context
of different infectious diseases, inflammato-
ry and autoimmunological processes.

Teaching

Different theoretical and practical events
for the students will be offered. They inclu-
de basic lessons, seminars and internships
in immunology for medical, biomedical, bio-
chemistry and biology students. The PhD stu-
dents at the Institute of Systems Immunology
participate in the section biomedicine of the
graduate school of Life Sciences (GSLS) of
the University of Wiirzburg or the IMPRS gra-
duate school of the Max-Planck Society.
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Mission and Structure

Human Genetics is an important area of bi-
omedicine with increasing impact on the
practice of medicine. Human Genetics inves-
tigates evolution, structure, function, inheri-
tance, and disorders of the human genome.
Results of these studies are applied to gene-
tic diagnosis, genetic counselling and pati-
ent care. The Institute is represented by dif-
ferent, both basic science and clinically ori-
ented groups. It provides genetic services for
patients and teaches students in the fields
of medicine, biomedicine, biochemistry, and
biology. Located in the Wirzburg Biocen-
ter, the Institute belongs to the University of
Wiirzburg School of Medicine.

Major Research Interests

Medical genetics

As an application of human genetics, medi-
cal genetics translates scientific insights from
basic human genetic research into the clinics.
Preventive and predictive medicine are an im-
portant focus. Medical genetics deals with a
large spectrum of inherited syndromatic disor-
ders and familial predispositions. Interactions
with patients and their families are established
during genetic counselling sessions. In additi-
on, medical genetics assures access to genetic
testing for an ever increasing number of inheri-
ted disorders and disease susceptibilities. The
genetic counsellor is responsible for the cor-
rect communication and interpretation of ge-
netic test results. The Center for Muscular Dis-
orders of the German Society of Muscular Di-
seases (together with the Department of Neu-
rology) provides diagnostic, counselling, and
social services for patients and families affec-

ted by muscle disease. The Center for Familial
Breast and Ovarian Cancer (together with the
Department of Gynecology) takes care of pa-
tients and families affected by or at risk of fa-
milial breast and ovarian cancer. Services in-
clude genetic counselling and testing as well
as provision of medical and preventive care.
In addition to neuromuscular, neurodegenera-
tive, and familial cancer diseases, the medical
genetics group studies the molecular patholo-
gy of craniosynostoses, congenital deafness,
and developmental disorders.

Molecular human genetics
(S. Rost)

The group has a long standing interest in the
genetics of bleeding disorders and of inheri-
ted muscle disorders, including the muscular
dystrophies, the myotonias, and malignant
hyperthermia. Next-generation-sequencing
(NGS) techniques have greatly expanded
the possibilities to identify the genomic al-
terations underlying heritable disorders. The
technical facilities for NGS (lllumina NextSeq
and MiSeq) were established in the depart-
ment and software for efficient data analy-
sis was implemented. The current challenge
is to understand the biological significance
of the great many variants identified by NGS
assays.

Molecular genomics
(E. Klopocki)

The research focus is on pathogenesis of
congenital malformations. In recent years
genomic copy number variations (CNVs)
were shown to be responsible for phenotypic
variability and furthermore to be causal for
congenital malformations. Clinically relevant

dorsal view

control

1ef12; twistl
CRISPR

transversal view

Fig. 1: Combined mutations in tcf12 and twist1a/b genes result in suture fusion and cranio-
synostosis in zebrafish (right panel: sketch of zebrafish skull). Alizarin red staining of calcified

skull tissue.
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CNVs affect coding regions (genes) as well
as non-coding sequences with regulatory
functions. In addition to congenital limb mal-
formations the group investigates congenital
craniofacial malformations like craniosynos-
tosis. A broad range of methods is applied,
including high-resolution microarray-based
comparative genomic hybridization (array
CGH) and NGS to detect CNVs, point muta-
tions, and small insertion/deletions, respec-
tively. For further functional characterization
of candidate genes and the phenotypic con-
sequences of novel variants zebrafish (Danio
rerio) was established as model organism.
The CRISPR/Cas technology is applied as a
tool for genome editing to create knock-out
and knock-in lines in zebrafish and thereby
model human disorders (Fig. 1). Collaborati-
ons with the Departement of Cardiovascular
Genetics (Prof. Gerull) at the Comprehensive
Heart Failure Center Wirzburg (CHFC) and
the Orthopedic Center for Musculoskeletal
Research (Prof. Jakob) at the Koénig-Ludwig-
Haus use the zebrafish as in vivo model for
cardiomyopathies and rare bone disorders,
respectively.

Somatic cell genetics
(R. Kalb)

Genes that ensure genomic stability of so-
matic cells and thus safeguard against cell
death, premature ageing, and malignant
transformation are of key interest to this
group. These so-called caretaker genes are
involved in the recognition and reversal of
DNA damage. One focus is on genes of the
FA/BRCA pathway which is crucial for effi-
cient repair of DNA-interstrand crosslinks.
Biallelic mutations result in Fanconi Anemia
(FA) characterized by congenital abnormali-
ties, bone marrow failure, and increased risk
for developing cancer. To date, 23 FA-asso-
ciated genes have been identified. Some of
them, in particular BRCA1, BRCA2, PALB2,
XPF, RFWD3, and FANC]/ are also associated
in other DNA repair pathways, however their
exact molecular functions still remain elu-
sive. Together with national and international
collaborators, we want to decipher the mo-
lecular networks using genetic and cellular
studies. Clinical and genetic data of patients
with defects in caretaker genes support func-
tional studies. Patient-derived cell lines are
therefore a very powerful tool to analyse the
effect of mutations on DNA, RNA, and pro-
tein level including signal transduction with-
in the original genetic background. Subject
of current research is the identification and
functional characterization of genes required
for genomic maintenance within the available
patient cohort.

Fig. 2: Methylcytosine staining of mouse two-cell embryo. The already demethylated maternal
genome (blue DAPI staining) and the not yet demethylated maternal genome (green anti-MeC
immunofluoresescence) are spatially separated, occupying opposing nuclear territories. The
second polar body which is still attached to the embryo remains methylated.

Epigenetics
(T. Haaf)

Epigenetic information is not encoded by the
DNA sequence itself but by reversible mo-
difications of DNA (in particular methylati-
on of CpG dinucleotides) and/or histones.
In mammals, the paternal and maternal ge-
nomes undergo parent-specific methylati-
on reprogramming in the germ line and du-
ring early embryogenesis (Fig. 2). Stochastic
and/or environmentally induced errors (epi-
mutations) in this highly coordinated process
may contribute to human disease. The group
analyzes the effects of assisted reproductive
technologies on epigenetic reprogramming
in murine and bovine germ cells/embryos as
well as in human miscarriages and newborns.
Aberrant programming of the fetal metabo-
lism in utero (i.e. by maternal malnutrition
or overnutrition) increases the risk for many
complex civilization diseases later in life. In
addition, we analyse the effects of paternal
factors, in particular age and body mass in-
dex on the sperm epigenome and the con-
ceived children. Another project searches
for epigenetic differences in the regulation
of gene expression in human and non-human
primate brains. DNA sequence variations alo-
ne cannot account for the enormous diffe-
rences between human and primate brain
structure/function and their cognitive abi-
lities. Epigenetic factors may form a main
source of phenotypic variation between indi-
viduals and between species.

Teaching

The medical school curriculum includes a
lecture course entitled “Clinical Human Ge-
netics” which is taught in the 6™ semester,
together with an interdisciplinary course on
“Disease prevention”. Medical students can
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choose human genetics as an elective during
their rotating internships, with emphasis on
genetic diagnosis, dysmorphology, and gene-
tic counselling. In addition to teaching medi-
cal students, the Institute also offers cour-
ses to students of biomedicine, biochemist-
ry, and biology, including laboratory courses
in human cytogenetics and human molecu-
lar genetics. Undergraduate biology students
can choose human genetics as one of the
major subjects. Graduate students can ob-
tain their M.Sc. or Ph.D. degrees within one
of the research groups of the Department.
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Mission and Structure

The institute is proviosionally headed by Prof.
Dr. Miller and consists of two groups which
are working on different aspects of regenera-
tive cell biology. Prof. Miillers group (housed
in the ZEMM, building E7) is analyzing gene
expression programs in mammalian embryo-
nic and adult stem cells with a special empha-
sis on chromatin regulation. Prof. Raabe "s
group (Biocenter) analyses neural progenitor
cells, neural circuit formation and function in
the model system Drosophila. Prof Mdller is
member of the bioethics commission of the
state of Bavaria, of the DFG permanent se-
nate commission on genetic research, and
of the Leopoldina working group on genome
editing. The MSZ is working together with se-
veral institutes of the faculties of medicine,
biology and chemistry and is part of several
national research collaborations.

Stem Cell Biology
(A. Mdller)

Stem cells are rare but essential cell types
for development and tissue regeneration.
Research on stem cell biology and cellular
pluripotency is one of the most promising
research fields in human medicine. Of cen-
tral importance to our studies is the questi-
on how global chromatin states guide stem
cell behaviour. In the course of a project
within the DFG priority program 1356 (Plu-
ripotency and cellular reprogramming) fun-
ded until 2014, we identified the chromatin-
associated polycomb group (PcG) protein
PCGF6 as a crucial factor for the mainte-

nance of embryonic stem cell (ESCs). In a
DFG funded follow-up project we now aim
at the elucidation of the precise molecular
function of PCGF6 for the maintenance of
pluripotency and at the end of pluripotency,
when ESCs enter differentiation. In a further
project funded until 2018 by the DFG pri-
ority programme 1463 (Epigenetic regula-
tion of normal haematopoiesis and its dys-
regulation in myeloid neoplasia) we analyse
the function of histone demethylases which
belong to the KDM6 family and counteract
the function of PcG proteins. Our results
show that inhibition of KDM6 in differenti-
ating embryonic stem cells leads to a DNA
damage response. We therefore hypothesi-
se that KDM6 demethylases in addition to
their function in the regulation of gene tran-
scription may also be involved in the main-
tenance of genomic stability. More recent
research on the function of the KDMé pa-
ralog KDM6A show that KDM6A is an im-
portant molecular player for the function of
hematopoietic stem and progenitor cells. A
further key aspect of our work is the elucida-
tion of epigenetic mechanisms during neural
ESC differentiation (Fig. 1). In this connec-
tion we are analysing the role of microRNA-
26 (miR-26) during mammalian neural de-
velopment. Our results show that miR-26 is
an important factor at the beginning of neu-
ral differentiation. Our current work aims at
the identification of the molecular machine-
ry that controls the maturation of miR-26 at
the start of neural differentiation. We hope
that this way we will get further insight in
the molecular regulation at the beginning
of neurogenesis. These studies are perfor-
med in collaboration with the Department
of Biochemistry (Prof. Utz Fischer) as part

Fig. 1: Shown are ESC-derived neurons at day 15 of differentiation. Cells were stained with
antibodies against the neuronal markers TUBB3 (a) or MAPZ and TAU (b). DAPI was used to

stain the nuclei (a) and (b). Sacle bars: 100um.
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Fig. 2: Shown is a brain hemisphere of an
adult Drosophila brain stained with an an-
tibody against the neuropeptide PDF. PDF
expression is seen in a subset of clock neu-
rons, which among others control circadian
activity and metabolism. Loss of RSK func-
tion does not affect architecture of clock
neurons, but shortens periodicity of the cir-
cadian clock under constant darkness.

of the DFG priority programme 1738 (Emer-
ging roles of non-coding RNAs in the nervous
system).

Molecular Genetics
(T. Raabe)

The main focus of our research is the cha-
racterization of molecular mechanisms con-
trolling development and function of neural
networks in the model system Drosophila. In-
deed, more than two-third of human disease-
associated genes are conserved in Drosophi-
la. In this context, we are interested in the
protein kinase RSK2. Loss of RSK2 function
in humans causes among others severe men-
tal disabilities (Coffin-Lowry syndrome, CLS).
In collaboration with the Department of Psy-
chiatry (Dr. Dr. Fischer) and the Department
of Neurophysiology (Prof. Dr. Kittel) we could
establish a function of this kinase for synaptic
transmission and axonal transport in the fly
system. Funded until 2017 by the collaborati-
ve research center SFB1047 (“Insect timing”)
we were recently able to uncover a function
of RSK in regulation of the circadian clock
(Fig. 2). Our current research efforts aim to
elucidate a potential link between RSK, syn-
aptic plasticity and time-dependent learning
and memory processes. Our research will ho-
pefully contribute to better understand the
pathophysiology of CLS. In a further project,
we are analysing a number of mutations in-
terfering with proliferation potential of neural
progenitor cells, which finally lead to hypo- or
hypertrophy of the adult nervous system. In
particular, we are interested in cell cycle and
growth control of neural progenitor cells. The

question whether and how daytime depen-
dent cellular metabolism affects proliferation
of progenitor cells is addressed in a project
funded by the PostDoc Plus programme of
the GSLS. Finally, we are interested in the fa-
mily of p21-activated kinases (PAK) and their
role in regulation of cell morphogenesis in tis-
sues through modulation of Cadherin-media-
ted cell adhesion. Based on first findings in
vertebrates, we want to establish a link bet-
ween PAK proteins, the dopaminergic system
and neurodegenerative processes.

Teaching

The teaching activities relate to the research
activitiesofthe MSZ groups. Practical courses
are offered for medical, biomedical, bioche-
mical and biological students. Our main em-
phasis lies on teaching principles of cell bio-
logy. Practical courses on cell biology and on
model organisms introduce students of bio-
medicine and biochemistry to modern tech-
niques in cell biology, biochemistry and mic-
roscopy. Of particular interest to students is
the interdisciplinary lecture series “stem cell
biology and regenerative medicine” which
covers current research topics of stem cell
biology and their potential clinical applicati-
ons. Biologists have the opportunity to gather
insight in specific questions of molecular bio-
logy in a laboratory course. Further the MSZ
takes part in various practical courses and
lectures of the medical and biological faculty,
for example in neurodevelopment. Albrecht
Mdiller is the Study Responsible for the Ac-
companying and Master Study programme
“Experimental Medicine”.
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Institute for the History of Medicine

CONTACT DETAILS

Professor Dr. med. Dr. phil. Michael Stolberg
(Head)

Oberer Neubergweg 10a

97074 Wiirzburg

Phone: 0931/31-83093

E-mail: gesch.med@uni-wuerzburg.de
www.medizingeschichte.uni-wuerzburg.de

Mission and Structure

The origins of the Institute for the History of
Medicine reach back to the nineteenth cen-
tury when medical history became an es-
tablished part of the medical curriculum in
Wirzburg. In the 1920s, the University boas-
ted one of the first institutes of medical histo-
ry in Germany, directed by Georg Sticker. The
Institute was closed under National-Socialist
rule but brought back to life after 1945. Sin-
ce the 1990s, it has been housed in a former
private ENT-clinic that was generously dona-
ted for this purpose by the late Wirzburg pro-
fessor Horst Wullstein and his wife Sabina. It
occupies additional rooms in the former Zo-
ology building in the city center. The Institute
has one of the largest medico-historical libra-
ries in the German-speaking area as well as a
growing collection of old surgical and obstet-
rical instruments and wax models.

Major Research Interests

Research at the Institute has a major focus
on the history of early modern medicine but
its members also study various aspects of
the more recent history of medicine and the
body such as the history of obesity and pallia-
tive care and historical medical objects and
films. Various projects with third-party fund-
ing are based at the Institute (see below). In
addition, the Institute cooperates with oth-
er historical collections at the University of
Wirzburg in the project ,INSIGHT. Signatu-
ren des Blicks - Facetten des Sehens® (K.
Nolte; M. Weber), which studies the percepti-
on and uses of historical objects, and in a col-
laborative project that examines the works
and manuscripts of Joachim Camerarius (U.
Schlegelmilch; M. Huth).

Early Modern Physicians’
Correspondence

(M. Stolberg, U. Schlegelmilch, T. Walter, A.
Rappert-Sélzer)

Under the auspices of the Bayerische Aka-
demie der Wissenschaften, this workgroup,
which was established in 2009, is underta-
king a systematic survey of the thousands of
letters written by and to 16" and 17"-centu-
ry physicians in the German-speaking area.
These letters have come down to us in libra-
ries and archives all over Europe and are valu-
able sources for the study of a wide range of
topics, from epistolary networks and the dis-
semination of new medical findings and theo-
ries to ordinary medical practice and the pri-
vate lives of the early modern upper classes
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in general. Data on the individual letters and
in many cases also detailed summaries of the
letters’ contents are entered into a database
that is freely accessible to the international
research community via internet (www.aerz-
tebriefe.de).

History of Corpulence, 1500-1900
(M. Stolberg, A. Pyrges)

The negative ideas and images associated
with corpulence in medicine and society are
widely taken to be a fairly recent phenome-
non. Already in the Middle Ages, corpulence
was described as the of cause of apoplexy,
putrid fevers and other deadly diseases ho-
wever. With funding by the Deutsche For-
schungsgemeinschaft (DFG) this project exa-
mined the long-term development of medical
ideas about the dangers of corpulence and
their impact on the esthetic, moral and eco-
nomic judgments about corpulence in the
media and among the population at large.

Anatomical teaching and practice
in Padua (1540-1600)
(M. Stolberg, F. Bigotti)

Based on hitherto unknown and very detailed
notes taken by German medical students in
Padua, this DFG-funded project examines
the approaches and methods that the lea-
ding post-Vesalian anatomists in Padua de-
veloped and passed on to their students and
traces the application of anatomical know-
ledge to clinical and surgical practice.

Fig. 1: Doctor’s visit. (Egbert van Heemskerk
I, ca. 1725)
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Fig. 2: Trepans, Wiirzburg, first half of the 19th century, before restauration.

Historical Collections of the Medical
Faculty in Wiirzburg
(S. Schlegelmilch)

The Institute is undertaking a systematic sur-
vey of the collections of historical medical in-
struments, objects, films and documents at
the Medical Faculty and of their condition
of preservation. It is also doing research on
them, currently with a focus on the history of
surgery (16th-19th centuries) and of the his-
tory of didactic medical films. The collections
were shown to a larger public in an exhibition
at the Landesgartenschau Wirzburg and on
German television (Terra X).

Teaching

The Institute offers about a dozen compulso-
ry courses in medical terminology and pro-
fessional orientation every term, for students
of medicine and of dentistry, as well as two
elective seminars on medical history and
one on medical history and medical ethics
for medical students. In addition, it has deve-
loped online-courses in medical terminology
that are accessible via the “Virtuelle Hoch-
schule Bayern”. The Institute is also respon-
sible for organizing the compulsory transdis-
ciplinary course on the history, theory and
ethics of medicine for medical students in
their third year, which combines a series of
lectures with about 15 seminars on medical

ethics for smaller groups of students. By mi-
nisterial agreement, the Institute is also re-
sponsible for the teaching of medical histo-
ry and medical theory at the University of
Regensburg. Furthermore, a wide variety of
elective courses and seminars is offered, in
Wiirzburg, ranging from medical English and
courses in bibliography and paleography to
seminars dealing with specific topics of me-
dico-historical interest. The Institute’s collec-
tion of historical objects is also used in the
teaching of nurses at the University Hospital
and in the interdisciplinary training of muse-
ologists in Wirzburg.
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Department of Anaesthesiology and Critical Care

CONTACT DETAILS

Professor Dr. med. Dr. h.c. Norbert Roewer
(Head of the Department)

Oberdiirrbacher Str. 6

97080 Wiirzburg

Phone: 0931/201-30001

Fax: 0931/201-30019

E-mail: AN_Direktion@ukw.de
www.ukw.de/anaesthesie

Professor Dr. rer. nat. Carola Forster
Phone: 0931/201-30065

Professor Dr. med. Peter Kranke
Phone: 0931/201-30050

Professor Dr. med. Thomas Wurmb
Phone: 0931/201-30411

Mission and Structure

The Department of Anaesthesiology annu-
ally performs anaesthesia for approximate-
ly 31.000 surgical procedures in the Depart-
ments of the University Hospital and in the
Department of Orthopaedic Surgery (Konig-
Ludwig-Haus). In the Center for Interdiscipli-
nary Pain, 1.500 postoperative patients are
treated annually by the Acute Pain Service
and 800 patients with chronic malignant and
non-malignant pain by the Outpatient Pain
service. In the Outpatient Pain Clinic 300 pa-
tients with chronic pain are treated annually
by a structured interdisciplinary multimodal
pain therapy program.

The department has an interdisciplinary In-
tensive Care Unit with 12 beds for critically
ill patients after major surgery or those being
treated in our Level | trauma center. Each in-
tensive care bed is fully equipped with state-
of-the-art bedside monitoring and data ma-
nagement systems as well as devices for the
support in cases of organ failures. Patients
with severe lung injury in the south of Ger-
many can be locally equipped with artificial
lung support (ECMO) and transferred to our
ICU for further treatment. Over 50 patients
are treated annually by ECMO for lung and/
or circulatory support.

The department further consists of a section
for Emergency and Disaster Relief Medicine
(Chair: Prof. Dr. Thomas Wurmb) which is re-
sponsible for clinical education as well as re-
search. Doctors of the department staff the
Prehospital Emergency Service (NEF) and
the Mobile Intensive Care Unit (ITW/VEF)
for the interhospital transfer of critically ill
patients. The section is responsible for the
CPR-Training program of the entire Univer-
sity Hospital.

The department further provides a modern
simulation center for anaesthesia and emer-
gency cases. An artificial patient equipped
with computer technology provides the re-
source for a realistic training of routine ana-
esthetic procedures as well as the manage-
ment of rare emergency events.

The section “Experimental Anesthesiology”
(chair: Prof. Dr. rer. nat. C. Forster) forms the
foundation of a collaborative basic science
research of clinicians and scientists using
state of the art molecular research techni-
ques.

In addition to patient care and education of
students and residents the department runs
alaboratory for the diagnosis of malignant hy-
perthermia. Malignant hyperthermia is a rare
hereditary disorder that can be triggered by
anaesthesia and is life-threatening. The out-
patient clinic takes care of about 1500 pati-
ents from middle and southern Germany. In-
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dividual counseling is offered for susceptible
patients as well as for attending physicians.

Major Research Interests

Drug delivery
(N. Roewer, J. Broscheit)

Drug delivery can be optimized by nanocar-
riers. Nanocarrier-based delivery systems (i)
enhance drug delivery to the site of action,
(ii) to prevent degradation during transport
through the body, and (iii) to improve solubi-
lity (e.g. in blood) in order to achieve thera-
peutic drug plasma levels. Such carrier sys-
tems were designed for biogenic, especially
plant derived drugs that could not be used
for therapeutic purposes due to their chemi-
cal properties. The devolopment of drug de-
livery systems aims to ensure drug release
in defined regions of the body at specified
time points.

Pain research
(H. Rittner, A. Brack)

To improve the therapy of inflammatory and
neuropathic pain we study on the one hand
mechanisms of barrier breakdown of the
blood-nerve barrier, the blood-dorsal root
ganglion barrier and the blood-spinal cord
barrier. We are exploring therapeutic strate-
gies for barrier sealing like guidance factors
and non-coding RNAs. In a second research
focus, we are working on oxidized lipids
using molecular, mass spectrometric and in
vivo imaging methods. Novel strategies like
specific antioxidants selectively target the-
se mediators and thereby decrease pain. In
translational projects (e.g. ncRNAPain), we
work with clinicians and basic scientists to
address chronic post-traumatic or postsurgi-
cal pain such as the complex regional pain
syndrome (CRPS). Via clinical and molecular
phenotyping, we want to identify biomarkers
for the development and resolution of neuro-
pathic pain and thus improve the treatment
of these sometimes-rare diseases in an inter-
disciplinary way.

Clinical Trials & Systematic Reviews
in perioperative Medicine
(P. Kranke)

Evidence Based Medicine aims to provide
current best evidence based on the results
of clinical trials and systematic reviews for
clinical decision-making. The facilitation of
an evidence based thinking and behaviour in
the perioperative medicine is the aim of this
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Fig.: Destruciton of the nerve barrier during neuropathy: the sciatic nerve (longitudinal sec-
tion) is stained for two tight junction proteins (green: ZO-1, red: claudin-1). (A) Sciatic nerve
of a healthy control rat: both tight junction molecules are detectable by confocal immunolhis-
tochemical staining in the perineurium (P) of a healthy nerve at the site of cell-cell-contacts
(arrow).The cell-cell contacts form the nerve barrier to the endoneurium (E). (B) Fewer tight
junction are expressed in the sciatic nerve two weeks after nerve ligature (CCl). These tight
Junction molecules to not effectively contribute to the barrier function at the site of cell-cell-

contacts.

group. For this purpose the clinical trial unit,
apart from conducting clinical trials in periop-
erative medicine (Phase lI-V, including regis-
tration trials), performs systematic reviews in
the field of anaesthesia, pain therapy, pallia-
tive medicine, intensive care medicine and
affiliated disciplines and is engaged in the
development of Cochrane Reviews. Clinical
implementation of this evidence is facilitated
by means of developing clinical guidelines.
The clinical focus is on topics in periopera-
tive medicine with special emphasis on the
prevention of postoperative nausea and vom-
iting, and obstetric anaesthesia.

Blood-Brain Barrier
(C. Forster)

The blood-brain barrier (BBB) is formed by
the endothelial cells of brain capillaries. In-
vitro BBB models based on immortalized or
primary endothelial cells are a useful tool
to study the regulatory mechanisms of the
BBB and to develop novel therapeutic stra-
tegies. Our research focuses on simulating
various brain pathologies using cell culture,
e.g. stroke by glucose/oxygen deprivation or
brain injury by using a cell-stretch device. Re-
gulatory molecules such as microRNA, hor-
mones, diet additives, serum-, cell-derived
factors and their role in the BBB-integrity
are being evaluated. Candidate therapeutic
agents from in vitro studies are being tested
in vivo in mouse disease models. Furthermo-
re, communication between brain endothe-
lial cells and other cell types of the central
nervous system as well as developmental is-
sues of the BBB are being studied.

Acute respiratory distress syndrome
(M. Kredel)

The acute respiratory distress syndrome
(ARDS) is still associated with a mortality
rate of 40-60%. Beside the specific therapy
of the underlying disease mechanical venti-
lation is crucial to ensure oxygenation and
decarboxylation. However, mechanical ven-
tilation induces further damage of the lungs.
Therefore, lung protective ventilation strate-
gies are used allowing lung healing and re-
covery. Using experimentally induced ARDS
the influence of different ventilation modes
and profiles on lung function and inflamma-
tion are investigated. In addition, clinical stu-
dies evaluating ultraprotective ventilation in
ARDS-patients are performed. A special fo-
cus of our research is the use of extracorpo-
real membrane oxygenation (ECMO) in seve-
re ARDS failing conventional ventilation.

Emergency and Disaster Relief Medicine
(T. Wurmb)

The research of Emergency and Disaster Re-
lief Medicine focusses on the development of
strategies for the management of mass ca-
sualties and mass killing incidents. Other im-
portant research projects are the impact of
automated external defibrillators on cardio-
pulmonary resuscitation (CPR), the develop-
ment of cognitive aids to facilitate emergen-
cy management, the simulation and training
of CPR and the development of algorithms
and standard operating procedures to pro-
vide optimal treatment for multiple trauma
patients.
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Simulation in anaesthesia and
emergency medicine
(0. Happel)

The focus of our projects of simulation based
research, some in cooperation with the Ins-
titute Human-Computer-Media of the Julius-
Maximilians-Universitat Wiirzburg, lies on de-
veloping and evaluating modern technology
to assist acute care teams in their safety-cri-
tical work environment. Additional research
projects are investigating and modelling situ-
ation awareness and the distribution of visual
attention of teams in acute care.

Malignant hyperthermia
(F. Schuster)

The diagnosis of malignant hyperthermia is
based on the diagnostic criteria of the Euro-
pean MH Group. It involves an in vitro con-
tracture test, histological examinations and
genetic analysis. The research focuses on
the development of a minimal-invasive test to
the diagnosis of malignant hyperthermia sus-
ceptibility and on interactions of clinically ap-
plied drugs on skeletal muscle metabolism.
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Department of General, Visceral, Transplantation, Vascular
and Pediatric Surgery (Surgery |)

CONTACT DETAILS

Professor Dr.med. Christoph-Thomas Germer
(Head of the Department)

Oberdiirrbacher Str. 6
97080 Wiirzburg

Phone: 0931/201-31000
Fax: 0931/201-31009
E-mail: Germer_C@ukw.de
www.zom-wuerzburg.de

Professor Dr. med. Ingo Klein
Phone: 0931/201-31053

Professor Dr. med. Thomas Meyer
Phone: 0931/201-31071

Professor Dr. med. Nicolas Schlegel
(since 4/2019)
Phone: 0931/201-31715

Mission and Structure

The Department of General, Visceral, Trans-
plantation, Vascular and Pediatric Surgery of-
fers excellent services for the whole gamut of
general and visceral surgery, liver transplan-
tation and many other specialties of surgery.
The department has 132 beds, including a
surgical Intensive Care Unit, an Intermediate
Care Unit and three special units for vascu-
lar, paediatric, and transplantation and hepa-
tobiliary surgery. Some six thousand surgical
procedures are performed here annually.
The department of Surgery | is a major part of
the German Cancer Society (DKG)-certified
Comprehensive Cancer Center Mainfranken,
supported by German Cancer Aid (Deutsche
Krebshilfe e.V.). The Competence Center for
Peritoneal Carcinosis forms another impor-
tant part of Surgery .

Colorectal carcinomas are treated in the cer-
tified center for Intestinal Medicine with in-
novative concepts and surgical expertise to
restore or retain continence. Surgery | also
has its own endoscopy unit. The complex
field of coloproctology is another major fo-
cus of therapy.

The certified Pancreas Center provides he-
patobiliary surgery and pancreas surgery for
treating complex liver, bile duct and pancreas
diseases. Liver transplants are routinely per-
formed to treat liver failure and liver tumours
in the Transplantation Center, Surgery I. In
addition, the department is a member of the
integrative Liver Center that provides inter-
disciplinary treatment of acute and chronic
liver diseases based on the latest research
findings.

The Thyroid Center Wuerzburg has strong ex-
pertise in the surgical treatment of endocrine
diseases and is a certified reference center
for endocrine surgery.

The Center for Obesity Medicine offers diffe-
rent surgical solutions for long-term weight
loss for patients with morbid obesity.

The Pediatric Surgery Unit provides top sur-
gical treatment for a wide range of diseases
and conditions. This includes the surgical
care of premature births, treatment of birth
defects, basic pediatric urology, and pedi-
atric traumatology. The children’s surgical
ward provides child-friendly pre- and posto-
perative care.

In the vascular surgery unit, abdominal aor-
tic aneurysms are treated with aorta-iliac
bifurcation prostheses. Endovascular sur-
gery is available for aorta and iliac vascu-
lar diseases. Our surgeons are well experi-
enced in femur crural artery bypass surgery
and carotid artery surgery. A hybrid opera-
ting room provides high quality interventio-
nal care.
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Major Research Interests

The department works together with many
national and international groups as well as
within the university hospital itself as part
of a thriving research network. This has hel-
ped to successfully secure third party fun-
ding (DFG, BMBF), numerous patents, prizes,
awards, and scholarships. Further informati-
on is available on our website (www.zom-wu-
erzburg.de).

Clinical Trials
(J. Lock, Th. Meyer, A. Wiegering, N. Schle-

gel)

The department is one of 14 regional centers
in the surgical study network “Chir-Net” and
plays an active part in planning and conduc-
ting clinical studies with surgical aims and
objectives. Several multi-center prospective
clinical trials (visceral surgery, oncology, pe-
diatric surgery, laprascopic incisional hernia
care) and different online registers (incisional
hernia, inguinal hernia, open abdomen) are
in progress with the support of the Chair of
Artificial Intelligence and Applied Computer
Science (Prof. Dr. F. Puppe) and the Institute
for Clinical Epidemiology and Biometry (Prof.
Dr. P. Heuschmann).

Sepsis
(N. Schlegel, N. Burkard, S. Flemming)

The pathophysiology of the microcirculati-
on and microvascular endothelium barrier is
being investigated in acute inflammation and
in sepsis. In a DFG-funded project a poten-
tial marker for early diagnosis of sepsis and
loss of microvascular barrier function is vali-
dated. Cellular mechanisms and the transla-
tional aspects underlying loss of endothelial
barrier function in inflammation are investi-
gated in detail.

Inflammation and chronic inflammatory
bowel diseases
(N. Schlegel, S. Flemming, N. Burkard)

One focus of the department is the treat-
ment of patients suffering from inflammato-
ry bowel diseases. The research on this topic
addresses the mechanisms underlying loss
of intestinal epithelial barrier function in in-
flammatory bowel diseases and the contribu-
tion of the enteric nervous system to these
changes. This project is funded by the DFG
priority programm 1782. A main focus of the
project is to understand the role of desmoso-
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mal adhesion in the intestinal epithelial barri-
er in patients with Crohn’s disease and ulce-
rative colitis. To address these question the-
re are several collaborations with research in
the USA and in Munich.

Oncology
(A. Wiegering, C. Otto)

Therapy-relevant intercellular signalling pa-
thways in tumours in the gastrointestinal
tract are currently under investigation. New
strategies to reduce MYC expression and/
or inhibit MYC function in colon cancer are
also being explored in close cooperation with
the Chair for Physiological Chemistry Il (Prof.
Dr. M. Eilers). Another main point of interest
is the interaction between cancer cells and
immune cells. Surgery | is a member of the
Faculty of Medicine’s National Biomaterial
Bank and Database.

Metabolic Disorders
(F. Seyfried, C. Jurowich, C. Otto)

Metabolic/bariatric surgery is currently the
most effective therapy for treating obesity.
The physiological changes brought on by the
operation are complex and not yet fully un-
derstood. Current studies: the changing bile
flow and its influence on improving glycemic
control and intestinal barrier function. Ano-
ther main interest is examining neuroendo-
crine mechanisms of appetite regulation. The
DFG is currently funding a research network
of national and international cooperations.

Transplantation-lImmunology, Hepatic
Ischemia/Reperfusion Injuries
(I. Klein, M. Camara, J. Baur, C. Otto)

Injuries through ischemia/reperfusion and
the immune system are clinically relevant
problems following organ transplantation.
The strategies for reducing ischemia and re-
perfusion injuries focus on conditioning the
donor organ. Another main point of interest
is finding more selective immune suppres-
sants. An IZKF funded project is examining
the transcription factor NFATc in cooperation
with Molecular Pathology (Prof. Dr. E. Serf-
ling, Dr. A. Avots).

Teaching

All aspects of modern surgery are covered in
lectures and seminars, as well as practice-
oriented bedside training. This commitment
and the quality of our teaching have been

honoured by the Bavarian State Ministry for
Education, Science and the Arts with a prize
for outstanding education. Student training
takes place in both the teaching hospital and
the Interdisciplinary Training and Simulation
Center (INTUS). Here students can practice
operations and interventions under realist
conditions. The elLearning website provides
information on important topics of general
and visceral surgery. Training courses in co-
loproctology, thyroid and microsurgery, as
well as laparoscopic operating procedures,
are offered on a regular basis. The depart-
ment has the authorization to provide advan-
ced training and education in general and vis-
ceral surgery, special visceral surgery, vascu-
lar surgery, surgical intensive care medicine,
pediatric surgery, and proctology.
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Mission and Structure

In the Department of Trauma, Hand, Plastic
and Reconstructive Surgery, 28 medical doc-
tors are employed. For the treatment of pa-
tients, 60 beds are available on our wards.
Additional beds are available in the Intensive
Care Unit and the Intermediate Care Unit.
Within the ZOM, there is a close collaborati-
on between the Department of General Sur-
gery, the Department of Anaesthesiology,
and the Institute of Radiology with regard to
the interdisciplinary treatment of patients.
Polytraumatized patients are first examined
in the two newly built shock rooms with spi-
ral CT. Other functional facilities are also of
the highest standard, including the certified
central sterilization unit, the operating theat-
res, the intensive care units, and the physio-
therapy facilities. Furthermore, angiography,
CT and MRI are available.

The different focuses of the Department of
Trauma, Hand, Plastic and Reconstructive
Surgery are represented in different consul-
tation hours. With our department being the
transregional trauma center, a trauma net-
work was certified, which comprises 16 hos-
pitals within the region.

Major Research Interests

The current clinical studies include prospec-
tive-randomized as well as retrospective stu-
dies. Major areas are spine traumatology and
complex injuries of the knee joint, the cubi-
tal joint, the foot and the hand, and flap sur-

gery.

Bone Fracture Healing and
Muscle Regeneration
(R. Meffert)

In a unique rabbit model, the influence of
proangiogenic factors on muscle and bone
regeneration after musculoskeletal trauma
is studied. Promising results were achieved
with factors such as VEGF . and CYR61 re-
sulting in distinct improvement of both mus-
cle and bone regeneration. In further studies,
a mouse model to investigate the restoration
of muscle force is being established.

Biomechanics in Traumatology
(S. Holscher-Doht, M. Jordan, R. Meffert)

Different fracture models (tibial plateau,
pelvis, calcaneus a.o.) were established for
biomechanical studies of locking plates and
bone substitutes. Furthermore, different
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suture techniques for tendon repair are
evaluated. In a DFG-funded project, a
fracture model in synthetic bones for tibial
head depression fractures is used with which
different stabilization techniques are analyzed
biomechanically. Conclusionsfromtheresults
can be drawn with regard to clinical practice
andthebestoperativetechnique,respectively.
On the one hand, different osteosyntheses,
screws, and plates in combination with
screws, are compared with each other. On
the other hand, established bone substitutes
(calcium phosphate cements) are analyzed
concerning their handling for filling a bone
defect and their bonding with the spongiosa,
which has a relevant influence on the stability
under loading. Furthermore, in a calcaneus
fracture model (IZKF funding) different
implant configurations are tested (open vs.
minimally invasive).

Gait Analysis
(H. Jansen, R. Meffert)

The gait lab comprises a pedobarographic
system with which gait cycle and dynamic
foot pressure can be analyzed (“catwalk”,
1.2 x 8.0 m). In real-time, the complete gait
cycle is recorded and the foot pressure dis-
tribution is measured. The foot is divided
into 10 single segments. Thus, key parame-
ters such as peak pressure, contact durati-
on, or pressure-time integral can be analy-
zed very precisely. The pedobarographic re-
sults can effectively contribute to the dia-
gnosis of foot and gait pathologies as well
as to follow-up examinations after foot and
ankle surgery.

Tissue Engineering of Adipose Tissue
(P. BauerKreisel, T. Blunk)

Tissue engineering of adipose tissue rep-
resents a major research area. The prima-
ry goal is the development of adipose tis-
sue constructs for reconstructive and plas-
tic surgery. Key aspects are the development
of vascularization strategies and the mainte-
nance of volume stability of adipose tissue
constructs. For example, for the first time,
we demonstrated that the stromal-vascular
fraction (SVF) from adipose tissue can be
successfully employed for adipose enginee-
ring. In an IZKF-funded project, the secretory
function of adipose-derived stem cells (ASC)
is investigated in an ischemic environment si-
mulating conditions at the implantation site
(collaboration with ENT clinic, PD Dr. Katrin
Radeloff). Moreover, 2D and 3D adipose tis-
sue models for basic research are establis-
hed in which the crosstalk of different cell
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types (e.g., stem cells and endothelial cells)
and the role of cell-cell- and cell-extracellu-
lar matrix interaction in adipogenesis are in-
vestigated. Here, gap junctional intercellular
communication in ASC was demonstrated to
play an important role in adipogenesis.

Cartilage Regeneration
(T. Blunk)

Another focus of our research is the regen-
eration of cartilage tissue. In in vitro stud-
ies on cell-based therapies, chondrocytes,
progenitor cells isolated from cartilage, and
bone marrow-derived stem cells are em-
ployed and the effects of growth factors and
morphogens (TGF-1, GDF-5, IGF-l a.0.) are
investigated, especially regarding the extra-
cellular matrix in the developing cartilagi-
nous tissue. Furthermore, biomimetic ma-
terials for cartilage regeneration are evalu-
ated, e.g., providing the possibility of cov-
alently binding chondrogenic peptides and
growth factors. A specific emphasis is put
on cartilage integration in the defect which
is investigated in fundamental studies bio-
mechanically as well as in cell culture (e.g.,
EU consortium HydroZONES). Novel biomi-
metic materials for cartilage development
and for the improvement of cartilage inte-
gration are developed and evaluated in col-
laboration with the Department of Function-
al Materials in Medicine and Dentistry, Prof.
Jurgen Groll.

Biofabrication
(T. Blunk)

Biofabrication, especially 3D bioprinting of
cells and hydrogel materials, represents a
still young research area aiming at the de-
velopment of hierarchical tissue structures
which can potentially be utilized in tissue re-
generation and to establish novel tissue mo-
dels. Within the Collaborative Research Cen-
ter “From the Fundamentals of Biofabricati-
on to Functional Tissue Models” (SFB/TRR
225), the research group develops and eva-
luates new hydrogel materials as bioinks for
3D bioprinting (collaboration with the De-
partment of Functional Materials in Medici-
ne and Dentistry, Prof. Jirgen Groll, Dr. Jorg
Tessmar). An emphasis is put on the effects
of the bioprinting process and different bio-
inks on the differentiation of mesenchymal
stem cells and ECM development in the prin-
ted constructs. Another focus of our group
in the area of biofabrication are self-assem-
bling multicellular spheroids and their poten-
tial for tissue regeneration and as tissue mo-
dels.

Teaching

Teaching is divided into education of stu-
dents as well as into education of our doctors
on daily rounds and discussions and in spe-
cific seminars. For students, there are two
main lectures per week. At the end of the
term, there are review courses in which the
students are given the possibility to repeat
the content of the semester with the help of
patient-related cases.

Within the department, there are two grand
rounds daily in which indications are discus-
sed. For students, we offer a large variety of
hospitations. Besides the local students, we
continuously have foreign students visiting.
The extensive curriculum offered to the stu-
dents also integrates clinical investigation
courses, training periods with “bedside tea-
ching”, weekly block training periods as well
as different consultation hours. In order to
improve practical examination techniques,
specific courses, e.g., for the examination of
the joints and the spine, are offered in the
Skills Lab.

Every three months we organize an inter-
disciplinary polytrauma conference which is
well accepted. At each conference, a specific
topic is featured and therapy principles and
recommendations are presented. Further-
more, the participants can present their own
subject-related cases to be discussed.
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Mission and Structure

The department of Thoracic and Cardiovas-
cular Surgery is a 66-bed department with
3.5 operating theaters and its own 12 bed
intensive care and 8-bed intermediate care
unit. At present 28 physicians are employ-
ed.

Approximately 2100 procedures are per-
formed annually covering the entire field of
adult heart and thoracic surgery. 1230 pro-
cedures are open heart surgeries with extra-
corporeal circulation.

In 2008 an assist device program was estab-
lished and the heart transplant program re-
launched. Specialized outpatient clinics pro-
vide care for heart transplant and VAD pa-
tients and for patients requiring aortic sur-
gery. In addition there is an outpatient clinic
for thoracic diseases.

Within a radius of 100 kms we are the sole
institution which offers the full range of adult
heart surgery including heart transplantation
and simultaneous management of any kind
of thoracic surgery including tracheal sur-
gery.

Main areas of interest are total arterial revas-
cularization, reconstructive valve surgery in-
cluding DAVID-, YACOUB-procedures. In
2009 a transapical/transfermoral minimal-
ly-invasive aortic valve replacement program
was launched. This is a joint project with the
Department of Cardiology. In selected pa-
tients we also offer the ROSS procedure.

Approx. 500 thoracic cases are performed
per year. Main areas of interest are minimal-
ly-invasive procedures like video-assisted
lobectomies and hyperthermic intrathorac-
ic chemotherapy for mesothelioma or malig-
nant thymoma.

In addition we cover the entire field of ar-
rhythmia surgery. Apart from pacemaker,
ICD and biventricular device implantations
we routinely perform Mini-MAZE procedures
for the surgical treatment of atrial fibrillation
and system extractions by means of Laser
technology.

Major Research Interests

Cardiac surgery:

Minimally-invasive aortic valve
replacement

By means of MR and CT-scanning we aim
to compare minimally-invasive aortic valve
replacement with ballon-expanding valves
with conventional aortic valves implanted
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through a partial sternotomy (Dr. Hamouda,
Prof. Leyh).

ECMO therapy: The research group (Mr.
Radakovic, Prof. Aleksic) focusses on clinical
topics regarding the use of va-ECMO therapy
in post-cardiotomy patients. This patient sub-
set is known to have the worst prognosis of all
ECMO groups. Therefore, clinical issues like
ideal cannulation site, benefits of ante- ver-
sus retrograde perfusion and management of
complications are of utmost importance.

Analysis of cardiac muscle physiology
(C. Bening)

Apart from the well-established skinned fiber
technique, we have started using intact hu-
man cardiac fibers with intact sarcolemma.
These intact fibers are stimulated electrical-
ly and the following parameters, describing
the contractile behavior of the fibers, are re-
corded: the half maximal relaxation and con-
traction time, time to peak and width of the
resulting amplitude. By preserving the intact
sarcolemma of the fibers, membrane-de-
pendent processes like effect of medicati-
ons can be analyzed and the in-vivo physio-
logy can better be assessed. The possibility
to combine both experimental approaches in
correlation with clinical parameters of the pa-
tients enables a broad patient-individual ana-
lysis of cardiac contractility. Accordingly, we
analyzed parameters predicting the occur-
rence of postoperative atrial fibrillation and
the relationship of cardiac contractility in di-
abetic patients.

By establishing the ELISA technique in our
lab, we can now examine several biomarkers,
associated with endothelial dysfunction, in-
flammation and fibrosis. In correlation with
these biomarkers we currently examine right
heart function and the possible predictive va-
lue of these biomarkers.

In the meaentime, we have established a coo-
peration with the research group “mitochon-
drial respiration and function” of Prof. Maack
(DZHI) and are currently able to analyze the
mitochondrial function of our patients paral-
lel to the contraction analysis of the patients’
atrial tissue. Considering the pathophysiolo-
gical changes of atrial tissue in atrial fibrillati-
on we aimed to examine mitochondrial respi-
ration and function in these patients.

Prevention and therapy of deep sternal
wound infections (DSWI)
(C. Schimmer)

Prof. Schimmer has been appointed gui-
deline-coordinator by the German society
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for Thoracic, Cardiac and Vascular Surgery
(DGTHG) for the S3 guideline “Management
of post-sternotomy mediastinitis after cardi-
ac surgical procedures”. The draft for this
guideline to be published in accordance with
the Working group of scnientific medical so-
cieties (AWMF) is under final review. In ad-
dition, Prof. Schimmer focusses on clinical
studies in the ICU setting and has achieved a
significant reduction of perioperative empiric
antibiotic therapy.

Thoracic surgery

Prof. Dr. H. Aebert is head of the section of
thoracic surgery since the end of 2016. His
areas of interest include extended resections
with the heart-lung-machine, hyperthermic
intrathoracic chemotherapy and uniportal
VAT surgery. Paralleling completion of the
thoracic team several clinical research pro-
jects are under way

Teaching

All topics of cardiothoracic surgery relevant
to the medical student are covered by a lec-
ture series and regular ,bed-side“teaching
plus grand rounds. Since 2007 2-3 medical
students spend two weeks in the department
as part of a mandatory surgical rotation. Fi-
nal year medical students spend a 16 week
rotation in our department. Students and re-
sidents are offered regular wet lab training
in the department’s own wet lab, where all
surgical techngiues relevant for cardiothora-
cic surgery can be practiced on pig hearts
and aortas.

A new weekly cardiology/cardiac surgery
conference is a mainstay for the education
of our residents.
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Mission and Structure

The Department of Urology and Paediatric
Urology is a tertiary referral center with two
wards (48 beds), intensive care unit (8 beds)
with haemodialysis facility, a busy outpati-
ent clinic with uroradiology section, point-of-
care lab and a research laboratory with an
emphasis on molecular urooncology. Three
state-of-the-art operating theatres allow the
surgical treatment of approximately 2.500
adults and 350 children and adolescents
with 2.700 open, laparoscopic and endos-
copic procedures and more than 2.800 end-
ourologic interventions per year. The equip-
ment comprises a multi-function unit for ex-
tracorporeal shockwave lithotripsy, a com-
puter-assisted (video-) urodynamic set-up,
lasers of the most recent generation, a Da
Vinci Xi surgical roboter with dual console,
MRI/TRUS-fusion prostate biopsy system
and several ultrasound units with colour-co-
ded duplex sonography and transrectal pro-
bes.

The surgical spectrum encompasses the en-
tire speciality of urology with special exper-
tise in urooncology (cystoprostatectomy/
anterior exenteration (nerve sparing tech-
niques) and orthotopic bladder substitution
and continent cutaneous urinary diversion;
radical retropubic and robot-assisted (Da-
Vinci) prostatectomy (nerve-sparing techni-
ques); DaVinci and open nephron-sparing
surgery of renal cell cancer; surgical and
medical treatment of testicular cancer; po-
lychemotherapy; paediatric urology (correc-
tion of complex congenital malformations),
reconstructive urology (all types of urinary
diversion and conversion, reconstruction
of the whole urinary tract, ureteral replace-
ment, urethral reconstruction, complex fis-
tula repair) including implantation of artifi-
cial urinary sphincters and penile prosthesis,
urogynaecology.

Major Research Interests

Molecular mechanisms of microRNAs
in high risk prostate cancer
(B. Kneitz, C. Kalogirou, M. Krebs)

The aim of our studies is the analysis of the
role of miRNAs for the development and
progression of prostate cancer. Tumor tis-
sue from a European multicenter database
is used for the analysis. Using microarrays
and gRT-PCR miRNA analysis we detected
specific miRNA signatures for prostate can-
cer. By bioinformatics and statistical analysis
specific miRNAs were identified, which are
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linked to the development and progression of
cancer. To study the molecular mechanisms
of such miRNAs we are currently analysing
the function of specific miRNAs /n vitro and
in vivo.

piRNAs as tumor suppressor gens in
prostate cancer

(B. Kneitz, S. Kneitz, M. Schartl *(*Physiolo-
gical Chemistry 1))

Due to their differential expression in several
tumor entities PIWI interacting small non-co-
ding RNAs (piRNAs) attract more and more
attention. Because of their role initially de-
scribed in stem cells, the cancer stem cell
theory is discussed in this context and a po-
tential use of piRNA signatures for ‘stemcell-
ness’. Furthermore, evidence for an androgen
dependent expression of piRNAs in prostate
cancer cell lines (PCa) has been found. Based
on these findings we want to study a potenti-
al tumor suppressive function of piRNAs. To
study the hypothesis that the piRNA profile
can be modified by androgen signaling, we
want to find piRNAs regulated by the and-
rogen signaling cascade. To examine a po-
tential diagnostic and prognostic relevance
of piRNAs associated with PCa, tissue samp-
les of a high risk PCa patient cohort will be
used. Based on the results of these studies,
the importance of piRNAs as a novel tumor
suppressors can be delineated and piRNAs
as new biomarkers for diagnostics and pro-
gnostics can be characterized. Further, the
possibility of transferring these results into
clinics can be evaluated.

Experimental evaluation of altered
cholesterol metabolism as

a potential therapeutic target

in prostate cancer

(C. Kalogirou, B. Kneitz, A. Schulze* (*Physi-
ological Chemistry Il)

Altered cholesterol biosynthesis is a central
feature of many solid cancers since it confers
significantly to membrane buildup and there-
fore unlimited growth. For hormone-depe-
dent cancers such as prostate cancer (Pca),
cholesterol metabolism is of further impor-
tance since it provides the starting metabo-
lite of steroid hormone (in this case: testos-
terone) synthesis, which is the most impor-
tant driver of PCa growth. Therefore, in our
group, we characterize cholesterol metabo-
lism in various cellular models of PCa using
modern technology (i.a. metabolite-labeled
mass spectrometry and CRISPR/Cas9 ge-
nome editing) to eventually exploit it for pu-
tative therapeutic approaches.
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Prognostically relevant microRNA sig-
natures in urological malignancies and
their relevance for the immune respon-
siveness of tumour cells

(M. Krebs, B. Kneitz, B.Schilling* (*Depart-
ment of Dermatology))

Project funding within the Else Kroner Inte-
grative Clinician Scientist College for Transla-
tional Immunology, University Hospital Wirz-
burg (MK) - Based on previous studies of
our group regarding the role of microRNAs
(miRs) in high-risk Prostate Cancer and Re-
nal Cell Carcinoma, we aim to examine the
influence of miRs on cellular interferon and
TRAIL signals - thereby further examining a
potential link and a modulation of response
towards Immune Checkpoint therapy.

Identification and description of
tumorsuppressor- und onco- mic-
roRNAs in renal cell carcinoma with
venous invasion.

(B. Kneitz, D. Vergho, C. Kalogirou)

The aim of our studies is to analyse the role
of miRNAs for the development and progres-
sion of renal cell cancer, especially the sub-
group which develops venous invasion and
inferior vena cava thrombi. Using microar-
rays and gRT-PCR miRNA analysis we de-
tected specific miRNA signatures for both
cancer entities. By bioinformatics and stati-
stical analysis specific miRNAs were identi-
fied, which are linked to the development and
progression of renal cell carcinoma. To study
the molecular mechanisms of such miRNAs
we are currently investigating the function of
specific miRNAs in vitro and in patient samp-
les (serum and tissue). The aim of our trans-
lational research is the optimization of diag-
nosis and treatment of renal cell carcinomas
with and without venous invasion.

Metformin as a tumour-suppressor in
urologic malignancies
(C. Kalogirou, B. Kneitz, M. Krebs)

For the biguanide Metformin (MF), besides
its antidiabetic function, tumour-suppressive
actions have been described in various solid
cancers. To evaluate the molecular effect of
MF - which is not completely understood to
date - in prostate carcinomas and renal cell
carcinomas, we currently explore the molec-
ular effects of the drug in various cell lines.
We could show that MF effects were at least
partially mediated by specific microRNA ex-
pression patterns and their subsequent mo-
lecular pathways. The main aim of our re-
search is the further illumination of molecular

tumour-suppressive effects in prostate carci-
nomas, renal cell carcinomas and urothelial
carcinomas.

Identification and description of
tumorsuppressor- und onco-
microRNAs using liquid biopsies of
patient with progressive non-muscle-
invasive urothelial carinomas (NMIBCs)
(M. Weinke, C. Kalogirou, B. Kneitz, A. Ko-
cot)

The probability of progression of non-mus-
cle-invasive urothelial carcinomas (NMIBC)
into muscle-invasive urothelial carcinomas
(MIBC) to date cannot be foreseen by “clas-
sic” clinical parameters like histological grad-
ing. Therefore we analyse microRNA patterns
in NMIBC tissue and serum which show a
rapid progression into MIBCs and compare
them to NMIBC tissue which do not show a
progression at all. Additionally, in vitro ex-
perimentation in cell lines are accomplished.
Our scientific efforts aim to the establish-
ment and validation of microRNA patterns,
which are able to predict NMIBC progression
efficiently.

Evaluation of treatment response
assessment in metastatic prostate can-
cer patients using PSMA ligands ®Ga-
PSMA-I&T and *®Ga-HBED-CC-PSMA

(A.K. Seitz, C. Kalogirou, M. Krebs, C. Lapa*,
J. Brumberg* (*Department of Nuclear Me-
dicine, UKW))

Conventional imaging has several limitations
in response assessment in metastatic pros-
tate cancer patients undergoing systemic
therapy. In particular, discrimination of treat-
ment effects from true cancer progression
is challenging. In contrast, ®®Ga-PSMA PET
detects changes in metabolism or receptor
expression providing potential use for ear-
ly therapy response prediction. Aim of this
study is to establish an objective, accurate,
and standardized system for tumor response
assessment using %Ga-PSMA PET in meta-
static prostate cancer patients.

Teaching

Traditional teaching formats (lecture with cli-
nical case presentation and live transmissi-
on of surgical procedures from the opera-
ting theatre; clerkships/electives) are offe-
red along with integrated and interdiscipli-
nary approaches. Participation is offered in
skills lab, e-learning-programmes, interdisci-
plinary oncology (seminar and lecture), inte-
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grated seminars in tumour biology, interdisci-
plinary paediatric pathophysiology and cour-
ses in prevention, epidemiology and biosta-
tistics. Hospitation in the operating theatre
and outpatient clinic is possible throughout
the entire academic year.
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Mission and Structure

The Department of Internal Medicine | (DIM
) includes six specialities in research, tea-
ching, and patient care: Endocrinology, In-
ternal Emergency- and Intensive Care, Car-
diology/Angiology, Nephrology, and Pneu-
mology.

Endocrinology is in charge of a ward speci-
alized in endocrinology/diabetology as well
as sophisticated outpatient clinics (for gene-
ral endocrinology, diabetes and metabolism/
obesity, and endocrine tumours) caring for
more than 6000 outpatients annually. Since
2003, the Department has become the in-
ternational reference center for adrenal car-
cinoma and treats more than 150 patients
per year. The interdisciplinary team of the in-
tegrated obesity center cares for more than
400 patients annually.

Cardiology performs more than 3300 in-
vasive procedures per year including per-
cutaneous coronary interventions, catheter
based implantations of closure devices in
patients with atrial septal defects and per-
sistently open foramen ovale, high frequency
and cryo ablations of arrhythmias. In coope-
ration with the Department of Cardiac Surge-
ry, minimally invasive stent-based aortic val-
ves and Mitraclips are implanted. About 200
pacemakers and 200 ICD/CRT are implan-
ted per year. A cardiac transplantation pro-
gram is established. Since 2009, a modern
cardiac research MRT is available.

The DIM includes a state of the art intensive
care ward with 24 beds, an emergency ward
/ chest pain unit with 12 beds and the emer-
gency room. The intensive care ward coordi-
nates the Infarct Network Mainfranken - foun-
ded in 2007 - which manages 600 patients
with acute coronary syndrome per year.

In Nephrology (kidney disease and high
blood pressure) the wide range of services
and treatments expands to new therapies
for rare diseases. Specialized clinics care
for patients with severe hypertension, vas-
culitis, polycystic kidney disease, the Fabry
Disease, and kidney transplantation in coo-
peration with the transplantation center of
the UKW. The focus of inpatients lies on the
treatment of acute renal failure, preparation
of living donation and the straight after-care
of newly transplanted kidneys. More than
120 patients with Fabry Disease were trea-
ted as inpatients and more than 6000 treat-
ments of haemodialysis, peritoneal dialysis,
plasmapheresis, lipid apheresis, and immu-
noadsorptions were performed.
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Pneumonology cares for inpatients and out-
patients with bronchial carcinoma, complex
organ sarcoidosis, severe COPD, pulmonary
hypertension and interstitial lunge diseases.
More than 4.000 outpatient contacts are in
specialized clinics for rare diseases like in-
terstitial lung disease, sarcoidosis, pulmona-
ry hypertension, and alpha-1-antitrypsin-de-
ficiency.

Major Research Interests

Research in DIM | is characterized by inter-
disciplinary projects and coordination or par-
ticipation in research consortia including the
Comprehensive Heart Failure Center (CHFC),
the Cardiovascular Center, the Interdiscipli-
nary Center for Clinical Research, the Com-
prehensive Cancer Center, the Center for In-
fectious Research, and the Interdisciplinary
Training and Simulation Center (INTUS).

Endocrinology
(M. Fassnacht, S. Hahner, M. Kroiss)

A major research focus are translational and
clinical studies in adrenocortical carcinoma.
The Endocrinology co-funded the European
Network for the Study of Adrenocortical Tu-
mours (ENSAT). In cooperation with the Inter-
disciplinary Biobank a data- and tissue bank
was integrated into the ENSAT network. Fur-
thermore, two phase Il therapeutic trials and
a phase | study for adrenocortical carcinoma
were coordinated.

A second focus, initiated by Endocrinolo-
gy together with the Department of Nuclear
Medicine, aims at developing and implemen-
ting new radioactive tracers for imaging and
treatment in adrenocortical carcinoma. This
new method is currently evaluated in a multi-
centre trial (FAMIAN) supported by the Ger-
man Research Foundation (DFG) and the Eu-
ropean Union. The adrenal research integra-
tes further into the multicentre collaborative
research network Transregio-SFB 205.

Due to participation in the interdisciplinary
obesity center Wirzburg the treatment of
massive obesity is another important focus
of our daily work and several clinical and pre-
clinical studies are in full swing. Furthermo-
re, clinical and pre-clinical studies on thyroid
carcinoma are currently conducted.
Moreover, the DFG and the Deutsche Krebs-
hilfe provide funding for basic research pro-
jects on adrenocortical adenoma and ACTH-
producing pituitary adenoma.

In cooperation with the Clinical Laboratory
Unit we run a new core facility for mass spec-
trometric analysis for routine and research
applications including pharmacological stu-
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dies, metabolomics, and steroid hormone
analysis.

Cardiology/Angiology
(S. Frantz, W. Bauer, A. Frey, G. Glder, B. Ha-
ring, U. Hofmann, P. Nordbeck, S. Stork)

The cardiovascular research integrates in se-
veral research collaborative research cen-
ters. In 2010 the Comprehensive Heart Fai-
lure Center (CHFC) was founded. CHFC is an
Integrated Research and Treatment Center
supported by the German Ministry of Educa-
tion and Research. More than 120 scientists
conduct interdisciplinary basic, translational,
and clinical research and provide innovative
patient care in the field of heart failure. It co-
ordinates the German Competence Network
Heart Failure and has a close connection to
an associated Interdisciplinary Biomaterial-
and Databank (IBDW).

Basic science: Immunocardiology

There are two groups (Hofmann, Ramos) fo-
cusing on the role of immunity for the de-
velopment and progression of myocardial
disease. The research focuses on the role
of adaptive immunity and lymphocytes and
their interplay with macrophages and is fun-
ded by the German Research Foundation
(DFG) and the European Union (ERA-NET-
CVD program).

Ramos’s team takes part in an european con-
sortium to monitor T-cell repertoires in myo-
cardial infarction patients. This project is co-
operation amongst immunologists at the Uni-
versity of Sorbonne, cardiologists in Graz and
the DIM |, and is funded by the European Re-
search Area Network - Cardiovascular (ERA-
NET-CVD). Together the groups wish to test
whether analyses based on T-cell receptor
sequencing could offer suitable prognostic
tools to timely identify patients undergoing
poor myocardial repair.

The prevalence of cardiovascular diseases
(CVD) increases dramatically with age. Emer-
ging evidences show that both the heart, and
the immune system undergo dramatic chan-
ges with aging, and there is an unmet need
to understand how those alterations ultima-
tely affect the outcomes of cardiovascular di-
seases in elderly subjects. This gap is cur-
rently being addressed in Wiirzburg with sup-
port from DFG.

Furthermore, the group of Dr. Nordbeck stu-
dies inflammation in a model of Fabry Cardio-
myopathy.

Another focus of research is modelling of
cardiac transport processes (AG Bauer). On
the cellular level, e.g. molecular transport

through channels and pores, or transport of
signalling molecules (CAMP), the main driving
mechanism is diffusion. Up to now, it is not
known how different substances cooperate
or compete for transport or how the subcel-
lular microstructure affects differential diffu-
sion. We aim to understand these processes
by generic modeling to understand channel/
pore transport of differential cell regulation.

Translational research

Antigen-specificity is a hallmark of adaptive
immune responses. Therefore, the immuno-
cardiology teams have sought to map which
cardiac antigens are important in eliciting T-
and B-cell responses after myocardial infarc-
tion. The diagnostic CAMI-Study (Cardiac An-
tigens in Myocardial Infarction) phenotypes
the T-cell receptor repertoire in post myocar-
dial infarction patients.

Furthermore, in the group of Prof. Bauer there
is a strong research focus on imaging: Rea-
dout of the cellular inflammatory response
is 19F MRI. Molecular markers of inflamma-
tion are obtained from nuclear techniques.
Both biomarkers of inflammatory response
are correlated during healing with (micro)-
structural /-functional changes, e.g. diffuse
and patchy fibrosis, as well as with global
and local mechanical function. The aim is, to
gain inflammatory based parameters, which
stratify the risk to develop heart failure. An-
other focus lays on imaging of local vessel
wall mechanics and blood-vessel wall inter-
action and their relation to the development
of atherosclerosis. High-end MRI techniques
are developed as areadout for the mechanical
function and interaction. They are applied to
small animal models of atherosclerosis (e.g.
APO E-/- mice). Our hypothesis is that func-
tional / mechanical alterations precede the
cellular and morphological alterations during
the development of atherosclerosis. In ad-
dition to small animal models the function-
al and cellular/morphological processes in
the development of atherosclerosis are also
studied in tissue engineered vessel models of
increasing complexity.

Myocardial sodium accumulation and its role
for the development of heart failure is stu-
died by 23 Na and conventional 1H MRI in
small animal models. This project demands
the development of sophisticated MRI me-
thods which tackle the different sodium frac-
tions in tissue, i.e. bound and free fraction
with respect to the intra- and extracellular
compartment. Animal models are mice in
which a primary hyperaldosteronism is mimi-
cked as well as a model of a secondary hy-
peraldosteronism after myocardial infarction.
Our hypothesis is that an increased sodium
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amount affects (beside intracellular Ca hand-
ling and its consequences) also the compo-
sition of the extracellular matrix, and by this
the mechanical function (diastolic dysfunc-
tion). Both processes are compared and stu-
died with respect on their effect on the deve-
lopment of heart failure.
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Clinical research

Together with the department of Nuclear Me-
dicine these techniques are applied in pati-
ents with inflammatory heart disease and af-
ter myocardial infarction. Our aim is to un-
derstand how inflammation affects healing
on a short, intermediate and long time sca-
le. This knowledge will be the base for po-
tential anti-inflammatory therapies. On the
one hand, new NUC techniques are valida-
ted with established MRI techniques. On the
other hand, new MRI techniques are develo-
ped (e.g. fast fibrosis imaging). Analogous-
ly NUC and MR-imaging techniques are de-
veloped, validated and applied for imaging
of amyloidosis. Here the aim is to develop
a monitoring tool for appropriate therapy of
amyloidosis.

In another clinical study we aim to analyse
whether cMRI as a first line diagnostic tool
makes cardiac catheterization, which actual-
ly is the first line recommended diagnostic in-
strument, in many cases superfluous.
Though implantation of conditional safe
rhythm devices is becoming more and more
the clinical standard, the cardiac MR-ima-
ging of these patients is still challenging.
Ironically these patients often would bene-
fit at best from the diagnosis of cardiac MR,
however artifacts by the device and elec-
trode make this challenging, especially at
3T. This conflict is addressed in this project.
New imaging sequences are to be develo-
ped (special wide band pulses, changing
offset) but also appropriate imaging proto-
cols are a medical need. Both will conside-
rably improve the imaging quality of cardio-
vascular structure, and hence, the patient’s
benefit.

Integrated Research and Patient Care
at the Comprehensive Heart Failure
Center (CHFC)

(S. Stork)

The DIM lis a pivotal supporter of the CHFC,
which excels in the optimized structured in-
teraction of clinical research and clinical
care (please also refer to chapter on CHFC).
The outpatient clinics of the DIM | build the
centerpiece of this approach. Strong inter-
actions were formed with various clinical
departments, in particular endocrinology,
pulmonology, nephrology, DIM I, heart and
lung surgery. The general cardiological out-
patient clinics, but also dedicated clinics
for terminal heart failure, genetic heart di-
sease (B. Gerull), morbid obesity, amyloido-
sis, treatment-resistant hypertension, are
located on the premises of the CHFC. All
outpatients are phenotyped and documen-

ted according to harmonized diagnostic al-
gorithms, are screened for potential study
eligibility, and then included into various
projects after written informed consent has
been obtained by trained dedicated staff.
The portfolio of clinical studies encompas-
ses drug trials (national and international
level), studies investigating complex inter-
ventions, diagnostic studies, cohort studies
observing the natural course of a disease,
and early clinical trials. Currently running
projects (IITs) address groups of patients
with acutely decompensated heart failure
(Acute Heart Failure Registry), heart failu-
re and cognitive dysfunction (COGNITION-
MATTERS.HF Follow-up Study), with morbid
obesity (WAS trial), heart failure of any cau-
se and severity (G-CHF study), high vascular
risk (COMPASS trial), suspected or establis-
hed systemic amyloidosis (AMYKOS regist-
ry). Further, the outpatient clinics serve the
purpose of clinical-epidemiological educa-
tion of young clinician scientists (cooperati-
on with Inst. of Clinical Epidemiology & Bi-
ometry, P.U. Heuschmann) and echocardio-
graphy technicians (EchoCorelab Facility,
C. Morbach).

Nephrology
(C. Drechsler, V. Krane, D. Kraus, R. C. Wan-
ner)

The clinical topic is the identification of pre-
dictors for heart failure and sudden cardiac
death in type 2 diabetics with chronic kid-
ney disease. Large multicentre randomized
trials and cohort studies with biobanking
are coordinated and evaluated (EMPA-REG-
Outcome, CARMELINA, REVEAL, 4D and
SHARP Follow-up). The MiREnDA study and
the CARVIDA study are funded by the BMBF
and address specific cardiovascular questi-
ons in patients on hemodialysis and patients
with moderate chronic kidney disease. Inter-
national co-operations with the University
of Oxford and the George Institute of Global
Health are maintained. Mainly immunomo-
dulatory treatments are investigated in the
studies of the transplantation unit. Wirzburg
hosts the chair for the worldwide Fabry re-
gistry and the co-leadership of the European
guideline committee. In our experiments we
study the pathomechanism of damaging and
relaxation processes in acute ischemic stro-
ke and the pathophysiology of transferases in
obesity and diabetes. Specifically, the Kraus
lab studies the role of a novel enzyme, nico-
tinamide-N-methyltransferase (NNMT) in the
maintenance of energy homeostasis in adi-
pose tissue. The research groups are funded
by the DFG, BMBF, CHFC, I1ZKF, and the in-
dustry.
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Pneumonology
(T. Pelzer)

Pneumology is deeply involved in the Wirz-
burg center for sarcoidosis which also repre-
sents a department of the center of rare
diseases. Together with our partners, e.g.
CHFC, we are currently initiating a regist-
ry study on organ sarcoidosis. Oncological
studies are carried out in cooperation with
the comprehensive cancer center with novel
therapies for bronchial carcinoma (e.g. MY-
STIC). Furthermore, the pneumonology unit
participates in studies of idiopathic lung fib-
rosis (PASSPORT, PANORAMA) or pulmona-
ry hypertension (IMPRES). In basic science
the pathogenesis and treatment of chronic
thromboembolic pulmonary hypertension
(CTEPH) is investigated.

Internal Intensive Care and Emergency
Medicine
(D. Weismann)

The Intensive Care Unit participates in mul-
ticentric clinical trials investigating the treat-
ment of critical ill patients with community
acquired pneumonia and in a multicentric
trial comparing drug-monitoring in critical ill
patients requiring antibiotic treatment. Own
projects comprise studies on hemodynamics
in cardiogenic and septic shock, the treat-
ment of symptomatic hyponatremia, antibi-
otic treatment of aspiration pneumonia and
a study on thrombocyte function in critical
ill patients.

Teaching

About 650 undergraduate clinical students
participate in courses of the Internal Medi-
cine each semester including the main lec-
ture, practical training of physical exami-
nation, bedside teaching, 2 weeks elective,
and internship. With about 3,000 hours of
teaching per semester, the Internal Medici-
ne is number one in teaching responsibili-
ties in the medical curriculum. In 2013, new
teaching modules for Clinical Sciences were
implemented in cooperation with the Insti-
tute of Clinical Epidemiology and Biometry
(Heuschmann) and the Comprehensive Heart
Failure Center (Stork) including a Master and
a PhD course Clinical Sciences at the Gradu-
ate School of Life Sciences. For further edu-
cation and training of students and young
medical and non-medical staff, the hospital
offers lectures and courses in its Interdisci-
plinary Training- and Simulation Center (IN-
TUS, W. Voelker).
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General Information
and Structure

The Department of Internal Medicine Il (DIM
Il) includes six divisions in research, teaching,
and patient care: Hematology and Medical
Oncology, Gastroenterology, Rheumatolo-
gy/Clinical Immunology, Hepatology, Infec-

tious Diseases and Psychosomatics. All de-
partments are integrated into the Center for
Internal Medicine (Zentrum Innere Medizin,
ZIM) and provide state-of-the-art infrastruc-
ture and logistics for patient care, teaching,
clinical and translational research.

The Division of Hematology (Prof. Dr. S.
Knop, Prof. Dr. M. Topp) offers the lar-
gest clinical and research program for pati-
ents with multiple myeloma in Germany and
a highly innovative clinical program for pati-
ents with lymphomas and acute leukemia in-
cluding novel immunotherapeutic strategies
(bispecific antibodies, CAR-T cells). In spe-
cial wards with HEPA filtered rooms autolo-
gous stem cell transplantation and the treat-
ment of patients with leukemia, lymphoma
and myeloma are performed. The Depart-
ment of Medicine Il runs the largest Early Cli-
nical Trial Unit in Germany (Phase | unit) for
first-in-man applications and innovative pha-
se I/ll trials, esp. with novel immune thera-
peutic strategies (CAR T cells, TCR-transdu-
ced T cells, bi-specific antibodies, etc.).

A completely new Stem Cell Transplanta-
tion Unit (PD Dr. G. Grigoleit, S. Kraus)
runs the second largest stem cell transplan-
tation program in Germany (280 stem cell
transplantations/year). This highly innovati-
ve program includes transplantation from ha-
ploidentical donors, cord blood transplanta-
tion and adoptive immunotherapy to improve
infection and tumor control post-transplant.

The Division of Medical Oncology (Prof.
Dr. V. Kunzmann) runs a special ward but
also a large interdisciplinary oncological out-
patient clinic in which more than 12.000 pa-
tients with a broad spectrum of oncological
disorders are treated. A specific focus of the
division of Medical Oncology in association
with the divisions of gastroenterology and
hepatology is the care of patients with gas-
trointestinal tumors esp. gastric, pancreatic
hepatocellular and cholangiocarcinoma, but
also has a focus on the treatment of patients
with sarcoma.

The Division of Gastroenterology (Prof.
Dr. M. Scheurlen) is in charge of a spe-
cialized ward and the gastrointestinal out-
patients clinic. More than 5000 endoscopic
procedures are performed per year (specif-
ic focus on chronic inflammatory bowel dis-
orders, tumors of the gastrointestinal tract
(hereditary neoplastic disorders, neuroendo-
crine tumors (ENETS Center of Excellence
Wiirzburg), ,a certified PNET center and gas-
tric and pancreatic carcinoma). Since 2007
a “Darmzentrum” is established including an
unit for pancreatic carcinoma.
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The Division of Hepatology (Prof. Dr. A.
Geier) has been established to strengthen
the treatment of liver disorders including a
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liver transplant program (22 transplants in
2018 - specialized inpatient and outpatient
facilities). The clinical and research focuses
are metabolic liver disorders such as Non-al-
coholic fatty liver disease (NAFLD), viral hep-
atitis B and C as well as malignant tumors
of the liver. Many clinical studies to devel-
op new drugs for NAFLD or liver cancer are
conducted as national lead center. For non-
alcoholic fatty liver disease a national clini-
cal research network (NAFLD CSG) is coor-
dinated by our center. A functional liver test-
ing unit has been established. Wirzburg is
serving as a national lead center within the
IMI2 EU consortium LITMUS for NAFLD bio-
marker research.

In the Division of Clinical Immunology/
Rheumatology (Prof. Dr. H.-P. Tony, Dr. M.
Schmalzing), patients with severe forms of
rheumatoid arthritis, spondyloarthritis, con-
nective tissue diseases, primary vasculitis,
and primary immunodeficiencies are cared
for. In the specific ward of the division and
its outpatient clinics, more than 3.000 pati-
ents per year are seen. Specific expertise of
the division are the diagnosis and treatment
of autoimmune disorders including novel the-
rapeutic interventions in phase |-l studies.
The division is one of few in Germany, which
can offer autologous stem cell transplantati-
on after immunoablative conditioning for pati-
ents with aggressive forms of autoimmune di-
seases. Due to the systemic character of most
diseases the division relies on interdisciplina-
ry patient care to a particularly high extent.

A Division of Infectiology (Prof. Dr. H.
Klinker, Prof. Dr. A. Ullmann) was certified
in 2005 as one of the first centers in Germa-
ny by the Deutsche Gesellschaft fiir Infektiol-
ogie as a center of infectiology. Patients with
infectious disorders are cared for in the spe-
cial ward for infectious disorders but also in
a large outpatient clinic (4.000 patients per
year). Re-certifications were successfully
completed in 2012 and 2017. The clinical fo-
cuses of the division are severe organ infec-
tions, complex systemic infections, HIV-infec-
tions, chronic virus hepatitis, and opportun-
istic infections in immunocompromised, esp
hematological patients. Innovative therapeu-
tic strategies are used, especially in phase
II- and Ill-studies. The group is very active in
consulting and participates in the clinic-wide
antibiotic stewardship program. The work in
the scientific laboratory is focused on phar-
macokinetics and drug monitoring.

In the Division of Psychosomatics (Prof.
Dr. H. Csef) runs a specific outpatient cli-
nic for oncological patients and for patients
with psychosomatic disorders. In an outpati-

ent department, which is run in close colla-
boration with the department of psychiatry,
daycare of patients with psychosomatic dis-
orders is offered. Specific research activities
comprise the supportive care of patients un-
dergoing stem cell transplantation.

Interdisciplinary projects

The co-chair of the TR/CRC124 FungiNet
and the TR/CRC 221 (H.Einsele). H. Einsele
is also the speaker of the EU-funded network
FP7 T-Control, the EU Horizon 2020 Program
(CARAMBA, EURE-CART (Einsele, Hudecek).
A. Beilhack coordinates the physician-scien-
tist training program of the Else-Kroner-For-
schungskolleg for interdisciplinary translati-
onal immunology that has been generously
funded for a second training period by the
Else Kroner-Fresenius-Stiftung. Furthermo-
re, A. Beilhack has been awarded with an In-
terdisciplinary Center for Clinical Research
(IZKF) Research Group, which fosters the re-
search between basic and translational re-
search across disciplines within Wirzburg
University and internationally. The IZKF re-
search group advances and utilizes preclini-
cal models of inflammation, cancer and in-
fectious diseases to develop novel immuno-
therapeutic strategies and diagnostics.

Research in Hematology/Oncology
Hamatologisch/Internistisch-Onkologi-
sche Forschungsschwerpunkte

(H. Einsele, R. Bargou, T. Bumm, S. Danhof,
U. Grigoleit, M. Hudecek, F. Jundt, M. Kor-
tum, S. Knop, V. Kunzmann, L. Rasche, G.
Stuhler, M. Topp)

Early clinical trials in the field of gastrointesti-
nal tumors with their specific focus on stom-
ach carcinoma, pancreas carcinoma and
peritoneal carcinosis have been performed
(V. Kunzmann) supported by grants from the
BMBF, EU and the Deutsche Krebshilfe. Re-
search groups address the genetics, patho-
physiology and therapeutic approaches in
multiple myeloma in in vitro and in vivo mod-
els and other lymphoid malignancies. The
Deutsche Studiengruppe Multiples Myelom
is chaired by H. Einsele and S. Knop since
14 years. In addition a therapeutic treatment
unit Multiple Myeloma has been funded by
the Sander-Stiftung. A. Beilhack investigates
novel strategies to exploit multiple myeloma-
immune interactions within the national DFG
SKELMET consortium (FOR1586) on the bi-
ology of bone metastases. Another research
focus is allogeneic stem cell transplantation:
new technologies of haploidentical stem cell
transplantation, cord blood transplantation,
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adoptive immunotherapy are evaluated in in-
ternational studies chaired by Wuerzburg Pls
These research programs are funded by the
EU (FP7 T-Control, coordinator H. Einsele),
BMBF (PACT, coordinator U. Grigoleit), the
EU-Horizon 2020 programs CARAMBA and
EURE-CART (M. Hudecek, H. Einsele) and
Sander Foundation (H. Einsele, A. Beilhack).
A third research focus is the development
of immunotherapeutic strategies based on
novel antibody constructs (bi-specific, tris-
pecific antibodies, fusion proteins and gene
modified redirected T cells (A. Beilhack, T.
Bumm, G. Stuhler, L. M. Topp, and H. Wa-
jant). The Max Eder Research Group ‘CAR T-
cell engineering’ lead by Dr. Michael Hude-
cek is working on the currently ‘hottest topic’
in hematology - tumor-reactive T cells that
are equipped with synthetic chimeric anti-
gen receptors (CARs) (Dr. Thomas Nerreter).
Development of CAR-modified T cells target-
ing multiple myeloma in the Hudecek lab is
supported by the Myeloma Crowd Research
Initiative. Dr. Michael Hudecek and Dr. Julia
Wegner received the M4 Award of the State
of Bavaria for the most innovative research
projects in personalized medicine and immu-
notherapy and focus on the development and
commercialization of next-generation CAR T
cells also recently supported by a grant from
the Deutsche Krebshilfe in the Translation-
al Oncology Program. The groups of A. Beil-
hack and H. Wajant develop novel drugs that
target the tumor microenvironment, e.g. by
blocking regulatory T cells to reactivate the
immune system for combating tumors. This
work has also been recognized with an M4
Award of the State of Bavaria for the most
innovative research projects in personalized
medicine and immunotherapy.

A completely new Stem Cell Transplantati-
on Unit (PD Dr. G. U. Grigoleit, Dr. S. Kraus)
runs the second largest stem cell transplanta-
tion program in Germany (280 stem cell trans-
plantations/year). This highly innovative pro-
gram includes transplantation from haploi-
dentical donors, cord blood transplantation
and adoptive immunotherapy to improve in-
fection and tumor control post-transplant.

Research in Gastroenterology
(M. Scheurlen, T. Kudlich, S. Reimer, A. Weich)

Basic research: With the support of the IZKF
and BMBF a tumour bank with focus on stom-
ach cancer and colorectal carcinoma was es-
tablished and treatment concepts in gastric
cancer and pancreatic carcinoma are devel-
oped with new innovative combinations of
tyrosine kinase inhibitors and new cytotoxic
agents. As a part of the DFG research con-
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sortium FOR 2314 Wirzburg-Tubingen novel
strategies in cancer therapy are pursued, par-
ticularly for pancreatic cancer (A. Beilhack).
Further basic research fields are pathogene-
sis and new therapeutic strategies in neuroen-
docrine tumours (beta-catenin-WNT-pathway)
as well as intestinal barrier function.

Clinical research projects: New diagnostic
and therapeutic options in the field of neu-
roendocrine tumours (Theranostics, Free-
hand-SPECT) in cooperation with the De-
partment of Nuclear Medicine. Ultrasound
in inflammatory bowel disease (within mul-
ti-center studies). Influence of injection so-
lution on resection status in endoscopic
polypectomy.

Research in Hepatology
(A. Geier, H. Hermanns, D. Jahn, O. Gétze, M.
Rau, J. Weiss)

Clinical research projects in Hepatology ad-
dress the pathophysiology and treatment of
chronic liver disorders with special emphasis
on metabolic liver disorders, viral hepatitis as
well as liver cancer including prospective co-
hort studies with biobanking for non-alcohol-
ic fatty liver disease (NAFLD) and liver cancer
(HCC, CCC). The NAFLD cohort is integrated
into the national NAFLD CSG research net-
work (coordinating center) and the pan-Eu-
ropean LITMUS consortium (national lead).
New research focus is the enterohepatic
functional diagnostic platform with longitudi-
nal studies investigating the predictive value
of 13C breath testing (methionin, methacetin)
in chronic liver disease and liver cancer. An
international translational research project
on liver cancer research (TRANSFER 2 study)
has been incorporated into the German Al-
liance for Liver Cancer Research (GALC).
Additional basic and translational research
projects address the role of the microbiome,
enterohepatic signalling and pro-inflammato-
ry cytokines in the pathophysiology of human
fatty liver disease and therapeutic anti-cy-
tokine strategies in murine models. Funding
is received from the European Union (IMI2
call), the German Science Foundation (DFG),
the Interdisciplinary Center for Clinical Re-
search (IZKF) and the Else-Kroner-Fresenius
Foundation (EKFS). A phase Il therapeutic in-
tervention IT in NAFLD (PINPOINT study) is
currently set up with financial support from
pharma industry.

ResearchinImmunology/Rheumatology
(H.-P. Tony, M. Schmalzing)

The research focus of the division of clinical
immunology/rheumatology in basic but also

translational research includes modulation
of the B cell-repertoire in autoimmune dis-
orders. Specific topics are the modulation of
the memory B cell-compartment by novel cy-
tokine targets. Additional topics are immune
reconstitution in patients with immunologi-
cal disorders following more intensive forms
of immune suppression such as autologous
stem cell transplantation, the development
of biomarkers for monitoring of treatment of
autoimmune disorders and the pathological
immunological regulation in systemic sclero-
sis. In the context of the Center for primary
immunodeficiencies and autoinflammation,
patient care is evaluated together with the
pediatric department.

Research in Infectiology
(A. Ullmann, H. Klinker, W. Heinz, S. Wiebe-
cke, J. Loffler, H. Einsele)

New treatment strategies in HIV-infection are
evaluated in early and phase Il trials (clinical
study center in the international HIV-study
network INSIGHT of the Institute of Health/
USA). Initiated with the DFG-funded interna-
tional Research Training Group (IRTG) 1522:
HIV -Aids and associated infectious diseases
therapeutic drug monitoring for antiretroviral
agents is performed in clinical multicenter
studies. In the antiviral treatment strategies
of chronic Hepatitis B and C the division of
infectiology is internationally recognized (nu-
merous phase II- and Ill-studies, the pharma-
cokinetics and drug monitoring of innovative
antiviral agents). An additional research fo-
cus is infections in the immunocompromised
patients with therapeutic drug monitoring of
antifungal agents and CMV-therapeutics (Le-
termovir, Ganciclovir). The group of J. Lof-
fler and A. Ullmann develops new diagnostic
strategies, risk stratification, biomarker de-
terminations and new therapeutic approach-
es for patients with invasive fungal infections.
The research is funded by the BMBF, Wil-
helm Sander-Stiftung, BaylmmuNet, EU FP7
T-Control, and the SFB/Transregio124. The
DFG research training group 2157 (A. Beil-
hack; Speaker: T. Rudel) employs innovative
3D tissue models for studying microbial in-
fections by human pathogens.

Teaching

The ,,Medizinische Klinik und Poliklinik I“ of-
fers numerous courses for medical students
and for postgraduate professional educati-
on. Prof. Dr. H. Einsele is certified trainer for
the whole field of Internal Medicine. In ad-
dition, authorized training and education is
available for the following specialties (2 years
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each): Prof. Dr. H. Einsele (Hematology/On-
cology), Prof. Dr. M. Scheurlen (Gastroente-
rology), Prof. Dr. H.-P. Tony (Rheumatology)
and Prof. Dr. H. Klinker (Infectious Diseases).
The hospital organizes numerous advanced
training courses and scientific meetings for
both physicians and patients. A web-based
teaching concept teaching concept is funded
by the Virtuelle Hochschule Bayern (VHB).
This joined project with the University Hos-
pital Regensburg with 499 users in 2017 and
> 15.000 processed cases is extremely ac-
cepted.
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CONTACT DETAILS

Professor Dr. rer. nat. Harald Wajant
(Head)

Auvera Haus

Grombiihlstr. 12

97080 Wiirzburg

Phone: 0931/201-71000

Fax: 0931/201-71070

E-mail: harald.wajant@mail.uni-wuerzburg.de
www.ukw.de /medizinische-klinik-ii/
abteilung-molekulare-innere-medizin/
team/detail /name/wajant-harald

Mission and Structure

The scientific focus of the division of Mole-
cular Internal Medicine lies i) on basic bio-
medical research and applied clinical investi-
gations in molecular immunology and onco-
logy and ii) on the preclinical development of
therapeutic antibodies and fusion proteins of
the tumor necrosis factor (TNF) superfamily
(TNFSF). Allocation of personnel includes a
scientific research position and part time se-
cretary. Further, a transitory scientific positi-
on (Rotationsstelle) is available for clinicians
of the Department of Internal Medicine Il to
temporarily pursue full time research that fits
into the framework of the division. This initi-
al option for scientific research is aimed to
enable scientifically interested clinicians to
acquire preliminary results offering a chan-
ce to achieve independent external funding.
The various research projects of the division
of Molecular Internal Medicine are currently
funded by:

¢ the German Research Foundation

¢ the Mildred Scheel Foundation for Cancer
Research

¢ the German José Carreras Leukaemia foun-
dation

e the Bavarian Ministry of Economic Affairs
(m4-award)

Major Research Interests

The main research topic of the division is the
TNFSF and the receptors of the TNF receptor
superfamily (TNFRSF). Ligands and receptors
of the TNF family are of pivotal importance in
immunoregulation, but are also of relevance
in development and the control of tissue ho-
meostasis. The division is organized in three
research groups engaged in the investigation
of clinically relevant aspects of signal trans-
duction by receptors of the TNFRSF and in
the development of therapeutic useful re-
combinant TNFSF ligand variants and anti-
TNFRSF receptor antibodies.

Research Group: Therapeutic Fusion
Proteins and Antibodies

Many ligands of the TNFSF stimulate the im-
mune system or trigger apoptosis. The po-

tential therapeutic application of these pro-
perties, however, is limited due to the se-
rious side effects that are usually associated
with systemic activation of receptors of the
TNFRSF. The research group thus develops
fusion proteins of TNFSF ligands that selec-
tively activate TNFRSF receptors locally in
the tumor areal. In one approach, the fact
is exploited that a subset of TNFRSF recep-
tors (e.g. 4-1BB, CD27, CD95, 0X40, TNFR2,
TRAILR1/2) is naturally activated by mem-
brane-bound ligands of the TNFSF, but not
by soluble, still receptor binding-competent
variants derived from these molecules. Ho-
wever, if such inactive soluble TNFSF ligands
are artificially anchored on the cell surface,
they acquire the same TNFRSF receptor-sti-
mulating activities as their natural occurring
membrane-bound counterparts. Now, the
activating effect of cell surface-immobiliza-
tion can be reached by fusing the soluble
TNFSF ligand variant genetically to a targe-
ting domain (e.g. an antibody fragment) re-
cognizing a cell surface-associated molecu-
lar structure. Utilization of targeting domains
which interact with tumor specific structures
facilitates then the anticipated favorable lo-
cal activation of TNFRSF receptors without
causing systemic side effects. It is also pos-
sible to overcome the poor responsiveness
of TNFRSF receptors to binding of soluble
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Fig. 1: The blocking, ADCC-defective Fn14-specific antibody variant 18D1 inhibits graft ver-
sus host disease (GvHD) without interference with the graft versus leukemia (GvL)-effect. (A)
Mice were lethally irradiated and reconstituted with allogeneic bone marrow cells with (GvHD
and GvL) or without (control; no GvHD and GvL) allogeneic T cells and luciferase expressing
A20 leukemic cells. Subsequently mice were treated for a week with 18D 1-dead or a control
antibody (hlgG1) and the development of the tumor cell load and GvHD were monitored. (B)
In vivo-bioluminescence imaging showed that treatment with 18D 1-dead neither affects A20
tumor cell growth (columns 1 and 2) nor the T cell-dependent Gvl-activity (columns 3 and 4).
(C) GvHD induction due to the cotransplanted allogenic T cells, however, was significantly re-
duced by treatment with 18D 1-dead (compare black and red squares).
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Fig. 2: Redundant and receptor-specific acti-
vities of the signaling proteins TRADD, RIPK 1,
FADD, Caspase-8 and TRAFZ in the signal
transduction of death receptors. Double-
headed arrows refer to protein-protein inter-
actions. Red headed arrows indicate activa-
ting/stimulating events. Red dotted blocked
lines refer to inhibitory events/effects. For
details see text. RIPK3 is a key factor for ne-
croptosis and clAP1,/2 are TRAF2-associa-
ted factors.

TNFSF ligands by secondary oligomerization
of the ligand molecules. Against this back-
ground this group also develops and evalu-
ates various scaffolds for multimerization of
TNFSF ligands and agonistic TNFRSF recep-
tor-specific antibody fragments. Primary aim
is here the development of potent TNFR2-
and CD40 specific agonists for activation of
regulatory T-cells and dendritic cells. Sustai-
ned and/or overshooting activation of recep-
tors of the TNFRSF are of crucial relevance in
a variety of diseases reaching from rheuma-
toid arthritis to cancer. The research group
“Therapeutic Fusion Proteins and Antibo-
dies” develops therefore also novel antibo-
dies and antibody formats that allow efficient
inhibition of TNFRSF receptors (e.g. Fn14) in
vivo (Fig. 1).

Research Group: Death Receptors
(D. Siegmund)

Death receptors, a subgroup of the TNFRSF
that includes CD95, TRAILR1 and TRAILR2,
were initially studied because of their strong
apoptosis inducing activity which relies on
the ability of these receptors to trigger ac-
tivation of the protease caspase-8. Over the
last years, we and others could show, how-

ever, that death receptors can also trigger an
alternative form of cell death, called necrop-
tosis, and furthermore activate pro-inflam-
matory signaling pathways. The latter is es-
pecially apparent in cells that are resistant
towards death receptor-induced apoptosis
and necroptosis. Inflammation can enhance
metastasis and angiogenesis of tumor cells.
In accordance with this fact, the group of Dr.
Siegmund showed in vitro and in vivo that in-
itial anti-tumoral effects of death receptors
are turned into mechanisms of tumor promo-
tion in apoptosis resistant tumor cells. Gen-
eral research efforts of this group are thus
aimed to characterize precise conditions,
where stimulation of death receptors leads
to enhanced metastasis and aggressive tu-
mor growth. Worth mentioning, TNF recep-
tor-1 (TNFR1) another death receptor of the
TNFRSF primarily acts as a proinflammatory
receptor and triggers cell death only under
special sensitized conditions despite using
the same singling proteins as CD95 and the
TRAIL death receptors. The research group
of Dr. Siegmund found that the qualitative-
ly complementary activities of TNFR1 ver-
sus CD95 and the TRAIL death receptors are
due to the hierarchical reciprocal use of the
common inflammatory and cytotoxic signal-
ling molecules (Fig. 2). TNFR1 recruits ini-
tially the gene inductive signalling proteins
TRADD, RIPK1 and TRAF2 and stimulates
the apoptotic proteins FADD and caspase-
8 secondarily in the cytoplasm. In contrast,
CD95 and the TRAIL death receptors recruit
and activate first FADD and caspase-8 and
stimulate secondarily a cytoplasmic complex
containing TRAF2, TRADD and RIPK1. Under
circumstances where gene induction and ap-
optosis are inhibited, all death receptors trig-
gers necroptosis, a special form of cell death,
via RIPK1-mediated activation of RIPK3 in the
cytoplasm (Fig. 2). Currently the group of Dr.
Siegmund investigates how the balance be-
tween apoptotic, necroptotic and proinflam-
matory signaling by death receptors is con-
trolled at the molecular level by TRAF2- and
RIPK1-associated regulatory proteins.

Research Group: Co-operation of TNFR1
and TNFR2

TNF, the name giving cytokine of the enti-
re TNF superfamily, occurs naturally in two
forms, as a transmembrane protein and as a
soluble factor derived thereof by proteolytic
processing. The two forms of TNF differ in
their capacities to activate the two TNF re-
ceptors TNFR1 and TNFR2. Both TNF recep-
tors can induce in a cell type-specific manner
the production of their own ligand TNF and
show counteracting, but also synergistic ef-
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fects dependent on the cell type. The precise
cellular effects of TNF are therefore depen-
dent on TNF-receptor expression, cell type,
extracellular conditions and, importantly, on
the form of TNF that was used for receptor
stimulation. Moreover, the crosstalk mecha-
nisms used by TNFR2 to control the quality
and activity of TNFR1 signaling can also be
triggered by TNFR2-related TNF receptors,
e.g. Fn14. As a consequence, such TNFR2-
related receptors can modulate the activity
of the TNFR1-TNFR2 system and adjust so
TNF responsiveness. The major concerns of
this group are the investigation of the regu-
latory principles that cause the exceptional
complexity of TNF signaling and evaluation
of the relevance of the TNFR1 TNFR2 cros-
stalk mechanisms for TNF biology and tumor
metastasis.

Teaching

Courses, colloquia, seminars and lectures
related to the research topics of the divisi-
on are offered for students of Biology and
Medicine.
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CONTACT DETAILS

Professor Dr. med. Markus Bock
(Head of the Institute)
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Mission and Structure

The Institute of Transfusion Medicine and
Haemotherapy is localized at three positions
within the hospital area. It provides

* a laboratory for blood group serology

* a laboratory for HLA-typing

* a GMP-laboratory for modification and cry-
opreservation of stem cell concentrates

* a blood bank for supplying the university
hospital with blood components

* a blood donation department (incl. autolo-
gous and allogeneic stem cells)

* a department for therapeutical apheresis,
photopheresis and immuoadsorption

* a register for stem cell donors

* aresearch laboratory

Clinical Activities

The Institute of Transfusion Medicine and
Haemotherapy supplies the university hos-
pital of Wuerzburg with all required blood
products, e.g. red cell concentrates, platelet
concentrates and fresh frozen plasma. Addi-
tionally, it is competent for the production of
autologous and allogenic stem cell concen-
trates for adult patients of the hospital. Be-
side immuno-haematological laboratory ana-
lyses (e.g. blood group serology, red blood
cell cross match, antibody screening, anti-
body differentiation) the Institute of Transfu-
sion Medicine and Haemotherapy provides
HLA-testing for the patients of the hospital
with serological and DNA-based methods. It
organizes a stem cell donor registry for the
national and international donor mediation.
In addition, the Institute of Transfusion Me-
dicine and Haemotherapy is specialized in
the enforcement of photophereses and the-
rapeutical aphereses (e.g. plasmapheresis,
immunoadsorption, cell-apheresis). Further-
more, quality assurance in haemotherapy for
the university hospital is one of the central
functions of the institute.

Major Research Interests

Molecular mechanisms of ,platelet sto-
rage lesion* and optimization of storage
conditions of platelet concentrates

Scientific efforts of the institute are focus-
ed on alterations of signal transduction cas-
cades in platelets associated with different
physical and biochemical storage conditions.
The aim is to elucidate mechanisms leading
to “platelet storage lesion” on a molecular
level. The understanding of these processes
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is an essential requirement to find appropri-
ate strategies for the optimization of storage
conditions, to improve clinical efficacy and to
avoid adverse transfusion-related events.

Two projects exploring the proteasome-de-
pendent regulation of the toll-like receptor
system in platelets are supported by DFG
grants (project leaders: Dr. Jirgen Koessler,
Dr. A. Kobsar).

Influence of therapeutic and prepara-
tive aphereses on physiological and
pharmacological conditions in human
blood

Apheresis procedures are known to be very
effective regarding intended effects (e.g. re-
duction of antibody levels) and have very low
complication rates. During apheresis treat-
ments, however, changes of blood characte-
ristics may occur potentially resulting in cli-
nical adverse events. It is, therefore, of spe-
cial interest to analyze effects on drug levels
and on protein, electrolyte or hormone regu-
lation caused by different apheresis proce-
dures. The major interest is the exploration
of effects on coagulation and platelet func-
tion, e.g. after contact of blood with artifi-
cial surfaces.

Teaching

* Main lecture “transfusion medicine”

* Lecture “Blood group serology and trans-
fusion therapy”

¢ Lecture “Immunohaematology”

e Lecture “Therapeutical and preparative

apheresis”

Lecture “Transfusion in critical situations

Lecture “Production of blood compo-

nents”

e Lecture “Stem cell transplantation: from
the donor to the transplant”

* Lecture “The HLA-system”

e Practical training “Transfusion medicine

and immunohaematology”

Practical training “Blood group serology”

Lecture “Transfusion of platelets: bioche-

mical and physiological basics”

L]
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Fig.: Activated platelets (fluorescence microscopy).

SELECTED PUBLICATIONS
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Department of Diagnostic and Interventional Radiology

CONTACT DETAILS

Professor Dr. med. Thorsten Bley
(Head of the Department)

Oberdiirrbacher Str. 6
97080 Wiirzburg
Phone: 0931/201-34001
Fax: 0931/201-634001
E-mail: Bley_T@ukw.de
www.ukw.de/radiologie

Professor Dr. med. Ralph Kickuth
Phone: 0931/201-34057

Professor Dr. rer. nat. Herbert Kostler
Phone: 0931/201-34211

Mission and Structure

The Department of Diagnostic and Interven-
tional Radiology provides the complete spec-
trum of modern radiological services at the
University Hospital of Wiirzburg including pe-
diatric radiology. 45 physicians and ten sci-
entists as well as 49 technicians work toge-
ther to ensure state-of-the-art diagnostics
and interventional radiology.

Five MRI systems (3 x 1,5T, 2 x 3T) and three
Spiral-CT scanners are available for emer-
gency patients 24 hours per day and serve
to examine over 30.300 patients annually.
Sonography is performed on roughly 10.300
patients per year with five machines. To rule
out breast cancer 3.100 female patients are
examined with mammography, ultrasound
and MRI. A further focus is the minimally in-
vasive treatment of stenosies of the vascular
and biliary system with balloon catheters or
metal stents.

Pedatric radiology offers the full imaging
spectrum ranging from premature infants to
teenagers. A strong focus is set on radiati-
on protection, ultrasound and magnetic reso-
nance imaging. Main topics of the section are
pediatric uroradiology, oncology, diagnostics
of skeletal age und pediatric malformations.
The section of Experimental Radiology is fo-
cused on developing new techniques for MR-
spectroscopy and MR-imaging in close-knit
interdisciplinary partnership with special em-
phasis on functional cardiovascular and tho-
racic examinations.

The Department of Diagnostic and Interven-
tional Radiology offers postgraduate training
in Radiology including the subspecialty of Pe-
diatric Radiology.

Major Topics of Research

Cardiovascular Imaging
(Th. Bley, H. K&stler, T. Wech, T. Gassenmaier,
B. Petritsch, A. Weng, A. Kosmala)

The assessment of functional and metabolic
parameters and tissue characterization are
the foci of cardiac high field MR imaging. In
cooperation with the DZHI and under funding
of the BMBF, the interactions between myo-
cardial edema, myocardial perfusion defects
and myocardial necrosis are investigated in
patients with myocardial infarction. Artificial
intelligence algorithms are evaluated regard-
ing their possibilities concerning the analy-
sis of cardiac MR scans. Furthermore, sodi-
um content of skeletal muscle and myocar-
dium is quantified in patients suffering from
hyperaldosteronism using high-field sodium
MR imaging.

72

Another research project aims to improve
the MR diagnosis of giant cell arteritis (DFG
grant). A comprehensive characterization of
inflammatory changes of the arterial vessel
lumina and the vessel wall of the head, neck,
chest, and abdomen will be developed using
new MRI methods.

Novel MR Methods
(H. Kostler, T. Wech, A. Slawig, S. Veldhoen,
A. Weng)

New methods are being developed to accele-
rate MRI of the human heart and lungs with
funding by the DFG. Quantification of fat con-
tent, fast mapping of relaxation parameters
and artefact reduction in fast imaging are ad-
ditional topics. For these projects, we apply
techniques using non-Cartesian data acqui-
sition and reconstructions with prior know-
ledge.

MRI of the lungs
(S. Veldhoen, A. Kunz, C. Kestler, C. Wirth, A.
Weng, H. Kdstler, Th. Bley)

To date, the use of radiation and/or intrave-
nous contrast agents is necessary to obtain
site-resolved information on lung perfusion
and ventilation. The SENCEFUL sequence
(Selfgated Non-Contrast-Enhanced Func-
tional Lung imaging) provides this informa-
tion as part of a magnetic resonance imag-
ing protocol in free breathing and without the
use of contrast agents. This technique is be-
ing evaluated in clinical use within a research
project funded by the DFG.

Dual Energy CT / Cardiac CT Imaging
(B. Petritsch, A. Kosmala, T. Gassenmaier, A.
Weng, H. Kdstler, Th. Bley)

In cooperation with the Department of Inter-
nal Medicine II, the potential of dual energy

Fig. 1: Normal appearance of the spine in
standard CT (a). MRI reveals multiple fo-
cal Myelom manifestations (b; bright) which
are also detected in the Dual-Energy CT (c;
green).
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Fig. 2: Coronal view of Dual-Energy lodine
map demonstrating a peripheral perfusion
defect (arrow) in a patient with segmental
pulmonary embolism.

CT to improve the detection of Myelom le-
sions, especially in the meaning of different
infiltration patterns (Fig. 1). Moreover Dual
energy computed tomography (CT) is used
for assessment of bone marrow edema in
occult fractures.

The variation of the coronary calcium score
(Agatston score) as a function of tube-volt-
age and tube current on a 3rd generation
dual-source CT is evaluated in a phantom
(QRM-phantom) and ex-vivo (explanted hu-
man hearts) study. In addition, the impact
of new iterative reconstruction algorithms
is investigated. Moreover different cardiac
CT-protocols are evaluated regarding image
quality and radiation dose.

In a cohort with patients suffering from (sus-
pected) pulmonary embolism, the possibili-
ties of DECT regarding the detection of per-
fusion deficits (Fig. 2) and potential savings
in radiation dose are evaluated.

Interventional Radiology
(R. Kickuth, A. Augustin, F. Fluck, N. Rickert)

Actually, there is a close cooperation with
the Medical Department Il (section hepatol-
ogy) concerning the evaluation of the impact
of transarterial chemoembolization (TACE)
on dynamic liver function by means of 13C-

methacetin breath test in patients with he-
patocellular carcinoma. With regard to this
topic, it is not clear if there is a difference be-
tween conventional TACE (cTACE) and TACE
with grug-eluting beads (DEB-TACE). Within
this interdisciplinary project, the evaluation
of dynamic liver function is also regarded to
be transferred to other therapeutic proce-
dures like selective internal radiotherapy or
chemosaturation percutaneous hepatic per-
fusion in the treatment of primary or second-
ary liver tumors.

Pediatric Radiology
(Th. Bley, H. Kostler, S. Veldhoen, A. Weng,
C. Benoit)

Whole-body MR procedures, including diffu-
sion weighted imaging in inflammatory and
oncological diseases are developed in inter-
disciplinary projects. Ultrasound-based tis-
sue elastography is analyzed for thyroid
and liver diseases. Other interdisciplinary
projects include long-term studies of con-
trast agent safety in ultrasound and morpho-
logical changes in hypophosphatasia under
enzyme replacement therapy.

MR mammography of pathologies of
the female breast
(S. Sauer, T. Pabst, A. Weng)

Aiming to improve specificity of MR-mam-
mography, high temporal resolution 3T-MRI
techniques for visualization and quantifica-
tion of contrast agent enhancement and fat
saturation imaging methods of the breast are
performed.

Magnetic Particle Imaging (MPI)
(S. Herz, P. Vogel, S. Veldhoen, R. Kickuth,
Th. Bley)

MPI is a new, fast and sensitive tomographic
imaging modality to visualize the spatial dis-

Fig. 3: MR image of the lungs of a patient with congenital lobar emphysema in the left upper
lobe (left), determination of the gas ratio (middle) and ventilation (right). The elevated gas ra-
tio and the reduced ventilation in the upper part of the left lung can be clearly seen.
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tribution of superparamagnetic iron-oxide
nanoparticles. It has the potential to over-
come limitations of established cross-sec-
tional imaging modalities and might play a
crucial role in moving towards radiation-free
real-time cardiovascular imaging technology.
Our research focuses on experimental MPI-
guided angioplasty techniques and the deve-
lopment of MPI-suitable endovascular instru-
ments and stents in cooperation with the De-
partment of Experimental Physics V of the
University of Wiirzburg.

Teaching

The Department of Diagnostic and Interven-
tional Radiology conducts lectures on radi-
ology for medical students, as well as inter-
disciplinary courses for scientists and schoo-
ling for radiological technicions at the local
Berufsfachschule. Regular sessions for con-
tinued medical education for physicians are
organized.

In close cooperation with the institute of
medical education and research in medical
education scientific projects are scheduled
concerning the restructuring of the seminar
“interventional Radiology”. In general, those
projects are targeted on the continuous im-
provement of medical education by offering
“hands-on-projects”

SELECTED PUBLICATIONS

Herz S, Vogel P, Kampf T, Riickert MA, Veldhoen
S, Behr VIC, Bley TA. (2018) Magnetic Particle Im-
aging for Quantification of Vascular Stenoses: A
Phantom Study. IEEE Trans Med Imaging 37:61-67.

Kosmala A, Weng AM, Heidemeier A, Krauss B,
Knop S, Bley TA, Petritsch B. (2018) Multiple My-
eloma and Dual-Energy CT: Diagnostic Accuracy
of Virtual Noncalcium Technique for Detection of
Bone Marrow Infiltration of the Spine and Pelvis.
Radiology 286:205-213.

Petritsch B, Kosmala A, Weng AM, Krauss B, Hei-
demeier A, Wagner R, Heintel TM, Gassenmaier T,
Bley TA. (2017) Vertebral Compression Fractures:
Third-Generation Dual-Energy CT for Detection of
Bone Marrow Edema at Visual and Quantitative
Analyses. Radiology 284:161-168.

Slawig A, Wech T, Ratz V, Tran-Gia J, Neubauer H,
Bley T, Kdstler H. (2017) Multifrequency recon-
struction for frequency-modulated bSSFP. Magn
Reson Med 78:2226-2235.
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trast-enhanced Functional Lung MR Imaging for
Quantitative Ventilation Assessment in Patients
with Cystic Fibrosis. Radiology 283:242-251.




Department of Diagnostic and Interventional Neuroradiology

CONTACT DETAILS

Professor Dr. med. Mirko Pham
(Head of the Department)

Josef-Schneider-Str. 11

97080 Wiirzburg

Phone: 0931/201-34790

Fax: 0931/201-34803

E-mail: a-neuroradiologie@ukw.de
www.ukw.de/neuroradiologie

Mission and Structure

With the appointment of Prof. Dr. M. Pham
in 10/2016 the Chair of Neuroradiology
was founded. The discipline of Neuroradio-
logy provides endovascular procedures for
the diagnosis and therapy of neurovascular
disorders including vascular disorders of the
brain, the head-neck region and the spine in-
cluding the spinal cord. The clinical effective-
ness of neuroradiological endovascular pro-
cedures has become particularly strong in
the treatment of acute ischemic stroke and
in the minimally-invasive treatment of cere-
bral aneurysms. Mechanical embolectomy/
thrombectomy in acute ischemic stroke due
to large-vessel-occlusion is typically perfor-
med via transfemoral access and is one of
the strongest available treatments for acu-
te circulatory-vascular disorders. The inter-
ventional stroke service of the Department
of Neuroradiology is organized within TRAN-
SIT, the regional network of stroke care. The
spectrum of endovascular procedures regu-
larly comprises also other acute and electi-
ve interventions targeting the vessels of the
supraaortal region (vascular stenosis, vascu-
lar malformations as for example AV-Fistu-
las, dural AV-Fistulas, cerebral arteriovenous
malformations). The diagnostic procedures
typically performed by the neuroradiologi-
cal service are characterized by a growing
organ- and disease specific technological-ra-
diological degree of development.

The experimental and clinical-scientific fo-
cus of the Department of Neuroradiology at
UK Wirzburg Campus on the one hand is as-
sociated with the continuous and dynamic
technological innovations in the field of ma-
gnetic-resonance-imaging and computed-to-
mography. On the other hand, own research
is dedicated to topics such as high-resoluti-
on imaging methods for diseases of the Peri-
pheral Nervous System (see Figure, funding
within the SFB 1158 in close collaboration
with Profs. N. Uceyler and C. Sommer of the
Dept. of Neurology). Translational research
focuses on clinical stroke and its experimen-
tal models. We have developed key endovas-
cular methods for the observation of cellular
and molecular processes during the hypera-
cute stage of ischemic brain injury (funding
within the transregio SFB 240, Speaker Prof.
Dr. B. Nieswandt, project collaboration with
Prof. Dr. G. Stoll and Dr. M. Schuhmann of
the Department of Neurology. Other inter-
disciplinary scientific topics include the clo-
se collaboration with the partner disciplines
in the Kopfklinik-environment (particularly
Neurology, Neurosurgery, ENT, Ophthalmo-
logy and Radiation Therapy) in the fields of
functional MR-Imaging, imaging of neurode-
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generative and neurovascular disorders. The
close collaboration particularly with the Sec-
tion of Pediatric Neurosurgery and Pediatric
Neurooncology defines another clinical-sci-
entific and diagnostic focus of the Depart-
ment.

Staff:

3 Senior-/Consultant Neuroradiologists
13 Physiciancs with fellow-status

16 Radiology-Technicians

4.5 Physician-Scientists

4 student research assistants

2 MR physicists.

Equipment:

3 MRI, 1 Multislice CT

1 MRI operated jointly in the Pediatric Cli-
nic with the Department of Radiology (Prof.
Bely)

2 Fluoroscopy/Angiography-Units for Neuro-
endovascular Interventions

2 CR Units for conventional X-ray studies

Major Research Interests

Neuroimaging
(G. Homola, T. Kampf)

As part of the Comprehensive Heart Failu-
re Center (CHFC) Wirzburg we focus on re-
search and treatment of heart failure. Struc-
tural and functional consequences of chro-
nic heart failure in the brain are investigated
in animal models and long-term studies. The
project area F2/HB.4 is a joint venture with
the neurology and cardiology. Research in-
cludes innovative imaging methods without
applying contrast agents (ASL), as well as dif-
fusion and perfusion protocols. Voxel-based
statistics and volumetric analysis of individu-
al brain regions are also performed. In coo-
peration with the Research Center for Mag-
netic Resonance Bavaria (MRB) we explore
quantification of MR relaxation times for im-
proved diagnosis of neurodegenerative dis-
orders like Multiple sclerosis (MS, cf. Fig.).
Third-party funded by the German Research
Foundation (Deutschen Forschungsgemein-
schaft, DFG).

Neurooncology
(A. Stock, B. Bison)

The neuroradiological reference site for HIT-
Studies is located in the Department of Neu-
roradiology and serves all German multi-
centric, pediatric neurooncological studies.
Classification of different stages of the di-
sease is the basis for treatment recommen-
dations. Reference staging is an inclusion cri-
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Fig.: One of the research topics to which the
Department of Neuroradiology is dedicated
deals with high-resolution nerve imaging. On
this representative image fine details of ner-
ve-fiber-bundle lesions are visualized which
so far have remained elusive by any other di-
agnostic method including clinical-neurophy-
siological testing.

terion for most of the pediatric brain tumor
studies. New methods and treatment con-
cepts are permanently discussed, explored
and designed with the national and interna-
tional reference centers, ensuring standar-
dized guidelines for the imaging of children
with brain tumors. Third-party funded by the
German Child Cancer Foundation (Deutsche
Kinderkrebsstiftung).

Pediatric Neuroradiology
(A. Stock, B. Bison)

Close collaboration with the Division of Pedi-
atric Neurosurgery in imaging, diagnosis and
treatment of CNS neoplasms, spinal and va-
scular malformations.

Experimental MR Imaging
(G. Homola, T. Kampf)

Exploration of new in vivo imaging methods
of vascular diseases in close cooperation
with the Department of Neurology. Special
coils, optimized MR sequences und contrast
agents with altered molecular structure are
applied. Furthermore, the impact of meta-
bolic disorders on the CNS is examined by
multimodality imaging techniques. Plasticity
of the auditory system related to vestibular
schwannoma is analyzed by diffusion tracto-
graphy and diffusion tensor imaging (DTI) in
collaboration with the Department of Neuro-
surgery. The latter funded by the Interdisci-
plinary Center of Clinical Research Wiirzburg
(IZKF).

Functional and Diffusion-MR-Imaging,
MR-Spectroscopy
(G. Homola)

Joint research projects with the Department
of Neurosurgery, the Department of Neuro-
logy and the Clinic for Psychiatry as well as
the Department of Neuroradiology of the
University of Heidelberg and the Radiology
Bamberg. Exploration of the link between
structure and function in the human brain
on the basis of cognitive facial age proces-
sing by probabilistic tractography of diffu-
sion data and by calculating spatial cross-
correlations. We relate fMRI activation pro-
babilities and structural connectivities in
presurgical language mapping to assist in-
traoperative neuronavigation with the view
to preserve functionally vital cortical areas
and fiber tracts from surgical damage. Cha-
racterization and quantification of neuronal
resting-state networks by fMRI. Improving
in vivo magnetic resonance spectroscopy
(MRS) and quantified perfusion techniques
in malignant brain tumors. In close collabo-
ration with the Department of Psychiatry,
Psychosomatics and Psychotherapy as well
as the Department of Child and Adolescent
Psychiatry we explore the neurobiology of
the attention network in anxiety and anxiety
disorders. The latter funded by the Interdis-
ciplinary Center of Clinical Research Wiirz-
burg (IZKF).

Interventional Neuroradiology -
Vessel-occlusive Therapies
(A. Kollikowski, D. Engel, M. Pham)

Endovascular treatment of vascular malfor-
mations and highly-vascularized tumors in
international and national studies. Optimi-
zation of embolization materials and -tech-
niques. Research on effective therapeutic
approaches on large cerebral aneurysms.

Interventional Neuroradiology -
Vessel-recanalizing Therapies
(A. Kollikowski, D. Engel, M. Pham)

Improvement of the effectiveness of vessel
recanalization. Examination of pharmacolog-
ical and mechanical recanalization.Interven-
tional treatment of acute strokes with new
stent-based methods. Diagnostics and inter-
ventional treatment of vasospasms after sub-
arachnoidal hemorrhages.
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Teaching

The Department of Neuroradiology offers
students of the University of Wiirzburg a wide
range of lectures and courses within the radi-
ological and neuroradiological teaching. The
head of the department is authorized to full
neuroradiological training (3 years). The de-
partment is actively engaged in the educati-
on of Bachelor, Master and PhD students.

SELECTED PUBLICATIONS

Bédumer B, Kele H, Xia A, Weiler M, Schwarz D,
Bendszus M, Pham M. (2016) Posterior interosse-
ous neuropathy: Supinator syndrome vs fascicular
radial neuropathy. Neurology 87:1884-1891.

Godel T, Pham M, Heiland S, Bendszus M, Béu-
mer P. (2016) Human dorsal-root-ganglion per-
fusion measured in-vivo by MRI. Neuroimage
141:81-87.

Hoffmann A, Pfeil J, Alfonso J, Kurz FT, Sahm F,
Heiland S, Monyer H, Bendszus M, Mueller AK,
Helluy X, Pham M. (2016) Experimental Cereb-
ral Malaria Spreads along the Rostral Migratory
Stream. PLoS Pathog 12:¢1005470.

Kampf T, Sturm VJF, Basse-Lisebrink TC, Fischer
A, ..., Pham M, Stoll G, Jakob PM. (2019) Improved
compressed sensing reconstruction for 19F mag-
netic resonance imaging. MAGMA doi: 10.1007/
§10334-018-0729-1. [Epub ahead of print].

Kollikowski AM, Amaya F, Stoll G, Millges W,
Schuhmann MK, Pham M. (2018) Impact of land-
mark endovascular stroke trials on logistical per-
formance measures: a before-and-after evaluati-
on of real-world data from a regional stroke sys-
tem of care. J Neurointerv Surg pii: neurintsurg-
2018-014286. [Epub ahead of print].




Department of Nuclear Medicine

CONTACT DETAILS

Professor Dr. med. Andreas K. Buck
(Head of the Department)

Oberdiirrbacher Str. 6

97080 Wiirzburg

Phone: 0931/201-35001

Fax: 0931/201-635000
E-mail: buck_a@ukw.de
www.ukw.de/nuklearmedizin

Professor Dr. med. Takahiro Higuchi
Phone: 0931/201-35455

Professor Dr. rer. nat. Michael Lassmann
Phone: 0931/201-35410

Professor Dr. rer. nat. Samuel Samnick
Phone: 0931/201-35080

Mission and Structure

The Department of Nuclear Medicine em-
ploys unsealed radioactive tracers for re-
search purposes, education, diagnosis and
therapy of a multitude of diseases. Using
2 PET/CT systems, 3 gamma cameras, 2
SPECT/CT, 3 ultrasound devices, 1 bone
densitometer and 1 whole body counter, ap-
proximately 16,000 examinations are per-
formed annually. In addition, more than 750
in-patients and 200 out-patients are treated
with radioactive isotopes.

The Division of Experimental Nuclear Medi-
cine and Radiochemistry operates a cyclo-
tron to produce the PET-radioisotopes 'F,
G, 0, ®N and "l in fully equipped and
GMP-certified radiochemical/radiopharma-
ceutical laboratories. Full nuclear medicine
specialist training is available.

Major Research Interests

Radiochemistry / Radiopharmacy
(AG Samnick / Schirbel)

Translational research is supported by pro-
viding innovative imaging biomarkers for mo-
lecular imaging with PET/CT and SPECT/CT
as well as radionuclide based therapies. On
a daily basis, up to 20 different tracers are
provided. Besides clinical applications, the
following interdisciplinary research projects
could be initiated or supported: SFB/TRR
205 ,Adrenal research® (DFG), ,,FDG-PET

and lodo-Metomidate Imaging for Adreno-
cortical Tumors (FAMIAN)* (DFG), ,Forsc-
hungsverbund Tumordiagnostik fir Individu-
alisierte Therapie“ (BFS), IFB ,,Prevention of
heart failure and its complications® (BMBF),
~1herapy unit multiple myeloma“ (Wilhelm
Sander-Stiftung), ,,Clinical Evaluation of |-
PET/CT in thyroid cancer® (Krebshilfe), ,Im-
aging Dyskinesia in People with Parkinson’s
Disease” (Michael J. Fox Foundation), and
»Imaging of molecular biomarkers for clini-
cal heterogeneity and disease progression in
Parkinson “s disease” (IZKF).

Cardiology / pre-clinical imaging
(AG Higuchi / Werner)

A high number of imaging biomarkers are uti-
lized in translational research projects based
on YPET and pSPECT. A variety of research
projects have been initiated in the past 3
years, addressing cardiac innervation, perfu-
sion and metabolic processes such as car-
diac regulation of the angiotensin Il type 1
receptor. A further key aspect includes the
development of novel F18-labelled PET-radio-
tracers and their characterization using cell
uptake assays, ex-vivo analysis and in-vitro
imaging. Regulation of the cardiac glucose
turnover in type 2-diabetes, studies on the
cardiac remodeling after myocardial infarc-
tion and imaging of hypertrophic cardiomy-
opathy in an autoimmune rat model are fur-
ther projects addressed. The working group
of Prof. Higuchi is supported by DFG, BMBF
and the European Union.
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Fig.: Planning of a radioligand based therapy (RLT) in advanced multiple myeloma. Dosimetry
shows preferential and long-term retention of 177L.u-CPCR4-2 in bone tumors, facilitating ef-
fective tumor cell kill and bone marrow eradication prior to stem cell transplantation.
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Medical Physics / Radiation Safety /
Biodosimetry
(AG Lassmann)

On-going research projects include radiation
protection, internal dosimetry, the combina-
tion of biodosimetry with physical dosimetry
as well as improvement of methods for do-
simetry after radionuclide therapies. Partici-
pation in the European project “MRT Dosim-
etry” enables further improvement of quan-
titative imaging and absorbed dose calcu-
lations. Aim of this project is the standard-
ization of dosimetry in nuclear medicine.
The DFG-sponsored project “Comparison
of physical and biologic DNA dosimetry af-
ter treatment with radionuclides”, initiated in
2012, was finished successfully by the end
of 2018. This research project is a collabo-
ration project with the Bundeswehr Institute
of Radiobiology. In this project, the induction
and repair of DNA double strand breaks in
human lymphocytes is assessed. In 2017, the
EU funded project MEDIRAD has been initi-
ated. Aim of this project is the assessment
of patient specific absorbed doses in organs
and tissues after radioiodine therapy, based
on quantitative imaging.

Clinical Oncology
(AG Buck / Lapa)

For clinical research, imaging biomarkers of
glucose metabolism (®F-FDG), lipid metab-
olism ("C-choline) and protein biosynthesis
/ amino acid transport (®F-FET, "C-MET)
are available. In addition to established ra-
diotracers, new peptide based ligands have
been introduced to clinical practice. With the
PET tracers ®Ga-PSMA and %Ga-CXCR4-2,
in-vivo imaging of the prostate specific mem-
brane antigen (PSMA) or the chemokine re-
ceptor 4 (CXCR4) can be performed. *Ga-
FAPI is used for the visualization of fibroblast
activating protein expression. In addition,
peptide based radioligands have been used
for radionuclide based therapies. In Wirz-
burg, the 15t CXCR4-directed RLT in multiple
myeloma has been performed using "7Lu-
Pentixather as the theranostic compound.
In addition, treatment of advanced prostate
cancer using "’Lu-PSMA has been estab-
lished.

Preclinical Cancer Imaging
(AG Stolzenburg)

The group is interested in identifying and
characterizing key processes of tumor bio-
logy including heterogeneity of cancer. In a
translational approach, highly promising bi-

omarkers for molecular imaging are used in
preclinical models to study a potential role
in cancer imaging, response assessment and
as prognostic marker. The aim is to select the
most appropriate therapeutic regimen based
on molecular imaging. A further focus lies on
the establishment of novel theranostic con-
cepts. For this purpose, membrane proteins
on the cellular surface are utilized for targe-
ted radionuclide therapies.

Neurology / Psychiatry
(AG lIsaias, Samnick, Brumberg)

Functional imaging of the brain using innova-
tive radiotracers such as '2I-5|A, "C-Methyl-
reboxetin and ®F-Fallypride is performed in
close collaboration with the Department of
Neurology. Prof. Isaias is the leader of the
research group “Imaging of Molecular Bio-
markers for Clinical Heterogeneity and Di-
sease Progression in Parkinson’s Disease”,
which is funded by the IZKF (F-255). Aim of
this project is the assessment of the clinical-
pathological connection in Parkinson’s Di-
sease based on novel, multiparametric ima-
ging (PET, SPECT). In addition, further ima-
ging modalities such as MRI and high-density
EEG are considered.

Thyroid / Endocrinology
(AG Biko, Schirbel, Buck)

Thyroid cancer represents the major interest
of clinical research. In collaboration with the
CCC Mainfranken, a regional tumor regist-
ry has been established. The Department of
Nuclear Medicine supports ongoing phase-llI
studies for thyroid cancer (e.g. E7080). In pa-
tients with cancer of the adrenal gland, the
radiotracer '?*l-lodmetomidate is now incre-
asingly used. This tracer accumulates in the
tumor tissue based on specific expression of
11B-hydroxylase. Research projects perfor-
med together with members of the Depart-
ment of Endocrinology (e.g. FAMIAN) have
been funded by the DFG since 2013.

WHO REMPAN-Center
(AG Reiners, Schneider, Buck)

In 2017, the WHO Collaboration Center REM-
PAN (Radiation Emergency Medical Prepa-
redness Assistance Network) has been new-
ly accredited by the WHO. Major focus is the
further development and organization of me-
dical care in case of radiation emergencies.
In addition, the WHO is supported in case of
radiation emergencies. In this context, the
REMPAN Center has actively contributed to
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a novel guideline of the International Agency
for Research on Cancer regarding long-term
strategies for thyroid monitoring after nucle-
ar accidents.

Teaching

Teaching of students is coordinated together
with the Institute for Diagnostic and Interven-
tional Radiology and the Department of Radi-
ation Oncology. In addition, the Department
of Nuclear Medicine participates in interdisci-
plinary lectures (i.e., “Interdisciplinary Onco-
logy”, “Communication in Oncology”). Lectu-
res at a local technical school are performed,
as well as dedicated programs for assistant
medical doctors. Since 2016, Nuclear Medi-
cine is actively involved in the degree pro-
gram “Translational Neurosciences .
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General Information

The Dept. of Radiation Oncology (staff: 18
physicians, 13 medical physicists, 19 radio-
graphers, 16 nurses) uses 4 linear accelera-
tors (including IGRT by means of cone beam
CT) and an afterloading unit for remote con-
trolled inserts of radioactive sources. Pati-
ents are treated in a policlinic department,
in a ward with 20 beds and in a day care unit
with 12 treatment places. The division of pal-
liative care of the university hospital with ad-
ditional 10 beds is linked to our department
(4 physicians, 14 nurses 1 psycho-oncolo-
gist). Spiral-CT, ultra sound, as well as exa-
minations with MR-tomography in co-opera-
tion with the Institute of diagnostic radiology
and PET-CT scans at the nuclear medicine
department provide the anatomical and phy-
sical data base for computerised treatment
planning. Radiation planning, dose calculati-
ons and the calibration and quality assuran-
ce of the treatment units are carried out by
the section of medical physics. About 2200
patients are treated annually. By means of
the day care unit it is possible to avoid hos-
pitalisation even in more intensive parts of
the treatment, e.g. during concurrent che-
motherapy. In addition to the typical spec-
trum of radiation therapy, intra- and extra-
cranial radio surgery, total body irradiation
before stem cell transplantation, contact ir-
radiation for tumours of the eye and intersti-
tial brachytherapy of tumours in the head and
neck, prostate, mamma and of the extremi-
ties are provided.

Major Research Interests

Development of highly conformal treat-
ment techniques

The optimisation of the temporal and spatial
dose distribution, aiming to concentrate the
impact at the tumour tissue and concurrently
sparing nearby organs at risk is the general
objective of our research.

Further developments of stereotactic treat-
ments in the region of the body, of inverse
planning techniques, the integration of tem-
poral and spatial uncertainties and of func-
tional imaging are undertaken.

Medical Physics
(0. Sauer)

The medical physics group supports the de-
velopment of new concepts for radiation on-
cology and guarantees for their safe appli-
cation. Treatment planning, i.e. optimizati-
on and calculation of dose distributions and

laser-scanning
microscopy

cell nucleus

dSTORM

cell nucleus

quality assurance of the irradiation facilities,
as well as of individual treatment plans be-
longs to the core responsibilities. Additional-
ly, further developing personalized medicine,
image guidance is of increasing importance.
Research concerns image guided radiothe-
rapy (IGRT), optimisation and adaptation of
intensity modulated radiation therapy (IMRT)
and dosimetry of ionising radiation. Topics
are: - computation of tomographic images
with the patient in treatment position, - tra-
cking of moving targets, - adaptation of inten-
sity modulated radiotherapy and of fast appli-
cation methods like volumetric arc therapy
(VMAT), - development of non-coplanar tech-
niques for the body region, - virtual isocen-
ter, dose measurement and dose calculation
under non-equilibrium conditions, especially
for small fields and online dosimetry (Fig.2).

Radiation Biology
(T. Djuzenova)

Our radiobiological laboratory (2 scientists, 2
technicians, 1 grant position) is appropriately

laser-scanning
microscopy

200 nm

dSTORM

200 nm

Fig. 1. Representative fluorescence images of glioblastoma cell line DK-MG (a, b - confocal
LSM with the resolution of ~ 200 nm, ¢ and d - superresolution dSTORM with the resolution
of 720 nm). Cells were irradiated with 2 Gy, fixed 30 min post-irradiation and immonostained
for the DNA DBS marker - histone H2AX (Sisario, Memmel et al., 2018).

78



Center for Radiology (ZRAD)

T ™ T
iand Dcede 80012
Dricatia 80017
¥ e +—PED
E! i +-- Dioda 50008
2 \ Dicde 50010
] \ '|II +— macrolhamond
2 i EDGE
£ N PP
= IR
& 110 g
& ¥
3 gy =
¥ *"-u..

- - .__ x
R = sty S

e

10 15 = 40 B3 AD 100

Sailenldngs des Feldes [mm]

Fig. 2: Response of different detectors to
Scattered radiation only in relation to the re-
sponse of EBT3-film. The detectors were po-
sitioned centrally in 10 cm depth in water,
where the primary radiation was blocked with
a steel rod.

equipped to carry out basic research on the
biological effects of ionizing radiation (IR) in
human tumor cells. During the last 2 years
we extended our earlier experiments to ana-
lyze the structure and the repair mechanisms
of DNA double-strand breaks (DSBs). Induc-
tion of DNA DSBs by IR leads to formation of
micrometer sized DNA-repair foci of the his-
tone dH2AX, a marker of DSBs (Fig. 1a, b),
whose organization on the nanometer-scale
remains unknown because of the diffraction
limit (~200 nm) of conventional microscopy
(Fig. 1b). Therefore we applied the diffrac-
tion-unlimited, direct stochastic optical re-
construction microscopy (dSTORM) with a
lateral resolution of ~20 nm to gain an in-
sight into the nanostructure of DNA repair
foci (Fig. 1c). We found (Sisario, Memmel et
al., 2018) that a single 8H2AX focus consists
of distinct circular subunits (“nanofoci”) with
a diameter of ~45 nm (Fig. 1d).

In addition, within the scope of a grant from
the Deutsche Krebshilfe we studied the mi-
gration of different glioblastoma multifor-
me cell lines. We found striking differences
not only in the migration pattern among the
cell lines studied but also in their migrato-
ry response to the dual PI3K and mTOR in-
hibitor PI-103 (Memmel et al., 2017). Thus,
we found that PI-103 inhibited migration of
DK-MG (p53 wt, PTEN wt) but not of SNB19
(p53 mut, PTEN mut) cells probably due to an
aberrant reactivation of the PI3K pathway in
SNB19 cells treated with PI-103.

Palliative Care
(B. van Oorschot)

In addition to individual projects on the pal-
liative care unit for the identification of pati-
ents with delir, regarding palliative sedation

and advanced care planning, palliative care
need assessment with subsequent targeted
and needs-oriented interventions is a major
research focus. A electronically screening
based on the nursing anamnesis and the
self-assessment sheet in radiation oncology
is currently being validated, accompanied by
2 prospective randomized intervention stu-
dies (empowerment study, fatigue interventi-
on). Another study deals with the identifica-
tion of frail older radiotherapy patients (frail-
ty project).

Clinical trials and
quality assurance

The department is engaged in conception
and realisation of radiation therapy in natio-
nal and international therapy studies for head
and neck tumours and lung cancer. Two ran-
domized multi-center studies on laryngeal /
hypopharyngeal cancers (Delos-2 trial) and
on combined radio-chemotherapy in locally
advanced lung cancer (GILT-CRT trial) have
been successfully completed and published
in 2016 and 2018. Our department is invol-
ved ininternational consortia on dose escala-
ting high-precision radiotherapy (ELEKTA Spi-
ne group, SBRT working group of the DEGRO)
and in brachytherapy within the GEC-ESTRO
breast working group. The department provi-
des a dedicated study center, which is equip-
ped with a medical doctor and a study nurse.
Having this infrastructure, we have been able
to increase our trial activities and to publish
the data from large phase Il /1ll trials in pros-
tate, breast and rectal cancer in leading on-
cology journals.

The chairman of the department is hea-
ding the “Arztliche Stelle § 83 StrISCHV” of
the Bavarian State Medical Chamber and is
member of the Radiation Protection Commis-
sion at the federal ministry of environment.
An additional activity is palliative radiation
oncology. Currently studies concerning ade-
quate access to specialized palliative care
and quality of life during end of life care are
conducted.

Teaching

Apart from the obligatory courses on radiolo-
gy the working groups give classes and hold
seminars for residents, medical physicists
and biologists. PhD, MD, master and bache-
lor thesis are supervised.
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Mission and Structure

The Woman’s Hospital (bed capacity of 85,
35 doctors, 74 nurses, 27 midwives, 7 assis-
tant medical technicians) has two obstetrical
and three gynecological wards, 5 labours and
delivery rooms and a Level | Perinatal Cen-
ter with 8 neonatal intensive-care beds, three
operating rooms of most modern standards,
an operating room for caesarean sections, an
intermediate-care unit, outpatient clinics for
gynecology and obstetrics, gynecological on-
cology, breast cancer, dysplasias of the cer-
vix, child and adolescence gynecology, uro-
gynecology, endocrinology and reproductive
medicine, prenatal diagnostics. There are la-
boratories cytology and reproductive medici-
ne with andrology. Programs include a midwi-
fery school. In the women’s clinic are also
department of the Clinic for Radiation The-
rapy (external radiation; brachytherapy) and
the Institute of Radiology (mammography, va-
cuum biopsy) and the Department of Anaes-
thesiology (pain ambulance).

Per annum, approximately 2,500 operations,
1,900 deliveries, 5,900 DRG cases, 25,000
outpatient therapies (of which 1,800 were
chemotherapies) have been performed.
Centers of the clinic are: The interdisciplina-

ry treatment of gynecological cancers, inclu-
ding breast (certified breast center), the cen-
ter for hereditary breast and ovarian cancer,
the treatment of urinary incontinence and
pelvic floor dysfunction, care of risk preg-
nancies and infertility treatment including in
vitro fertilisation.

Major Research Interests

Research Group “Oncological

Care Research”

(A. Wockel, T. Stiber, J. Diessner, R. Stein,
C. Bartmann)

The research group ,Oncological Care Re-
search® deals with projects of the BRENDA
Study group. These are large cohort studies,
in which the survival data of patients with pri-
mary breast carcinomas are analyzed. The
aim of these ongoing observational studies
is to determine the influence of a guideline-
compliant treatment of breast cancer on rel-
evant endpoints such as recurrence-free sur-
vival and overall survival. Furthermore, current
treatment recommendations can be checked
or validated under everyday conditions in this
collective and in defined subgroups. There-
fore, this analysis complements the results
from prospective clinical treatment trials. In
addition, based on prospective study mod-
els, we try to identify factors that may lead
to a modification of the therapy in the health
care reality. These include in particular the
impact of somatic and mental comorbidities,
age, and toxicities of systemic therapies. A fu-
ture focus will be the development and valida-
tion of patient-relevant outcome parameters
in patients with metastatic disease.

Research Group: “Physiology and
Pathophysiology of Angiogenesis,
Migration, Infiltration and Cell Adhesi-
on in the Female Reproductive Tract”
(C. Wulff, S. Lob, S Herbert, A. Fick)
Although endometriosis is a benign disease,
it behaves comparable to ovarian cancer re-
garding spread into the abdominal cavity. In
both cases, cells implant at the peritoneum
by cell adhesion, migration, proliferation and
angiogenesis. The research group examines
the molecular regulation of these processes,
especially by studying potential target regu-
lators such as VEGF, Renin-Angiotensin and
their receptors or the so called magic rounda-
bouts Robo/Slit, different cell adhesion pro-
teins or hormones. The aim of the scientific
program is to identify key regulators of the
above processes in both endometriosis and
ovarian cancer, and to discover similarities or
differences in both diseases. We are about to
establish a 3D peritoneal model, in which sig-
nalling pathways will be studied.
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Research Group: “Reproductive
Immunology and Tumor Metabolism*

(C. Bartmann