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Research focus

. Pathomechanisms of the Meibom Gland Dys-
function

. Biopolymer hydrogels for tissue replacement

. HistoDigital® (HiD) and Cinematic Anatomy

. Mechanisms of tear outflow

. Surfactant proteins

. Test anxiety among medical and dental stu-
dents

. Diagnostics of neuropathic pain via the eye

. Ocular tissue interactions of a refractive UV
femtosecond laser

Professorships: 2

Personnel: 30

. Doctors (of Medicine): 2

. Scientists: 17 (thereof funded externally: 7)
. Graduate students: 35

Special structural features

. Lecture room for lessons in histology with
160 microscopes

. Electron microscopy unit

. Digital Anatomy unit

. Management of the body donation unit

Both chairs collegially lead the Institute of
Anatomy.

The Chair of Functional and Clinical Anatomy deals
with questions concerning the eye, in particular the
ocular surface and the draining tear ducts (ocular
surface group) as well as the role of various
proteins and peptides (including surface-active
proteins) on the ocular surface, in joints
(osteoarthritis and rheumatoid arthritis) and in
other body localizations. In addition, clinical-
anatomical questions are addressed and new
methods for anatomy education are intensively
developed and teaching research is conducted.

Pathomechanisms of the Meibom Gland
Dysfunction

Pl: Prof. Dr. F. Paulsen, PD Dr. F. Garreis
Meibomian gland dysfunction (MGD), a term used
to describe a diffuse abnormality of the meibomian
glands, which are specialized sebaceous glands in

the eyelids, is considered the most common cause
of dry eye syndrome (DES), a disease with an
estimated prevalence of 12 million people alone in
Germany. It is currently thought that MGD is
caused primarily by terminal duct obstruction due
to hyperkeratinization of the ductal epithelium and
an increased viscosity of meibum. However, the
molecular mechanisms that underlie this process
are unclear. We investigate the influence of
different hormones on the keratinization process,
the importance of the formation of adhesion
contacts (Desmosomes) for the maturation process
of the meibozytes and the influence of various
proteins  which contribute to a hyper-
keratinization of the ducts and the increasing
viscosity of the meibum. Our goal is to gain deeper
insights into the pathophysiology of MGD. To this
end, experiments will be carried out in an
established mouse model of the DED as well as in
two and three-dimensional cultivation models with
human meibomian epithelial cells. This serves to
determine factors that could possibly be used as
therapeutic treatment options in MGD.

Novel Biopolymer Hydrogels for Understanding
Complex Soft Tissue Biomechanics

PI: Prof. Dr. F. Paulsen (together with Prof. Dr.-Ing.
P. Steinmann [Tech], Prof. Dr.-Ing. A. Boccaccini
[Tech], Prof. Dr. B. Fabry [Nat])

In a joint project, biopolymer hydrogels are
produced and mechanically characterized. These
serve as proxy materials to understand and model
the highly complex behavior of soft biological
tissues. This will result in a proxy material catalog
that combines various characteristic features of the
mechanical response with a validated modeling
approach. It will serve as an important basis for
selecting suitable materials for tissue engineering,
reducing experiments on human and animal
tissues, and increasing the potential of numerical
approaches that can be applied in clinical and
industrial settings.

HistoDigital® and Cinematic Anatomy

PI: Prof. Dr. M. Scholz, Prof. Dr. F. Paulsen

In close cooperation with Chimaera GmbH (Er-
langen), HiD, a digital application is being de-
veloped that enables the user to create a digital
volumetric reconstruction of the anatomical tis-
sue structures from the data sets of histological
section series. The goal is the future use of this
application in research and teaching.

The cinematic rendering (CR) technology was
originally developed by Siemens Healthineers (Dr.
Klaus Engel) as a medical image visualization
technology. It enables the generation of 3D
photorealistic images of the human body. Existing
imaging methods (CT, MRT, etc.) provide the raw
data for the volumetric visualizations. In direct
cooperation with Siemens, this technology is to be
made applicable for teaching and learning the
human anatomy.

New insights into the lacrimal pump

Pl: Prof. Dr. F. Paulsen, Prof. Dr. M. Scholz

To date, there are many theories on the transport
of tears through the canaliculi of the efferent
lacrimal system into the lacrimal sac, but few with

hard data. We have shown that contraction of the
Horner-Duverney muscle leads to closure of the
canaliculi in their first two thirds due to the special
arrangement of muscle fibers and connective
tissue fibers. As a result, the tear fluid in the
canaliculi is pushed/transported toward the
lacrimal sac. The medial third of the vertical
portions of the canaliculi, the canaliculus
communis, and the intrasaccal portion of the
canaliculus are compressed by the shortening and
thickening of the Horner-Duverney muscle from
the dorsal side, resulting in compression of the
canaliculi lumen in this part of the system, thereby
pushing the tear fluid further toward the lacrimal
sac. The mixture of rapidly contracting and fatigue-
resistant muscle fibers is ideally suited for the blink
mechanism, which is complexly regulated by the
nervous system. In further studies, we are currently
analyzing the lymphatic drainage of the human
lacrimal system.

Surfactant proteins

Pl: Prof. Dr. L. Brauer, PD Dr. M. Schicht, Prof. Dr. F.
Paulsen

The successive characterization of surfactant
proteins, in particular the proteins SP-G and SP-H
described by us, demonstrate the immense
spectrum of action of these proteins in the human
organism. Within the research group it could be
shown that SP-H has stimulatory effects on the
activity of alveolar macrophages and furthermore
leads to an increased phagocytosis activity.
Meanwhile, further own studies suggest that both
surfactant proteins might play an important role in
inflammation and wound healing processes also
outside the lung (e.g. at the ocular surface or inside
the kidney). The properties described so far could
make SP-G and SP-H potential candidates for
diagnosis, prophylaxis and possibly therapy of
different diseases.

Test anxiety among medical and dental students
Pl: PD Dr. C.M. Hammer, Prof. Dr. M. Scholz, Prof.
Dr. F. Paulsen

Test anxiety is a common phenomenon among
students, often affecting academic performance.
To date, there is a scarcity of valid data concerning
prevalence, severity, and types of test anxiety
among German medical and dental students.
Hence, there are only few reports on effective
therapeutic or preventive strategies tackling the
problem of test anxiety. Repetitive application of a
validated psychological test anxiety questionnaire
yielded more than 50% of the evaluated students
showing pronounced signs of test anxiety.
Moreover, it revealed medical hypnosis as a potent
intervention to significantly alleviate test anxiety.
Medical hypnosis was proved especially effective in
the amelioration of the test anxiety subtype “lack
of confidence”.

Biomarkers and novel therapeutic approaches for
neuropathic pain of different etiologies

PI: Prof. Dr. E. Lutjen-Drecoll, Prof. Dr. F. Paulsen
Within the project, different models of neuropathic
pain will be investigated separately, as the
mechanisms  of  neuropathic  pain  differ
considerably depending on the etiology of the pain.
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For this reason, therapeutic approaches also differ
in the respective neuropathic pain syndromes. For
example, effective therapy requires differentiation
between tumor- and chemotherapy-induced
neuropathic pain. Therefore, to cover the widest
possible range of different neuropathic pain types,
we are investigating different models of
neuropathic pain such as chemotherapy-induced
or diabetes-induced neuropathic pain. Results
generated therein will be applied to the eye as a
window to the peripheral nervous system e.g. by
measuring axonal corneal degeneration in
neuropathic models, by multi-epitop-ligand
mapping as well as tear film lipidomics and -
proteomics.

Ocular tissue interactions of a refractive UV
femtosecond laser

PI: Dr. C.M. Hammer, Prof. Dr. F. Paulsen

The already established cooperation with the
Department of Ophthalmology and Wavelight
GmbH was further intensified with regard to this
project. Intraoperative gas production and
interface quality after extraction of refractive
lenticules from porcine eyes was examined and
compared between the novel UV-laser and an
infrared laser system already established for this
procedure (VisuMax). Histological investigations
demonstrated the superiority of the UV laser as far
as gas production is concerned. Since the UV laser
produces significantly less gas than the VisuMax
system, it may also have the potential to achieve a
much higher degree of surgical precision.
Comparative scanning electron microscopical
examinations showed similar interface properties
with respect to surface smoothness and regularity.
This is supportive of the assumption that the UV
laser may be as well suited for refractive lenticule
extractions as the clinical VisuMax system.

The Chair of Functional and Clinical Anatomy is
involved in the teaching of macroscopic anatomy at
the Institute of Anatomy. Each semester a variety
of elective subjects can be offered for medical and
dental students in the preclinical semesters. Virtual
courses of histology, macroscopy, and em-
bryology are offered in cooperation with the vir-
tual university of Bavaria (vhb).

Moreover, Bachelor’s and Master’s theses as well
as MD and PhD are supervised.

Selected publications
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International cooperations
Prof Dr. M.J. Ali, FAU Humboldt Fellow, LV Prasad
Eye Institute, Hyderabad: India

PD Dr. Dr. P. Burger, Psychiatrische Universitats-
klinik Zurich: Switzerland

Prof. C.S. de Paiva, Baylor College of Medicine,
Houston, Texas: USA

Prof. Dr. S. Dydekin, Sechenov University, Mos-
kow: Russia

Prof. Dr. M. Ito, National Defense Medical Col-
lege, Saitama: Japan

Prof. Dr. L. Olewnik, Medical University of Lodz:
Poland

Dr. S. Singh, Lala Jagannath Eye Institute, Am-
bala: India

Dr. S. Wosniak, Wroclaw Medical University,
Wroclaw: Poland

Prof. D. Zoukhri, Tufts University School of Den-
tal Medicine, Boston: USA
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Research focus

e Molecular mechanisms of development and
progression of malignant melanoma

* Molecular mechanisms of development and
progression of hepatocellular carcinoma

e Chondrocytic differentiation and
pathophysiological processes in cartilage

e Molecular basis of regeneration and fibrosis in
liver and skin

e Molecular mechanisms of hepatic metastasis

e Structure and function of synaptic signaling
complexes in the central nervous system

¢ Pathobiology of non-alcoholic fatty liver
diseases

Structure of the Chair

Professorships: 3

Personnel: 50

e Scientists: 35 (thereof funded externally:
23)

e Graduate students: 17

Special structural feature

The Institute of Biochemistry comprises the
Chair of Biochemistry and Molecular Medicine
and the Chair of Biochemistry and
Pathobiochemistry, as well as the professorships
of Bioinformatics and of Molecular Medicine
with focus on Molecular Imaging.

Research

The research groups of the Chair of
Biochemistry and Molecular Medicine study
basic physiological and pathophysiological
principles in oncological settings and the
nervous system using approaches from
biochemistry, molecular genetics, embryology,
cell biology and bioinformatics. Research
interests focus among others on the
mechanisms of receptor mediated signal
transduction and transcriptional regulation in
the tumor cells.

Molecular mechanisms of development and
progression of malignant melanoma

Pl: Prof. Dr. A.K. Bosserhoff, Prof. Dr. C.
Hellerbrand, Prof. Dr. S. Kuphal, PD Dr. Dr. P.

Dietrich, Prof. Dr. M. Kappelmann-Fenzl
Malignant melanoma, also called black skin
cancer, shows a drastic increase in incidence and
an unchanged high mortality in recent decades.
Melanoma is a clinically relevant tumor,
characterized by gradual progression, metastatic
dissemination, rapid and pronounced resistance
to therapy. For the analysis of melanoma
formation, our analysis also deals with
melanocytes and their embryonic precursors,
the melanoblasts. As metastatic melanoma
curative therapy approaches are still lacking, the
10-year survival rate is below 5%. The
pathogenesis of the disease is probably due to an
accumulation of specific genetic and epigenetic
alterations  leading to  deregulation of
transcriptional  regulation and  signaling
pathways in melanocytes or their precursors. The
particular malignancy of melanoma is based on a
specific combination of cell cycle autonomy,
differentiation defects, apoptosis resistance,
deregulated interaction with stromal and
immune cells as well as distinctive invasiveness
and metastatic ability. We are working in this
field performing fundamental studies of
pathophysiological changes and covering many
areas. In addition to proteins in the cell-matrix
association, growth factors, metabolites, and
signaling pathways, transcriptional regulators
and microRNAs are investigated. Next to the
analysis of the function of mature microRNA as
key posttranscriptional regulatory elements,
their processing in melanoma is in the center of
our current research.

Molecular mechanisms of development and
progression of hepatocellular carcinoma

Pl: Prof. Dr. C. Hellerbrand, PD Dr. Dr. P.
Dietrich, Prof. Dr. A.K. Bosserhoff
Hepatocellular carcinoma (HCC) is one of the
most frequent types of cancer worldwide.
Currently, there are only few therapeutic
options that have only a minimal impact on the
survival of patients. HCC is frequently resistant
against pharmacological therapy or most
patients rapidly develop resistance,
respectively. We are investigating the
molecular mechanisms of the development,
progression, and therapy resistance of HCC.
We discovered important functions of defined
microRNAs and  their interactions with
therapeutically influenced main signaling
pathways of cancer cells, such as the RAS-RAF-
ERK signaling pathway.

Furthermore, we are analyzing the interaction
of cancer cells with their environment (e.g.
immune cells, inflammation mediators,
connective tissue cells and factors) mediated by
neuropeptides. Such neuroimmunological
interactions could decisively influence the
tumor microenvironment and thus the
progression and therapy resistance of
malignant diseases.

Chondrocytic differentiation and
pathophysiological processes in cartilage and
osteoarthritis

Pl: Prof. Dr. A.K. Bosserhoff, Dr. U.
Rottensteiner- Brandl

Cartilage is a tissue comprising only a single cell
type, namely chondrocytes. In the development
of the skeleton, cartilage precedes the bony
skeleton and is replaced by the latter in the
process of enchondral ossification. In the adult
organism, cartilage covers the articular surfaces
of our bones and is characterized, among other
properties, by high pressure elasticity. Damage
to the cartilage is so far not curable until today
and inevitably results in osteoarthritis. By better
understanding the molecular processes in
chondrogenic differentiation, inflammation and
cartilage degeneration, we are trying to develop
new therapeutic options. As part of our research,
we are focusing on different molecular
pathways. We study transcriptional regulators,
such as AP2Epsilon and YB1. A further focus is on
the molecule MIA/CD-RAP, which plays an
important role in cartilage differentiation and
homeostasis.

Molecular basis of regeneration and
fibrosis in liver and skin

Pl: Prof. C. Hellerbrand, Prof. Dr. A.

Bosserhoff, PD Dr. Dr. P. Dietrich

The liver is the central organ of the metabolism.
Nutrients get to the liver from the digestive tract
via the portal vein for subsequent degradation
and/or metabolization. Thus, the liver supplies
the body with vital components such as proteins,
carbohydrates, and lipids. Another important
function of the liver is detoxification. Alcohol
abuse, obesity, metabolic disorders (e.g.
hemochromatosis), viral infections (hepatitis B
and C), or intoxication with chemicals and
environmental toxins are common causes of
liver damage. Hepatocellular injury can result in
liver inflammation (hepatitis). Hepatitis can
progress with hepatic fibrosis which can lead to
liver cirrhosis. Cirrhosis is causing organ
dysfunction and is the most important risk factor
for the development of hepatocellular
carcinoma (HCC). Thus, hepatic fibrosis is the
central step in the progression of chronic liver
injury. Pathological fibrosis resembles impaired
wound healing in which the strictly regulated
repair processes are impaired after cellular
injury. Since the components that are involved in
wound healing or fibrosis (connective tissue
cells, extracellular matrix, growth factors) are
very similar, findings from the physiological
wound healing can help to better understandthe
processes of formation and progression of liver
fibrosis/cirrhosis. In this area of our research we
focus on the analysis of the newly discovered
molecule MIA2 and growth factors of the FGF
and BMP families. Furthermore, we could
characterize BMP6 as an essential regulator of
iron metabolism in recent years.

Structure and function of synaptic signaling
complexes in the central nervous system

Pl: Prof. Dr. R. Enz

The electric excitability of the central nervous
system is regulated by a coordinated interplay of
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neurotransmitter receptors and ion channels
with enzymes and scaffold proteins that
assemble into macromolecular signal complexes
at synapses. We analyze structure, expression
and function of synaptically localized signal
complexes that are associated with receptors for
endocannabinoids, GABA and glutamate.
Malfunction of these receptors can cause
neurodegenerative processes and lead to
hearing impairment, tinnitus, night blindness, or
epilepsy. Thus, synaptic proteins and their
interactions represent interesting targets for
therapeutic intervention.

We analyze expression of endoncannabinoid,
GABA and glutamate receptors in retina and
cochlea and identify new binding partners that
regulate these receptors. Interacting protein
domains are mapped, the 3D-structure of
contact surfaces is analyzed and the function of
new protein interactionsis elucidated in terms of
the activity of receptors and receptor associated
signal pathways. Recently, we identified and
localized endoncannabinoid and glutamate
receptors at pre- and post-synaptic structures of
hair cells in the cochlea. Furthermore, we
identified the ,,Cannabinoid Receptor Interacting
Protein“ CRIP1 as a new binding partner of
glutamate receptors. CRIP1a binds a conserved
sequence of 5 amino acids in both receptor
types, which regulates their amount in the
plasma membrane. Our studies describe new
molecular mechanisms at synapses of the central
nervous system and pave the ground for the
development of new therapeutic approaches
targeting neurologic disorders.

Molecular mechanisms of hepatic metastasis
Pl: Prof. Dr.C. Hellerbrand, Prof. Dr. A.K.
Bosserhoff, PD Dr. Dr. P. Dietrich

Metastasis determines morbidity and mortality
in most cancer patients. Most frequently, the
majority of tumor entities metastasize intothe
liver. Only in part this can be explained by the
blood flow or the anatomical localization of the
liver, respectively. So far it is still unknown,
which underlying mechanisms of the liver
attract the tumor cells. We are analyzing the
reasons of this phenomenon in experimental
models and human tissue samples from
primary tumors and hepatic metastases. We
were able to show that defined non-
parenchymal liver cells (hepatic stellate cells)
interact with tumor cells and thus induce
different steps of metastasis. Our current aim
is to identify the mediators of this interaction
and to analyze whether such factors can be
therapeutic targets.

Pathobiology of non-alcoholic fatty liver
diseases

Pl: Prof. Dr. C. Hellerbrand, PD Dr. Dr. P.
Dietrich

Almost all individuals with obesity develop
significant lipid accumulation (steatosis) in the
liver. Steatosis can progress with inflammation
(steatohepatitis) and fibrosis. The pathological
picture is very similar to alcoholic liver injury and
is called non-alcoholic fatty liver disease
(NAFLD). Today, NAFLD is the most common type
of liver disease worldwide. We are analyzing in
experimental in vitro and in vivo models the
mechanisms driving the progression of NAFLD,
trying to inhibit already early steps of the
pathobiological cascade. We could identify
defined hop constituents as promising
therapeutic targets, which can inhibit the uptake
of fatty acids into hepatocytes as well as the
development of steatohepatitis.

Application of some chemotherapeutic drugs
can cause steatohepatitis, too, which can
significantly affect morbidity and mortality of
cancer patients. We were able to identify the
molecular mechanisms by which irinotecan
und fluorouracil (5-FU) cause hepatic steatosis
and inflammation. Currently, we are
investigating strategies to interfere with these
pathomechanisms to improve the tolerability
of chemotherapeutic drugs.

Teaching

Both chairs of the Institute jointly carry out the
curricular  education  (lectures, seminars,
practical courses) in biochemistry and molecular
biology for students of Medicine, Dentistry, and
Molecular Medicine as well as the biochemical
practical courses of students of pharmacy.

Both chairs supervise Bachelor’s and Master’s
theses as well as PhD students.

Selected publications
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10(1):4546.

Klotz L, Wendler O, Frischknecht R, Shigemoto R,
Schulze H, Enz R. Localization of group Il and Ill
metabotropic glutamate receptors at pre- and
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synapses. FASEB J. 2019; 33(12):13734-13746.
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Required for c-Jun's Nuclear Translocation and
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melanoma cells. Cell Death Dis. 2019; 10(8):584.

International cooperations

C. Aragon, B. Lépez-Corcuera, Centro de Biologia
Molecular  ,Severo  Ochoa“, Universidad
Autonoma de Madrid, Madrid: Spanien

C. Heilig, Department of Medicine, University of
Florida, College of Medicine- Jacksonville,
Jacksonville: USA

M. Herlyn, Wistar Institute, Philadelphia: USA
C. Jobin, Department of Medicine, University of
Florida, Gainesville, Florida: USA

R. Massoumi, Molecular Tumor Pathology,
Medicon Village, Lund University: Schweden

M. Avila, Hepatology Program CIMA, University
of Navarra, Pamplona, Spain

R. Schwabe, Department of Medicine, Columbia
University, New York, NY, USA

R. Mendez, Institute for Research in
Biomedicine, The Barcelona Institute of Science
and Technology, Barcelona, Spain

Prof. R. Shigemoto  (Institute of Science and
Technology, Klosterneuburg, Austria)

Supported by the “Melanoma Research
Network”, organized by Prof. Dr. A.K. Bosserhoff
and funded by the German Cancer Aid, a strong
national and international network in melanoma
research with many collaboration partners was
established.
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Research focus

* Sox proteins in glia

e Chromatin-remodeling & histone modifying
complexes in glia

¢ Direct lineage reprogramming

e Cellular decision taking in neural stem cells

e Signal transduction pathways in myogenesis
and at the neuromuscular synapse

Structure of the Chair

Professorships: 2

Personnel: 38

o Scientists: 10 (thereof funded externally: 4)
e Graduate students: 18

Special structural feature

The Institute of Biochemistry comprises the
Chair of Biochemistry and Molecular Medicine
and the Chair of Biochemistry and
Pathobiochemistry, as well as the professorships
of Bioinformatics and of Molecular Medicine
with focus on Molecular Imaging.

Research

The groups belonging to the Chair of
Biochemistry and Pathobiochemistry work in the
field of neuroscience and attempt to unravel
regulatory mechanisms of physiological and
pathophysiological relevance with a broad
spectrum of biochemical, cellular, genetic,
bioinformatics and imaging methods. Among
others we focus on the impact of transcription
factors, chromatin remodelers and histon
modifiying enzymes on glial cells and their
development, as well as on mechanisms of direct
reprogramming and cellular decision taking in
neural contexts. An additional group studies
neuromuscular signal transduction pathways.

Studying Sox proteins in glia

Pl: Prof. Dr. M. Wegner

The three closely related Sox proteins, Sox8,
Sox9, and Sox10 (jointly referred to as SoxE
proteins), have numerous roles during neural
crest development, and ensure survival and
pluripotency of neural crest stem cells,
generation of melanocytes, enteric nervous
system, Schwann cells and satellite glia as well

as myelination throughout the peripheral
nervous system. In the central nervous
system, Sox9 regulates the specification of
neural stem cells into oligodendrocytes and
astrocytes, whereas Sox10 guides the terminal
differentiation of oligodendrocytes and central
myelination. Sox10 acts via induction of other
transcription factors that are essentially
required for oligodendroglial differentiation
and cooperate with Sox10 during the process
such as Nfat and Myrf proteins. Sox8 gains
importance in mature oligodendrocytes for
myelin  maintenance. SoxE proteins act
through recruitment of the basaltranscription
machinery in a mediator dependent manner as
well as through interactions with chromatin-
remodeling complexes. Functions of SoxE
proteins are also reflected in human disease.
Heterozygous haploinsufficient Sox10
mutations lead to Waardenburg-Hirschsprung
disease, whereas dominant-negative
heterozygous mutations present as a
combination of Waardenburg-Hirschsprung
disease, peripheral neuropathy, and central
leukodystrophy.

Analyzing chromatin-remodeling complexes
inglia
Pl: Prof. Dr. M. Wegner

Detection of oligodendrocyte precursor cells in
the adult brain by staining for NG2

Development and differentiation of myelin-
forming glial cells goes along with substantial
alterations in chromatin structure that are
brought about by chromatin-remodeling
complexes. Function and importance of single
complexes vary considerably between
myelinating glia in central and peripheral
nervous systems. In oligodendrocytes, the Brgl-
containing BAF complex participates pre-
dominantly in the process of specification,
whereas in Schwann cells it is essential during
maturation by  inducing  transcriptional
regulators of differentiation in cooperation with
Sox10. The histone exchanging Ep400/Tip60
complex is required for the timely down-
regulation of early regulators during Schwann
cell development. In maturing oligodendrocytes,
it ensures survival and supports differentiation.

Clarifying the role of histone-modifying
complexes inglia

PI: Prof. Dr. E. Sock

Changes in chromatin structure are often
accompanied by altered patterns  of
posttranslational histone modifications. The
Rnf20/Rnf40 E3 ligase monoubiquitinates
histone 2B. In the absence of Rnf40, Schwann
cells in the peripheral nervous system fail to
efficiently induce the myelination program
despite the fact that all required transcription
factors are present including Egr2, the master
regulator of myelination. Genome- and
transcriptome-wide studies showed that several
essential building blocks of the myelin sheath
cannot be produced in sufficient amounts and
that immaturity factors are not properly turned
off. This is caused by failure of Egr2 to recruit the
E3 ligase to the corresponding gene promoters,
leading to the local absence of histone 2B
monoubiquitination and altered gene
expression.

Using direct lineage reprogramming to study
neural fate acquisition and identity

PI: Prof. Dr. M. Karow

Direct lineage reprogramming entails changing
the identity of one cell into the new identity of a
target cell. Following this strategy human brain
pericytes can be reprogrammed into induced
neurons by forced expression of the neurogenic
transcription factors Ascll and Sox2. By studying
the intermediate phases that bridge start and
end cell populations, we identified the molecular
framework underlying the changes in cell
identity. Single cell RNA-sequencing and live
imaging technologies are employed to further
dissect the sequence of molecular and cellular
changes underlying direct lineage conversion. In
addition, human induced pluripotent stem cell-
derived brain organoids are used as a model
system to study the role of specific genes during
early human brain development.

Dissecting decision-taking in neural stem
cells

Pl: Dr. S. Falk

During development a small starting population
of neural stem cells (NSCs) gives rise to all
neurons and macroglial cells in the mature
central nervous system. Hence, controlling NSC
decisions is crucial for the accurate production of
the precise amount of the desired cell types at
the correct time and place. Dynamically
orchestrating these stem cell decisions is
therefore essential for organogenesis during
development, but also represent the key
evolutionary mechanism underlying neocortical
expansion, in particular in humans. At the very
core of the challenge to build a functional
nervous system is the cellular choice of NSCs to
either divide symmetrically or asymmetrically.
Combining time-lapse live imaging and single cell
RNA-sequencing of human brain organoid NSCs
we aim at uncovering the molecular logic of
decision-taking processes governing human
brain development.
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Studying signal transduction pathways in
myogenesis and at the neuromuscular
synapse

Pl: Prof. Dr. S. Hashemolhosseini

Various molecular signaling pathways participate
in myogenesis and guarantee homeostasis and
physiology of the neuromuscular synapse. We
characterized the activity of Wnt and Hippo
pathways including downstream transcriptional
effectors in muscle fibers. The signaling pathway
activated by the muscle-specificreceptortyrosine
kinase (Musk) plays an essential role for the
accumulation of postsynaptic proteins at the
neuromuscular synapse. We identified the
protein kinase CK2 as a MuSK interaction partner.
It turned out that CK2 regulates the stability of
clusters of acetylcholine receptors by binding and
phosphorylation of postsynaptic proteins. CK2 also
influences mitochondrial import. In CK2-deficient
mice the Pink1- and Parkin-mediated mitophagy is
disturbed. Behavioral tests and electro-
physiological recordings established a muscle
weakness in these mice. The LAP protein Erbin
was identified as a second interactor of MuSK
and turned out to link MuSK- and ErbB-
dependent signaling pathways. Lano und
Scribble as further LAP proteins function during
maintenance of the neuromuscular synapse,
endocytic transport and as scaffold proteins in
muscle stem cells. By identifying the molecular
causes of neuromuscular pathologies, a
foundation is laid for therapeutic interventions in
patients.

Teaching

The Chair of Biochemistry and
Pathobiochemistry participates in the curricula
in Medicine, Molecular Medicine, and Dentistry.
Special mention deserves the interdisciplinary
teaching in developmental biology and
neurosciences in the master degree program
Molecular Medicine. Additionally, the chair
organizes teaching for the bachelor degree
program medical engineering of the Faculty of
Engineering. The Chair supervises Bachelor’s and
Master’s theses as well as MD and PhD theses.

Selected publications

Elsesser, O., Frob, F., Kuspert, M., Tamm, E.R.,
Fujii, T., Fukunaga, R., Wegner, M. Chromatin
remodeler Ep400 ensures oligodendrocyte
survival and is required for myelination in the
vertebrate central nervous system. Nucleic Acids
Res. 2019, 47: 6208-6224.

Frob, F., Sock, E., Tamm, E.R., Saur, A.-L.,
Hillgartner, S., Williams, T.J., Fujii, T., Fukunaga,
R., Wegner, M. Ep400 deficiency in Schwann
cells causes persistent expression of early
developmental regulators and peripheral
neuropathy. Nat. Commun. 2019, 10: 2361

Aprato, J., Sock, E., Weider, M., Elsesser, O.,
Frob, E., Wegner, M. Myrf guides target gene
selection of transcription factor Sox10 during
oligodendroglial development. Nucleic Acids
Res. 2020, 48:1254-1270

Wedel, M., Frob, F., Elsesser, O., Wittmann, M.-
T., Lie, D.C., Reis, A., Wegner, M. Transcription
factor Tcf4 is the preferred heterodimerization
partner for Olig2 in oligodendrocytes and
required for differentiation. Nucleic Acids Res.
2020, 48: 4839-4857

Wist, H.M., Wegener, A., Frob, F., Hartwig, A.C.,
Wegwitz, F., Kari, V., Schimmel, M., Tamm, E.R.,

Johnsen, S.A., Wegner, M., Sock, E. Egr2-guided
histone H2B monoubiquitination is required for
peripheral nervous system myelination. Nucleic
Acids Res. 2020, 48: 8959-8976

Camargo Ortega G*, Falk S*, Johansson PA,
Peyre E, Broix L, Sahu SK, Hirst W, Schlichthaerle
T, De Juan Romero C, Draganova K, Vinopal S,
Chinnappa K, Gavranovic A, Karakaya T,
Steininger T, Merl-Pham J, Feederle R, Shao W,
Shi SH, Hauck SM, Jungmann R, Bradke F, Borrell
V, Geerlof A, Reber S, Tiwari VK, Huttner WB,
Wilsch-Brauninger M, Nguyen L, Gotz M. The
centrosome protein AKNA regulates
neurogenesis via microtubule organization
Nature. 2019 567: 113-117

International cooperations
Prof. R. Fukunaga, Osaka University, Osaka:
Japan

Prof. S. Dracheva, Icahn School of Medicine at
Mount Sinai, New York: USA

Prof. S.A. Johnsen, Mayo Clinic, Rochester: USA

Prof. Q.R. Lu, Cincinnati Children’s Hospital
Medical Center, Cincinnati: USA

Prof. P Roussos, Icahn School of Medicine at
Mount Sinai, New York: USA
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Research focus

e Computational analysis of host-pathogen
interactions

¢ Investigation of the aggregation behavior of
the AB-peptide of Alzheimer’s disease

e Structure-based evaluation of protein
variants

e Structure of receptor-ligand complexes

Structure of the Professorship

Professorship: 1

Personnel: 7

e Scientists: 3 (thereof funded externally: 2)
e Graduate students: 4

Special structural feature

The Institute of Biochemistry comprises the
Chair of Biochemistry and Molecular Medicine
and the Chair of Biochemistry and Pathobio-
chemistry, as well as the professorships of Bioin-
formatics and of Molecular Medicine with focus
on Molecular Imaging.

Research

The research focus is on the computational
characterization of protein-protein interactions.
The identification of the underlying principles of
molecular recognition is important for the
understanding of regulatory mechanisms as well
as for the prediction of novel, physiologically
relevant protein interactions. The bioinfor-
matics group investigates molecular interactions
by a variety of computational tools (e.g. se-
quence data analysis, molecular modeling, and
molecular dynamics).

Computational
interactions

Specific interactions with host proteins are
pivotal for a successful infection by a pathogen.
This project focuses on the prediction and
structural characterization of host-pathogen
protein interactions using computational tools.
The recognition processes either occur between
short sequence motifs and complementary
adapter modules or between pairs of globular
protein domains. These types of interactions do
not only differ from a structural point of view,

analysis of host-pathogen

but also with respect to the computational tools
required for their prediction and analysis.

One particular challenge for the prediction of
functional interaction motifs is the short length
of the respective sequence patterns resulting in
a large number of false-positive hits in conven-
tional predictions, which prove to be non-func-
tional in subsequent experiments. Therefore,we
aim at improving the specificity of the predic-
tions by assessing the importance of motif-spe-
cific flanking sequence regions.

For the analysis of host-pathogen interactions
formed between globular protein domains, a
combination of molecular modeling, docking,
and molecular dynamics simulations is used. The
latter technique provides information about the
conformational stability and energetics of an
interaction that can hardly be deduced from
static structures alone. These methods are for
example applied to study the structure of
herpesviral glycoproteins that are pivotal for
binding to the host cell and following fusion with
the cell membrane. Furthermore, we investigate
the molecular dynamics of viral regulator
proteins and their interaction with cellular

targets.
2
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Model of the antigen-binding fragment of a
neutralizing antibody bound to Domain-Il (green)
of the HCMV gB homotrimer

One protomer is colored according to its five
domains.

Investigation of the aggregation behavior
of the AB-peptide of Alzheimer’s disease
Protein conformational diseases are unique
since they result from a drastic change in pro-
tein three-dimensional structure. Most often,
the change in conformation involves a structural
conversion from primarily a-helical conforma-
tion with good solubility to an insoluble B-sheet
conformation. Cells have evolved mechanisms
to clear these insoluble deposits; however, once
clearance pathways are overloaded, these pro-
teins are deposited in the form of insoluble in-
tracellular inclusions or extracellular plaques.
Protein deposits or aggregates are also hallmark
of many neurodegenerative diseases.

The most prevalent neurodegenerative disease is
Alzheimer’s disease, which is characterized by
extracellular protein deposition of the peptide
fragment AR from the amyloid precursor pro-
tein, and intracellular tau-containing filaments,
called neurofibrillary tangles. The 3D structure of
the AB deposits revealed the overall topology of
the fibrils, but gives only limited information

about the role of individual residues for fibril for-
mation. The latter type of information, however,
is important for the development of novel drugs
that can prevent aggregation or of solubilizing
aggregates by targeting those residues that
represent the hot spots of binding affinity in the
fibrillar structure. We address this point by
molecular dynamics simulations of A oligomers
and thermodynamic analyses of the aggregation
interfaces. In addition, we investigate the effect
of different solvent environments on the confor-
mational stability of such AB oligomers.

Model of the designed S8C variant of the AB-
peptide, which forms neurotoxic dimers

The two peptide chains are shown in magenta and
green, respectively, and the disulfide bond is
highlighted in yellow.

Structure-based evaluation of protein
variants

High-throughput DNA sequencing studies
revealed a large number of genetic variants
between individuals. Many of these sequence
variants lead to amino acid exchanges, some
of which are linked to disease. Due to their
large number (> 10,000 per genome), it is

impossible to characterize all sequence
variants by experiment, rendering
computational prediction tools of utmost

importance for the identification of pathogenic
variants. Most of the current methods use
evolutionary conservation and other sequence-
based features to identify damaging variants, but
they cannot predict the effects these variants
have on protein function. Despite its innate
linkage to function, structural information is yet
only considered to a very limited extent in the
predictions. In addition, the few existing
structure-based prediction methods mainly
focus on one distinct aspect of protein structure
(e.g. protein stability or protein interactions) and
do therefore not allow a comprehensive
structural and functional annotation. The aim of
the present project is to develop a robust
computational framework for a comprehensive
structure-based analysis and interpretation of
high-throughput sequencing data.
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CYFIP (purple) and WAVE1 (green) Mutations of
some CYFIP residues, which are located close to the
interface, are related to intellectual disability

These residues are shown in space-filled
presentation and colored by atom-types.

Structure of receptor-ligand complexes

G-protein coupled receptors (GPCRs) are trans-
membraneproteinsthatrecognize extracellular
ligands and thereby trigger intracellular signal-
ing processes. We use methods of molecular
modelling and molecular dynamics to study the
structure of GPCRs in complex with different
small molecule ligands or intracellular interac-
tion partners. Aspects investigated include the
prediction of the binding modes of small
molecule ligands, conformational changes in
GPCRs as a result of ligand binding, and the in-
fluence of mutations on GPCR function and in-
teraction. In addition to conventional MD sim-
ulation methods, computationally demanding
metadynamics simulations are also used. In ad-
dition to GPCRs, we also investigate other
classes of membrane receptors using similar
methodological approaches. Systems studied
include the glycine receptor, at which wechar-
acterize the binding site of saccharides as al-
losteric modulators. In the case of the

macrophagesurfacereceptor Mincle, wearein-
vestigating the binding of synthetic glycolipids,
which should support the long-term develop-
adjuvants for

ment of better vaccines.

Structure of the Histamine-H1-Receptor (blue
ribbon) with the modelled binding site of histamine
(space-filled presentation). The lipids of the cellular
membrane are depicted as grey/orange lines.

Teaching

The Professorship of Bioinformatics organizes
lectures, seminars, and tutorials in the course
program of Molecular Medicine. In addition, the
Professorship is involved in interdisciplinary
teaching in the master degree programs Life
Science Engineering and Integrated Life Sciences in
collaboration with the Faculties of Engineering and
of Sciences, respectively.

The Professorship also supervises Bachelor’s and
Master’s theses as well as PhD theses.

Selected publications

Séldner CA, Horn AHC, Sticht H. A Metadynamics-
Based Protocol for the Determination of GPCR-
Ligand Binding Modes. Int J Mol Sci. 2019, 20:1970

Boonsawat P et al. Elucidation of the phenotypic
spectrum and genetic landscape in primary and
secondary microcephaly. Genet Med. 2019,
21:2043-2058.

Marschall M et al. Nuclear Egress Complexes of
HCMYV and Other Herpesviruses: Solving the Puzzle
of Sequence Coevolution, Conserved Structures
and Subfamily-Spanning Binding Properties.
Viruses. 2020, 12:683.

Pachathundikandi SK et al. T4SS-dependent TLR5
activation by Helicobacter pylori infection. Nat
Commun. 2019, 10:5717.

Soldner, C et al. A survey of biological building
blocks for synthetic molecular communication
systems. IEEE Communications Surveys & Tutorials.
2020, 22:2765-2800.

Conrad M, Soldner CA, Miao Y, Sticht H. Agonist
Binding and G Protein Coupling in Histamine H2
Receptor: A Molecular Dynamics Study. Int J Mol
Sci. 2020, 21:6693.

International cooperations
Prof. Dr. H.-G. Breitinger, German University in
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Prof. Dr. A. Rauch, Universitat Zurich, Zurich:
Switzerland

Prof. Dr. H. Durmus, Istanbul University, Istanbul:
Turkey

Prof. Dr. Y. Miao, University of Kansas, Lawrence:
USA

Prof. Dr.
Switzerland

C. Zweier, Universitdt Bern, Bern:
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Research focus

e Transcriptional programs in the regulation of
adult neurogenesis

e Role of autophagy and lysosome activity in
stem cell function and adult neurogenesis

e Functional characterization of intellectual dis-
ability factors

e Hippocampal astrocyte development,
dynamics and functional diversity

Structure of the Professorship

Professorship: 1

Personnel: 7

e Scientists: 3 (there of funded externally: 1)
e Graduate students: 5

Dr. Ruth Beckervordersandforth (P1)

e Scientists: 1 (DFG funded)

e Graduate students: 1 (DFG funded)

e medical students: 5 (2 DFG and 3 IZKF funded)

Special structural feature

The Institute of Biochemistry comprises the
Chair of Biochemistry and Molecular Medicine
and the Chair of Biochemistry and
Pathobiochemistry, as well as the professorships
of Bioinformatics and of Molecular Medicine
with focus on Molecular Imaging.

Research

Neurons and glia cells form functional networks
that are the structural basis for learning, cogni-
tion, and behavior. Perturbation of the forma-
tion, maturation, and plasticity of neural circuits
contributes to the pathogenesis of neurodevel-
opmental disorders, such as intellectual disabil-
ity and neuropsychiatric diseases, like
schizophrenia. Our research aims to better un-
derstand the genetic and cell biological mech-
anisms that regulate development and home-
ostasis of neural networks.

Transcriptional programs in the regulation
of adult neurogenesis
PI: Prof. Dr. D.C. Lie

The discovery of adult neurogenesis, i.e. the life-
long generation of new hippocampal and
olfactory bulb neurons from stem cells, has
added a new layer of complexity to our
understanding of the mechanisms underlying
plasticity and regeneration in the mammalian
central nervous system. There is strong
evidence that adult neurogenesis significantly
contributes  to hippocampus-dependent
learning and memory processes as well as to
the pathophysiology of cognitive and affective
symptoms during aging and in
neurodegenerative and  neuropsychiatric
diseases. Thus, understanding of the mecha-
nisms regulating adult neurogenesis is of major
basic neuroscientific and clinical interest. The
generation of new functional neurons from
stem cells is a complex multistep process. Cur-
rentdataindicatethateach developmentalstep
is controlled by stage-specific transcription fac-
tors. We have now found that the Wnt/B-
catenin signaling pathway regulates a
transcriptional program that controls the
functional integration of adult-generated
hippocampal neurons. Interestingly, we also
observed that ageing-associated impairments
in adult hippocampal neurogenesis are
paralleled by a decline in Wnt/B-catenin
signaling activity. Strikingly, enhancing Wnt/B-
catenin signaling activity is sufficient to
ameliorate age-associated deficits in adult
neurogenesis. In ongoing work, we are
investigating the mechanisms regulating
Whnt/B-catenin signaling activity in the
hippocampus as well as the mechanisms
underlying ageing-associated decline in the
activity of this key regulatory pathway.
Funding: DFG

Role of autophagy and lysosome activity in
stem cell function and adult neurogenesis

Pl: Dr. Iris Schéaffner, Prof. Dr. D.C. Lie
Degradation and recycling of dysfunctional
cellular components are critical pathways for
cellular homeostasis. Somatic stem cells are
particularly dependent on degradation and
recycling pathways to maintain their lifelong
capacity for regeneration. We recently
demonstrated that the longevity and ageing
associated transcription factors of the FoxO
family are critical to regulate autophagy, i.e., a
central pathway for proteins and organelles, in
adult neural stem cells. Loss of FoxOs does not
only impair activity of the autophagic pathway,
but is associated with stem cell dysfunction and
impaired integration of adult-born neurons. We
have now found that FoxOs regulate autophagy
by controlling lysosome activity and identified
molecular targets of FoxOs in this process.
Notably, reconstitution of lysosome activity was
sufficient to ameliorate  FoxO-deficiency
associated dysfunction of stem cells and
neurons. Inspired by these findings, we are
presently testing the hypothesis that enhancing
lysosomal activity may counter age-associated
deficits in stem cell function.

Funding: IZKF Erlangen

Functional characterization of intellectual
disability factors

Pl: Dr. S6ren Turan, Prof. Dr. D.C. Lie

Sox11 mutations were recently identified in a
subset of patients suffering from Coffin-Siris
Syndrome, a developmental disorder associated
with intellectual disability. Using human
pluripotent stem cells to model human
neurodevelopment, we found that SOX11 is
essential for the generation of neuroectoderm and
that SOX11 regulates the balance between
proliferation and differentiation in neural stem
cells. These findings contribute to a better
understanding of the pathogenetic mechanisms in
Coffin-Siris Syndrome. This project is conducted
in close collaboration with Prof. Dr. B. Winner
(Division of Stem Cell Biology) and Prof. Dr. A.
Reis (Institute of Human Genetics).

Funding: Bavarian State Ministry for Science
and Art, Research Network Forinter

Hippocampal astrocyte development and
dynamics

PI: Dr. Ruth Beckervordersandforth

For a long time it has been thought that
hippocampal plasticity is predominantly
driven by neurons, however, more recent data
indicate an active participation of astrocytes.
To date it is known that astrocytes contribute
to such plasticity in two ways: firstly, by
serving as radial glia-like neural stem cells
(NSCs) that give rise to new neurons and glial
cells, secondly, by serving as niche cells that
control the activity of NSCs, and provide
structural and functional support to neurons.
Besides extensive investigations of the
astrocyte-like radial NSC, the niche astrocyte
compartment remains understudied and was
considered to be staticand homogeneous. We
recently discovered that the hippocampal
niche is constantly changing due to life-long
generation of new astrocytes, a dynamic
process able to react to external and internal
stimuli such as voluntary exercise and aging.
Interestingly, we identified that new
astrocytes are not only generated by gliogenic
division of NSCs, but also by proliferation of
local astrocytes. While this mechanism has so
far only been described in the developing
cortex, our data show that this type of
astrogenesis is an ongoing process from
hippocampal development to aged stages. We
are currently investigating which molecular
factors are involved in both NSC- and
astrocyte-mediated astrogenesis.

Funding: DFG

Morphological, molecular and functional
diversity of hippocampal astrocytes

PI: Dr. Ruth Beckervordersandforth
Investigating astrocyte diversity on
morphological, molecular and physiological
levels, we present evidence that each anatomical
layer of the adult mouse DG is populated by
morphologically and molecularly distinct
astrocyte populations. Region-specific
diversification of astrocytes is further supported
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by subtype-specific physiological functions such
as the establishment of homotypic astrocyte
networks as well as functional differences in
Glutamate transport. Importantly, we found a
number of key molecular and morphological
features of murine astrocyte diversity also in
humans, indicating that astrocyte diversity in the
DG is highly conserved and relevant for human
DG physiology. These findings suggest that
diversity of astrocytes goes beyond the broad
scale of developmental ancestry and affects -
equivalent to what has been shown for neurons
- also regional networks.

Funding: DFG

The Professorship of Molecular Medicine with
focus on Molecular Imaging contributes to the
teaching curriculum of Medicine and Dentistry by
offering obligatory and elective courses. It
provides interdisciplinary training for students of
the master degree program Molecular Medicine
thatis performed together with the departments
of Psychiatry and Psychotherapy and of Nuclear
Medicine, the Institute of Radiology, and the
Division of Molecular Neurology. Aim is to
theoretically and practically teach the students
state-of-the-art technologies of molecular
imaging.

Bachelor and master students as well as medical
and scientific graduate students are supervised
in our group to successfully finish their thesis
projects.

Selected publications

Braun, K., Haberle, B.M., Wittmann, M.T., Lie, D.C.
(2020) Enriched environment ameliorates adult
hippocampal neurogenesis deficits in Tcf4
haploinsufficient mice. BMC Neurosci. Nov
23;21(1):50. doi: 10.1186/512868-020-00602-3.

Heppt, J., Wittmann, M.T., Schaffner, 1., Billmann,
C., Zhang, J., Vogt-Weisenhorn, D., Prakash, N.,
Wourst, W., Taketo, M.M.,, Lie, D.C. (2020) B-catenin
signaling modulates the tempo of dendritic growth
of adult-born hippocampal neurons. EMBO J. Nov
2;39(21):e104472. doi:
10.15252/embj.2020104472. Epub 2020 Sep 15.

Boerstler, T., Wend, H., Krumbiegel, M., Kavyanifar,
A., Reis, A,, Lie, D.C., Winner, B., Turan, S. (2020)
CRISPR/Cas9 mediated generation of human
ARID1B heterozygous knockout hESC lines to
model Coffin-Siris syndrome. Stem Cell Res. Jun
29;47:101889. doi: 10.1016/j.scr.2020.101889.

von Wittgenstein, J., Zheng, F., Wittmann, M.T.,
Balta, E.A., Ferrazzi, F., Schaffner, I., Haberle, B.M.,
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Alzheimer, C. & Lie, D.C. (2020) Sox11 is an Activity-
Regulated Gene with Dentate-Gyrus-Specific
Expression Upon General Neural Activation. Cereb
Cortex. doi: 10.1093/cercor/bhz338

Wedel, M., Frob, F., Elsesser, O., Wittmann, M.T.,
Lie, D.C., Reis, A. & Wegner, M.(2020) Transcription
factor Tcf4 is the preferred heterodimerization
partner for Olig2 in oligodendrocytes and required
for differentiation. Nucleic Acids Res. doi:
10.1093/nar/gkaa218

Turan, S., Boerstler, T., Kavyanifar, A., Loskarn, S.,
Reis, A., Winner, B. & Lie, D.C. (2019) A novel
human stem cell model for Coffin-Siris Syndrome
like syndrome reveals the importance of SOX11
dosage for neuronal differentiation and survival.

Hum Mol Genet. doi: 10.1093/hmg/ddz089
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R., Lie, D.C. & Beckervordersandforth R. (2019)
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Enhances Neuronal Cell Death in the Cortex Upon
Photothrombotic Lesion. Front Mol Neurosci 12:
40. doi: 10.3389/fnmol.2019.00040

Beckervordersandforth, R. & Rolando, C. (2020)
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Research focus

e Renal sodium and potassium homeostasis

¢ Epithelial sodium channel (ENaC)

e Regulation of ENaC by hormonal and local
factors

o Activation of ENaC by proteases

e Functional characterization of epithelial ion
channels

Structure of the Chair

Professorship: 1

Personnel: 21

e Scientists: 9 (thereof funded externally: 3)
e Graduate students: 3

Special structural feature

The Institute of Cellular and Molecular
Physiology comprises the Chair of Physiology
(Systems Physiology) and the Professorship of
Cardiovascular Physiology. The Chair and the
Professor of Cardiovascular Physiology serve as
director and deputy director of the Institute,
respectively.

Research

The research focus of the group of Prof. Dr. C.
Korbmacher is the physiology and pathophysi-
ology of renal and epithelial ion channels. In
the kidney and other epithelial organs, ion
channels are involved in mediating highly
selective and regulated transepithelial ion
transport. To study these ion channels and
their regulation is of physiological and
pathophysiological relevance, because an
inappropriate function of renal ion channels
may cause for example arterial hypertension,
renal salt wasting syndromes, or polycystic
kidney disease.

Renal sodium and potassium homeostasis

Sodium homeostasis and potassium
homeostasis are intimately linked and critically
important for the survival of the human
organism. Homeostatic regulation primarily
depends on the ability of the kidney to match
dietary sodium and potassium intake with
appropriate renal excretion. Maintaining
sodium balance is essential for the control of
extracellular fluid volume and blood pressure.

Inappropriate renal sodium retention will cause
expansion of extracellular fluid volume and may
result in arterial hypertension and edema. In
contrast, renal sodium wasting causes
extracellular volume depletion resulting in a
decrease of arterial blood pressure and
eventually circulatory collapse. Maintaining
potassium balance is critically important for
many cellular functions, including neuronal and
cardiac excitability. Renal potassium retention or
wasting will ultimately lead to hyperkalemia or
hypokalemia, respectively, which may cause
cardiac arrhythmias and cardiac arrest. Thus,
pathophysiological disturbances of renal sodium
or potassium homeostasis result in potentially
life threatening disorders. Therefore, it is of
great interest to understand the function and
regulation of ion channels involved in renal
sodium and potassium handling.

Epithelial sodium channel (ENaC)

A particular focus of this research group is the
amiloride-sensitive epithelial sodium channel
(ENaC) and the molecular mechanisms involved
in its regulation. lon flux through ENaC is the
rate-limiting step for sodium absorption in the
so-called aldosterone sensitive distal nephron
(ASDN). The pathophysiological importance of
ENaC for sodium homeostasis and blood pres-
sure control is evidenced by ‘gain of function’
and ‘loss of function” mutations of the channel
causing a hereditary form of severe salt-sensitive
arterial hypertension (Liddle syndrome; pseudo-
hyperaldosteronism) or a renal salt wasting syn-
drome (PHA1; pseudhypoaldosteronism type 1),
respectively. ENaC also plays an important
physiological and pathophysiological role in
sodium and fluid absorption by the respiratory
epithelium and distal colon.

Protealytic activation

T 7 lipid environment
Madulation through amphiphilic g
substances (2. bile acids)
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Cytoplagmic regulatory proteins (&g SGK1, Neddd-2)

Molecular mechanisms involved in the regulation
of the epithelial sodium channel (ENaC) consisting
of three subunits (a,B,y)

Regulation of ENaC by hormonal and local
factors

A complex network of hormonal and local factors
contributes to regulating ENaC. The most impor-
tant hormone stimulating channel activity is
aldosterone which acts through the mineralo-
corticoid receptor (MR). Many questions remain
open regarding regional differences of the action
of aldosterone in the ASDN and the molecular
mechanisms involved in mediating the

aldosterone effect. The differential regulation of
sodium absorption and potassium secretion by
aldosterone in the ASDN is also incompletely
understood. In the ASDN, the secretory
potassium channel ROMK (renal outer medullary
K* channel) is mainly responsible for potassium
secretion. An increased ENaC activity favors
potassium secretion through ROMK. In contrast,
inhibiting ENaC, e.g. by amiloride, reduces ROMK
mediated potassium secretion. Therefore, the
regulatory interplay of the two channels is of
great importance for renal sodium and
potassium  homeostasis. The appropriate
adjustment of the functional interaction of ENaC
and ROMK is likely to involve a regional
heterogeneity of channel regulation. At the
cellular and molecular level, several regulatory
proteins (e.g. kinases, proteases, and proteins
directly associated with the channel) and the
lipid environment of ENaC contribute to its
regulation.

Activation of ENaC by proteases

A specific feature of ENaC is its complex
proteolytic processing which is critical for
channel  activation.  Proteolytic  channel
activation can be nicely demonstrated in
heterologous  expression  systems. ENaC
activation by locally released proteases may be
pathophysiologically relevant in the context of
inflammatory kidney disease and may contribute
to sodium retention for example in nephrotic
syndrome. However, molecular mechanisms
contributing to proteolytic ENaC activation are
still incompletely understood and
(patho)physiologically relevant proteases remain
to be identified. In addition to proteases
activating ENaC directly by proteolytic channel
cleavage at specific sites, interstitial proteases
may indirectly modulate ENaC mediated
transepithelial sodium transport by activating a
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basolateral protease-activated receptor type 2
(PAR2).

Proteolytic channel activation in an outside-out
patch  from a Xenopus laevis oocyte
heterologously expressing human ENaC

Functional characterization of epithelial ion
channels

Above all, electrophysiological methods are
used to study the function and regulation of
renal and epithelial ion channels. These include
transepihelial short circuit current measure-
ments in Ussing chambers, whole-cell current
recordings using the two-electrode voltage
clamp (TEVC) technique, and patch-clamp
experiments which in addition to whole-cell
recordingsalsoallowsingle-channelrecordings.
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To elucidate the molecular mechanisms
involved in ion channel regulation, a range of
additional molecular biological and cell
physiological methods are employed including
the useof Xenopuslaevisoocytes,culturedcells,
native tissue, and animal models (e.g.
genetically modified mouse lines). Moreover,
the now available structural information in
combination with computer simulations and
site-directed mutagenesis allows the
investigation of functionally relevant channel
regions. This integrated approach provides

fascinating opportunities to gain  novel
insights into physiological and patho-
physiological mechanisms and a better

understanding of molecular disease processes.
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Ussing chamber

Schematic diagram of a so-called Ussing chamber
for short-circuit current measurements to assess
electrogenic transepithelial ion transport

Xenopus laevis oocyte impaled with two
microelectrodes to measure whole-cell currents
using the two-electrode voltage clamp (TEVC)
technique

Phase contrast micrograph of cultured collecting
duct cells (mCCDu1 cell line) with dome formation
indicating active transepithelial electrolyte and
fluid transport

Differential interference contrast image of a
microdissected  distal ~mouse nephron. A
Differential interference contrast image is
composed from a series of consecutive
photomicrographs. Transitional zone between
the distal convoluted tubule and early connecting
tubule (DCT2/CNT) and the zone comprising the
late CNT and early CCD (CNT/CCD) are indi-
cated. B Split open tubule with patch pipette (*)

Homology model of human oByENaC with
associated taurodeoxycholic acid (t-DCA) in the
pore region of the channel as predicted by
molecular docking simulation.

Teaching

The Institute of Cellular and Molecular
Physiology is involved in the curricular teaching
(lectures, seminars, and practical classes) for
medical and dental students and for students
following the degree program Molecular
Medicine (Bachelor and Master).

The Institute provides research opportunities for
medical students working towards a doctoral
degree and for bachelor, master, and graduate
students.
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Research focus
e Cardiac ion channels
e Electromechanical coupling

Structure of the Professorship

Professorship: 1
Personnel: 5
e Scientists: 3
(thereof funded externally: 1)
e Graduate students: 2

Special structural feature

The Institute of Cellular and Molecular Physiol-
ogy comprises the Chair of Physiology (Systems
Physiology) and the Professoship of Cardiovas-
cular Physiology. The Chair and the Professor of
Cardiovascular Physiology serve as director and
deputy director of the Institute, respectively.

Research

The research focus of the Professorship of
Cardiovascular Physiology is the study of the
pathophysiology of cardiac arrhythmia and
heart failure. Heart failure leads to functional
and structural alterations at the macroscopic
as well as the microscopic and the molecular
level, a process called remodeling. Cardiac re-
modeling during heart failure alters the
electromechanical function of the heart, for
example by altering the expression of ion
channels that control cardiac excitation and
repolarization, which increases the risk for
cardiac arrhythmia including sudden death.
Structural alterations in heart failure, such as
an increase in connective tissue (fibrosis) or an
alteration of the myocyte architecture, can
decrease cardiac contractility and worsen
heart failure. Our primary goal is to further
understand the molecular mechanisms that
underlie remodeling of the heart. This might
lead to new diagnostic, therapeutic, or
preventive strategies.

Cardiac ion channels

To investigate function and regulation of ion
channels, a broad range of sophisticated
electrophysiological, molecular biological, and
cell physiological methods is applied on
cultured cells, native tissues, animal models

(e.g. transgenic mouse lines), and human cells.
For example, the patch-clamp technique
allows for a detailed analysis of membrane

potential and ion channel function by
electrically controlling individual cardiac
myocytes. lon channels are particularly

important in shaping the action potential and
in initiating the contraction. It is well
established that regional differences in action
potential duration (APD) in different areas of
the heart are of great importance for a normal
course of repolarization. For example, within
the left ventricular free wall, APD is much
longer in endocardial than in epicardial
myocytes with the consequence that
endocardial myocytes repolarize last, although
they become depolarized first. Hence, the
wave of excitation travels from endocardial to
epicardial regions, while the wave of
repolarization travels in the opposite
direction. Under pathological conditions, such
as cardiac hypertrophy or failure, this well-
organized sequence of events is altered which
is thought to contribute to the increased risk
of cardiac arrhythmia and sudden cardiac
death of patients with cardiac hypertrophy or
failure. In order to further understand the
underlying mechanisms, our research group
investigates the regulation and pharmacology

of ion channels (Na*, K* and Ca2* channels)
that are responsible for cardiac excitation and
repolarization by using animal models as well
as tissue or cell culture. At present, the
primary focus lies in the identification of
signaling cascades that participate in the
regulation of those ion channels under
pathophysiological conditions. A promising
target is the cardiac mineralocorticoid
receptor that participates in the regulation of

cardiac Ca2* and K* channels.

It is hoped that a more detailed
characterization of cardiac ion channels will
lead to a better understanding of the
mechanisms underlying cardiac repolarization
and will help to develop therapeutic strategies
to influence the organization of repolarization
and hence prevent the development of
malignant arrhythmia.

Isolated human ventricular cardiomyocyte during
patch-clamp recording

Electromechanical coupling

Electromechanical coupling is the process that
links electrical signals from the cell membrane,
i.e. action potentials, to the mechanical action of

the cell, i.e. the contraction. In the heart, a Ca2t-

influx into the cell via L-type Ca2* channels
activates ryanodine receptors located intracel-
lularly in the sarcoplasmic reticulum (SR) which

inturn release much more Ca2* from the SR. This

process, called Ca2*-induced Ca2*-release,
activates contraction and controls its magni-

tude. For example, when not enough Ca2tis re-
leased from the SR or the release is too slow, the
resulting contraction is inefficient and weak.
Multiple mechanisms can cause alterations in
electromechanical coupling. In heart failure, al-
terations in the microarchitecture of cardiac
myocytes particularly contribute to a decrease in

Ca2* release from the SR.

Thetransversetubularsystem (t-system)inven-
tricular cardiomyocytes consists of many tube-
like membrane invaginations that originate
from the cell surface and reach deeply into the

cell. L-type Ca2t channels are primarily
localized in the t-tubular membrane in close
vicinity to the ryanodine receptors. An
important task of t-tubules is therefore to

facilitate a close contact of L-type Ca2+
channels to ryanodine receptors in order to
provide the condition for an efficient and quick

release of Ca2* from the SR. Three
dimensional high resolution microscopy
(confocal or STED microscopy) reveals that in
heart failure, t-system structure and

expression of Ca2* channels is substantially
altered. These alterations lead to delayed,

reduced, and disorganized Ca2* release from
the SR which can also be identified using high

resolution microscopy together with Ca2t
indicators and computer assisted image
analysis.

Using cell- and tissue culture models derived
from human heart samples, we investigate the
cellular and molecular mechanisms underlying t-
system alterations with the aim to stop or even
reverse these processes. Furthermore, we link
structural and functional alterations at the cel-
lular and molecular level to the clinical picture of
patients in order to identify prognostic or
diagnostic markers or even new therapeutic
strategies.

A 3D confocal microscopic image of the t-system in
a cardiomyocyte.

B Cardiomyocyte with loss of t-system, e.g. in heart
failure
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Immunofluorescence analysis of Ca2* channel
expression using confocal and STED microscopy in
a cardiomyocyte

The Professorship of Cardiovascular Physiology is
involved in the curricular teaching (lectures,
seminars, and practical classes) for medical and
dental students and for students following the
degree programs Molecular Medicine (Bachelor
and Master).

The Institute provides research opportunities for
medical students working towards a doctoral
degree and for bachelor, master, and graduate
students.
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Research focus

. Neurophysiologic substrates of higher brain
functions

. Systems neurophysiology

. Transduction, integration and plasticity in
primary nociceptive neurons

. Trigeminal nociception and
generation

. Functional imaging of brain activity by fMRI

headache

Professorships: 3

Personnel: 40

. Scientists: 16 (thereof funded externally: 8)
. Doctoral students: 9

Special structural features

The Institute houses experimental set-ups of the
Departments of Anesthesiology, Medicine 1 and 4,
and Psychiatry, each with close methodical and
thematic ties to the research groups of the
Institute.

The overarching research objective at our Insti-
tute is to understand the bioelectrical and
neurochemical processes that constitute the basic
language of the nervous systems and enable
communication between nerve cells.

What factors elicit an electric impulse in a neuron,
if, for instance, pain or temperature stimuli
influence the body?

What mechanisms mediate signal transmission
between nerve cells and how is information pro-
cessed in neuronal networks? How do different
brain regions communicate with each other?
Answers to questions like these will also help to
elucidate the underpinnings of cognition, emotion
and action and of disorders thereof. We explore
such issues with a broad spectrum of methods,
ranging from modern electrophysiological, optical,
cell and molecular biological techniques to fMRI in
healthy volunteers and patients.
Neurophysiologic substrates of higher brain
functions

Pl: Prof. Dr. C. Alzheimer, Dr. F. Zheng, PD Dr. Dr. T.
Huth

Our research focuses on the electric behavior of

neurons and neuronal networks under normal and
pathological conditions. Using high-resolution
neurophysiological and optical techniques, we
investigate functions and regulation of ion
channels and synapses. Our aim is to understand
fundamental neural processes that are essential for
cognitive functions as well as for affective behavior
and whose dysfunctions might give rise to
neuropsychiatric disorders. In particular, we are
studying the following topics:

1) Role of activin, a member of the Transforming
Growth Factor-B family, as a “master molecule”
tuning glutamatergic and GABAergic
neurotransmission, and its impact on cognition,
emotions, and neuroprotection

2) Interaction between BACE1, a crucial enzyme in
the amyloid cascade of Alzheimer’s disease, and
properties and expression of Na* and K* channels
3)  Neuropsychiatric disease models and
mechanisms of drug action (in collaboration with
the Department of Psychiatry and Psychotherapy).

Systems Neurophysiology

PI: Prof. Dr. A. Ponomarenko

The motivation for our research is to uncover real-
time interactions between neuronal ensembles in
the brain supporting experience-dependent and
innate behaviours. During these behaviours
cortical and subcortical regions display various
regimes of networks synchronization, which
temporally coordinate neuronal ensembles and is
often affected in neuropsychiatric disorders.
Combining electrophysiological recording and
optogenetic manipulations of neuronal activity in
behaving rodents, mouse genetics and
mathematical modeling, we study network
oscillations and neural coding in brain regions
involved in memory, navigation and adaptive
behaviour. We further investigate the signaling
between cortical and subcortical circuits
supporting innate behaviors such as feeding, social
interaction and sleep. A recent work focused on the
functions of the relevant for obsessive-compulsive
disorder coupling of fast and slow oscillations in the
prefrontal - subthalamic pathway. Another project
addressed the role of signaling between prefrontal
cortical interneurons and astrocytes in oscillations,
ensemble coding and decision-making.
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Fig.1: Optogenetic activation of medial prefrontal
(mPFC) astrocytes by melanopsin (Mel) improves
spatial working memory, facilitates gamma
oscillations and increases firing rate of putative
excitatory cortical neurons. S100 - astrocytic
marker, S — start, DZ — decision zone, TP — turning
point, E — end. Modified from Mederos et al., Nat.
Neurosci., 2020

Transduction, integration, plasticity in primary
nociceptive neurons

Pl: Prof. Dr. S. Sauer, Prof. Dr. P.W. Reeh

The research focuses on primary nociceptive
neurons, their electrophysiological and
neurochemical responses to noxious and
pruritogenic stimuli and chemical mediators.
Isolated preparations and cultured dorsal root
ganglion cells as well as transfected cell lines are
used to study action potential discharge, ionic
currents, calcium transients, and release of the
neuropeptides substance P and calcitonin gene-
related peptide. Aim is to elucidate nociceptive
transduction and integration of stimuli as well as
possible pharmacological interventions. Specific
topics are sensitization by tissue acidosis,
inflammatory mediators, metabolites as well as
their intracellular signal transduction. Transgenic
mouse strains lacking different metabotropic and
ionotropic receptors or thermally activated ion
channels (i.a. TRPV1, TRPAL1) are studied. Voltage-
controlled ion channels (NaV, Kv7.2, HCN, CaV3.2)
came in focus because only few subtypes decide on
excitability, i.e. on generation, frequency, and
propagation of action potentials to the central
nervous system. The group studies mechanisms of
painful diabetic neuropathy. One project focus on
reactive dicarbonyls, that cause glycation of TRPA1
receptors, the other investigates consequences of
calcium channel (Cav3.2) glycosylation. Both
processes increase excitability of nociceptors and
could by that contribute to pain sensations of
diabetes patients

Trigeminal nociception and headache generation
PI: Prof. Dr. K. Messlinger

Our group is working on nociceptive mechanisms in
the cranial dura mater, the trigeminal ganglion, and
the spinal trigeminal nucleus as the neurobiological
basis for the generation of headaches. Extracellular
recordings from single afferent fibers in the
isolated rodent dura mater are performed to study
the sensitivity and response of meningeal afferents
and the role for receptors and ion channels that are
probably involved in the generation of headaches
in humans. In a similar preparation, we examine by
which mechanisms the neuropeptide CGRP is
released from the cranial dura mater as an
indicator for trigeminovascular activation. Using
immunohistochemical and molecular biological
methods, we aim at detecting the intracellular
signal pathways that are induced by these
substances. To study the central processes of
headache generation, we examine the response
properties of neurons in the spinal trigeminal
nucleus, record the peripheral and central blood
flow, and assess the effects of potential headache
therapeutics.

Functional imaging of brain activity by fMRI

PI: Prof. Dr. C. Forster

Functional magnetic resonance imaging (fMRI) is a
well-established method to image the activity of
the human brain during the processing of various
stimuli and tasks. The method is used to identify
brain regions involved in the central processing of
pain and itch. By variation of the experimental
paradigms, the function of various brain regions
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and their contribution in the perception of the
corresponding stimulus should be determined.
Common projects with the Department of
Medicine 1 analyze the central changes induced by
chronic itch in patients suffering from cholestatic
pruritus.

In addition to its contribution to the preclinical
curricula of students of Medicine, Dentistry, and
Molecular Medicine, the Institute gives lectures,
seminars, and practical courses in physiology for
students of the Faculties of Engineering and of
Sciences, in particular courses for the degree
programs Medical Technology and Pharmacy. The
Institute supervises Bachelor and Master theses as
well as MD and PhD theses.
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Research focus

e Work related health research

e Population related health studies

e Biomarker in Occupational Medicine

e Dermatotoxicology

e Molecular markers of exposure to hazardous
substances

e Quality assurance of biomonitoring methods

e Quality assurance of health promoting actions

e Healthcare research

Structure of the Institute

Professorships: 2

Personnel: 51

e Doctors (of Medicine): 7

e Scientists: 14 (thereof funded externally: 12)
Graduate students: 21

Clinical focus areas

e Qutpatient-clinic of occupational, social, and
environmental medicine

¢ Biological monitoring

e Occupational medical service for FAU and UK
Erlangen (incl. prevention of infection)

e Occupational medical service for teachers at
schools in Northern Bavaria

Special structural features

e Chair and scientific secretary of the DFG
working group ,,Setting of Threshold Limit
Values in Biological Material” (Permanent
Senate Commission for the Investigation of
Health Hazards of Chemical Compounds in the
Work Area)

e Chair and scientific secretary of the DFG
working group ,,Analyses of Hazardous
Substances in Biological Material” (Permanent
Senate Commission for the Investigation of
Health Hazards of Chemical Compounds in the
Work Area)

e Management and certification center of the
quality assessment program for human
biological monitoring (German External
Quality Assessment Scheme, G-EQUAS)

Research
In different research areas, health hazards

derived by occupational and environmental
exposure are investigated using clinical, natural-

scientific, and sociological methods. The aim of
the research of the Institute (IPASUM) is a
qualitative and quantitative specification of the
effects as well as their determinants and finally
evidence-based recommendations of prevention
measures. The research approaches vary from
cell biological basic research to the scientific
evaluation of prevention measures in practice.

Work related health research

Manifest diseases, resulting from chronic expo-
sure at work, often cause substantial social-
medical problems. Therefore, IPASUM carries out
field studies at the work place that aim at
detecting physiological and pathophysiological
changes long before manifest diseases appear.
Questions always arise when new technologies
or working materials are introduced. New
welding techniques used in the aluminum
processing industry or the replacement of
classical solvents by alternative solvents can be
listed as examples. Furthermore, allergically
mediated diseases at the workplace are still a
problem although hygienic conditions have
clearly been improved. Therefore, an important
focus for IPASUM is on the assessment of
exposure and on the effect of toxic, mutagenous,
and sensitizing working materials. Many
qualified field studies analyze not only the
exposure, but also the data of ambient
monitoring (inhalative and dermal exposure).
Funding: German employer’s liability insurance
association, German State Ministries, German
Federal Ministry of Labor and Social Affairs

Population related health studies
Environmental medicine relates to occupational
medical questions by critically proving exposure
and its possible effects. IPASUM has, amongst
others, the task to offer fast and adequate help
if the public is postulated with high exposure to
chemical agents, like PCB in public facilities,
phthalates in pharmaceuticals/toys, or alu-
minum in deodorants.

Funding: Local authorities, Bavarian State
Ministry of the Environment and Public Health,
German Federal Environment Agency

Biomarker in Occupational Medicine

Pl: Prof. Dr. S. Schmitz-Spanke

This working group examines the cellular
response to exposure to hazardous substances in
the low dose range. In cellular models,
toxicological endpoints  (such as  cell
proliferation, production of oxygen radicals,
alterations in the mitochondrial membrane
potential, DNA damage) are correlated with
alterations on the proteome and metabolome
level. Here, the sequence of the cellular defense
mechanism is analyzed and the transition from
adaptive to adverse effects is characterized. The
resultant data sets are comprehensively
processed and modeled to simulate different
conditions yielding insight into the mechanisms
that are involved in this transition.

In a subproject of the project network “Ultra-
Fine Particles” (UFP), funded by the Bavarian

State Ministry of the Environment and Consumer
Protection, the biological response to UFP
exposure is being investigated. For this purpose,
a state-of-the-art air-liquid interface lung model
in situ is exposed to particles of varying sizes and
compositions, and the biological response is
examined using a high-throughput battery of
tests as well as both transcriptomic and
metabolomic methods. Cooperating partner:
Cooperation Group of Comprehensive Molecular
Analytics at Helmholtz Zentrum Miinchen.

Dermatotoxicology

Several projects that describe and quantify
dermal penetration are conducted by using in
vitro (static diffusion chamber, microdialysis on
freshly excised human skin) and in vivo models
(microdialysis of volunteers). Furthermore one
working group deals with the assessment of
hazardous substances in the area of skin pene-
tration for the DFG Commission of Investigation
of Health Hazards of Chemical Compounds in the
Work Area. Clinical research in the area of
dermatotoxicology considers procedures to
early diagnose subclinical skin damages and
irritations. IPASUM developed and validated the
Hand Eczema Score for Occupational Screen-
ings (HEROS).

Molecular markers of exposure to
hazardous substances

This research group develops and validates
procedures for the quantitative assessment of
molecular markers of individual exposure to
hazardous substances (exposure monitoring),
for the disposition for hazardous substances in
the metabolism (susceptibility monitoring) and
examines the effects of hazardous substances
(biological effect monitoring). A special focus is
laid on the biological effect monitoring, which
particularly quantifies reaction products of
mutagenous substances, covalently bound as
adducts to macromolecules, like proteins or
DNA. The valency of the biomarkers is examined
in studies that give information about the

specificity,  sensitivity, and  toxicokinetic
behavior.
Funding: DFG, Chemie-Wirtschafts-
férderungsgesellschaft, German Environment
Agency.

Quality assurance of biomonitoring
methods

On behalf of the German Association for Occu-
pational and Environmental Medicine, IPASUM
currentlyorganizesthemostcomprehensive ex-
ternal quality assessment scheme worldwide for
the evaluation of  occupational and
environmental biomarkers. The 62"¢round robin
test of G-EQUAS was finished within the report
period. Now G-EQUAS comprises 190 analyses
parameters; more than 200 laboratories
worldwide (two-thirds of them international)
take part in G-EQUAS every six months.

Quality assurance of health promoting
actions
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Within the framework of company health
management, measures are offered and
implemented in companies that support the
health resources and wellbeing of the
employees. IPA-SUM develops concepts to
examine the effectiveness and sustainability of
health promotion in companies and uses them in
practice. The evaluation concepts are developed
and implemented for individual companies,
networks or for regional programs, like Medical
Valley EMN. One evaluation task for these
programs is to assess the consistency and
feasibility of their objectives. Other tasks are to
evaluate the applied measures, their suitability
and efficiency and to rate their sustainability.

Psychological strain in the workplace
The changing world of work, as a result of
working from home, increased digitalization,
constant availability, or the consolidation of
tasks, to name a few examples, can lead to a
change in general working conditions and social
cooperation. In recent years, these changes have
led to more focus on mental health,
psychological strain, and stress in the workplace
with regard to both research and practice. The
IPASUM has made a significant effort to develop
risk assessment procedures for psychological
strain. In this context, relevant content and
methods of implementation have been
specified, developed, tested, and validated for
small and medium-sized businesses as well as for
settings like schools and hospitals. Using these
evaluative results, measures are derived and
concepts are developed which are then further
analyzed for success. The goal of this project is to
develop methods and concepts for employers to
analyze their own current situations (whether
independently or with partial support) and
improve them as needed.

Healthcare research

In the field of healthcare research, the project
“Healthcare in Bavarian schools” was conducted.
The project aims to improve occupational
healthcare in public Bavarian schools as well as
to support the construction of the
Arbeitsmedizinische  Institut  flir ~ Schulen
(Occupational Medicine Institute for Schools,
AMIS Bayern). Cooperating partners: Institute
for Occupational, Social, and Environmental
Medicine of LMU Munich, AMIS Bayern (LGL).

Teaching

The employees of the IPASUM share in the
curricular teaching of both compulsory and
elective subjects in the study programs Human
Medicine and Medical Process Management. In
addition to the core subjects of occupational,
social and environmental medicine, the IPASUM
assists in coordinating complementary subjects
Q3 and Q10 as well as career exploration.
Moreover, Bachelor and Master theses, as well
as dissertations for the medical and natural
sciences, are supervised.

Selected publications

Verma N, Pink M, Kersch C, Rettenmeier AW,
Schmitz Spanke S. Benzo[a]pyrene mediated
time and dose dependent alteration in cellular
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2019; 93: 2593-2602
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The tissue viability imaging system-Suitable
method for discovering minimal skin changes

in occupational screenings? Results of a cross-
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Research focus

e Clinical nutrition in older persons
e Mobility and function

e Clinical care for geriatric patients

Structure of the Institute

Professorships: 2

Personnel: 30

¢ Doctors (of Medicine): 2

e Scientists: 22 (thereof funded externally: 20)
e Graduate students: 15

Special structural feature

Prof. Dr. C.C. Sieber is head of the Internal
Medicine of the Kantonsspital Winterthur
(Switzerland).

Research

The demographic change poses a challenge for
the public health care systems. In the future, the
approach of diagnose-specific action in older
persons will not be enough for the main goal of
preservation of independence, mobility, and
quality of life in the older population and for
prevention and treatment of age-related dis-
eases. The two lifestyle factors, physical activity
and nutrition, play a major role — next to medical
intervention — to conquer the above-mentioned
challenge.

Hence, research at the Institute for Biomedicine
of Aging (IBA) is focusing on the areas nutrition
and physical activity in older persons and on the
improvement of medical care for geriatric
patients in a highly interdisciplinary manner.

Clinical nutrition in older persons

PI: D. Volkert

The section of Clinical Nutrition in Older Persons
at the Institute for Biomedicine of Aging (IBA)
investigates aspects of nutrition related to the
maintenance of health and performance into old
age and is involved in various national and
international research projects with this topic.
In the second funding phase of the BMBF-funded
Bavarian competence cluster of nutrition
research "enable", an individualized multimodal
intervention study was conducted in two nursing
homes in Nuremberg to improve the nutritional

situation of residents with malnutrition or risk
for malnutrition. A senior-specific protein drink
and a visually attractive and enriched texture-
modified diet were used that had been
developed in previous enable projects in
collaboration with the Fraunhofer Institute for
Process Engineering and Packaging (Freising) and
the Weihenstephan-Triesdorf University of
Applied Sciences. In addition, the
comprehensive database of the enable cohorts
was used for further evaluations, e.g. on protein
intake and eating motives of older people.

On behalf of the German Nutrition Society (DGE),
German data from the worldwide "nutritionDay"
project of recent years were analyzed and a
chapter on the nutritional situation in German
hospitals and nursing homes based on this data
was published in the 14th Nutrition Report of the
DGE. Prospective international nutritionDay data
were used to identify predictors of malnutrition
in nursing home residents.

Furthermore, an update of the S3 guideline
"Clinical Nutrition in Geriatrics" of the German
Society for Nutritional Medicine (DGEM) was
started in the reporting period in collaboration
with leading German and Austrian experts.
Based on the current European ESPEN guideline,
recommendations on the prevention and
treatment of dehydration are being developed
and integrated for the first time.

Pl: E. Kiesswetter

Within the BMBF-funded "Effective SLOPE"
project, a systematic review with network meta-
analysis is conducted to investigate differences
in effects and risks of different lifestyle
interventions among older people with obesity
regarding physical function, body composition
and other health-related aspects.
Supplementary qualitative interviews were
conducted to identify motives, barriers and
support needs regarding weight reduction from
the perspective of those affected.

In a validation study funded by the Karl-
Dusterberg-Stiftung e.V., the suitability of the
German translation of the short questionnaire
Protein Screener 55+ for identifying low protein
intake in community-dwelling older people was
tested.

A sub-study of the EFI project "Human Body
Odours: Exploring Chemical Signatures" started
to analyze differences in body odour between
healthy younger and older people.

In February 2020, a FAUconnect on the topic of
"Nutrition - Exercise - Digital Health Innovative
Intervention Pathways to Maintain
Independence in an Aging Society" was
organized by the IBA with participants from
various FAU institutions as well as external
multipliers.

Mobility and function

Pl: E. Freiberger

The area of movement and function at the IBA is
concerned with the promotion of movement and
the  preservation of functionality and
independence in older people and is involved in
various national and international projects.

Internationally, we were partners in the EU
project SPRINTT (Sarcopenia and Physical fRailty
IN older people: multi-componenT Treatment
strategies), an intervention study against loss of
muscle mass and physical functionality in older
people. The SPRINTT consortium was composed
of public and private partners from more than 20
institutions and 11 countries. The 123 elderly,
sarcopenic individuals recruited at the study
center in Nuremberg, Germany, participated in
one of two interventions with and without
regular physical activity until the end of 2019.
The goal was to prevent loss of mobility as
measured by the ability or time required to walk
400 meters continuously.

Another international activity was the
participation in the Steering Committee of the
"European Network for Action on Ageing and
Physical Activity" (EUNAAPA), whose aim was to
improve the cross-sectoral networking of
organizations from the fields of physical activity,
health and social affairs in order to be able to
expand and optimize the physical activity offer
for older people. Through the EUNAAPA
network, the IBA was also involved in the EU
project "PROMISS" and acted as a cooperation
partner in the dissemination work package.

On a national level, we were involved in the
BMBF-funded project PRO PRICARE
("PReventing Overtreatment in PRImary CARE"),
which addressed medical overtreatment in older
people. The IBA supported the implementation
of a systematic review and an expert survey to
develop a core set to describe the functional
health of a person in general practice.

Also funded by the BMBF was the POWER
project ("Prevention by Outdoor-Walking in the
Elderly at Risk" under the direction of the
General Medicine Department at the University
of Marburg, Prof. Donner-Banzhoff). This
investigates whether regular walking with the
help of volunteers improves functionality in
elderly people in nursing homes or assisted
living. The IBA was involved in the study planning
and supports the project with its expertise in an
advisory capacity.

The ADAC Foundation funded two studies by the
IBA. In SiFAr ("Safe cycling in old age"), an
attempt has being made to improve the
competence and safety of seniors over 65 years
of age when riding a bicycle or e-bike. For this
purpose, a three-month training program was
used that combines bicycle-specific and motor
exercises. The persistence of the effects will be
followed for up to 24 months.

The second project was "Young and Old", which
aimed to improve physical functionality through
joint projects between nursing home residents
and school students in cooperation with a school
in Hessen. Due to the Corona pandemic,
however, this project was first paused and finally
had to be discontinued.

In an internal project, mobility and various gait
parameters were assessed in independently
living people aged 70 years and older with
different levels of physical functioning.

In addition, in a cooperation with the Institute of
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Psychogerontology of the FAU, the influence of
aging images and place of supply on the
commitment to physical activity, which is of
great importance for older people to maintain
independence, was investigated.

In addition, PD Dr. E. Freiberger was a member
of the expert group that developed the expert
standard for mobility in nursing care in 2020
(Deutsche Netzwerk fur Qualitatsentwicklung in
der Pflege /DNQP).

In cooperation with the Institute of Medical
Physics, a study was conducted on the safety of
training with whole-body electromyostimulation
in both young (20-40 years) and older, frail (>75
years) subjects. Various biomarkers were
measured closely during the eight-week
intervention to show the adaptation to the
current stimulus.

Clinical care for geriatric patients

Pl: C.C. Sieber

The SCOPE project (Screening for Chronic
Kidney Disease among Older People across
Europe) is funded by the EU Horizon 2020
program and is being carried out in eight
European centers. The two-year follow-up of
independently living elderly people recruited
in Regensburg and Nuremberg was completed
in spring 2020. The data collected will be used
to estimate the incidence of chronic kidney
disease in the elderly and to develop
recommendations for health-economically
efficient screening for renal disease in geriatric
patients.

The research project TIGER ("Transsectoral
Intervention Program to Improve Geriatric
Care in Regensburg") investigated whether the
number of hospital readmissions can be
reduced by providing targeted care that is
continuous for 12 months after the transition
from hospital to home. The background is the
current discontinuity in the transition from
inpatient to outpatient treatment. At present,
many geriatric patients have only limited
success in finding their way back into everyday
life after being discharged from hospital, so
that they are often quickly readmitted to
hospital. Therefore, the need for integrated
and cross-sector care for older patients is
being increasingly recognized. The project was
funded by the Federal Joint Committee (G-BA)
as part of the Innovation Fund and has been
carried out together with the Barmherzige
Bruder Hospital in  Regensburg, the
Regensburg Physicians' Network, the Bavarian
AOK, the German Geriatrics Association and
the Institute for Nursing Science at Bielefeld
University.

Teaching

The practical geriatric training (Q 7) of the Chair
of Internal Medicine provides students with the
requirements of medicine in old age. The
compulsory elective subjects of the IBA are
interdisciplinary with focuses on nutritional
issues of older patients as well as physical
activity and falls.

Several lectures and courses of the master
degree  course gerontology (Faculty of
Humanities, Social Sciences, and Theology) are
organized by the IBA.

IBA supervises Bachelor's and Master's theses as
well as MD and PhD theses.

Selected publications
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M: Erndhrungssituation in Krankenhausern und
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Clinical focus areas
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virological diagnostics of viral infections
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* Genotyping

Research

Despite substantial progress in our under-
standing of viral host cell interactions and the
interplay between viruses and the immune
system, there still is an unmet medical need for
the prevention and therapy of persistent viruses
and viruses of the respiratory tract. The research
focus of the Institute therefore is to explore
novel antiviral therapies and preventive
measures that are based on molecular analyses
of the interaction of viruses with the host cell
and the immune system. Specificially, the
Institute focused on the following topics:

SARS-CoV-2 Infection

Pl: Prof. Dr. K. Uberla?, Prof. Dr. A. Ensser?, Prof.
Dr. T. Gramberg?, Prof. M. Marschall®, Prof. Dr.
U. Schubert®, Prof. Dr. M. Tenbusch®

In response to the COVID-19 pandemic,
diagnostic tests were rapidly established, and a
number of research projects were initiated. In a
collaborative effort with Prof Jack, human
neutralizing antibodies to SARS-CoV-2 were
developed and shown to have prophylactic and
therapeutic efficacy in animal models. A
seroprevalence study for the hotspot Tirschen-
reuth was performed together with Prof.
Wagner from the University of Regensburg.
Recombinant mutants of SARS-CoV-2 were
generated that will be important for subsequent
studies on virus host interaction and patho-

genesis. Several drug candidates inhibiting SARS-
CoV-2 replication in cell culture were identified,
and their mechanisms of action and therapeutic
potential is currently explored. Additional
studies aim to get hints on the role of SARS-CoV-
2 mutations occurring worldwide. Using animal
models, the importance of mucosal immune
responses after administration of viral COVID-19
vector and mRNA vaccines is also explored.

Retroviral infections

Pl: Dr. A. Thoma-KreR?, Prof. Dr. U. Schubert?,
Prof. Dr. K. Uberla3, Prof. Dr. T. Gramberg?*

Both human pathogenic retroviruses, human T-
cell leukemia virus (HTLV) and human immuno-
deficiency virus (HIV), are the subject of
extensive research by the Institute.

The first research group investigates
mechanisms of cell-to-cell transmission of HTLV-
1.The group identified molecular details of viral
transmission and found new cellular players
regulating the transport of viral proteins
between cells. In the long term, the group aims
at developing prevention strategies against
mother-to-child transmission. Beyond, the HTLV-
1 group studies the regulation of viral
transcription.

The second research group investigates the role
of small HIV-1 proteins in the pathogenesis of
HIV-1, whereby it was shown that the p6 Gag
protein represents the first known viral substrate
for the insulin degrading enzyme (IDE). Thereby,
p6 is ~100-fold more efficiently degraded by IDE
than its eponymous substrate insulin. This
phenomenon is regulated by the N-terminus of
p6 and is specific for the pandemic HIV-1 group
M isolates.

One of the questions addressed in the third
research group is how intron-containing HIV-1
mRNAs are captured in the cell nucleus. A
genome-wide screen using the CRISPR/Cas
technology led to the identification of several
spliceosome-associated proteins. The inacti-
vation of the corresponding genes increased the
cytoplasmic levels of the intron-containing
genomic HIV-1 RNA up to 140-fold.

The fourth group focuses on the effects of
intrinsic host restriction factors on viral
replication and mobile genetic elements . Using
knockout mice, the group showed that HIV
restriction factor SAMHD1 also blocks MCMV
replication in vivo and is counteracted by the
viral kinase. Also, the group found that the
antiviral factor TRIMS5a restricts and senses LINE-
1 retroelements and therefore protects the
integrity of the host genome. In the field of
diagnostics, the focus is on the development of
phenotypic drug resistance tests for HIV-1.

Herpesviral infections

Pl: Prof. Dr. M. Marschall!, Prof. Dr. A. Ensser?,
PD Dr. B. Biesinger?, PD Dr. F. Neipel*, Prof. Dr.
W. Doerfler®

The Institute is working on various cell biological
aspects of herpesvirus infections.

The first research group studies the regulatory
role of protein kinases (PKs) in the replication of

human cytomegalovirus (CMV) and further
herpesviruses and the utilization of PK inhibitors
in antiviral therapy. PK activities play an
important role in viral replication processes,
such as the nuclear particle egress, interaction
with the cell cycle and viral pathogenesis. A
multifaceted regulatory contribution of the
CMV-encoded PK pUL97, including a pUL97
interaction with cyclins, could be demonstrated.
Further viral and cellular components of the
nuclear egress complex (NEC) were identified by
proteomics approaches and structure-function
analyses led to its validation as an antiviral
target. Very recently, the prototype of a NEC
inhibitory small molecule could be reported.

In their search for antiviral restriction factors,
the second group demonstrated that the
centrosomal protein TRIMA43 restricts herpes-
virus infection by regulating nuclear lamina
integrity. In a long standing cooperation with
Prof. M. Lehner and Prof. W. Holter (Vienna),
novel T cell based immunotherapies for CMV
infections were investigated.

The third group investigates how oncoproteins
of gamma herpesviruses are capable to
transform human lymphocytes to permanent
growth in culture. The viral oncoproteins interact
with TNF receptor-associated factors (TRAF) to
activate NF-kappaB, but also to inhibit
interferon-inducing signaling pathways.
Thereby, the viral oncoproteins may contribute
to viral persistence.

The fourth laboratory is studying the oncogenic
Kaposi sarcoma-associated herpesvirus (KSHV).
The group could show that the Ephrin receptor
tyrosinkinase A2 (EphA2) is a receptor for KSHV
upon infection of endothelial and epithelial cells.
In collaboration with the group of Prof. Felix Rey
(Institute Pasteur) the group was able to clarify
the structure of the gH/gL/EphA2 complex and
experimentally identify single amino acids
essential for the interaction. This knowledge is
currently used to generate inhibitory antibodies.
The epigenetics group (5) has studied the world-
wide rise of SARS-CoV-2 mutations. Analyses of
sequences from GISAID revealed 10 frequent
mutations in Covid-19 isolates up to late May.
Between May to September and on to December
2020, numerous new mutations were selected,
including multi-faceted variants from England,
South Africa, and Brazil. Up to >50% of mutations
were due to C to T transitions, likely caused by
deaminases in the cellular APOBEC function.
Hence, an antiviral shield seemed perverted to a
mutagenic activity.

While herpesviruses are a frequent cause of
encephalitis, a completely unexpected patho-
gen, Borna disease virus 1 (BoDV-1), could be
detected by unbiased Next-Generation sequen-
cing of brain tissue of a patient with fatal
encephalitis of unknown origin, This was the first
evidence demonstrating that BoDV-1, which is
transmitted by shrews, is indeed pathogenic in
humans.

Antiviral immunity
Pl: Prof. Dr. M. Tenbusch?, Prof. Dr. M. Mach?,
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The first research group is developing novel
gene-based immunization strategies against viral
respiratory tract infections and analyse the
important role of local immunity at the mucosal
entry site of the pathogens. Potent antigen-
specific lung-resident memory T-cells induced by
mucosally applied vector vaccines provide
efficient protection against a broad panel of
influenza A Viruses, the respiratory syncytial
virus and most probably against SARS-CoV-2 as
well. Furthermore, serological tests for the
detection  of  different  immunoglobulin
subclasses against Influenza, RSV and SARS-CoV-
2 have been established.

The second laboratory has continued its efforts
in isolating and defining the mechanisms of
protective antibodies against the fusion protein
gB of HCMV. By utilizing a panel of virus-
neutralizing gB-specific monoclonal antibodies
(MADbs), it was demonstrated that syncytium
formation of an intrinsically fusion-active
gB/VSV-G chimera was inhibited by only a subset
of neutralizing MAbs, which target a distinct
antigenic domain of gB. This observation argues
for differential modes of action of neutralizing
anti-gB MAbs and suggests that blocking the
membrane fusion function of gB could be one
mechanism  of  antibody-mediated virus
neutralization.

The third research group investigates
mechanisms of adaptive immunity against HIV
and aims at the development of HIV vaccines.
The group was able to show in a highly relevant
animal model that antibodies against HIV are
able to prevent the infection of the very first
cells. For vaccine development, the group uses
gene-based immunization methods, liposomal
vaccines, nanoparticles, and virus particle
vaccines. One approach is to exploit T helper cell
responses induced by already approved vaccines
to optimize the antibody response to the HIV Env
protein. The aim of further work is to
characterize the influence of HIV infection on
vaccine-induced immune responses.

The fourth working group uses B- and T-cell
receptor transgenic mice to investigate the
influence of nano-particulate vaccine candidates
and immunomodulating substances on the
activation and differentiation of antigen-specific
B cells and follicular T helper cells. The further
goal is to characterize the applications of
antiviral nano-particulate vaccines to improve
antibody responses in small animal models.

Teaching

Curricular lectures and courses on infectiology
and immunology for students of Medicine,
Dentistry, Pharmacy, and Molecular Medicine
are jointly given by the Institute of Clinical and
Molecular Virology and the Institute of Clinical
Microbiology, Immunology, and Hygiene. In
collaboration with further colleagues from
theUK Erlangen as well as from Wirzburg and
Nuremberg, members of the Institute engage in
the interdisciplinary course on infectiology and
immunology (Q4). Furthermore, the Institute of
Clinical and Molecular Virology offers a series of
elective and compulsory optional courses for
students of the Faculty of Medicine and the
Faculty of Sciences. Thus, teaching in virology
extends to the B.Sc. und M.Sc. degree programs
in Molecular Medicine, Integrated Immunology,
Biology, Integrated Life Sciences and Molecular
Sciences.

The course offerings are completed by the
supervision of Bachelor’s, Master’s, MD, and

PhD theses, amongst others as part of a
structured programme within the research
training grant GRK2504 “Novel antiviral
approaches”.

Selected publications

Deutschmann J, Schneider A, Gruska |, Vetter B,
Thomas D, KieBling M, Herrmann A, Wittmann S,
Schindler M, Milbradt J, Ferreirés N, Winkler TH,
Wiebusch L, Gramberg T. A viral kinase
counteracts in vivo restriction of murine
cytomegalovirus by SAMHD1. Nat Microbiol
2019; 4:2273-228.

Donhauser N, Socher E, Millen S, Heym S, Sticht
H, Thoma-Kress AK. Transfer of HTLV-1 p8 and
Gag to target T-cells depends on VASP, a novel
interaction partner of p8. PLoS Pathog 2020;
16(9):e1008879.

Full F, van Gent M, Sparrer KMJ, Chiang C,
Zurenski MA, Scherer M, Brockmeyer NH,
Heinzerling L, Stirzl M, Korn K, Stamminger T,
Ensser A, Gack MU. Centrosomal protein TRIM43
restricts herpesvirus infection by regulating
nuclear lamina integrity. Nat Microbiol 2019;
4:164-176.

Klessing S, Temchura V, Tannig P, Peter AS,
Christensen D, Lang R, Uberla K. CD4+ T cells
induced by tuberculosis subunit vaccine H1 can
improve the HIV-1 Env humoral response by
Intrastructural Help. Vacccines (2020); 8: 604;
doi:10.3390/vaccines8040604.

Lapuente D, Maier C, Irrgang P, Hibner J, Peter
AS, Hoffmann M, Ensser A, Ziegler K, Winkler TH,
Birkholz T, Kremer AE, Steininger P, Korn K,
Neipel F, Uberla K, Tenbusch M. Rapid response
flow cytometric assay for the detection of
antibody responses to SARS-CoV-2. Eur J Clin
Microbiol Infect Dis 2020; Oct 20:1-9. doi:
10.1007/s10096-020-04072-7. Online ahead of
print.

Muller YA, Hage S, Alkhashrom S, Hollriegl T,
Weigert S, Dolles S, Hof K, Walzer SA, Egerer-
Sieber C, Conrad M, Holst S, Losing J, Sonntag E,
Sticht H, Eichler J, Marschall M. High-resolution
crystal structures of two prototypical B- and y-
herpesviral nuclear egress complexes unravel
the determinants of subfamily specificity. J Biol
Chem 2020; 295: 3189-3201.

International cooperations
Prof. Dr. Jan Gettemans, University of Ghent,
Belgium

Prof. Felix Rey, Institute Pasteur, France

Prof. J. Ung Jung, University of Southern
California, Los Angeles: USA

Prof. W.D. Rawlinson, Virology, University of
New South Wales, Sydney: Australia

Prof. Dr. D. Burton, Scripps Research, La Jolla:
USA
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Research focus

e Mechanism of pathogenic protein cross-
seeding in neurodegenerative disorders
(Cross- Seeds)

¢ Characterization of the contribution of trans-
glutaminase 6 to Huntington’s and
Alzheimer’s disease

e Examination of behavioral abnormalities in
rats after injection with gadolinium based
contrast agents: Neurobehavioral findings
resulting from experiments

e Characterization of the role of glutaminyl-
cyclase and its isoform during Huntington’s
disease

e Potentiation of Neuropeptide Y mediated
effects in stress-associated and
neurodegenerative  disorders via  NPY-
degradation inhibitors

e Early postnatal behavioral, cellular, and
molecular changes in models of Huntington
disease are reversible by HDAC inhibition

Structure of the Division

Professorship: 1
Personnel: 7

e Doctor (of Medicine): 1
e Scientist: 1

e Graduate students: 4

Special structural features

e Location within the Preclinical Experimental
Animal Center (PETZ)

e Contribution to services and teaching offered
by PETZ

Research

Research is focused on experimental therapeutic
studies in animal models of human
neurodegenerative and psychiatric disorders
(Alzheimer's disease (AD), Huntington's disease
(HD), Parkinson's disease (PD), Spinocerebellar
ataxia type 17, Schizophrenia, stress-induced
disorders, attention deficit hyperactivity
disorder). After comprehensive phenotyping of a
certain disease model, we search for,
characterize, and target post-translational
protein-modifications by transglutaminases,
dipeptidyl-peptidase 4, glutaminyl-cyclase and
its isoform ultimately trying to identify novel

interventional approaches. A present focus is on
neurodegenerative processes in the course of
protein aggregation disorders.

Mechanisms of pathogenic protein cross-
seeding in neurodegenerative disorders
(Cross-Seeds)

This project is based on the hypothesis that a
number of brain disorders, including AD, PD,
and HD, share common pathogenic
mechanisms leading to neurodegeneration. A
traditional view on these devastating
disorders focuses on individual, disease-
specific enzymes and/or aggregating proteins
contributing to aspects of neuropathology.
Here, we combineinterdisciplinary approaches
to identify cross-disease pathways leading to
pathogenic protein aggregation. All three
clinical conditions addressed have at least one
feature in  common: Aggregation of
pathogenic proteins associated with
neurodegeneration. We use mice and rats
transgenic for AD, PD, and HD in order to
screen for cross disease protein aggregation
between the pathogenic proteins.

Characterization of the contribution of
transglutaminase 6 to Huntington’s and
Alzheimer’s disease

Mammalian transglutaminases (TG) catalyze
calcium-dependent irreversible post-
translational modifications of proteins and their
enzymatic  activities contribute to the
pathogenesis of several human neuro-
degenerative diseases. Our overall hypothesis is
that the neuronal isoform of transglutaminases,
transglutaminase 6, significantly contributes to
protein aggregation in HD and AD. TG6 may
interact with polyglutamine (HTT) or amyloid-
precursor-derived  (AB)  proteins inducing
posttranslational modifications via trans-
glutaminase-catalyzed intermolecular crosslinks
resulting in stable, rigid, and insoluble protein
complexes. Focusing on the role of TG6 in HTT
and AR aggregation in vitro and in vivo, we
therefore study TG6 expression and function in
HD/AD cell culture systems, transgenic mouse
and rat models including novel loss-of-function
mutant mice (TG6ko mice). We expect deeper
insight into the role of TG6 in the CNS and
particular into TG6 dependent mechanisms
contributing to HTT/AR aggregation potentially
identifying targets and novel therapeutic
approachesin neurodegenerative disorders.

Examination of behavioral abnormalities in
rats after injection with gadolinium based
contrast agents: Neurobehavioral findings
resulting from experiments

The objective of this study was to investigate the
potential effect of a signal intensity (SI) increase
and the presence of Gadolinium (Gd) in the brain
after repeated administration of the Gd-based
contrast agents (GBCAs) Omniscan and Gadovist
on general health, motor coordination, anxiety-
related behaviors as well as cognition. GBCAs
represent a family of aminopolyarboxylic acid

ligands chelated to gadolinium and are
commonly used in patients for T1l-weighted
magnetic resonance imaging (MRI)  for
diagnostic purpose. Since a few years it is known
that repeated administration of some, but not all
GBCAs, is associated with T1-weighted signal
intensity increase in the deep cerebral nuclei
dentate nucleus and globus pallidus of the
patients.  Genesis, clinical consequences,
reversibility, and potential comorbidity of this
Gd-accumulation is not known yet. The American
Food and Drug Administration as well as the
European Medicines Agency prompted all
manufacturer of GBCAs to investigate potential
functional  consequences of this Gd-
accumulation.

Characterization of the role of glutaminyl-
cyclaseanditsisoformduring Huntington’s
disease

Aim of the present project is to investigate the
role of glutaminyl-cyclase (QC) and iso-
glutaminyl-cyclase  (isoQC) during the
neuropathological processes associated with
HD in the rodent brain. Among other
approaches, HD transgenic animals are
phenotyped and the impact of the enzyme
glutaminy-cyclase (QC) and its isoform (isoQC)
is characterized after cross- breeding with QC
and isoQC knockout-mice. Furthermore,
experimental therapy by active immunization
against QC/isoQC posttranslational modified
huntingtin fragments is performed.

Potentiation of Neuropeptide Y mediated
effects in stress-associated and
neurodegenerative disorders via NPY-
degradation inhibitors

The concept of stress protection in the CNS via
potentiation of endogenous stress-protective
signaling is neither fully explored nor clinically
translated. Neuropeptide Y (NPY) exerts many
stress and neuroprotective actions in the brain
and may well be pharmacologically modulated
by inhibiting the corresponding enzymatic
degradation. In addition, neurodegenerative
disorders such as HD may benefit from such
approaches. Surprisingly, in the degenerating
striatum of HD patients, those medium spiny
neurons expressing NPY survive. We will analyze
this endogenous NPY-based neuroprotection in
animal models of HD. Genetic and
pharmacological inhibition of the NPY-degrading
enzyme dipeptidyl-peptidase IV will be used to
develop a novel HD delaying approach via
inhibitor-mediated  potentiation of  NPY-
mediated neuroprotection.

Early postnatal behavioral, cellular, and
molecular changes in models of Huntington
disease are reversible by HDAC inhibition

HD is an autosomal dominant neuro-
degenerative disorder caused by expanded CAG
repeats in the huntingtin gene. Although mutant
HTT is expressed during embryonic development
and throughout life, clinical HD usually manifests
later in adulthood. A number of studies
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document neurodevelopmental changes
associated with mutant HIT, but whether these
are reversible under therapy remains unclear.
We identify very early behavioral, molecular, and
cellular changes in preweaning transgenic HD
rats and mice. Interventional treatment of this
early phenotype with the histone deacetylase
inhibitor (HDACi) LBH589 led to significant
improvement in behavioral changes and markers
of dopaminergic neurotransmission and
complete reversal of aberrant neuronal
differentiation in vitro and in vivo. Our data
support the notion that neurodevelopmental
changes contribute to the prodromal phase of
HD and that early, presymptomatic intervention
using HDACi may represent a promising novel
treatment approach for HD.

Teaching

The Division of Experimental Therapy
contributes to the international degree program
Molecular Medicine as well as to electives in
Medicine. Our seminar on interdisciplinary
preclinical studies using animal models of human
disorders is much appreciated.

Wesupervise Bachelor’'sand Master’s theses as
well as MD and PhD theses in the fields of
neurobiology and neuropathophysiology of
neurodegenerative diseases.

Selected publications

Habermeyer J, Boyken J, Harrer J, Canneva F,
Ratz V, Moceri S, . . . von Horsten S. (2020).
Comprehensive phenotyping revealed transient
startle response reduction and histopathological
gadolinium localization to perineuronal nets
after gadodiamide administration in rats. Sci
Rep, 10(1), 22385.

Dietrich P et al. (2020). Molecular crosstalk
between Y5 receptor and neuropeptide Y drives
liver cancer. J Clin Invest, 130(5), 2509-2526.

Cheong RY, Tonetto S, von Horsten S, & Petersen
A. (2020). Imbalance of the oxytocin-vasopressin
system contributes to the neuropsychiatric
phenotype in the BACHD mouse model of
Huntington disease. Psychoneuroendocrinology,
119, 104773.

Konig C, Plank AC, Kapp A, Timotius IK, von
Horsten S, & Zimmermann K (2020). Thirty
Mouse Strain Survey of Voluntary Physical
Activity and Energy Expenditure: Influence of

Strain, Sex and Day-Night Variation. Front
Neurosci, 14, 531.
Timotius, |. K., Moceri, S., Plank, A. C.,

Habermeyer, J., Canneva, F., Winkler, J., . . . von
Horsten, S. (2019). Silhouette-Length-Scaled Gait
Parameters for Motor Functional Analysis in
Mice and Rats. eNeuro, 6(6).

Post JI, et al. (2019). Differential Levels and
Phosphorylation of Type 1 Inositol 1,4,5-
Trisphosphate Receptor in Four Different Murine
Models of Huntington Disease. J Huntingtons
Dis, 8(3), 271-289.

Minakaki, G et al. (2019). Treadmill exercise
intervention improves gait and postural control
in alpha-synuclein mouse models without
inducing cerebral autophagy. Behav Brain Res,
363, 199-215.

Hartlage-Rubsamen M et al. (2019). Endogenous
mouse huntingtin is highly abundant in cranial

nerve nuclei, co-aggregates to Abeta plaques
and is induced in reactive astrocytes in a
transgenic mouse model of Alzheimer's disease.
Acta Neuropathol Commun, 7(1), 79.

International cooperations

Dr. A.P. Osmand, Department of Biochemistry
and Cellular and Molecular Biology, University of
Tennessee, Knoxville: USA

Dr. S. Hunot, Brain & Spine Institute (ICM), Pierre
et Marie Curie University, Paris: France

Dr. A. Petersén, Translational Neuroendocrine
Research Unit, Lund University, Lund: Sweden

Prof. Dr. J.G. Bjaalie, Institute of Basic Medical
Sciences, University of Oslo: Norway
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Research focus

e Regulation of innate immunity in infection and
inflammation

¢ Innate immunity, macrophages, arginase, and NO
synthase

e Genetic and bacterial
inflammation

¢ Pathogenicity of Coxiella burnetii

e Microbial phosphatases

¢ Innate lymphocytes and tumor necrosis factor in
leishmaniasis

e Molecular biology of malaria

e Molecular mycology

¢ Innate checkpoints of T cell regulation

e Pathogenicity of Salmonella and microbiome
analyses

factors in chronic

Structure of the Chair

Professorships: 4

Personnel: 93

e Doctors (of Medicine): 10

e Scientists: 12 (thereof funded externally: 1)
e Graduate students: 15

Clinical focus areas

e Accredited
diagnostics division

e Around the clock microbiological on-call
service and emergency diagnostic testing

e Clinical infection related ward rounds for
critical cases on the wards of the UK Erlangen

¢ Accredited hygiene laboratory

e Hospital hygiene related consultation and
assistance of the UK Erlangen

e University outpatients’ clinic for vaccination
and travel medicine

clinical-microbiological

Research

The different research groups of the Institute of
Clinical Microbiology, Immunology, and Hygiene
study the innate and adaptive immune response
during infectious diseases, investigate
mechanisms of microbial virulence, and analyze
the regulation of basic inflammatory processes,
using  immunological, cell-biological, and
molecular techniques. Various infectious disease
models are studied which include infections with
bacteria (Coxiella, Listeria, Mycobacteria,
Salmonella), protozoa (Leishmania, Plasmodia)

and fungi (Aspergillus). The Institute is fully
equipped with laboratories, a hypoxia chamber
for in vitro analyses, fluorescence and confocal
laser scanning microscopes, real-time PCR
machines, analytical fluorescence activated cell
sorters (FACS) for flow cytometry, imaging
systems and a next generation sequencing
machine.

Regulation of innate immunity in infection
and inflammation

PI: Prof. Dr. R. Lang

The question driving our research is how the
immune system generates resistance to infection
without causing excessive inflammation. We
recently showed a pivotal role of TLR-MyD88 in
sensing of Coxiella burnetii and established a
mouse model for studying Q fever in vivo.
Mycobacterium tuberculosis is another important
intracellular pathogen. We have discovered that
the cord factor of the mycobacterial cell wall
activates macrophages through the MINCLE-SYK-
CARD9 pathway, leading to strong Th17 immunity.
Dissecting Mincle activation by microbial
glycolipids and identification of signaling and
transcription factors involved has been a focus of
the lab. We are now investigating the functional
consequences of CLR regulation by the cytokines IL-
4 and TNF. In addition, the role of TDM-Mincle
signaling in immune evasion by mycobacteria is
addressed in ongoing work.

Innate immunity, macrophages, arginase,
and NO synthase

Pl: Prof. Dr. C. Bogdan

Nitric oxide (NO), which is synthesized from
the amino acid L-arginine by the interferon
(IFN)-y inducible NO synthase (iNOS) in
macrophages and other cells, is essential for
the defense against intracellular pathogens
and a central regulator of the immune system.
The enzyme arginase can inhibit the enzymatic
activity of iNOS because it competes for the
same substrate. Additionally, the arginase
reaction allows the synthesis of polyamines
that are crucial for cellular growth and
differentiation. Ongoing research work of the
group focuses on the questions, by which
mechanisms host cell and/or parasite arginase
contribute to disease development in
cutaneous leishmaniasis (L. major, L.
mexicana) and to the lifelong persistence of
Leishmania and thereby prevent resolution of
the infection. In another project, the group
analyses the interaction between
iNOS/arginase and iron metabolism and the
antimicrobial and immunoregulatory function
of reactive chlorine intermediates.

Genetic and bacterial factors in chronic
inflammation

PI: Prof. Dr. J. Mattner

Autoimmune responses and inflammatory
processes in the intestine and the liver result
from complex interactions of genetic, pre-
disposing factors, and distinct environmental
cues. Although the autoantigens targeted by the

immune system are often ubiquitously
expressed in the body, the inflammatory
processes are frequently tissue-specific. In this
context, the group investigates the genetic and
immunological factors (e.g., CD101, Arginase 1
and 2) that govern the immune responses in the
intestine and the liver. Furthermore, we analyze
the role of microbial antigens in the development
of autoimmune responses by applying targeted
gene deletion strategies.

Pathogenicity of Coxiella burnetii

Pl: PD Dr. A. Lihrmann

The obligate intracellular bacterium Coxiella
burnetii is causing Q fever in humans. This
zoonotic disease is characterized by a flu-like
illness, but can progress to an atypical
pneumonia. In rare cases, this disease can
become chronic, which mainly manifests itself as
endocarditis. The research group aims to clarify
how C. burnetii infection develops into chronic
inflammation. To obtain insights into the
pathogenicity of C. burnetii, we are analyzing
host cell factors and bacterial virulence factors
that are necessary for the establishment of the
replicative C.  burnetii-containing  vacuole.
Additionally, we are investigating the molecular
activity of C. burnetii virulence factors, in
particularthose with anti-apoptotic activities, i.e.
AnkG.

anaotrs = Zalls g

andotra & Calle -« -

Tethesca | s—
inflammatery injury
(e et —
i 2 gy 3 (a8 ]2 [0] ¢i¢l°)@f,m

mambwlism.‘cﬁmuoi’w(lnn
| polyaminzs o

of intesting Mlarobiagy
oo (BT Jreyi‘lﬂQkuinQlQlTl‘,.,!J

aiase |

Figure: Overview over the pathological
changes in the gut induced by arginase
expression and  subsequent  L-arginine
deficiency. The consumption of L-arginine by
arginase lowers the diversity of the intestinal
microbiota and the production of polyamines
resulting in an augmented adhesion and
extravasation of inflammatory immune cells
and accelerated intestinal epithelial injury.
(Adapted from Baier et al., JCI 2020)

Microbial phosphatases

Pl: Dr. D. Soulat

Human pathogens have developed numerous
strategies to invade their host cell targets.One
importantvirulence mechanismisthesecretion
of proteinsthatinterfere with host cell signaling
(e.g. microbial phosphatases). Pathogen-
secreted phosphatases are able to hijack the
cellular immune response in a manner that
leads to the creation of a pathogen-friendly
environment inside the infected host. The
research group currently works with two
human pathogens: (a) the bacterium Listeria
monocytogenes causing food-borne disease
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and (b) the causative agent of cutaneous
leishmaniasis, Leishmania major.
Innate lymphocytes and tumor necrosis
factor in leishmaniasis

PI: PD Dr. U. Schleicher

Innate lymphocytes contribute to the immune
response against Leishmania parasites. In the
mouse models of cutaneous and visceral
leishmaniasis, the group investigates which of
the different subpopulations of the so-called
innate lymphoid cells (ILC) is relevant for the
defense against Leishmania and by which
signals effector functions of ILC are activated
and regulated. The prevalence and activation
of these cells by Leishmania is also studied in
the human system. Furthermore, the group is
interested in understanding which protective
mechanisms mediated by the cytokine tumor
necrosis factor are crucially involved in the
healing process of Leishmania major
infections. Particularly, the role of non-
hematopoietic cells is addressed.

Molecular biology of malaria

PI: Dr. M. Petter

Malaria pathogenesis relies on various cellular
processes in the life cycle of malaria parasites
that each represent promising targets for
therapeutic interventions and vaccine
development. These include host cell invasion,
the expression of virulence factors, and the
differentiation of sexual stages that are
transmitted by the vector, the Anopheles
mosquito. The research group is interested in
understanding the molecular mechanisms
governing the transcriptional control of these
vital processes, focusing on the functional and
mechanistic characterization of chromatin-
associated proteins such as the bromodomain
protein PfBDP1, which contributes to epigenetic
gene regulation in malaria parasites by binding
to acetylated histones.

Molecular mycology

Pl: Prof. Dr. S. Krappmann

Infections with the omnipresent molds of the
genus Aspergillus and especially with A.
fumigatus represent a life-threatening
complication for immunocompromised patients.
Research efforts in this group aim at the
characterization of fungal-specific virulence
determinants, such as its metabolic versatility or
secreted effectors that support infection of a
susceptible host by A. fumigatus. Furthermore,
the sexual cycle of this ascomycete and its
impact on fungal secondary metabolism is
investigated. Most recent research efforts in
collaboration with Prof. Dr. D. Vohringer
(Division of Infection Biology) aimto elucidate
the interplay of A. fumigatus with eosinophils,
which are relevant in the context of allergic
reactions to this fungus.

Innate checkpoints of T cell regulation

Pl: Dr. Christian Schwartz

Innate immune cells initiate and shape adaptive
immune  responses to infections and
inflammatory stimuli. Programmed death ligand
1 (PD-L1) is a major regulator of T cell responses
— with both inhibitory and activating properties.
Different innate immune cells including dendritic
cells, macrophages, and type 2 innate lymphoid
cells, express PD-L1 and interact with T helper
cells. We are investigating the cell-specific
function of this immune checkpoint molecule
during type 2-biased immune responses found in
adipose tissue homeostasis and helminth

infections. Furthermore, we study the microbial
factors that regulate PD-L1 expression on innate
cells during inflammation.

Pathogenicity of Salmonella and microbiome
analyses

PI: Dr. R. Gerlach

Salmonellosis is one of the most common bacterial
infectious diseases worldwide and in Germany. The
research group investigates molecular mechanisms
underlying the pathogenicity of Salmonella
enterica. In particular, bacterial secretion systems
are in focus. Secretion systems play a crucial role in
pathogenicity, as Salmonella uses these structures
and their substrates to interact with host cells and
other bacteria. Furthermore, the research group
investigates the influence of host-specific
environmental factors on the regulation and
function of Salmonella virulence factors.
Environmental signals, such as decreased oxygen,
play a crucial role in host cell recognition as well as
successful adaptation of bacteria to different
habitats within the host. For successful
colonization, Salmonella and other pathogens must
also overcome the barrier function established by
the host microbiota. Therefore, another focus of
the research group is the analysis of the microbiota
composition of humans and using animal models in
health and infectious disease.

Teaching

The Institute offers lectures and teaching
courses for students of Medicine, Dental
Medicine, Molecular Medicine, Biology, and
Pharmacy. Particularly noteworthy is the main
lecture on immunology within the master degree
program Molecular Medicine, the teaching
modules within the elite master degree program
“Integrated Immunology” and the teaching of
the interdisciplinary subject “Infectious Diseases
and Immunology” within the clinical part of the
training of medical students. In cooperation with
the Institute of Clinical and Molecular Virology,
our Institute organizes continuous medical
education lectures on various infectious diseases
for local physicians.

We supervise Bachelor’s and Master’s theses as
well as MD and doctoral theses.

Selected publications

Hayek I, Fischer F, Schulze-Lihrmann J, Dettmer
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Limitation of TCA-cycle intermediates represents
an oxygen-independent nutritional antibacterial
effector mechanism of macrophages. Cell
Reports 26: 3502-3510.

Saunders SP, Floudas A, Moran T, Byrne CM,
Rooney MD, Fahy CMR, Geoghegan JA, lwakura
Y, Fallon PG, Schwartz C. Dysregulated skin
barrier function in Tmem79 mutant mice
promotes IL-17A-dependent spontaneous skin
and lung inflammation. Allergy. 2020 Jul
9;75(12): 3216-3227.
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Bogdan C*. (2019). Resolution of Cutaneous
Leishmaniasis and Persistence of Leishmania
major in the Absence of Arginase 1. J Immunol
202(5):1453-1464
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The essential thioredoxin reductase of the
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is a promising antifungal target. Front Microbiol
2020, 11: 1383
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Papenfuss A.T., Day K.P., Petter M. and Duffy
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with gene expression and genome accessibility
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falciparum regulatory sequences. Epigenetics
Chromatin. 13. 1: 50

Schick, J., J. Schafer, C. Alexander, S. Dichtl, P. J.
Murray, D. Christensen, U. Sorg, K. Pfeffer, U.
Schleicher, and R. Lang. 2020. Cutting Edge: TNF
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Adjuvanticity. Journal of immunology 205: 323-
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International cooperations
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Institutes of Health, Hamilton, Montana, USA

Prof. N. Osherov, Sackler School of Medicine,
Tel-Aviv University: Israel

Prof. G. Waeiss,
Innsbruck: Austria

University of Innsbruck,

Prof. Dr. L. Wicker, University of Oxford —
Medical Sciences Division, UK

Dr. G. Superti-Furga, Research Center for
Molecular Medicine or the Austrian Academy of
Science, Vienna, Austria.

Prof. P. Fallon, Trinity Biomedical Sciences
Institute, School of Medicine, Trinity College
Dublin, Dublin, Ireland

Dr. M. Duffy, University of Melbourne

Prof. P. Andersen, Statens Serum Institut,

Copenhagen, Denmark
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Research Focus

e Immune response against helminths and
allergens

e Functionality and plasticity of memory-like T
cells

¢ Role of dendritic cells for maintenance of
immunological tolerance

e IgE response and germinal center reaction

Structure of the Division

Professorships: 1

Personnel:13

e Scientists: 2 (thereof funded externally: 2)
e Graduate students: 9

Research

The research focus at the Division of Infection
Biology aims at characterizing the immune
responses against helminths and viruses. In
addition, the regulation of immunological
tolerance against self-antigens and resolution of
inflammation are investigated. We use a variety
of infection models and genetically modified
mouse strains to dissect the mechanisms that
regulate protective immunity and tolerance.

Immune
allergens
Main focus of the research activities is the
characterization of type 2 immune responses
which are elicited by parasitic worms (helminths)
and allergens. In both situations, the immune
system reacts with an increase in Th2 cells, type
lymphoid cells (ILC2), mast cells,
eosinophils, basophils, and production of IgE.
Infection of genetically modified mice with
helminths can be used as a model to study the
complex interaction between different cell types
that orchestrate and execute type 2 immune
responses. Work at the Division of Infection
Biology during the last year could demonstrate
that release of IL-4/IL-13 from basophils plays an
important role for protective immunity against
different gastrointestinal helminths. These
results are based on studies with mixed bone

response against helminths and

2 innate

marrow chimeras. We observed that basophils
play an important role for protective immunity
against helminths especially during secondary
infections. Basophils can be efficiently activated
by Fc receptors to which helminths-specific
antibodies bind. These helminths-specific
antibodies are probably generated by long-lived
plasma cells that were induced by the primary
infection and constitute the immunological
memory function. It further became apparent
that basophils are essential for chronic allergic
inflammation of the skin. This pathologic
condition can be induced by passively sensitizing
basophils with haptenspecific IgE, followed by
antigen-mediated IgE crosslinking. As shown by
others before, mast cells are not required for this
inflammatory response. The mechanisms that
regulate protective and pathological functions of
basophils are subject of our
investigations.

current

Role of the ITT-motif in the cytoplasmic tail of
the IgE B cell receptor (BCR) for regulation of
the IgE response.

IN a projected funded by the transregio SFB TRR130
we investigated in collaboration with Niklas Engels
and Jirgen Wienands (Uni Géttingen) the role of
the ITT-motif within the cytoplasmic tail of the IgE-
BCR. We compared the primary and secondary
immune response against the helminth
Nippostongylus brasiliensis in  wild-type and
mutant mice, in which the cytoplasmic tail of the
IgE-BCR was either deleted or the ITT-motif within
the tail was inactivated. We could show that the
ITT-motif promotes IgE-BCR surface expression and
accumulation of IgE-producing plasma cells. Now
we go on to characterized the signaling capacity of
the IgE-BCR on plasma cells.

Identification of STAT6-regulated genes and
proteins in B cells

We recently demonstrated that the transcription
factor STAT6 in B cells plays an important role for
the germinal center reaction. Following up on this
result we performed comparative transcriptome
and proteome analysis of wild-type and STAT6-
deficient B cells. We observed that more than
200 mRNAs were up-regulated more than 3-fold
in a STAT6-dependent manner, and 149 mRNAs
were more than 3-fold down-regulated. In
with  Prof. Warscheid (Uni
Freiburg) we demonstrated that expression of

collaboration

most of the STAT6-dependent proteins is
regulated at the transcriptional level. We
currently work on the functional

characterization of some of the genes identified
in this screening. In addition, we generated
transgenic mice which express a constitutively
active form of STAT6 in B cells. We currently
characterize these CD19Cre_STAT6vt mice to
gain a better understanding of the function of
STAT6 in B cells. B cells of CD19Cre_STAT6vt mice

express more CD23 (low-affinity IgE receptor) on
the cell surface and a higher frequency of
germinal center B cells expresses 1gG1l. These
mice will now be analyzed afer infection with
Lymphocytic Choriomeningitis Virus (LCMV) to
determine whether constitutively active STAT6
can promote class switch recombination to 1gG1
and IgE in this viral infection model.

Regulation of the mold fungus Aspergillus
fumigatus-elicited allergic lung inflammation

In collaboration with Sven Krappmann (FAU
Erlangen-NiUrnberg) we investigated the role of
Th2 cells and eosinophils in a mouse model of
allergic lung inflammation. We observed that
repeated intranasal administration of low
amounts of A. fumigatus spores resulted in
massive infiltration of eosinophils which was
dependent on IL-4/IL-13 secretion from Th2
cells. On the other hand we noticed that
eosinophils promote the accumulation of Th2
cells in the lung parenchyma. Currently we
investigate the direct interaction between A.
fumigatus and eosinophils in a DFG-funded
project.

Regulation of protective immunity against
helminths by STAT6 in gastrointestinal
epithelial cells

The role of intestinal epithelial cells for expulsion
of helminths is poorly understood. Infection of
with the gastrointestinal helminth
Nippostrongylus brasiliensis results in a STAT6-
dependent increase of goblet cells, tuft cells and
Paneth cells in the small intestine. To intestigate

mice

whether expression of activated STAT6 in
intestinal epithelial cells is sufficient for
protective immunity against helminths, we

generated VilliniCre_STAT6vt mice that express
constitutively active STAT6 in intestinal epithelial
cells. These mice show a very efficient immune
response even in the absence of T cells. Based on
these results we will identify and characterize
STAT6-regulated genes in intestinal epithelial
cells.

Identification and depletion of alternatively
activated macrophages

We generated a mouse line to visualize RELMa-
expressing cells in tissues by expression of a
fluorescent protein. RELMa is mainly expressed in
alternatively activated macrophages (AAM) and
the reporter mice help to identify these cells by
histology and flow cytometry. We observed that in
naive mice AAMs are mainly localized in adipose
tissue, the peritoneal cavity and intestinal tissue.
By generating mice that allow us to selectively
deplete RELMa-expressing macrophages we could
show that AAMs are required for protection against
secondary N. brasiliensis infection and prevention
of an overshooting inflammatory response in the
lung.
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Fig. 1: Immune fluorescence staining from the small
intestine of RELMa reporter mice. Grey: endothelial
cells (anti-CD31), green: macrophages (anti-CD68),
red: RELMa-tdTomato, blue: DAPI.

Teaching

The Division of Infection Biology offers lectures,
seminars and teaching courses for students of
medicine and molecular medicine as well as
various teaching modules of the Faculty of Natural
Sciences. Bachelor’'s and Master’s theses are
supervised as well as PhD theses.

Selected Publications
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Cambridge, UK
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Research focus

e Signal transduction of cardiac rhythmogenesis
and hypertrophy

e HCN channels in the nervous system

¢ Regulation of renal function

e Pharmacological fMRI imaging

Structure of the Chair

Professorships: 2
Personnel: 23

e Scientists: 9

e Graduate students: 5

Special structural feature

The position of the executive director of the
Institute  rotates between the Chair of
Pharmacology and Toxicology and the Chair of
Clinical Pharmacology and Clinical Toxicology on a
two-year basis.

Research

The chair of pharmacology and toxicology studies
physiological and pathophysiological mechanisms
in the cardiovascular system as well as in the
central and peripheral nervous system of
mammals. Research foci are the mechanisms
underlying the generation and modulation of the
cardiac rhythm and the signal transduction in
cardiac hypertrophy. In addition, mechanisms of
acute renal failure and other aspects of renal
function were analyzed. The role of HCN channels
in the nervous system and in particular in
nociception and in epilepsy is studied. Finally, brain
function under various conditions (drugs,
behavioral paradigms, diseases) is studied by non-
invasive brain imaging using functional magnetic
resonance imaging (fMRI).

Signal transduction of cardiac rhythmogenesis
and hypertrophy

PI: PD Dr. J. Stieber, Dr. S. Jamra, Prof. Dr. A. Ludwig
Mice expressing HCN4-channels with a mutant,
cAMP-resistant cyclonucleotide-binding domain
were characterized. These animals showed a loss of
the circadian modulation of the heart rate and an
increased arrhythmia propensity. The results
suggest that basal cAMP stabilizes the cardiac
rhythm by direct binding to HCN4. The role of
protein kinase A (PKA) for cardiac function was

examined by using a cardiac-specific and inducible
mouse mutant of a specific PKA isoform. Mutant
animals developed ventricular dysfunction and
delayed sarcomere shortening and calcium-decay
kinetics. At least part of this phenotype is due to an
impaired phosphorylation of contractile proteins
and phospholamban. In models of cardiac
hypertrophy and failure, we found that the
function of this PKA is critical for mediating long-
term detrimental adrenergic signal transduction
mechanisms. Another important target protein
may represent the L-type calcium channel.
Therefore, measurements of the L-type calcium
current in ventricular myocytes were performed.

HCN channels in the nervous system
PI: PD Dr. J. Stieber, Prof. Dr. A. Ludwig
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Fig. 1:1h current in various regions in brain-specific
HCN4-deficient mice. The current is strongly
reduced in the thalamic centromedial (CM) and
ventrobasal (VB) nucleus of knockout animals as
compared to controls. In contrast, Ih is unchanged
in the somatosensory cortex (SSC) (Zobeiri et al.,
2019).

We could show that HCN channels play an
important role for pain processing in nociceptive
dorsal root ganglion cells. The results indicated that
a PKA-mediated activation of HCN2 channels is
responsible for the cAMP-dependent sensitization
of nociceptors. To directly examine this
mechanism, various phosphorylation-deficient
HCN2 channels were generated and characterized
electrophysiologically. A channel lacking a
particular phosphorylation site showed indeed a
reduced response to CcAMP. Several results
regarding the relationship between HCN channels
and epilepsy were published. In a cooperation with
Prof. M. Biel (LMU Minchen) it was found that the
deletion of HCN2 in the ventrobasal complex of the
thalamus induced generalized absence epilepsy.
Together with Prof. Dr. T. Budde (Westfalische
Wilhelms-Universitat Minster), we could define
the function of HCN4 in the brain. Lack of HCN4 in
the thalamus did not result in the occurrence of
absence seizures. We determined the specific
contribution of HCN4 to the Ih-current in various
brain regions and demonstrated, that this isoform
is essential for the generation of rhythmic
intrathalamic activity. In a collaboration with Prof.

C. Reid (University of Melbourne), it was shown
that HCN4 constitutes a potential
pharmacologically relevant target for anti-seizure
drugs.

Renal function and sepsis

PI: Prof. Dr. K. Hocherl

The expression of protease-activated receptors
(PARs) has been described in different renal cell
types, but the significance of these receptors for
renal function is not known yet. We could
demonstrate that PAR2-receptors control the
secretion of renin in the context of inflammation.
However, PAR2 receptors are not involved in the
typical physiological regulations of renin secretion
and renin gene expression. In addition,
pathomechanisms  underlying  the  tubular
dysfunction in acute renal failure were examined.
In a mouse model of endotoxemia, we studied the
metabolism of Mg?*. The results suggest that the
observed hypermagnesemia is due to an LPS-
induced decrease in renal function. In a renal
ischemia/reperfusion model, alterations in the
expression of various renal Ca?-, Mg?-, and
phosphate-transporters in  connection  with
increased fibroblast growth factor FGF23 were
characterized.

Pharmacological fMRI imaging

PI: Prof. Dr. A. Hess

Dynamic plastic processes in the central nervous
system of laboratory animals (rodents) and
humans are analyzed. Brain function is studied
primarily by using non-invasive functional magnetic
resonance imaging (fMRI). It has been shown
repeatedly by our group that fMRI represents an
ideal technique for translating experimental
findings from laboratory animal to humans and
patients. We are working mainly on two
neurobiological research areas. Neurotrition, the
interaction of food and brain function, was
analyzed together with the groups of Prof. M.
Pischetsrieder (Food Chemistry, FAU) and Prof. C.
Miller (Psychiatry). We could demonstrate that
snack food (potato chips) significantly increased
the food intake of rats and mice. Together with the
Child Psychiatry unit functional brain imaging data
from certolizumab in rheumatoid arthritis) was
successfully completed. In collaboration with the
department of Medicine 1, various patients could
be highly specifically differentiated from probands
by using newly developed analytical methods
which are based on "machine-learning" algorithms
and multimodal MRI. This differentiation was most
successful when functional markers were used in
the brain image analyses. In contrast, a brain
signature specific for the fatigue-syndrome of
Crohn's disease was observed primarily in
anatomical characteristics. All clinical MRI projects
were performed in close cooperation with the
Division of Neuroradiology. Several additional
projects in the pain research field were performed
anorectic patients during food intake are collected
and analyzed, these results are currently published.
In the pain research field, the phase 3-study
PreCePra (prediction of treatment success of the
TNF-alpha antagonist with various external
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partners including analysis of cerebral pain
processing in arthritis models (Prof H.-G. Schaible,
Universitatsklinikum Jena), bone healing (Prof. S.
Grassel, Universitat Regensburg) and incision pain
(Prof. E. Pogatzki-Zahn and Prof. C. Faber,
Universitat Mdnster). Proteom-based analyses
were performed together with Prof. M. Schmidt,
University of Vienna. In the research field of
function MRI, we published in cooperation with
Prof. J. Grandjean (Radboud University, Nijmegen)
an international multicenter study about the
identification of resting-state networks in the
mouse brain.

anatomy

@ functional decrease due to treatment
@ functional increase due to treatment

Fig. 2: Depiction of functional brain areas behaving
differently in offspring from dams with maternal
immune activation as compared to control mice.
Shown are significantly changed areas, increases
and decreases of relative changes in MRI modalities
are indicated by red and blue circles, respectively.
Relevant brain regions including brain stem (BS),
thalamus (thal), frontal association cortex (cxfrA),
etc. are labelled accordingly (Kreitz et al., 2020).

Teaching

In addition to the teaching duties in the degree
programs Medicine and Molecular Medicine, the
Chair provides the complete training in
pharmacology for pharmacy students (as required
to acquire the license to practice pharmacy). This
includes lectures covering pharmacology and
pathophysiology as well as seminars and laboratory
internships.

Bachelor’s and Master’s theses as well as MD and
PhD theses are supervised.

Selected publications
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Herrmann S, Meuth P, Bista P, Kanyshkova T,
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SG, Romanelli MN, Urbano FJ, Pape HC, Budde T,
Ludwig A. The Hyperpolarization-Activated HCN4
Channel is Important for Proper Maintenance of
Oscillatory Activity in the Thalamocortical System.
Cereb Cortex. 2019, 29:2291-2304.

Kharouf Q, Phillips AM, Bleakley LE, Morrisroe E,
Oyrer J, Jia L, Ludwig A, Jin L, Nicolazzo JA, Cerbai E,
Romanelli MN, Petrou S, Reid CA. The
hyperpolarization-activated  cyclic  nucleotide-
gated 4 channel as a potential anti-seizure drug
target. BrJ Pharmacol. 2020, 177:3712-3729.

Meurer M, Hocherl K. Endotoxaemia differentially
regulates the expression of renal Ca2+ transport
proteins in mice. Acta Physiol (Oxf). 2019,
225(1):e13175.
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immune activation during pregnancy impacts on
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Brain Behav Immun. 2020, 83:56-67.
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NS, Karatas M, Komaki Y, Kreitz S, Mandino F,
Mechling AE, Sato C, Sauer K, Shah D, Strobelt S,
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Aoki I, Chakravarty MM, Chang WT, Dhenain M,
von Elverfeldt D, Harsan LA, Hess A, Jiang T, Keliris
GA, Lerch JP, Meyer-Lindenberg A, Okano H, Rudin
M, Sartorius A, Van der Linden A, Verhoye M,
Weber-Fahr W, Wenderoth N, Zerbi V, Gozzi A.
Common functional networks in the mouse brain
revealed by multi-centre resting-state fMRI
analysis. Neuroimage. 2020, 205:116278.

Hess A, Kress S, Rakete S, Muench G, Kornhuber J,
Pischetsrieder M, Miiller CP. Influence of the
fat/carbohydrate component of snack food on
energy intake pattern and reinforcing properties in
rodents. Behav Brain Res. 2019, 364:328.

International cooperations
Prof. C. Reid, Florey Institute of Neuroscience and
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Prof. A. Landstrom, Duke University, Durham: USA
Prof. A.Tinker, Queen Mary University, London:UK
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Prof. J. Grandjean, Radboud University, Nijmegen:
The Netherland



CLINICALTHEORETICAL INSTITUTES

Institute of Experimental and
Clinical Pharmacology and Toxicology

Chair of Clinical Pharmacology and Clinical Toxicology

Address

FahrstraRe 17

91054 Erlangen

Phone: +49 9131 8522772

Fax: +49 9131 8522773
www.pharmakologie.med.fau.de

Director
Prof. Dr. med. Martin F. Fromm

Contact

Prof. Dr. med. Martin F. Fromm
Phone: +49 9131 8522772

Fax: +49 9131 8522773
martin.fromm@fau.de

Research focus

e Molecular characterization of drug
transporters and transporter-mediated drug-
drug interactions

e Molecular and clinical characterization of new
cardiovascular risk factors and risk markers

¢ Quantification of drugs and endogenous sub-
stances including metabolomics

¢ Medication safety

Structure of the Chair

Professorships: 2

Personnel: 26

e Doctors (of Medicine): 2

e Scientists: 12 (thereof funded externally: 8)
e Graduate students: 8

Special structural feature

The position of the executive director of the
Institute rotates between the Chair of
Pharmacology and Toxicology and the Chair of
Clinical Pharmacology and Clinical Toxicology
on a two-year basis.

Clinical focus areas

e Drug analysis

e Clinical trial unit

¢ Drug information service for physicians

Research

The groups at the Chair of Clinical Pharmacology
and Clinical Toxicology investigate mechanisms
underlying interindividual differences in drug
effects using molecular and cellular biology as
well as clinical studies. The following topics,
funded e.g. by the German Cancer Aid, BMBF,
the German Federal Ministry of Health (BMG)
and the Wilhelm Sander-Foundation are in the
focus of our studies: Uptake and efflux transport-
ters for drugs and endogenous compounds,
mechanisms underlying drug-druginteractions,
genetic determinants of drug effects (pharma-
cogenomics), cardiovascular pharmacology
and risk factors, alterations of the L-arginine-
NO-metabolism, and medication safety.

Molecular characterization of transporters
for drugs and endogenous substances

PI: Prof. Dr.J. Konig, Prof. Dr. M.F. Fromm
Transport proteins in the plasma membrane of cells

are important for the uptake, distribution and
excretion of endogenous substances and drugs or
drug metabolites. Using double-transfected cell
models recombinantly overexpressing an uptake
transporter together with an export protein we
could demonstrate that the renal uptake
transporter OCT2, localized in the basolateral
membrane of proximal tubule cells together with
the export protein MATE1, located in the luminal
membrane mediate the polarized transport of the
anticholinergic drug trospium. Transport proteins
are also important for the renal handling of
arginine metabolites. We could demonstrate that
the uremic toxin asymmetric dimethylarginine
(ADMA) as well as the cardioprotective biomarker
L-homoarginine are substrates of the renal
transport protein OATP4Cl. Using a double-
transfected cell model recombinantly
overexpressing basolaterally localized OATP4C1
together with the apically localized export pump P-
glycoprotein we could further demonstrate that
both transporters mediate the vectorial transport
of both arginine metabolites. Supported by the
Wilhelm Sander-Foundation we further
investigated a splice variant (Ct-OATP1B3 = cancer-
type OATP1B3) of an uptake transporter, expressed
in several tumor tissues and could demonstrate
that the Ct-OATP1B3 protein is localized in
intracellular vesicles mediating the sequestration
and therefore inactivation of chemotherapeutic
agents.
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Fig. 1: Characterization of HEK293 cells, which

were stably transfected with the renal
transporter protein OATP4C1 (Reproduced with
permission from Taghikhani E et al, PlosOne
2019)

Molecular and clinical characterization of
new cardiovascular risk factors and risk
markers

Pl: Prof. Dr. R. Maas

A major focus of the group is the experimental
and clinical characterization of new cardiovas-
cular risk markers and risk factors as potential
targets for therapeutic intervention. Currently
the group investigates transport and metabolism
of homoarginine, y-aminoisobutyrate, nitrate
and the methylarginines ADMA and SDMA. The

investigations are conducted in long standing
cooperations with the Department of Medicine
4, the Universities of Dresden and Kiel. In the
reporting period we established population-
based reference values for the two new
biomarkers trimethylamine-N-oxide (TMAO) and
Ne-acetyllysine. In 2020 the research was
supported by FAU and the Medcial Faculty by a
new gas chromatography / mass spectrometer.

Analysis of drugs and endogenous
substances including metabolomics

Pl: Dr. A. Gessner, Dr. V. Taudte

The mass spectrometry unit uses samples from
both, cell culture experiments and clinical and large
epidemiological trials (GCKD study, pop-gen).
Analytical methods (mostly LC-MS/MS) are
developed, optimized, and validated in our
laboratory. The spectrum of the analytes ranges
from various drugs, such as pravastatin, etopo-
side, metformin, clopidogrel, and trimethoprim, to
endogenous substances, such as derivatives of
arginine, N!-methylnicotinamide, trimethylamine-
N-oxide  (TMAO), Nt-acetyllysine and y-
aminoisobutyric acid. Recently, the methodological
spectrum was broadened to targeted and
untargeted metabolomics due to a new mass
spectrometer (Q Exactive Focus with UHPLC)
funded by the DFG. The available technologies can
be used for cooperations within the Faculty and
FAU as well as for external cooperations.
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Fig. 2: Metabolomics of HEK-OATP1B1-and HEK-
control cells. Intracellular concentration of a
detected endogenous molecule is significantly
higher in cells expressing the uptake transporter
OATP1B1 (dark blue) in comparison to the
control cells (bright blue)

Medication safety
Pl: Prof. Dr. R. Maas, Prof. Dr. M.F. Fromm

Funding: German Cancer Aid

An innovative, three year clinical study was
conducted in patients treated with new oral
antitumor therapeutics in collaboration with the
pharmacy of UK Erlangen (Prof. Dr. F. Dorje), the
Comprehensive Cancer Center Erlangen-EMN
(CCC), and collaborating private practices. This
prospective, randomized trial showed that
intensified clinical pharmacological/clinical
pharmaceutical support improves patient safety,
convenience and knowledge in patients newly
treated with new oral antitumor therapeutics
(AMBORA study).

Funding BMG
Clinical Pharmacology in Erlangen coordinates the
establishment and evaluation of a ‘medication
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safety stewardship’ at a large tertiary hospital. The
project objective is to optimize the medication
process in a sustainable and efficient manner in
order to improve medication safety.

Funding BMBF

The use case ‘Polypharmacy, drug interactions and
risks (POLAR)’, which includes all four consortia of
the Medical Informatics Initiative Germany, aims to
assess using methods and processes of the Medical
Informatics Initiative Germany health risks in
patients with polypharmacy. Clinical Pharmacology
in Erlangen coordinates the Pharmacology /
Pharmacy work packages of POLAR.

The Chair participates in a continuing medical
education program of the Center of Clinical Studies
(CCS) in Good Clinical Practice for physicians, as
required for clinical trials of medicines, and
medicinal products.

Teaching

The Chair of Clinical Pharmacology and Clinical
Toxicology coordinates the interdisciplinary lecture
series and seminar clinical pharmacology/
pharmacotherapy for medical students applying
problem-based learning. In addition, we teach
students of the degree programs Dentistry,
Molecular Medicine, Pharmacy, and Medical
Process Management. In a cooperation project
with the Technical University of Munich, we
established two online teaching modules for drug
therapy of common diseases. Students of
Pharmacy and Medicine are welcome to work with
us during their final year.

The Chair of Clinical Pharmacology and Clinical
Toxicology offers supervision of Bachelor’s and
Master’s theses as well as of MD and PhD theses.

Selected publications
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transporter probe cocktail using the prototypical
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International cooperations
Prof. J. Backman, Prof. M. Niemi, University of
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The Netherlands,

Prof. S. Misaka, Fukushima Medical University,
Fukushima, Japan,

Prof. R.L. Woosley, The University of Arizona,
Phoenix, USA,

Dr. J.A. Zerillo, Harvard Medical School, Boston,
USA
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Research focus

¢ Neurodevelopmental disorders
e Growth disorders

e Psoriasis

e Ophthalmogenetics

e Familial cancer

Structure of the Chair

Professorships: 2

Personnel: 45

e Doctors (of Medicine): 9

¢ Scientists: 9 (thereof funded externally: 4)
¢ Graduate students: 10

Clinical focus areas

e genetic outpatient clinic for all aspects of
genetic diseases

¢ Participation in different specialized centers
for rare diseases within the Erlangen Center for
Rare Diseases

e various interdisciplinary outpatient clinics

e wide range of pre- and postnatal genetic
analyses, including genome sequencing

Research

Research at the Institute of Human Genetics
focuses on the elucidation of causes and
pathomechanisms of genetic disease and
genotype/phenotype correlation. In particular,
modern genome sequencing technologies are
used. For various projects large groups of
patients have been recruited and clinically
characterized in detail. In addition, cellular
models including induced pluripotent stem cells
and genome editing are used. The Institute
cooperates with numerous departments and
institutes within the Faculty and operates the
core unit ,,Next Generation Sequencing”.

Neurodevelopmental disorders

Pl: Prof. Dr. C. Zweier, Prof. Dr. A. Reis, Dr. G.
Vasileiou

Intellectual disability can occur independently,
but also in a syndromic presentation with
additional symptoms and malformations. These
are  summarized as neurodevelopmental
disorders (NDDs) and genetic factors are the
main cause. Over the years the working groups at
the Institute identified numerous single gene

defects causing NDDs. In the last reporting
season, we discovered that genetic variants in
the SCAF4 gene cause a variable
neurodevelopmental disorder due to impaired
processing of messenger RNA (mRNA). In a study
on Borjeson-Forssman-Lehman syndrome, we
were able to demonstrate in cell culture models
that PHF6 is necessary for proper development
of the central nervous system (neuron
proliferation, neurite outgrowth and migration).
Furthermore, the first international consensus
statement for the diagnosis and management of
Pitt-Hopkins syndrome was established. Finally,
as part of an international cooperation, we were
able to significantly broaden the spectrum of the
CTCF-associated neurodevelopmental disorder
and better characterize its pathophysiology
using transcriptome analyses and animal
models.

Growth disorders

PI: Prof. Dr. C. Thiel

The elucidation of genetic causes of growth
disturbances allows insights into the regulation
of fundamental cellular processes. The group
focuses on the identification and functional
characterization of genes involved in idiopathic
short stature and ciliary growth disorders. In a
large study group of previously unsolved cases,
new candidate genes for idiopathic short stature
were identified using a combination of exome
sequencing and clustering of evolutionary
conserved functional networks.

Psoriasis

Pl: Prof. Dr. U. Huffmeier, Prof. Dr. A. Reis
Complex or multifactorial diseases are caused by
a combination of mostly unknown environ-
mental and genetic factors. Numerous genetic
variants, each with a small effect size, act as
susceptibility factors. At the Institute, both, the
more frequent forms of plaque and psoriatic
arthritis are studied. In recent years we have
expanded our focus to rarer manifestations of
pustular  psoriasis, for which oligogenic
inheritance with stronger allelic effects is
suspected. Using exome sequencing, we
identified the myeloperoxidase (MPO) gene as a
cause of generalized pustular psoriasis. MPO is
the main enzyme of neutrophil granulocytes and
regulates inflammation by oxidative processes and
at the cellular level. Genetic variants impairing
the protein lead to partial or complete MPO
deficiency. Pharmacological modulation of MPO
signaling may thus represent a treatment option
for this and other chronic inflammatory diseases.

Ophthalmogenetics

Pl: PD Dr. F. Pasutto, Prof. Dr. A. Reis
Glaucoma represents a heterogeneous group of
eye disorders characterized by irreversible
damage of the optic nerve and usually elevated
intraocular pressure, leading to vision loss and
ultimately, if untreated, to blindness. Genetic
factors are considered to play a key role in all
major forms of glaucoma. In recent years, the
working group in collaboration with the

Department of Ophthalmology and international
consortia has made important contributions to
elucidate the genetic causes of pseudoexfoliation
syndrome, the most common form of secondary
glaucoma. Recently, our work focused on
targeted deep sequencing of the main PEX
predisposition locus (LOXL1) in more than eleven
thousand individuals worldwide. We were able
to identify a single genetic variant, located
adjacent on the same chromosome, modulating
the expression of key components of the retinoic
acid signaling pathway including STRA6. In vitro
inhibition of the retinoic acid signaling pathway
in PEX-relevant cell types and tissues induced
upregulation of PEX-associated matrix genes.
Our results indicate that dysregulation of STRA6
and impaired retinoid metabolism are involved in
the pathophysiology of PEX syndrome.

Fig. 1: Reduced expression levels of STRA6 in eye
tissues (ciliary body and iris) of PEX patients
associated with LOXLI1-positive PEX material
deposits

Familial cancer

Pl: Dr. A. Ekici, Prof. Dr. A. Reis

Some 5 -10% of cancer patients are affected by a
familiar cancer syndrome. These are often
caused by mutations in cancer susceptibility
genes, either inherited or occurring de novo. The
Institute closely collaborates with several
oncology departments on campus to identify
mutations in both, highly penetrant and low-
penetrant genes, and to correlate genetic
findings with patients’ symptoms. In particular,
in cooperation with working groups at the
Department of Obstetrics and Gynecology, we
carried out several such systematic mutation
screens in large patient groups with familial
breast and ovarian cancer. Furthermore,
together with the Radiology and Gynecoloy
Departments and Siemens Healthineers we
explored magnetic resonance imaging methods
for early detection of women with genetic
predisposition to familial breast cancer. In
collaboration with the Institute of Pathology, we
characterised biallelic somatic variants of
fumarate hydratase in hormone-dependent
benign uterine leiomyomas using massive
parallel sequencing. Finally, in collaboration with
the Childrens’s Hospital, we identified TRIM28 as
a predisposing gene for Wilms tumor
(nephroblastoma), acting as a tumor suppressor
gene.
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Fig.2: Schematic representation of the fumarate
hydratase (FH) protein and its domains with
localization of herein identified variants and
depiction on the protein crystal structure

Teaching

The Institute of Human Genetics is involved in
curricular teaching activities in Medicine and in
the B.Sc. and M.Sc. degree programs Molecular
Medicine as well as Cellular and Molecular
Biology (M.Sc.), respectively. Bachelor’s and
Master’s theses as well as MD and PhD theses
are supervised.

Selected publications

Berner D, Hoja U, Zenkel M, Ross JJ, Uebe S, Paoli
D, Frezzotti P, Rautenbach RM, Ziskind A,
Williams SE, Carmichael TR, Ramsay M, Topouzis
F, Chatzikyriakidou A, Lambropoulos A,
Sundaresan P, Ayub H, Akhtar F, Qamar R,
Zenteno JC, Cruz-Aguilar M, Astakhov YS, Dubina
M, Wiggs J, Ozaki M, Kruse FE, Aung T, Reis A,
Khor CC, Pasutto F, Schlotzer-Schrehardt U. The
protective variant rs7173049 at LOXL1 locus
impacts on retinoic acid signaling pathway in
pseudoexfoliation syndrome. Hum Mol Genet
2019 28:2531-2548

Diets 1J, Hoyer J, Ekici AB, Popp B, Hoogerbrugge
N, van Reijmersdal SV, Bhaskaran R, Hadjihannas
M, Vasileiou G, Thiel CT, Seven D, Uebe S,
llencikova D, Waanders E, Mavinkurve-
Groothuis AMC, Roeleveld N, de Krijger RR,
Wegert J, Graf N, Vokuhl C, Agaimy A, Gessler M,
Reis A, Kuiper RP, Jongmans MCJ, Metzler M.
TRIM28 haploinsufficiency predisposes to Wilms
tumor. Int J Cancer 2019 145:941-951

Hauer NN, Popp B, Taher L, Vogl C, Dhandapany
PS, Bittner C, Uebe S, Sticht H, Ferrazzi F, Ekici
AB, De Luca A, Klinger P, Kraus C, Zweier C,
Wiesener A, Jamra RA, Kunstmann E, Rauch A,
Wieczorek D, Jung AM, Rohrer TR, Zenker M,
Doerr HG, Reis A, Thiel CT. Evolutionary
conserved networks of human height identify
multiple Mendelian causes of short stature. EurJ
Hum Genet 2019 27:1061-1071

Fliedner A, Kirchner P, Wiesener A, van de Beek
I, Waisfisz Q, van Haelst M, Scott DA, Lalani SR,
Rosenfeld JA, Azamian M.S, Xia F, Dutra-Clarke
M, Martinez-Agosto JA, Lee H, UCLA Clinical
Genomics Center, Noh GJ, Lippa N, Alkelai A,
Aggarwal V, Agre KE, Gavrilova R, Mirzaa GM,
Straussberg R, Cohen R, Horist B, Krishnamurthy
V, McWalter K, Juusola J, Davis-Keppen L, Ohden
L, van Slegtenhorst M, de Man SA, Ekici AB,
Gregor A, van de Laar I, Zweier C. Variants in
SCAF4 Cause a Neurodevelopmental Disorder
and Are Associated with Impaired mRNA
Processing. Am J Hum Genet 2020 107: 544-554

Haskamp S, Bruns H, Hahn M, Hoffmann M,
Gregor A, Lohr S, Hahn J, Schauer C, Ringer M,
Flamann C, Frey B, Lesner A, Thiel CT, Ekici AB,

von Horsten S, ABmann G, Riepe C, Euler M,
Schakel K, Philipp S, Prinz JC, M6Rner R, Kersting
F, Sticherling M, Sefiani A, Lyahyai J, Sondermann
W, Oji V, Schulz P, Wilsmann-Theis D, Sticht H,
Schett G, Reis A, Uebe S, Frey S, Huffmeier U.
Myeloperoxidase Modulates Inflammation in
Generalized Pustular Psoriasis and Additional
Rare Pustular Skin Diseases. Am J Hum Genet
2020 107:527-538

Popp B, Erber R, Kraus C, Vasileiou G, Hoyer J,
Burghaus S, Hartmann A, Beckmann MW, Reis A,
Agaimy A. Targeted sequencing of FH-deficient
uterine leiomyomas reveals biallelic inactivating
somatic fumarase variants and allows
characterization of missense variants. Mod
Pathol 2020 33:2341-2353

International cooperations

Nur Aydinli, Department of Pediatric Neurology,
Istanbul University School of Medicine, Istanbul,
Turkey

Rikard Holmdahl, Department of Medical

Biochemistry and  Biophysics, Karolinska
Institute, Stockholm, Sweden
Anita Rauch, Institute of Medical Genetics,

University of Zurich, Zurich, Switzerland

Tin Aung, Singapore National
Singapur, Singapur

Eye Centre,
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Research focus

e Stem cell modeling of Parkinson’s disease

e Stem cell models of motor neuron disease

¢ CRISPR/Cas9 gene editing of human
pluripotent stem cells

Structure of the Division

Professorship: 1
Personnel:
e Doctor: 4
e Scientists: 3
(thereof funded externally: 2)
e Graduate students: 12

Clinical focus area
Speaker of the Center for Rare Diseases (ZSEER)

Research

The research of the Department of Stem cell
biology focuses on modeling CNS disorders
using genome editing and human stem cell
technology. The physiological and pathological
function of the human brain is still unsolved.
Post mortem analyses are available for a
structural investigation. In order to better
understand brain development and
degeneration, it is important to study the
interaction of human brain cells. The
generation of brain cells from human stem
cells in multidimensional cultures enables
novel relationships in structural and complex
interactions. Our research focuses on
neurodegeneration and regeneration in
neurodegenerative and other neurological
diseases.

Parkinson's disease Stem Cell Modeling

Pl: PD. Dr. I. Prots, Prof. Dr. B. Winner
Parkinson's disease (PD) is a progressive,
neurodegenerative disease characterized by
the loss of midbrain neurons. Itis believed that
both alpha-synuclein (aSyn) accumulation and
inflammation can play critical roles in neuro-
degeneration in PD. We investigate how this
can lead to neuronal loss. We also investigate
the interaction of neurodegeneration and
neuroinflammation for PD pathology. To
model PD pathology in a human model, we
differentiate neurons from induced pluripo-

tent stem cells (iPSC) from patients in
cooperation with the molecular neurology
department. We were able to show that the
formation of smaller oligomer aSyn aggregates
reduces axonal mitochondrial transport and
compromises axonal and synaptic integrity in
human neurons, including iPSC-derived
neurons from PD patients. Axonal transport
defects could be improved by using a sub-
stance that inhibits the formation of aSyn
oligomers. To uncover the role of neuro-
inflammation in human PD pathology, we
developed a human autologous co-culture
from peripheral T-cells and iPSC-derived mid-
brain neurons from PD patients and controls.
We were able to show that T cells induce the
cell death of midbrain neurons in sporadic PD
through IL-17 dependent signaling pathways,
upregulate the IL-17 receptor and activate the
activation of NF von B. More IL-17-producing
T-cells were seen in the blood of PD patients,
and an increased number of T cells was
detected in post-mortem PD midbrain tissues.
Blocking IL-17 or IL-17R decreased neuronal
cell death in cell culture. A possible
involvement of IL-17-producing T-cells in PD
could reverse our understanding of how PD
neurodegeneration can be promoted by syste-
mic inflammation. We are currently investiga-
ting the influence of neuroinflammation on
axonal transport in synucleinopathies.

Stem Cell Models of Hereditary Spastic
Paraplegia (HSP)

Pl: Dr. M. Regensburger, Prof. Dr. B. Winner
The group of HSPs comprises a heterogeneous
symptom complex with the common charac-
teristic of degeneration of the upper motor
neuron. Using different paradigms, pluipotent
stem cells are differentiated into different
motor neurons. We compare patient cells with
controls. This enables the analysis of gene
expression, proteins, neuronal integrity,
network formation and electrophysiological
properties in neurons generated by patients in
the cell culture. In the most common form of
hereditary spastic paraplegia (HSP), which is
caused by mutations in the SPG4 gene, we are
investigating changes in the functional inter-
action between the endoplasmic reticulum
and the cytoskeleton. Mutations in SPG11 are
the most common cause of an autosomal
recessive complex HSP, which is characterized
by multisystem neuronal degeneration. We
analyze the effect of SPG11 mutations in
various neuronal models including three-
dimensional cerebral organoids. Various
affected cellular signaling pathways could be
identified (lysosomal metabolism, mitochon-
drial function, GSK3), which are examined for
potential therapeutic targets. Our overarching
goal is to better understand the mechanisms
of motor neuron disease and to identify
therapeutic goals for future translation into
the clinic.

Research into ALS using stem cell models

Pl: Dr. F. Krach, Prof. Dr. B. Winner
Amyotrophic lateral sclerosis is characterized
by the degeneration of the upper and lower
motor neurons. At the molecular level,
aberrant alternative splicing is believed to be
the key mechanism of the disease. In order to
shed light on these processes in more detail,
we generate alpha motor neurons from iPSC
from patients and controls and analyze the
alternative splicing on a global level using RNA
sequencing. To determine the cause of the
splice changes, we integrate data sets on the
RNA binding of various proteins that are
known to influence alternative splicing. We
want to use this knowledge to specifically
identify RNA binding proteins, the modulation
of which can represent a targeted target for
future therapies.

CRISPR/Cas9 gene editing of human
pluripotent stem cells

Pl: Dr. S. Turan, Prof. Dr. B. Winner

Genome editing is becoming increasingly

important in order to create human-specific
disease models in human stem cell-based
models. Inefficient and labor-intensive gene
editing techniques such as zinc finger
nucleases or TALENs have been replaced by
the CRISPR / Cas9 technique, which enables
efficient genome editing in stem cells.
Therefore, this method is of crucial
importance for examining models for neural
developmental diseases and neurodegene-
ration. Our laboratory uses the CRISPR method
to generate knockout or knockin models of
multiple genes that play critical roles in
nervous system development and cognitive
impairment (SOX11, ARID1B, TCF4), motor
neuron disease (SPG4, SPG11) and PD ( SNCA).
We succeeded in generating haploin-
sufficiency models for SOX11 or ARID1B. For
proteins for which antibodies are not specific
enough, we use CRISPR / Cas9 genome editing
in order to create endo-genously marked
reporter lines with FLAG or fluorescence
reporter with the aim of generating new
protein-protein or protein-DNA-Find
interactions.

Teaching

The stem cell biology department participates
with compulsory and elective subjects in the
curriculum of medicine, cell and molecular
biology and molecular medicine. Bachelor and
master theses as well as medical and scientific
doctorates are supervised.

Selected publications

Brazdis, R. M., Alecu, J. E., Marsch, D., Dahms,
A., Simmnacher, K., Lorentz, S., . . . Prots, I.
(2020). Demonstration of brain region-specific
neuronal vulnerability in human iPSC-based
model of familial Parkinson's disease. Hum
Mol Genet, 29(7), 1180-1191.
doi:10.1093/hmg/ddaa039

Perez-Branguli, F., Buchsbaum, I. Y., Pozner, T.,
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Regensburger, M., Fan, W., Schray, A., . . .
Winner, B. (2019). Human SPG11 cerebral
organoids reveal cortical neurogenesis
impairment. Hum Mol Genet, 28(6), 961-971.
doi:10.1093/hmg/ddy397

Pozner, T., Regensburger, M., Engelhorn, T.,
Winkler, J., & Winner, B. (2020). Janus-faced
spatacsin (SPG11): involvement in
neurodevelopment and multisystem
neurodegeneration. Brain, 143(8), 2369-2379.
doi:10.1093/brain/awaa099

Simmnacher, K., Krach, F., Schneider, Y., Alecu,
J. E.,, Mautner, L., Klein, P., . . . Winner, B.
(2020). Unique signatures of stress-induced
senescent human astrocytes. Exp Neurol, 334,
113466.
doi:10.1016/j.expneurol.2020.113466

Sommer, A., Marxreiter, F., Krach, F., Fadler,
T., Grosch, J., Maroni, M., . . . Winner, B.
(2019). Th17 Lymphocytes Induce Neuronal
Cell Death in a Human iPSC-Based Model of
Parkinson's Disease. Cell Stem Cell, 24(6),
1006. doi:10.1016/j.stem.2019.04.019

International cooperations
Prof. F. H. Gage, Salk Institute for Biological
Studies, La Jolla: USA

Prof. E. Masliah, National Institute of Aging,
Bethesda: USA

Prof. G. Yeo, University of California San Diego:
USA
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Research focus

e Computational biostatistics

e Statistical learning methods and medical
data analysis

e Dermatoepidemiology

e Cooperative epidemiological
studies

and clinical

Structure of the Chair

Professorships: 2

Personnel: 13

e Scientists: 12 (thereof funded externally: 5)
e Graduate students: 5

Research

The focus of the Chair’s scientific activity is on
three distinct areas: Methods development in
the realm of machine learning (Computational
Biostatistics), statistical modelling of infectious
diseases, Statistical learning methods and
medical data analysis, and dermato-
epidemiological research, respectively.
Moreover, the Chair cooperates with numerous
research projects addressing different topics
with different departments or institutes. Usually,
the Chair is responsible for statistical aspects of
study design and analysis.

Computational biostatistics

PI: Dr. E. Waldmann

The statistical analysis of high-dimensional data
containing large numbers of features has
become increasingly important in biomedical
practice. Consequently, statistical methods for
analyzing data with complex dependency
patterns and for separating informative features
from non-informative ones are needed. Boosting
is a promising statistical method to address
these issues. The project focuses on improving
and developing boosting methodology for data
structures that cannot yet be analyzed with the
help of classical boosting techniques. For
example, classical boosting methods were
further extended to generalized additive models
for location, scale, and shape (GAMLSS). GAMLSS
is a popular statistical approach for
simultaneously modeling multiple parameters of
a response distribution in regression models.
Current fitting procedures for GAMLSS are

infeasible for high-dimensional data setups and
require heuristic (or potentially biased) feature
selection methods. The new algorithm allows for
simultaneous estimation of predictor effects and
feature selection in GAMLSS. In the course of the
project, boosting methods were further
analyzed with regard to their general
performance as optimization method for AUC-
based performance criteria in classification and
survival  analysis.  Furthermore, boosting
methods are developed and evaluated which
target the analysis of so-called joint models,
addressing modeling of two related outcome
variables, one a time-to-event- component, the
other a longitudinally observed outcome, related
by a parameter of association.

Statistical learning methods and medical data
analysis

PI: PD Dr. W. Adler

In the statistical evaluation of clinical studies in
collaboration with the University Hospital
Erlangen, in addition to the usual questions that
can be solved with conventional test procedures
and multiparametric models, studies with very
small sample sizes and / or complex data structure
often arise, for which, in addition to complex
statistical models, non-parametric  analysis
procedures that do not rely on statistical
distribution assumptions are also suitable. Among
the latter, especially the bootstrap method plays an
important role, which, in addition to the estimation
of confidence intervals or the determination of
statistical significance when examining the group
difference of different statistical measures, can
also be used, for example, to generate ensembles
of classification and regression trees, since a
flexible adaptation to the data structure at hand is
possible. Mixed linear models, by suitable
manipulation of the covariance matrix, allow the
determination of correlation for data with
appropriate data structure, such as the presence of
repeated measures. Moreover, GEE models have
an important role, for example, for efficient
evaluation of data sets where both eyes are
partially available from glaucoma patients. GEE
models take the data structure into account not so
much by modeling the magnitude of parameters,
but rather by determining their uncertainty.

Statistical analysis of infectious disease
spread

Pl: Dr. S. Meyer

Infectious pathogens such as influenza and noro
viruses cause epidemics. Public health
surveillance records age-stratified and spatial
data on the occurrence of notifiable infectious
diseases; in Germany, this is handled by the
Robert Koch Institute. Based on such surveillance
data, statistical models enable probabilistic
forecasts of key measures relevant to public
health authorities, eg. the incidence or peak
week of the epidemic. A particular scientific
focus was to investigate proper scoring rules for
such probabilistic forecasts. Furthermore,
epidemic models can support the understanding
of disease spread, for example to estimate the

impact of environmental or socioeconomic
factors and vaccination coverage on disease
dynamics. For this purpose, we have developed
specialized regression models and associated
statistical software, which has already been
employed also by other epidemiological research
groups. We are working on extensions of these
methods for multidimensional time series of
proportions, for example, regionally stratified
consultation rates of influenza-like illness or
influenza-attributable hospitalization rates in
different age groups. Moreover, we evaluate
statistical models for point processes, which
allow for a more detailed picture of epidemic
spread given individual-level surveillance data.
All  methodological developments are
implemented in open source research
software to facilitate scientific progress and
broad application in epidemiological research.

wiLl (%)

Seasonal flu activity in the USA, 1998-2017, as
measured by the (population-weighted)
proportion of patients with influenza-like illness
(ILl) among all monitored outpatient visits.
Season week 22 (calendar week 52) is indicated
with a vertical dashed line, where a peak or
secondary peak occurs in most seasons. A
forecasting challenge of different statistical
models was performed for the last four seasons
(black lines). From: Lu & Meyer, IJERPH, 2020.
License: CC BY 4.0.

Dermatoepidemiology

Pl: Prof. Dr. A. Pfahlberg, Prof. Dr. W. Uter

In clinical contact allergy research, a close co-
operation with the German contact dermatitis
group (DKG) e.V. and the multi-centric project
Information Network of Departments of
Dermatology (IVDK), maintained by an institute
at the University of Gottingen, has been
established. Pooled data collected in the
participating allergy departments are analyzed
in terms of contact allergy surveillance, i.e.
early detection of trends in contact allergy
(increase, possibly in particular subgroups).
Moreover, the network European Surveillance
System on Contact Allergies — Data Centre
(ESSCA-DC) has been collecting and analyzing
such dataon a European level since 2002, with
the data center located at the Chair of Medical
Biometry and Epidemiology. Currently, the so-
called European Baseline Series for patch
testing is being updated based on ESSCA
results.

The epidemiology of malignant melanoma and
acquired melanocytic nevi is a furtherresearch
interest: Acquired melanocytic nevi, surrogates
or potential precursors of malignant melanoma,
are addressed by the current MONA-study which
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includes standardized assessment of student
cohorts. Currently, results of two surveys
(”Erlking Sun”, “Francis”) addressing knowledge
on prevention of UV exposure in kindergarten
staff and actual protective measures (shading
etc.) in the institutions are being analyzed with
the aim of identifying targets of improvement of
primary prevention, with a special focus on the
concept of the UV-index.

Cooperative epidemiological and clinical
studies

This area of activity comprises diverse research
topics addressed in cooperation with different
departments and institutes. Usually, biometrical
aspects of study design and statistical analysis
have been performed by the Chair in these co-
operative projects. The most important projects
in the reporting period include:

e Studies in cooperation with the Center for
medical healthcare research of the Chair of
Psychiatry and Psychotherapy concerning
nonpharmacological interventions for
dementia (DeTa-MAKS, Senior-Go, MAKS-
kog-Is, MAKS-s)

A multi-centric European studying on
“Accelerated Partial Breast Irradiation” and a

controlled clinical trial on
radiochemotherapy in patients with locally
advanced head/neck tumors stage lll and

IVA-B (PACCIS) and radiochemotherapy after
induction chemotherapy with gemcitabine
and FOLFIRINOX, resp. (CONKO-007 study),
all chaired by the Department of Radiation
Oncology

The research network PRO PRICARE (see
separate report) targeting the identification of
unnecessary diagnostic and therapeutic
interventions, their causes, and possible
strategies for a future reduction of such
measures. The Chair is involved in a sub-project
addressing so-called cascade effects and their
causes in thyroid disease

A European multicenter study “SCOPE”
(“Screening for Chronic Kidney Disease
among Older People across Europe”) in co-
operation with the Institute for Biomedicine

of Aging
e The transsectoral TIGER Study assessing daily
home support of elderly patients by

“pathfinders” to reduce re-admission rates
after discharge from inpatient treatment

The ANFOLKI-36 study, which examines the
effects of general anesthesia in children on
their cognitive function, in cooperation with
the Department of Anesthesiology and the
Chair of Medical Informatics

The clinical study EUPHORIA to enhance
ultrasound & photoacoustic for recognition of
intestinal abnormalities using a new imaging
modality called Multispectral Optoacoustic
Tomography (MSOT).

The population-based epidemiological cohort
study TiCoKo examining the seroprevalence of
SARS-CoV-2 longitudinally in the county of
Tirschenreuth based on a random sample of
more than 4200 inhabitants as well as
determinants of morbidity

A qualitative study regarding knowledge and use
of the UV-index during consultations on the
subject of sun protection in pharmacies in the
Rhine-Main region in cooperation with the
Institute for Public Health at Mannheim
University Medical Center

The statistical-epidemiological study SUSPend to
analyse the impact of social distancing policies on
the spatio-temporal spread of COVID-19.

Teaching

The Chair of Medical Biometry and Epidemiology
contributes to curricular teaching in terms of
mandatory and optional courses in Medicine,
Molecular Medicine, Medical Technology, Life
Science Engineering, Logopedics, and Medical
Process Management. Concerning inter-
disciplinary teaching, the cooperation in the
context of “Querschnittsbereich I” with the Chair
of Medical Informatics and the Institute and
Outpatient Clinic of Occupational, Social, and
Environmental Medicine is of note.

The Chair supervises Bachelor’s and Master’s
theses as well as MD and PhD doctoral theses.

Selected publications

Gayawan E, Adebayo SB, Waldmann E. Modeling
the spatial variability in the spread and
correlation of childhood malnutrition in Nigeria.
Stat Med. 2019 May 10;38(10):1869-1890.

Kaiser |, Pfahlberg AB, Uter W, Heppt MV,
Veiergd MB, Gefeller O. Risk Prediction Models
for Melanoma: A Systematic Review on the
Heterogeneity in Model Development and
Validation. Int J Environ Res Public Health. 2020
Oct 28;17(21):7919.

Lehmann M, Sandmann H, Pfahlberg AB, Uter W,
Gefeller O.. Erythemal UV Radiation on Days with
Low UV Index Values-an Analysis of Data from
the German Solar UV Monitoring Network over a
Ten-year  Period.  Photochem Photobiol
2019;95(4):1076-1082

Lu J, Meyer S. Forecasting flu activity in the
United States: Benchmarking an endemic-
epidemic beta model. International Journal of
Environmental Research and Public Health.
2020;17(4):1381

Uter W, Aalto-Korte K, Agner T, Andersen KE,
Bircher AJ, Brans R, Bruze M, Diepgen TL, Foti C,
Giménez Arnau A, Gongalo M, Goossens A,
McFadden J, Paulsen E, Svedman C, Rustemeyer
T, White IR, Wilkinson M, Johansen JD. The
epidemic of methylisothiazolinone contact
allergy in Europe: follow-up on changing
exposures. J Eur Acad Dermatol Venereol.
2020;34(2):333-339

Uter W, Gefeller O, Mahler V, Geier J. Trends and
current spectrum of contact allergy in Central
Europe: results of the Information Network of
Departments of Dermatology (IVDK) 2007-2018.
Br J Dermatol. 2020 Nov;183(5):857-865.

International cooperation

Multicentric:

Prof. J.D. Johansen (1), Prof. C.M. Bonefeld (1),
Dr. I. R. White (2), Prof. J.-P. Lepoittevin (3), Prof.
M.B. Veiergd (4)

(1) Copenhagen University, (2) Kings College
London, (3) Université de Strasbourg, (4)
University of Oslo
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Research focus

® Process support through health information
systems

¢ Medical ontologies and medical knowledge
processing

¢ Evaluation of health information systems

¢ Analysis, assessment, and visualization of
medical data

e |T-infrastructure applications for medical
research

e Clinical bioinformatics

Structure of the Chair

Professorship: 1

Personnel: 20

e Doctor (of Medicine): 1

e Scientists: 16 (thereof funded externally: 12)
e Graduate students: 10

Research

Various working groups are concerned with the
development and the introduction of electronic
medical records, the integration of clinical
decision support functions into hospital
information systems (HIS), the modelling and
optimization of clinical workflows, both data
warehouse and data mining applications, the
evaluation of the effect of health technology
interventions on processes and persons involved
in the health system, the development of IT
infrastructures for research and teaching and
with clinical bioinformatics. The integration of
clinical and research data within hospitals and
data sharing within large networks, e.g. in the
context of the German Medical Informatics
Initiative and the German Biobank Alliance, are a
particular focus of our research activities.

Prof. Dr. H.-U. Prokosch is as Chief Information
Officer also responsible for the strategic
development of information processing at UK
Erlangen.

Process support through health information
systems

One of the major challenges in the design,
establishment, and management of health
information systems (HIS) is the intersectoral
interoperability which is important to optimize
the cooperation of the various health service

providers across institutional boundaries in
outpatient and inpatient care in order to deliver
the best patient care. For an additional reduction
of patient risks, we integrate clinical decision
support  functionalities into HIS. Clinical
information flow and communication
functionalities should ultimately involve and
benefit patients, e.g. by the application of
medication plans or by the use of a personal
electronic health record. In addition to grant
funded projects, the Chair also pursues and
supports several innovative pilot projects
embedded in the SOARIAN®/Meona® HIS
environment of Erlangen University Hospital.
The direct integration of the patient by means of
an online-based capturing of follow-up
information and the vision of a patient portal
which is integrated into HIS, additionally
supports a patient’s eConsent processes and
provides transparent information about the use
of his data in research projects completes the
range of research in this field.

Medical ontologies and medical knowledge
processing

In our projects, providing knowledge processing
systems in  medicine always comprises
knowledge modeling and the implementation of
standardized knowledge modules for example to
support drug therapy and drug prescription or to
reduce patient risks within intensive care units
(ICU). Within the patient data management
system of an ICU, a clinical decision support
system has been integrated to monitor the
exceedance of threshold values or to monitor
critical trends of various laboratory values and,
as a consequence, to have a direct feedback sent
as a text message to the DECT telephone of the
clinician on duty. Within the MIRACUM project
one focus is the integration of molecular analysis
results with clinical data and its efficient
visualization for physician’s support in therapy
decisions. Further research aims on the Al-based
development of classification and prognosis
algorithms, as well as the provision of
medication dosage recommendations. In the
context of those developments we are also
concerned with all aspects of the use of software
as a medicinal product.

Evaluation of health information systems

When introducing new information
technologies, it is essential to evaluate their
effect on user satisfaction, work processes, and
process costs to avoid adverse effects of these
technologies on medical care. Successful use of
IT in medicine may be hindered by negative user
attitudes, user-unfriendly interfaces, and
insufficient usability in general. In numerous
evaluation studies, we have applied methods,
such as usability questionnaires, observations,
thinking aloud, and cognitive walkthrough, to
both optimize and evaluate the acceptance of
different kinds of IT artefacts. In cooperation
with the Department of Anesthesiology, as well
as further German anesthesiologists and the
foundation German anesthesiology (“Stiftung

Deutsche Andsthesiologie”) we perform usability
analysis of different levels of prototypes and
mockups for a computerized emergency
checklist. Further, we cooperate with the
Department of Pediatrics and Adolescent
Medicine in the stepwise development and
usability analysis of a web-based medication
information system to support drug therapy for
children. In the context of developing user
interfaces for searching biospecimens and for
feasibility analyses, we cooperate very closely
with the Institute for Medical Informatics and
Biometry at the TU Dresden in conducting
usability evaluations.

Analysis, assessment, and visualization of
medical data

An increasing amount of data is documented
electronically in clinical IT systems during routine
patient care. To avoid information overload or
overlooking of essential facts, appropriate and
flexible visualization methods are required. We
have been creating a learning health system by
reusing such data for research projects. In
cooperation with Harvard University Medical
Center, the i2b2 (informatics for integrating
biology and the bedside) platform has been
integrated with UK Erlangen Clinical Data
Warehouse and enhanced with semantic
ontology annotations as well as timeline-based
visualization methods. It has been established as
a research integration platform for several
projects at UK Erlangen, but also within national
collaborations. Furthermore, we have provided
the tranSMART platform for different research
groups at our Faculty for the purpose of
integrating genomic data into clinical data. Here
we are also evaluating the use and the usability
of the platform for its application in the fields of
cohort identification and data exploration. In the
MIRACUM consortium (Medical Informatics in
Research and Care in University Medicine) we
evaluate and enhance the translational platform
cBioPortal (originally developed at the Memorial
Sloan Kettering Cancer Center, New York, USA),
which aims at integrating and visualizing clinical
findings and genomic analysis data. The final goal
is to provide an optimized information
presentation for enhanced IT supported therapy
decisions in molecular tumor boards.

IT-infrastructure applications for medical
research

Today, medical research is often pursued within
networked multi center structures, which
require efficient and safe IT-infrastructures.
Amongst others current activities comprise IT
infrastructures to support biobanking and the
development of biobank networks on a national
(German Biobank Node, German Biobank
Alliance) and international (BBMRI-EIRC
Common Service IT) level. A further focus was
laid on the single-source reuse of patient data for
clinical and translational research. The Chair is
member and active partner in many projects and
working groups of the TMF (German technology
and methods platform for networked medical
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research). We lead the MIRACUM consortium, in
which we design, develop, and implement an
ecosystem of open source software tools
(MIRACOLIX: e.g. ID-management, consent-
management, federated authentication, several
research data repositories and research data
management based on the FAIR principles),
which form the building blocks for the
establishment of data integration centers at
each of the MIRACUM university hospitals.

Clinical bioinformatics

Another research focus includes bioinformatics
analysis and modeling of medical data. Our work
focuses on high-dimensional omics and imaging
data (bulk/single-cell transcriptomics,
proteomics, metabolomics, interactomics, ATAC-
Seq, FACS, CyTOF), which we systematically
analyze using methods of integrative and
comparative  bioinformatics and machine
learning. The goal is to gain a comprehensive
understanding of molecules (e.g. non-coding
RNAs, RNA-binding proteins) and signaling
pathways in the pathogenesis and their
pharmacological applications. The thematic
focus of our work is in particular (auto)immune,
fibrosis and tumor diseases. In this context, we
have developed innovative methods and
integrative analysis tools and successfully
applied them in various collaborative projects
and research alliances. For example, we have
identified markers for various cardiac and lung
diseases as well as novel mediators in fibroblast
activation in systemic sclerosis, but also
elucidated mechanism of immune cells in the
pathogenesis. Another aspect of the work
involves disease modeling. Here, we identified a
blood-based metabolome signature for the
diagnosis of adrenocortical tumors using
machine learning approaches. In addition, we
have developed computer models for various
tumor diseases that reflect the underlying
mutations and involved signaling pathways of a
tumor and can be used, for example, for targeted
therapy decisions in the context of molecular
tumor boards.

Teaching

The Chair of Medical Informatics is involved in
the education of students of Medicine, in the
degree programs of informatics (minor subject:
medical informatics) of the Faculty of
Engineering as well as in the interdisciplinary
degree program Medical Process Management
and in the cross-faculty courses of the degree
programs in medical engineering. In all these
courses, the innovative laboratory for medical
informatics and eHealth which is an established
feature at the Chair of Medical Informatics is
used as the Erlangen laboratory of medical
informatics (“EMIL”) in the form of a Skills Lab
and in the context of an innovative teaching
concept.

Selected publications

Gruendner J, Wolf N, Togel L, Haller F, Prokosch
HU, Christoph J. Integrating Genomics and
Clinical Data for Statistical Analysis by Using
GEnome MINIng (GEMINI) and Fast Healthcare
Interoperability Resources (FHIR): System Design
and Implementation. JMIR 2020; 22:€19879.

Gulden C, Kirchner M, Schiittler C, Hinderer M,
Kampf M, Prokosch HUP, Toddenroth D.
Extractive summarization of clinical trial
descriptions. Int J Med Inform. 2019;129:114-
121.

Vey J, Kapsner LA, Fuchs M, Unberath P, Veronesi
G, Kunz M. A toolbox for functional analysis and
the systematic identification of diagnostic and
prognostic gene expression signatures
combining meta-analysis and machine learning.
Cancers (Basel), 2019 Oct; 11(10). pii: E1606. doi:
10.3390/cancers11101606

Kunz M, Wolf B, Fuchs M, Christoph J, Xiao K,
Thum T, Atlan D, Prokosch HU, Dandekar T. A
comprehensive method protocol for annotation
and integrated functional understanding of
IncRNAs. Brief Bioinform., 2020; 21(4):1391-
1396. doi: 10.1093/bib/bbz066

Fuchs M, Kreutzer FP, Kapsner LA, Mitzka S, Just
A, Perbellini F, Terracciano CM, Xiao K, Geffers R,
Bogdan C, Prokosch HU, Fiedler J, Thum T, Kunz
M. Integrative Bioinformatic Analyses of Global
Transcriptome Data Decipher Novel Molecular
Insights into Cardiac Anti-Fibrotic Therapies. IntJ
Mol Sci., 2020; 21(13):4727. doi:
10.3390/ijms21134727

International cooperations

Prof. Dr. E. Ammenwerth, Private Universitat fir
Medizinische Informatik und Technik (UMIT),
Innsbruck: Osterreich

Prof. Dr. T. Burkle, Berner Fachhochschule, Biel:
Schweiz

Prof. Dr. I. Kohane, National Center for

Biomedical Computing, Boston: USA

Prof. Dr. C. Sawyers, Dr. A. Zehir, Memorial Sloan
Kettering Cancer Center, New York: USA

Prof. Dr. George Hripcsak. Columbia University,
New York: USA.
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Research focus

. Wearable health systems

. Context recognition

. Digital Biomarker estimation

. Digital Twins of humans and systems

Structure of the Chair

Professorship: 1
Personnel: 11

. Scientists: 9 (thereof funded externally: 6)
. Graduate students: 5

Research

The Chair of Digital Health is pursuing research on
sensor-based embedded medical systems,
including wearables and implants. Research is done
on machine learning algorithms to estimate Digital
Biomarkers and decision support systems related
to patient behavior, physiology, and exposure in
out-of-lab settings. Work focuses on algorithms for
context awareness and knowledge mining from
clinical, multimodal data to support diagnosis and
treatment. The algorithm bandwidth stretches
from time series analysis to dynamically adaptive
pattern modeling. A further strand of research
addresses novel digital design methods and
procedures to implement wearable and
implantable sensor and actuator systems,
employing digital co-simulation of digital human
twins and system twins, 3D printing, and multi-
process additive manufacturing methods. In
collaborative projects with various medical and
industry partners, novel algorithms, models, and
technology are getting validated.

Wearable medical systems

Mobile and wearable systems provide access to
health-related patient behavior and exposure
information, thus support medical professionals
and patients in diagnosis and treatment. The Chair
investigates the potential of new wearable and
implantable systems that provide specific and
reliable health, behavior, and exposure data.
Among the wearable device developments are 3D-
printed regular-look smart eyeglasses with frame-
integrated electronics and sensors to continuously
acquire physiological data (e.g. heart beat via in-
frame optical sensors), behavior (e.g. meal timing

via in-frame acoustic sensors), and exposure (e.g.
ambient light via optical sensors). Another
development of the Chair is the GastroDigitalShirt
that is being investigated in a clinical study for
acoustic monitoring of the intestinal tract. With its
continuous, long-term monitoring of the abdomen
and algorithms to interpret the acoustic signal
patterns, the diagnosis of inflammatory bowel
diseases will be supported.

GastroDigitalShirt

system  with  embedded
microphone array and computing device won the
2019 DGVS Innovation  Award  “Digital

Gastroenterology”. The system is being evaluated
in a clinical study at UK Erlangen (Baronetto et al.,
2020).

Context recognition

The Chair develops and evaluates new algorithms
to analyze large, multi-modal continuous time
series from mobile and wearable sensor systems.
Research activities include pattern spotting of rare
known  patterns and mining of new
relationship/association rules among events in
data. Recent investigations combined context
information and compressive sensing techniques
to create a dynamically adaptive pattern
recognition system for resource-constrained
embedded systems, in particular wearables and
implants. Investigations on the new context-
adaptive sensing approach yielded energy savings
of more than 50% compared to state-of-the-art
non-adaptive  systems and still improve
significantly over sub-Nyquist sampling methods.
The results are vial for future medical systems, as
size and continuous runtime are directly related to
the required energy storage.

The Chair is furthermore investigates dynamic
design space exploration methods that include
runtime-adaptive  algorithms, where static
approximations do not yield tight bounds. Instead,
our system simulations include complexity
estimation and sensor data to estimate the
performance loss in under-powered systems.

Digital Biomarker estimation

Digital Biomarkers often combine different pattern
analysis algorithms to estimate clinical relevant
parameters in unsupervised, free-living conditions,
thus supporting decision making by patients and/or
medical professionals. The Chair develops methods
for estimating new Digital Biomarkers and
procedures to derive known ones with mobile and

wearable systems, in collaboration with clinical
partners. For example, from body-worn motion
sensor data, we developed a novel biomarker to
analyze the convergence prognosis between
affected and less-affected body sides in
hemiparesis patients, called Convergence Point
(CP). In addition, a range-of-motion marker was
developed in collaboration with therapists, based
on quantifying upper extremity postures assumed
over measurement days, called Cubic Quantizer.
Currently, various smartphone app projects
explore  platform-independent  designs in
connections with a new course “Digital Health” and
seminar “Digital Health App Design”, which have
been well-received by students in computer
science and medical engineering.

Co-simulate digital human twins

The Chair’s research on digital human twins has
intensified in topology modeling and dynamic body
motion analysis. A particular interest is to co-
simulate digital health twins with technical twins of
medical systems, to maximize insight and system
design optimization before physical prototyping
and testing. For example, gait motion twins of
athletes and patients with a hemiparesis, e.g. after
stroke, were co-simulated with wearable inertial
sensor systems to evaluate sensor position and
Digital Biomarker estimation performance, e.g.
stride duration and step count. The investigation is
a first step towards exploiting the potential of
digital twin and co-simulation. Further projects on
digital human twins are under preparation.

Vertical acceleration [m/s?]
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Example co-simulation of digital human twins and
system twins. Virtual inertial sensors, e.g.
acceleration, are being simulated to explore robust
body locations and Digital Biomarker estimations
(Derungs & Amft, 2020).

COVID-19 and Digital Health

Prof. Amft is a co-founder of the “Corona
Datenspende” initiative of the Robert Koch
Institute. The initiative is leading worldwide, having
more than 500k users that provide resting heart
rate and step count data of their wearable device.
No other initiative has gained so many participants.
The data shows that wearable data can anticipate
COVID-19 reports by approx. one week. Another
initiative of the Chair is a novel behavior simulation
approach that describes proximity between
individuals in a virtual world. The simulation
framework enables us to estimate the performance
of digital and manual contact tracing as well as
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study intervention methods, such as the closure of
restaurants and schools.

System modeling

Modeling of body-worn systems becomes an
important research area for our Chair. So far, the
Chair has been investigating system modeling
already, either to estimate performance before
implementing prototypes or to personalize
wearable systems. For example, head modeling
and head parameter estimation was used to fit
eyeglasses frame sensors to anatomically relevant
positions at the head.

Teaching

The Chair of Digital Health contributes to education
in Computer Science, minor in Medicine, and in
Medical Engineering curricula, through courses,
exercises, seminars, and practicals. Among the
course offerings are foundational classes on
ubiquitous sensor technology, biomedical signal
processing, context recognition, and selected
topics in machine learning. In addition, applied
offerings include seminars and internships on
wearable medical system design, 3D printing, and
monitoring  studies.  Within the Medical
Engineering curriculum, the Chair provides
education for all tracks, covering medical devices,
electronics, and computer science. The Chair
utilizes their currently available laboratory rooms
to let a few students each year explore and learn
about novel personal medical device construction
and fabrication technologies and methods.

Bachelor’s and Master’s theses topics as well as
PhD theses are offered, crossing disciplines of
engineering and computer science with medicine.

Selected publications

Amft, O., Lopera Gonzalez, L.I., Lukowicz, P., Bian,
S., and Burggraf, P. (2020). Wearables To Fight
COVID-19: From symptom tracking to contact
tracing. IEEE Pervasive Computing 19, 53—60.

Derungs, A., and Amft, O. (2020). Estimating
wearable motion sensor performance from
personal biomechanical models and sensor data
synthesis. Nat Sci Rep 10.

Baronetto, A., Graf, L.S., Fischer, S., Neurath, M.F.,
and Amft, O. (2020). GastroDigitalShirt: A Smart
Shirt for Digestion Acoustics Monitoring. In ISWC
’'20: Proceedings of the 2020 International
Symposium on Wearable Computers, (Virtual
Conference: ACM), pp. 17-21.

Lopera Gonzalez, L.I., Derungs, A., and Amft, O.
(2019). A Bayesian Approach to Rule Mining.
arXiv.org.

Schiboni, G., Suarez, J.C., Zhang, R., and Amft, O.
(2020). DynDSE: Automated Multi-Objective
Design Space Exploration for Context-Adaptive
Wearable IoT Edge Devices. Sensors 20, 6104.

Tansaz, S., Baronetto, A., Zhang, R., Derungs, A.,
and Amft, O. (2019). Printing Wearable Devices in
2D and 3D: An Overview on Mechanical and
Electronic Digital Co-design. IEEE Pervasive
Computing 18, 38-50.

International cooperations
Prof. GZ Yang, Imperial College London: UK

Prof. D. Kotz, Dartmouth College, Hannover, NH:
USA

Prof. K. de Graf, Wageningen University: The
Netherlands

Prof. M.A. Spruit, Maastricht University: The
Netherlands Prof. L. Chen, De Montfort University,
Leicester: UK

Prof. Dr. I. Korhonen, TU Tampere: Finland
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Research focus

¢ Neuropathological classification of focal
epilepsies in humans

¢ Epigenetic mechanisms of epileptogenesis

e Molecular myopathology

e Deep Learning Morphology

Structure of the Institute

Professorships: 2

Personnel: 17

e Doctors (of Medicine): 4

e Scientists: 4 (thereof funded externally: 3)
e Graduate students: 2

Clinical focus areas

e European Reference Center for rare and
complex epilepsies “EpiCare”

¢ Neuropathological reference center for
epilepsy surgery and host of the European
Epilepsy Brain Bank

e Member of the panel of the German
reference center for brain tumors

¢ Disease of skeletal muscle (Member of the
Muscle Research Center Erlangen)

Research

The Institute of Neuropathology scientifically
addresses diseases of the central nervous system
and the skeletal musculature. Our
internationally highly visible research expertise
is in the area of human epilepsy and neuro-
muscular disorders. Our Institute welcomes
visiting scientists to train them in studying
human tissue samples for research purpose,
but also for clinical diagnostics (no exchange
possible during the COVID-19 pandemic in
2020-2021).

Neuropathological classification of focal
epilepsies in humans

Pl: Prof. Dr. I. Blimcke

This research project is focused on drug-resistant
focal epilepsies in humans to decipher
pathomechanisms and clinically define brain
lesions associated with chronic seizures, e.g.
hippocampal sclerosis, glio-neuronal tumors,
and focal cortical dysplasia. We perform
systematic analysis in surgically resected human
brain specimens in correlation with clinical

histories and postsurgical follow-up data, and
our work contributed in establishing new
international standards for clinico-pathological
diagnosis of focal cortical dysplasia (ILAE
classification 2011) and hippocampal sclerosis
(ILAE classification 2013). Extensive
collaboration with our clinical and
neuropathology colleagues from Germany and
many other European countries were helpful to
establish the European Epilepsy Brain Bank
(EEBB), a reference and consultation center for
neurosurgical epilepsy tissue specimen. The
EEBB is also part of the European Reference
Network “EpiCare”. The collection of more than
10.000 specimens and collaboration with 40
European centers will help us to finally integrate
genetics and histopathology for a better
understanding of etiology and pathogenesis of
epilepsy-associated brain lesions and also
develop a state-of-the-artdiseaseclassificationin
the near future. Another DFG-funded
collaborative research project with the Cologne
Center for Genomics and the Cleveland Clinic
Epilepsy Center aims at a comprehensive
genotype-phenotype characterization of
epileptogenic human brain lesions in order to
develop better diagnostic tools for patient
stratification in research studies or targeted
therapies.

Funding: EU, DFG

Epigenetic mechanisms of epileptogenesis
Pl: PD Dr. K. Kobow

Fig.1: Neuronal cell culture model ,,epilepsy-
in-a-dish”. Triple-fluorescence microscopy of
antibodies bound to VGLUT1 (blue,
demonstration of excitatory synapses), VGAT
(green; demonstration of inhibitory synapses)
and Bassoon (red, demonstration of active
pre-synapses). With permission from Lucas
Hoffmann.

Our work specifically addresses genome-wide
DNA methylation profiles and the epigenetic
signaling machinery, i.e. histone code
modifications or miRNA, in relation to epileptic
neuronal activity using human surgical brain
specimens. This approach includes the
development of a novel DNA methylation
classifier using lllumina 850k EPIC arrays to
support a genotype-phenotype diagnosis

based on formalin-fixed and paraffin-
embedded human epilepsy surgery tissues.
The integration of our data with
histomorphological studies obtained from the
European Epilepsy Brain Bank as well as the
development of machine learning algorithm
by our Deep Learning working group (see
below) will help to develop new biomarker for
disease mechanisms. Another topic of our
research explores new therapeutic strategies
addressing the epigenetic signaling machinery
in our experimental cell culture model
‘epilepsy-in-a-dish’, such as the ketogenic diet
or specific molecular targets thereof.

Deep Learning Morphology

Pl: PD Dr. S. Jabari

We have established a new working group
addressing innovative deep learning
algorithms in the arena of digital pathology. It
is the long-term goal of the group to build
online solutions for pattern recognition in the
histopathological assessment of difficult-to-
diagnose epilepsy surgery specimens. We
program and train neuronal networks with
routine H&E specimens retrieved from the
collection of more than 10.000 well-
characterized surgical specimens enrolled into
the European Epilepsy Brain Bank. All
microscopy slides were fully digitized (WSI —
whole slide imaging) and submitted to our
enhanced deep learning algorithms in order to
correctly classify the microscopic image. We
use SHAP (SHapley Additive exPlanations) to
retrieve and review morphological features
identified by the network. We first applied our
algorithms to the spectrum of low-grade
epilepsy-associated brain tumors (LEAT) to
differentiate ganglioglioma from dysembryo-
plastic neuroepithelial tumors and other LEAT
w/o known genetic driver mutations. This
approach will be translated into an open
access online tool and subsequently extended
to the entire spectrum of epilepsy-associated
brain lesions to support the resource-intense
histopathological genotype-phenotype work-
up of surgical human brain specimens.
Funding: IZKF

Molecular myopathology

PI: Prof. Dr. R. Schréder

The central research topic of this group is the
pathogenesis of myofibrillar myopathies, which
are morphologically characterized by the
presence of pathological protein aggregation in
cross-striated muscle cells. This group of genetic
myopathies and cardiomyopathies is clinically
marked by a progressive course and premature
death. To date, no specific treatment is available
for these disorders. The main focus of our group
is the generation and characterization of
transgenic mouse and cell models for desmin-,
and filamin  C-related myopathies and
cardiomyopathies. The clinical, morphological,
biochemical, and molecular analysis of these
models provides deeper insights into the
molecular “sequence” that leads to pathological
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protein aggregation and progressive muscle
damage in these disorders. This work is the basis
for the evaluation of novel targeted treatment
strategies.

Funding: Deutsche Forschungsgemeinschaft,
Deutsche Gesellschaft fur Muskelkranke e.V.,
Association Frangaise contre les Myopathies.

Teaching

The Institute of Neuropathology offers lectures
and teaching courses in histopathology for
students in Medicine, Dentistry and Molecular
Medicine. Comprehensive lectures (clinico-
pathology conferences) are organized together
with the Departments of Neurology and
Neurosurgery. In addition, we annually
organize the International Summer School for
Neuropathology and Epilepsy Surgery. The

10th summer School took place from 24.7.-
27.7.2019 at UNICAMP in Campinas (Brasil). In
total, we have trained more than 300
participants from over 40 countries in our
summer schools on the subject of epilepsy-
associated brain lesions in hands-on workshops
at the microscope and through innovative digital
pathology platforms. We supervise Bachelor’s
and Master’s theses as well as doctoral theses of
the Faculties of Medicine and Sciences,
respectively.

Selected publications

Herrmann et al. H, Dual Functional States of
R406W-Desmin Assembly Complexes Cause
Cardiomyopathy With Severe Intercalated Disc
Derangement in Humans and in Knock-In
Mice. Circulation. 2020;142:2155-2171.

Kobow et al. Mosaic trisomy of chromosome
1g in human brain tissue associates with
unilateral polymicrogyria, very early-onset
focal epilepsy, and severe developmental
delay. Acta Neuropathol. 2020
Dec;140(6):881-891

Kobow et al. Genomic DNA methylation
distinguishes subtypes of human focal cortical
dysplasia. Epilepsia. 2019 Jun;60(6):1091-1103
Kubach et al. Same same but different: A Web-
based deep learning application revealed
classifying features for the histopathologic
distinction of  cortical malformations.
Epilepsia. 2020 Mar;61(3):421-432

Lamberink et al. European Epilepsy Brain Bank
writing group; study group; European
Reference Network EpiCARE. Seizure outcome
and use of antiepileptic drugs after epilepsy
surgery according to histopathological
diagnosis: a retrospective multicentre cohort
study. Lancet Neurol. 2020 Sep;19(9):748-757

International cooperations
International League against Epilepsy

Prof. F. Cendes, Department of Neurology,
UNICAMP, Campinas: Brazil

Prof. A. El-Osta, The Alfred Center, Monash
University, Melbourne: Australia

Drs. D.Lal, I.Wang, L.Jehi and I.Najm; Epilepsy
Center, Cleveland Clinic, Cleveland, Ohio: USA

Dr. J. Zurmanova, Dept. of Physiology, Charles
University Prague: Czech Republic
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Research focus

e Diagnostic molecular pathology

e Experimental tumor pathology —
gastrointestinal tumors

¢ Breast and gynecological tumors

e Tumors of the head and neck region

e Clinical and predictive molecular pathology
of urogenital carcinomas

¢ Pathology of immune and inflammatory
reactions

Structure of the Chair

Professorships: 5

Personnel: 102

¢ Doctors (of Medicine): 18

e Scientists: 8 (thereof funded externally: 3)
e Graduate students: 20

Clinical focus areas

Histopathology with specific expertise in
¢ Breast pathology

¢ Gynecological pathology

e Urogenital pathology

e Head and neck pathology

¢ Soft tissue pathology

e Molecular pathology

Research

The main research focus of the Institute of
Pathology is the identification of molecular
alterations in different malignant tumors. In
different research groups, gastrointestinal
tumors, breast cancer, gynecological tumors,
tumors of the head and neck region, urological
tumors, and sarcomas are investigated for both,
diagnostic markers and new therapeutic targets.
The aim is the integration of the identified
molecular alterations into diagnostic molecular
pathology. An additional focus is the characteri-
zation of immune and inflammatory cell
infiltration in tumors and the importance of this
immune response for tumor development and
response prediction to immunotherapy.

Diagnostic molecular pathology

Pl: Prof. Dr. F. Haller, PD Dr. E.A. Moskalev, Dr.
L. Tégel, Dr. C. Schubart, Prof. Dr. R. Stohr
The aim of the group is the development and
functional validation of novel genetic and

epigenetic markers with diagnostic,
prognostic, or predictiveimpactinsolidtumors.
The successful establishment of next-
generation sequencing technology enabled
the group to identify novel key molecular
events in different salivary gland tumors and
soft tissue neoplasms. Whole genome
sequencing in collaboration with the German
Cancer Research Center identified recurrent
translocations in acinic cell carcinomas of the
salivary glands. Another focus of the group is
the massive parallel sequencing of multi-gene
panels in lung cancer, soft tissue tumors,
cancer of the urogenital tract, and head and
neck cancer to correlate the presence of
mutations among distinct genetic pathways
with specific histomorphological subtypes,
clinical behavior, and therapy response. The
functional characterization of novel genetic or
epigenetic aberrations in cell culture systems is
another aim to develop the basis for future
therapeutical options. Since 2016 the inter-
disciplinary molecular tumor board has been
successfully installed which aims to detect
genetic aberrations in patients with advanced
cancer that can be used as therapeutic
targets. Since 2018, >600 patient samples
presented in the molecular tumor board are
analyzed in collaboration with the routine
diagnostic molecular pathology group.

Experimental tumor pathology — gastrointestinal
tumors

PI: Prof. Dr. R. Schneider-Stock, Dr. K. Erlenbach-
Woiinsch, Dr. M. Eckstein, Dr. C. Geppert, Prof. Dr.
A. Hartmann, Prof. Dr. A. Agaimy

The main focus of our group is the molecular and
biochemical characterization of genetic and
epigenetic alterations in initiation and progression
of colorectal tumors. We aim at identifying new
valid biomarkers for tumor transformation in
colorectal carcinogenesis that could be of potential
therapeutic interest. We are interested in tumor
invasion front and thus in regulation of EMT and
stemness to drive invasion and metastasis. For
translation we are equipped with diverse tissue
mircroarrays of CRC patients and immunostainings
can be already digitally analyzed. A broad spectrum
of 2D and 3D models, patient-derived 3D
organoids, co-culture models of tumor cells and
immune cells, and CRISPR-ko cell lines is
established. The chorioallantoic membrane
assay is used as an alternative in vivo test model.
Novel experimental conditional ko mice were
generated. Since many years we have been
studying successfully the anti-cancer effects of
novel plant-derived compounds for colorectal
tumor cells especially in combination treatment
with clinically used drugs.

Breast and gynecological tumors

Pl: Prof. Dr. A. Hartmann, Dr. R. Erber

In collaboration with the Department of
Gynecology and Obstetrics, we aim to analyze
molecular-biological changes of breast cancer
and gynecological tumors. Regarding breast
cancer, identification of molecular prognostic

and predictive biomarkers that can be used in
the clinical-pathological differential diagnosis
and therapeutical stratification of malignant
breast cancer is the main focus. Therefore, we
predominantly investigate tumor probes
included in large multicentric therapy studies.
Besides immunohistochemistry, molecular-
pathological techniques like gene expression
analyses and sequencing are deployed.
Furthermore, we consider immunoncological
aspects. The second main focus of our working
group includes investigation of molecular-
biological features of malignant endometrial
and ovarian cancer for potential therapy
stratification, e.g. investigation of fumarat
hydratase deficient uterine leiomyomas and
mismatch repair  deficient/microsatellite
instable endometrial cancer.

Tumors of the head and neck region

PI: Prof. Dr. A. Agaimy, Prof. Dr. F. Haller
Weinvestigatethe molecularchangesintumors
of the head and neck regionin cooperation with
the Departments of Otorhinolaryngology —
Head and Neck Surgery and of Oral and Cranio-
Maxillofacial Surgery. This research project has
two objectives: One is to compile a molecular-
pathological and histopathological classify-
cation of salivary gland tumors with low and
high risk of relapse and progression, the second
is to identify early molecular markerstoidentify
dysplastic changes as tumor precursors in the
mucosa of the head and neck region.

Clinical and predictive molecular pathology
of urogenital carcinomas

Pl: Prof. Dr. A. Hartmann, Prof. Dr. Dr. R. St6hr,
PD Dr. Dr. C. Stohr, PD Dr. S. Bertz, Dr. M.
Eckstein, Dr. I. Polifka, Dr. V. Weyerer, Dr. E.
Erlmeier, K. Bende, Dr. F Ferrazzi, M Angeloni
The group investigates the basic molecular
principles of the development, progression, and
subtyping of urothelial carcinoma of the urinary
bladder, prostate cancer, squamous cell
carcinoma of the penis, and renal cell carcinoma.
There is a close cooperation with the Depart-
ment of Urology, the Institute of Clinical and
Molecular Virology and with numerous national
and international cooperation partners. The
objective is the identification of genomic and
epigenetic changes in urothelial carcinomas of
the urinary bladder and kidney tumors to identify
new markers for early diagnosis and new
therapeutic target molecules. In addition, gene
expression analyses are used to establish a risk
stratification of the tumors that should support
the finding of the ideal treatment option for a
patient in daily clinical routine. Another focus of
the groups’ work is the molecular investigation
of patients with early-onset disease. These
analyses should clarify if tumors in young
patients have distinct molecular developmental
pathways as compared with tumors from aged
patients. Moreover, molecular investigation of
tumors from patients with early-onset disease
could allow the identification of predisposing
factors and disease-initiating events helping to
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define individuals with high disease risk. In
addition, the group is closely involved into the
multi-institutional BRIDGE-Consortium, which
main goal is the characterization and clinical
implementation of new therapeutic targets for
treatment of urothelial carcinoma of the
bladder.

Selected main topics of the group are:

¢ Histologic and molecular characterization of
rare subtypes of urothelial cancers

Histologic and molecular characterization of
urothelial cancers of the upper urinary tract in
context of an EU-funded multi-institutional
TRANSCAN project

Identification of relevant therapeutic targets
using retrospectively selected patient cohorts
after adjuvant chemotherapy and multimodal
therapies

Identification of progression and disease
initiating markers for bladder cancer using a
whole-organ mapping approach on cystectomy
specimens

Analyses of urothelial tumors from patients
with early-onset disease (<45 years of age) to
identify disease initiating and predisposing
factors

Histologic, immunohistochemical and
molecular characterization of renal cell
carcinomas with focus on non-clear cell
subtypes (cooperative project with Prof. Dr.
M Schwab, Stuttgart, partly in cooperation
with the German Network Renal Cell
Carcinoma).

Characterization of the immune cell infiltration
and tumor cell metabolism of renal cell
carcinoma (cooperative project with Prof. Dr.
B. Seliger, Halle)

Identification of molecular risk factors and
prognostic relevant alterations of squamous
cell carcinoma of the penis

Digital pathology and development of diagnostic
and predictive deep learning approaches

Pathology of immune and inflammatory
reactions

Pl: Dr. M. Eckstein, Dr. C. Geppert, Prof. Dr. A.
Hartmann

This group focusses on the characterization of
immunological interactions of different tumors
(in  particular: colon carcinoma, Barrett’s
carcinoma of the esophagus, muscle invasive
urothelial carcinoma, squamous cell carcinoma
of the head and neck) with their immunological
microenvironment. There are numerous
national and international cooperations. In
particular, the characterization of antitumorally
active immune cell populations and their
immunosuppressive antagonists are the focus.
Based on differentially expressed immune cell
populations and their activity status, which is
largely controlled by immune-checkpoints,
different  immunophenotypes should be
identified which potentially harbor both,
prognostic and a predictive significance. Another
key topic is the establishment and
harmonization of predictive diagnostic tools to
predict immunotherapy response such as
immuno-checkpoint protein expression
(especially PD-L1) and other next generation
immuno-oncological biomarkers (e.g. digital
pathological assessment of cytotoxic immuncell-
infiltrates).

Teaching

The Institute of Pathology is involved in the
compulsory and elective curricular teaching of
Medicine and Dentistry and of the degree

programs Molecular Medicine and Medical
Process Management. Particularly noteworthy is
the interdisciplinary teaching in the context of
crosscutting subjects Q5 and Q6 together with
the Departments of Obstetrics and Gynecology,
Medicine 1, Urology, Surgery, Nuclear Medicine,
and the Institute of Radiology. Bachelor’s and
Master’s theses as well as MD and PhD theses
are looked after.

Selected publications

Eckstein M, Erben P, Kriegmair MC, Worst TS,
WeilR CA, Wirtz RM, Wach S, Stoehr R, Sikic D,
Geppert Cl, Weyerer V, Bertz S, Breyer J, Otto W,
Keck B, Burger M, Taubert H, Weichert W,
Waullich B, Bolenz C, Hartmann A, Erlmeier F.
Performance of the Food and Drug
Administration/EMA-approved programmed cell
death ligand-1 assays in urothelial carcinoma
with emphasis on therapy stratification for first-
line use of atezolizumab and pembrolizumab.
Eur J Cancer. 2019 Jan;106:234-243

Haller F, Bieg M, Will R, Kérner C, Weichenhan D,
Bott A, Ishaque N, Lutsik P, Moskalev EA, Mueller
SK, Bahr M, Woerner A, Kaiser B, Scherl C,
Haderlein M, Kleinheinz K, Fietkau R, Iro H, Eils R,
Hartmann A, Plass C, Wiemann S, Agaimy A.
Enhancer  hijacking  activates  oncogenic
transcription factor NR4A3 in acinic cell
carcinomas of the salivary glands. Nat Commun.
2019 Jan 21;10(1):368.

Fasching PA, Gass P, Haberle L, Volz B, Hein A,
Hack CC, Lux MP, Jud SM, Hartmann A,
Beckmann MW, Slamon DJ, Erber R. Prognostic
effect of Ki-67 in common clinical subgroups of
patients  with HER2-negative, hormone
receptor—positive early breast cancer. Breast
Cancer Research and Treatment 2019
Jun;175(3):617-625. doi: 10.1007/s10549-019-
05198-9.

Pfannstiel C, Strissel PL, Chiappinelli KB, Sikic D,
Wach S, Wirtz R, Wullweber A, Taubert H,
Breyer J, Otto W, Worst T, Burger M, Wullich
B, Bolenz C, Fuhrich N, Geppert Cl, Weyerer V,
Stohr R, Bertz S, Keck B, Erlmeier F, Erben P,
Hartmann A, Strick R, Eckstein M The Tumor
Immune Microenvironment Drives a Prognostic
Relevance That Correlates with Bladder Cancer
Subtypes Cancer Immunol Res. 2019; 7(6): 923-
938.

Woerl AC, Eckstein M, Geiger J, Wagner DC,
Daher T, Stenzel P, Fernandez A, Hartmann A,
Wand M, Roth W, Foersch S Deep Learning
Predicts Molecular Subtype of Muscle-invasive
Bladder Cancer from Conventional
Histopathological Slides. Eur Urol. 2020; 78(2):
256-264.

International cooperations
Prof. F. Real, Spanish National Cancer Research
Centre, Madrid: Spain

Prof. J. Galon, French National Institute of Health
and Medical Research, Paris: France
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Research focus

. Afferent renal innervation

. Complement-mediated cross-talk between
tubular and interstitial cells in renal
transplantation.

. Analysis of the pathological effects of light
chains and AL protein forms

. The role of DPP4 in
glomerulonephritis

. Chronic kidney disease of unknown etiology
(CKDu)

. SriKid H20 — Investigation of correlations be-
tween localized chronic kidney diseases and
water quality in Sri Lanka

. Pathology work-up of GvL and GvHD in mice
and man

. Role of the receptor GPR126 in heart and
kidney development

. Establishment and function of
centrosomal MTOCs in striated muscle

. Heart regeneration

. Cardiac tissue engineering

. Zebrafish as cancer model

crescentic

non-

Structure of the Division

Professorships: 2

Personnel: 32

. Doctors (of Medicine): 4

. Scientists: 4 (thereof funded externally: 0)
. Graduate students: 18

Clinical focus areas

. Diagnosis on kidney biopsies

. Diagnosis on peritoneal biopsies

. Diagnosis on iliac crest

. Diagnosis of heart diseases

. Lightmicroscopy, immunohistology, electron
microscopy

Research

Clinical and experimental cooperations are well
established with clinical partners and research
groups of UK Erlangen and FAU as well as external
cooperators, working in the field of nephrology.
Main focus of the Division of Nephropathology is to
test molecular hypotheses on experimental and
human kidney biopsy material.

Afferent renal innervation

PI: Prof. Dr. K. Amann

In spite of clear evidence of its importance, a basic
feature of renal innervation — the regulation of
sympathetic activity by afferent renal nerves — is
not yet understood. It is particularly unclear
whether renal afferents, i.e. the dorsal root
ganglion neurons with renal projections, stimulate
or inhibit sympathetic activity. We want to
demonstrate in a model of experimental
hypertension that afferent renal nerve activity acts
rather sympathoinhibitory, but not
sympathoexcitatory. This project will be done in
collaboration with Prof. Dr. R. Veelken
(Department of Medicine 4). Funding: IZKF

Complement-mediated cross-talk between
tubular and interstitial cells in renal
transplantation

Pl: Prof. Dr. M. Buttner Herold, Prof. Dr. C. Daniel,
Prof. Dr. K. Amann

In this project the activation of the complement
pathway, in particular the lectin signaling pathway,
during renal transplantation and thereby the
interaction with renal tubular epithelial and
inflammatory cells will be investigated. Human
renal biopsies and kidney tissue from experimental
studies in rats will be used for this purpose. Using
an inhibitory antibody directed against the
activator of the lectin-activated complement
pathway MASP-2 or a C5 blocker inhibiting the
terminal pathway of all complement pathways, we
aim to prevent graft deterioration and graft loss. In
addition, the interaction of different complement
factors with renal tubule cells will be investigated
in vitro. Funding: SFB 1350

Analysis of the pathological effects of light chains
and AL protein forms

PI: Prof. Dr. K. Amann

In this project we investigate the cellular response
of amyloidosis light chain (AL) peptides in the heart
and kidney, which are important for understanding
tissue pathology. Attempts will be made to
separate the effect of the various AL peptides
themselves from environmental factors, i.e.,
changes in the milieu or differentiation of cells. In
addition, these in vitro data will be the basis for
subsequent in vivo analyses in animal models. The
work is embedded in a research group consisting of
researchers in Kiel, Heidelberg, Ulm and Munich.
Funding: FOR 2969

The role of DPP4 in crescentic glomerulonephritis
PI: Prof. Dr. C. Daniel

In this project, we investigate the role of dipep-
tidyl peptidase IV (DPP4) in pathogenesis of
crescentic glomerulonephritis. DPP4 is an exo-
protease cleaving incretins as well as different
chemokines, but can also act as a co-receptor for
cell-cell recognition. Therefore, we induce an anti-
GBM model in rats and compare disease
propagation in DPP4-inhibitor treated animals with
untreated controls. Analysis will focus on the role
of DPP4 in crescent formation and changes in
kidney function. Funding: Boehringer Ingelheim
GmbH

SriKid H20 - Investigation of correlations
between localized chronic kidney diseases and
water quality in Sri Lanka

PI: Prof. Dr. K. Amann

Together with nephrologists (Dr. N. Nanayakkara,
Prof. Dr. K.-U. Eckardt), hydrogeologists (Prof. J.
Barth, Prof. R. Chandrajith) and toxicologists (Prof.
C. Zwiener) from Germany and Sri Lanka, we
investigate in this interdisciplinary project causes
and pathogenesis of chronic kidney dis- ease of
unknown etiology (CKDu) that is restricted to dry
areas in tropical regions. Beside histopathological
characterization of renal biopsies using
immunohistology and electron  microscopy,
comprehensive analysis of drinking water will be
done. The aim of this project is to uncover the
causes and pathogenesis of this life- threatening
disease. Funding: BMBF

Pathology work-up of GvL and GvHD in mice and
man

PI: Prof. Dr. M. Buttner-Herold

Diagnosis of GvHD is challenging due to its high
variability of clinical and histopathological
manifestations and insufficient validation of
diagnostic criteria, even for experienced transplant
pathologists. Therefore this project aims to better
define diagnostic criteria of GvHD by using a round
robin test with participation of four different
institutes of pathology focusing on GvDH in colon.
In addition, together with Prof. Dr. M. Evert
(Regensburg) and Prof. Dr. A. Rosenwald
(Wdirzburg) this project will support other sub-
projects of the SFB/TRR 221 (compare own report)
by production and evaluation of immune-
histological sample analysis including human as
well as murine GvDH. Funding: DFG, IZKF A84

Role of the receptor GPR126 in heart and kidney
development

PI: Prof. Dr. F.B. Engel

Adhesion GPCRs are characterized by large N-
termini and a GPS motif at which they are
autoproteolytically cleaved into a C-terminal and
N-terminal fragment (CTF and NTF, respecttively).
Following the discovery that the adhesion GPCR
Gprl26 is essential for trabeculation during heart
development, Gprl26 was shown to play a critical
role in the organization of the endocardium and its
differentiation. Analysis of various zebrafish
mutants has further shown that the CTF and NTF
have distinct roles regulating separate cellular
processes during trabeculation. Analysis of Gpr126
zebrafish mutants has also shown that Gprl26
plays a role in kidney development. Funding: DFG,
1ZKF

Establishment and function of non-centrosomal
MTOCs in striated muscle

PI: Prof. Dr. F.B. Engel

Microtubule organization plays a pivotal role in
cellular architecture and biological processes such
as intracellular transport, signal transduction,
mitotic  spindle assembly, and organelle
positioning. Recently, we have shown that the
centrosome - the dominant microtubule organizing
center (MTOC) in most proliferating vertebrate
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cells - is disassembled in cardiomyocytes during
development and that the nuclear envelope adopts
the MTOC function. This relocalization of the MTOC
was associated with a decline of cardiomyocyte
proliferative capacity. MTOC relocalization to non-
centrosomal (nc) sites has been described in a wide
variety of differentiated cell types. Yet, despite this
phenomenon is well known and mutations in
related genes cause severe human disease, the
formation and function of ncMTOCs are poorly
understood. We have now elucidated the
molecular mechanism underlying the
establishment of nuclear MTOC in muscle cells.
Furthermore, we could show that this mechanism
is also used by osteoclasts. In rat cardiomyocytes,
AKAP6 anchors centrosomal proteins to the
nuclear envelope through its spectrin repeats,
acting as an adaptor between nesprin-1a and Pcnt
or AKAP9. In addition, AKAP6 and AKAP9 form a
protein platform tethering the Golgi to the nucleus.
Both Golgi and nuclear envelope exhibit MTOC
activity utilizing either AKAP9, or Pcnt-AKAP9,
respectively. AKAPG6 is also required for formation
and activity of the nuclear envelope MTOC in
human osteoclasts. Moreover, ectopic expression
of AKAP6 in epithelial cells is sufficient to recruit
endogenous centrosomal proteins. Finally, AKAP6
is required for cardiomyocyte hypertrophy and
osteoclast bone resorption activity. Collectively, we
decipher the MTOC at the nuclear envelope as a bi-
layered structure generating two pools of
microtubules with AKAP6 as a key organizer.
Funding: DFG

Heart Regeneration

PI: Prof. Dr. F.B. Engel

The loss of cardiomyocytes after heart injury
cannot be corrected by conventional treatment
methods. Mammalian cardiomyocytes establish a
cell cycle arrest after birth and the final cell cycle
results in binucleation or polyploidization. In
contrast, cardiomyocytes of zebrafish and
amphibians maintain their ability to proliferate and
can regenerate their hearts by inducing cell division
of existing cardiac muscle cells. The research group
has recently developed new methods to distinguish
cell division and binucleation (failure of cytokinesis)
in cardiomyocytes. In addition, we have
characterized these processes and demonstrated
that also binucleated cardiomyocytes can be
induced to proliferate. Our results indicate that
postnatal binucleated cardiomyocytes upon
stimulation can enter mitosis, cope with their
multiple and/or unpaired centrioles by forming
pseudo-bipolar spindles, and divide. Funding: DFG,
ELAN

Cardiac tissue engineering

Pl: Prof. Dr. F.B. Engel

Materials for the generation of artificial heart tis-
sue are tested for tissue replacement therapy. In
close collaboration with Prof. Dr. A.R. Boccaccini
(Department of Biomaterials, Faculty of Engi-
neering) and Prof. T. Scheibel (Bayreuth Mate-
rialzentrum, University of Bayreuth), we cur- rently
focus on the analysis of electroconductive
materials, collagen, and recombinantly produced
silk. We are now able to produce beating heart
tissue from human pluripotent stem cells that beat
for weeks without external stimulation and
respond to various pharmaceuticals. In addition,
we have started to integrate endothelial cells into
our fabrication strategy to pre-vascularize the
tissues. Funding: DFG, TRR 225, Foundation
Medicine

The zebrafish as cancer model
Pl: Prof. Dr. F.B. Engel

Since cardiomyocytes establish a strict cell cycle
arrest after birth —and thus cardiac tumors are very
rare - cardiomyocyte differentiation appears to be
an excellent model to identify new potential
targets for cancer treatment. To determine the role
of candidate genes such as IQGAP3 in cancer cell
proliferation and migration, a zebrafish xenograft
model will be used and live cell imaging will be
performed. We study IQGAP3 in colorectal cancer
as: 1) IQGAP3 is downregulated during heart
development and mis-localized during the last cell
cycle resulting in binucleation. 2) It is expressed in
proliferating transit-amplifying cells in crypts and is
upregulated in colorectal cancer; one of the most
common and lethal cancers. During the last decade
the zebrafish model has been established as a
powerful tool for cancer biology. In addition to its
general advantages, the embryonic zebrafish is an
excellent xenograft model as its adaptive immune
system matures not before 4 weeks post-
fertilization. Therefore, injection of mouse or
human cells will not cause an immune rejection.
Moreover, xenografts can be performed in
zebrafish 48 hours post-fertilization and results will
be obtained 4 days later at 6 days post-fertilization.
Funding: Wilhelm Sander Foundation

Teaching

The Division of Nephropathology participates in the
teaching of the Institute of Pathology and acts as
“Advanced Training Center for Nephropathology”
of the European Society of Pathology.

Bachelor’s and Master’s theses as well as MD and
PhD theses are supervised.

Selected publications

Daniel C, Leppkes M, Munoz LE, Schley G, Schett G,
Herrmann M. Extracellular DNA traps in
inflammation, injury and healing. Nature reviews
Nephrology. 2019; 15(9):559-575.

Balasooriya S, Munasinghe H, Herath AT,
Diyabalanage S, lleperuma OA, Manthrithilake H, et
al.  Possible links between  groundwater
geochemistry and chronic kidney disease of
unknown etiology (CKDu): an investigation from
the Ginnoruwa region in Sri Lanka. Exposure and
Health. 2020; 12(4):823-834.

Rodionova K, Veelken R, Hilgers KF, Paulus EM, Linz
P, Fischer MJM, et al. Afferent renal innervation in
anti-Thy1.1 nephritis in rats. American journal of
physiology Renal physiology. 2020;319(5):F822-
f832.

Rodionova K, Hilgers KF, Paulus EM, Tiegs G, Ott C,
Schmieder R, et al. Neurogenic tachykinin
mechanisms in experimental nephritis of rats.
Pflugers Archiv : European journal of physiology.
2020;472(12):1705-1717.

VergarajaureguiS, Becker R, Steffen U, Sharkova M,
Esser T, Petzold J, Billing F, Kapiloff MS, Schett G,
Thievessen |, Engel FB. AKAP6 orchestrates the
nuclear envelope microtubule-organizing center by
linking golgi and nucleus via AKAP9. Elife. 2020;
9:e61669.

Roshanbinfar K, Vogt L, Ruther F, Roether JA,
Boccaccini AR, Engel FB. Nanofibrous Composite
with  Tailorable Electrical and Mechanical
Properties for Cardiac Tissue Engineering Adv Funct
Mater. 2020; 30(7): 1908612.

Musa G, Srivastava S, Petzold J, Cazorla-Vazquez S,
Engel FB. miR-27a/b is a post-transcriptional
regulator of Gpr126 (Adgrg6). Ann N Y Acad Sci.

2019; 1456(1):109-121.

Leone M, Engel FB. Pseudo-bipolar spindle
formation and cell division in postnatal binucleated
cardiomyocytes. J Mol Cell Cardiol. 2019; 134:69-
73.

Roshanbinfar K, Mohammadi Z, Mesgar AS,
Dehghan MM, Oommen OP, Hilborn J, Engel FB.
Carbon nanotube doped pericardial matrix derived
electroconductive biohybrid hydrogel for cardiac
tissue engineering. Biomater Sci. 2019; 7(9):3906-
3917.

International cooperations
Prof. S. Shankland, Department of Nephrology,
University of Washington, Seattle: USA

Dr. N. Nanayakkara, Kandy University Hospital,
Kandy: Sri Lanka

Prof. M. van den Hoff, Department of Anatomy,
Academic Medical Center Amsterdam,
Amsterdam: The Netherlands

Prof. M. Kapiloff, Stanford Cardiovascular Institute,
Stanford University: USA

Prof. J. Hilborn, Department of Chemistry,
Angstrom Laboratory, Uppsala University: Sweden
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Institute of the History of Medicine and Medical Ethics

Professorship for Medical Ethics

Address

GluckstraRe 10

91054 Erlangen

Phone: +49 9131 8526430
Fax: +49 9131 8522852
www.igem-ethik.med.fau.de

Head of Division
Prof. Dr. med. Andreas Frewer, M.A.

Contact

Prof. Dr. med. Andreas Frewer, M.A.
Phone: +49 9131 8526430

Fax: +49 9131 8522852
andreas.frewer@fau.de

Research focus
. Clinical Ethics and Ethics Consultation
. Medicine and Human Rights
. Human Rights in Healthcare

. Global Health Ethics and Philosophy
of Medicine

Structure of the Professorship

Professorship: 1
Personnel: 13
. Doctors (of Medicine): 2
o Scientists: 8
(thereof funded externally: 5)
. Graduate students: 20

Special structural features

The autonomous Professorship for Medical Ethics
is responsible for management of the Clinical Ethics
Committee at UK Erlangen and a Graduate School.
The Chair of the History of Medicine and the
Professorship for Medical Ethics constitute the
Institute for the History of Medicine and Medical
Ethics.

Research

The main areas of research are clinical ethics and
ethics consultation, medicine and human rights,
and global health ethics and philosophy of
medicine. The field of clinical ethics deals with
foundational ethical questions concerning the
adequate care for patients, motivation of the acts
of physicians during the daily routine, and conflict
situations in hospital and other medical facilities.
Central questions are ethical issues at the
beginning of life (prenatal diagnosis, pregnancy
challenges, neonatology etc.), during a crisis
(oncology, genetic advice, psychiatry, transplan-
tation), and at the end of life (advance directives,
dementia, terminal care, euthanasia etc.). Some
important means of clinical ethics are the analysis
of arguments of applied medical ethics and
bioethics, advice via ethics committees, and
empirical research. The Professorship chairs the
Graduate School “Human Rights and Medical Ethics
for the Elderly” (Josef and Luise Kraft Foundation),
runs the “Forum Medicine and Human Rights“ and
edits twelve book series.

Clinical Ethics and Ethics Consultation

Pl: Prof. Dr. A. Frewer, PD Dr. L. Bergemann,
Dr. C. Hack, Elisabeth Langmann, M.A.

A main field of expertise of the Professorship for
Medical Ethics is research concerning clinical ethics
consultation whereby a close cooperation with the
Clinical Ethics Committee is given. Theoretical
groundwork and documentation of ethics
consultation and the evaluation of ethical
consultation belong to this field of inquiry. Files of
patient’s advocates are being dealt with in the
project “Clinical Ethics from the Patient’s Perspec-
tive”. Further fields of research, particularly using
methods of empirical ethics, are end of life
conflicts, e.g. projects on ethical consultation,
cultures of dying, and advance directives.

As part of this field of research, an annual ”Ethics
Day” and an intensive course "Clinical Ethics”
(BMBF) were organized, the "Yearbook Ethics in
Clinics” and the book series ”Clinical Ethics” are
being edited.

In context of strategies against the Covid-19-
Pandemic the project “Clinical Ethics Consultations
in Covid-19. Current and Future Challenges” was
funded by the WHO in the year 2020.

Jahrbuch Ethik in der Klinik

Andreas Frewer, Lutz Bergemann
Elisabeth Langmann (Hrsg.)
Unsicherheit in der Medizin

Zum Umgang mit Ungewissheit
im Gesundheitswesen

Medicine and Human Rights

PI: Prof. Dr. A. Frewer, PD Dr. L. Bergemann, Dr. C.
Hack, Elisabeth Langmann, M.A.

This field of research bears on problems of de-
termining the place of human dignity and human
rights in the area of medical and bioethical
controversy. The possibilities and limits of a rights-
based medical ethics and bioethics are considered
from a theoretical perspective and several
dimensions of the concepts of human dignity and
human rights are studied in this context. In a
practical vein, this area of research involves
questions of medical investigation and the
documentation of human rights violations,

application of the Istanbul Protocol of the United
Nations to document torture, but also the
participation of physicians in human rights
violations. Not least of all, it inquires into the
therapy and prevention of human rights violations,
such as wartime sexual violence, torture,
recruitment of children as soldiers, and female
genital mutilation. In connection with this area of
research, a public lecture series (in cooperation
with “CHREN”) is being organized and three
academic book series are being edited.

Human Rights in Healthcare

PI: Prof. Dr. A. Frewer, PD Dr. L. Bergemann, Dr. C.
Herrler, Dipl.-Polit. S. Klotz

The project "Human Rights in Healthcare” focuses
on highly relevant issues in the intersection of
human rights, medicine, and medical ethics. The
project deals with conflicting claims to receive
support for personal autonomy in healthcare. The
general purpose is to better understand the
implicit criteria which guide decisions taken in
clinical practice and to develop normative criteria
based on human rights and medical ethics.
Practical examples are studied intensively with
issues of dialysis, transplantation, new conflicts
arising from international patient mobility, health
literacy education, contributions to health
empowerment of vulnerable groups and end-of-
life-questions. Beyond raising public awareness on
complicated and important issues, the aspiration is
to provide practical orientation based on ethical
principles, internationally binding human rights’
norms, and professional experience in the field.
The field develops an intensive cooperation

between researchers from different disciplines,
including medicine, human rights, ethics, law,
philosophy, social sciences, political science, and
literature studies.


http://www.igem-ethik.med.fau.de/
mailto:andreas.frewer@fau.de

Global Health Ethics and Philosophy of Medicine
Pl: Prof. Dr. A. Frewer, M.A., PD Dr. R. Erices, Dr. C.
Herrler, PD Dr. A. Reis, M.Sc.dThis field deals with
questions concerning the notion ”disease” and
human aging, moral evaluations of various aspects
of human enhancement, preimplantation
diagnosis, and deep brain stimulation. In this
context, two academic book series are being
edited.

Global Health, Ethics and Human Rights

Heiner Bielefeldt, Lutz Bergemann
Christian Jager, Andreas Frewer (Eds.)

Conscientious Objection in Medicine
Global Challenges for Human Rights

Teaching

The Professorship for Medical Ethics contributes
with obligatory and facultative subjects to the edu-
cation of the students. Special units are offered
within the Graduate School “Human Rights and
Medical Ethics for the Elderly” and the interdisci-
plinary seminars “Q2” and “Q13”. The seminars on
“Ethical Communicative Competencies” — with role
plays for students and simulated patients, some
inter-professional — deserve to be mentioned
particularly. This broad offer on the complex
ethical questions with the modules “Breaking Bad
News”, “Talking about Death and Dying”,
“Intercultural Communication”, “Acting at borders
— Coping with Dementia” and “Communicative
Competencies for Errors in Medicine” is unique at
medical faculties in Germany.

Bachelor’s and Master’s theses and medical or
philosophical dissertations as well as “Habilita-
tions”/PhD studies are supervised.

Prof. Dr. A. Frewer is Senior Advisory Consultant of
the World Health Organization (WHO) and gives
international lectures as well as courses.

Selected publications

Frewer A. Conflicts of Interest? The World Medical
Association, Research Ethics, and Industry in the
1950s and 60s. In: Schmidt et al. (2020).
Oxford/New York, pp. 131-166

Frewer A. Altere Menschen in der Sprache der
Medizin. Ethische Fragen von Ausgrenzung und
Ageism. In: Gute Behandlung im Alter? (2020), pp.
67-94

Frewer, A. (Hrsg.) Psychiatrie und ,Euthanasie” in
der HuPfla. Debatten zu Werner Leibbrands Buch
,Um die Menschenrechte der Geisteskranken®”.
Nirnberg, 2020

Frewer A, Bergemann L, Langmann E (Hrsg.)
Unsicherheit in der Medizin. Zum Umgang mit
Ungewissheit im Gesundheitswesen. Jahrbuch
Ethik in der Klinik, Band 13. Wirzburg, 2020
Frewer A, Klotz S, Herrler C, Bielefeldt H (Hrsg.)
Gute Behandlung im Alter? Menschenrechte und
Ethik zwischen Ideal und Realitdt. Human Rights in
Healthcare 8. Bielefeld, 2020

Jungert M, Frewer A, Mayr E (Hrsg.) Wissenschafts-
reflexion. Interdisziplindre Perspektiven zwischen
Philosophie und Praxis. Paderborn

Schmidt U, Frewer A, Sprumont D (Eds.) Ethical
Research. The Declaration of Helsinki, and the Past,
Present and Future of Human Experimentation.
Oxford University Press, Oxford/New York, 2020

Wittwer H, Schafer D, Frewer A (Hrsg.) Handbuch
Sterben und Tod. Geschichte — Theorie — Ethik.

2. Auflage/Second Edition. Stuttgart/Heidelberg,
2020

International cooperations

PD Dr. A. Reis, M.Sc. Health Ethics & Governance
Unit, Research for Health Department, World
Health Organization (WHO), Geneva: Switzerland

Prof. U. Schmidt, PhD., Centre for the History of
Medicine, Ethics and Medical Humanities,
University of Kent, Canterbury: UK

Wissenschaftsreflexion

Philosapfie und-Pr 13
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Nikolaus-Fiebiger-Center of Molecular Medicine

Chair of Experimental Medicine | (Molecular Pathogenesis Research)

Address

GlickstraBe 6

91054 Erlangen

Phone: +49 9131 8529100
Fax: +49 9131 8526341
www.eml.med.fau.de

Director
Prof. Dr. med. Thomas Brabletz

Contact

Prof. Dr. med. Thomas Brabletz
Phone: +49 9131 8529104

Fax: +49 9131 8526341
thomas.brabletz@fau.de

Research focus

. Cellular plasticity as driving force of
metastasis
. EMT-activators in cancer-associated

fibroblasts (CAF) and macrophages (CAM)

. Nuclear co-factors of the tumorigenic EMT-
activator ZEB1

. Role of the EMT-activator ZEB1 in pancreas
development und homeostasis

. Role of the EMT-activator ZEB1 in skeletal
development and osteosarcoma

. EMT-transcription factors as regulators of
cell-metabolism and DNA-repair

. EMT-dependent transcriptional enhancers in
cancer metastasis

Structure of the Chair

Professorship: 1

Personnel: 15

. Doctor (of Medicine): 1

. Scientists: 5

. (thereof funded externally: 4)
. Graduate students: 4

Special structural feature

Managing Director of the Nikolaus-Fiebiger Center
(NFZ), alternating biannually with the Chair of
Experimental Medicine I

Research

Our research is focused on the development and
malignant progression of solid cancers, particularly
on the molecular mechanisms of tumor invasion
and metastasis. The aim is to develop novel
therapeutic concepts to fight these processes. We
integrate cell-/molecular-biological, epigenetic,
and genetic methods, in vitro and in vivo model
systems, as well as analyses of human tumor
samples and patient data.

Cellular plasticity as driving force of metastasis
PI: Dr. M. Stemmler, Dr. S. Brabletz, Prof. Dr. T.
Brabletz

We have shown that the ability of cancer cells to
adapt to changing conditions und demands is a
major determinant of malignant progression
towards a therapy-resistant, metastatic disease.
This ability is termed aberrant cellular plasticity.
The molecular basis in many cases is a molecular

motor which we identified, i.e. the ZEB1/miR200
feedback loop. By this molecular motor, the
transient expression of ZEB1 in cancer cells
activates stemness properties and a partial
epithelial-mesenchymal transition (EMT), which
stimulates invasion, therapy resistance
dissemination, and finally metastasis in solid cancer
types. The central role of ZEB1 in tumorigenicity,
plasticity, and metastasis was proven by us by a
conditional knockout of ZEB1 in a genetic mouse
model of pancreatic cancer.

EMT-activators in cancer-associated fibroblasts
(CAF) and macrophages (CAM)

Pl: Dr. M. Stemmler, Dr. S. Brabletz, Dr. H.
Schuhwerk, Prof. Dr. T. Brabletz

The observed high plasticity in cancer cells implies
that not only genetic alterations, but also
regulatory inputs from the tumor environment are
major driving forces of tumor progression. Thereby
the interaction of cancer cells with cancer
associated fibroblasts (CAF) and macrophages
(CAM) plays an important role. We could show that
the EMT activator ZEB1 is highly upregulated in
CAFs and CAMs as compared to their normal
counterparts and regulates the expression of
central genes of these cell types. By using
conditional ZEB1 knockout mice, we investigate the
effect of a ZEB1 depletion on development and
progression of gastrointestinal tumors.

Nuclear co-factors of the tumorigenic EMT-
activator ZEB1

Pl: Dr. S. Brabletz, Dr. M. Stemmler, Dr. R. Eccles,
Prof. Dr. T. Brabletz

We demonstrated that ZEB1 is an important
tumorigenic factor. ZEB1 is a transcription factor
and by unknown mechanisms it can switch from a
transcriptional repressor to an activator. We
postulated the recruitment of unknown nuclear co-
factors as underlying mechanism and identified a
number of potential binding partners by mass
spectrometric analyses. In this project we validate
and characterize their binding to ZEB1. In addition
we investigate their mutual functional effects.
Thereby we also determine changes in whole
genome expression patterns and epigenetics by
applying ChIPSeq analyses. On the basis of the
results, the long term aim is to develop inhibitors
of ZEB1 function also for potential therapeutic
usage.

Role of the EMT-activator ZEB1 in pancreas
development und homeostasis

PI: Dr. M. Stemmler

Based on the data that ZEB1 is crucial for the
pathogenesis  of  pancreatic cancer, we
hypothesized that it also regulates normal
pancreas development and adult pancreas
homeostasis. This is investigated in a conditional
ZEB1 knockout mouse model. First results showed
no strong effect of ZEB1 on pancreatic
development, but indicate a role of ZEB1 in
pancreatic homeostasis under stress conditions.
We now investigate this by applying different stress
conditions (high fat, high glucose, pancreatitis,
etc.).

Role of the EMT-activator ZEB1 in skeletal
development and osteosarcoma

Pl: Dr. S. Brabletz, Dr. M. Ruh, Prof. Dr. T. Brabletz
In a conditional ZEB1 knockout mouse model we
identified, besides other affects, strong defects in
embryonic bone development. We subsequently
demonstrated that mesenchymal stem cells (MSC)
need ZEB1 to maintain their stemness state.
Consequently ZEB1 had to be downregulated to
allow differentiation to osteoblasts. This regulatory
mechanism also affects the generation of
osteosarcoma. We could show that the expression
of ZEB1 correlates with a particular aggressiveness
of osteosarcomas. Depletion of ZEB1 in osteo-
sarcoma cells reduces their stemness competence,
tumorigenicity, and aggressiveness.

EMT-transcription factors as regulators of cell-
metabolism and DNA-repair

Pls: Prof. Dr. T. Brabletz, PD Dr. S. Brabletz, PD Dr.
M. Stemmler, Dr. H. Schuhwerk, Dr. J. Kleemann

A new project is dedicated to our recently
discovered relationship between the expression of
EMT transcription factors and the regulation of
cellular metabolism, in particular fatty acid
metabolism, and DNA replication or associated
DNA repair mechanisms. Both subfields aim to
define EMT-dependent bottleneck factors for
cancer cell survival, which then serve as targets for
therapeutic attacks.

EMT-dependent transcriptional enhancers in
cancer metastasis

Pls: PD Dr. S. Brabletz, Dr. Nora Feldker.
Phenotypic plasticity enables tumor cells to
metastasize. The EMT transcription factor Zebl
mediates this plasticity and drives metastasis,
which is accompanied by substantial enhancer
reprogramming. Because Zebl functions as a
transcriptional coactivator in putative enhancer
regions, we are examining the enhancer landscape
in metastatic cell lines to determine Zebl-
dependent enhancers, their target genes, and their
relevance to metastasis development. The results
will be validated in human cell lines and organoids.
This will allow us to understand the molecular
context of metastasis and use it as a basis for new
prognostic and therapeutic approaches.

Teaching

The Chairs of Experimental Medicine | and Il
organize lectures, seminars, and experimental
classes in cell, molecular, and developmental
biology at basic and advanced levels for students of
Molecular Medicine, Medicine, and biology.
Bachelor’s and Master’s theses are supervised.

Selected publications

Feldker N, Ferrazzi F, Widholz SA, Guenther K,
Lukassen S, Kleemann J, Riegel D, Bonisch U, Eccles
RL, Schmidl C, Stemmler MP, Brabletz T*, Brabletz
S*. Genome-wide cooperation of the EMT-
activator ZEB1 with YAP and AP-1 factors in breast
cancer. EMBO J, 39(17):e103209 (2020). * joint
senior authors.


http://www.em1.med.fau.de/
mailto:thomas.brabletz@fau.de

Stemmler MP, Eccles RL, Brabletz S, Brabletz T.
Non-redundant functions of EMT-transcription
factors. (invited review) Nat Cell Biol, 21: 102-112
(2019)

Liu M, Zhang Y, Yang J, Cui X, Zhou Z, Zhan H, Ding
K, Tian X, Yang Z, Fung KA, Edil BH, Postier RG,
Bronze MS, Fernandez-Zapico ME, Stemmler MP,
Brabletz T, Li YP, Houchen CW, Li M. ZIP4 Increases
Expression of Transcription Factor ZEB1 to Promote
Integrin a3B1 Signaling and Inhibit Expression of
the Gemcitabine Transporter ENT1 in Pancreatic
Cancer Cells. Gastroenterology. 2020 Feb; 158(3):
679-692.

Haensel D, Sun P, MaclLean AL, Ma X, Zhou Y,
Stemmler MP, Brabletz S, Berx G, Plikus MV, Nie Q,
Brabletz T, Dai X. An Ovol2-Zeb1 transcriptional
circuit regulates epithelial directional migration
and proliferation. EMBO Rep. 2019 Jan;20(1):
e46273.

International cooperations
Prof. Dr. G. Berx, University of Ghent VIB, Gent:
Belgium

Dr. M. Conacci-Sorrell, UT Southwestern Medical
Center, Dallas: USA

Prof. A. Ben Ze’ev, Weizman Institute, Rehovot:
Israel

Dr. F. Siebzehnribl, Stem Cell Institute, Cardiff: UK

Prof. Dr. A. Puisieux, Cancer Research Center, Lyon:
France


https://www.ncbi.nlm.nih.gov/pubmed/28820324
https://pubmed.ncbi.nlm.nih.gov/31711924/
https://pubmed.ncbi.nlm.nih.gov/31711924/
https://pubmed.ncbi.nlm.nih.gov/31711924/
https://pubmed.ncbi.nlm.nih.gov/31711924/
https://pubmed.ncbi.nlm.nih.gov/31711924/
https://pubmed.ncbi.nlm.nih.gov/30413481/
https://pubmed.ncbi.nlm.nih.gov/30413481/
https://pubmed.ncbi.nlm.nih.gov/30413481/
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Nikolaus-Fiebiger-Center of Molecular Medicine

Chair of Experimental Medicine Il (Molecular Oncology)

Address

Glickstrasse 6

91054 Erlangen

Phone: +49 9131 8529110

Fax: +49 9131 8529111
www.em2.molmed.uni-erlangen.de

Director
Prof. Dr. rer. nat. Jirgen Behrens

Contact

Prof. Dr. rer. nat. Jirgen Behrens
Phone: +49 9131 8529109

Fax: +49 9131 8529111
juergen.behrens@fau.de

Research focus

e Molecular oncology of Wnt signaling

e Amer proteins

¢ Role of Axin/Conductin as negative Wnt
regulators

Structure of the Chair

Professorship: 1

Personnel: 9

e Scientists: 3 (thereof funded externally: 0)
e Graduate students: 2

Special structural feature

Managing Director of the Nikolaus-Fiebiger-
Center (NFZ) alternating biannually with Chair
of Experimental Medicine |

Research

The focus of research is on the molecular analysis
of signal transduction pathways causally
involved in tumor diseases. Over the last years,
central components of the oncogenic Wnt
signaling pathway were identified through
special screening approaches and analyzed in
molecular detail. These efforts have contributed
to the identification of novel targets for therapy
aimed at inhibition of the pathway, which are
currently intensively investigated worldwide.

Molecular oncology of Wnt signaling

The Wnt signaling pathway controls the stability
of [-catenin and thereby regulates various
processes during embryonic development and
can lead to cancer. Wnt are secreted
glycoproteins, which induce the accumulation of
B-catenin in cytoplasm and nucleus by binding to
frizzled and LRP receptors. -Catenin interacts
with TCF transcription factors and activates
target genes. The destruction of B-catenin is
induced by phosphorylation in a multi-protein
complex consisting of the scaffold components
axin or conductin, the serine/threonine kinase
GSK3B, and the tumor suppressor APC
(Adenomatous Polyposis Coli). The Wnt signal
inhibits phosphorylation of [-catenin and
thereby leads to its stabilization. In colorectal
tumors, mutations of APC or of the serine/
threonine phosphorylation sites of B-catenin
lead to stabilization of [B-catenin and trigger

constitutive signaling to the nucleus. Such B-
catenin mutations are also found in a multitude
of other tumor types suggesting that aberrant
activation of Wnt signaling is a key mechanism of
oncogenic transformation. We are analyzing the
molecular roles of central components of the
pathway, which are mostly involved in B-catenin
degradation. Among these are Amerl, Axin,
Conductin as well as the phosphatase PGAM5
that all modulate -catenin phosphorylation.

Role of Axin/Conductin as negative Wnt
regulators

Pl: Dr. D. Bernkopf

Axin and conductin (also known as axin2) are
structurally related inhibitors of Wnt/f3-catenin
signaling that promote degradation of 3-catenin.
Whereas axin is constitutively expressed,
conductin is a Wnt target gene implicated in Wnt
negative-feedback regulation. By proteome
analysis we could demonstrate an interaction of
axin with the mitochondrial phosphatase
PGAMS. PGAMS gets cleaved and released to the
cytoplasm after damage of the mitochondrial
membrane potential. Cytoplasmic PGAMS
interacts with axin, and the resulting complex
induces dephosphorylation of 3-catenin leading
to its stabilization and activation of B-catenin-
dependant transcription. Since Wnt signaling is
known to increase mitochondrial numbers, we
proposed that the release of cytoplasmic PGAMS
from damaged mitochondria induces formation
of new mitochondria by activating the Wnt
pathway (Bernkopf et al., 2018). In the course of
these studies we noticed that Pgam5 alters the
localization pattern of axin. Whereas transiently
expressed axin formed the typical axin puncta,
co-expression of PGAMS frequently induced the
formation of long elongated axin polymers
resembling fibrils (Fig. 1, a,b). Importantly,
inhibition or knockdown of a central kinase in the
Wnt/B-catenin signaling pathway, casein kinase
1 (CK1) also induced the formation of axin fibrils
(Fig. 1c, d), suggesting that endogenous CK1
controls the axin polymerization mode. These
data revealed the existence of a vyet
uncharacterized fibrillary form of axin polymers
besides the well-studied punctate form, and
show that the transition between both is a
regulated process involving phosphorylation. Of
note, Pgamb5-induced axin fibrils co-localized
with microtubules (MTs) and were destroyed by
depolymerization of MTs with nocodazole (not
shown).

We also noticed that puncta of transiently
expressed axin as well as of endogenous axin
were in close proximity and appeared associated
to MTs These data suggest that MTs provide a
platform for fibril formation by axin, and might
be involved in degrading [B-catenin, which is
suggested by preliminary data of our group.
Although conductin is strongly upregulated in
colorectal cancer as a target of Wnt signaling, its
activity apparently does not suffice for blocking
B-catenin. We noticed that conductin per se is
less active that axin in degrading -catenin. We
found that axin and conductin differ in their

intracellular distribution with axin polymerizing
into  microscopically-visible  puncta while
conductin was distributed diffusely all over the
cytoplasm. This became of functional interest
because axin-mediated P-catenin degradation
depends on polymerization. By exchanging
domains between both homologs, we could map
the differential distribution to the regulator of G-
protein signaling (RGS) domain (Bernkopf et al.,
2019).

We discovered a predicted aggregation site in
the RGS domain of conductin that is lacking in
the RGS domain of axin and showed that RGS
mediated  aggregation  blocks  conductin
polymerization. Importantly, inactivation of this
aggregon by specific amino acid mutation
allowed polymerization of conductin and led to
increased activity of conductin in degrading -
catenin. Together, these data suggest that
interfering with RGS-mediated aggregation
promotes DIX-mediated polymerization of
conductin and inhibits Wnt signaling. In order to
develop a strategy to promote conductin
polymerization, we designed short peptides
containing the aggregation site, which would
compete with RGS-RGS aggregation of
conductin. Indeed, co-expression of such a
peptide induced polymerization of conductin,
reduced Wnt signaling and suppressed growth of
colorectal cancer cells in vitro (Bernkopf et al.,
2019).

We are currently optimizing the peptide for in
vivo use and plan to screen chemical libraries of
FDA-approved small-molecules for compounds
inducing conductin polymerization. These could
serve as peptide alternatives and potential
chemotherapeutic drugs in the future.

Puncta of axin (a), and fibril formation after Pgam5
expression (b), CK1 inhibition (c), or CK1 knockdown
(d).

Teaching

The Chairs of Experimental Medicine | and Il are
primarily responsible for the training of bachelor
and master students of Molecular Medicine in
cell biology and molecular oncology.

Bachelor’s and Master’s theses are supervised.

Selected publications

Bernkopf DB, Jalal K, Bruckner M, Knaup KX,
Gentzel M, Schambony A, Behrens J. Pgam5
released from damaged mitochondria induces
mitochondrial biogenesis via Wnt signaling. J Cell
Biol 2018, 217, 1383-1394

Bernkopf DB, Briickner M, Hadjihannas MV,
Behrens J. An aggregon in conductin/axin2
regulates Wnt/B-catenin signaling and holds
potential for cancer therapy. Nat Commun.
2019, 18; 4251.
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International cooperation
Prof. V. Katanaev, University Geneva, Geneva:
Switzerland



CLINICAL CHAIRS

Department of Orthopedics in the
Malteser Waldkrankenhaus St. Marien gGmbH

Chair of Orthopedics and Orthopedic Surgery

Address

Rathsbergerstralle 57

91054 Erlangen

Phone: +49 9131 8223303
Fax: +49 9131 8523565
www.orthopaedie.med.fau.de

Director
Prof. Dr. med. Raimund Forst

Contact

PD Dr. med. Albert Fujak
Phone: +49 9131 8223303
Fax: +49 9131 8523565
elke.jallad@fau.de

Research focus

. Roentgen-Stereophotogrammetric-Analysis
(RSA) for quality control in total hip and knee
arthroplasty

. Neuromuscular disorders

. Gait- and posture analysis

Structure of the Department

Professorship: 1

Personnel: 9

. Doctors (of Medicine): 3

. Scientists: 1

. Graduate students: 32 / Graduations 9

. post-doctoral qualification applicants: 1 /
post-doctoral qualifications 3

Clinical focus areas

. Hip, knee and shoulder arthroplasty

. Knee and shoulder surgery

. Arthroscopic surgery

. Foot surgery

. Pediatric orthopedics

. Neuromuscular disorders

. Conservative and technical orthopedics
. Orthopedic pain management

Research

The Department of Orthopedics deals with
innovative research questions concerning in vivo
diagnostics and therapy within the field of total hip
and knee arthroplasty. Main topics represent the
assessment of in vivo implant migration and
implant safety, the preoperative planning of total
hip and knee arthroplasty and spinal intervertebral
fusions as well as gait and posture analysis.
Additionally clinical studies within the field of
neuromuscular diseases were performed.
Research staff is organized within the ,Research
Network Musculoskeletal Biomechanics (MSB-
NET)“ of the German Society for Orthopedics and
Traumatology (DGOU) and have exchange
opportunities with similar national research in-
stitutions.

Roentgen-Stereophotogrammetric-Analysis (RSA)
for quality control in total hip and knee
arthroplasty

PI: Prof. Dr. R. Forst, PD Dr. F. Seehaus

Implantation and revision statistics for total hip and
knee arthroplasty have shown a continuous
increase within the recent years. Aseptic implant
loosening is a clinical challenge and still one of the
most common causes of total joint arthroplasty
revision surgery. By Roentgen-Stereophoto-
grammetric-Analysis (RSA) method, it is possible to
assess clinically the in vivo implant fixation of a new
implant designs or coatings within the first two
postoperative years. The RSA method allows an
accurate in vivo measurement of the relative
implant-to-bone movement, the so-called implant
migration. It has been shown scientifically that the
continuously increasing early implant migration
correlates very well with a later aseptic loosening
within the first two postoperative years, which
predicts RSA as a reliable surrogate marker for later
aseptic loosening of the implant. The current focus
of RSA research at the Department of Orthopedics
is on the experimental validation of new RSA
approaches as well as the clinical assessment of in
vivo migration of total hip arthroplasty.

Currently, an RSA approach is being experimentally
and clinically validated, which uses a generated
implant model based on elementary geometrical
shapes (EGS) and uses this to determine migration.
Methodological limits and further possibilities for
assessing implant safety using the RSA-EGS
approach were demonstrated.

In addition to the classic application of the RSA
method to assess the in vivo implant fixation, the
Department of Orthopaedics uses RSA approach to
determine the in vivo wear behaviour of THA
bearings and to determine the in vivo implant
kinematics.

The Department of Orthopedics collaborates with
the Laboratory for Biomechanics and Biomaterials
of Hannover Medical School, Laboratory for
Biomechanics and Implant Research of the
Orthopedic University Hospital Heidelberg and the
Institute of Medical Technology of Ostbayerische
Technische Hochschule Amberg-Weiden.

Neuromuscular disorders

PI: Prof. Dr. J. Forst, Dr. A. Fujak, Prof. Dr. R. Forst
The research group for neuromuscular disorders is
engaged in an evaluation of orthopedic symptoms,
conservative and operative treatment in children
and adult patients with neuromuscular disorders.
The aim of research is the optimization of
orthopedic treatment, improvement of the medical
care and quality of life of these patients. The
studies are particularly focused on anterior horn
cell diseases, spinal muscular atrophies, post-polio
syndrome, hereditary neuropathies and muscular
dystrophies. Although knowledge of the gene
defect and the coded protein — the dystrophin —is
given, there is no causal therapy of Duchenne
muscular dystrophy (DMD) — the most common
neuromuscular disease. The natural history of this
disease includes beside the obligatory restrictive
respiratory insufficiency the cardiomyopathy
contractures of the extremities and progressive
scoliosis in almost all patients.

The results of operative treatment of contractures
of lower extremities particularly in early course of
the disease are investigated in a prospective study

in a collective of more 500 patients with genetically
confirmed diagnosis of DMD. Positive effect of this
treatment could be proven, and a stage-oriented
therapy concept could be developed.

In close cooperation with the Department of
Anesthesiology, the special features in anesthesia
and pain therapy in patients with the neuro-
muscular disorders are investigated. In common
projects with the Division of Pediatric Cardiology
and the Institute of Radiology, the participation of
the heart musculature in DMD is examined.

Gait and posture analysis

Pl: PD Dr. F. Seehaus, Prof. Dr. R. Forst, PD Dr. A.
Fujak

The Department of Orthopaedics cooperates here
on a national level with the gait laboratory of the
Orthopaedic Children's Hospital in Aschau (Dr. C.
Dussa; PD Dr. habil H. B6hm), and internationally
with the University of Physical Education in
Warsaw, Poland.

Questions onto the assessment and classification
of gait pathologies, applicability and efficiency of
orthopaedic aids or the review of surgical
treatments. For the assessment of in vivo implant
kinematics, an initial measurement and
information system was set up and validated as
part of a student project in the medical technology
course.

Teaching

The Department of Orthopedics participates within
the curricular teaching of Medicine. To increase
interdisciplinary teaching at FAU, interdisciplinary
courses for students of Medicine and medical
technology are held in cooperation with the Faculty
of Engineering. Lecture and seminar are open to
students of medical technology, as well as
materials scientists, industrial engineers,
mechanical engineers, or mechatronics.

The existing curriculum for medical students
(internship at Department of Orthopedics) is
continuously expanded by practical exercises/
laboratories, likewise the ,Skillslab Fractue
Treatment”. Within this course, students should be
trained first practical skills in the field of plate
osteotomy and or the implantation of total knee
and hip arthroplasty using Saw-Bones.

In addition Bachelor’'s and Master’s theses from
students of the Faculty of Engineering as well as
medical dissertations are supervised. Currently,
five Chinese guest physicians (PhD Fellowships), 32
doctoral students, and 1 postdoctoral qualification
applicant are supervised by the Department of
Orthopedics.

Results of current projects were presented by
research staff and PhD students at national and
international conferences.

Selected publications

Xu J, Sonntag R. Kretzer JP, Taylor D, Forst R,
Seehaus F. Model-based Roentgen
Stereophotogrammetric Analysis to monitor in vivo
the Head-Taper junction in Total Hip Arthroplasty —
and they do move. Materials. 2020, 13(7):1543.
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Seehaus F, Sonntag R, Schwarze M, Jakubowitz E,
Sesselmann S, Kretzer JP, Hurschler C.
Friherkennung des Risikos der spateren
Implantatlockerung mittels der Rontgen
Stereophotogram-metrischen  Analyse  (RSA).
Orthopade. 2020, 49(12):1042-1048.

Huttel M, Golditz T, Mayer |, Heiss R, Lutter C,
Hoppe MW, Engelhardt M, Grim C, Seehaus F, Forst
R, Hotfiel T. Effects of Pre- and Post-Exercise Cold-
Water Immersion Therapy on Passive Muscle
Stiffness.  Sportverletz  Sportschaden. 2020,
34(2):72-78.

Dussa CU, Bohm H, Déderlein L, Forst R, Fujak A.
Does an overcorrected clubfoot caused by surgery
or by the Ponseti method behave differently? Gait
Posture. 2020, 77:308-314.

Bohm H, Déderlein L, Fujak A, Dussa CU. Is there a
correlation between static radiographs and
dynamic foot function in pediatric foot
deformities? Foot Ankle Surg. 2020, 26(7):801-809.

International cooperation
Dr. I. Wiszomirska, Jézef Pitsudski University of
Physical Education, Warsaw: Poland
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Research Focus

o Arthroscopic synovectomy

e Dynamic pedobarography

e Endoprostheses  for  degenerative  and
inflammatory joint diseases

e Mechanisms of chondrocyte differentiation
and endochondral ossification

Structure of the Division

Professorships: 1
Personnel: 3

e Doctors (of Medicine): 2
e Scientists: 0

e Graduate students: 0

Clinical focus areas

Clinical activities focus on arthritis surgery of
patients with degenerative and inflammatory
joint  diseases. Besides joint preserving
operations the Division of Orthopedic
Rheumatology concentrates on joint
arthroplasties of the lower extremities (hip and
knee). Furthermore, this division treats patients
with rare diseases of the synovia (synovial joint
chondromatosis, pigmented villonodular
synovitis, etc.). The division of orthopedic
rheumatology is audited as a center for arthritis
surgery since June 2015.

Research

Clinical research still focusses on the outcome of
arthroscopic synovectomies as well as joint
replacements of hip and knee. Basic
osteoarthritis research (in cooperation with Prof.
Dr. K. Gelse, department of traumatology) works
on chondrocyte differentiation in human
osteoarthritis. Dynamic pedographic
measurements, which started on rheumatoid
patients, investigate meanwhile also pathologies
in soccer players.

Arthroscopic synovectomy

Project managers: Prof. Dr. B. Swoboda

Clinical studies investigated the effect of
arthroscopic synovectomies in patients with
rheumatoid arthritis. Arthroscopic
synovectomies of the knee joint were combined
with a radiosynoviorthesis. The long-term effect
of this procedure was evaluated using joint

replacement as an endpoint.

Endoprostheses for degenerative and
inflammatory joint diseases

Project managers: Dr. A. Jendrissek, Prof. Dr. B.
Swoboda

Clinical studies are conducted on the clinical
outcome of large joint arthroplasty, especially in
patients with degenerative and inflammatory
joint diseases. For this purpose, different
preoperative findings, surgical requirements,
postoperative outcome, and patient satisfaction
are compared.

Dynamic Pedobarography
Project managers: Dr. T. Hotfiel,
Dynamic Pedobarography has been considered
as an important measurement device and has
been used in various orthopedic and
biomechanic investigations. Dynamic
pedobarography enables to assess various
kinetic parameters such as pressure, force or
contact-time in the interface between the
plantar skin and the measurement surface. It can
be used in different conditions such as walking,
running or specific movements. Increased and
asymmetric plantar pressure conditions can be
seen as risk factors for the development of
metatarsal stress fractures or plantar ulcers and
is associated with prolonged and complicated
recurrence of existing tissue damages. Moreover
the assessment of foot loads can be helpful for
the evaluation of orthotic devices or given
weight bearing conditions in the field of
rehabilitation.

e Systematic comparison of foot pressure
conditions between insole and platform based
pedobarography systems

e Plantar pressure distributions in adolescent
and professional adult soccer players

e Assessing foot load distribution during
rehabilitation and strengthening exercises

Teaching

The Division of Orthopedic Rheumatology offers
lectures on obligatory and optional topics.

Students can take part in orthopedic operations.
The division offers hands on examination courses.

Selected Publications

Mazur F, Swoboda B, Carl HD, Lutter C, Engelhardt
M, Hoppe MW, Hotfiel T, Grim C. Plantar pressure
changes in hindfoot relief devices of different
designs. J Exp Orthop. 2019; 6 (1):7

Kruger K, Schmid S, Paulsen F, Ignatius A, Klinger P,
Hotfiel T, Swoboda B, Gelse K.Trefoil Factor 3
(TFF3) Is Involved in Cell Migration for Skeletal
Repair. IntJ Mol Sci. 2019; 20(17):4277.

Stolz B, Grim C, Lutter C, Gelse K, Schell M,
Swoboda B, Carl HD, Hotfiel T. Assessing Foot Loads
in Continuous Passive Motion (CPM) and Active
Knee Joint Motion Devices. Sportverletz
Sportschaden. 2019 Feb 21. doi: 10.1055/a-0648-

8699. Online ahead of print. PMID: 30791084

Hotfiel T, Golditz T, Wegner J, Pauser J, Brem M,
Swoboda B, Carl HD. A cross-sectional study on
foot loading patterns in elite soccer players of
different ages. J Back Musculoskelet Rehabil. 2020;
33(6):939-946.

Kiltz U, Braun J; DGRh, Becker A; DEGAM, Chenot
JF, Dreimann M; DWG, Hammel L; DVMB,
Heiligenhaus A; DOG, Hermann KG; DRG, Klett R;
DGMM, Krause D, Kreitner KF, Lange U;
DGPMR/DGRW, Lauterbach A; Physio Deutschland,
Mau W, Mossner R; DDG, Oberschelp U; DGOOC,
Philipp S, Pleyer U, Rudwaleit M, Schneider E,
Schulte TL, Sieper J, Stallmach A; DGIM, Swoboda
B; DGOOC/DGORh, Winking M; DGNC. [Long
version on the S3 guidelines for axial
spondyloarthritis including Bechterew's disease
and early forms, Update 2019 : Evidence-based
guidelines of the German Society for
Rheumatology (DGRh) and participating medical
scientific  specialist  societies and  other
organizations]. Z Rheumatol. 2019 ;78(Suppl 1):3-6

International Cooperations

Prof. Dr. T. Kirsch, PhD, Department of
Orthopedic  Surgery, Director of the
Musculoskeletal Research Center NYU Hospital
for Joint Diseases, New York City: USA
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Research focus

. Clinical and experimental pharmacology
of anesthesia

. Experimental pain research

. Medical technology of diagnostic and
therapeutic procedures

. Clinical research in perioperative
medicine

. Research projects furthering the medical
education

Structure of the Chair

Professorships: 2
Personnel: 479
. Doctors (of Medicine): 151
. Scientists: 8 (thereof funded externally: 3)
. Graduate students 2019: 9
Graduate students 2020: 13

Clinical focus areas

. Clinical anesthesiology

Operative intensive care medicine
Pain management center
Emergency medicine

Palliative medicine

Special structural features

. 50 anesthesia workplaces

. Anesthesia outpatient department

. Pain outpatient department, pain ward
(four hospital beds)

. Two intensive care units (35 critical care
beds), during the covid pandemic two
more intensive care units with 22 critical
care beds.

. Pain management unit (in cooperation
with the Department of Neurology)

. Medical management of the emergency
service (Erlangen, administrative district
Erlangen-Ho6chstadt, Herzogenaurach)

. Medical care in air rescue services and in
transport within UK Erlangen

Research

Research at the Department of Anesthesiology is
focused on the clinical and experimental
pharmacology of anesthesia and on the
experimental and clinical pain research. In

addition, innovative techniques for drug
administration and patient monitoring are
investigated, and projects dealing with the
quality improvement of teaching and training are
part of the Department’s research program.

Clinical and experimental pharmacology of
anesthesia

In a clinical phase | study in young healthy
volunteers, the pharmacokinetics and clinical phar-
macodynamics  (including  sedation, hemo-
dynamics, respiration and electrocardiogram) of
the new short acting benzodiazepine remimazolam
were investigated. An integrated pharmacokinetic
model for remimazolam and its metabolite and a
pharmacodynamic model for the sedative effect of
remimazolam were developed within this study.
During the reporting period and within the
framework of a research cooperation with the
Department of Anesthesiology, Wenzhou Medical
University, China, the pharmacokinetics of
dexmedetomidine, a selective o2 adrenergic
receptor agonist for sedation, was investigated
after intranasal administration during general
anaesthesia in Chinese children aged 4 to 10 years.

Experimental pain research

The Heisenberg professorship of Experimental Pain
Research was tenured in 2019. Research topics of
this program included the pathomechanism of cold
pain as well as the investigation of the role of TRP
channels in the somatosensory system and in
thermoregulation. To investigate afferent nerves
innervating striated muscle tissue, a new muscle-
nerve preparation was established which allows to
stimulate receptive fields in the muscle specifically
and locally. This allowed to investigate the effect of
lactate and rising temperature, such as in the
working muscle, on metaboreceptors and other
muscle afferents, such as muscle spindles. Further
projects addressed the differences in mouse
behavioral activity patterns, food intake, and
energy consumption in a large number of inbred
strains which are commonly used in mouse pain
behavioral models and our currently ongoing
haplotype mapping studies. In these studies,
differences between mouse strains were
quantified and serve as a basis for the
interpretation of future haplotype-based studies.
Another research area deals with the analysis of
rare  hereditary pain syndromes using human
induced pluripotent stem cells (hiPSCs). In
cooperation with the Department of Stem Cell
Biology, we differentiate hiPSC-derived pain
sensing neurons (nociceptors) from skin biopsies of
healthy donors and affected pain patients. These
sensory neurons are hardly available for analysis in
humans and have therefore mainly been
investigated using animal models. Species-specific
differences are likely to be one explanation for the
poor translation of preclinical findings into
effective pain therapeutics. This project aims to
contribute to bridge this gap. In our in vitro disease
model we found that hiPSC-derived nociceptors of
our patients show pathological spontaneous
activity in electrophysiological recordings which is
also found in patients suffering from neuropathic

pain.

Medical technology of diagnostic and
therapeutic procedures

The main research focus in this area was the
processing and analysis of the EEG signal
recorded during sedation with the new
benzodiazepine Remimazolam in a phase | study
in volunteers. Using an artificial neuronal
network trained on specific artifact patterns of
EEG signals and new processing techniques in
the time-frequency domaine, it was able to
identify concentration-induced remimazolam-
characteristic changes in the EEG activity of Beta,
Alpha and Delta frequency bands. Concentration
dependent changes of a processed parameter in
the Beta frequency band (BetaRatio) highly
correlated with the remimazolam-induced
sedation. Thus, BetaRatio can be used as a

surrogate parameter for monitoring
remimazolam sedation.
During the reporting period, we further

investigated the analgesic efficiency of the new
therapeutic  algorithm Patient-Controlled-
Analgesia with Target-Controlled-Infusion. For
the opioid hydromorphone, the algorithm
showed analgesic equivalence but higher patient
comfort compared to standard Patient-
Controlled-Analgesia.

Clinical research in perioperative medicine

The research in perioperative medicine was
focused on the evaluation of airway devices and
complex procedures to secure the airway and
following intraoperative ventilation in the field of
thoracic surgery. Videolaryngoscopy as a relevant
tool for anesthesia and emergency medicine was
studied comparing different designs. Results
revealed favorable designs for safe care. In the field
of anesthesia during thoracic surgery a complex
combination of neuromonitoring to prevent harm
from intraoperative nerv lesions and providing
single-lung-ventilation ~ simultanenously  was
described and studied in terms of feasibility und
safety. This topic was addressing patient safety in
both anesthesiology and surgery. A systematic
development of a cognitive aid representing the
anesthesiological issue of emergency medicine.
The cognitive aid was supported by the
professional society of anesthesiology and is now
implemented nationwide. Another focus in
emergency medicine was set on physical and
psychological loads of EMS personnel. Results
delimited occupational reality of EMS professionals
as well as required support more precise.

Research projects furthering the medical
education

A major focus of research on patient safety was the
further development of a cognitive aid for crisis
management in Anaesthesia which had been
implemented in the department several years ago.
Since there are currently no officially endorsed
cognitive aids for intraoperative emergencies
available in Germany, the Professional Association
of German Anesthesiologists (BDA) and the
German Society of Anesthesiology and Intensive
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Care (DGAI) set up a project to develop such a
comprehensive set of digital cognitive aids for
intraoperative emergencies under the leadership
of staff from the Erlangen department of
Anesthesiology. Within the scope of this project,
clinicians from different university hospitals
(,German Cognitive Aid Working Group”) worked
together with human factors engineers and
software developers. The development of the
cognitive aid ,,eGENA" (elektronische Gedachtnis-
und Entscheidungshilfe fiir Notfdlle in der
Anasthesie) was based on the user-centered design
(UCD) process of ISO 9241-210, that has been
performed for the development of other
applications in the medical context. A thorough
analysis of the physical and organizational
environment, the application context, and the
technical and task-specific requirements of the
end-users was performed. The project resulted in a
progressive web application that runs with multiple
software platforms as well as stationary and mobile
devices.

As the main function of cognitive aids consists in
supporting expert teams to remember and excel,
rather than helping novices perfom procedures
beyond their expertise, a qualitative study
explored how novice and expert anaesthetists
understand expertise in anaesthesia.

As a result of the COVID-19 pandemic and the
related restrictions on face-to-face teaching for
students, new concepts to qualify medical students
to support intensive care staff during a pandemia
(TIP) were d