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Foreword

Dear readers,

it is a great pleasure for me to present the first
researchreportofthe Medical University of Innsbruck
(MUI), detailing our research activities in 2013-2014.

Since its inception as an independent University in
2004, MUl in collaboration with the Tiroler Kranken-
anstalten (TILAK GmbH, now Tirol Kliniken) has
made a deep commitment to fostering research
innovation and excellence with the aim of creating
knowledge to advance health.

In the past years MUl has continued to built on its
established research strengths namely genetics,
epigenetics and genomics, as well as infectology,
immunology and organ/tissue replacement, neuro-
sciences and oncology. With almost € 70 million
external research funding (2013/2014), including
three FWF funded doctoral programmes (HOROS,
SPIN, MCBO), two special research programmes
(SFB-021 “Cell Proliferation and Cell Death in
Tumors” and SFB-F44 “Cell Signaling in chronic
CNS disorders”), 30 EU Projects and the K1 Project
Oncotyrol, the K Project VASCage and two Christian
Doppler labs (approved in 2014), the MUI also has
earned a well-deserved reputation among physi-
cians and scientists as a place where faculty and
students can pursue creative and novel ideas in a
collaborative and supportive environment.

The current research report was created as part of a
project of the Knowledge Transfer Centre West (WTZ).
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This common project of the western Austrian
Universities and associates (Leopold Franzens Uni-
versity, Innsbruck; Paris Lodron University, Salzburg;
Mozarteum, Salzburg; Johannes Kepler University,
Linz; Universitat fiir kiinstlerische und industrielle
Gestaltung, Linz) is financed by the Federal Ministry
of Science, Research and Economy (BMWFW). Two
of the primary intentions of the knowledge centre
are to simplify the search for university based
cooperation partners and to facilitate the rapid
launching of projects. The project resulted in the
realisation of a research report and competence
map.

The following pages present the profiles and
results for each of the MUI’s clinical departments
and institutes and underline the discoveries and
advances which have come about thanks to the
enormous effort of our scientists.

| would like to take this opportunity to thank all the
scientists for their contribution and their continuing
efforts in the name of our University.

Furthermore | would like to thank all the people in-
volved in putting this report together and hope that
you will enjoy reading our first research report.

Univ.-Prof.” Dr."» Christine Bandtlow
Vice Rector for Research and International Relations
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Biocenter

Medical Biochemistry

Keywords

Cell cycle, cell proliferation, signal trans-
duction, ribosom, phospho-dynamics

Research Focus

« Cell Cycle & Proliferation (Ludger Hengst)

« Signal Transduction & Proliferation
(Wolfgang Doppler)

* Phospho-Dynamics (Peter Gruber)

* Ribosomal Proteins (Wolfgang Piendl)

« Eco- & Nutritional Biochemistry (F. Uberall)

General Facts

Research in the Division of Medical
Biochemistry is focused on signalling
pathways regulating cell proliferation,

apoptosis and differentiation in mammalian
tissues with special reference to malignant
cells. In addition, RNA-protein interactions
are investigated with a focus on protein
translation and ribosome function.

Research
Cell Cycle and Proliferation

Ludger Hengst
Precisely coordinated cell division and

differentiation processes are essential for
growth, development and integrity of multi-
cellular organisms. Before cells commit to
divide, they are exposed to a flood of diverse
and sometimes conflicting signals aimed
to regulate cell growth, differentiation, cell
proliferation or cell fate. Multiple external
as well as internal signals can impinge on
the central cell cycle control machinery in
order to promote or block cell proliferation.
All signals need to be properly processed
and integrated to maintain body and organ
homeostasis. Incorrect signal interpreta-
tion, processing or integration can lead to
hypo- or hyperproliferative disorders, in-
cluding diseases like cancer or anaemia.

The decision to continue proliferation or to
exit from the cell cycle into quiescence is
usually made during a specific window of the
eukaryotic cell division cycle. The cell cycle
can be subdivided into four phases. DNA
replication during S-phase is separated by
gap phases G1 and G2 from the segregation
of the duplicated DNA and other cellular
components in M-phase (mitosis and cy-
tokinesis). Cells can decide to withdraw
from proliferation or to commit to another
round of cell division until they progress
over the restriction point, a specific point
in G1 phase (Fig.1). Progression over the
restriction point renders the cell cycle mito-
gen independent and committed to another
round of cell division.

We investigate molecular mechanisms
that link diverse signalling networks to the
central cell cycle control machinery. At the
core of this machinery is a conserved family
of protein kinases, called cyclin-dependent
kinases (CDKs). CDKs become activated

by binding of a positive regulatory sub-
unit, the cyclin. Sequential activation and
inactivation of specific CDK complexes
is required for cell cycle progression.
p21 (CDK-interacting protein, Cip1) p27
(Kinase inhibitory protein, Kip1) and p57
(Kip2) constitute one out of two families
of CDK inhibitors (CKI) that bind to CDKs
and control their activity. Their expression,
localisation and modifications play a cen-
tral role in regulating CDK kinase activity
especially in G1-phase and the decision
between proliferation and cell cycle exit. In
addition to their canonical function in CDK
kinase regulation, they can also exert CDK-
independent functions. For example, the
CDK inhibitor p27 can regulate cell motility
and cell migration, linking this tumour sup-
pressor protein not only to hyperprolifera-
tion but also to cancer metastasis.

Among others, we identified the CDK
inhibitor protein p27Kip1. Its activity,
localisation or stability can be regulated
by diverse mitogen signalling pathways.
We investigate how these pathways control
Cip/Kip family protein expression, localiza-
tion, modification, activity or function and
study their physiological roles in normal
cells and cancer cells.

p27 regulates cell cycle progression over
the restriction point. Abundant p27 binds
and inactivates CDKs and can prevent cell
proliferation. The CDK inhibitor protein
becomes unstable upon cyclin / CDK2
activation, as cells traverse the restriction
point and progress towards S-phase. A pos-
itive feedback loop couples p27 ubiquitin-
dependent degradation to CDK activation
(Fig. 2). The molecular mechanism that can
initiate this feedback loop in presence of

Fig. 1: Overview of the mammalian cell cycle. Cent-ral CDK/cyclin complexes are indicated
next to the cell cycle position when they are active and the Cip/Kip CDK inhibitors are
shown next to CDK/Cyclin complexes, which they bind. The green arrow indicates that p21
and p27 are not only inhibitors but also acti-vators of cyclin D / CDKs.
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Fig.2: A feedback loop controls CDK2 activation at the restriction
point. Active CDK2 triggers the degradation of its own inhibitor p27,
promoting the switch-like activation of CDK2 kinase at the restric-

tion point.

abundant CDK inhibitors and thus inactive
CDKs has long remained a puzzle.

We observed that oncogenic tyrosine
kinases including BCR-Abl, Src or JAK2
can activate p27-bound CDKs by directly
phosphorylating the inhibitor. This tyrosine
phosphorylation ejects an inhibitory helix
of p27 from the catalytic cleft of the CDK
and permits the p27-bound CDK complex
to bind ATP and to phosphorylate sub-
strates. Among these substrates is p27
itself. Phosphorylation of p27 by the bound
CDK generates a phosphodegron which
can initiate the ubiquitin-proteasomal
degradation of the CDK inhibitor (Fig.3).
Using this mechanism, that can be abused
by diverse oncogenic tyrosine kinases,
mitogen signals can inactivate and de-
stabilise the inhibitor p27 and thereby
promote CDK activation and cell cycle pro-
gression. Additional mechanisms include
translational control or involve regulation by
the ubiquitin proteasome system.

Ongoing Research:

Regulation of cell cycle progression through
G1 phase by tyrosine kinases, translation-
al control in and of the cell cycle; tempo-
ral and spatial regulation of Cdk-inhibitory
proteins during cell cycle progression and
in apoptosis, regulation of ubiquitin ligase
activity in G1, molecular mechanism of
statin-induced cell cycle arrest, cell cycle
control by erythorpoietin and its receptor
EpoR. Mouse knock-in models of cancer
development.

Major Achievements:

We discovered a novel mechanism that
triggers p27 degradation, CDK activation
and cell cycle progression and identified
different oncogenic tyrosine kinases in-
cluding Src, BCR-Abl or JAK2, which induce
p27 tyrosine phosphorylation. We identi-
fied novel mechanism that control the
localisation of p27. Recently, we elucidated
the molecular mechanisms that induces
p27 stabilisation in the presence of statins.
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Fig. 3: Oncogenic tyrosine kinases like JAK2, Src or BCR-AbI can
phosphorylate p27. This leads to the activation of bound CDK2. The
activated CDK2 can phosphorylate the bound inhibitor p27, leading

to its degradation and strong CDK activation.

This involves the selective degradation
of the ubiquitin ligase subunit Skp2 and
results from inhibition of protein geranyl-
geranylation.

We also identified novel p27 mRNA binding
proteins that regulate the IRES- and
Cap-dependent translation of p27 and
investigated the role of p27 in apoptosis.
Current Research Projects:

Function and regulation of CDK-inhibitory
proteins.

Role of translational control for the decision
between cell proliferation and withdrawal
from the cell cycle.

Regulation of cytokine receptor signalling.

STAT1 in Cancer

Wolfgang Doppler

Strengthening a productive anti-tumor
immune response as well as suppressing
tumor-promoting activities of immune cells
represent important therapeutic options in
cancer treatment. For the rational design
of appropriate strategies to achieve these
goals, a more refined knowledge of the
mechanisms regulating the recruitment,
differentiation, expansion and function of
tumor-infiltrating immune cells is manda-
tory. In this context, we investigate the role
of a key mediator of the action of inter-
ferons on cells of the innate and acquired
immune system, the signal transducer and
activator of transcription 1 (STAT1). It acts
as a transcription factor to induce the ex-
pression of genes required for antigen
processing, maturation and recruitment
of immune effector cells, and of genes re-
quired for the antiviral defense. STAT1 also
co-operates with the cellular machinery
regulating proliferation and apoptosis.

In cancer, STAT1 has been shown to fulfill
opposite roles in either promoting or imped-
ing tumor development, depending on the
stage of tumor development and the par-
ticular type of tumor: As a mediator of the
interferon-dependent anti-tumor immune

response, STAT1 prevents or restricts the
development of spontaneously formed tum-
ors. However, particularly at later stages of
tumor development, where the anti-tumor
immune response is blunted by the tumor
and immune cells are frequently subvert-
ed to facilitate the growth and survival of
the tumor, STAT1 can contribute to tumor-
promoting effects.

Ongoing Research:

We are investigating the role of STAT1 in
the infiltration, differentiation and biolog-
ical function of tumor-infiltrating immune
cells. Our focus is on HER2-positive breast
cancer. We are particularly interested on
changes in the composition and function
of tumor infiltrating immune cells upon
treatment by chemotherapeutic agents,
which act on the tumor epithelium but also
influence the anti-tumor immune response.
Major Achievements:

We could demonstrate anti-tumor as well
as tumor promoting properties of STAT1 in
spontaneously growing mammary tumors.
They are promoted by two different sub-
sets of immune cells, namely CD8+ T
cells and tumor associated macrophages
(TAMs). CD8+ T cells contribute to the anti-
neoplastic activity of chemotherapeutic
agents, i.e. doxorubicin and lapatinib, and

Fig.4: Proposed role of STAT1, IFN-gam-
ma and the CXCR3 - binding chemokines
CXCL9, CXCL10 and CXCL1! in the anti-
tumor activity of doxo-rubicin and lapatinib.
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this is critically dependent on STAT1. By
this means, STAT1 serves in the anti-tumor
response. STAT1 was also shown to be re-
quired for the regeneration of the B-cell
compartment after doxorubicin induced
bone-marrow toxicity by promoting the
development of early B-cell precursors in
the bone marrow. It is thereby important
for the recovery of the B-cell lineage after
treatment with this anti-cancer drug. On the
other hand, STAT1 is positively influencing
the infiltration of mammary tumors with
TAMs by transcriptionally inducing the ex-
pression of the macrophage growth factor
CSF1. We could show that intense local pro-
liferation of fully differentiated macrophages
rather then low-pace recruitment of blood-
borne precursors drives the accumulation
of TAMs, which themselves are promoting
tumor growth. The tumor promoting effect
of STAT1 via influencing differentiation and
infiltration of TAMs was supported by the
results of a retrospective study. There we
could show an association of STAT1 mRNA
levels with macrophage infiltration and bad
prognosis in breast cancer.

Fig. 5: X-ray structure of the C2-like domain
of PKCepsilon. The protein backbone is il-
lustrated as cartoon, while the protein seg-
ment EAVSLKPT (RACK2 binding domain on
PKCepsilon and isozyme specific inhibitory
peptide) is highlighted in the yellow box.
The pharmacophore model is aligned with
the structure of a novel small molecule in-
hibitor. RACK2 (receptor for activated C
kinase 2) represents a protein that by bind-
ing to PKCepsilon defines its final sorting
in the cell. By using inhibitory peptides or
similarily structured other small molecules,
the trans-location and thus the function of
PKCepsilon is inhibited. These tools are em-
ployed for the identification of novel PKCep-
silon substrates by quantitative phosphop-
roteomics.

10

Current Research Projects:

We are exploring the mechanisms by which
STAT1 contributes to the chemotherapy-
induced anti-tumor immune response. In
particular, we are investigating the role of
the STAT1 target genes CXCL9, CXCL10
and CXCL11 in the recruitment and
differentiation of CD8+ T cells.

Phospho-Dynamics

Peter Gruber

PKC is a family of serine/threonine

specific protein kinases. The different PKC

isozymes play important roles in diverse
signal transduction pathways. PKCepsilon
has been reported to be enriched at the
growth cones of extending neurites in
differentiating neural cells, to participate
in nerve growth factor signaling as well as
in transmitter release and to participate in
cell death and survival. Since so far only
very few substrates of PKCepsilon have
been identified with reasonable certainty,
the identification of PKC-downstream
targets represents the next major area of
research in this field. Since PKCepsilon is
an important sensitizing kinase in the CNS
and an attractive drug target for treatment
of several diseases, especially against pain
(hyperalgesia), addiction and anxiety dis-
orders, the discovery of additional drug
targets through identification of PKCepsilon
substrates and the elucidation of signaling
pathways involved, might help to find novel
points of attack for therapeutic inter-
vention and to manifest the importance of

PKCepsilon in the nervous system.

Major Achievements:

 Generation of novel PKCepsilon/RACK2
interaction inhibitors

« (Patent application: ‘Novel inhibitors of
Protein Kinase C epsilon signaling’)

* |dentification of novel PKCepsilon sub-
strates

Future Goals:

* Identification of novel PKCepsilon sub-
strates and elucidation of signaling
pathways involved

* Further improvement of the potency of
PKCepsilon/RACK2 protein-protein inter-
action inhibitors

Ribosomal Proteins

Wolfgang Piendl

Interaction of Ribosomal Proteins with
rRNA and mRNA

We are investigating ribosomal protein L1
from different (hyper)thermophilic archaea
and bacteria. They exhibit a 10 to 100
fold higher affinity to their specific binding
sites on rRNA and mRNA compared to
that of their mesophilic counterparts. This

Fig.6: Ribosomal protein L1 from the ar-
chaeon Sulf-olobus acidocaldarius in com-
plex with 23S rRNA

stronger protein-RNA interaction might
substantially contribute to the thermal tol-
erance of ribosomes in thermophilic organ-
isms. Our investigations are focusing on the
identification and characterization of those
structural features of RNA-binding proteins
that modulate the affinity for their specific
RNA binding site. In this context we deter-
mined the crystal structures of L1-rRNA and
L1-mRNA complexes at high resolution (in
collaboration with our Russian partners).

Function of Ribosomal Protein L1

L1 is a two-domain protein with N and C
termini located in domain I. In close collab-
oration with a Russian group we succeeded
in constructing a truncation mutant of
L1 representing domain | by deletion of
the central part of L1 (= domain Il). We
could demonstrate that domain| alone is
sufficient for specific RNA binding, where-
as domain Il stabilizes the L1-23S rRNA
complex.

Major Achievements:

Solution of the structure of the L1 protu-
berance in the ribosome (with the Russian
collaborator); see Fig. 6.

Construction of a truncated mutant of ribo-
somal protein L1 and elucidation of its role
in RNA binding

Control of ribosomal protein synthesis in
mesophilic and thermophilic archaea

As bacteria and eukarya, archaea have
to coordinate the synthesis of about 60
ribosomal proteins with each other and
with three rRNAs. Research is focusing on
the MvalL1 operon (encoding ribosomal
proteins L1, L10 and L12) and on the MvalL3
operon (encoding 5 ribosomal proteins)
from mesophilic and thermophilic Methano-
coccus species. As in bacteria, regulation of
the operons takes place at the level of trans-
lation. The regulator protein MvalL1, and
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Mval4, respectively, binds preferentially to
its binding site on the 23S rRNA, and, when
in excess, binds with lower affinity to its
regulatory binding site on its mMRNA (in the
case of MvalL 1 a structural mimic of the 23S
rRNA binding site) and thus inhibits trans-
lation of all cistrons of the operon.

Future Goals:

To define the translational step at which
archaeal L1 inhibits its own synthesis

To study the mechanism of MvalL4-mediated
autoregulation of its operon in Archaea

VOC Bioactivity Assessment

Johanna M. Gostner

So far, cellular reactions to single volatile

organic compounds (VOCs) have been in-

vestigated in detail only sparsely, due to
the difficulties in the modelling of realistic
exposure scenarios in vitro. In cooperation
with Bioenergy2020+, a novel exposure
incubator system has been developed that
enables long-term exposures to VOCs over

a broad concentration range. Exposures of

air-liquid interphase cultures of lung cell

models were realized with formaldehyde.

Although results cannot be extrapolated

directly to in vivo, this in vitro approach

can contribute to risk-benefit assessments.

Furthermore, when investigating other

VOCs, tryptophan breakdown via enzyme

indoleamine 2,3-dioxygenase is frequently

affected.

Major Achievements:

* For the first time, a long term treatment
of cells to gaseous formaldehyde was
realised

« Kif6 as potential target in A549 cells
identified

Future Goals:

* Investigating formaldehyde as
genous signalling molecule

« Exploring tryptophan-kynurenine pathway
activation by VOC

endo-

Fig. 7: shows green tea polyphenol (-) Epigal-
locatechin-3-gallate in the active site cavity
of the human drug metabolizing enzyme Cy-
tochrome P450 2D6. The genetic algorithm
GOLD was used for docking the flexible
non-generic (-) EGCG in the binding site of
CYP2D6.
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 Extent research on bioactivities of essen-
tial oil contained VOC

Eco- and Nutrional Biochemistry &
Nutrigenomics
Florian Uberall
* Risk /benefit assessment of the impact of
natural products on cells through the use
of cellular model systems
* Identification  of gene  expression
signatures and genome wide pathway and
network analysis
* Cellular detox systems:
Phase I: Cytochrome P450 isoenzymes
(Johannes Hochleitner);
Phase II: Keap1/Nrf2 signalling (Martina
Naschberger) and a detailed understand-
ing of cellular redox regulated pathways
» Development of new kitchen appliances
for healthier cooking (cooperation with
PHILIPS Austria GmbH) and of a small-
scale bio-sensor (cooperation with CTR)
(all + Maria Lerchbaumer)
Risk /benefit assessment of natural prod-
ucts - such as volatile organic compounds
and phytochemicals - is an integral part
of bio-medicine and in the development of
potential therapeutics. Therefore, we have
developed suitable and reliable cellular
models to achieve a deep understanding of
the impact of natural products on cell biolo-
gy, with a primary focus on redox-regulated
pathways. The identification of gene expres-
sion signatures and genome wide pathway
and network analysis is at the core of our
analyses. Thereby, our specific focus tack-
les the cell's own detoxification systems.
In this regard, Phase | detoxification, regu-
lated via cytochrome P450 isoenzymes is
investigated in depth, as well as Phase I,
orchestrated by the Keap1/Nrf2 signalling
pathway. We strive to translate the findings
of our research into applications of use for
society and in this context we have taken
part in the development of new kitchen ap-
pliances for healthier cooking as part of a
fruitful cooperation with PHILIPS Austria
GmbH. This project was initiated in 2013.
Within this framework, the advancements
thus obtained have been extrapolated into
the development of a small-scale biosensor
in accordance with CTR.
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to a better activity monitoring of complex herbal remedies. Klein
A, Wrulich OA, Jenny M, Gruber B, Becker K, Fuchs D, Gostner JM,
Ueberall E BMC GENOMICS. 2013; 14(S); 133.

Immunoregulatory Impact of Food Antioxidants. Gostner J, Ciardi
C, Becker K, Fuchs D, Sucher R. CURRENT PHARMACEUTICAL DE-
SIGN. 2014; 20(6); 840-849.

Selected Funding

EPO-Can - Gaining Sag on the Epotein’s Sage. L. Hengst.
EU-Projekt - EU-FP7. 157,930.40€

Funktion der p27 Tyrosin Phosp horylierung durch BCR-Abl,
JAK2 und FLT3 in der Tumorentstehung - FWF Einzelprojekt
P 24031. L. Hengst. 342,412.00€

DK MCBO Teilprojekt. Molecular Mecanism of the statin-
induced cell cycle arrest. L. Hengst. FWF. 118,135€

Protein Kinase C Epsilon-induced phosphoproteome P. Gruber.
FWF Einzelprojekt P 25491. 267,177.75€

Volatile Ole. Herta Firmberg Programm. Johanna Gostner. FWF
T7083.223,500€

PHYTORAF I: Isolation, quantification and bioactivity assess-
ment of plant allelochemicals, F. Uberall, FFG 834251, bmvit
cluster “Intelligent technologies” 135,000€.

VocOnCell: Design, realization and validation of a novel incu-
bator system to expose cell cultures to volatile compounds, F.
Uberall, FFG 834169, bridge project. 475,000€.

TRENDS IN NUTRITION: Implementation of novel food process-
ing technologies for healthy nutrition, F Uberall, FFG 840590
headquarter project of PHILIPS Austria. 679,300€

ABIOTIC STRESS IN EXTREMOPHILES: Characterization of
abiotic stress factors of cyanobacteria - isolation of active
principles, Mit M. Ganzera, LFU. F. Uberall, FWF Einzelprojekt
P 24168. 171,003€.

Collaborations

« Joyce M Slingerland, University of Miami, USA

R. W. Kriwacki, St. Jude Hosp. of Sick Children, Memphis, USA
Hartmut Halfter, Universitédt Miinster, Germany

Pierre Roger, Bruxelles, Belgium

Stephen J. Elledge, Harvard, Boston, USA

Joan Conaway, Stowers Institute Kansas City, USA

Drorit Neumann, Tel Aviv University, Israel

Terrance Lappin, Queens University Belfast, UK

Elizabeth M Jaffee, Johns Hopkins, Baltimore, USA

Johannes Kirchmair, University of Hamburg, Germany

Gennady Lapa, Gause Institute of New Antibiotics, Moscow
Johann Hofmann (senior advisor)

Prof. Dr. M. Garber, Institute of Protein Research, Russian
Academy of Sciences, Pushchino, Moscow Region, Russia
Ulrich-Merzenich G., “Omics”-technologies in phytomedicine,
Universitétsklinikum Bonn, Germany

Moscat J., Protein kinase C signaling, Genome Research Insti-
tute Cincinnati, USA

Tonissen K., Eskitis Inst. for Drug Discovery, Griffith Univ., AUS
Schwarzentruber P, Pyrosequencing & microbiome, Micros-
tech, Olten, CH
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Biocenter

Neurobiochemistry

Keywords

Neuroscience, neuronal growth, central
nervous system, brain, cytoskeletal changes

Research Focus

* Characterization of myelin-associated
neurite growth inhibitors and their cognate
receptors in the central nervous system.

« Signal transduction of neurite growth
inhibitors in the brain with special empha-
sis on effects on cytoskeletal changes in
neuronal growth cones.

Research

Neurobiochemistry

Christine Bandtlow

This laboratory is primarily interested in
delineating the physiological functions of
reticulon proteins (RTN) and their signaling
molecules in the nervous system. Related to
their association with the ER, RTN proteins
have been suggested to play a role in the
regulation of intracellular trafficking of pro-
teins involved in exo- and endocytosis, but
their precise cellular functions remain un-
known. Although many RTN isoforms show
distinct expression patterns in the CNS and
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PNS - both in the developing and mature
nervous system - RTN4-A/Nogo, is the only
RTN member with a defined function in the
adult brain. Nogo-A was originally identified
as a myelin-derived inhibitor of neurite out-
growth and has been implicated as a major
factor preventing neuronal regeneration
and compensatory sprouting in the adult
CNS. Over the past few years, considerable
progress has been made in our understand-
ing of the structure-function relationship
of Nogo-A, its axonal receptors, and the
intracellular signaling cascades mediating
inhibition of axon outgrowth. However its
physiological significance as an intracellular
protein of neurons is unknown.

Recent studies in our lab highlight novel
functions of RTN-4A/Nogo-A and other RTN
isoforms as important intracellular regula-
tors of axonal and dendritic morphogenesis
in vitro and in vivo. Present aims are to un-
ravel the molecular mechanisms that me-
diate these effects and to analyse proteins
that specifically interact with neuronally ex-
pressed RTN proteins. In addition, we use
several knock-out mouse model systems
to explore and define the role of the Nogo

Fig. 1: Signalling by Nogo

receptor components p75NTR and NgR in
normal and diseased brains.

Major Achievements:
* Identification of RyR2 as a novel interac-

tion partner of RTN 1 in neurons

* Identification of VersicanV0/V1 as a spe-
cific NgR2 ligand that controls epidermal
innervation

Future Goals:
Characterization of the physiological func-
tion of RTN protein interactions in neurons

Purine-mediated Neuroprotection
Gabriele Baier-Bitterlich

In order to improve the functional recovery
and clinical outcome after a stroke, a major
focus of current stroke research is the
development of new neuroprotective and
neuroregenerative strategies that aim to
rescue the stroke-affected, but still viable
tissue (penumbra, see Fig.2). The rapid
degradation of cellular ATP during hypoxia/
ischemia results in the production and
release of purine nucleosides. Growing
evidence suggests that purine nucleosides
might act as trophic factors in hypoxic rain.

Research Report 2015 Medical University of Innsbruck
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Fig. 2: Even a short blockade of oxygen flow in brain results in a rapid decline of cellular ATP and a subsequent loss of neuronal function and
viability. Tissue in the ischemic core is beyond therapeutic rescue, however the penumbral tissue is affected by ischemia but still viable and
therefore the key target for neuroprotective interventions. In response to hypoxia/ischemia purine nucleosides are produced and released
from cells, and growing evidence suggests that they might act as trophic and neuroprotective factors in the central- and peripheral nervous
systems. (Thauerer et al, 2012, 2014). Cell death and neurite formation (Hoechst (blue) and Propidium iodide staining (red)).

Therefore, purine nucleoside/adenosine
receptors and their signaling pathways are
a key focus of neuroprotective strategies.
Previous results in our laboratory demon-
strated the positive impact of purine nucleo-
sides on viability and neurite outgrowth
(see microscopy picture in Fig. 2) in hypoxic
neuronal PC12 cells and primary rat cere-
bellar granule neurons. We could further
show that activation of p42/p44 mitogen-
activated kinases (alias ERK1/2), hypoxia-
inducible transcription factor-1 (HIF 1-alpha)
and protein kinase C-related kinase (PKN 1)
are crucial for purine nucleoside-mediated
regeneration and/or survival of neurons.
These findings resulted in further fund-
ing to investigate the MAPK/HIF1-alpha
(B. Thauerer, T421-B18, TWF) and PKN1
(G. Baier-Bitterlich, P26002-B24) signal-
ing cascades in purine nucleosid-mediated
neuroprotection.

Biooptics/Microscopy

Martin Offterdinger

The MUI Biooptics/microscopy facility, im-
plemented in 2009 at the Division of Neu-
robiochemistry, provides university-wide
access to advanced equipment, training,
education and expertise in light microsco-
py to all scientists on campus. We currently
offer assisted access to several research mi-
croscopes and image processing software.

Presently, we are harboring two laser scan-
ning confocal microscopes (Leica SP5,
Zeiss, LSM510 Meta) and a multifunctional
microscope (Till, iMIC) for live cell imaging,
which is equipped for TIRF spinning disk,
and FRAP Moreover, we are harboring two

Research Report 2015 Medical University of Innsbruck

wide-field microscopes. Access to an inte-
grated stereology microscope/software
system for neuron tracing (Neurolucida) is
offered in collaboration with the Institute of
Pharmacology.

In collaboration with the Leopold-Franzens-
University Innsbruck a gated STED super-
resolution microscope was purchased co-
funded by the BMWE, which is operational
since beginning of 2014. As a second
superresolution technique, STORM was
evaluated on the iMIC and will soon be of-
ficially offered. Both gSTED and STORM are
able to resolve small structures clearly be-
low Abbe’s diffraction limit (250 to 300 nm).

Software support is offered from basic user
training to complex calculations. We cur-
rently support Fiji, CellProfiler and MATLAB.
A server-based deconvolution software
package (Huygens Professional) enabling
the improvement of the resolution of light
microscopic images, including widefield,
laser scanning confocal, spinning disk and
also gSTED superresolution images is suc-
cessfully running already for several years.
Challenging interactive 3D image analyses
are done using Imaris.

Microscopy-related teaching is offered in
several PhD programmes and prior to inde-
pendent usage of any microscope all users
receive an instrument-specific training.

For all scientific equipment within the core
facility biooptics (microscopes), an im-
proved on-line booking system has been
established in 2012 in order to ensure easy
and fair access to all users.

Selected Publications

Direct association of the reticulon protein RTN 1A with the ryano-
dine receptor 2 in neurons.

Kaya L, Meissner B, Riedl MC, Muik M, Schwarzer C, Ferraguti
F, Sarg B, Lindner H, Schweigreiter R, Knaus H-G, Romanin C,
Bandtlow CE. BIOCHIMICA ET BIOPHYSICA ACTA-MOLECULAR
CELL RESEARCH. 2013; 1833: p. 1421-1433.

Nogo-A couples with Apg-1 through interaction and co-ordinate
expression under hypoxic and oxidative stress.

Kern F, Stanika RI, Sarg B, Offterdinger M, Hess D, Obermair GJ,
Lindner H, Bandtlow CE, Hengst L, Schweigreiter R.
BIOCHEMICAL JOURNAL. 2013; 455: p.217-227.

Peripheral nerve regeneration and NGF-dependent neurite out-
growth of adult sensory neurons converge on STAT3 phosphoryla-
tion downstream of neuropoietic cytokine receptor gp130.
Quarta S, Baeumer BE, Scherbakov N, Andratsch M, Rose-John S,
Dechant G, Bandtlow CE, Kress M.

J Neurosci. 2014 Sep 24;34(39):13222-33.

Loss of Nogo receptor homolog NgR2 alters spine morphology of
CA1 neurons and emotionality in adult mice.

Borrie SC, Sartori SB, Lehmann J, Sah A, Singewald N, Bandtlow
CE. Front Behav Neurosci. 2014 May 15;8:175.

Nogo receptor homolog NgR2 expressed in sensory DRG neurons
controls epidermal innervation by interaction with Versican.
Baumer BE, Kurz A, Borrie SC, Sickinger S, Dours-Zimmermann
MT, Zimmermann DR, Bandtlow CE.

J Neurosci. 2014 Jan 29;34(5):1633-46.

Modulation of phenylalanine and tyrosine concentrations by
ischemia and guanosine in neuronal PC12 cells.

Thauerer B, Geisler S, Fuchs D, Baier-Bitterlich G.

PTERIDINES. 2013; 24: p.245-250.

Selected Funding

« FWF, W1206: Doctoral College “Signal processing in neurons”,
Bandtlow Christine E

» FWF, P26002-B24: “Analyse der Rolle der PRK1 in der Neuro-
protektion”, Baier-Bitterlich Gabriele

+ FWF, T421-B18: “Mechanismus der HIF-1alpha Aktivierung”,
Thauerer Bettina

Collaborations

« Paul Lingor, Univ. G6ttingen, Germany
« Dieter Zimmermann, Univ. Zurich, Switzerland
* Michail Sitkovsky, Dana-Farber Cancer Institute, Boston, USA

Core Facilities

« Leica SP5 laser scanning confocal microscope

« Till, iMIC-microscope, multifunctional microscope for live cell
imaging (TIRF, spinning disk, FRAP)

+ SP8 gSTED microscope

« Zeiss LSM510Meta laser scanning confocal microscope

« two widefield microscopes

« Neurolucida (in collaboration with the Institute of Pharmacology)
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Biocenter

Clinical Biochemistry

Keywords

Protein Analysis, PTM Identification, Mass
Spectrometry, Phospho-proteomics, Pro-
teome-wide Quantification, Capillary Elec-
trophoresis, HPLC, Method Development,
Epigenetics, Protein Microanalysis Facility

Research Focus

» Development of multidimensional
LC/CE-MS-based methods

* PTM identification of various nuclear and
extracellular proteins

« Identification of novel phospho-histone
binding proteins

« |dentification of histone-modification pat-
terns at the nucleosomal level

* Method development for top-down and
middle-down proteomics using ETD- and
HCD-fragmentation

 Development of targeted protein absolute
quantification methods

General Facts

Our lab focuses on the development of
high-resolution methods for the separation
and identification of post-translationally
modified proteins in order to investigate
their biological significance. A set of separa-
tion methods based on capillary electropho-
resis (CE), reversed-phase chromatography,
hydrophilic interaction liquid chromatogra-
phy (HILIC) and mass spectrometry (MS)
was introduced in our lab. Now, as a re-
sult of a continuous development program
over many years, our group offers a wide
range of analytical methods and servic-
es to support the work of other research
scientists in the University (see Protein

Micro-Analysis Facility). Our main technol-
ogies are: LC/CE-ESI-MS, HPLC (e.g. RPC,
HILIC, IEC, GPC), Capillary electrophoresis,
Phospho-proteomics, Chromatin immune-
precipitation, Co-immunoprecipitation and
proteome-wide quantification (e.g. SILAC,
iTRAQ, TMT, Dimethyl labeling).

Research

At present, we have two main research in-
terests. The first focuses on the evaluation
of capillary electrophoresis-mass spec-
trometry (CE-MS) as an alternative pro-
teomics tool for nanoLC-MS. Up to now,
LC-MS is the commonly used technique for
the analysis of complex protein mixtures in
proteomics. The use of CE as a complemen-
tary separation method to reversed-phase
HPLC has not yet become fully accepted
as an alternative. One of the reasons is the
on-line interfacing of CE with MS that allows
stable electrospray processes without com-
promising the quality of separation or the
detection sensitivity. A recently published
concept of a sheathless interface based
on a separation capillary with a porous tip
acting as nanospray emitter combines low
flow characteristics of CE with an integrat-
ed ESI source, as a promising alternative
to nanolLC-ESI-MS. We recently published
the successful application of CE-MS for
the analysis of moderately complex mix-
tures consisting of distinctly acetylated,
phosphorylated, methylated and deamidat-
ed proteins as well as of microsequence
variants differing only slightly in mass and
charge. Our present aim is to evaluate the
suitability of CE-MS for its use in identifica-
tion and quantification of deamidation re-
lated products. Deamidation of asparaginyl

Fig. 1: The design of a sheathless interface for coupling capillary electrophoresis to mass spectrometry (Faserl et al. 2011: Anal. Chem.

83(19): 7297-305).
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residues is one of the most frequent mod-
ifications in peptides and proteins, and in
the majority of cases is a non-enzymatic re-
action that takes place under physiological
conditions in vitro in the course of isolation
or storage, and in vivo during development
and/or aging of cells. This posttranslation-
al modification reaction often follows a
complex mechanism, producing a mixture
of aspartyl, succinimidyl and isoaspartyl
forms, with L-isoaspartyl dominating. Due to
its biochemical importance, various analyt-
ical techniques for the characterization of
deamidated peptides have been described,
however it is still a challenging task to dis-
tinguish between isoAsp, Asp and Asn resi-
dues. Isoaspartyl residues can significantly
affect protein structure and typically alter
biological activity and function of peptides
and proteins.

Our second interest is directed to
quantitative proteomics, which is a powerful
approach used for both discovery and
targeted proteomic analyses to understand
global proteomic dynamics in a cell, tissue
or organism. Most quantitative proteomic
analyses entail the isotopic labeling of
proteins or peptides, which can then be
differentiated by mass spectrometry.
Relative quantitation methods (SILAC,
ICAT, ICPL and isobaric tags) are used to
compare protein or peptide abundance
between samples. Recently, we performed
quantitative proteome analyses using
metabolically labelled yeast proteins.
Samples were analyzed by CE- and LC-
ESI-MS and the characteristic features
of the two approaches and the number
of identified and quantified peptides and
proteins were compared. Moreover, the
two MS data sets were mined for post-
translationally modified peptides, e.g.
acetylated, phosphorylated, deamidated
and oxidized forms.

Protein Micro-Analysis Facility

ao. Univ.-Prof. Dr. Herbert Lindner

The Protein Micro-Analysis Facility is

established within the Division of Clinical

Biochemistry and is dedicated to provide

investigators with equipment, expertise

and custom services for the detection,
characterization and quantification of
proteins and peptides on a recharge basis.

The facility maintains a suite of state of the

art instrumentation including:

« Q Exactive Plus (Thermo Fisher Scientific)
hybrid FT mass spectrometer LTQ Orbitrap
XL ETD (Thermo Fisher Scientific)

+ LTQ VELOS mass spectrometer (Thermo
Fisher Scientific)

Research Report 2015 Medical University of Innsbruck

Fig.2: Nano-LC-MS system consisting of a
Q Exactive™ Hybrid Quadrupole-Orbitrap
Mass Spectrometer (Thermo Scientific™)
and a nano-LC gradient system UltiMate
3000 (Dionex).

« MALDI TOF/TOF 4800 plus analyzer (AB
Sciex)

* Procise 492 protein sequencer (Applied
Biosystems)

» Nano-LC gradient systems UltiMate 3000
(Dionex)

* Probot microfraction collector (LC-Pack-
ings) for on-line MALDI target preparations

« Various capillary electrophoresis and
HPLC Systems

* Solar M6 dual Zeeman spectrometer
(Thermo Fisher Scientific) for trace ele-
ment analysis

Provided Services:

» Comprehensive protein identification of
simple and complex protein digests from
gel bands, immunoprecipitations (IP), and
whole-cell/secreted/tissue digests by
mass spectrometry

* Molecular mass determination of intact
proteins or peptides

* Localization and  quantification  of
post-translational modifications (phos-
phorylation, acetylation, methylation, etc.)

* Mass spectrometry supported determina-
tion of protein complex structure by identi-
fication of chemical cross-linked peptides

 Enrichment of phosphopeptides by Im-
mobilized Metal Affinity Chromatography
(IMAG, etc.)

 Quantitative Proteomics using isotope la-
beling strategies (e.g. SILAC, iTRAQ, TMT,
etc.)

* Lable free Quantification

« Separation technologies including analyti-
cal and semi-preparative liquid chromatog-
raphy (e.g. ion exchange, reverse-phase,
normal phase) and capillary electropho-
resis

* Quantitative amino acid analysis

» Quantitative elemental analysis using
atomic absorption spectrometry (AAS)

« Capillary electrophoresis-electrospray
ionization-mass spectrometry (CESI-MS)

© S. Schwarz

Clinical Biochemistry

Fig. 3: Nanospray Flex™ jon source (Thermo
Scientific™).

Selected Publications

Comparing and combining capillary electrophoresis electrospray
ionization mass spectrometry and nano-liquid chromatography
electrospray ionization mass spectrometry for the characteriza-
tion of post-translationally modified histones. Sarg B, Faserl K,
Kremser L, Halfinger B, Sebastiano R, Lindner HH.
MOL CELL PROTEOMICS. 2013; 12(9): p. 2640-56.

Histone H5-chromatin interactions in situ are strongly modulat-
ed by H5 C-terminal phosphorylation. Kostova NN, Srebreva L,
Markov DV, Sarg B, Lindner HH, Rundquist I.

CYTOMETRY A. 2013; 83: p.273-9.

MALDI-MS tissue imaging identification of biliverdin reductase B
overexpression in prostate cancer. Pallua JD, Schaefer G, Seifarth
C, Becker M, Meding S, Rauser S, Walch A, Handler M, Netzer M,
Popovscaia M, Os| M, Baumgartner C, Lindner H, Kremser L, Sarg
B, Bartsch G, Huck CW, Bonn GK, Klocker H.

J PROTEOMICS. 2013; 91: p.500-14.

Characterization of the Link between Ornithine, Arginine, Pol-
yamine and Siderophore Metabolism in Aspergillus fumigatus.
Beckmann N, Schafferer L, Schrettl M, Binder U, Talasz H, Lindner
H, Haas H. PLOS ONE. 2013; 18;8(6):e67426.

Quantitative proteomics using ultralow flow capillary electropho-
resis-mass spectrometry. Faserl K, Kremser L, Miiller M, Teis D,
Lindner HH. ANAL CHEM. 2015 May 5;87(9):4633-40.

Selected Funding

« Coupling capillary electrophoresis to mass spectrometry for
protein and proteome analysis; Industrial Project with AB SCIEX

« Investigation of in-vivo O-Glycosylation of the low abundance
marker NT-proBNP by Affinity Proteomics Methods and Mass
Spectrometry in blood plasma from patients with severe heart
failure

« Industrial Project with Roche Diagnostics GmbH Penzberg,
Germany

« Determination of changes in histone acetylation and methyla-
tion of Histone H4 in peripheral blood mononuclear cells isola-
ted from human panic disorder patients prior to - during - and
following - therapy; SFBF44 “Cell signaling in chronic CNS
disorders”

Collaborations

+ Reinhard Dallinger, Institute of Zoology, LFU, Innsbruck, Austria

« Peter Ladurner, Institute of Zoology, LFU, Innsbruck, Austria

+ Nicolas Singewald, Institute of Pharmacy, LFU, Innsbruck, A

« Margarethe Geiger, Depart. of Vascular Biology and Thrombosis
Research Centre of Physiology and Pharmacology, Vienna, A

« J. Ausio, University of Victoria, Victoria, Canada

* M. Freitas, Ohio State Univ. Medical Center, Columbus, USA

+ N. Guzman, Princeton Biochemicals Inc., New Jersey, USA

+ Pedro Suau, Universitat Autonoma de Barcelona, Spain

+ S. Krylov, Department of Chemistry and Centre for Research
on Biomolecular Interactions, York University, Toronto, Canada

+ D.D. Chen, Department of Chemistry, University of British Co-
lumbia, Vancouver Canada

* R. Cole, Johns Hopkins University School of Medicine, Balitimo-
re, USA

Core Facilities

Protein Micro-Analysis Facility:
protein.analysis.iftz@i-med.ac.at
https://www.i-med.ac.at/iftz/zentrale_gruppen/proteinfacility /
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Biocenter

Biological Chemistry

Keywords

Structural biology, biochemistry, molecular
biology, clinical chemistry, protein purifica-
tion, high pressure liquid chromatography,
bioethics

Research Focus

« Structural biology of disease proteins
with a special focus on neurofibromatosis
type-1, an inherited disease with relative-
ly high incidence but poorly understood
pathogenic mechanisms.

» The biochemistry and clinical chemistry
of pteridine and tryptophan metabolism.
Pteridines are structurally related to the
vitamins folic acid and riboflavin but, in
contrast to these, can be formed in the
mammalian body.

« Ethical, cultural and social issues concern-
ing the use of innovative technologies in
biomedicine.

General Facts
We are performing basic research on

biomolecular systems that can impact on
human health and disease. Our research
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areasinclude pteridine and lipid metabolism
as well as intracellular signal transduction
and its regulation, particularly in the
context of small guanine nucleotide binding
(G) proteins.

Another focus is gaining an understanding
of novel biotechnologies in the context of
biomedicine and how they create and at the
same time serve emerging markets as well
astoexplore their ethical, social and cultural
dimensions. Research and teaching in this
field has led to numerous cooperations (see
below) and the participation in the building
of a local interinstitutional platform of
expertise on ethics in the context of health
and medicine.

Our methods spectrum includes bio-
chemical techniques such as FPLC/HPLC
for preparative protein purification and
analysis, eukaryotic cell culture, various
biophysical as well as bioanalytical methods
and biomolecular X-ray crystallography.

We consider teaching a major responsibility
in the education of young scientists and
contribute to the respective activities
for students of the Medical as well as the
Leopold-Franzens University Innsbruck.

Research

Structural Biology and Mechanisms of
the Neurofibromatosis Type 1 Protein
Klaus Scheffzek

We aim to understand the disease
mechanism of neurofibromatosis type-1
(NF1), a genetic disease with relatively high

incidence. NF1 patients have an increased
risk of developing tumours, show a variety
of developmental defects and frequently
have learning disabilities. The tumour
suppressor gene NF1 encodes the giant
protein neurofibromin (320 kDa) and is not
functional in NF1 patients due to genetic
alterations. Our long term vision is to define
the functional spectrum of neurofibromin
in as much detail as possible. Our research
activities currently include determining the
structure of full length neurofibromin as well
as the definition of its interaction partners
(collaborations with Frank McCormick,
UCSF and Lukas A. Huber, Innsbruck).
In addition, we explore the mechanism
of neurofibromin-mediated repression of
MHCII protein expression (collaboration
with Andreas von Deimling, Heidelberg).

A major activity in the reporting
period comprised the implementation
and finalization of our biomolecular
crystallography platform that includes
a robot based crystallization screening
laboratory (ArtRobbins/DunnlLab, Rigaku)
with automated imaging system and an
X-ray generator (Microstar, Bruker).

Neuropsychoimmunology

Dietmar Fuchs

Mood changes and depression are common
in patients suffering from inflammatory
disorders like virus infections, autoimmune
syndromes, malignant tumour diseases
and also in the overweight, but the patho-
genesis of symptoms is still unclear. Several
of our recent studies showed associations
between  neuropsychiatric  deviations
in patients and increased neopterin

Fig. 1: Since our move to the CCB building we have been implementing a now running
platform dedicated to biomolecular sample production, crystallization and structure

determination.
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concentrations and tryptophan breakdown
(Kyn/Trp) inthe blood. Our most recent work
sheds more light on this observation and its
relevance for neuropsychoimmunology. We
have also observed higher blood phenyl-
alanine levels and higher phenylalanine to
tyrosine ratios in such patients and also
in healthy elderly individuals. Especially
in combination with the measurement
of Kyn/Trp, Phe/Tyr determinations can
support treatment decisions as to whether
serotonergic or noradrenergic/adrenergic/
dopaminergic treatment options are more
likely to be useful in the individual patient.
Clinical and in vitro studies utilizing the
model of freshly isolated peripheral blood
mononuclear cells (PBMC) were performed,
and in the years 2013/14 more than 50
papers derived from multiple collaborations
worldwide have been published by the
group. The reference given below refers to a
review article in which the general concept
behind our research activities is described
and from which detailed references can be
extracted (Capuron et al., Curr Pharm Des
2014;20:6048-57).

Alkylglycerol Monooxygenase, a Novel
Ether-Lipid Cleaving Enzyme

Katrin Watschinger, Gabriele Werner-
Felmayer, Georg Golderer and

Ernst R. Werner

Building on the 30 years plus focus on
pteridine research in the institute, we are
currently focusing on ether lipid metabolism.
The central enzyme for the degradation
of these compounds, alkylglycerol mono-
oxygenase, is dependent on the cofactor
tetrahydrobiopterin. Tetrahydrobiopterin, a
compound structurally related to the vita-
mins folic acid and riboflavin, is synthesized
in the animal body, and is required for five
specific, crucial hydroxylation reactions. In
addition to alkylglycerol monooxygenase
these include the conversion of phenyl-
alanine to tyrosine, the first essential step
in the degradation of the essential amino
acid phenylalanine, the biosynthesis of the
neurotransmitters dopamine, epinephrine
and serotonin as well as the biosynthesis
of the versatile messenger molecule nitric
oxide.

The alkylglycerol monooxygenase reaction
was first described in 1964, along with the
subsequent conversion of its fatty aldehyde
product to the corresponding fatty acid by
fatty aldehyde dehydrogenase. It took until
2010whenwemanagedtoassignasequence
to the very labile integral membrane protein
alkylglycerol monooxygenase, which could
not be purified so far. We then explored the
biochemistry of the enzyme by site directed
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Fig.2: Position of Sjogren-Larsson syndrome causing amino acid changes in the fatty

aldheyde dehydrogenase structure.

mutagenesis screens. We now proceed
to the manipulation of the expression of
this enzyme in cultured cells and in model
organisms in order to study its physiological
role. Fatty aldehyde dehydrogenase,
the subsequent enzyme in ether lipid
metabolism, causes a rare inherited disease
when its function is lost, the Sjogren
Larrson Syndrome. This is a severe disease
characterized by developmental delays
and a skin phenotype called ichtyosis.
Although humans have more than a dozen
different aldehyde dehydrogenases, they
cannot compensate for a deficiency in fatty
aldehyde dehydrogenase. We characterized
by biochemical and structural methods the
human fatty aldehyde dehydrogenase and
found that a special additional structural
feature of this enzyme, a gatekeeper helix,
is responsible for its specificity to fatty
aldehydes.

Bioethics

Gabriele Werner-Felmayer

Based wupon interdisciplinary dialogues
with colleagues from philosophy, social and
political science, medical law, economics
and health management, we focus on
epistemology and culture in biomedicine
as well as its ethical dimensions. Special
emphasis is placed upon the concepts
of hope and promise in genomics,
medically assisted reproduction and
stem cell research. Current projects deal
with international regulation of assisted
reproductive  technologies, with third
party cross-border reproductive care, with
unintended traumatization of patients in
the context of medicalised reproduction,
and with prevailing determinist views in the
dynamic field of genetics/genomics that are
particularly powerful in marketing personal

genetic/genomic services. PhD projects
deal with the ethics of reprogenetics in
developing countries and with the definition
of “race” in pharmacogenomics.

Selected Publications

Functional MHC Class Il Is Upregulated in Neurofibromin-
Deficient Schwann Cells. Reuss DE, Mucha J, Holtkamp N, Mueller
U, Berlien H-B Mautner VF Ehemann V, Platten M, Scheffzek K, von
Deimling A. JOURNAL OF INVESTIGATIVE DERMATOLOGY. 2013;
133: p. 1372-1375.

Activated Immune System and Inflammation in Healthy Ageing:
Relevance for Tryptophan and Neopterin Metabolism. Capuron L,
Geisler S, Kurz K, Leblhuber F Sperner-Unterweger B, Fuchs D.
CURRENT PHARMACEUTICAL DESIGN. 2014; 20: p. 6048-6057.

A gatekeeper helix determines the substrate specificity of
Sjogren-Larsson Syndrome enzyme fatty aldehyde dehydroge-
nase. Keller MA, Zander U, Fuchs JE, Kreutz C, Watschinger K,
Mueller T, Golderer G, Liedl KR, Ralser M, Krauetler B, Werner ER,
Marquez JA. NATURE COMMUNICATIONS. 2014; 5: p.4439.

Genetics as Social Practice - Transdisciplinary Views on Science
and Culture. Prainsack B, Schicktanz S, G Werner-Felmayer. ISBN
978-1-4094-5549-3; Ashgate, Farnham (UK); January 2014.
http:/ /www.ashgate.com/isbn/9781409455493.

Selected Funding

« Structural basis for the modulation of dendritic spine density by
the interaction of neurofibromin and the AAA-ATPase p97 /vcp,
FWF, MCBO graduate school, Klaus Scheffzek

« Characterization of immunomodulatory effects of nanoparticles
in vitro, Austrian Science Fund (FWF), Dietmar Fuchs

* Role of alkyglycerol monooxygenase and tetrahydrobiopterin
biosynthesis in adipocyte function. Autonomous Province of
Bolzano/Bozen-South Tyrol (Division for the Promotion of Edu-
cation, Universities and Research), Katrin Watschinger

Collaborations

« Lucile Capuron, University of Bordeaux, France

« Keith Channon, Jonathan Hodgkin, University of Oxford, United
Kingdom

« Frank McCormick, San Francisco, USA

* Andreas von Deimling, Heidlerberg, Germany

+ Magnus Gisslen, Lars Hagberg, Ostra University Hospital, Goth-
enburg, Sweden

+ Harald Mangge, Eva Reininghaus, Medizinische Universitat
Graz, Austria

« Teo T Postolache, University of Baltimore, MD, USA

« Richard W Price, Institut of Neurology, San Francisco General
Hospital, UCSF, USA

« Markus Ralser, University of Cambridge, United Kingdom

The bioethics branch collaborates with colleagues from numer-
ous institutions at local, national and international levels (King’s
College London, University Medicine Goettingen). It is the Aus-
trian partner of the International Network of the UNESCO Chair
in Bioethics (Haifa).
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Research Focus/Keywords

« Signal Transduction and Proteomics
« Cell Differentiation
* Membrane Traffic and Signaling

General Facts

We study molecular mechanisms that con-
trol the organization and function of living
cells. To address these fundamental ques-
tions, we use a combination of genetic mod-
el systems, state-of the-art microscopy and
quantitative proteomics. Our division pro-
vides an international and dynamic research
environment for Master & PhD students as
well as PostDocs. We have numerous na-
tional and international collaborations with
academic partners and biotech companies.
We are embedded the international PhD
program MCBO (Molecular Cell Biology and
Oncology). We participate in and coordinate
several EU projects.

Research

Three research groups are currently active
at the division of Cell biology:
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Signal Transduction and Proteomics
Lukas Huber Lab

We would like to understand how specific
cell fate decisions are made by using a pool
of very similar kinases within MAPK signal-
ling pathways. We are especially interested
in the role of scaffold proteins in organizing
signal transduction complexes and study
the spatial and temporal resolution of sig-
naling mechanisms as well as their cyto-
plasmic effectors and target genes. The aim
of our research is to understand the phys-
iological function of scaffold complexes in
MAPK signaling at the molecular level in
cells and at the level of the entire organism.

The LAMTOR complex - At the crossroad

between signal transduction and endo-

somal biogenesis
Over the last two decades we and others

could show that the LAMTOR complex (late
endosomal/lysosomal adaptor, MAPK and
MTOR activator) is strictly recruited to the
membrane of late endocytic compartments,
from where it actively influences MAPK,
mTORC signaling and endosomal trafficking.
The complex is involved in several
biological processes including immunity,
early embryogenesis, tissue homeostasis,
cellular  proliferation and  migration.
We use complementary molecular and
cellular biology methods, stretching from
proteomics, to live and confocal microscopy,
electron microscopy, and structural biology,
in order to functionally characterize the
LAMTOR complex at the molecular and
cellular levels. In addition, we use model
organisms such as yeast and knockout

mice to determine the biological roles of the
complex in vivo, at the organism level.

As a result of an interaction proteomics
screen using TAP-MS (Tandem Affinity
Purification, coupled to Mass Spectrometry)
we have identified several proteins
interacting with the LAMTOR complex. The
core interactome includes all members of
the LAMTOR complex, the RAG GTPases
(that mediate the translocation of mTORC1
to endosomes/lysosomes), and SLC38A9
(@ previously uncharacterized member of
the solute carrier family 38, that we recently
identified as an integral component of the
amino acid-sensing machinery that controls
the activation of mTORC1 (Rebsamen et al.,
Nature 2015). We are currently analysing
this comprehensive interactome data
functionally with a special focus on the
interplay between signaling and endosomal
biogenesis (Fig. 1).

The LAMTOR complex: disease models
The use of animal models led to great

progresses in understanding the role of the
endosomal adaptor Lamtor2 in endosomal/
lysosomal trafficking. In a first approach
LAMTOR2 knockout mice were generated,
but severe defects during embryogenesis
resulted in no viable offspring (Teis et
al., ] Cell Biol.2006). During this time,
four patients, all siblings, suffering from
a primary immunodeficiency syndrome,
due to a hypomorph LAMTOR2 allele,
were identified and demanded for further
investigations of the immune functions
LAMTOR2 (Bohn et al, Nat Med.2007).

Fig. 1: Core interactome of the LAMTOR complex.
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Fig.2: Primary LAMTOR2+/+ and LAMTORZ2-/- macrophages infected with Salmonella
(green). After 24 h an increased bacteria load in LAMTORZ2-/- macrophages was observed.
Actin (red) and Hoechst (blue). Scale bars: 10 mm (Taub et. al., 2012).

Therefore, we have established conditional
knockout mouse models to investigate the
role of LAMTOR? in antigen presenting cells
including macrophages and dendritic cells
(DCs). The correct uptake and processing
of pathogens and antigen presentation
in the context of the immune response
is strictly regulated by the endosomal/
lysosomal system. Using a mouse model
where Lamtor2 was specifically depleted
in macrophages, key players in the immune
system, we have been able to demonstrate
that LAMTOR2 is a host defense factor
against pathogens (Fig.2) (Taub et al. ]
Cell Sci. 2012) and our findings correlate
with the previously described immuno-
deficiency syndrome. We are currently
following this line of results combining the
mouse genetic approach with a proteomic
approach aimed at deepening our
understanding of the Lamtor2 interaction

Fig.3: Dendritic cell infiltrate in a spleen
section of a DC specific LAMTORZ2 knockout
mouse model at the age of three months.
red: CD11c, blue: hematoxylin.
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partners and downstream targets involved
in phagolysosomal maturation underlying
an efficient antimicrobial response.

DCs are initiators of adaptive immunity
and unlike macrophages also able to prime
naive T cells. Investigation of a DC specific
knockout mouse revealed a crucial role of
LAMTOR? for DC homeostasis. While soon
after birth the epidermal Langerhans cell
(LC) network is dispersed due to increased
apoptosis and a proliferation defect (Sparber
et al., 2014), the aging animals suffer from
a massive expansion of conventional (cDCs)
and plasmacytoid DCs (pDCs) cumulating
in a myeloid proliferation syndrome (MPD)
(Fig.3). As cellular mechanism causing
those phenotypes a deregulation of late
endosomal LAMTOR complex dependent
MAPKinase and mTORC1 signaling were
identified. Loss of LCs was related to a

Fig. 4: Polarized epithelial CaCoZ2 cyst show-
ing basolateral proteins (green), apical pro-
teins (white and red) and nuclei (blue).

Cell Biology

decreased signaling, while ¢cDC and pDC
expansion was caused by boosted mTORC 1
activation (Scheffler et al., 2014).

Microvillus inclusion disease - intra-
cellular trafficking and epithelial polarity
Microvillus inclusion disease is an auto-
somal recessive enteropathy characterized
by intractable diarrhea setting on within
the first few weeks of life. The hallmarks
of MVID are a lack of microvilli on the
surface of villous enterocytes, occurrence
of intracellular vacuoles lined by microvilli
(microvillus inclusions), and the cytoplasmic
accumulation of periodic acid-Schiff (PAS)-
positive vesicles in enterocytes.

Together with our collaborators from the
Department of Pediatrics I, MUI, and the
Division of Histology and Embryology, MUI,
we were the first to identify mutations
in MYOS5B, encoding the unconventional
type Vb myosin motor protein, in a first
cohort of nine MVID patients (Mueller et al.,
Nature Genetics 2008). In a follow-up study,
we described further 15 novel nonsense
and missense mutations in MYOSB in 11
unrelated MVID patients (Ruemmele et al.,
Human Mutation 2010).

Further investigations have focused on the
role of Myosin Vb and its interplay with
Rab Small GTPases in the establishment
of correct epithelial polarity by making use
of a CaCo2 RNAi cell model (Thoeni et al.,
Traffic 2014).

Recently, we have identified novel mutations
in the STX3 gene, causing a variant form of
MVID in patients negative for mutations in
MYO5B (Wiegerinck et al., Gastroenterolo-
gy 2014). Syntaxin 3 is an apical t-SNARE
protein pivotal for polarized apical exo-
cytosis and secretion in epithelial cells.

By using a CaCo2 cell model for epithelial /
enterocyte polarity and state of the art
genome-editing technologies we focus on
the intracellular cascade and the proteins
involved, which ensure correct polarized
intracellular traffic in order to maintain
proper epithelial polarity (Fig. 4).

Cell Differentiation

llja Vietor Lab

The interplay between cell proliferation
and differentiation controls not only
development but also regeneration and
therefore its regulatory mechanisms
are of interest as therapeutic targets.
Based on our studies we predict that the
transcriptional co-repressor TPA inducible
sequence 7 (TIS7) is one of the players
affecting the cellular regeneration events.
TIS7 inducible by the mitogen TPA or
growth factors is differentially expressed
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Fig.5: Muscle satellite cells grown under dif-
ferentiation conditions. Immunofluorescence

microscopy images depict: MF20-differentiated
myoblasts marker protein (red), pICIn-TIS7-in-
teracting methylosome subunit protein (green),
and DAPI (blue).
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Fig. 8: Left: TIS7 SKMc15 double knockout mice are significantly leaner. 6 months old male
mice; n= 6. Chow diet. Right: TIS7 SKMc15 double knockout mice gain significantly less
weight upon feeding with high fat diet. 11 weeks male mice; n= 11; 3 weeks high fat diet.

in various polarized cell types. We have
shown that TIS7 represses transcription in
an HDAC-dependent manner. In the TIS7-
regulated downstream target genes we
have identified a common regulatory motif,
a so-called transcription factor “module”.
TIS7 expression increases during the
process of tissue regeneration following
a challenge like muscle crush damage or
intestinal resection. Our previous studies
have shown that in TIS7 knockout mice
the differentiation and fusion potential of
myoblasts is impaired.

The interplay between cell proliferation
and differentiation controls not only
development but also regeneration.
Regulation of these two mechanisms is of
interest because they represent possible
therapeutic targets. Based on our studies,
we predict that the transcriptional co-
regulator TPA-inducible sequence 7 (TIS7)
is one of the players affecting cellular
regeneration events. TIS7, induced by
the mitogen TPA or growth factors, is
differentially expressed in several different
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polarized cell types. We have shown that
TIS7 interacts with the SIN3 complex
and regulates transcription in an HDAC-
dependent manner. In the promoter region
of TIS7-regulated downstream target genes
we have identified a common regulatory
motif C/EBPalpha-Sp1 transcription
factor “module”. Furthermore, TIS7 has
the ability to inhibit the Wnt signaling
in an HDAC-dependent manner. TIS7
expression increases during the process of
tissue regeneration following a challenge
like muscle crush damage or intestinal
resection. Our previous studies have shown
that in TIS7 knockout mice the expression of
myogenic regulatory proteins is deregulated
and the differentiation and fusion potential
of muscle satellite cells is impaired.

Major Achievements:

The group of our collaborators around
Prof. Chris Karp at the Cincinnati College
of Medicine, USA, using TIS7 knockout
mice generated in our lab as a specific
experimental animal model, identified TIS7
to be the main modifier of the severity of

Fig.6: Fused TIS7 wt skeletal muscle
cells grown under differentiation condi-
tions in culture. Raster electron scanning
micrograph.

Fig. 7: Lack of fat vacuoles in the jejunum of
TIS7 SKMc15 double knockout mice (right).
Oil red oil staining; magnification 40x.

the lung disease in cystic fibrosis. This lung
disease is the major cause of morbidity and
mortality in cystic fibrosis, an autosomal
recessive disease caused by mutations in
CFTR. In cystic fibrosis, chronic infection
and dysregulated neutrophilic inflammation
lead to progressive airway destruction.
Neutrophils, but not macrophages, from
TIS7-deficient mice showed blunted
effector function. In vivo, TIS7 deficiency
caused delayed bacterial clearance from
the airway, but also less inflammation and
disease. In humans, TIS7 polymorphisms
were significantly associated with variation
in neutrophil effector function. These
data indicated that TIS7 modulates the
pathogenesis of cystic fibrosis lung disease
through the regulation of neutrophil effector
function. These findings were published as a
mutual collaboration in the journal Nature.

A second member of a novel gene family,
SKMc15, is a protein which shares
with TIS7 high homology at the amino
acid level. Therefore, our laboratory
generated SKMc15 single as well as TIS7
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SKMc 15 double knockout mice and now
concentrates on the identification of the
functional role of both genes and their
protein products. Interestingly, the TIS7
SKMc15 double knockout mice have a
prominent phenotype: they are significantly
smaller and leaner and, most importantly,
they are resistant against weight gain
upon feeding with the high fat-diet. We
are currently searching for the mechanism
responsible for this phenotype on the
molecular level.

Future Goals:

* Identification of molecular mechanisms
responsible for the smaller body size
and the lack of body fat deposits in TIS7
SKMc 15 double knockout mice. The long
term goal of this project is to be able to
design strategies for intervention with
possible signaling pathways.

Identification of TIS7-interacting proteins
and analyses of their biological role. In
this project we will concentrate on further
characterization of interactions between
TIS7 protein complex components, main-
ly on their in vivo interactions within the
living cell. The main focus will be on reg-
ulatory mechanisms by which TIS7 mod-
ulates gene expression of muscle-specific
genes during myogenesis.

Identification and detailed analysis of epi-
genetic mechanisms of transcriptional
regulation affected by TIS7.

Membrane Traffic and Signaling

David Teis Lab
Cellgrowthandsurvivalrequiresthe selective
degradation of cellular components. Failure
in cellular degradation systems result in
severe defects in cell homeostasis, which in
turn can cause in a wide variety of diseases
ranging from cancer to neurodegeneration.
We are particularly interested in the
molecular mechanisms required for the
selective degradation of integral membrane
proteins. A key step for the selective
degradation of membrane proteins occurs
on endosomes, where the endosomal
complexes required for transport (ESCRTs)
bind to and sort ubiquitinated membrane
proteins via the multivesicular body (MVB)
pathway into the lumen of lysosomes for
degradation (Fig.9). This process requires
a membrane remodeling reaction that buds
intraluminal MVB vesicles (ILVs) away from
the cytoplasm and into the lumen of MVBs
(Fig. 10A). Topologically similar ESCRT
dependent membrane budding reaction
are required in distinct cellular processes,
including membrane scission at the end of
cytokinesis, release of budding HIV from
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Fig. 9: Schematic representation of the MVB Pathway.

Fig. 10: (A) 3D-Modeling of cryo-fixed cells.
MVBs (yellow), Intralumenal MVB vesicles
(ILVs) (red), vacuole (blue). (B) Model of ES-
CRT-IIl and Vps4 during ILV neck constric-
tion.

host cells, micro-vesicle formation at the
plasma membrane, plasma membrane
repair, quality control of nuclear pore
complex assembly and nuclear envelop
reformation and sealing.

Just how the ESCRT machinery catalyzes
these membrane remodeling reactions is
unclear.

One key question in our lab is how the
ESCRT machinery sculpts membranes and
how ESCRT mediated membrane remodel-
ing and scission is coordinated with cargo
sorting (Fig. 10 B).

Furthermore we would like to understand
how the ESCRT dependent degradation
of membrane proteins contributes to cell
growth and survival, particularly given the
key role of ESCRTs during developmental
and disease.

To address these questions we use yeast
as the best suited model system combining
genetics with quantitative proteomics,
biochemical methods and different imaging
approaches (Fig. 11A,B).

Fig. 11: (A) Fluorescence microscopy of liv-
ing yeast, vacuole (red), GFP-CPS (green).
(B) Graphical representation of quantitive
proteomics.
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Genomics and RNomics

Keywords

Non-coding RNAs; RNPs, ribosomal RNA,
RNA sequencing (RNAseq), ribosome, trans-
lation

Research Focus

In cells from all organisms two different
types of RNA molecules are found:
messenger RNAs (mRNAs), and the so-called
“non-protein-coding RNAs” (ncRNAs). Many
known ncRNAs, such as microRNAs, are
involved in the regulation of gene expression.
Our group focuses on the identification and
functional characterization of regulatory
non-coding RNAs in various model
organisms. In particular, we are interested
in the identification of ncRNAs regulating
neural development and in the identification
of ncRNAs involved in human diseases.

General Facts

Our group works on the identification and
function of regulatory non-coding RNAs
(ncRNAs) in various model organisms for
whichwe have coinedthe term “Experimental
RNomics”. In particular, we are interested in
ncRNAs involved in neurological diseases.
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Therefore, we have characterized the small
ncRNA transcriptome, involved in the
differentiation of mouse embryonic stem
(ES) cells into neural cells, by generating
specialized  ribonucleo-protein  particle
(RNP)-derived cDNA libraries. By high-
throughput sequencing and transcriptional
profiling we identified hundreds of novel
ncRNAs that are involved in ES cell
differentiation. Based on these findings,
we have generated a custom microarray
chip that covers 1500 novel neuro-specific
ncRNAs. By this approach, we have analysed
the differential expression of ncRNAs in
mouse models for neurodegenerative
diseases such as Alzheimer’s disease,
Parkinson’s disease and Epilepsy.

A second research focus is the regulation
of ribosomal translation by natural and
non-natural  modifications  introduced
into functionally important regions of the
ribosome as well as those incorporated into
the coding sequences of the mRNAs.

Major Achievements:
« Coordination GEN-AU Programme:

ncRNAs: from identification to functional
characterization
* Member of the 7t framework EU: SysKid
* PhD program participant: SPIN:
signal processing in neurons
* Member of SFB program:
Cell signaling in chronic CNS disorders

* Member of the 7t framework EU:
ncRNAPain

Core Facilities:

* High-throughput sequencing:
Genome Seq Core

* Expression profiling:
Affymetrix Core Facility

Research

Role of ncRNAs in Neurodevelopmental
Disorders

Alexander Hiittenhofer

Small non-protein-coding RNAs (ncRNAs)
play important roles in the regulation of
gene expression and have been implicated
in a number of diseases of the central
nervous system (CNS). miRNAs represent
a well characterized class of small ncRNAs
for which numerous commercial tools (e.g.
gPCR panels, micro arrays) have been
developed in order to screen for their
differential expression in human patients as
well as animal disease models. Indeed, by
these approaches several miRNAs have been
implicated in the etiology of neurological
diseases. In addition to miRNAs there
also exists a large number of short ncRNA
species (sized about 18-200 nt), which are
either poorly characterized or that belong
to other known classes of ncRNAs (i.e.
snRNAs, snoRNAs, or piRNAs) for which no

Fig. 1: Two classes of RNA species are transcribed from genomes of all organisms: messen-
ger RNAs (mRNAs) and non-coding RNAs (ncRNAs); ncRNAs are not translated into proteins
and many of them are able to regulate gene expression by regulating transcription or trans-
lation of mRNAs and thus act a genetic switches.
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high-throughput tools have been developed
to perform expression profiling. Thus in this
project, which is part of the SFB-F44 “Cell
signalingin chronic CNS disorders”, we have
developed an unbiased and comprehensive
microarray  platform to profile the
expression of thousands of these novel
ncRNA species from mouse brain tissues.
To date we have applied this customized
microarray, designated as neuro-ncRNA
chip, to selected mouse models for LTCC
activity and CNS disorders e.g. Alzheimer’s
disease and Multiple-system atrophy.
Thereby we discovered more than 100
novel ncRNA candidates whose expression
was found to be de-regulated in comparison
to wild type controls. In the Alzheimer
mouse model, we identified two snoRNAs,
whose expression was deregulated prior to
amyloid plaque formation. Interestingly, the
presence of snoRNAs could be detected
in cerebral spine fluid samples in humans,
thus potentially serving as early diagnostic
makers for Alzheimer’s disease. In addition,
we could show the applicability of our
customized microarray to human post-
mortem brain tissue of Alzheimer’s disease
patients and healthy individuals; Through
the expression profiling of post mortem
human brain samples from Alzheimer’s

disease patients and their comparison with
healthy controls we were able to identify
51 differentially expressed ncRNAs in
Alzheimer’s disease and could also show
that 60% of the ncRNAs that are present
on our customized microarray exhibit
expression signals above background in
human tissue. In addition, we focused
on the biochemical characterization of
the novel ncRNA candidates using in situ
hybridization in order to define the cellular
as well as subcellular localization patterns
of ncRNAs.

Identification of ncRNA Patterns

as Biomarkers for Pain and Inter-
Individual Variations

Alexander Hiittenhofer

This project is part of the EU Project
“ncRNAPain” and aims to identify pain
predisposing ncRNA patterns and to apply
them as biomarkers for pain and inter-
individual variation. This aim will be achieved
by identifying altered expression patterns
of ncRNAs/miRs in painful vs. non-painful
diabetic neuropathies (dPNP), in complex
regional pain syndrome (CRPS) after trauma
vs. patients after trauma without CRPS
and in addition in painful and non-painful
nerve lesions (NL). An initial quality check
showed that ncRNAs levels can be robustly
measured in white blood cells and in serum.
A first analysis performed in the white
blood cells and serum of n=10 patients
with painful and non-painful dPNP revealed
that ncRNA profiles can almost perfectly
differentiate between these two subgroups.

Modified RNA Nucleotides Regulate
Ribosomal Translation

Matthias Erlacher,

Alexander Hiittenhofer

RNA modifications can be found in every
organism in all three domains of life.

Fig. 2: Non-natural modifications can be site-specifically incorporated into the 16S rRNA, to

determine their impact on decoding.
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Although more than 100 different types
have been identified, mRNAs were thought
to be only rarely modified.

Whereas ~ N6-methyladenosine  (m°A)
was described already 4 decades ago
and shown to be the most abundant
modification in eukaryotic mRNAs, the
presence of 5-methylcytosine (m°C) and
pseudouridine (¥) in this class of RNA
was only identified recently. The influence
of any of these modifications on ribo-
somal translation is largely unknown and
has been mainly a matter of speculation.
Employing a cell free translation system,
we systematically investigate the effects
of single modified mRNA residues on the
fidelity and efficiency of translation.

Modifications of the Ribosomal Decod-
ing Site and their Impact on Translation
Matthias Erlacher

Ribosomal decoding is an essential process
in every living cell. During protein synthesis
the 30S ribosomal subunit needs to
accomplish binding and accurate decoding
of mRNAs. Through mutational studies
and the analysis of high-resolution crystal
structures nucleotides G530, A1492 and
A1493 of the 16S ribosomal RNA have come
into focus as important elements for the
decoding process. In order to biochemically
investigate decoding in greater detail we
applied an in vitro reconstitution approach.
This approach allowed us to exchange or
eliminate single chemical groups on A1492
and A1493 and to test their impact on
translational efficiency and fidelity.
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Molecular

Keywords

Chromatin and epigenetics, histone mod-
ifying enzymes, ATP-dependent chromatin
remodeling, RNA methylation, filamentous
fungi, iron metabolism, fungal infection,
siderophores, lipocalins,  antimicrobial
proteins, innate immunity and allergy

Research Focus

Physiology, gene regulation and second-

ary metabolism in filamentous fungi
* Iron metabolism in filamentous fungi:

links to human disease

* Functions of histone modifying enzymes
in gene regulation, fungal physiology
and as targets for novel antifungal sub-
stances

« Structure, mechanism of action and
applicability of antimicrobial peptides/
proteins secreted by filamentous fungi

Lipocalins and their involvement in
innate immunity and allergy

Epigenetics and epitranscriptomics:
« Biological roles of ATP-dependent chro-

matin remodeling enzymes
* RNA methylation and its impact on gene
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expression regulation
« Posttranslational acetylation of regula-
tory non-histone proteins

General Facts

The Division of Molecular Biology is home
to six independent research groups, whose
scientific interests range from the investiga-
tion of diverse aspects of filamentous fungi
physiology and metabolism, to the study of
secretory lipocalins, to research into the na-
ture and significance of chromatin remode-
ling mechanisms.

A common long-term goal of all groups is
to explore the relationship of the diverse
processes mentioned above with diagnos-
tics and treatment of human disease. In
this regard, the groups of Hubertus Haas,
Gerald Brosch/Stefan Grassle, and Flor-
entine Marx-Ladurner strive to elucidate
pathogenicity determinants and potential
drug targets of filamentous fungi. Moreover,
they examine the regulatory mechanisms of
secondary metabolites (e.g. penicillin), se-
cretory proteins and components, such as
antimicrobial proteins and iron-chelating si-
derophores, both of which have potential in
antifungal therapy and diagnosis. The Redl
group investigates the mechanism of action
of lipocalins, which are secretory scaven-
ger proteins. Thus, lipocalins are important
components of the innate immune system,
yet they might also be involved in allergic
reactions. The Lusser group conducts stud-
ies of fundamental gene regulatory mecha-
nisms involving the remodeling of chroma-
tin structure as well as posttranscriptional
modification of RNAs. One particular focus
is on understanding chromatin changes in
the context of neurodegenerative diseases
and behavioral disorders. Finally, the Loidl
group investigates histone modifying en-
zymes, in particular the role of acetylation
of regulatory non-histone proteins.
Together, the researchers make use of a
wide array of experimental model systems
including filamentous fungi (Aspergillus,
Penicillium, Achremonium), the fruit fly
Drosophila melanogaster, and mammalian
models such as different cell lines as well
as knock-out mice.

The participation of members of the division
in several intra- and extramural network
activities such as the FWF-funded PhD
programs “HOROS” and “MCBQ”, the special
research network SFB “Cell signaling in
chronic CNS disorder” as well as the EU-FP7
Marie Curie International Training Network
“Nucleosome4D”, the Infect-ERA network
“AspMetNet” and the D-A-CH network on
iron sensing in filamentous fungi attests to

the high standard of research quality.
Staff of the Division of Molecular Biology also
contribute substantially to the curricular
teaching activities at the MUI. Notably, the
division chair Peter Loidl is Vice Rector for
Academic Affairs at the university. He also
took a leading role in the establishment of
the two new study directions in Molecular
Medicine (Bachelor and Master studies).
Alexandra Lusser is coordinator, Hubertus
Haas is deputy coordinator of the PhD
Program “Regulation of Gene Expression”
and Bernhard Redl| is coordinator of the
Molecular Medicine Master program.
Beyond that, all group leaders are teaching
lectures, seminars and practical courses
in the curricula of human medicine, dental
medicine, molecular medicine (bachelor
and master) and of the PhD curriculum. In
addition, most group leaders are involved
in the teaching of Biology students at the
Leopold Franzens University Innsbruck.

Research

Physiology, Gene Regulation and
Secondary Metabolism in Filamentous
Fungi

Gerald Brosch, Stefan Graessle, Huber-
tus Haas, Florentine Marx-Ladurner
Fungi affect the life of mankind in positive
and negative ways. On the one hand,
fungi are major players in saprobic
decomposition, they mutually interact
with plants (mycorrhiza), serve as food
source (mushrooms) or in food production
(e.g. bread, cheese, alcohol), and produce
widely used primary (e.g. citric acid) and
secondary metabolites (e.g. penicillin). On
the other hand, some fungi are pathogens
of plants (e.g. Fusarium spp.) and animals
(e.g. Aspergillus fumigatus), or spoil food
by contamination or toxin production (e.g.
aflatoxin). Therefore, fungi impact ecology,
biotechnology, medicine, agriculture and

Fig. 1: Cover Figure of Natural Product Re-
ports 31(10). “Fungal siderophore metabo-
lism with a focus on Aspergillus fumigatus”.
Haas H. 2014.
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food industry. The best-studied fungal
organism is Saccharomyces cerevisiae. In
several respects, however, the physiology
of this unicellular organism is not
comparable to that of the more complex
filamentous fungi (e.g. iron metabolism,
light regulation, secondary metabolism).
Three research groups in the Division of
Molecular Biology address different aspects
of filamentous fungal physiology ranging
from iron metabolism and its significance
for pathogenesis (Haas), to chromatin-
linked mechanisms of gene expression
control (Brosch/Graessle) and the nature
and mechanisms of action of antimicrobial
proteins produced by filamentous fungi
(Marx-Ladurner).

Iron Metabolism in Filamentous Fungi:
Links to Human Disease

Hubertus Haas

Our central research goal is to characterize
the fungal metabolism and to exploit
this knowledge for both improvement of
antifungal therapy and diagnosis of fungal
infections as well as improvement of the
biotechnological potential of fungi. Current
research focus is the iron/siderophore
metabolism of Aspergilli. A. fumigatus is a
typical saprobic filamentous ascomycete
but also the most common airborne fungal
pathogen of humans. It causes allergic
and invasive disease depending on the
immune status of the patient. Unsatisfying
diagnostic and therapeutic possibilities
are reflected in a high mortality rate.
A. fumigatus and its low-pathogenic relative
Aspergillus nidulans produce extracellular
siderophores (triacetylfusarinine C) for iron
acquisition and intracellular siderophores
(ferricrocin) for storage and distribution
of iron. Siderophore biosynthesis is
regulated by two transcription factors,
SreA and HapX. Siderophores are central
components of the fungal metabolism as
they affect germination, sexual and asexual
reproduction, oxidative stress resistance
and virulence. Lack of siderophore
biosynthesis renders A. fumigatus
apathogenic. Consequently, the siderophore
system represents a novel attractive target
for improvement of antifungal therapy and
diagnosis of fungal infections.

Additional research topics include light reg-
ulation, nitrogen metabolism, noncoding
RNAs, secondary metabolism (e.g. ceph-
alosporin biosynthesis by Achremonium
chrysogenum) and improvement of molecu-
lar tools for the manipulation of fungi.
Major Achievements:

Identification and characterization of
fungal iron-regulatory and iron-sensing
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mechanisms. Characterization of fungal
iron uptake and storage, particularly the
siderophore system.

Regulatory and structural links of iron
homeostatic  mechanims and  other
metabolic pathways, e.g. pH regulation,
ergosterol biosynthesis, hypoxia adaptation.
First-time in vivo PET-imaging of fungal
infections using ¢®Gallium-labelled sidero-

phores
Future Goals:
Detailed characterization of the iron

homeostasis-maintaining mechanisms of
filamentous fungi (in particular of Aspergilli)
and applied medical and biotechnological
exploitation of the knowledge gained.

Functions of Histone Modifying
Enzymes in Gene Regulation and

Fungal Physiology

Gerald Brosch and Stefan Graessle

In addition to distinct regulatory sequences
in gene promoters, the readout of genetic
information in eukaryotes is significantly
controlled at the chromatin level. In addition
to ATP-dependent chromatin remodeling
and the methylation of DNA on distinct
cytidines, covalent posttranslational
modifications of histones have profound
structural and functional consequences
for the transcription program of a cell.
The main research focus of the lab lies on
elucidating the functional impact of histone
acetylation and histone/protein arginine
methylation on fungal physiology. We are
particularly interested in studying to what
extent histone modifying activities are
involved in fungal pathogenicity as well as
to investigate their role in the regulation of
secondary metabolite production.

To this end, we have generated Aspergillus
strains with individual or pairwise deletions
of all protein arginine methyltransferase
(PRMT) genes and of the class | histone
deacetylases (HDACs) RpdA and HosA.
Using these tools along with specifically
engineered transgenes, we study their
impact on viability and metabolism of the
fungus. Moreover, we perform proteomic and
transcriptomic analyses to (i) characterize
novel substrates and (ii) to investigate the
contribution of HDACs and PRMTs to the
regulation of secondary metabolism as well
as of stress response genes.

Major Achievements:

Identification of a novel PRMT (RmtD) in
filamentous fungi, which differs from other
PRMTs in that it does not accept canonical
substrates (histones, RNPs) but instead
methylates three as yet unknown proteins.
Identification and functional characteriza-
tion of two fungal-specific protein domains

Molecular Biology

Fig. 2: Production of penicillin (PN) in differ-
ent Aspergillus HDAC-mutants. A bacterial
growth inhibition assay plate with Kocuria
rhizophila as indicator organism was used
to quantify PN in the medium of wild type
(wt), AhdaA, AhosA, and two double mutant
strains after 24h, 48h, and 60h of growth.
The relative sizes of bacterial growth inhi-
bition zones correspond to relative accumu-
lation of PN in the culture medium of the
fungus. Whereas the class 2 HDAC HdaA
has a repressing effect, the class 1 enzyme
HosA seems to be crucial for the production
of PN in Aspergillus nidulans.

in the HDAC RpdA, which are essential for
the viability of Aspergillus and thus might
serve as targets for future antifungal
therapy.

Identification of the HDAC HosA as a major
regulator of secondary metabolites in
filamentous fungi.

Future Goals:

Characterization of RmtD substrates and
elucidation of the biological role of RmtD.
Development of antifungal strategies tar-
geting the fungal-specific domains of RpdA.
Elucidation of novel HosA-regulated small
bioactive molecules of Aspergillus.

Structure, Mechanism of Action and
Applicability of Antimicrobial Peptides/
Proteins Secreted by Filamentous Fungi
Florentine Marx-Ladurner

Filamentous fungi secrete a wide array of
different proteins into the external medium,
which are used for diverse functions, such
as nutrient assimilation, quorum sensing,
host invasion and colonization, etc. Apart
from some secreted enzymes, which have
been developed for a variety of commercial
uses (mainly for the fermentation industry),
only few extracellular proteins are well
characterized with respect to their
function as pathogenicity or cell signaling
factors. Our main scientific interest is to
identify, isolate and further characterize
on the molecular, structural and functional
levels novel extracellular proteins with
antimicrobial activity from  Penicillium
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chrysogenum, Aspergillus nidulans and
Aspergillus fumigatus. Antimicrobial
proteins are promising candidates for the
development of novel therapies applicable
in medicine as well as in agriculture
and in the food industry to prevent and
treat microbial infections. Therefore, the
detailed characterization of these proteins
is of crucial importance and a prerequisite
for the development of new therapeutic
approaches and their successful application
in the future.

Major Achievements:

First steps towards biotechnological
utilization of antimicrobial proteins and
understanding  their  structure-function
relationship.

Future Goals:

Identification of molecular targets for the
development of new therapeutic drugs.
Characterization of additional cellular
functions of antifungal proteins apart from
their antimicrobial activity. Development
of new chimeric antifungal proteins with
enhanced activity and improved specificity.

Lipocalins and their Involvement in
Innate Immunity and Allergy

Bernhard RedI

We investigate structural and functional
features of human lipocalins. The protein
superfamily of lipocalins consists of
small, mainly secretory proteins defined
on the basis of conserved amino acid
sequence motifs and their common
structure. Functionally, they are important
extracellular  carriers of lipophilic
compounds in vertebrates, invertebrates,
plants and bacteria. There is increasing
evidence that this group of proteins is
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involved in a variety of physiological
processes including retinoid, fatty acid and
pheromone signaling, immunomodulation,
inflammation, detoxification, modulation of
growthand metabolism, tissue development,
apoptosis, and even behavioral processes.
Whereas the structural basis of lipocalin-
ligand binding is now well understood, there
is a major lack of knowledge regarding
the mechanisms by which lipocalins exert
their biological effects. This is mainly
due to the fact that only limited data
are available on lipocalin receptors and
lipocalin-receptor interactions, although
it is well accepted that many, if not all, of
these proteins are able to bind to specific
cell receptors. Our main research focus
is on the identification of cellular lipocalin
receptors, characterization of the molecular
mechanisms of receptor-ligand interaction
and the biological processes beyond
receptor binding. In addition, we study novel
functions of lipocalins in innate immmunity
and allergy.

Major Achievements:

Elucidation of the lipocalin allergen uptake

in dendritic cells

Future Goals:

Identification and characterization of novel

lipocalin receptors with a focus on human

proteins.

* We will use a set of biochemical methods,
including in vivo crosslinking, affinity puri-
fication and mass spectrometry analysis
for identification of specific receptors for
the lipocalins ApoD and the major dog and
cat allergens Can f 1 and Fel d 4.

« Isolation of receptors for human odorant-
binding proteins (hOBP) by using phage-
display technology.

Fig. 3: Structure and function of the small,
cationic and cysteine-rich Penicillium
chrysogenum antifungal protein PAF.

(A) PAF consists of 55 amino acids and
exhibits five anti-parallel B-strands (green
arrows) that are connected by four loop
regions (blue). The cysteines are marked in
yellow and form three disulfide bonds that
stabilize the protein. Superimposed on the
scheme of the secondary structure are the
hydrophobic (red) and hydrophilic (blue)
patches exposed on the protein surface that
are responsible for full protein activity.

(B) PAF inhibits the growth of the human
pathogen Aspergillus fumigatus. Fungal
hyphae treated with 64 uM PAF show
reduced growth and hyper-branching, a
typical effect of PAF on the morphology of
sensitive fungi. In the untreated control
neither growth reduction nor changes in
morphology can be detected.

Epigenetics and Epitranscriptomics

Chromatin Remodelling and

RNA Modifications

Alexandra Lusser

Eukaryotic DNA is assembled into a
nucleoprotein complex termed chromatin.
The basic repeating unit of chromatin is
the nucleosome, which consists of 147 bp
of DNA wrapped around an octamer of
the core histones H2A, H2B, H3 and H4.
The way in which DNA is organized in
the chromatin allows for highly efficient
compaction of the genetic material and
provides additional levels of control to
the regulation of nuclear processes such
as transcription, replication, repair and
recombination. We are interested to learn
how the establishment and maintenance

Fig. 4: Types of molecular recognition prop-
erties of lipocalins. (1) lipophilic ligands
illustrated as cargo. (2) soluble macro-
molecule ligands such as proteins. (3) a
lipocalin-specific membrane receptor is re-
sponsible for cellular uptake of the lipoca-
lin-ligand complex.
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Fig. 5: 3D modelling of the XIST IncRNA region A predicts a stacked helix conformation for
repeat 8 (R8). The methylated cytosines in R8 (marked in red in inset) are facing the outer
surface of the helix, which can explain the interference of cytosine methylation with PRC2

binding (Amort et. al., 2013).

of eukaryotic chromatin affects those
processes. We are approaching this question
by studying the molecular mechanisms and
biological context of chromatin assembly
and remodeling processes. Major research
questions in my lab are:

(i) The biochemical analysis of chromatin
assembly processes using in vitro assays
and single molecule techniques in
collaboration with the C. Dekker lab at the
TU Delft. (i) The study of biological functions
of the ATP-dependent chromatin remodeling
factor CHD 1 in Drosophila and in the mouse
and (iii) the study of centromeric chromatin
assembly in Drosophila. In addition, we have
recently become interested in exploring
cytosine methylation of poly(A)RNAs and
to investigate its impact on gene regulation
(“epitranscriptomics”).

Major Achievements:

Characterization of the requirement of
CHD1 for sperm chromatin reorganization
and histone variant incorporation in vivo.
Involvement of CHD1 in Drosophila stress
response and in local immune response.
Identification ~ of  distinct  cytosine
methylation on the long-noncoding RNAs
XIST and HOTAIR and its impact on RNA-
protein interaction.

Future Goals:

Study of biological roles of CHD1 in
Drosophila

Study the prevalence and physiological
significance of RNA base modifications
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Posttranslational Acetylation of
Regulatory Non-histone Proteins

Peter Loidl

Histones are prominent substrates of
posttranslational modifications, like
acetylation, methylation, phosphorylation
and others which all can cause structural
and functional rearrangements in chromatin
and therefore represent essential elements
of the complex epigenetic histone code.
During the last years it became more
and more clear that a huge number of
non-histone proteins are substrates for
enzymes that were initially identified as
histone-modifying enzymes: this holds true,
in particular, for histone acetyltransferases
(HATs) and HDACs. The focus of our research
is the analysis of functional consequences
of acetylation of non-histone proteins, such
as the nucleolar transcription factors UBF
and PAF53 and the cell cycle regulatory
protein Rb2/p130.

Major Achievements:

Identification of UBF and PAF53 as
well as of Rb2/p130 as substrates for
posttranslational acetylation.
Demonstration of cell-cycle dependence of
Rb2/p130 acetylation and characterization
of the cross talk between Rb2/p130
acetylation and cell cycle-dependent
phosphorylation.

Future Goals:

Study of the effects of mutations of
acetylatable lysines in Rb2/p130 on cell
cycle progression.

Molecular Biology
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Experimental Pathophysiology
and Immunology

Keywords

Autoimmunity, molecular endocrinology,
atherosclerosis, systemic sclerosis, fibrosis,
teaching Pathophysiology to medical, PhD
(MCBO) and Molecular Medicine students

Research Focus

» The Immunology of Atherosclerosis. Heat
shock protein 60, “danger signal” “attract-
ing” preexisting innate and adaptive anti-
Hsp60 immunological reactions.

* The Immunology of Fibrosis, impaired
function of regulatory T cells (Treg).

« Pathogenesis and therapy of systemic
sclerosis.

General Facts

The former institute of EXPERIMENTAL
PATHOLOGY was initiated in the late 19®
century. Moritz Loewit, from the Institute of
“Experimental Pathology” in Prague, moved
in 1887 to Innsbruck to become the first
professor here. Hermann Pfeiffer was chief
from 1919-1921, Gustav Bayer followed
him in 1922 and led the institute until
1938 when the NS regime forced him, an
intellectual Jew, to end his life. After WW2,
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Theodor von der Wense rebuilt the institute,
and acted as Ordinarius until 1973. He died
in 1977 (http://de.wikipedia.org/wiki/
Theodor_von_der_Wense).

Kurt Loewit, a descendant of the above
mentioned Moritz Loewit, took over as
interim chief until 1975, when Georg Wick
was nominated. Wick - animmunologist with
long-term training in USA in the laboratory
of Witebsky, the founder of the concept of
autoimmunity - extended the institute to a
large unit of sometimes 50 collaborators
working in different fields, i.e. besides
immunology also in endocrinology and
molecular biology. A large armamentarium
of research as well as diagnostic methods
was implemented. Later, the institute was
renamed as Institute of PATHOPHYSIOLOGY
(reflecting its teaching subject more
properly), and finally divided into 3 smaller
units (Divisions), i.e.

» Experimental Pathophysiology & Immu-
nology (Georg Wick, later interimistically
Lukas A. Huber)

» Molecular Pathophysiology
(Reinhard Kofler)

» Developmental Immunology
(Andreas Villunger)

All three joined the Biocenter, where they
act independently with respect to their
research interests, yet are still combined
in their teaching duties in what is called
BEREICH PATHOPHYSIOLOGIE.

Research

Laboratory of Autoimmunity
Georg Wick
The Immunology of Atherosclerosis
This project of the last two decades
resulted in the formulation of a new
“Autoimmune Concept for the Development
of Atherosclerosis”, supported by solid
data from in vitro and animal experiments
as well as from cross-sectional and
prospective longitudinal studies in human
cohorts. In essence, this concept states
that classical atherosclerosis risk factors
first act as endothelial stressors inducing
the expression of a stress protein (heat
shock protein 60 - Hsp60) which then acts
as a “danger signal” and thus serves as a
target for pre-existing innate and adaptive
anti-Hsp60 immunity. Our present research
is focused on
a) the elucidation of the migratory pathways
of HSP60-reactive T-cells into the arterial
intima and
b)the continuation and extension of our EU
FR7-funded project TOLERAGE that re-

sulted in the development of an Hsp60-

based, orally tolerizing vaccine against

atherosclerosis.
The Immunology of Fibrosis
Fibrosis is an important consequence of
various pathological conditions ranging
from tissue damage, over inflammation,
reactions against foreign body implants to
“spontaneous” fibrotic diseases, always
being associated with inflammatory
immunologic processes. An impaired
function of regulatory T cells (Treg) within
fibrotic tissues has been recently shown by
us. www.autoimmunity.at

Systemic Sclerosis - Roswitha Sgonc

The group is interested primarily in the
pathogenesis and therapy of systemic
sclerosis (SSc), which is studied in human
patients as well as in the spontaneous
avian model UCD-200/206, the only animal
model that manifests the whole clinical,
histopathological and serological spectrum
of human SSc. Thus, only the comparative
study of UCD-200/206 chickens and
human SSc made it possible to identify
microvascular endothelial cells as the
primary target of the autoimmune attack.

Aftermanyyearsstudying pathomechanisms
and genetic factors underlying the disease,
we are now focusing on the development of
novel therapeutic approaches. There is an
unmet need for an effective pro-angiogenic
therapy of ischemic lesions in patients with
SSc. Vascular alterations in both human
and avian SSc predominantly affect the
microvasculature. Initially, endothelial cell
apoptosis is induced by anti-endothelial cell
antibody-dependent cellular cytotoxicity
(ADCC) via the Fas/Fas ligand pathway.
Intimal proliferation, occlusion of blood
vessels, and capillary rarefaction lead to
decreased blood flow, a state of chronic
ischemia, and to clinical manifestations
such as fingertip ulcers and comb
lesions. Tissue hypoxia normally induces
angiogenesis, but in SSc vascular repair and
angiogenesis seem to be strongly disturbed.
One of the key molecules in the induction
of angiogenesis is vascular endothelial
growth factor (VEGF). In SSc chronic and
uncontrolled over-expression of VEGF
results in chaotic vessels, and intractable
fingertip ulcers. Vice versa, VEGF is a potent
mediator of angiogenesis if it is available
in a temporally and spatially controlled
fashion. We have addressed this therapeutic
dilemma in SSc by a novel approach using
a VEGF121 variant that covalently binds
to fibrin, and gets released on demand by
cellular enzymatic activity, only as long
as needed. With this approach we mimic
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Fig. 1: Model for the development and pathophysiology of systemic

sclerosis.

nature, where longer VEGF isoforms are
bound to extracellular matrix components
until liberated in a tightly controlled manner
by local enzymatic activity of cells invading
the matrix. Using UCD-206 chickens, we
could show that cell-demanded release of
locally applied fibrin-bound VEGF121 leads
to the formation of morphologically normal
blood vessels, and clinical improvement of
early and late ischemic lesions. Over all,
79.3% of the lesions treated with VEGF121-
fibrin showed clinical improvement, whereas
71.0% of fibrin treated controls, and 93.1%
of untreated lesions deteriorated. This was
accompanied by significantly increased
growth of stable microvessels, up-regulation
of the pro-angiogenic VEGF receptor-2
(VEGFR-2) and its regulator TAL-1, and
increase of endogenous endothelial VEGF
expression. This study suggests that cell-
demanded release of VEGF121 from fibrin
matrix induces controlled angiogenesis
by differential regulation of VEGFR-1 and
VEGFR-2 expression shifting the balance
towards the pro-angiogenic VEGFR-2,
and shows the potential of covalently
conjugated VEGF-fibrin matrices for the
therapy of ischemic lesions.

Major Achievement:

Effective therapy of ischemic skin lesions in
an animal model of SSc.

©S. Schwarz
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Experimental Pathophysiology and Immunology

© R. Sgonc

Future Goals:
Elucidation of novel therapeutic strategies
in SSc.

Teaching Pathophysiology - Molecular

Endocrinology - Siegfried Schwarz

The Laboratory of Molecular Endocrinology

has focussed on various hormone/neuro-

transmitter binding proteins and receptors
as well as their ligands.

Key papers describe:

* Discovery of Sex Hormone Binding Glob-
ulin (SHBG) in cerebrospinal fluid (CSF)
and interaction of SHBG with Danazol
(non-genomic actions of steroids)

« First demonstration of homocysteate as
an NMDA-selective excitatory agonist

« First description of an epitope map of the
glycoprotein hormone hCG

« Construction of epitope-selective
immunoassays for glycoprotein hormones

» Demonstration of different orientations of
receptor-bound agonistic vs. antagonistic
hCG

* Prediction of the 3D structure of the extra-
cellular domain of the hCG receptor

 Characterization of an apoptotic activity
within urinary hCG preparations towards
Kaposi’s sarcoma cells

» Demonstration of the importance of vaso-
pressin in critically ill patients

Siegfried Schwarz teaches Pathophysiolo-
gy to Medical, PhD (MCBO) and Molecular
Medicine students in most of the modules
(“Human Body”, “Regulation of Bodily Func-
tions”, “Endocrine S. (system)”, “Blood
S.” and venipuncture practicum, “Heart
& Vascular S.”, “Kidney”, “Lung”, “Neuro-
logical S.”, “Embryology”, “Aging”, “Bone
S.”, previously also “Skin S.”, and “Gastro-

Fig. 2: Adaptive immune resonse in fibrosis.

enterological S.”. He has written several
textbooks: “Pathophysiology - Molecular,
Cellular and Systemic Basis of Diseases”,
Maudrich, Vienna, 2007, and “Molecules of
Life and Mutations”, Karger, Basel, 2002.

Selected Publications

The role of heat shock proteins in atherosclerosis. Wick G, Jakic
B, Buszko M, Wick MC, Grundtman C. Nat Rev Cardiol. 2014
Sep;11(9):516-29. Review. PMID: 25027488.

Pentraxin 3 (PTX3) plasma levels and carotid intima media thick-
ness progression in the general population. Baragetti A, Knoflach
M, Cuccovillo I, Grigore L, Casula M, Garlaschelli K, Mantovani A,
Wick G, Kiechl S, Willeit J, Bottazzi B, Catapano AL, Norata GD.
Nutr Metab Cardiovasc Dis. 2014 May;24(5):518-23. PMID:
24462365.

The immunology of fibrosis. Wick G, Grundtman C, Mayerl C,
Wimpissinger TF, Feichtinger J, Zelger B, Sgonc R, Wolfram D.
Annu Rev Immunol. 2013;31:107-35. Review. PMID: 23516981.

Chlamydia pneumoniae infection acts as an endothelial stressor
with the potential to initiate the earliest heat shock protein
60-dependent inflammatory stage of atherosclerosis. Kreutmayer
S, Csordas A, Kern J, Maass V, Almanzar G, Offterdinger M,
Ollinger R, Maass M, Wick G. Cell Stress Chaperones. 2013
May; 18(3):259-68. PMID: 23192457.

The BH3-only protein Bad is dispensable for TNF-mediated cell
death. Ottina E, Sochalska M, Sgonc R, Villunger A.
Cell Death Dis. 2015 Jan 22;6:e1611. doi:
dis.2014.575. PMID: 25611386.

10.1038/cd-

Selected Funding

« Effects of VEGF121 modified fibrin on ischemic lesions
in systemic sclerosis: a new therapeutic approach. FWF:
P23230-B13, Roswitha Gruber-Sgonc

« The role of Vascular Associated Lymphoid Tissue (VALT) in the
Development of Atherosclerosis-“Inside out or outside in”, TWF,
Bojana Jakic

« Lokale Immunreaktionen bei der Entstehung der Atheroskle-
rose [Das vaskuldr assoziierte lymphoide Gewebe (VALT) bei
Atherosklerose], OeNB, Georg Wick

Collaborations

Jeremy Saklatvala and Robin Wait, Kennedy Institute of Rheuma-
tology, University of Oxford, UK

Oliver Distler, Center of Exp. Rheumatology, University Hospital
Zurich, Switzerland

Andreas Zischt, Department of Obstetrics, University Hospital
Zurich, Switzerland

Olov Ekwall, Department of Rheumatology, G6teborg, Sweden
Susanne Kerje, Department of Medical Sciences, Uppsala Univer-
sity, Sweden

Roberto Giacomelli, University of Aquila, School of Medicine, Italy
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Biocenter

Molecular Pathophysiology

Keywords

Cell cycle, mitosis, apoptosis, childhood
acute lymphoblastic leukaemia, gluco-
corticoid, expression profiling, functional
gene analysis, gene knock-out and knock-
down by RNAI, viral vector systems, cyclin
dependent kinase

Research Focus

* Molecular mechanisms of the anti-
leukaemic effects of glucocorticoids (GC)
using gene expression profiling of children
with acute lymphoblastic leukaemia during
GC treatment followed by bioinformatics
and functional gene analyses.

« Identification and functional analysis of
proteins required for faithful chromosome
segregation during mitosis.

« Analysis of non-cell cycle related functions
of cyclin-dependent kinases and of mitotic
ubiquitin ligase (APC/C) function during
development.

General Facts
The Division of Molecular Pathophysiology
(DMP) aims at a better molecular under-

standing of fundamental biological pro-
cesses, like regulation of cell cycle (Geley)
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or cell death induction in leukaemia cells
(Kofler) with the ultimate goal to apply
this knowledge to improve therapy and
diagnosis of human diseases.

The Applied Bioinformatics Group (Rainer)
supports our high-throughput analyses and
the MUI-Expression Profiling Facility, which
is also attached to the DMP.

Arno Helmberg coordinates our teaching
obligations and serves as Vice Chairperson
of the Senate of our University.

The research in our Division is supported by
grants from the FWF, the MCBO graduate
college and various other sources including
the Cancer Aid Society and Tyrolean
Cancer Research Institute that is headed by
Reinhard Kofler.

Research

Leukaemia Apoptosis

Reinhard Kofler

Glucocorticoids (GC) trigger cell death and
cell cycle arrest in certain lymphoid cells
and are therefore used for the therapy of
lymphoid malignancies, most important-
ly childhood acute lymphoblastic leukae-
mia (ALL). We aim to understand the anti-
leukaemic effects of GC and the causes
for GC resistance to develop concepts for
improved therapies.

To this end, we determined gene expres-
sion profiles of ALL cells in children prior
to, and in the course of GC treatment, us-
ing whole genome expression profiling. By
inclusion of peripheral blood lymphocytes
from GC-exposed non-leukemic donors,
ALL cell lines and mouse thymocytes, an
essentially complete list of GC-regulated
candidate genes in clinical settings and
experimental systems was generated, al-
lowing immediate analysis of any gene for
its potential significance to GC-induced
cell death or cell cycle arrest. In addition to
conventional gene expression profiling, we
performed alternative transcripts analysis,
GC receptor binding site definition (ChIP-on-
CHIP), translatome analyses, and microRNA
profiling.

Our “Applied Bioinformatics Group” (see
below) performs integrative analyses of
these data and generates lists of candidate
genes and pathways that need to be func-
tionally tested for their potential biological
role. For this we have developed lentiviral
expression systems allowing efficient analy-
sis of many genes in multiple cell lines.

Current Results:

Defining  GC-regulated  genes  and
transcripts in a variety of experimental
and clinical systems revealed an unexpect-

ed heterogeneity and complexity of this
response encompassing both protein- and
microRNA-encoding genes. Although GC
may cause changes in protein levels in the
absence of mRNA regulations, the trans-
lational efficiency of transcripts is not affect-
ed by GC. Concerning the transcriptional re-
sponse to GC in vivo, it varies considerably
in the different molecular subtypes of this
disease. Regarding the anti-leukaemic
effect, repression of mRNA for key regu-
lators of G2/M transition was commonly
observed in all ALL subtypes whereas we
failed to observe a common transcriptional
control of apoptosis genes. The data sug-
gest that GC-induced cell death does not
result from transcriptional regulation of the
apoptotic machinery itself but might rather
result from a widespread deregulation of
gene expression.

Major Achievements:
* Defining the GC-regulated transcriptome

in children during systemic GC mono-
therapy and numerous other biologically
relevant lymphoid systems including
the first identification of GC-regulated
microRNAs

* Functional analyses of numerous GC
response genes

* Delineating the genes responsible for
GC-induced cell cycle arrest and providing
novel concepts explaining GC-induced cell
death

Future Goals:

» Completion of our analyses of GC-induced
cell death by novel bioinformatics tools

* Development of a fluorescence-activated
cell sorting (FACS)-based assay to deter-
mine cancer-killing activity in leukocytes
for potential cell-based cancer therapy

Cell Cycle Control

Stephan Geley

Cellular reproduction relies on the faithful
copying and segregation of the genome
during defined phases of the cell division
cycle, which is controlled by cyclin-
dependent kinases (CDK). CDK1 is required
for entry into mitosis and formation of
the mitotic spindle, a microtubule-based
apparatus required for chromosome
segregation. The microtubule-based motor
proteins, dynein and kinesins, play important
roles in aligning chromosomes within the
mitotic spindle, allowing their equational
segregation into daughter cells. Spindle
formation, chromosome segregation and
exit from mitosis are carefully monitored
by the spindle assembly checkpoint (SAC)
to avoid aneuploidy, which can result in

Research Report 2015 Medical University of Innsbruck



Fig. 1: Fzr1 is essential for vertebrate development. Zebrafish embryos were depleted from
Fzr1 by morpholino antisense technology and show severe developmental retardation.

severe birth defects or cancer. The SAC
controls the activity of the anaphase-
promoting complex/cyclosome (APC/C)
ubiquitin ligase, which controls chromo-
some segregation and exit from mitosis.
After mitosis the APC/C remains activated
by FZR1 to establish G1 phase, which is
required for cellular growth as well as cel-
lular differentiation. Only 4 of the known 26
CDKs are involved in cell cycle regulation.
The other members are either involved in
transcription or have other, less well char-
acterised, functions.

Results:

Microtubule based motor proteins:

The chromokinesins KIF4A and KIF22(hKid)
contribute to chromosome congression.
hKid is the major polar ejection force that
counteracts dynein-dependent poleward
chromosome movements. The main motor
responsible for metaphase plate formation
is the kinetochore motor Cenp-E, but hKid
is required for the correct orientation of
chromosome arms. Kif4A regulates chro-
mosome compaction and might regulate
kinetochore stiffness. Dynein is recruited to
the kinetochores via Spindly. Spindly needs
to be farnesylated for its localisation and
function at the kinetochore.

FZR1 function in vertebrate development:
FZR1 is a substrate recruitment factor of
the ubiquitin ligase APC/C. It activates the
APC/C during late mitosis and in G1-phase.
Loss of Fzr1 function causes shortening of
G1-phase and CDK-activity dependent pre-
mature entry into S-phase, which causes
DNA damage and p53 responses that can
lead to senescence, cell cycle arrest or ap-
optosis. We have generated Fzr1 deficient
mice and zebrafish and, in addition to the
effects on cell cycle regulation, found that
Fzr1is essential for vertebrate development
by regulating ciliogenesis.

Research Report 2015 Medical University of Innsbruck

Novel CDKs and their functions:
CDK14,15and 16,17,18 are a group of poor-
ly characterised CDKs that can all interact
with and become activated by membrane
bound cyclin Y. These kinases show overlap-
ping expression patterns. In vertebrates, we
have defined CDK16 as being essential for
spermatogenesis and could show that cyc-
linY binding is regulated by 14-3-3 proteins
and phosphorylation.

Major Achievements:

* FZR1 knock-out mice and zebrafish model
system (in collaboration with P Aanstad,
LFU, Innsbruck)

* Role of chromokinesins in mitosis (in
collaboration with H. Maiato, Porto)

* Regulation of CDK16 by CCNY

* Regulation of Spindly by lipidation

» Development of conditional RNAi and
gene knock-out systems

Future Goals:

Define the role of Fzr1in ciliogenesis, under-
stand how farnesylation controls the func-
tion of Spindly at kinetochores, investigate
the role of KIF4A in chromosome compac-
tion, identify substrates of CCNY-CDK16.

Applied Bioinformatics

Johannes Rainer

Our primary research focus is on whole-
genome gene expression analyses where
we are particularly interested in the analysis
of high-density microarray and high through-
put sequencing data and the development
of new as well as adaptation of existing
methods for their analysis. In this context
we are analysing data sets generated in our
leukaemia apoptosis group, to determine
the transcriptional effects of glucocorti-
coids in acute lymphoblastic leukaemia and
to delineate and understand the treatment
response and resistance mechanisms in
such patients. In addition, we provide sup-

Molecular Pathophysiology

port for clients of the Expression Profiling
Unit and perform data analyses of the
microarray data sets.

Current Projects:
Identification of genes facilitating gluco-

corticoid therapy response in children
with acute lymphoblastic leukaemia using
multiple regression analysis of microarray
and clinical data

Major Achievements:

We defined the transcriptional response of
ALL cells to treatment with synthetic GCs
prednisolone and dexamethasone; inves-
tigated the role of GCs in whole genome
translational gene regulation, developed a
method to determine chromosome copy
number alterations based on whole genome
gene expression data, and improved
pre-processing and differential splicing
analysis for Affymetrix Exon microarrays.

Selected Publications

CLP1 links tRNA metabolism to progressive motor-neuron loss.
Hanada T, Weitzer S, Mair B, Bernreuther C, Wainger BJ, Ichida J,
Hanada R, Orthofer M, Cronin SJ, Komnenovic V, Minis A, Sato F,
Mimata H, Yoshimura A, Tamir |, Rainer J, Kofler R, Yaron A, Eggan
KC, Woolf CJ, Glatzel M, Herbst R, Martinez J, Penninger JM.
NATURE. 2013; 495: p.474-480.

The synthetic glucocorticoids prednisolone and dexamethasone
regulate the same genes in acute lymphoblastic leukemia cells.
Bindreither D, Ecker S, Gschirr B, Kofler A, Kofler R, Rainer J.
BMC GENOMICS. 2014; 15: p.662.

Kinetochore motors drive congression of peripheral polar
chromosomes by overcoming random arm-ejection forces.
Barisic M, Aguiar B Geley S, Maiato H. Nat Cell Biol. 2014
Dec;16(12):1249-56.

Human chromokinesins promote chromosome congression and
spindle microtubule dynamics during mitosis. Wandke C, Barisic
M, Sigl R, Rauch V, Wolf F;, Amaro AC, Tan CH, Pereira AJ, Kutay U,
Maiato H, Meraldi B, Geley S.

] Cell Biol. 2012 Sep 3;198(5):847-63.

Cyclin-dependent kinase 16/PCTAIRE kinase 1 is activated by
cyclin Y and is essential for spermatogenesis. Mikolcevic B, Sigl
R, Rauch V, Hess MW, Pfaller K, Barisic M, Pelliniemi L), Boesl M,
Geley S. Mol Cell Biol. 2012 Feb;32(4):868-79.

Selected Funding

+ MCBO Graduate Programme (W1101-P13), FWF Reinhard
Kofler

» MCBO Graduate Programme (W1101-P06), FWF, Stephan Geley

+ RANSFOG EU FP6 LSHC-CT-2004-503438, Stephan Geley

Collaborations

+ H. Kovar, R. Panzer, S. Strehl, St. Anna Kinderspital, Vienna

* J. Penninger, IMBA, Vienna

« B. Meister, R. Crazzolara, Department of Pediatrics, MUl

« T. Hunt,Cancer Research UK, London)

+ R. Féssler, MPI Martinsried, Munich

* P Meraldi, Univ. Geneva, Switzerland

 H. Maiato, Univ. Porto, Portugal

* M. Morgan, Fred Hutchinson Cancer Research Center, Seattle,
USA

« F Theis, Helmholtz-Zentrum Miinchen, Germany

* P Aanstad and D. Meyer, LFU Innsbruck

Core Facilities

Expression Profiling Unit (EPU, Affymetrix Core Facility):
http://biocenter.i-med.ac.at/expression-profiling-unit
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Developmental Immunology

Research Focus/Keywords

» Apoptosis & Tumor Biology
» Non-coding RNAs in Hematopoiesis
* Glucocorticoids & Immunology

General Facts

Work of the different groups in this division
focuses on the development of the immune
system with an emphasis on cell death
signalling, its cross-talk with the cell cycle
machinery and the role of steroid hormones
in the establishment of self-tolerance and
miRNA function.

Research

Apoptosis, Tumor Biology & Leukocyte
Development

Andreas Villunger

BH3-Only Proteins in Cell Death

and Disease

Whether a cell continues to live in response
to diverse forms of stress or undergoes
apoptosis along the intrinsic cell death
signaling pathway is largely determined by
the complex interplay between individual
members of the Bcl-2 protein family that
can either promote or prevent apoptosis.

32

Survival-promoting Bcl-2 family members,
i.e. Bcl-2, Bel-xL, Bel-w, Mcl-1 and A1 share
four common Bcl-2 homology domains
(BH1-BH4). All of these proteins are critical
for cell survival, since the loss of any one
of them causes the premature cell death
of certain cell types. Consistently, over-
expression of Bcl-2 pro-survival molecules
is associated with prolonged cell survival
and resistance to cytotoxic drugs in a num-
ber of model systems, but more important-
ly, also in tumor patients.

The pro-apoptotic Bcl-2 family members
can be divided into two classes: the Bax-
like proteins, i.e. Bax, Bak, Bok that contain
three BH-domains (BH123 or multi-domain
pro-apoptotic Bcl-2 proteins) and the
BH3-only proteins. The latter include Bim,
Bid, Puma, Noxa, Bmf, Bad, Hrk and Bik
that are unrelated in their sequence to
each other or other Bcl-2 family members
(except for the BH3-domain).

We utilise genetically modified model
systems to study the role of pro-survival
Bcl-2 family proteins and BH3-only proteins
in tumor and lymphocyte development.

Caspase-2, Cell Cycle Control and the

DNA-Damage Response
Cells that have been exposed to DNA-

damaging influences aim to repair the in-
flicted damage. However, when this attempt
fails, cells usually activate an apoptotic
program to avoid the spread of cells with
compromized genomes. The molecular
basis of these life/death decisions is still
not entirely clear.

The pb53-induced protein with a death
domain (PIDD) has been identified as a
gene activated in response to p53 upon
DNA-damage. Together with the adapter
molecule RAIDD, PIDD has been implicated
in the activation of Caspase-2, an endo-
peptidase implicated in apoptosis and cell
cycle control. PIDD has recently also been
implicated in DNA damage-induced NF-kB
activation and cytokine release, promoting
the transcription of inflammatory genes by
forming a complex with the kinase RIP-1
and Nemo. Caspase-2 is an ill-defined
protease that has been implicated in mul-
tiple cellular responses including the one
triggered by deprivation of metabolites,
heat shock or DNA damage triggered cell
cycle control. However, the contribution of
caspase-2 to these responses is in many
cases still unclear (Fig. 2).

We are currently investigating the role of
these proteinsin tumor suppression and aim
to identify Caspase 2-specific substrates in
order to gain further insight into the func-
tions of this multi-protein complex.

Bad Bid Bim

——

Bax  Bak

J AN

Bcl-x

Mcl-1 Al
1

Noxa

Bcl-w Bcl-2

— 1
Bad Bmf

Puma Bid Bim

Fig. 1: Liaisons in the Bcl2 family. The Bcl2
family can be categorized into three classes
of proteins that control mitochondrial cell
death by complex protein-protein inter-
actions, indicated here. These interactions
are based on different affinities between
individual family members and are in-
fluenced by various posttranslational
protein modifications.

Ongoing Projects:
BH3-only proteins in the regulation of B cell

survival

Lymphocyte development and function in
the absence of A1

PIDD in caspase-2 and NF-kB activation
Tumor suppression/promotion by
Caspase-2 and its partners

Identification of Caspase-2 substrates

Non-Coding RNAs in Hematopoiesis
Sebastian Herzog

In the last decade, our understanding of
the human genome and its regulation has
dramatically changed. Initially considered
as “junk”, it is now clear that the non-
protein coding regions, which comprises
about 98% of the ~3-10° DNA bases, is
extensively transcribed and gives rise to
numerous non-coding RNAs. The function
of these non-coding RNAs, however, is often
unclear.

MicroRNAs in Early Lymphocyte Develop-
ment and Transformation

MicroRNAs (miRNAs) are small, non-coding
RNAs that mediate posttranscriptional
silencing of a predicted 60% of protein-
coding genes in mammals. Since their
discovery, they have emerged as central
mediators of many, if not all biological
processes. In our work, we aim to decipher
how miRNAs regulate complex transcrip-
tional networks, focusing on lymphocyte
development as a well established model
system. In particular, we want to elucidate
the role of individual miRNAs under physio-
logical conditions as well as upon aberrant
expression, which mimics an oncogenic
situation. To this end, we combine gain- and
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Fig.2: Schematic model summarizing the
most important apoptotic path-ways with a
suggested involvement of caspase-2 activity,
Le. cell death in response to DNA-damage,
ER-stress, heat shock, and death receptor
(DR) ligation. ATM, Ataxia telangiectasia
mutated; ATR, Ataxia telangiectasia and
Rad3 related; PIDDosome, protein complex
consisting of PIDD, RAIDD and caspase-2;
TRAIL, tumor necrosis factor related apop-
tosis inducing ligand; FADD, Fas-associat-
ed death domain (modified according to G.
Krumschnabel et al., 2009)

loss-of-function approaches, both in vit-
ro as well as in vivo, with biochemical and
molecular techniques.

LincRNAs in Hematopoiesis and Immune
Function

Projects such as ENCODE have clear-
ly demonstrated that the non-coding
part of the human genome is extensively
transcribed and contributes significant-
ly to the orchestration and fine-tuning of

CD4*CD8*
< Isotype FITC

CD4*CD8*
< GR-FITC

. CD8-CY

CD4-PE

B crFITC

Fig.3: Glucocorticoid receptor (GR) ex-
pression in thymocyte subsets. Thymo-cytes
were stained for CD4, CD8 and GR, washed
and mounted with Mowiol. Isotype control
and GR stained thymo-cytes were mixed 1:1.
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transcriptional programmes both in health
and disease. Among the non-coding RNA
species identified so far, the group of long
non-coding RNAs (IncRNAs), which are
arbitrarily defined as the set of ncRNAs with
a length of more than 200 nucleotides, are
the least well understood. In a MUI-START-
funded project, we initially applied RNAseq
to the challenge of defining the lympho-
cyte linRNA transcriptome. The expression
of most of the lincRNAs appears to be re-
stricted to certain developmental stages,
suggesting the have a specific functional
role in the associated processes. However,
in order to decipher the function of individu-
al lincRNAs, we now use shRNA knockdown
and CRISPR/Cas9-mediated genome modi-
fication together with RNA pulldown.

Regulation of Immunity

Jan Wiegers

Impact of life span on regulatory T cell
maturation and function

Regulatory T cells (T.g) expressing the
transcription factor Foxp3 play an essen-
tial role in maintaining immune homeo-
stasis and preventing autoimmunity. A
spontaneous loss of function-mutation in
foxp3 in ‘scurfy’ mice leads to fulminant
lymphoproliferation and multi-organ auto-
immunity. A more detailed knowledge of
the factors that affect T, maturation and
number in the thymus and T, homeo-
stasis under either normal conditions or
during the course of an immune response is
essential for the development of potent and
more efficient therapeutics for autoimmune
diseases. It is also currently unclear how
life span influences the capacity of T, to
suppress immunity. As a means to study
maturation and function of T, cells, we use
foxp3°” knock-in mice that coexpress GFP
under the control of the endogenous foxp3
promoter. This allows convenient detection
and purification of Ty¢g cells by flow cytome-
try and it is possible to isolate nearly 100%
pure T cells using this approach.

Glucocorticoids and T Cell Development

Selection processes in the thymus ensure
that mature peripheral T cells fulfill two
essential criteria: activation by foreign pep-
tides bound to (host) MHC molecules, but
tolerance to self-derived peptides present-
ed in the same context. To this end, thymo-
cytes that express T cell receptors (TCRs)
with high avidity for self antigen:MHC and
therefore are potentially autoreactive,
undergo apoptosis (negative selection).
In contrast, thymocytes expressing TCR
with moderate avidity for self antigen:MHC
are rescued and differentiate into mature

Developmental Immunology

T cells that migrate to the periphery (pos-
itive selection). Glucocorticoid hormones
(GC) have been suggested to influence
these processes, or example by inducing
apoptosis in developing T cells with the
thymus itself producing GCs! In addition,
GC resistance of thymocytes against GC-in-
duced apoptosis is associated with auto-
immune diseases. We focus therefore on
the following questions: i) what is the mo-
lecular background of thymocyte resistance
to GC-induced apoptosis in animal models
of autoimmune diseases?, and ii) what fac-
tors determine sensitivity to GC-induced
apoptosis in immature vs. mature thymo-
cytes (Fig. 3)?

Selected Publications

Deregulated cell death and lymphocyte homeostasis cause pre-
mature lethality in mice lacking the BH3-only proteins Bim and
Bmf. Labi Verena, Woess Claudia, Tuzlak Selma, Erlacher Miriam,
Bouillet Philippe, Strasser Andreas, Tzankov Alexandar, Villunger
Andreas. BLOOD. 2014; 123: p. 2652-2662.

Minor cell-death defects but reduced tumor latency in mice lack-
ing the BH3-only proteins Bad and Bmf. Baumgartner F, Woess C,
Pedit V, Tzankov A, Labi V, Villunger A.

ONCOGENE. 2013; 32: p.621-630.

Loss of PIDD limits NF-KB activation and cytokine production but
not cell survival or transformation after DNA damage. Bock FJ,
Krumschnabel G, Manzl C, Peintner L, Tanzer MC, Hermann-Kleiter
N, Baier G, Llacuna L, Yelamos J, Villunger A. CELL DEATH AND
DIFFERENTIATION. 2013; 20: p. 546-557.

Death of p53-defective cells triggered by forced mitotic entry
in the presence of DNA damage is not uniquely dependent on
Caspase-2 or the PIDDosome. Manzl C, Fava LL, Krumschnabel G,
Peintner L, Tanzer MC, Soratroi C, Bock FJ, Schuler F, Luef B, Geley
S, Villunger A. CELL DEATH & DISEASE. 2013; 4: p.e942.

Haematopoietic stem cell survival and transplantation efficacy is
limited by the BH3-only proteins Bim and Bmf. Labi V, Bertele D,
Woess C, Tischner D, Bock FJ, Schwemmers S, Pahl HL, Geley S,
Kunze M, Niemeyer CM, Villunger A, Erlacher M.

EMBO MOLECULAR MEDICINE. 2013; 5: p. 122-136.

Increased leukocyte survival and accelerated onset of lympho-
ma in the absence of MCL-1 S159-phosphorylation. Lindner
SE, Wissler M, Griinder A, Aumann K, Ottina E, Peintner L,
Brauns-Schubert B, Preiss F Herzog S, Borner C, Charvet C,
Villunger A, Pahl HL, Maurer U.

Oncogene. 2014 Oct 30;33(44):5221-4.

Selected Funding

* The role of Checkpoint kinase 1 (Chk1) in normal hematopoie-
sis and Myc-driven transformation. Schuler F, OAW

« Investigating the role of prosurvival Bcl-2 family member A1in T
cell mediated immunity, Tuzlak S., OAW

» Neue Einsichten in die Bcl2 Familie, Villunger A., FWF

« Die Rolle des PIDDosoms in der Tumorentstehung, Villunger A.,
FWF

« Die Rolle von BH3 Proteinen in der B Zell Homdostase, Villunger
A., FWF

 Glukokortikoide und regulatorische T-Zellen, Wiegers G.-J., FWF

Collaborations

» Georg Hacker, Freiburg, DE

« Andreas Strasser, WEHI, Melbourne, AUS

« Pascal Schneider, Lausanne, CH

 Alexander Egle, PMU, Salzburg, AT

« Veronika Sexl, Vienna, AT

» Jorg Hackermiiller at Helmholtz Center for Environmental Rese-
arch (UFZ), Leipzig, DE

« Falus A., Dept. of Genetics, Cell- and Immunobiology (earlier
Dept. of Biology) at Semmelweis University, Budapest, HU

» Reul J.M., Laboratories of Integrative Neuroscience and En-
docrinology (LINE), University of Bristol, UK

* Boyd R.L., Department of Immunology, Monash University,
Clayton, Victoria, Australia
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Bioinformatics

Keywords

Bioinformatics, computational genomics,
next generation sequencing, gene expres-
sion, cancer, immunology, mathematical
modeling, data integration

Research Focus

« Analyses of diverse functional genomics
data in the context of human diseases and
integration with clinicopathological infor-
mation.

* Modeling of the interaction between
tumor and the immune system

General Facts

The research activities at the Division of
Bioinformatics are directed towards two
major thrusts:

1. Computational genomics. We compu-
tationally explore diverse functional
genomics data in the context of human
diseases. By analyzing high-dimensional
data sets we aim to identify and prioritize
candidate genes and further character-
ize pathways contributing to the patho-
physiology of diseases.
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2. Cancer immunology. Our aim is to deci-
pher tumor-immune cell interaction using
a combined computational-experimental
approach. Specifically, we are address-
ing the question as to how is the immune
system shapes the mutational spectrum
of the tumor during progression.

Bioinformatics Services

We provide bioinformatics services for
researchers at the Biocenter and at the
Innsbruck Medical University as well as
for external experimental collaborators.
A high-performance computational infra-
structure and a number of software tools
are maintained and continuously adapted
to state-of-the-art software technology (see
http://icbi.at). The software development
is directed towards specialized databases,
analytical pipelines, and web-services. We
also advise scientists on designing experi-
ments and support analyses of high-dimen-
sional data sets including:

- whole-genome /whole-exome data,

- RNA-Seq,

- ChIP-Seq,

- microbiome,

- high-content microscopy data, and

- proteomics data

Research

Computational Genomics

Recent advances in genome sequencing
technologies are rapidly changing the re-
search and routine work of biologists and
human geneticists. Due to the brisk decline
of costs per base pair, next-generation se-
quencing (NGS) is now affordable even for
small-to-mid sized laboratories. Whole-
genome sequencing and whole-exome
sequencing have proven to be valuable
methods enabling discovery of the genetic
causes of rare Mendelian disorders as well
as of complex diseases. The current bottle-
neck is not the sequencing of the DNA it-
self but lies in structuring the processes of
data management and in the sophisticated
computational analysis of the experimental
data. In order to get meaningful biological
results, each step of the analysis workflow
(as for example depicted in Fig. 1) needs to
be carefully considered, and appropriate
specific tools need to be used for particular
experimental setups. Furthermore, the chal-
lenge of ‘next-generation biology/genetics’
is to narrow down the list of candidate vari-
ants and interpret the remaining variants.
The major focus of our research activities is
to narrow down the genome search space
by integrating and analyzing disparate data
sources including various omics data and

clinical data. We aim to identify causative
genes, prioritize candidates for experimen-
tal studies, and further characterize path-
ways contributing to the pathophysiology of
diseases.

Cancer Immunology

Most advanced solid tumors remain incur-
able and are resistant to chemotherapeu-
tics and targeted therapies. A series of
recent studies reported baffling intratumor
heterogeneity which may contribute to this
failure. While increasing attention is being
paid to the mutational spectrum of various
cancers, little attention has been devot-
ed either to define the immunogenicity of
these mutations or to characterize the im-
mune responses they elicit. Identification of
nonsynonymous mutations processed and
presented in an immunologically relevant
manner will not only highlight the mech-
anisms driving tumor progression but will
also provide a rich source of novel immuno-
therapeutic targets. Thus, it is of utmost
importance to decipher the cross-talk be-
tween the tumor and the immune system
during tumor development. Our long-term
goal is to develop a mechanistic multi-scale

© Briefings in Bioinformatics (Oxford University Press)

Fig.1: Basic workflow of whole-exome
(whole-genome) sequencing projects for
variant detecion
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Fig. 2: Spinchart of molecular phenotypes (3 inner circles) and immunophenotypes in 598

colorectal cancer patients

model and investigate the tumor-immune
cell interaction in colorectal cancer and
in a number of different solid tumor types
including breast and lung adenocarcino-
ma. Towards this goal we are exploring the
immunogenicity of the colorectal cancer
mutanome using deep mining of publicly
available data sets and carrying out exper-
imental studies using cell and mouse mod-
els. By analyzing RNAseq data of more than
500 colorectal cancer patients we could
obtain the landscape of infiltrating immune
cell types within the different moclecular
subtypes (see Fig.2). From the non-synon-
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cating that therapeutic vaccination needs
to be personalized rather than provided for
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Bioinformatics

tumor heterogeneity, clonal evolution and
tumor progression, which can then be ex-
perimentally verified.
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Keywords

Neurophysiology, renal physiology, muscle
physiology, lung physiology, cell volume reg-
ulation, ion channels, toxicology, electro-
physiology, cell biology, nociception

Research Focus

Scientific research at the Division of
Physiology, Innsbruck, focuses on basic and
preclinical translational experimental work
in the areas of neurophysiology and the
physiology of muscle and epithelial organs.
Current research projects include the
science of normal biomolecular functions
in healthy individuals including their organs
and component cells. An understanding of
normal functions can lay the groundwork
to explore the pathogenesis of common
diseases like COPD, renal dysfunction
or chronic pain. The principal level of
research is at the level of cellular models,
organs and systems, and employs an
integrated  interdisciplinary  approach.
Significant opportunities for innovation are
expected to arise from ongoing projects
developing human iPSCs into humanised
model systems and microRNAs as novel
biomarkers and druggable targets for
chronic neuropathic pain disorders.

General Facts

The major task of the Division of Physiology
is the study and teaching of human
physiology. Physiology aims to understand
how organisms survive and function. This is
a challenging subject dealing with physical
and chemical factors that are responsible
for the origin, development and progression
of life. The study of physiology includes the
understanding of the workings of a given
cell and its interaction with the cellular
environment, through to the complex
interaction of different cell types in tissues
and organs and the interactions of these
organ systems which are critical for the
maintenance of whole body homeostasis
and life. By understanding the normal
function of organisms and their parts,
we can better understand the processes
that occur when these systems go awry in
disease states. Eight research groups are
involved in cutting edge research in the
fields of nociception, calcium signalling,
cell membranes and renal and alveolar
epithelial physiology We employ a wide
range of models and techniques including
cell culture, imaging, gene and protein
expression, calcium  microfluorimetric
measurements,  high  resolution live

microscopy and electrophysiology. The
eight research groups are partners in local,
national and international consortia and
are funded by the European Commission
(4 projects), the FWF (7 projects), the
ONB and private foundations with funding
totalling € 4.2 million.

Research

On the Trail of Chronic Pain

Michaela Kress

Chronic pain syndromes which develop
after nerve damage, trauma, or surgery
are characterized by persistent and severe
pain. They induce anxiety and depression
and greatly impair patients’ quality of life.
One in five Europeans suffer from chronic
pain, many of them for more than two years,
some even longer. Chronic pain therefore
constitutes not only a heavy burden for
individual patients and their families, but
also for national health systems in Europe
since treatment costs can take up between
1.5 and 3% of a country’s gross domestic
product (GDP) per year. Advancing scientific
research in this field is thus a societal
need and a crucial undertaking in order to
facilitate improved patient care. The main
research aim of the group is to understand
the pathogenesis of neuropathic and
neurogenic pain disorders. We tackle
these challenges with an interdisciplinary
approach and a wide spectrum of
methods and model systems including
primary neuron cultures and neuronal cell
lines (Fig. 1).

Fig. 1: Undifferentiated (top left) and differ-
entiated (top right) neuroblastoma cell and
GFP transfected sensory neuron (lower pan-
el, blue) and actin staining (purple).
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1. Neuroimmune Interactions

We explore interactions between the
nervous system and the immune system
that occur upon nerve injury. At present we
are mainly interested in proinflammatory
cytokines (interleukin 6, LI, OSM), and the
effects they have on neuronal function and
regeneration after nerve injury. We currently
focus on the regulation of ion channels
and neuron excitability (Fig.2) by signals
originating from immune cells including
microglia and the neurons themselves
in a research project and a PhD project
both funded by the FWFE Neurons can be
reprogrammed in vitro with viral vectors as
shown in Fig. 3 and this technology is used
to explore the signalosome of cytokine
receptors and of non-coding RNAs which
have recently emerged as a novel family of
cellular regulators.

2. Non-Coding RNAs

As novel players, non-coding RNAs and
their suitability as disease biomarkers or
treatment strategies are assessed. With
ncRNAPain, a new European research
project sets out to further explore the
biological mechanisms underlying chronic
pain. Endowed with an overall funding
budget of 6 million euros by the European
Commission for four years, the project
focusses on non-coding RiboNucleic
Acids (ncRNAs). M. Kress coordinates the
ncRNAPain consortium which together
with A. Hiittenhofer, Z. Trajanoski (both
Biocenter), F Kronenberg (Div.  Gen.
Epidemiology) and 10 international partners

aims to decode these biological molecules’
role, which perform multiple vital roles in
our genetic make-up and in the generation
of chronic pain syndromes.

Calcium Channels in Muscle and Brain
Bernhard E. Flucher, Gerald Obermair
Voltage-gated calcium channels are
key regulators of cellular functions in
electrically excitable cells. They control the
communication between nerve and muscle
cells, the force of muscle contraction,
and are importantly involved in regulating
muscle growth and differentiation during
development and in response to exercise.
In nerve cells they regulate a variety
of vitally important functions including
neurotransmitter release, gene regulation,
and neuronal plasticity. The importance of
voltage-gated calcium channels is reflected
by a range of disorders related to aberrant
calcium channel functions such as the
muscle diseases myotonic dystrophy
and malignant hyperthermia as well as
neurological diseases including migraine,
epilepsy, autism, ataxia, chronic pain, mood
disorders, and Parkinson’s and Alzheimer’s
disease. Our research teams use state-of-
the-art molecular genetics, molecular and
cell biology, electrophysiology, histology,
and high-resolution microscopy approaches
to study calcium channel functions in mus-
cle and nerve cells:

1. Calcium Channels in the Neuro-

Muscular System
In the past years we discovered the

Fig. 2: Voltage-gated sodium current traces and analysis
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Fig.3: Composite image of immunofluo-
rescence-labelled cultured neurons from
lethargic (Cay B,null mutant) mice recon-
stituted with specific splice variants of the
calcium channel B, subunit. Expression pro-
filing (heat map in the background) revealed
that the nuclear 3, subunit (orange) regu-
lates expression of neuronal genes includ-
ing that of Cay2.1, its own primary channel
partner in cerebellar synapses.

molecular identity and specific functions of
several hitherto uncharacterised channel
isoforms. Structure-function studies
revealed the molecular determinants of
the unique biophysical properties of the
skeletal muscle calcium channel. Recently
we demonstrated the importance of
controlling calcium influx for muscle fiber
type determination and how increased
calcium influx leads to muscle disease.

2. Calcium Channels in the Brain

In synapses presynaptic calcium channels
control the release of neurotransmitter
in response to action potentials and post-
synaptic calcium channels are involved in
mechanisms of synaptic plasticity. Ongoing
projects are concerned with the assembly
and composition of synaptic calcium chan-
nel complexes and their involvement in
the development of the neuro-muscular
junction. For example, at present we are
addressing the roles of two specific con-
stituents of brain calcium channels, both
in basic cell biological mechanisms, such
as synaptic transmission and synapse
formation, as well as their involvement in
neurological disorders such as epilepsy and
Parkinson’s disease (Fig. 4).

37

© Society for Neuroscience. The Journal of Neuroscience



Department of Physiology and Medical Physics

Fig. 4: Mechanism of cyclosporine A induced renal epithelial cell injury. Human RPTEC/TERT1 cells were cultured on microporous supports
and treated for 14 days with 0, 5 and 15 uM CsA. Samples were harvested for transcriptomics, proteomics and metabolomics. The heat map
depicts the activation of the ATF4 pathway with 15 uM CsA, but not with 5 uM at the indicated days (d).

Kidney Function and Mechanisms of
Kidney Diseases

Gerhard Gstraunthaler, Judith Lechner,
Paul Jennings

Research of the renal groups is focused on
studying the physiology of proximal tubular
cells, which play a major role in the develop-
ment of acute and chronic kidney diseases.

1. Biomarkers of Renal Injury

We are investigating the molecular mecha-
nism of chemical induced stress in cultured
human proximal tubular cells and we are
also attempting to identify novel mechanis-
tic biomarkers of proximal tubular injury
(EU projects PredictlV, Detective). Some of
the pathways frequently altered in chemical
induced stress are Nrf2 (oxidative stress),
p53 (DNA damage), HIF1alpha (hypoxia)
and ATF4 (the unfolded protein response).
The delineation of these and other pathways
have been achieved by applying omic tech-
niques (transcriptomics, proteomics and
metabolomics) and often coincide with the
loss of differentiation markers.

2. Improved Assay Systems

In order to develop and improve in vitro
systems for chemical safety assessment
as alternatives to animal testing, several
human and animal renal tubular cell lines
were characterized in depth and human
induced pluripotent stem cell differentiation
into renal lineages has been studied (EU IMI-
Project StemBANCC, Fig.5). Human platelet
lysates were developed as substitute for fetal
bovine serum in cell culture media and have
been successfully applied to adult adipose-
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derived stem cell cultures providing a fully
humanized, animal-derived component-
free culture system to be used in stem cell
technology and tissue engineering.

3. Gender Medicine

As a new line of research, studies on sex
specific differences in renal tubular cell
physiology have been implemented (Sci-
ence Fund of the Austrian Central Bank).
Periodical changes in renal tubular cell phys-
iology phased by the female hormone cycle
have been detected, which are potentially
linked to the lower susceptibility of women
to renal failure as compared with men.

Respiratory Cell Physiology

Thomas Haller

Quantitative as well as qualitative perturba-
tions in the pulmonary surfactant system of
different etiologies, including a disruption
of the type Il cell homeostasis (Fig.6), are
increasingly considered as underlying caus-
es of a spectrum of idiopathic respiratory
distress and interstitial lung diseases, some
of which are associated with a significant
morbidity and mortality. The research per-
formed by the respiratory cell physiology
group focuses in particular on the regulation
and mechanisms of surfactant secretion by
the type Il pneumocytes, the significance
and the biophysical properties of surfactant
at the respiratory air-liquid interface, and on
alveolar epithelial cell physiology in general,
with a current emphasis on the refinement
of organotypic cell culture systems (lung-
on-a-chip). In the past years, for example,
we identified the air-liquid phase boundary

as a major determinant in cell signalling,
gene expression and exocytosis of sur-
factant and its extracellular transformation
into functional films.

Insulin Secretion and Cell Volume
Regulation

Johannes Fiirst

Diabetes mellitus occurs throughout the
world but is more common (especially
type 2) in more developed countries. Its
prevalence is increasing rapidly and an
estimated 750 million people will have
diabetes by 2030. Although genetic
background and environmental (i.e. dietary)
factors have been associated with diabetes
pathogenesis the underlying physiological
mechanisms need to be explored in more
detail. Our main interest is studying the
regulation of insulin secretion in pancreatic
beta cells in vitro, with a focus on the
contribution of cell volume regulatory
mechanisms.

Fig.5: iPSCs differentiated into adipocyte
like cells
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Fig. 6: Stretch-induced Ca?*-signalling and exocytosis in alveolar type II cells
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Research Focus

« Optical micro-manipulation: contact-free
handling of microscopic particles (micro-
organisms, micro-beads, living cells, cell
organelles, or DNA-strands) with laser light.
Highlights: trapping of the largest swim-
ming micro-organisms ever trapped “all-
optically”; combined acoustic and optical
trapping of even larger specimens.

* Holographic microscopy: wavefront shap-

ing with miniaturized liquid crystal dis-
plays, so-called Spatial Light Modulators
(SLMs) inside an optical microscope, to
create novel types of microscopy tech-
niques.
Highlights: spiral phase contrast, halo-free
Zernike phase contrast, multiplane imag-
ing, single-shot quantitative differential
interference contrast, lensless imaging
through a scattering medium.

* Chemical (vibrational) imaging: label-free
technique to visualize molecules in a sam-
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ple by their vibrational “fingerprint” by
means of the Raman effect (spontaneous
Raman or Coherent anti-Stokes Raman
Scattering = CARS).

Highlights: non-scanning (wide-field) CARS
microscopy, phase-sensitive CARS.

« Solar UV radiation: optimisation of spec-
troradiometric instruments and develop-
ment of analysis techniques for solar ra-
diation spectra and aerosol optical depth.
Highlights: the Austrian UV measurement
network (UV-Index).

General Facts

The Division of Biomedical Physics pursues
application-oriented basic research pro-
jects devoted to the development of novel
physical methods and technologies in
medicine or cell biology. Currently there
exist two Research Groups: the Biomedical
Optics Group and the UV-Radiation Group.
The research is largely funded externally,
e.g. by FWF ERC, and EU network grants.
The Biomedical Optics Group has a high
visibility in the international Biophotonics
community, in particular for contributions
to Holographic Optical Tweezers and to
Synthetic Holographic Microscopy. The
research focus lies on wavefront shaping
with so-called Spatial Light Modulators
(SLMs), miniaturized liquid crystal displays
with individually addressable micrometer-
sized pixels.

The UV-Radiation group is interested in
various aspects of solar UV radiation. They
optimise spectroradiometric instruments
and develop analysis techniques to meas-
ure solar radiation spectra and aerosol op-
tical depth. They operate the Austrian UV
monitoring network.

Recent special recognitions and awards:
The Division of Biomedical Physics has

hosted several international conferences in
the last few years, including the Trends in
Optical Manipulation conference series in
Obergurgl.

Monika Ritsch-Marte was recently elected
Fellow of the Optical Society of America
and elected into the Austrian Academy of
Sciences. Alexander Jesacher received the
prestigious Young Researcher Award of the
Erlangen Graduate School in Advanced Op-
tical Technology (SAOT).

Research

Biomedical Optics

Monika Ritsch-Marte and Stefan Bernet
Holographic Optical Tweezers shape light
into optical trapping patterns which can
move or pull microscopic particles, such as
micro-organisms, micro-beads, living cells,
cell organelles, or DNA-strands, in a con-
trolled and contact-free way.

Recently the research group has strived
at pushing the limits of trapping towards
increasingly large particles, including fast
swimming organisms (e.g. flagellates or Eu-
glena species). The “macro-tweezers” sys-
tem, a dual beam mirror trap with a large
field of view, was established and used to
catch the largest living specimens ever
trapped by exclusively optical means. To
increase the scope even further, an ultra-
sonic standing wave was created which
confines the particles to a plane in the
middle of the probe chamber - enabling
computer-controlled manipulation of spec-
imens of interest by optical tweezers, e.g.
for uncontaminated sampling for PCR.
Moreover, in collaboration with a Biophys-
ics group in Amsterdam, acoustic trapping
was adapted for massively parallel probing
of macromolecules in a lab-on-a-chip device
(cf. Fig. 1).

Synthetic Holographic Microscopy employs
SLM-based wavefrontntrol to enhance a mi-
croscope in specific ways: One can flexibly
emulate various contrast mechanisms (e.g.
brightfield, darkfield or phase contrast),
create multiplexed images (combining dif-
ferent imaging settings in one recorded im-
age), or steer and pattern the illumination in

Fig. 1: Acoustic Force Spectroscopy, developed in collaboration with the VU Amsterdam, uses
an acoustic manipulation device that can exert forces from subpiconewtons to hundreds
of piconewtons on thousands of biomolecules (such as single- or double-stranded DNA) in
parallel in lab-on-a-chip devices (G. Sitters et al., Nature Methods 12, 47, 2015).
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Fig. 2: Synthetic Holographic Microscopy: Multi-plane imaging by wavefront shaping with a spatial light modulator. Using RGB illumination
and a colour camera, 21 planes of the sample (a spore) could be imaged simultaneously (A. Jesacher et al., Optics Express, 21, 11150, 2013).

the microscope for structured illumination
microscopy.

Last year the approach was used to develop
a method for diffractive multi-plane imag-
ing, i.e. the instantaneous optical imaging
of the entire volume of a thick transparent
sample. With multicolor LED illumination
and a colour camera, time-synchronous im-
aging of 21 focal planes was demonstrated
successfully (cf. Fig. 2).

Raman Microscopy provides information
on the chemical contents of a sample
without the need to introduce exogenous
dyes. Spontaneous Raman illuminates the
sample with a laser and looks at the spec-
trum of the inelastically scattered light.
The Raman signal can be resonantly en-
hanced, by using two laser beams of differ-
ent colour: If the frequency difference of
two laser beams matches a Raman-active
vibration of targeted molecules, a blue-
shifted anti-Stokes signal is generated by a
resonant four-photon-effect called Coher-
ent Anti-Stokes Raman Scattering (CARS).
The combination of CARS with microscopic
imaging leads to CARS microscopy, which
enables fast recording of chemical maps
on a micrometer scale. From a practical
point of view, CARS microscopy resembles
fluorescence microscopy, but without the
need for fluorescent dyes. In the past a non-
scanning wide-field CARS microscope was
developed in Innsbruck.

In the past two years phase-sensitive meas-
urements of the CARS signal were record-
ed with a special camera, in collaboration

Fig. 3: The Div. for Biomedical Physics oper-
ates the Austrian UV measurement network
generating the on-line UV-Index for Austria,
which is updated every few minutes.
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with the Institut Fresnel in Marseilles. This
allows one to retrieve also the spontaneous
Raman spectrum directly from the CARS
spectrum, to gain complementary informa-
tion. As a second line of action the feasibil-
ity and practicality of super-resolution in
CARS-microscopy is under investigation.

UV-Radiation

Mario Blumthaler

In the past two years the research group has
continued to optimise spectroradiometric
measurements of solar radiation using array
spectroradiometers. Precise determination
and correction of stray light is necessary for
any interpretation of biological effects of UV
measurements because of the steep slope
of the solar spectrum in the UVB wavelength
range, and the high sensitivity of biological
tissues at these wavelengths. As a result,
the healthful effect of Vitamin D production
and the negative effect of erythema can be
quantified in dependence on the environ-
mental conditions (day of the year, time
of the day, altitude, snow cover, amount of
ozone, amount of aerosols). The absolute
calibration of UV detectors in the laboratory
is traceable to the German reference labo-
ratory Physikalisch-Technische Bundesan-
stalt (PTB) and the outdoor measurements
are regularly compared with measurements
of the reference laboratory of the World
Meteorological Organisation. Based on its
capabilities for high quality UV measure-
ments, the UV group is responsible for the
quality control and publication of the Aus-
trian UV monitoring network within a long
term research grant of the Austrian Govern-
mental Department for the Environment.

At the moment, the results of 16 stations
in Austria and nearby Bavaria and Swit-
zerland are published in near real time
(www.uv-index.at), together with a regional
map, showing the distribution of the level
of UV exposure modulated by the actual
cloud cover, derived from actual pictures
of the Meteosat satellite. The data are pre-
sented in units of the ‘UV-index’, which is an
internationally agreed quantity for harmful
UV exposure, taking into account the sen-

sitivity of the human skin to UV radiation.
An example of these maps is shown in
Fig.3, in which the measurement sites are
marked. It gives the maximum UV-index on
14.05.2015, clearly influenced by cloudi-
ness and topography.

The capability for absolute UV measure-
ments is also applied for measurements
of artificial UV sources as, e.g. used in sun
beds in solaria. In cooperation with inter-
national agencies (e.g. Commission Inter-
nationale de I'Eclairage CIE) these data are
interpreted in terms of harmful and poten-
tially healthy effects. Measurements in con-
nection with workplace security and protec-
tion were also carried out.

Selected Publications

Wide-field vibrational phase imaging in an extremely folded
box-CARS geometry. Berto B Jesacher A, Roider C, Monneret S,
Rigneault H, Ritsch-Marte M. OPTICS LETTERS. 2013; 38: p.709-
711 [Selected for the Virtual Journal for Biomedical Optics 8 (4),
May 2013].

Enhancing diffractive multi-plane microscopy using coloured
illumination. Jesacher A, Roider C, Ritsch-Marte M. OPTICS EX-
PRESS. 2013; 21: p. 11150-11161 [Selected for the Virtual Jour-
nal for Biomedical Optics 8 (6), June 2013].

Axial super-localisation using rotating point spread functions
shaped by polarisation-dependent phase modulation. Roider C,
Jesacher A, Bernet S, Ritsch-Marte M. OPTICS EXPRESS. 2014;
22:p.4029-4037 [Selected for the Virtual Journal for Biomedical
Optics 9 (4), April 2014] .

Lensless imaging through thin diffusive media. Harm W, Roider C,
Jesacher A, Bernet S, Ritsch-Marte M. OPTICS EXPRESS. 2014;
22:p.22146-22156 [Selected for the Virtual Journal for Biomedi-
cal Optics 9 (11), Nov. 2014].

Stray light correction of array spectroradiometers for solar UV
measurements. Nevas S, Grébner J, Egli L, Blumthaler M. APPLIED
OPTICS. 2014; 53: p.4313-4319.

Selected Funding

« Coherently Advanced Tissue and Cell Holographic Imaging and
Trapping, ERC Advanced Investigator Grant P247024, Ritsch-
Marte Monika, 2010-2015

« Advanced Wide-field CARS Microscopy, Austrian Science Fund
FWF-Project P22085, Ritsch-Marte Monika, 2010-2013

« Christian Doppler Laboratory for Microscopic and Spectro-
scopic Material Characterisation (MS-MACH), Christian Doppler
Forschungsgesellschaft, (Coordinator: Assoc.Prof. D. Stifter,
Johannes Kepler Universitdt Linz), Ritsch-Marte Monika,
2010-2017

« Traceability for surface spectral solar UV radiation, EMRP
researcher grant, ENV0O3-REG1, Blumthaler Mario, 2011-2014

Collaborations

+ Rigneault Hervé, Institut Fresnel, Marseille, France

+ Padgett Miles, University of Glasgow, UK

+ Piestun Rafael, University of Colorado, Boulder, USA

» Wuite Gijs, Vrije Universiteit Amsterdam, Amsterdam, NL

+ Nevas Julian, Physikalisch-Technische Bundesanstalt, Berlin, DE
« Grobner Julian, World Radiation Center, Davos, Switzerland
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Cell Genetics

Keywords

T lymphocyte signalling, T helper cell differ-
entiation, T cell effector functions, autoim-
munity, cancer immunity, innovative immu-
nological therapy concepts

Research Focus

The Cell Genetics Team has expertise in
signal transduction, mouse genetics, the
differentiation of effector/memory T cells
and the ability of these cells to alter adap-
tive immune responses. In particular, we
have gained experience in investigating
molecular signalling processes through the
use of hypothesis-driven mechanistic
studies and by utilising unbiased mass
spectrometry based screens and next gen-
eration sequencing to characterise novel
protein-protein and protein-DNA inter-
actomes and transcriptomes.

General Facts

The function of mature T cells is to recog-
nize and respond to foreign antigens by a
complex activation process involving dif-
ferentiation of the resting cell into a prolif-
erating lymphoblast that actively secretes
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immune-regulatory cytokines or displays
targeted cytotoxicity, ultimately leading to
recruitment of innate immune cell types
and the initiation of an effective immune
response.

In order to understand the physiology and
pathophysiology of T lymphocytes, it is nec-
essary to decode the biochemical process-
es that integrate the signals received from
antigens, cytokines, and integrins as well as
inhibitory receptors. Our work aims to ex-
plore and identify gene products of distinct
members of the AGC family of protein ser-
ine/threonine kinases and their effector
substrates that act as key players in me-
diating proper T cell effector functions and
in fine-tuning the immune response. The
underlying goal of the work is to understand
the selective functions of these proteins in
signal transduction pathways in lympho-
cytes and to use this information to develop
strategies for manipulating the immune re-
sponse, either in order to promote immuno-
suppression in the context of autoimmune
diseases, graft rejection and inflammatory
responses or for augmentation as part of
an innovative cancer immunotherapy-based
approach.

Research

Cell Genetics Team: Gottfried Baier,
Natascha Kleiter, Thomas Gruber,
Nikolaus Thuille, Kerstin Siegmund,
Christa Pfeifhofer-Obermair, Victoria
Klepsch, Sebastian Peer et al.

Due to its biological complexity cancer is
still poorly understood. It has been shown
both experimentally and epidemiologically
that chronic inflammation can predispose
individuals to cancer, and may additionally
represent an inseparable aspect of clinically
prevalent cancer entities.

Therefore, the decoding of both tumour
and immune cell functions in cancer pro-
gression will be of the utmost importance
in combating this frequently incurable dis-
ease.

My team and | were the first to reveal the
lymphocyte-intrinsic PKC/NR2F6 /Cbl-b
axis as an essential signalling node gov-
erning the complex host-tumour inter-
actions at the crossroads between inflam-
mation and cancer.

Modulation of this lymphocyte-intrinsic sig-
nalling pathway renders CD4* and CD8* ef-
fector T cells capable of rejecting otherwise

Fig. 1: The major research topic of the group relates to the biochemical, molecular and func-
tional analysis of the signal transducing protein kinase network within the haematopoietic

system.
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Fig. 2: Our research aims to elucidate the underlying inter- and intracellular mechanisms that shape the microenvironment at the tumour
site either to support or to prevent tumour initiation, progression or tumour immune surveillance.

lethal tumour burdens and their metasta-
ses in experimental murine cancer model
systems in vivo. Mechanistically, Nr2f6 as
well as Cblb knockout mice thereby dis-
play an immune contexture at the tumour
site that allows superior anti-tumour T cell
responses, increasing the survival rates of
tumour-bearing mice.

Since it has already been established that
cancer-mediated immune evasion can lead
to T cell dysfunction, our data strongly sug-
gest that T cell-based therapies could signif-
icantly benefit from modulation of this novel
NR2F6/Cbl-b inhibitory signalling pathway.
Such a strategy of intracellular NR2F6
and/or Cbl-b checkpoint-targeting will
improve the efficacy and broaden the appli-
cability of cancer immunotherapy regimens,
and thus has the potential in the future to
lead to prolonged patient survival.
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Selected Publications

Orphan nuclear receptor NR2F6 acts as an essential gatekeeper
of Th17 CD4+ T cell effector functions.

Hermann-Kleiter N, Baier G.

CELL COMMUNICATION AND SIGNALING (CCS). 2014; 12: p. 38.

The E3 ligase Cbl-b and TAM receptors regulate cancer metastasis
via natural killer cells.

Paolino M, Choidas A, Wallner S, Pranjic B, Uribesalgo |, Loeser S,
Jamieson AM, Langdon WY, lkeda F, Fededa JR Cronin SJ, Nitsch
R, Schultz-Fademrecht C, Eickhoff J, Menninger S, Unger A, Torka
R, Gruber T, Hinterleitner R, Baier G, Wolf D, Ullrich A, Klebl BM,
Penninger JM.

NATURE. 2014; 507: p.508-512.

Cbl-b mediates TGFB sensitivity by downregulating inhibitory
SMAD? in primary T cells.

Gruber T, Hinterleitner R, Hermann-Kleiter N, Meisel M, Kleiter |,
Wang CM, Viola A, Pfeifhofer-Obermair C, Baier G.

J Mol Cell Biol. 2013 Dec;5(6):358-68.

Engineering effective T-cell based antitumor immunity.
Gruber T, Hinterleitner R, Pfeifhofer-Obermair C, Wolf D, Baier G.
Oncoimmunology. 2013 Feb 1;2(2):e22893.

The Kinase PKC alpha Selectively Upregulates Interleukin-17A
during Th17 Cell Immune Responses. Meisel M, Hermann-Kleiter
N, Hinterleitner R, Gruber T, Wachowicz K, Pfeifhofer-Obermair C,

Fresser F, Leitges M, Soldani C, Viola A, Kaminski S, Baier G.
Immunity. 2013 Jan 24;38(1):41-52.
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Systems Biology of T Cell Activation, Acronym: SYBILLA, plus
BMfWF funding; http://www.sybilla-t-cell.de/; EC grant/FP7-
HEALTH-Large-scale Integrating Project

Molecular mechanisms regulating tumor immunology;
http://www.sfb021.at/, FWF

T cell-intrinsic role of PKCa in canonical TGF@R signalling, FWF
Cbl-b inhibitory signalling pathways in cancer, FFG Bridge

TaNeDS research collaboration in cancer biology; Daiichi
Sankyo Ltd., Tokyo, Japan

Collaborations

« Jirgen Wagner and Gerhard Zencke; Novartis Pharma, Basel,
Switzerland

Michael Leitges, Biotechnology Centre of Oslo, University of
Oslo, Norway

Amnon Altman, LIAl, San Diego, USA

Steve Shaw, NIH, Bethesda, USA

Noah Isakov, Ben Gurion University of the Negey, Israel
Wallace Langdon, University of Western Australia, Perth, AUS
Arthur Kaser, Department of Gastroenterology, Cambridge, UK
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Genetic Epidemiology

Keywords

Genetic epidemiology, lipoprotein meta-
bolism, complex phenotypes, genome-wide
association studies, mitochondrial DNA,
computational genetics, cloud computing,
risk factors, cardiovascular disease, bio-
markers

Research Focus

We aim to identify determinants of health
and disease related to genetic variability,
environmental components and biochemical
parameters and to study their physiological
or pathophysiological functions. Our pheno-
types of interest are complex in nature due
to their interplay and are related to athero-
sclerosis, diabetes mellitus, metabolic syn-
drome, cancer, and associated intermediate
phenotypes such as lipoprotein metabolism
and inflammation.

General Facts
Our Institute serves as a bridge between
basic and clinical research. We have three

different pillars that develop their strength
by an interleaved collaboration.
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1. A protein chemistry and cell culture lab-
oratory performs a variety of functional
and epidemiologic studies regarding
phenotypes related to lipoprotein metab-
olism and other metabolic phenotypes.

2. A molecular-genetic lab performs se-
quencing and genotyping for various
projects, with a strong focus on mito-
chondrial DNA as well as on targeted
evaluation of certain candidate genes.

3. The computational & statistical genetics
lab focusses on statistics, epidemiology,
computer science, and bioinformatics
and represents an important cross-link
between the various research groups.

Besides these three pillars our institute
includes the “Sequencing & Genotyping
Core Facility” that offers Sanger-sequenc-
ing, large scale genotyping projects and
management of large epidemiological stud-
ies. The output and success of our institute
isbased on a constant dialogue between the
disciplines in a problem-oriented and crit-
ical elucidation of the research questions.

Research

Protein Chemistry Lab

Lipoprotein(a) [Lp(a)] and its apolipo-
protein(a) isoforms, apolipoprotein A-IV
and afamin belong to the three most inten-
sively studied proteins in our lab. During
recent years we measured these proteins
in roughly 20,000 individuals from major
population-based studies from Europe and
the US. These measurements are the basis
for genome-wide association studies (see
below).

Lp(a) and its genetic determinants have
been one of the main topics since the
foundation of this institute in 2004. We
are associating these measurements with
various diseases and disease-associated
parameters such as cardiovascular disease,
peripheral arterial disease, kidney disease
and diabetes mellitus. Genetically deter-
mined apo(a) isoforms are the strongest ge-
netic risk factor for cardiovascular disease.
In a recent analysis in three independent
populations including more than 6000 in-
dividuals we showed a causal relationship
between Lp(a) concentrations and peripher-
al arterial disease.

A further apolipoprotein studied in our lab
is apolipoprotein A-IV (apoA-IV). For this
apolipoprotein we could show an associa-
tion with cardiovascular disease. Further-
more, patients with kidney disease have
pronounced elevations of apoA-IV which
are associated with progression of chronic
kidney disease. In patients with end-stage

renal disease apoA-1V is associated with all-
cause mortality and sudden cardiac death.
Finally, afamin is a human plasma vitamin E-
binding glycoprotein primarily expressed in
the liver. After initial biochemical character-
isation we started first functional studies
and demonstrated that transgenic mice
overexpressing afamin had increased body
weight and serum concentrations of lipids
and glucose. In line with these results we
showed in three population-based studies
including >5000 participants that afamin
is strongly associated with the prevalence
and development of metabolic syndrome
and its components. Further studies in
patients with pregnancy complications and
polycystic ovary syndrome confirmed the
association between afamin and metabolic
syndrome-like phenotypes.

Molecular-Genetic Lab

This lab is in charge of the DNA work related
to various genetic-epidemiological cohorts.
It performs targeted sequencing and geno-
typing of complex regions with specially
designed assays. Measurement of relative
telomere length in several cohorts and its
association with cardiovascular disease,
kidney disease, and cancer shed new light
on this marker of aging.

Beside the nuclear genome, one of our
research topics relates to mitochondrial
DNA (mtDNA). Being strictly maternally in-
herited without recombination, mtDNA is a
powerful tool to reconstruct maternal relat-
edness based on sequence polymorphisms.
Mutations in mitochondrial genes have
been linked to several complex diseases.
Therefore, mtDNA is targeted in medical-,
population- and also forensic genetics. Our
group established a comprehensive work-
flow for mtDNA analysis comprising next
generation deep sequencing strategies as
well as accurate data management. Our
open source software tools eCOMPAGT,
HaploGrep and mtDNA-Server are contri-
butions to an automated mtDNA data pro-
cessing. These pipelines in hand, we were
able to evaluate phylogenetic aspects in
the multi-ethnic population of Myanmar.

Fig. 1: Analysis of sequencing data

Research Report 2015 Medical University of Innsbruck


http://www3.i-med.ac.at/genepi/

Division of Genetic Epidemiology

Director: Florian Kronenberg
Administration: Anita Neuner

Protein Chemistry Lab Molecular-Genetic Lab

Scientists: Scientists:
Hans Dieplinger Stefan Coassin
Bernhard Rupp Liane Fendt

Federica Fazzini

Anita Kloss-Brandstétter

Bernd Schopf

Barbara Fiirnrohr *

Julia Raschenberger *
Technical personnel:

Gertraud Erhart

Margot Haun

Monika Summerer *

Konrad Schmidt
Technical personnel:
Ramona Berberich
Linda Fineder *
Melanie Harg *
Andrea Stockl *

Scientists:

Computational &
Statistical Genetic Lab

Lukas Forer

Salome Friedel
Barbara Kollerits
Claudia Lamina
Sebastian Schénherr
Hansi WeiRRensteiner
Eva Boes *

Christian Fuchsberger *

Sequencing & Genotyping Core Facility
Several members of the GenEpi team are contributing to the Core Facility

Alessandra Altamirano *  Clemens Banas *
Johannes Linsenmeyer *

Lena Vogl *

Diploma and Master Students

Johannes Pohlhammer *

Anja Laschkolnig *
Stephanie Stangl *

* Former coworkers who successfully completed their projects. We very much appreciate

their previous contributions

Fig. 2: Coworkers of the Division of Genetic Epidemiology

Furthermore, we are currently investigating
the role of mitochondrial mutations in pros-
tate- and oral squamous cell carcinomas,
elucidating whether somatic mutations are
involved in disease development and the
further prognosis of the disease.

Computational & Statistical Genetic Lab
This lab is characterized by a profound
interplay between statistics, epidemiology,
computer science and bioinformatics. In
genome-wide association studies (GWAS)
we bring together the data from pheno-
typing done e.g. in the protein chemistry lab
with the genotype data and we try to find
hitherto unknown associations with genes.
Within the last ten years we were involved
in several GWAS consortia. Our own main
focus is on studies with Lp(a), apoA-IV and
afamin, but we are also involved in consortia
evaluating phenotypes such as adiponectin,
peripheral arterial disease, BMI and waist
circumference, metabolites, measures of
kidney function and others. Using these
methods resulted in a tenfold increase
in the number of known gene-phenotype
associations.

One aim of this lab is to apply computer sci-
ence to the field of molecular biology and
medical genetics. Since genetics turned
into a big data science, we provide re-
searchers ready-to-use analysis pipelines
in cloud environments without the neces-
sity to become acquainted with the under-
lying technical details. One of our efforts
resulted in the novel data parallelization
platform Cloudgene. The success of this
platform can be seen in the Michigan Impu-
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Fig. 3: The Division of Genetic Epidemiology developed several

open-source software solutions for local computing and remote
computing. Currently three different services are provided within

tation Server, in which Cloudgene builds the
underlying architecture. From July 2014 to
August 2015 over 1 million genomes have
been successfully imputed using this free
service. Besides the imputation service, two
additional workflows (mtDNA NGS, GWAS)
have been integrated into Cloudgene and
provided to the community as free services.
In addition, we are involved in several large
scale population studies (e.g. the German
Chronic Kidney Disease Study, ncRNA-Pain
Study), in which we manage huge amounts
of data and improve the overall quality of
collecting phenotypic information. These ef-
forts resulted in two open source software
solutions: Askimed for managing pheno-
types and SNPflow for the standardized
and automatic quality control of genotyping
data.

Selected Publications

Lipoprotein(a) concentrations, apolipoprotein(a) phenotypes
and peripheral arterial disease in three independent cohorts.
Laschkolnig A, Kollerits B, Lamina C, Meisinger C, Rantner B,
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Krémer BK, Fraedrich G, Strauch K, Kronenberg F.

Cardiovascular Research. 103:28-36, 2014.

Plasma concentrations of afamin are associated with the
prevalence and development of metabolic syndrome. Kronenberg
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H, Haun M, Schonherr S, Neuner M, Forer L, Specht G,
Kloss-Brandstétter A, Kronenberg F, Coassin S.

PLoS One. 8: €59508, 2013.

Correlation between a positive family risk score and peripheral
artery disease in one case-control and two population-based
studies. Lamina C, Linsenmeyer J, Weissensteiner H, Kollerits B,

Cloudgene, executed in a massively parallel way.

Meisinger C, Rantner B, Stockl D, Stadler M, Klein-Weigel B, Peters
A, Fraedrich G, Kronenberg F
Atherosclerosis. 237:243-250, 2014.

Comparison and evaluation of cardiac biomarkers in patients
with intermittent claudication: Results from the CAVASIC Study.
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Kronenberg F. Clin. Chem. 59:692-702, 2013.
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metabolic syndrome.”, EU (Marie Curie), Hans Dieplinger
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dinger Riickkehrpr.), Christian Fuchsberger

Collaborations

Gongalo Abecasis, Center of Statistical Genetics, University of
Michigan, Ann Arbor, USA

Enis Afgan, Ruder Boskovi¢ Institute Zagreb, Croatia & Johns
Hopkins University, Baltimore, USA

Steven C. Hunt, Cardiovascular Genetics Division, University of
Utah, Salt Lake City, USA
Institute of Epidemiology,
Neuherberg, Germany
Glinther Specht, Department of Database and Information Sys-
tems; Institute of Computer Science, University of Innsbruck,
Innsbruck, Austria

Matthew Bowler, Synchrotron Diffraction, EMBL Grenoble,
France

Helmholtz Zentrum Minchen,

Core Facilities

The Sequencing & Genotyping Core Facility owns state-of-the-art
equipment for Sanger sequencing, high throughput genotyping
and gPCR and fragment analysis.

« Sequenom MassARRAY4 MALDI-TOF System: multiplex geno-
typing and methylation analysis

QuantStudio 6 Flex System: large scale genotyping and qPCR
3130xI and 3730s Systems: Sanger sequencing and fragment
analysis using either 16 (low throughput) and 48 capillaries
(high throughput)

Fragment Analyzer: automated fragment analysis for NGS
library QC

8 and 96 channel TECAN pipetting robots for large pipetting
jobs and automated sample normalization
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Human Genetics

Keywords

Human genetics, molecular genetics, cyto-
genetics, mitochondrial genetics, transcript
analysis, tumour disposition syndromes,
genetic skin diseases, metabolic medicine,
cancer genetics

Research Focus

* Genetic causes of rare diseases, including:
- Developmental disorders, intellectual
disability and dysmorphic syndromes
- Inherited metabolic diseases
- Genetic skin diseases
- Genetic disease of the teeth and perio-
dontal tissue
 Genetic causes of tumours and tumour
dispositions, including:
- Inherited cancer disposition syndromes
- Breast and ovarian cancer
- Hamartomatous tumours
- Cytogenetics of haematological
malignancies
« Transcription and transcript processing of
mitochondrial DNA (mtDNA)
« Transcription and transcript processing of
nuclear genes, in particular splice mech-
anisms
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*New methods of genetic laboratory
diagnosis, mutation databases, molecular
genetic quality control

General Facts

The primary aim of the Division of Human
Genetics is clarifying the genetic determi-
nants of health and disease in humans,
with special focus on rare diseases that are
inherited as monogenic traits, and on ge-
netic variants that have a major impact on
human biology and substantial disease rele-
vance. This aim is achieved by combining
comprehensive patient services and exper-
tise in clinical genetics, molecular genetics
and cytogenetics with basic research. The
institute includes the Centre for Medical
Genetics Innsbruck which provides medi-
cal genetic services for the entire Western
Austria with extensive outpatient clinics and
inpatient consultation in Innsbruck and sev-
eral regional hospitals. The diagnostic labo-
ratories cover all relevant methods for DNA,
RNA and chromosome analysis including
classical cytogenetics, fluorescence-in-situ
hybridization (FISH), DNA-Array (molecular
karyotyping), tumour cytogenetics, Sanger
sequencing for a large number of individu-
al genes, massively parallel (“next genera-
tion”) sequencing - both panel and clinical
exome - multiplex-ligation-dependent probe
amplification (MLPA), methylation and im-
printing analyses, fragment length typing
and Southern Blot for microsatellite repeat
analyses, and others. Due to the close link
with the large basic research unit, interest-
ing observations or unclarified cases may
be directly transferred into further investi-
gations on a research basis. The diagnostic
laboratories are equipped for a wide range
of relevant cell biology techniques with a
special focus on DNA and RNA analyses
and the functional analysis of genetic alter-
ations. The division is dedicated to interdis-
ciplinary collaboration and is happy to carry
out both diagnostic tests and research in-
vestigations for a large number of hospital
centres in Innsbruck and elsewhere.

Research

Mitochondrial RNA Maturation

and its Diseases

Johannes Zschocke, Albert Amberger,
Andrea Deutschmann

Mitochondria are the powerhouses of the
cell. They have a central function in ener-
gy production and play vital roles in several
cellular processes. Cellular energy is mainly
produced by the respiratory protein com-
plexes in mitochondria. Numerous genetic

alterations lead to impaired mitochondrial
respiration and result in human patholo-
gies, generally referred to as “mitochondrial
diseases”. Most of the proteins of the res-
piratory chain are encoded by nuclear DNA;
however, 13 respiratory complex proteins
(mRNAs), two ribosomal RNAs (rRNAs) and
a complete set of 22 transfer RNAs (tRNAs)
are encoded by mitochondrial DNA (mtD-
NA), a circular genome inside mitochondria.

One essential step in mitochondrial main-
tenance is mitochondrial RNA (mtRNA)
transcript processing. Transcription of the
mtDNA occurs on both DNA strands and
produces long polycistronic transcripts of
mRNAs and rRNAs, usually interspersed
with tRNAs. Mitochondrial protein transla-
tion requires the correct processing of the
polycistronic RNA molecules at the 5°end
and 3’end of the interspersed tRNAs to re-
lease mature mRNAs, tRNAs, and rRNAs.
The initial processing step, the endonucle-
olytic cleavage of precursor tRNAs at the
5’end, is performed by RNase B an enzyme
complex composed of three different pro-
teins (MRPP1, HSD10, and MRPP3). Pro-
cessing at the 3’end is done by tRNase Z,
a single protein coded by the ELACZ2 gene.

We found that missense mutations in the
genes for HSD10 and MRPP3 resulted in re-
duced tRNA processing which lead to mito-
chondrial damage due to impaired respira-
tory complex formation. In HSD70 disease,
for instance, patients usually display a pro-
gressive neurodegenerative disease course
with loss of cognitive and motor function,
epilepsy and progressive cardiomyopathy,
and usually death in childhood. Impor-
tantly, tRNA processing is the first step in
post-transcriptional mtRNA  maturation
which includes base modification, RNA sur-
veillance, RNA packaging, and finally RNA
decay. It is estimated that approximately
300 nuclear coded proteins are involved
in mitochondrial gene expression and only
some of them are known to be involved in
mitochondrial disorders. However, there
are many unsolved cases of mitochondrial
disease, and defining genetic causes and
patho-mechanisms remains a major chal-
lenge. In our projects, we focus on novel
mutations which disrupt mtRNA biogenesis.

Major Achievements: |dentification, clinical
characterization, and functional analysis
of HSD10 disease; defining new defects
in mtRNA processing which contribute to
mitochondrial disorders.

Future Goals: Developing diagnostic tools
and establishing novel disease models to
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Fig. 1: Schematic overview of mitochondrial RNA metabolism. The mitochondrial rRNAs,
mRNAs and tRNAs are transcribed from the L- and H-strands as polycistronic units that
undergo endonucleolytic processing by RNase P and tRNase Z. Following the liberation
of the individual mRNA, rRNA and tRNA transcripts, they undergo post-transcriptional
modifications. Several nucleotides of rRNAs are modified necessary for proper mitochon-
drial ribosome biogenesis. A poly(A) tail is added to mRNAs. Mitochondrial tRNAs undergo
extensive post-transcriptional nucleotide modification, in addition of being aminoacylated

with a cognate amino acid.

understand the remarkable heterogeneity
of human mitochondrial diseases caused by
defects in mtRNA metabolism.

Cancer Genetics

Katharina Wimmer, Julia Vogt,
Johannes Zschocke

This research group is strongly associated
with the molecular diagnostic lab of the
institute that offers molecular genetic in-
vestigations for a broad spectrum of cancer
susceptibility syndromes.

One of the major aims of the research lab is
the development and improvement of diag-
nostic tools for the identification and classi-
fication of mutations that escape standard
techniques. The lab developed RNA-based
assays that substantially increase mutation
detection rates in several tumour suppres-
sor genes. These approaches can effectively
uncover splice alterations caused by muta-
tions that either fully escape the detection
of gDNA based assays or cannot be read-
ily classified as deleterious from the anal-
ysis of gDNA only. The evaluation of these
‘atypical’ splice mutations e.g. in NF1 also
allowed elucidating basic mechanism of
splice site definition and inactivation. RNA-
based assays have also proved to be pivotal
to circumvent diagnostic obstacles that are
caused by the presence of pseudo-genes
of the mismatch repair gene PMS2. We are
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now planning to transfer the experience and
knowledge gained with RNA-based muta-
tion analysis by Sanger sequencing into the
massive parallel/next generation sequenc-
ing (NGS) era.

A second aim of the research lab is the ge-
netic and clinical characterization of consti-
tutive mismatch repair deficiency (CMMRD)
syndrome, a rare autosomal recessively
inherited cancer susceptibility syndrome
caused by biallelic mutations in one of the
four DNA mismatch repair (MMR) genes,
MLH1, MSH2, MSH6 and PMSZ2. Biallelic
PMS2 mutations for which we developed
highly sensitive and reliable analysis ac-
count for approximately 60% of all cases
of this syndrome. CMMRD shows clinical
overlap with other cancer susceptibility
syndromes, in particular neurofibromatosis
type 1 (NF1), familial adenomatous polypo-
sis and Lynch syndrome, and has only re-
cently been recognized as a distinct child-
hood cancer susceptibility syndrome. As
such, there is still a lack of knowledge on
the natural history of this syndrome.

A third cancer research project, in close
collaboration with the University Hospital of
Gynaecology and Obstetrics, is aimed at the
molecular characterization of ovarian can-
cer tissue by tumour-based massive parallel
sequencing analyses.

Human Genetics

Major Achievements: RNA-based assays
for comprehensive characterization of mu-
tations e.g. in the NF7 and PMS2 genes;
substantial and ongoing contributions to
the delineation of tumour spectrum and
non-neoplastic features in CMMRD; lead de-
velopment of clinical diagnostic criteria for
the diagnosis CMMRD in a European con-
sortium; identification of a prevalent BRCA1
mutation in the Tyrolean Zillertal and Lower
Inn valleys which impacts on cancer inci-
dence and patient care in this region.
Future Goals: evaluation of ‘atypical’ splice
mutations with the aim to deduce commonly
applicable rules for the selection of variants
likely to affect mRNA splicing for further
mRNA analyses; development of strategies
for the detection of mutation-induced splice
alterations by NGS; delineation of the patho-
genetic mechanisms, in particular second-
ary somatic mutations, underlying the de-
velopment of neoplastic and non-neoplastic
features in CMMRD patients; evaluation of
clinical data on CMMRD patients in close
collaboration with the European consortium
and with the ultimate goal to improve the
management of CMMRD patients

Genetic Skin Diseases

Hans Christian Hennies, Katja Eckl

The skin, the largest human organ, is a high-
ly structured, multi-layered organ that is in-
dispensable for the protection of the organ-
ism from the environment. It is particularly
exposed, together with lung and gut, and
prone to potentially life-threatening reac-
tions of external agents. It exhibits not only
a clearly defined morphology but is also
characterized by a close interplay with the
immune system, which complements struc-
tural features in the defence line against
hostile intruders.

The dermatogenetics research group is
especially interested in the molecular
characterization of rare skin diseases. We
have mainly focused on severe disorders
of keratinization, including generalized
autosomal recessive congenital ichthyo-
ses (ARCI) and palmoplantar keratoder-
mas. Using homozygosity mapping and
high-throughput sequencing techniques,
we have been analysing the mutation spec-
trum in ARCI, which can be caused by mu-
tations in more than nine different genes.
Using exome sequencing combined with
linkage analysis, we have for the first time
identified mutations in CERS3, the gene for
ceramide synthase 3, associated with ARCI
and revealed the importance of very long
acyl chain ceramides for epidermal barri-
er function (Fig. 2).
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A major impediment to translational re-
search in rare skin diseases stems from the
lack of suitable disease models. We have
generated in vitro full-skin models with
primary keratinocytes and fibroblasts. Skin
models for congenital ichthyosis and other
keratinization disorders were made using
either patient cells or inactivation of single
genes through RNA interference.
Availability of patient keratinocytes, how-
ever, is often very limited and their ability
to proliferate is restricted to few passages;
RNA interference, on the other hand, can
also interfere with other, unwanted path-
ways. We have therefore embarked on the
use of induced pluripotent stem (iPS)
cells for skin modelling. To this end, patient
fibroblasts are reprogrammed with stem-
ness factors, and iPS cells are differentiated
to the epithelial fate and further to epider-
mal keratinocytes (Fig.3). These cells can
be used for generating skin models, analys-
ing specific therapeutics, and also system-
atic investigations of potential drugs.
Current therapy for ARCl is still mostly symp-
tomatic, and topical application of drugs is

Fig. 2: Congenital ichthyosis can be caused by ceramide synthase-3 deficiency (from Eckl et

impeded by the epidermal barrier activity
and difficulties in the bioavailability over
larger skin areas. We have therefore tested
the efficacy of recombinant enzyme as a
drug for topical application in ARCI using
transglutaminase 1 deficient skin models.
The protein was transferred into the epider-
mis with the help of nanotransporters, and
the epidermal barrier function was indeed
effectively reconstituted after repeated
treatments of the ARCI skin model with en-
zyme/transporter formulations. Based on
these results we are confident that locally
substituted proteins are functional in the vi-
able epidermis and can compensate for the
defects of disease-associated genes.

Ectodermal Diseases

Johannes Zschocke, Anna Schossig,
Robert Gruber

The identification and characterization of
rare genetic diseases affecting skin, skin
appendages, and teeth entails collaborative
projects with PD Dr. Ines Kapferer, Depart-
ment of Dentistry, and Prof. Dr. Matthias
Schmuth, Department of Dermatology.

al, J Invest Dermatol 2013 133: 2202-2211). A) Clinical presentation. B) Enzyme activity was

largely reduced in differentiated keratinocytes from the patient. Overexpression of mutant

CERS3 demonstrated almost complete loss of enzyme activity. C) Mutations in CERS3 led to
loss of very long acyl chain ceramides in patient skin. Amounts of free esterified w-hydroxy-
lated ceramides with very long acyl chains were significantly reduced in lipid extracts from

patient keratinocytes.
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One of the research projects is aimed at
the characterization of genetic alterations
that cause aggressive periodontitis; this
OeNB-funded project is led by Dr. Kapferer
who has recruited a Tyrolean 4-genera-
tion family with aggressive periodontitis
in conjunction with clinical features of
Ehlers-Danlos  syndrome (representing
an entity traditionally described as EDS
type VIII. Aggressive periodontitis (in con-
trast to chronic periodontitis) is a rare in-
flammatory disease leading to periodontal
tissue destruction and, if untreated, tooth
loss at a young age. It is caused by a pertur-
bation of the homeostasis between the sub-
gingival microbiota and the host defences
in susceptible individuals. EDS VIl is a clini-
cally heterogeneous disorder characterized
by the combination of periodontal disease
and variable connective tissue features. A
limited number of patients and pedigrees
with this condition have been described.
The members of the Tyrolean family have
been clinically and immunologically char-
acterized, and we performed a parametric
linkage analysis and exome sequencing.
At present a candidate gene in the chro-
mosomal region 12p13 is under functional
investigation. In transfected cells the effect
of the mutation on the immunologic func-
tion and the connective tissue structure is
tested.

Additional projects include the investigation
of the genetic causes of rare dental diseas-
es such as Kohlschiitter-Tonz syndrome, a
rare genetic disorder with amelogenesis im-
perfecta and epilepsy, and radicular dentin
dysplasia, characterized by abnormal dentin
formation and early tooth loss due to abnor-
mal development of tooth roots. Parametric
linkage analysis in adequate families is fol-
lowed by exome sequencing and functional
characterization of candidate mutations.

Identification and characterization of inher-
ited skin disorders is the research focus in
the collaboration with the Department of
Dermatology, with special attention on in-
herited disorders of keratinization. In a reg-
ular dermatology-genetics clinic, patients
with rare inherited skin conditions receive
comprehensive clinical care and diagnostic
work-up involving, where appropriate, an
NGS multi gene panel analysis developed
in our institute, covering genetic disorders
of keratinization and a selection of connec-
tive tissue disorders. Patients with specific
phenotypes of unclear, presumably genetic
cause are offered further evaluation by link-
age analysis (where appropriate) and exome
sequencing as well as functional studies.

Research Report 2015 Medical University of Innsbruck
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Fig. 3: Generation of epidermal keratinocytes by differentiation of induced pluripotent stem cells. A) Pluripotent stem cells were obtained by
reprogramming of fibroblasts as shown by typical morphology, activity of alkaline phosphatase, and staining signals for Oct4 and Tra1-81
(left to right). B) Differentiation of induced pluripotent stem cells to the ectodermal fate showed synthesis of epithelial marker keratin 18,
epidermal marker keratin 14, and ectodermal gatekeeper p63. C) Primary (first row) and iPS-derived keratinocytes were positive for epi-
thelial markers CD104 (first and second row) and keratins 18, 14, and 5 (third row) in FACS analysis..
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Keywords
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structural biology, developmental biology,
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Research Focus

» The Grabner lab focusses on structural-
functional studies of multiple compo-
nents of the skeletal muscle excitation-
contraction (EC) coupling machinery, using
zebrafish and mouse as model organisms.
Another focus of the Grabner lab is the
role of the Ca?*-activated CI' channel in
skeletal muscle EC coupling.

Sandra Santos-Sierra:  Pharmacological
modulation of the innate immune
response: Our research interests center
on understanding the human innate
immune response in inflammatory
diseases, in particular phagocytes activity
and signaling processes therein involved.
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Based on this knowledge we intend to de-
velop novel substances that may be spe-
cifically applied in the modulation of the
immune activity (stimulation or down-reg-
ulation).

General Facts

Until his emeritation in 2009, Hartmut
Glossmann was director of the Division
of Biochemical Pharmacology. In October
2009, Hans-Glinther Knaus was appointed
interim director.

The Division of Biochemical Pharmacology
is substructured into two largely independ-
ent research groups, headed by Sandra
Santos-Sierra and Manfred Grabner.

Research

Manfred Grabner

The basic mechanism of skeletal muscle
contraction is the release of Ca%** from
SR stores. Two distinct Ca?* channels, the
voltage-gated L-type Ca?* channel or di-
hydropyridine receptor (DHPR) of the sur-
face membrane and the intracellular Ca%*
release channel or ryanodine receptor
(RyR1) of the SR, play together in this com-
plex process called excitation-contraction
(EC) coupling (see Fig.1). Our research
focus is to reveal the structure-function
relationship of this fascinating Ca%* channel
crosstalk in skeletal muscle. We succeed-
ed to fine map domains in the DHPR a5

and Bq, subunit that are crucial for this
protein-protein signal transduction. Besides
structure-functional domain mapping, our
research is devoted to investigate the role of
the Ca?* current through the skeletal mus-
cle DHPR (Fig. 1), which is - in contrast to
cardiac EC coupling - not (directly) involved
in skeletal muscle EC coupling. To this aim
(supported by FWF grant P23229-B09) we
created a k.i. mouse model that lacks this
enigmatic DHPR inward current. Extensive
in vivo, ex vivo and in vitro experiments iden-
tified this mysterious Ca?* influx as vestigial
(paper in preparation). For the DHPR - RyR 1
protein-protein interaction in skeletal
muscle, precise membrane targeting is in-
dispensable. It is required that four DHPRs
congregate in a square formation opposite
the four homo-domains of the RyR1; a con-
stellation known as skeletal muscle tetrad.

Recent Major Achievements:
We investigated the role of the essential

DHPR 31, subunit for DHPR voltage sensing.
In vitro expression of B,/B3 chimeras in
B4-null zebrafish relaxed myotubes revealed
a pivotal role of the Src homology 3 (SH3)
domain and the C terminus of B4, in charge
movement restoration. Furthermore, substi-
tution of a P by A in the putative SH3-binding
polyproline motif in the proximal C terminus
of By, (also of the cardiac/neuronal B,
and B,) fully obstructed a5 charge move-
ment. Consequently, we postulate a model
according to which 3 subunits, probably via
the SH3-C-terminal polyproline interaction,
adapt a discrete conformation required to
modify the a5 conformation apt for voltage
sensing in skeletal muscle (Fig. 2).

Future Goals: In our new FWF grant
(P27392-B21) we want to explore molecular

Fig. 1: Sketch of the skeletal muscle EC coupling machinery depicting the main focus of our
research. Using zebrafish and mouse model organisms we are trying to unravel the struc-
ture-function relationship of different components (viz. DHPRalS, Bla, CaCC, etc,) of the
skeletal muscle EC coupling machinery. This additional in-depth comprehension can serve
as the starting point for the development of a new generation of ion channel drugs with

enhanced selectivity.
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regions of the DHPR B, subunit, essential
for DHPR tetrad formation. In addition, our
research also focuses on the role of the
Ca?*-activated CI channel (CaCC; Fig.1)
in zebrafish skeletal muscle which is ac-
tivated during EC coupling (MCBO, FWF
W1101-B12). CaCC currents might play a
role in shaping the muscle action potential.

Pharmacological Modulation of the
Innate Immune Response

Sandra Santos-Sierra

The innate immune system plays a crucial
role not only in fighting infections, but also
in numerous diseases and pathological
conditions including cancer. Toll-like re-
ceptors (TLRs) are main components of
this system. They recognize pathogens via
ligation of pathogen associated molecular
patterns (PAMPS), likewise they bind some
host derived ligands resulting from tissue
damage (DAMPS). Thus, the central role
of TLRs in various inflammatory processes
and in sepsis is well recognized. For this
reason, the discovery of substances with
modulatory activity on TLR signaling may
have important implications in the therapy
of a broad spectrum of pathologies linked

© Proc. Natl. Acad Sci. U.S.A.

Fig. 2: Model of B-induced restoration of EC
coupling parameters. Substitution of the B3
SH3 domain together with the C-terminus
by corresponding 31a sequence leads to full
restoration of (B-induced charge movement
and thus proper EC coupling. According to
our model the Bla SH3 domain and C-ter-
minus (blue) bind intra-molecularly via
the SH3-PXXP interaction (yellow dots) to
adapt the accurate 3 conformation which
in turn strongly induces (thick red arrows)
the correct, fully functional conformation of
the DHPRa1S core region (4 cylinders), and
thus restoring all parameters of skeletal
muscle EC coupling (modified from Dayal et
al, 2013, PNAS).
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Fig.3: A. Small-molecules TLR2 antagonists. The inhibitory concentration lies in the low
micromolar range and it was determined as the inhibition in TNFa production by human
monocytes after TLR2 stimulation. B. Small-molecules TLR2 agonists. The compounds syn-
ergize with known TLRZ ligands (as shown in luciferase experiments) pointing to a possible

allosteric binding site in the receptor.

to inflammation.

Toll-like receptor 2 (TLR2) recognizes bac-
terial di- and tri-acylated lipopeptides and
also some host endogenous ligands re-
leased after tissue damage (e.g. HMGBH1,
hyaluronan). However, up to date there has
been a lack of synthetic TLR2 modulators.
We have developed several compounds,
small-molecules, which are bona fide TLR2
ligands. These were retrieved from a com-
bined in silico/in vitro screening for their
potential to bind TLR2 in HEK293 cells
overexpressing the receptor and bearing an
NFkB-dependent reporter construct.

Two groups of compounds were selected
and their mechanism of action is under char-
acterization: First, TLR2-antagonists which
bind the TLR2/1 and TLR2 /6 heterodimers
at the lipopeptide ligand (Pam3CSK4) bind-
ing site, as indicated by molecular modeling
(Fig.3A); Second, TLR2-agonists whose
binding mode is structurally not defined
yet, as these compounds have synergistic
activity with other TLR2 ligands (Fig.3B).
The activity of the different compounds in
mouse and human immune cells has been
tested and proof of their in vivo activity is
under way.

In order to modulate TLR activity, small-mol-
ecules show better properties than natural
TLR2 ligands (e.g. their synthesis is cheaper
and they can be purified to clinical grade).
Consequently, the novel TLR2-antagonists
may be applied in pathologies where TLR2
over activation leads to an increased inflam-

matory response and on the other hand,
TLR2-agonists may be used in adjuvanticity
in those settings in which the immune sys-
tem shows unresponsiveness.
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Manfred Grabner / Coapplicant, Dr. Anamika Dayal

» Molecular Cell Biology and Oncology (W1101-B12); FWF,
Manfred Grabner.

« Else Kroner Fresenius Stiftung, Sandra Sierra-Santos

Collaborations

« Clara Franzini-Armstrong, Department of Cell and Developmen-
tal Biology, University of Pennsylvania, Philadelphia, U.S.A.

» Francesco Zorzato, Dipartimento di Scienze Della Vita e Bio-
tecnologie, Universitd Ferrara, Ferrara, Italy

« Werner Melzer, Institut fiir Angewandte Physiologie, Universitat
Ulm, Ulm, Germany

« Paul D. Allen, Molecular Biosciences, University of California at
Davis, U.S.A.

+ Isaac Pessah, College of Biological Sciences, University of
California at Davis, U.S.A.

+ Roger Bannister, School of Medicine, Division of Cardiology,
University of Colorado, U.S.A.

» G. Wolber, Institute of Pharmacy, Free University of Berlin,
Germany.

» P Henneke, Center for Chronic Immunodeficiency, University
Medical Center Freiburg, Germany.

* J. Kirchmair, Center for Bioinformatics, University of Hamburg,
Germany.

» K. Liedl and J. Fuchs, Faculty of Chemistry and Pharmacy,
Leopold-Franzens-University Innsbruck, Austria.

+ F Lagler, Paracelsus Medical University Salzburg, Austria.
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Department of Medical Genetics, Molecular and Clinical Pharmacology

Molecular and Cellular
Pharmacology

Keywords

lon channels, protein biochemistry, anti-
bodies, proteomics, immunoprecipitation

Research Focus

Our research unit focusses on certain key
aspects of voltage- and ligand-gated ion
channels. We are interested in the subunit
composition of several ion channel families
as well as their cellular and subcellular dis-
tribution. In addition, our research aims to
identify the respective ion channel nano-
domains through immunoprecipitation ex-
periments as well as through high-sensitivity
sequencing by mass spectrometry.

General Facts

Our research unit is quite small in terms of
associated personnel, resources and asso-
ciated lab space. We reside on the ground
level of the Pharmacology/Genetics build-
ing in Peter-Mayr Strasse 1in approx. 110m?
of lab- and office space. We have access to
a single animal holding room (mice) which
is shared with the scientists of the Division
for Biochemical Pharmacology. The majority
of equipment and facilities is shared with
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other Pharmacology units (Division for Bio-
chemical Pharmacology or the Institute of
Pharmacology). Our unit employs a total of
6 people. Besides the division head and a
part-time administrator, 2 research assis-
tants and an animal care keeper are staff
members. The PhD student is employed
through a PhD program. Both research as-
sistants and the division head are MDs and
also have clinical duties, especially related
to the institutional ethics committee.

Research

Ourlabisprimarily interested ininvestigating
the composition, microenvironment and
distribution of various ion channels, in
particular several classes of potassium and
TRPV channels. All these channels appear to
associate with other molecular components
in complexes, so-called ‘microdomains’. We
aim to establish the composition of these
ion channel complexes by use of various
detergent solubilization protocols, immuno-
precipitation experiments and sequencing
of isolated ion channel complexes through
mass spectrometry.

Composition of the TRPV1 Microdomain
in the Peripheral Nervous System.
Hans-Giinther Knaus

The Transient Receptor Potential Vanilloid 1
(TRPV1, vanilloid receptor 1) ion channel

plays a key role in the perception of ther-
mal and inflammatory pain. Its molecular
environment in dorsal root ganglia (DRG)
has however been largely unexplored. The
channel complex from mouse DRG was
detergent-solubilized, isolated by immuno-
precipitation using a panel of sequence-
directed antibodies against the TRPV1
protein and mouse DRG membranes, and
subsequently analyzed by mass spectrom-
etry. A number of potential TRPV1 inter-
action partners were identified, amongst
them cytoskeletal proteins, signal trans-
duction molecules, and established ion
channel subunits. Based on stringent spec-
ificity criteria, the voltage-gated K* channel
beta 2 subunit (KvB2), an accessory subunit
of voltage-gated K* channels, was identi-
fied as being associated with native TRPV1
channels. Reverse co-immunoprecipita-
tion and antibody co-staining experiments
confirmed the TRPV1/KvB2 association.
Patch-clamp experiments in the presence
of KvB2 resulted in a significant increase
of capsaicin-induced outward currents.
Biotinylation assays demonstrated that
KvB2 increased the cell surface expression
levels of TRPV 1, which supports the electro-
physiological data. This project demonstrat-
ed the association of a Kvf subunit with
the TRPV1 channel, and indicated that such
interaction plays a role in the trafficking of
TRPV1 to the plasma membrane.

© Biochim Biophy Acta

Fig. 1: TRPV1 and Kvf32 co-expression in sensory neurons: immunostaining of dissociated
wildtype (left panels) and TRPV1-/- (right panels) sensory neurons with anti-TRPV1 and

Kv[32 antibodies.
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Identification of Potential Novel Inter-
action Partners of the Sodium-Activated
Potassium Channels Slick and Slack
in Mouse Brain and their Respective
Distribution.

Hans-Gilinther Knaus

For this research we used a combined ap-
proach of (co)-immunoprecipitation studies,
Western blot analysis, double immunofluo-
rescence and mass spectrometric sequenc-
ing and immunohistochemical distribution
studies, in order to investigate protein-
protein interactions of the Slick and Slack
channels and their respective distribution
profiles. We found that Slick and Slack
channels co-assemble into the same cellu-
lar complex. Double immunofluorescence
experiments revealed that Slick and Slack
channels co-localize in distinct mouse brain
regions. Moreover, we identified the small
cytoplasmic protein beta-synuclein and the
transmembrane protein 263 (TMEM 263)
as novel interaction partners of both, native
Slick and Slack channels. In addition, the
inactive  dipeptidyl-peptidase  (DPP 10)
and the synapse associated protein 02
(SAP 102) were identified as constituents
of the native Slick channel complex in the
mouse brain. We were also able to establish
the immunohistochmical distribution pro-
files for Slick and Slack channels in mouse
brain sections. In some brain regions, these
two potassium channel isoforms are clearly
segregated, while in other regions they
show significant coexpression, at least at
the light microscopical level.

Molecular and Cellular Pharmacology

© Sandra Rizzi

Fig. 2: Model of the transmembrane topology of a Slick / Slack channel.

Major Achievements:

Complete panels of sequence-directed an-
tibodies against a large number of different
ion channel families were characterized. By
use of these antibodies, the microdomain
environments of some of these ion chan-
nels were established.

Future Goal: To characterize some of these
novel interaction partners in terms of their
precise function in the respective ion chan-
nel complex.

Pharmacoeconomics: Austrian Drug
Prescription Report

Georg Wietzorrek

Data from all prescriptions filled in Austri-

Fig. 3: Public expenses on drugs and calculated savings potential by indications, 2012.

Research Report 2015 Medical University of Innsbruck

an pharmacies on public expense by out-
patients (2006-2014) from the Federation
of Austrian Social Insurance Institutions
(Hauptverband der Sozialversicherung-
strager) are being analysed for optimiza-
tion/savings potential, prescription of ge-
nerics, demands for regulations and further
aspects.

Achievements: The results together with
a thorough interpretation and a discussion
of the pharmacology (including risk-benefit
evaluations) of the prescribed substances
were provided to the Hauptverband as a
scientific basis for further decision-making.
Future Goal: The Austrian Drug Prescrip-
tion Report will be published as a textbook.

Selected Publications

Subcellular expression and neuroprotective effects of SK
channels in human dopaminergic neurons.

Dolga AM, de Andrade A, Meissner L, Knaus HG, Héllerhage M,
Christophersen B, Zischka H, Plesnila N, Héglinger GU, Culmsee C.
Cell Death Dis. 2014 Jan 16;5:€999.

Identification of voltage-gated K(+) channel beta 2 (KvB2) subunit
as a novel interaction partner of the pain transducer Transient Re-
ceptor Potential Vanilloid 1 channel (TRPV1).

Bavassano C, Marvaldi L, Langeslag M, Sarg B, Lindner H,
Klimaschewski L, Kress M, Ferrer-Montiel A, Knaus HG.

Biochim Biophys Acta. 2013: p.3166-75.

Palmitoylation of the B4-subunit regulates surface expression of
large conductance calcium-activated potassium channel splice
variants.

Chen L, Bi D, Tian L, McClafferty H, Steeb F, Ruth B Knaus HG,
Shipston MJ.

J Biol Chem. 2013; S.13136-44.

Direct association of the reticulon protein RTN 1A with the ryano-
dine receptor 2 in neurons.

Kaya L, Meissner B, Riedl MC, Muik M, Schwarzer C, Ferraguti
F, Sarg B, Lindner H, Schweigreiter R, Knaus HG, Romanin C,
Bandtlow CE.

Biochim Biophys Acta. 2013; p. 1421-33.

Selected Funding

PhD program SPIN B05, ZFW12060-05, Austrian Research Foun-
dation FWF

Collaborations

Peter Ruth, Pharmacology, Tuebingen, Germany
Bernd Fakler, Physiology Il, Freiburg, Germany

53



Department of Anatomy, Histology and Embryology

Clinical and Functional Anatomy

Keywords

Clinical anatomy, functional anatomy, ultra-
sonography, phlebology/lymphology, medi-
cal education, inner ear

Research Focus

« Clinical and Functional Anatomy in collab-
oration with several clinical departments
(e.g. Traumatology, Visceral Surgery, Plas-
tic and Reconstructive Surgery, Radiology,
etc.)

* Developmental Anatomy of the male
urinary tract

 Developmental Anatomy of inner ear

« Ultrasound guided blockades of plexus
and peripheral nerves

General Facts

Mors Auxilium Vitae - Death Aids Life.

This saying, mounted on a door of the de-
partment, aptly characterizes the basic con-
ceptual design and objectives of our group.
This means that anatomy is not considered
a discipline decoupled from daily medical
practice, but the whole Division’s activity is
focused on the welfare and health of peo-
ple. The Division therefore sees its main role
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in the development, exchange and imple-
mentation of clinical and clinically applied
anatomy used in research and teaching as a
basic science with indirect and direct bene-
fits for patients.

The Division of Clinical and Functional Anat-
omy is staffed by eleven scientific and ten
administrative members.

The Division operates laboratory facilities
for histology and immunohistology, an ultra-
sound laboratory, and an extensive body
donation program, both for educational and
scientific purposes.

The Division contributes much to the pre-
clinical training of future medical practition-
ers. The broad spectrum of learning activ-
ities includes lectures as well as practical
exercises. Therefore, also some scientific
efforts deal with medical education and the
body donation program. Further education-
al activities include regular courses for the
continuing medical education of different

medical disciplines. Among these, there are
workshops and surgical courses organised
in cooperation with the corresponding clin-
ics of the Medical University of Innsbruck
and also with international organizations
and societies.

Research

The research at the Division of Clinical and
Functional Anatomy is grouped around sev-
eral main topics: development, ultrasound,
inner ear, clinical and applied anatomy and
medical anatomy education.

Human Development

The main focus within this research topic
is the analysis of humans, whereas most
developmental research is conducted us-
ing species such as rodents, birds or fish.
We contributed to the development of the
utero-vaginal anlagen, where we could

© Annals of Anatomy 2014, 196(6): 390

Fig. 1: Causes-of-death data from body donors. The data list the prevailing fatal diseases and
external circumstances of the last 25 years (1988-2013) as stated in the death certificates
of body donors forwarded to us. The area of each circle is proportional to the absolute

number of deaths.
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Fig. 2: Graphic illustration of two human mono-polar or “ampu-
tated” SG cells with surrounding SGCs (red) together with results
from immunohistochemistry (TrkB, tyrosine kinase B receptor;
BDNE brain-derived neurotrophic factor; nNOS, nitric-oxide
synthase; GFL, GDNF family ligand; C-ret, GFL receptor; GFRal-
pha, GDNF family receptor alpha; NTRN, neurturin; hSGNs, hu-
man spiral ganglion cells; SGCs, satellite glial cells; GDNF, gli-
al-cellline-derived neurotrophic factor; Cx30, connexin 30; Cx36,
connexin 36; P75NTR, P75 neurotrophin receptor).

show that the epithelial differentiation fol-
lows a cephalad direction. In the hindgut,
we demonstrated that the expression pat-
tern of distinct HOX genes differs markedly
between animal models. The urethral devel-
opment was analysed with special empha-
sis on gender-differences. Thus, we could
demonstrate a significantly closer bladder
outlet in male foetuses compared to fe-
males, suggesting that the development of
the male inner genitals requires a cellular
stimulus by the urogenital sinus epithelium,
and we could show that during the develop-
ment of the female urogenital system the
primary incidence is the formation of the
urethra. This is followed by the establish-
ment of the vagina, which clearly depends
on the proper differentiation of the urogeni-
tal system/urethra.

Ultrasound

The primary focus of this line of research
is to develop novel ultrasound-guided clin-
ical techniques, such as the block of the
superior cervical ganglion, the assessment
of different tissues by means of sonoelasto-
graphy and the comparison of different
blocks for regional anaesthesia.

Research Report 2015 Medical University of Innsbruck

Clinical and Functional Anatomy

© Cell Tissue Res. 2014; 355(2): 273

Fig. 3: The popliteal-sciatic block. Model photograph. Scanning of the
popliteal fossa (A). The popliteal artery (PA) is seen in the cross-sec-
tional view (B). The tibial nerve (TIB) is localized between the PA and
the skin (B). The TIB is then followed by sliding the transducer ceph-
alad until the common peroneal nerve (PEN) merges with the TIB. At
this point of the sciatic nerve (SCN) bifurcation, the needle is inserted
at a very shallow angle to the transducer from the lateral side of the
thigh and advanced in-plane in a lateral-to-medial direction with the
end point between the 2 nerves (AB). Magnetic resonance (MR) im-

aging in the sagittal plane depicts the distribution of the injectate in
and above the popliteal fossa spreading both cephalad and caudad to

surround the SCN.

Inner Ear

Research on this topic is performed in
close collaboration with Anneliese Schrott-
Fischer and Rudolf Gliickert from the ENT
Department. Together, we investigated the
possibility of using silica nanoparticles as
vectors for drugs and genes. Furthermore,
we found that sepsis leads to significant
hearing impairment. This physiological al-
teration was linked to apoptosis in the sup-
porting cells of the organ of Corti and to a
disturbance of the synapses of the inner
hair cells.

Clinical and Applied Anatomy

Research in clinical and applied anatomy is
mainly driven by questions received from
collaborating clinicians.

Therefore, this topic is widespread and cov-
ers sub-topics such as the scaphoid bone,
the posterolateral corner of the knee, intra-
operative pelvic neuromonitoring and the
detailed mapping of the nasal muscles.

Medical Education

This topic comprises more general aspects,
such as an analysis of the philosophy and
ethics of anatomy teaching, but also more

specifically, the development of a colo-
proctological skills laboratory or improving
courses in regional anaesthesia.

Selected Publications

Anatomical-coloproctological skills lab.

Aigner F, Resch T, Oberhuber R, Kronberger |, Hoermann R, Fritsch
H, Pratschke J, Oberwalder M.

EUROPEAN SURGERY. 2014; 46: p.21-24.

Development of an Innovative 3D Cell Culture System to Study Tu-
mour - Stroma Interactions in Non-Small Cell Lung Cancer Cells.
Amann A, Zwierzina M, Gamerith G, Bitsche M, Huber JM, Vogel
GF, Blumer M, Koeck S, Pechriggl EJ, Kelm JM, Hilbe W, Zwierzina
H. PLOS ONE. 2014; 9: p.e92511.

Ultrasound-Guided Single-Penetration Dual-Injection Block for
Leg and Foot Surgery A Prospective, Randomized, Double-blind
Study.

Borglum J, Johansen K, Christensen MD, Lenz K, Bendtsen TF,
Tanggaard K, Christensen AF, Moriggl B, Jensen K. REGIONAL AN-
ESTHESIA AND PAIN MEDICINE. 2014; 39: p. 18-25.

Histomorphometric Evaluation of Ischemia-Reperfusion Injury
and the Effect of Preservation Solutions Histidine-Tryptophan-
Ketoglutarate and University of Wisconsin in Limb Transplanta-
tion.

Hautz T, Hickethier T, Blumer MJF, Bitsche M, Grahammer
J, Hermann M, Zelger B, Messner F Pechriggl EJ, Krapf C,
Kimelman M, Brandacher G, Lee WPA, Margreiter R, Pratschke J,
Schneeberger S.

TRANSPLANTATION. 2014; 98: p.713-720.

A New Nasopharyngeal Dynamic Reference Frame Improves
Accuracy in Navigated Skull Base Targets.

Kral F DiFranco M, Puschban J, Hoermann R, Riechelmann H,
Freysinger W.

SURGICAL INNOVATION. 2014; 21: p.283-289.
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Department of Anatomy, Histology and Embryology

Neuroanatomy

Enhanced recycling
of RTKs:
Axonal elongation
Dendritic branching

Recycling endosome

Fig. 1: Trafficking of RTKs in neurons.
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Keywords

Cellular neuroscience, peripheral axonal re-
generation, glioma, fluorescence imaging,
comparative neuroanatomy

Research Focus

» Axotomy-induced plasticity in peripheral
neurons

 Receptor tyrosine kinase trafficking in
axonal regeneration and glial proliferation

Aims:

Interference with receptor tyrosine kinase

trafficking and signalling

* to promote neurite outgrowth and axonal
regeneration

* to inhibit glioma proliferation and tumour
growth

The Fibroblast Growth Factor Receptor
(FGFR1) and regulators of ERK signalling
such as Sprouty proteins are in the focus
of our studies.

General Facts

The Division of Neuroanatomy at the
Medical University of Innsbruck offers
lectures and seminars in functional as well
as comparative Neuroanatomy for MD and
PhD students. Our research is focused on
the morphological consequences of growth

Inhibition of RTK
endocytosis:
Axon branching

Early endosome

Inhibition of
degradation of RTKs:
Axonal and
dendritic growth

Lysosome

Fig.2: Sprouty2 deficient sensory neurons
in culture reveal different axon outgrowth
patterns.

factor signalling and receptor tyrosine
kinase trafficking. Applying mainly cellular
methods combined with high-resolution
imaging, we are studying fundamental
neurobiological phenomena such as axon
outgrowth and glial proliferation.

Research

Peripheral Axon Outgrowth and Nerve
Regeneration

In recent years the cellular basis for in-
sufficient or incorrect axonal regenera-
tion and the consequent lack of functional
recovery has been unravelled in various
laboratories. Neurotrophic factors such as
the neurotrophins and the FGFs are crucial-
ly involved in stimulating neurite outgrowth

Research Report 2015 Medical University of Innsbruck
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Neuroanatomy

Fig. 3: Multicolor labeling of human glioma cells. U373 cells treated with nontargeting or Spry2-siRNA are shown 3 days after transfection.
Early endosomes contain higher amounts of FGFR1 and its ligand FGF-2 in glioma cells with reduced Spry2 levels.

and re-myelination after nerve injury. Ongo-

ing research in many laboratories focusses

on three different aspects:

1. The molecular mechanisms of neuronal
survival in response to a lesion,

2. the modification of neuronal gene ex-
pression patterns required for axonal
regeneration and

3. the changes in the axonal environment,
particularly within the distal part of the
lesioned nerve.

Our laboratory is interested in the elucida-

tion of the intrinsic mechanisms of neuronal

survival, neurite outgrowth and peripheral
axon regeneration activated by stimulation
of receptor tyrosine kinases, in particular

FGFR1.

Receptor Tyrosine Kinase Trafficking
and Signalling

Extracellular signals activate receptor-
triggered intracellular signal transduction
pathways. At the same time, receptor tyro-
sine kinases (RTKs) initiate a cascade of
events comprising ‘negative signalling’,
thereby decreasing the amplitude of
positive signals and modulating the level
of growth factor-induced stimulation.
Hence, the same receptor simultaneously
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induces positive and negative signals.
RTKs are activated by ligand binding, auto-
phosphorylated and ubiquitinated, i.e. the
small molecule ubiquitinis attached to lysine
residues at various sites on them. Following
internalization the receptor is either re-
cycled or degraded in the endosomal/lyso-
somal pathway. Negative receptor signalling
involves the coordinated action of ubiquitin
ligases such as c-Cbl, adaptor proteins
such as Grb2, negative feedback molecules
such as Sprouty, cytoplasmatic kinases
and phosphoinositol metabolites. We are
particularly interested in the trafficking of
fibroblast growth factor receptor type 1
and its regulation by Sprouty. FGFRs are
abundant in the nervous system and display
several key roles in brain development and
disease.

Selected Publications

C3 exoenzyme lacks effects on peripheral axon regeneration in
vivo. Auer M, Allodi I, Mohammed B, Udina E, Neiss W, Navarro X,
Klimaschewski L. JOURNAL OF THE PERIPHERAL NERVOUS SYS-
TEM. 2013, 18, 30-36.

Sorting of FGF receptor type 1in a human glioma cell line. Irschick
R, Trost T, Karp G, Hausott B, Auer M, Claus B, Klimaschewski L.
HISTOCHEMISTRY AND CELL BIOLOGY. 2013, 139, 135-148.

Inhibition of calpains fails to improve regeneration through a
peripheral nerve conduit. Hausner T, Marvaldi L, Martone G,

Pajere K, Hopf R, Schmidhammer R, Hausott B, Redl H, Négra-
di A, Klimaschewski L. NEUROSCIENCE LETTERS. 2014, 566,
280-285.

Enhanced axon outgrowth and improved long-distance axon re-
generation in Sprouty2 deficient mice. Marvaldi L, Thongrong
S, Koztowska A, Frei A, Pritz CO, Baumer B, Ronchi G, Geuna S,
Hausott B, Klimaschewski L. DEVELOPMENTAL NEUROBIOLOGY.
2014,75,217-231

Rho-independent stimulation of axon outgrowth and activation of
the ERK and Akt signaling pathways by C3 transferase in sensory
neurons. Auer M, Schweigreiter R, Hausott B, Thongrong S, Holtje
M, Just |, Bandtlow C, Klimaschewski L. FRONTIERS IN CELLULAR
NEUROSCIENCE. 2012, 6, 43

Membrane turnover and receptor trafficking in regenerating

axons. Hausott B, Klimaschewski L. EUROPEAN JOURNAL OF
NEUROSCIENCE. 2015, in press.

Selected Funding

Austrian Science Funds (within the PhD program ‘Signal Proces-
sing in Neurons’ SPIN, W1206-B05)

Collaborations

Ludwig Boltzmann Institute for Traumatology, Vienna, Austria
Department of Neurosciences, University of the Basque Coun-
try, Spain

Department of Physiology, Universitat Autonoma de Barcelona,
Spain

Department of Clinical and Biological Sciences, University of
Torino, Italy

Department of Biochemistry, The Norwegian Radium Hospital,
Norway

Center for Anatomy, Hannover Medical School, Germany
Institute for Anatomy, University Cologne, Germany

Center for Anatomy, University Berlin (Charite), Germany
Department of Genetics and Bioengineering, Yeditepe Univer-
sity Istanbul, Turkey
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Histology and Embryology

Keywords

Histology, electron microscopy, ultra-
structure research, membrane trafficking,
endocytic pathways, nanomedicine, trans-
lational research, endothelial cells, nano-
particles, albumin, magnetic resonance
imaging, fluorescence optical imaging,
tissue barriers, systemic imaging, topical
imaging, colon carcinoma

Research Focus

« Classical histological and cytological anal-
yses through use of light- and scanning
electron-microscopy with emphasis on
clinically applied research topics (G. Klima)
Ultrastructural investigation of subcellular
constituents (organelles, cytoskeleton)
in the context of intact cells and tissues
(M. Hess)
Imaging in cancer diagnosis (P Debbage):
- Interactions of albumin-based nano-
particles with tissues and cells
- Magnetic Resonance Imaging by use
of gadolinium-bearing albumin nano-
particles
- Fluorescence Optical Imaging by use of
fluorochrome-bearing albumin nano-
particles
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- Comparison of systemic and topical
application of nanoparticles

- Topical application of
fluorochrome-bearing nanoparticles to
image early cancer

Research

Clinical and Applied Histology

and Cytology

Giinter Klima

Long-term collaborations with Clinical
Departments of the Innsbruck University
Medical Center, i.e. Department of Visceral,
Transplant and Thoracic Surgery, Depart-
ment of Urology, Department of Plastic-,
Reconstructive- and Aesthetic Surgery,
Department of Anesthesiology and Critical
Care Medicine, Center of Internal Medicine,

Department of Cranio-maxillofacial and
Oral Surgery.

Cellular Electron Microscopy

Michael W. Hess

Our cell biological research concen-

trates on ultrastructural aspects of intra-
cellular membrane trafficking in eukary-
otic cells and tissues, performed in close
collaboration with the groups of L. A. Huber
and D.Teis (Division of Cell Biology) as well
as T.Miiller and A.Janecke (Department
of Paediatrics ). Cryo-based (immuno-)
electron microscopy and 3D-modelling
based on electron tomography are our
preferred approaches for investigating

mammalian cell cultures, (biopsy) samples
from patients and various model organisms
such as mice, yeast, flatworms and the
freshwater polyp Hydra.

Membrane traffic is studied with special
emphasis on endo/lysosomal pathways
and intracellular signalling (Adell et al.
2014; Schiefermeier et al. 2014).
Furthermore, we are interested in the
relationships between membrane traffic,
cytoskeleton and loss of cellular polarity, as
presented by Microvillus Inclusion Disease,
a fatal hereditary enteropathy affecting neo-
nates (Fig. 1; Wiegerinck et al., 2014; Thoeni
et al., 2014). Finally, we perform methodo-
logical research on various organisms from
all kingdoms of life, aiming at the improve-
ment and development of advanced spec-
imen preparation and labelling procedures
for  biomedical electron microscopy
(Schmiedinger et al., 2013).

Endothelial Biology Group

Paul Debbage

Nanomedicine aims to apply the advantages
of nanoscale structured materials to en-
hance the targeting efficiency and reduce
the toxicity of drug delivery, and to improve
monitoring of therapeutic progress. Since
2004 our group has collaborated with other
groups in the Medical University Innsbruck
and the Leopold-Franzens-University in
Innsbruck, and with partners elsewhere in
Austria to carry out translational research in
Nanomedicine. As a founder member of the

Fig. 1: Microvillus Inclusion Disease caused by homozygous truncating mutation in the
apical t-SNARE protein syntaxin 3 (STX3). Electron micrograph from severely affected en-
terocytes (small intestine epithelial cells) showing characteristic atrophy and local loss of
brush-border microvilli at the cell surface, associated with pathological accumulation of
glycoprotein-rich, dark vermiform membrane vesicles (arrow) in the cell periphery.
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Fig. 2: at left, albumin in its native configuration as a heart shaped molecule. Each of the
several linkers attached to it bears a single gadolinium atom (shown as a gold ball) which
generates contrast in MRI. This principle of albumin with a linker bearing a signal-emitter is
the basis of our translational research in the NanoEFEct project, but there the signal-emitter
is a fluorochrome. At right, the dimensions of the albumin molecule are shown; we use these
to plan quantitative aspects of the nanoparticles in the translational project. The image is
taken from our publication Stollenwerk et al. (2010) Histochem Cell Biol. 133(4):375-404.

Austrian National Consortium “Nanohealth”
we collaborated with teams in Vienna,
Innsbruck and Graz, learning to design and
synthesize protein-based nanoparticles
of high quality (Figs.2,3): mechanically
stable, of highly reproducible size, bearing
standard numbers of both gadolinium tags
and lectin targeting groups, and being non-
cytotoxic according to OECD guidelines.
However, after intravascular application

they accumulated rapidly in the von Kupffer
macrophages and in the endothelial cells
lining the liver sinusoids, the gadolinium
remaining in the liver (and kidneys and
spleen) in large amounts for at least 2
weeks after application.

Fig 3: A transmission electron microscope
image of negatively contrasted nanoparticles
(seen here as white spheroids). These
high-quality particles do not aggregate, are
highly uniform in size, and each contains
approximately 10 of the albumin molecules
shown in Fig.2 (Abdelmoez, Thurner et al,
2010, Histochem Cell Biol. 134(2), 171-196).
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This made us aware of how little we know
of the potential tissue toxicity of nano-
particles bearing active substances, and
of other potential toxicities not detected in
cell-based assays. It prompted us to review
the blood-tissue barriers which regulate the
transfer of nanoscale objects across the
vascular endothelial lining and thus control
their distribution within the body. We found
that systemic application of nanoparticles
(e.g. by intravascular injection) faces
multiple barriers maintained by the body
between the blood and the internal com-
partments of almost all tissues (Debbage
and Thurner, 2010, Pharmaceuticals 3 (11),
3371-3416). Once the nanoparticles have
reached their targets within a tissue, high
signalling and drug-release rates can be
obtained exclusively within that tissue. To
achieve that however, the nanoparticle re-
quires 3-5 different targeting groups to
“navigate” the barriers between the blood
and the tissue cells. This raises significant
regulatory hurdles.

We therefore considered topical application
of nanoparticles. In this case, the blood-
tissue barriers exclude the nanoparticles
from the systemic circulation. Small
amounts of nanoparticles could therefore
be applied to achieve strong signalling, high
local drug concentrations, and a minimum
of material transfer into the systemic
circulation, reducing side-effects potentially
to extremely low levels.

As a consequence of these considera-

Histology and Embryology

tions, our group is now coordinating an
EU ERA-Net Transcan project (“NanoE-
FEct”) aimed at early diagnosis of colorec-
tal carcinomas by nanoparticle-mediated
fluorescence imaging (total funding volume
slightly higher than € 1,000,000).

Future Goals: the translational research
we presently carry out in the NanoEFEct
project is aimed at early diagnosis of colon
carcinomas, but the technology we are
developing could also be applied to target
any carcinomas arising in organs that can be
accessed by endoscopy; these include other
segments of the gastrointestinal tract, the
genitourinary tract, the upper respiratory
tract and the larger airways of the lungs.
The technology can also be applied to target
the earliest stages of inflammation, which
underlies a range of diseases and is often
associated with malignancies. In the 3-5
year term, we are also interested in learning
to load the nanoparticles with drugs, aiming
to achieve local treatment of tumours that
cannot be excised.

Selected Publications

Coordinated binding of Vps4 to ESCRT-IIl drives membrane neck
constriction during MVB vesicle formation. Adell MAY, Vogel GR
Pakdel M, Mueller M, Lindner H, Hess MW, Teis D.
JOURNAL OF CELL BIOLOGY. 2014; 205: p.33-49.

The late endosomal p14-MP1 (LAMTOR2/3) complex regulates
focal adhesion dynamics during cell migration.

Schiefermeier N, Scheffler JM, de Araujo MEG, Stasyk T, Yordanov
T, Ebner HL, Offterdinger M, Munck S, Hess MW, Wickstroem SA,
Lange A, Wunderlich W, Faessler R, Teis D, Huber LA.

JOURNAL OF CELL BIOLOGY. 2014; 205: p.525-540.

Microvillus inclusion disease: loss of Myosin vb disrupts intra-
cellular traffic and cell polarity. Thoeni CE, Vogel GF, Tancevski
I, Geley S, Lechner S, Pfaller K, Hess MW, Miiller T, Janecke AR,
Avitzur Y, Muise A, Cutz E, Huber LA. TRAFFIC. 2014; 15: p.22-42.

Loss of Syntaxin 3 Causes Variant Microvillus Inclusion Disease.
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Haaften-Visser DY, Escher JC, Adam R, Thoeni CE, Pfaller K,
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GASTROENTEROLOGY. 2014; 147: p. 65-68.
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p.653-658.

Selected Funding
NanoEFEct, EU ERA-NET Transcan, Paul Debbage

Collaborations

« Institute of Cell Biology, Histology and Embryology, Medical
Univ. of Graz, AT

« Centre for Medical Basic Research, Medical Univ. of Graz, AT

« Dept. of Pharmaceutical Technology, LFU Innsbruck, AT

* Medical Clinic 1 - Gastroenterology, Pneumology and Endocri-
nology, University Clinics Erlangen,Germany

« Inst. for Materials and Chemistry, SINTEF, Trondheim, Norway

« Faculty of Engineering. University of Porto, Portugal

+ CESAR (Central European Society for Anticancer Research -
EWIV), Vienna, AT

59



Department of Hygiene, Microbiology and Social Medicine

Hygiene and Medical Microbiology

Keywords

Infectious diseases, hygiene, infection,
fungi, EHEC, HIV, dendritic cells, platelets,
complement, N-chlorotaurine

Research Focus

Understanding Infections:
From Pathogenesis to Diagnosis
* The tasks of the Division of Hygiene and
Medical Microbiology (HMM) comprise re-
search, teaching, laboratory diagnosis of
infectious diseases, environmental, hospi-
tal and technical hygiene.
« Scientific activities cover fungal patho-
genicity and virulence factors, molecular
mechanisms of host pathogen-interaction
including the complement system, ba-
sic immunological research (interactions
of dendritic cells/T-cells), antimicrobial
agents (antimycotics and endogenous an-
tiseptics), enterohemorrhagic E.coli and
prevention of nosocomial infections.
HMM seeks to prevent illness and death
from targeted infectious disease threats
through research and the translation of
scientific information into real-world,
practical applications, policies, and solu-
tions (Fig. 1).

Fig. 1: Translation of in vitro to in vivo - overview of research questions targeted at HMM.
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General Facts

Infectious diseases are turning into one of
the most frequent causes of death in the
world. Presently, bacteria and fungi are con-
stantly developing resistance to antibiotics
and antimycotics, resulting in an increase of
emerging pathogens spread worldwide. Un-
derstanding the biological principles under-
lying the mechanisms by which infectious
agents adapt, and undermining the defence
mechanisms of a host is critical for fighting
diseases.

HMM conducts basic and translational
research into molecular mechanisms of
pathogenesis of bacterial, viral, or fungal
infections and different strategies for their
prophylaxis and therapy. HMM'’s mission is
to coordinate and strategically align transla-
tional infection research with the aim of de-
veloping new diagnostic, preventative and
therapeutic methods for treating infectious
diseases. To achieve this, HMM has formed
thematic translational units of scientists,
each dedicated to one specific pathogen or
infectious disease. HMM is one of the larg-
est microbiology diagnostic laboratories in
Austria, with an average sample throughput
of 250 000 specimens per year. (HMM is
associated to all major hospitals in Tyrol,
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Fig. 2: Identifying underlying networks contributing to infectious diseases.

seeking it in a key position in the diagnostic
laboratory landscape in Austria.)

Our research group consists of 6 Associate
Professors, 5 Post-Docs, several PhD- and
bachelor students and 7 technical assis-
tants, the diagnostic of 9 medical doctors, 3
Post-Docs, and 26 technical assistants.
The mission of HMM is to bridge the gap be-
tween basic and translational research into
microbial pathogenesis (Fig. 2).

Christian-Doppler-Laboratory

for Invasive Fungal Infections

In 2015 a “Christian-Doppler-Laboratory for
Invasive Fungal Infections” was set up. With-
in the estimated 2 million fungal species on
earth, about 600 cause diseases in humans,
and the most important are Candida, Asper-
gillus, Mucorales, and Cryptococcus. Fungal
infections are increasing and are associat-
ed with excessive morbidity and mortality
(Fig. 3). Over 300 million people are acutely
or chronically infected, leading to death,
long term illness, and reduced work capac-
ity. The reasons for emergence are likely
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multifactorial, e.g. the advent of medical
progress, the successful application of im-
munosuppression in transplanted patients,
and the use of immunomodulatory agents
for treating various diseases from cancer
to rheumatoid arthritis. Reducing the inci-
dence relies on rapid and specific diagnos-
tics, effective antifungal drugs, novel immu-
notherapeutic strategies, and adherence to
infection control and sterility practices.

CD-Fungus deals with the following three
main research questions: How to best find,
treat and prevent mucor mycosis?

Tackling these key questions needs

1. recognising MM as such

2. identification of the source and type of
infection

3. identification of the pathogen

4. understanding the underlying patho-
mechanisms

5. initiation of early targeted treatment and

6. providing a clean and safe hospital
environment.

CD-Fungus attempts to unravel scientific
questions raised by implementing 3 mod-
ules which will ultimately advance our un-
derstanding of fungal pathology, improve di-
agnosis and treatment of MM and enhance
patients’ outcome and safety in terms of
prevention of nosocomial and hospital-as-
sociated infections.

Research

Emerging Infections with a Focus on
Enterohemorrhagic Escherichia Coli
(EHEC)-Induced Hemolytic Uremic
Syndrome (HUS)

Experiences over the last decade clearly
demonstrate the vulnerability of modern
society due to emerging pathogens. Out-
breaks and epidemics virtually affect all as-
pects of our lives, with constant threats to
our health. A prompt health-care response
is critical to prevent a rapid spread of in-
fection. A thorough intensive knowledge of
the pathogen, its reservoirs, its risk-factors
as well as its associated broad-spectrum
drugs is immensely important. Researchers
(WG Orth-Holler & WG Wiirzner) investigate
the interaction of EHEC virulence factors
with the complement cascade and evaluate
whether a transient complement blockade
opens new therapeutic strategies. HMM will
pursue immune modulation strategies fo-
cusing on the role of complement, and will
provide genetic factors potentially respon-
sible for disease development (Fig. 4).

Exploiting Immune

Response to Infection

The human immune systemis constantly ac-
tive combating diseases. Researchers have
developed novel methods for assessing the
immune response in molecular detail focus-
ing on HIV-1 and opportunistic fungal path-
ogens. During acute and chronic phase of
infection, dendritic cells (DC), macrophages
and platelets are of major interest. Various
aspects of opsonization (complement, anti-
body) are considered in all in vitro experi-
mental set-ups to mimic the in vivo situation
close to reality. One focus is to study the

Fig. 3: Invasive fungal lung infection display-
ing hyphae (mucor species) and yeast cells.

61



Department of Hygiene, Microbiology and Social Medicine

Fig. 4: Involvement of the complement system in the pathogenesis of EHEC-associated HUS.

impact of viral opsonization patterns on sig-
nalling pathways within DCs, on DC matu-
ration, and on DC antigen presentation to
CD4+ and CD8+ T cells (WG Wilflingseder
& WG Posch; Fig.5). Another goal is to eval-
uate the interaction of platelets and fungal
pathogens. Such interplay might result in
either mutual platelet activation or inhibi-
tion hence resulting in additive antifungal
defence or excessive inflammation and
thrombosis (WG Speth-Rambach). Another
project aims at elucidating fungal proteins
which allow pathogens to escape from
complement interactions, subsequently
protecting the fungus from the destructive
action of an activated immune system (WG
Wiirzner). This ground-breaking research is
forming the basis for the development of
novel treatment strategies and eventually of
vaccines.

Fungal Infections of the
Immunocompromised Patient

Our aging population and the growing
prevalence of chronic diseases has forced
modern medicine to use aggressive can-
cer therapies and organ or bone marrow
transplantation, which result in or require
immunosuppression. In immunocompro-
mised patients, fungal pathogens, usually
efficiently controlled by the immune sys-
tem, can cause life-threatening diseases
that may be difficult to treat with currently
available anti-mycotics. While the degree
of immune alteration is a major contributor
to fungal diseases in immunocompromised
patients, knowledge of other factors relat-
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ed to treatment failure is limited. Hence,
researchers decipher the role of hypoxia
in the onset of infections and various new
in vitro and in vivo models will be applied
(WG Binder-Lass-Florl, WG Wilflingseder,
WG Speth). HMM research intends to pur-
sue immune modulation and new treatment
strategies to provide promising options for
the development of novel and more effec-
tive antifungal therapies. This topic is also
dealt with in the FWF-funded doctoral pro-
gramme of excellence, HOROS, for HOst
Response in Opportunistic infectionS and
the Christian Doppler laboratory for inva-
sive fungal infections.

Therapy-Resistant Fungal Infections

A disturbing and rapid increase in infections
caused by antimycotic-resistant fungal
pathogens is a big public health concern
presently in the medical field. Most severe
and fatal cases result from healthcare-
associated fungal infections, which are
increasingly caused by Candida, Aspergil-
lus and Mucorales. Hence, a major focus
is to investigate azole and echinocandin-
resistance in yeasts and moulds and to
discover new resistance mechanisms (WG
Lackner-Lass-FIorl). Another main focus is
to identify the underlying mode of ampho-
tericin B resistance in Aspergillus terreus.
In this context, we evaluate mitochondria
as crucial modulator of polyene resistance
(WG Wilflingseder-Blatzer-Jukic-Lass-Florl).
The mission of HMM is to bridge the trans-
lational gap between basic research and
the development of novel antifungal drugs.

HMM will support epidemiological, trans-
lational and clinical studies to improve the
management of fungal diseases.

N-Chlorotaurine: Assessing of New
Antiseptic Solutions and Antimicrobial
Surfaces

N-chlorotaurine, a long-lived oxidant pro-
duced by activated human leukocytes has
been synthesized as sodium salt in our divi-
sion and is under clinical investigation for lo-
cal treatment of infections of multiple body
regions, including sensitive ones (Fig. 6).
Basic research assesses its microbial ac-
tivity against biofilms and investigates the
activity against emerging pathogens (WG
Nagl). While antibiotics are frequently con-
sidered the first line of containment for
nosocomial infections, there is increasing
effort being devoted to prevent infections.
Researchers at the division are screening
surface materials that prevent bacteria, viral
and fungal contamination and persistence
on medical surfaces (WG Mayr-Lass-Florl).

Laboratory Diagnostics, Hospital and
Technical Hygiene

The division HMM fulfils its tasks in detec-
tion and identification of pathogens causing
infections. This covers bacteriology, para-
sitology, mycobacteriology and mycology.
The diagnostic laboratories are certified
according to 1ISO 9001:2009. Special parts
are controlled by external audits in accord-
ance to §67 Austrian Medicines Law and
FDA, Division of Manufacturing and Product
Quality. Within the sector of hospital and
technical hygiene (accredited according
to ISO/IEC 17025 and ISO/IEC 17020)
guidelines for the prevention of infectious
diseases are developed and controlled
corresponding to the statutory pre-setting
for technical facilities (e.g. disinfection
machines).

Fig. 5: Three-dimensional image of dendritic
cells infected with HIV-1.
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Fig. 6: Synthesis of N-chlorotaurine by human granulocytes.
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Bactericidal activity of N-chlorotaurine against biofilm forming
bacteria grown on metal discs.

Coraca-Huber DC, Ammann C, Fille M, Hausdorfer J, Nogler M,
Nagl M.

ANTIMICROB AGENTS CHEMOTHER. 2014;58:2235-2239.

Position and numbers of FKS mutations in C. albicans selectively
influence in vitro and in vivo susceptibility to echinocandin treat-
ment.

Lackner M, Tscherner M, Schaller M, Kuchler M, Mair C, Sartori B,
Istel F, Cavling Arendrup M.

ANTIMICROB AGENTS CHEMOTHER. 2014;58:3626-3635.

Shiga toxin 2 reduces complement inhibitor CD59 expression on
human renal tubular epithelial and glomerular endothelial cells.
Ehrlenbach S, Rosales A, Posch W, Wilflingseder D, Hermann M,
Brockmeyer J, Karch H, Satchell SC, Wiirzner R, Orth-Héller D.
INFECT IMMUN. 2013;81:2678-2685.

Blocking Hsp70 enhances the efficiency of Amphotericin B treat-
ment in resistant Aspergillus terreus strains.

Blatzer M, Blum G, Jukic E, Posch W, Gruber B, Nagl M, Binder U,
Maurer E, Sarg B, Lindner H, Lass-Florl C, Wilflingseder D.
ANTIMICROB AGENTS CHEMOTHER. 2015 [Epub ahead of print].

Identification of Aspergillus fumigatus surface components that
mediate interaction of conidia and hyphae with human platelets.
Rambach G, Blum G, Latgé JP, Fontaine T, Heinekamp T, Hagleitner
M, Jeckstrom H, Weigel G, Wiirtinger B, Pfaller K, Krappmann S,
Loffler J, Lass-Florl C, Speth C.

JINFECT DIS. 2015 [Epub ahead of print].

Immediate T-helper 17 polarization upon triggering CD11b/c on
HIV-exposed dendritic cells.

Wilflingseder D, Schroll A, Hackl H, Gallasch R, Frampton D, Lass-
Florl C, Pancino G, Saez-Cirion A, Lambotte O, Weiss L, Kellam P,
Trajanoski Z, Geijtenbeek T, Weiss G, Posch W.

JINFECT DIS. 2015 [Epub ahead of print].

Research Report 2015 Medical University of Innsbruck

Selected Funding

FWF | 661-B09: Oxystress and human fungal pathogens: clinical
and applied aspects. 2011-2014

FWF 1-656-B09: Biomarker and antifungal resistance in Aspergil-
lus. 2011-2014

FWF W1253-B24: HOROS Doctoral Programme of Excellence
“Wirtsabwehr bei opportunistischen Infektionen”. 2014-2018

FWF KLI459: Tolerability of inhaled N-chlorotaurine in humans - a
phase | clinical study. 2015-2016

FWF P22165-B13: DCs exposed to complement-opsonised HIV: A
key to better vaccines? 2010-2013

FWF P24598-B13: HIV infection and transmission close to reality.
2012-2016

FWF WO011010-21: DC-iphering complement- and Fc-recep-
tor-mediated HIV-1 incorporation in and effects on DC function in
search for novel therapeutical targets. 2015-2019

FWF P25389-B13: Deciphering the role of Th17 paradigm for viral
infections. 2013-2016

FWF P26117-B20: Relevance of platelets and complement for the
pathogenesis of invasive fungal infections 2014-2016

CD-Labor fiir Invasive Pilzinfektionen. 2015-2022 FP7-PEOPLE-
2013-ITN:

ITN (Marie Sklodowska-Curie actions). From omics to patient im-
proving diagnostics of pathogenic yeasts. 2015-2019

Taurin H,0

_ HOCI M N-Chlortaurin
cl \\Chlorierte Ais/peptidk

Dichloraming
PC)Monochloramin >

PO Monobromamin_—,
Dibromamine—

_ / Bromierte AS/Peptide
N—Brémtaurin

Collaborations

Jacques Meis and colleagues, Canisius Wilhelmina Hospital and
Radboud University Medical Centre, Nijmegen, The Netherlands
Sybren de Hoog, Fungal Biodiversity Centre, Utrecht, The Neth-
erlands

Maiken C. Arendrup, Staten Serum Institut, Copenhagen, Den-
mark

Axel Brackhage and colleagues, Hans Kndll Institut, Jena, Germa-
ny

Ricardo Araujo and colleagues, Institute of Molecular Pathology
and Immunology of the University of Porto, Portugal

Kevin Kavanagh, National University Ireland, Maynooth, Ireland
Mike Birch, f2G Manchester, UK

Helge Karch and colleagues, University Miinster, Miinster, Ger-
many

Simon Satchell, University of Bristol, Bristol, United Kingdom
Asier Saez-Cirion, Unité de Régulation des Infections Rétrovirales,
Institut Pasteur, France

Arnaud Moris, INSERM UMRS945, Infection et Immunité, UPMC,
France

Teunis Geijtenbeek, Center of Infection and Immunity, Academic
Medical Center, Netherlands

Felipe Diaz-Griffero, Department of Microbiology and Immunolo-
gy, Albert Einstein College of Medicine, NY 10461, US

Frank Ebel, Max-von-Pettenkofer-Institut, Miinchen, Deutschland
Admar Verschoor, TU Miinchen, Miinchen, Deutschland

Jean-Paul Latgé, Institut Pasteur, Paris, Frankreich

Sven Krappmann, Universitatsklinikum Essen, Deutschland
Jurgen Loffler, Universitatsklinikum Wiirzburg, Deutschland
Donald C. Sheppard, McGill University Montreal, Canada

63



Department of Hygiene, Microbiology and Social Medicine

Virology

Keywords

Virology, diagnostic of viral diseases, innate
immunity, virotherapy, cancer immunother-

apy

Research Focus

The major focus of the Division of Virology
lies on the development of novel therapeu-
tics and vaccines. This research spans from
elucidating the modes of action of novel
therapeutic strategies to the clinical transla-
tion and development in the spin-off biotech
companies of the division. Specific foci are:

* Virus-based oncolytic cancer vaccine
strategies and their mode of action.

» Viral vector-based vaccines primarily
against HIV.

« Complement-enhanced vaccines and ther-
apeutic antibodies.

General Facts

The Division of Virology has two professors:
Dorothee von Laer, the director, and Heri-
bert Stoiber, the deputy director.

In addition, there are three junior group
leaders:  Dr. Guido Wollmann,  oncolytic
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viruses, Dr. Janine Kimpel, vector vac-
cines, associated with D.v.Laer, as well as
Dr. Zoltén Banki, complement and dendritic
cell vaccines, associated with H. Stoiber.

Around 30% of the employees work in the
serological and virological diagnostics
group, which services the university hospi-
tal Innsbruck (LKI), the regional hospitals
and the medical practices in Tirol.

The division has developed an oncolytic
viral cancer vaccine as well as comple-
ment enhanced therapeutic antibodies. To
drive these two developments into clinical
application, two companies were founded,
ViraTherapeutics GmbH (founder D.v. Laer)
and Lysovac (founder H.Stoiber), re-
spectively. ViraTherapeutics has recently
secured an investment that will cover the
development up to early clinical phase Il
trials.

The division collaborates with several inter-
national groups and also with groups and
clinics in Innsbruck: Hematology and On-
cology (Gastl), Urology (Culig, Horninger),
Gynaecology (Fiegl, Mart), Dermatology
(Romani) a.o.

The division has established and is now in
charge (Dr. Janine Kimpel) of the BSL2 and
BSL3 animal facilities of Innsbruck Medical
University.

Research

VSV-GP: a Viral Vaccine Vector and
Oncolytic Cancer Vaccine

Dorothee von Laer

The vesicular stomatitis virus (VSV) is a neg-
ative strand RNA virus, with rapid replication
and growth to high titres. It has proven to be
a potent vaccine vector and oncolytic virus.
However the neurotoxicity of VSV at higher
doses and the rapid induction of neutraliz-
ing antibodies has limited the use of this
virus in the clinic. The group of D.v.Laer

abrogated both limitations, by substituting
the VSV envelope protein G by the glyco-
protein GP of the lymphocytic choriomen-
ingitis virus, thus rendering a chimeric virus
termed VSV-GP (Muik et al., Journal of Virol-
ogy, 2011).

VSV-GP-based Viral Vector Vaccines
Janine Kimpel

Funding: FFG Bridge

Using VSV-GP expressing the model antigen
ova, we could show that VSV-GPova can
boost the initially potent immune response
to ova further upon repeated applications. In
contrast, as already described previously by
others, we found that other vector vaccine
such as adenovirus and VSV wild-type did
not boost the immune response induced
by the first application any further upon
additional injections (Tober et al., 2014).
VSV-GP is currently used as the basis for the
development of a prophylactic HIV vaccine.

VSV-GP-based Oncolytic Cancer
Vaccines

Guido Wollmann

Funding: FWF, FFG Research Studio Austria,
ViraTherapeutics

Viruses that selectively replicate in can-
cer cells and thereby lyse cancer tissue
are called oncolytic viruses. It is becoming
more and more clear, that the therapeu-
tic effects observed are not only achieved
by direct viral destruction of cancer cells
but also by a strong anti-cancer immune
response. This is thought to be induced
by the release of cancer antigens during
oncolysis in the presence of the virus-in-
duced inflammatory environment. VSV-GP
was found to be safe and therapeutically
effective in a broad range of cancer types
in mouse models (Fig. 2, Muik et al., 2014).
In addition, we found strong synergism with
a DC-based vaccine for melanoma in mice
(co-supervised by Z. Banki). Currently clin-
ical grade virus production and toxicology
tests are under way to prepare for first-in-
man studies.

© Study group of Prof. Dr. H. Stoiber

Fig. 1: Displacement of factor H (fH) to enhance complement-dependent cytotoxicity (CDC).
(A) Binding of fH through short consensus repeats (SCR) 7 and 18-20 to the surface of tumor
cells avoid CDC. (B) Addition of recombinant SCR7 or SCR18-20 removes fH from the cells

and (C) makes them accessible to CDC.
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Fig. 2: rVSV(GP)-treatment led to long-term survival of both xenogeneic and syngeneic CNS-tumour bearing mice.

(A) N=3 U87-RFP orthotopic glioma-bearing NOD/SCID mice were treated iv. with a single dose of 108 PFU rVSV(GP)-GFP at 10 days
post-transplantation (dpt). Animals were sacrificed at 3 days post-injection and immunohistochemical analysis of coronal brain sections
was performed with TO-PRO-3 iodide as nuclear counterstain (blue). A representative fluorescent micrograph is shown with an arrow indi-
cating the area of progressing cellular disintegration. (B) Cohorts of n>9 U87-RFP orthotopic glioma-bearing NOD/SCID mice were treated
i.v. with either single or multiple doses of 108 PFU rVSV(GP)-GFP at 10 dpt or 10, 17 and 24 dpt, respectively. Control mice were injected
with PBS. Animals were monitored for event-free survival over a period of 125 dpt.

HCV and Complement

Heribert Stoiber

Funding: FWF W1253 HOROS

The hepatitis C virus (HCV) specifically in-
corporates CD59 but not other regulators
of complement activation (RCAs), such as
CD46 or CD55, into the viral envelope (Ejaz,
PLoS One, 2012). The incorporated CD59
protects HCV only partially against comple-
ment-mediated lysis. Thus an additional fac-
tor/RCA must be involved in the protection
of the virus against complement. We aim to
characterize additional RCA(s) that protect
HCV against complement, which could be a
potential therapeutic target.

Complement-Enhanced Therapeutic
Antibodies

Heribert Stoiber, Zoltan Banki

The antitumor activity of monoclonal anti-
bodies for the treatment of different can-
cers is mediated mainly by antibody-de-
pendent cellular cytotoxicity (ADCC) and
complement-dependent cytotoxicity (CDC).
Unfortunately, the efficacy of CDC is strong-
ly impaired due to the expression and acqui-
sition of regulators of complement activa-
tion (RCA) on tumor cells. A prominent RCA
in fluid phase is factor H (fH), which was
not investigated in this context so far. We
found that abrogating fH function provides a
novel approach to improve the CDC efficacy
of therapeutic antibodies (Horl, Leukemia,
2013; Horl, Haematologica, 2013).

Complement and T Cell Responses in
Retroviral Infections

Heribert Stoiber, Zoltan Banki

The implication of Tregs in viral infection
was first described for mice persistently in-
fected with Friend virus (FV), but Tregs also
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play a pathologic role in chronic viral infec-
tions like HIV and HCV (Chougnet, AIDS
Res. Hum. Retroviruses, 2007; Manigold,
Lancet Infect. Dis., 2007). We have found
that the expansion of FV-induced Tregs is
impaired in mice deficient for complement
C3, suggesting that the complement system
is involved in Treg responses. This exciting
finding is the basis for a new project, which
aims to define key molecules involved in the
interaction between complement and Tregs
during retroviral infections.

Memory Inflation

Zoltan Banki

Funding: FWF J3484

In recent years, accumulation of specific
CD8+ memory T cells - termed memory in-
flation - has appeared to be one of the most
important aspects of cytomegalovirus im-
munobiology. Dr. Z. Banki studied this phe-
nomenon during his 12-months at Oxford
University in the group of Paul Klenerman.
He worked with a novel model of memory
inflation that is based on replication-defi-
cient adenovirus and characterized the role
of latently infected non-hematopoietic cells
in memory inflation.

Epidemiology of HPV Infection

Wegene Borena

The epidemiology of HPV infection is being
studied in Austria, where hardly any data
are available so far, and in different patient
groups (Pichler et al. 2015).

Selected Publications
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Volk A, Klein S, Dietrich U, Yadollahi B, Falls T, Miletic H, StojdI D,
Bell JC, von Laer D.

JOURNAL OF CANCER RESEARCH. 2014; 1;74(13): S 3567-3578.

VSV-GP: a potent viral vaccine vector that boosts the immune re-
sponse upon repeated applications.

Tober R, Banki Z, Egerer L, Muik A, Behmiiller S, Kreppel F
Greczmiel U, Oxenius A, von Laer D, Kimpel J.

JOURNAL OF VIROLOGY. 2014; 88(9): S 4897-4907.

Reduction of complement factor H binding to CLL cells improves
the induction of rituximab-mediated complement-dependent cy-
totoxicity.

Horl S, Béanki Z, Huber G, Ejaz A, Windisch D, Muellauer B,
Willenbacher E, Steurer M, Stoiber H.

LEUKEMIA. 2013; 27(11): S 2200-2208.

Complement factor H-derived short consensus repeat 18-20 en-
hanced complement-dependent cytotoxicity of ofatumumab on
chronic lymphocytic leukemia cells.

Horl S, Banki Z, Huber G, Ejaz A, Miillauer B, Willenbacher E,
Steurer M, Stoiber H.

HAEMATOLOGICA. 2013; 98(12): S 1939-1947.

Low prevalence of HPV detection and genotyping in non-muscle
invasive bladder cancer using single-step PCR followed by reverse
line blot.

Pichler R, Borena W, Schéfer G, Manzl C, Culig Z, List S, Neururer
S, Von Laer D, Heidegger |, Klocker H, Horninger W, Steiner H,
Brunner A.

WOLRD JOURNAL OF UROLOGY. 2015; Epub ahead of print.
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« A chimeric oncolytic rhabdovirus for the treatment of melano-
ma, FWF - P 25499-B13, Univ.-Prof. Dr. Dorothee von Laer

« Evaluation of a semi-replication competent VSV system as HIV
vaccine, FFG-Bridge, Univ.-Prof. Dr. Dorothee von Laer

« AWS Pre-Seed, Univ.-Prof. Dr. Dorothee von Laer

* HOROS - Host response in opportunistic
FWF-W1253, Univ.-Prof. Dr. Heribert Stoiber

infections,

Collaborations

« J. Schmitz, B. Haynes; Harvard Medical School, Boston, USA

« A.van den Pol; Yale University, New Haven, USA

« A. Oxenius; ETH Ziirich, Zirich, Switzerland

« HP Kiem; Fred Hutchinson Cancer Research Center, Seattle,
USA

« J. Bell; CICR - Centre for Innovative Cancer Research, Ottawa,
USA

+ H. Miletic; University of Bergen, Bergen, Norway

+ L. Hansmann, S. Newrzela; Johann-Wolfgang-Goethe University,
Frankfurt a. M., Germany

« F Kreppel; University Ulm, Ulm, Germany

* L. Lehmann; Ludwigs-Maximilian-Univeristy, Munich, Germany

Facilities
BSL-2 and BSL-3 mouse facility
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Department of Hygiene, Microbiology and Social Medicine

Social Medicine

Keywords

Environmental and social epidemiology,
Environmental health impact assessment,
Combined effects, Transportation Noise &
vibration & air pollution, Psychoacoustics,
Soundscape research, Public health, Health
related quality of life

Research Focus

* Integrated environmental health impact
assessment

« Cardiovascular effects of environmental
noise exposure

« Effects of environmental noise & air pollu-
tion on HROoL

« Air pollution, social factors and respiratory
health

« Dispositional factors, coping styles as
effect modifiers in environmental health
studies

» Combined effects of noise, vibration and
air pollution exposure on annoyance and
health

« Effects of quiet areas and other restorative

General Facts

The division has a strong focus on teach-
ing public health to medical students com-
plemented by in-depth practica on a wide
range of health related themes.

The current head of the division was the re-
sponsible module organiser (2.31: Humans,
family, society and the environment) for the
medical curriculum (6. to 7. Semester).
Members of the division are further involved
in teaching public health doctors in environ-
mental health.

The division supports governments in en-
vironmental health impact assessments at
larger scales and more focused health im-
pact assessments at the community and
smaller regional levels.

One member of the division is supporting
the regional government and communities
in providing restorative options and facili-
ties for handicapped persons (wheel chair
routes, handbike-routes, barrier-free tourist
destinations etc.)

Research

Sound Exposure and Health:

Our Research Perspective

Empirical research on the health impacts
of environmental noise has focused mainly
on the critical question of whether certain
intensities of sound exposure can harm or

threaten human health and well being. This
main effect or direct effects model has a
certain weakness, however.

Human reactions to environmental condi-
tions occur within an ecological context
that shapes their responses. One key ele-
ment of such a contextualised research ori-
entation is that individual, social and other
factors of the natural and built environment
can substantially alter the direct noise re-
sponse function (see Fig. 1).

Soundscape and Blood Pressure in
Schoolchildren

Peter Lercher

Most research on the effects of noise on
blood pressure in children has focused on
a direct effects model using sound levels
as indicator. We published such a well-cited
analysis in 2001 (Evans et al.). A re-analysis
of the data set was conducted within the
EU-funded 7™ Framework project ENNAH
and the COST-Soundscape project with a
contextual perspective on effect modifica-
tion by dispositional (low birth weight) and
contextual (Housing, soundscape assess-
ment, chronic stress) factors.

We found children with premature births
and elevated chronic stress (i.e. overnight
cortisol) more susceptible to adverse blood
pressure responses to road traffic noise.
Furthermore, residence in a multi-dwelling

residential neighbourhoods on health &  Fig. 1: Block diagram outlining the soundscape perception process and its moderation by
well-being context leading to direct and indirect human responses (Lercher & Schulte-Fortkamp 2013)..
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Fig. 2: Systolic blood pressure by gestational age and urine cortisol, adjusted for BMI, sex,
family history, education, house type, area quiet, sound *gestation

unit, as well as perceived quietness of the
area, did not modify the traffic noise im-
pacts: rather, each factor had its own, inde-
pendent effect on resting blood pressure.
These results complement earlier findings
(Lercher et al. 2002), where we showed
an effect modification in children with low
birth-weight/premature birth on mental
health.

— Highly weather sensitive
— Moderate weather sensitiv
— Not at all weather sensiti

0.8
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0.4

0.2 1

A

Predicted probability: hypotension

© International Journal of Environmental Research and Public Health
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Fig. 3: Predicted probability of reported hy-
potension past year with rail sound level
exposure by weather sensitivity. Adjusted
for 16 potential confounders and interaction
terms
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Noise and hypotension in adults:

A novel relationship?

Peter Lercher

Although earlier short-term experimental
studies showed not only increases but also
decreases in blood pressure after noise
exposure, this fact has been neglected in
research during the past 25 years. We had
posed questions about hypotension and
hypotension medication in two surveys and
wanted to test whether hypotension is a
potential health outcome of chronic noise
exposure.

In the first survey (N=1989), self-report-
ed hypotension was associated non-line-
arly with noise exposure (P=0.044) in the
presence of a strong sex x age effect mo-
dification (P<0.0001). A further significant
modification by noise was observed with re-
ported symptoms of exhaustion (P=0.03).
Weather sensitivity showed a significant
interaction with noise sensitivity (P=0.02)
and also a non-linear interaction with age
(P=0.02). The results remained stable after
adjustment for variables known to be asso-
ciated with constitutional hypotension. Low
blood pressure readings were not associat-
ed (too small N).

In the second survey we conducted a rep-
lication analysis on two samples (N=800
& N=567). The smaller sample was an
intensive study with anthropometric and
blood pressure readings and more in depth

Social Medicine

health assessments with slightly different
instruments. In addition the noise exposure
assessment was improved.

We found reported hypotension to be sig-
nificantly associated with rail and total
noise exposure and strongly modified by
weather sensitivity. Reported hypotension
medication showed associations of similar
size with rail and total noise exposure - but
without effect modification by weather sen-
sitivity. This replication study showed also
that the noise effect varies significantly by
sex, age and body mass index and is mod-
erated by adjacent main roads and related
annoyance but not by highways.

Stress, Meditation and Blood Pressure
Harald Hérmann
(PhD in preparation)

Selected Publications

Association and moderation of self-reported hypotension with
traffic noise exposure: A neglected relationship. Lercher Peter,
Widmann Ulrich. NOISE HEALTH. 2013; 15(65): p.205-216.

The ecological context of soundscapes for children’s blood pres-
sure. Lercher Peter, Evans Gary, Widmann Ulrich. JOURNAL OF
THE ACOUSTICAL SOCIETY OF AMERICA. 2013; 134(1): p.773-
781.

Hypotension and environmental noise: a replication study.
Lercher Peter, Widmann Ulrich, Thudium Jirg. INTERNATIONAL
JOURNAL OF ENVIRONMENTAL RESEARCH AND PUBLIC HEALTH.
2014; 11(9): p.8661-8688.

Soundscape of European Cities and Landscapes-Harmonising.
Lercher Peter, Schulte-Fortkamp Brigitte. In AIA/DAGA CONFE-
RENCE, 40" Italian (AIA) Annual Conference on Acoustics and
the 39™ German Annual Conference on Acoustics (DAGA). 2013;
p.8-21.

Collaborations

+ Gary W. Evans, Cornell University, Ithaca, USA

« Jirg Thudium, Oekoscience-Institute, CH-7000 Chur, Switzer-
land

« Ulrich Widmann, AUDI AG, I/ET, D-85045 Ingolstadt, Germany

+ Andre Fiebig, HEAD acoustics GmbH, D-52134 Herzogenrath,
Germany

« Dietrich Kiihner, Independent noise consultant, D-51519
Odenthal, Germany

+ Helen Lin, The Chinese University of Hong Kong, Shatin, New
Territories, Hong Kong

« Dick Botteldooren, Acoustics Research Group, Ghent Universi-
ty, B-9000 Ghent, Belgium

« Brigitte Schulte-Fortkamp, TU Berlin, Berlin, Germany

« Michael Cik, TU-Graz, 8010 Graz, Austria

« Mark Brink, Federal Office for the Environment & ETH Zurich,
Switzerland

« Terry Hartig, Uppsala University, Sweden
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Institute of Pharmacology

Pharmacology

Keywords

Neuropeptides, metabotropic glutamate re-
ceptors, opioid receptors, neuropeptide Y
receptors, fear learning, anxiety disorders,
epileptogenesis

Research Focus

« Characterization of the neural networks
underlying physiological and pathological
fear/anxiety and identification of novel
treatment strategies.

« Etiology and novel treatments of temporal
lobe epilepsy.

General Facts

The Department of Pharmacology, estab-
lished in 1886, is a centre of excellence in
Neuropharmacology, and uses a variety of
cutting-edge experimental approaches to
address fundamental research questions
related to the identification of novel molec-
ular targets and the development of new
therapeutic concepts for neuropsychiatric
disorders.

The Department provides training in phar-
macology to both medical undergraduate
and graduate students. An additional task of
the Institute is to contribute within national
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and international societies to the promotion
of Pharmacology. This is done through the
board functions (R. Fischer-Colbrie, Secre-
tary) in the Austrian Pharmacological So-
ciety (APHAR) and the organization of the
Annual Meeting of the APHAR every 3 years
in Innsbruck.

Furthermore, the Department of Pharma-
cology provides independent drug and
therapeutic information to doctors through
the “Pharmainformation” bulletin and con-
tributes to a variety of public bodies (e.g.
Ethic Committee of the Medical University
of Innsbruck) involved in the evaluation of
drug safety and development.

Research

Neural Circuits Underlying Fear and
Anxiety - Francesco Ferraguti

The laboratory is primarily interested in un-
derstanding the neural mechanisms medi-
ating emotional information processing in
the amygdala, and the role that classical
neurotransmitters have, e.g. glutamate and
GABA, on the acquisition, storage and inhi-
bition of fear memories.

Although a large body of in vivo work has
suggested that fear and extinction of fear
are encoded by specific neuronal activity
patterns with characteristic temporal dy-
namics, neuroanatomical information on
the underlying neural networks activated
during a particular behavioural task is still
largely lacking. A first step in understanding
these networks is the characterization of
the main cell types of the amygdala and the
identification of their participation in intrin-
sic and extrinsic circuitries of this region.
Our work in recent years involved primarily
the anatomical, pharmacological and phys-
iological characterization of different GAB-
Aergic cell types of the basolateral complex
and of the intercalated cell masses of the
rodent amygdala. Currently, taking advan-
tage of recent developments in molecu-
lar genetics, viral trans-synaptic tracing
and novel ultrastructural techniques (e.g.
SDS-digested freeze-fracture replica immu-
nogold labelling), we investigate long-range
connections between amygdala GABAergic
neurons and cortical or subcortical brain
structures as well as structural synaptic
plasticity of amygdala inhibitory networks.
Moreover, we examine the pharmacologi-
cal and anatomical bases of anxiety disor-
ders in models of Parkinson’s disease. In
particular, we seek to determine whether
dopamine-depletion of the amygdala elicits
pathological anxiety in mice.

Major Achievements: Identification of nov-
el cell types of the intercalated cell masses

of the amygdala and their participation in
amygdala neural circuits processing senso-
ry stimuli.

Future Goals: Characterization of the long-
range connections of amygdala GABAergic
neurons and their behaviourally-relevant
plasticity.

Neuropeptides in Fear and Anxiety
Ramon Tasan

The laboratory investigates the role of neu-
ropeptides in modulating emotional behav-
iours that are related to fear and hunger.
A further aim is to unravel the underlying
synaptic correlates of these emotional re-
sponses. Avoiding danger and finding food
are two intimately associated, life-sustain-
ing behaviors that are organized in survival
circuits and strongly modulated by emo-
tions. Maladaptation within such survival
circuits can induce dysregulated, pathologi-
cal behavior, resulting in the development of
feeding- or anxiety-disorders. Interestingly,
neuropeptides are essential modulators of
both, energy homeostasis and anxiety-relat-
ed behaviors. For instance, PP-fold peptides,
including neuropeptide Y (NPY), peptide YY
(PYY) and pancreatic polypeptide (PP) are
released during states of hunger or acute
danger. While the anxiolytic and fear-reduc-
ing properties of these neuropeptides are
increasingly evident, a potential interaction
of feeding and fear has not been elucidated
so far.

Neuropeptides are highly enriched in the
amygdala and hippocampus, two brain re-
gions that are fundamentally involved in
controlling emotional behaviors. There, they
are considered to act as essential media-
tors significantly shaping synaptic function-
ing. Through a multidisciplinary approach,
which involved immunohistochemistry,
neuronal tract tracing, ex vivo slice electro-
physiology with pharmaco- and optogenetic
approaches in different transgenic mouse
lines, we have demonstrated that several
neuropeptides of the gut-brain axis are fun-
damentally involved in the modulation of

Fig. 1: Axonal projections (shown in blue) of
a large intercalated neuron (shown in red)
of the amygdala located in the intermediate
capsule.
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Fig.2: EEG depth electrode recording from the ipsilateral hippocampus of an epileptic
mouse before and after KOR agonist treatment.

fear and fear extinction behaviour, an effect
that highly depends on the homeostatic sit-
uation of the individual, emphasizing a mu-
tual interaction of survival circuits for fear
and hunger.

Major Achievements: Identification of neu-
ropeptides of the gut-brain axis that are also
fundamentally involved in the modulation of
fear and fear extinction behavior.

Future Goals: Characterization of peripher-
al modulators of hunger and satiety which
could also affect fear learning, closing the
loop of the gut-brain axis in controlling emo-
tionally driven behaviors.

Opioid Systems in Epilepsy and Emo-
tional Control - Christoph Schwarzer
The laboratory investigates the role of the
endogenous dynorphin/kappa opioid re-
ceptor (KOR) system in epilepsy and epilep-
togenesis. Moreover, by gaining insight into
the functional neuroanatomy of the dynor-
phin/KOR in emotional control, a further
aim is to minimize potential side-effects of
KOR agonist treatment.

Epilepsy is one of the most frequent neuro-
logical diseases, which presently cannot be
cured. A high number of patients are refrac-
tory to pharmacological treatment, render-
ing surgical removal of parts of the brain as
the ultimate solution.

In recent years, we provided evidence, that
the activation of KOR plays an important
role in epileptogenesis. Thus, dynorphin
deficient mice display faster progression
and more neurodegeneration in models of
epileptogenesis than wild-type animals.
Application of a KOR agonist during epilep-
togenesis reduces neurodenegeration and
neurochemical alterations. On the other
hand, activation of KOR is known to induce
dysphoria in humans. In male mice, endog-
enous dynorphin acting on KOR exerts anx-
iogenic effects. In female mice, anxiogenic
effects of dynorphin may depend on an in-
terplay with the estrogen system. Based on
these findings, we presently investigate the
potential of G-protein biased KOR agonists
in epilepsy. In order to do so, we apply 4
channel in vivo EEG in the kainic acid model
of temporal lobe epilepsy with behavioral
testing.
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Major Achievements: Established that the
activation of KOR plays an important role in
epileptogenesis.

Future Goals: Investigate the potential of
G-protein biased KOR agonists in epilepsy.

Neuronal Circuitries of the Subiculum
in Epileptogenesis

Meinrad Drexel and Giinther Sperk

The group currently investigates the role of
GABAergic interneurons of the subiculum
in the generation of epileptic seizures. Ep-
ileptic seizures are generated by abnormal,
excessive or synchronous neuronal activ-
ity. Malfunctioning of microcircuits of the
hippocampus, thalamus or cortex may be
causative. Neurophysiological information
formed in the hippocampus is processed
and transmitted to multiple brain areas.
Recently, we obtained evidence that mal-
functioning of the subiculum, the main out-
put area of the hippocampus, is crucially
involved in the generation of epileptic sei-
zures in animal models of temporal lobe epi-
lepsy. In particular GABA/somatostatin and
GABA/parvalbumin neurons targeting the
dendritic trees and the somata of pyrami-
dal neurons, respectively, as well as afferent
glutamate/calretinin neurons originating in
the nucleus reuniens thalami may be im-
paired in their function.

We use transgenic mice that allow cell-

N. reuniens thalami

Fig. 3: Microcircuits of the subiculum.

Pharmacology

specific overexpression of tetanus toxin
introduced by stereotactic injections of a
respective viral vector into the subiculum or
nucleus reuniens thalami. Tetanus toxin is
then selectively expressed in GABA/soma-
tostain, GABA/parvalbumin or glutamate/
calretinin neurons at the site of injection
and impairs neurotransmitter release from
these neurons. We are then monitoring EEG
activity in these mice for one month and
probe development of epilepsy. So far, we
have demonstrated that selective silencing
of GABA/parvalbumin neurons in the subic-
ulum leads to spontaneous limbic seizures
and highlig