Universitat (. ) £ Universitatsmedizin
Rostock el Traditio et Innovatio l“i\\\{/‘) Rostock

Activity Report 2017 - 2018 @ et o inary
Joining Forces for Rostock Neurosciences :ﬁ:{g:;‘e“ces

www.neurozentrum-rostock.de







Centre for Transdisciplinary
Neurosciences Rostock (CTNR)

Activity Report 2017 - 2018

Joining Forces for Rostock Neurosciences

Universitét ({ ) Universitatsmedizin entre for
Rostock *;*,tf’ Traditio et Innovatio Rostock
N ostoci




Contents

2 | Contents

Joining Forces for Rostock Neurosciences .........ccccceveeeeeennnnens 4
CTNR at @ Glance ........cccoccvmmmreiiinenrr s 6
MisSion and ODJECHIVES........cooiiiiiiiiiiieiee e 6
GOVEIMANCE ...ttt e e e e e 7
MEMDETS.......cco e 8
FUNING .o 10
PUDBIICALIONS ... 12
Research Environment ..., 14
CTNR Research ... s 16
(©7 0] o Te7= o | AP 16
Members Research Profiles ... 17
Baltrusch, Simone: Peripheral diabetic neuropathy .............ccccccoviiiiiiiiiiiiecieee 18
Berger, Christoph: EEG and fMRI in psychiatry.............ccooooiiiiii e 20
Bertsche, Astrid: Drug therapy safety in epileptology ...........cccceeiiiieiiiiiiiiieecenn 22
Buchmann, Johannes: Motor development, Pain...........cccceeeeiiiiiiieeiiiiiiiee e 24
Buttner, Andreas: (Forensic) Neuropathology.........ccocuieeriiiiiiiieiiiee e 26
Frech, Moritz: IPSC based disease Models............ccccocuiiiiiiiiiiiniiiiecc e 28
Fuellen, Georg: Health, disease, ageing and senescence ............ccccccvveeeeeeineeenn. 30
Grothe, Michel: Neuroimaging patterns of dementia .............cccceviieiiiiiiiiiee e 32
Holzmann, Carsten: Neurodegenerative diSEases ..........ccccoeevviiiiieeiiiiiiieeeeeiien. 34
Jiurgens, Tim Patrick: Pathophysiology & treatment of headaches ........................ 36
Kipp, Markus: De- and remyelination ................ueueeiiiiiieeeieeeeeeeee e 38
Kirschstein, Timo: Novel antiepileptogenic treatments ..............cccceiiiiiees 40
Kohling, Rudiger: Models of chronic neurological diseases ...........ccccecvveviieeiinenn. 42
Krause, Bernd Joachim: Molecular imaging of neurodegenerative diseases.......... 44
Kropp, Peter: Non-medical treatment in migraine.............ccccoooiiiiiiciiiiiiiec e 46
Lange, Falko: Glioma-associated epilepsy and ageing ..........cccceeiveeeiiieeiiieeiiieenns 48
Langner, Sonke: New techniques in neuroradiology.............coceeeiiieeiiiieiiiiieeiiieens 50
Lukas, Jan: Novel drugs in rare hereditary diseases...........cccoccoiiieeiiiiiiieeeeaicinenn. 52
Luo, Jiankai: Neurodegeneration in NPC1 dis€ase ........c.cccceeeeevviieeciiiiiiee e 54
Putzer, Brigitte M.: Antineurogenic therapies in CancCer...........cccccevvviiiiieeeiieeens 56
Reis, Olaf: Developmental psychopathology .........ccccveiiiiiiiieeiece e 58
Schmitt, Oliver: Dynamics of neurodegenerative diS€ases ...........ccccovvveeriieeiineenns 60
Spittau, Bjorn: Microglia funCtioNS...........cuiiiiiiiiiie e 62



Storch, Alexander: Novel treatments in Parkinson’s disease ..............ccccccovvvvevennnn. 64

Teipel, Stefan: Dementia diagnosis and treatment .............ccccooiiiiiiiiiiii e 66
Thierfelder, Kolja M.: Functional cross sectional imaging..............ccccceveeeiiiiiieeeeeennns 68
Tiedge, Markus: Mitochondria in type 2 diabetes ...........cccceiiiiiiiiiiiiiiice e 70
Vollm, Birgit: FOrensic pSYChiatry ..........c.ueeeiiiiiiiiiii e 72
Vollmar, Brigitte/Kuhla, Angela: Hallmarks of neurodegenerations......................... 74
Walter, Uwe: Neurodiagnostics in parkinsonism & stroke..............cccooeeeiiiiiieennnnns 76
Weber, Marc-André: Multimodal dedicated imaging ...........ccccvveeeiiiiiiiiiiiiiiiiieecces 78
Witt, Martin: Olfaction and neurodegeneration ..............ccccoooiiiiiiiiiiiiiiee e 80
Wolkenhauer, Olaf: Systems biology & bioinformatics.............ccoviviieiiieiiieee. 82
Wree, Andreas: Intrastriatal botulinum neurotoXin-A ..........cccoooeiiieiiieiieeeeieeeeeenee. 84
Zettl, Uwe Klaus: Molecular research in multiple SClerosis.............ccccevcieencieenneen. 86
Alumni - Kronenberg, Golo: Biological psychiatry..........ccccocoeeiiiiiiiieeiieeeee e 88
CTNR Educational Activities...........cccoecmmrriiiiiiienniceeneeens 90
Clinician Scientist Program.............cccuueiiiiiiiiiieecee e 90
Qualification Program ...........ccceeeeiiuiiee i eee e e e 92
CTNR Transfer Activities .........ccccccniviimmmennic e 94
Infrastructure CONCEPLS .......uuuuuiiiiiiiiiiiii e eeeeeeeeeees 94
Career & FUNding SErviCe ........cooooiiiiiiiiii 95
GAIIETY ..o 96
72X o7 o 1= 3 T 1 GO 98
Publications 2017 - 2018.......cooiiiieeee e 98
0] 0] T S 129

Contents | 3



Joining Forces for Rostock
Neurosciences
The first two years

In the last two years, the Centre for Transdisciplinary Neurosciences Rostock (CTNR) at the University Medical
Centre Rostock has become an integral part and major driving force of the Neuroscience Community in Rostock
with its focus on translational neurosciences. We join Rostock’s strengths and forces in medicine, clinical and
experimental neurosciences, bioinformatics and bioengineering to find innovative strategies and solutions for
patients suffering from neurodegenerative diseases.

Two years after its foundation, the CTNR can boast several pivotal achievements:

*  More than 580 peer-reviewed publications from the member research groups with
an increase of collaborative publications of CTNR members by two-fold

* Increase of approved third-party funded projects by 1.5-fold with three successful major
joint applications to non-commercial funding agencies by CTNR members

» Initiation of a neuroscience qualification program for young
neuroscientists including a career & funding service

* Joint development of the Clinician Scientist Program at the University Medical Centre
Rostock together with the two other scientific areas oncology and biomaterial research

This image brochure presents the development of the CTNR in the first two years after its

foundation and a snapshot of ongoing activities at the CTNR. | hope that you will find them
interesting and accompany us on a journey into translational neurosciences.

Alexander Storch
Speaker CTNR
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CTNR at a Glance

CTNR at a Glance

Mission and Objectives

The University Medical Centre Rostock (UMR) has a strong focus on transdisciplinary research in resilience
and prevention of neurodegenerative diseases, and is one of the few institutions in Germany to systematically
develop and use methods of participatory innovation in neurodegenerative brain diseases research.

In November 2017, the Centre for Transdisciplinary Neurosciences Rostock (CTNR) was founded to bundle the
scientific activities of neurosciences and to improve the visibility and outcomes of the University Medical Centre
in the field. The centre focuses on “Resilience in Neurodegeneration — from model to patient to population” and
represents one of the three main scientific areas (Forschungsschwerpunkte) at the University Medical Centre.
The CTNR creates an interface between clinical and basic research and improves its translational approach. Its
future concepts of educational training for clinician and medical scientists and funding programs will cover the
needs of the neuroscience community in Rostock.

The overall scientific aim of the CTNR is to identify and target resilience mechanisms in neurodegeneration
to implement innovative therapeutic concepts for primary and secondary neurodegenerative processes.
Resilience, in this context, is understood as an integrated concept for physical, cognitive and psycho-social
resistance against neurodegenerative insults and/or their impacts. The concept thus ranges from neuroprotective
and neuroregenerative factors on the molecular and cell biology level and cognitive and physical resources on
the patient level to psycho-social and health system aspects on the population level.

The detailed knowledge of these resilience factors provides new perspectives for disease-modifying therapeutic
interventions in primary and secondary neurodegeneration. The CTNR is organized into three tightly connected
topics to boost qualitative leaps in three dimensions:
1. Mechanisms of resilience and their interplay with neurodegenerative processes
2. Concepts of precision medicine to neurodegenerative disease

care to establish predictors for cerebral resilience
3. Bi-directional translation pathways for the development of new treatments

for and preventions of neurodegenerative insults.

The CTNR board developed a policy paper defining the short and long term objectives for research, education
and training, transfer/translation and infrastructures, and the necessary measures. The overall strategic aims
are to:

* increase the visibility by defining the unique selling point,

« aim for excellence by bundling and strengthening clinical research,

* encourage innovations by networking and translation,

*  support young scientists by generating the appropriate environment and internationalisation,

» achieve sustainability by the expansion of equal opportunities,

»  foster the transfer of knowledge by the development of concepts for infrastructure and exploitation.

6 | Mission and Objectives



CTNR at a Glance

Governance

The CTNR is a scientific unit of the University Medical Centre Rostock and is supervised by the CTNR Board. It
has its own bylaws and organisational structure under the head of the regulations of the UMR. The decision body
is composed of three entities: the Member Assembly, the CTNR Board and the Speaker/Co-speaker. In addition,
a scientific coordinator is responsible for members requests and the support of the Board.

Fig. 1: Organisational Structure of the CTNR.

Member Assembly

The CTNR Member Assembly is composed of core group leaders of the UMR campus with a visible work in the
field of neurosciences. Entry into the CTNR Member Assembly must be approved by application to the CTNR
Board. One task of the CTNR Member Assembly is to elect the CTNR Board members and the Speaker/Co-
Speaker. The members are also obliged to participate in the conceptual and organisational work, the support of
young scientists and gender equality in accordance with the bylaws.

The CTNR Board
Members of the Board are elected every 3 years by the CTNR Member Assembly and include the CTNR Speaker,
Co-Speaker and three elected research area leaders.

Tasks of the CTNR Board are:

»  Decision on the admission of members

»  Development of the scientific program and concepts for the support
of young scientists, gender equality and infrastructure

»  Preparation of applications for collaborative projects

*  Program changing funding measures

*  Preparation and organisation of CTNR events

Current CTNR Board members are:

*  Prof. Dr. med. Alexander Storch (Speaker), Department of Neurology, UMR

»  Prof. Dr. med. Ridiger Kohling (Co-Speaker), Oscar-Langendorff-Institute of Physiology, UMR

*  Prof. Dr. med. Stefan Teipel, German Center for Neurodegenerative Diseases (DZNE),
Department of Psychosomatic and Psychotherapeutic Medicine, UMR

»  Prof. Dr. med. Andreas Wree, Institute of Anatomy, UMR

*  Prof. Dr. med. Uwe Zettl, Department of Neurology, Section Neuroimmunology, UMR

CTNR Speaker

The Speaker of the CTNR is a core research institute professor who represents the CTNR both within and
outside of the UMR and executes the decisions made by the CTNR Board. The Speaker is the chairman of the
CTNR Board and heads the coordination team.

Governance | 7



CTNR at a Glance

Members

Anyone who belongs to the University Medical Centre Rostock (UMR), the University of Rostock (UR) or to an
external research institution in Rostock (e.g. DZNE) can become a member of the CTNR.

In addition, the member must be qualified to do independent scientific work (usually after completion of the
doctorate, leading a working group with publication and third party funding activities) in the field. Prerequisite for
the membership is the proven expertise in neuroscience research.

Since the foundation of the CTNR in November 2017, the number of members has risen to 38 by the end of
2018 (see Fig. 2).
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Fig. 2: CTNR Membership Recruitment.

The sum of citations in Figure 3 was calculated from the entire publication record of all CTNR members for the
years 2015-2018.
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Fig. 3: Sum Citations of the CTNR Members 2015-2018. Source: Scopus, without self citations.

Table 1 shows the CTNR members, their institutions and main research topics.
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Member

Institute

CTNR at a Glance

Research Topic

Altiner, Attila
Baltrusch, Simone
Berger, Christoph
Bertsche, Astrid
Buchmann, Johannes
Bulttner, Andreas
Frech, Moritz
Fuellen, Georg
Grothe, Michel
Holzmann, Carsten
Jirgens, Tim

Kipp, Markus
Kirschstein, Timo
Koéhling, Ridiger
Krause, Bernd Joachim
Kronenberg, Golo
Kropp, Peter
Kuhla, Angela
Lange, Falko
Langner, Sénke
Lukas, Jan

Luo, Jiankai
Putzer, Brigitte M.
Reis, Olaf

Schmitt, Oliver
Spittau, Bjorn
Storch, Alexander
Teipel, Stefan
Thierfelder, Kolja M.
Tiedge, Markus
Véllm, Birgit
Vollmar, Brigitte
Walter, Uwe
Weber, Marc-André
Witt, Martin
Wolkenhauer, Olaf
Wree, Andreas

Zettl, Uwe

Institute of General Practice

Institute of Medical Biochemistry and Molecular Biology

Department of Psychiatry, Neurology, Psychosomatics,
and Psychotherapy in Childhood and Adolescence

Department of Neuropaediatrics/Neuropaediatric Research Group

Department of Psychiatry, Neurology, Psychosomatics,
and Psychotherapy in Childhood and Adolescence

Institute of Forensic Medicine

Albrecht-Kossel-Institute for Neuroregeneration

Institute for Biostatistics and Informatics in
Medicine and Ageing Research

German Center for Neurodegenerative Diseases
Institute of Medical Genetics

Department of Neurology

Institute of Anatomy

Oscar-Langendorff-Intitute of Physiology
Oscar-Langendorff-Intitute of Physiology

Department of Nuclear Medicine

Department of Psychiatry and Psychotherapy

Institute of Medical Psychology and Medical Sociology
Rudolf-Zenker-Institute for Experimental Surgery

Oscar-Langendorff-Intitute of Physiology

Institute of Diagnostic and Interventional Radiology,
Pediatric Radiology and Neuroradiology

Albrecht-Kossel-Institute for Neuroregeneration
Albrecht-Kossel-Institute for Neuroregeneration

Institute of Experimental Gene Therapy and Cancer Research

Department of Psychiatry, Neurology, Psychosomatics,
and Psychotherapy in Childhood and Adolescence

Institute of Anatomy

Institute of Anatomy

Department of Neurology, German Center
for Neurodegenerative Diseases

Department of Psychosomatic and Psychotherapeutic Medicine,
German Center for Neurodegenerative Diseases

Institute of Diagnostic and Interventional Radiology,
Pediatric Radiology and Neuroradiology

Institute of Medical Biochemistry and Molecular Biology
Forensic Psychiatry
Rudolf-Zenker-Institute for Experimental Surgery

Department of Neurology

Institute of Diagnostic and Interventional Radiology,
Pediatric Radiology and Neuroradiology

Institute of Anatomy

Institute of Computer Science, Department of
Systems Biology and Bioinformatics

Institute of Anatomy

Department of Neurology

Tab. 1: CTNR Members in 2018.

Rational pharmacotherapy, respiratory
infections and antibiotics

Peripheral diabetic neuropathy

EEG and fMRI in psychiatry

Drug therapy safety in epileptology
Motor development, pain

(Forensic) Neuropathology

IPSC based disease models

Health, disease, ageing and senescence
Neuroimaging patterns of dementia

Neurodegenerative diseases

Pathophysiology & treatment
of headaches

De- and remyelination
Novel antiepileptogenic treatments

Models of chronic neurological diseases

Molecular imaging of
neurodegenerative diseases

Biological psychiatry

Non-medical treatment in migraine
Hallmarks of neurodegenerations
Glioma-associated epilepsy and ageing
New techniques in neuroradiology
Novel drugs in rare hereditary diseases
Neurodegeneration in NPC1 disease
Antineurogenic therapies in cancer

Developmental psychopathology

Dynamics of neurodegenerative
diseases

Microglia functions

Novel treatments in Parkinson’s
Dementia diagnosis and treatment
Functional cross sectional imaging
Mitochondria in type 2 diabetes
Forensic psychiatry

Hallmarks of neurodegenerations

Neurodiagnostics in
parkinsonism and stroke

Multimodal dedicated imaging
Olfaction and neurodegeneration
Systems biology & bioinformatics
Intrastriatal botulinum neurotoxin-A

Molecular research in multiple sclerosis
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CTNR at a Glance

Funding

To increase the visibility of neurosciences in Rostock by defining the unique selling point and to aim for excellence
by bundling and strengthening the clinical research, the CTNR and its members submitted several third-party

proposals and collaborative projects during the last years.

In 2017 and 2018, four collaborative research applications (with applicants from more than one CTNR

institute) have been prepared and submitted under the supervision of the CTNR (see Tab. 2).

Principal CTNR
Funding Body Funding Initiative Project Title Invest? ator Institutes
9 involved
Subproject C0O3 - Deep brain stimulation in Ridiger Kéhling
dystonia models: Biological implementation,
approximation of stimulation parameters
Collaborative and analysis of mechanisms
German Research | Research Centre: Subproject C04 - Effects of deep brain Alexander Storch 2
Foundation (DFG) CRC 1270 ELAINE - stimulation on adult neurogenesis in a rat
Electrically Active Implants | model of Parkinson's disease: Mechanisms
of action, stimulation parameters
and correlation with behaviour
Integrated Research Training Group (IRTG) Alexander Storch
. Systems medicine
zfeggll’,lacla“t/ilgr:s;rgd research consortia, Senescence-Associated Systems diagnostics Georg Fuellen 3
Research (BMBF) “e:Med — Paving the Way Kit for cancer and stroke (SASKit) 9
for Systems Medicine”
University Medical I?gag}g;%nsg?ggﬁta%grtgﬁeve Preparation of a proposal for a DFG Stefan Teipel 10
Centre Rostock Eesgarch grants Research Training Group P
European Regional Excellence Program New forms of therapy through Riidiger Kohling 5

Development Fund translational research approaches

Tab. 2: Submitted CTNR collaborative research projects in 2017 and 2018.
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Fig. 4: Number of approved third-party projects of the CTNR members by funding bodies in 2015/2016
and 2017/2018.

During 2015 - 2018 the CTNR members submitted several third-party fund proposals. Figure 4 shows the
number of approved projects by funding bodies. To foster joint initiatives between CTNR members, overarching
research designs that combine methods and issues from basic research and clinical research are necessary.
Thus, the CTNR will continue to bring the scientists together to cross interdisciplinary boundaries.
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CTNR at a Glance
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Fig. 5: Third-party receipts of the CTNR members in 2015/2016 and 2017/2018 (in Mio. €).

The annual funding volumes of the CTNR members from third-party grants of different funding bodies in the
years 2015/2016 and 2017/2018 are shown in Figure 5.

In addition to the submitted collaborative research grants (Tab. 2) various single third-party funding projects in
the field of neuroscience were acquired by CTNR members in 2017 and 2018 (a selection of these is given in
Table 3).

Funding Body Project Title Principal Investigator ;l::g::‘% ﬁ;?rjlz:_

Comanfossareh | SolcbralrOrztesslance ascause o1 | ngea kunl
Qoman Resgarsh | Adtvaton of i unfkted proel
g{{ g@gﬁ%%%}" Smartphone g?gg?g?gM“ﬁgRr$iG"g,\‘/’l‘)erapy Tim Jirgens 327,000 € | 01INVF17038
ooCemenaen | QST MR
Europoan UnionDZNE | [3ron e propagaton ofatissyuclen | | flexander torh S00000€ | CoENM007
Eurpeanonl | Blood Bomatierbased Dagnoste Tele o | stetan Teipel 245000€ | 10721281
Eg;%%er]agoggion/ Ageing with elegans, drug screening for Georg Fuellen 7,305,000 € 633589

Healthspan extension in worm, mouse and human

Tab. 3: Approved third-party projects of CTNR members in 2017 and 2018 (a selection).

In 2015/2016, CTNR members raised 58,000 € funds within the intramural funding program FORUN
(Forschungsférderung der Medizinischen Fakultat der Rostocker Universitat) of the University Medical Centre
Rostock. The aim of the program is to develop and promote competitive research projects and research
structures for the sustainable improvement of third-party funding. The receipts of FORUN funds of CTNR
members increased in 2017/2018 to 79,000 €. From 2015 to 2018, eight CTNR members gained from another
intramural funding program of the UMR for the support of the preparation of collaborative research projects
(Forderung der Verbundforschung) and were part of it as coordinators or sub project leaders.

Funding | 11



CTNR at a Glance

Publications

To raise the publication activities of the CTNR members in terms of excellence and interdisciplinarity is one of
the overall aims of the CTNR.

Figure 6 shows the number of publications of the CTNR members in 2015/2016 and 2017/2018 concerning to
the impact factors (IF). In addition, the sum of journal impact factors (IF) calculated from the publication record
of the CTNR members in 2015/2016 and 2017/2018 is indicated.

650 SUM IF = 2208
SUM IF = 2131
€ 550
S
g
= = IF>10
o
T 450 B IF 5-10
5 mIF<5
o)
5
3 350
250
2015/2016 20172018

Fig. 6: Number of publications of the CTNR members (2015/2016, 2017/2018) and sum of journal impact
factors. Based on the LOM (Leistungsorientierte Mittelvergabe) Database of the UMR (May 2019).

Inter- and transdisciplinary publications are important to increase visibility, to define the unique selling point and
to aim for excellence in the field of neurosciences. Thus, they are a main indicator for the evaluation and the
success of the CTNR. Figure 7 shows the number of joint publications between CTNR members of more then
one institution.
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o

2015/2016 2017/2018

Fig. 7: Number of joint publications between CTNR members (from different institutions) and the sum of the
journal impact factors (IF) for the years 2915/2016 and 2017/2018.
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CTNR at a Glance

The following illustration (Fig. 8) shows the increase in networking between CTNR members by collaborative
publications. While in 2015 and 2016, before the foundation of the CTNR, members of different disciplines
published less together and more bilaterally (black lines), in 2017 and 2018 an increase in publications among
members from two (green lines) and three (red lines) institutions can be observed.
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Fig. 8: Interdisciplinary publication activities in 2015/2016 (left) and 2017/2018 (right) between CTNR members from two (black line), three

(green line) and four (red line) different institutes.

Selected collaborative publications between CTNR members (bold) of more then one institution in 2017 and
2018:

Markus-Koch A, Schmitt O, Seemann S, Lukas J, Koczan D, Ernst M, Fuellen G, Wree A, Rolfs A, Luo J (2017).
ADAM23 promotes neuronal differentiation of human neural progenitor cells. Cell Mol Biol Lett. 22(16), eCollection 2017.
Lukas J, Cozma C, Yang F, Kramp G, Meyer A, NeRlauer AM, Eichler S, Béttcher T, Witt M, Brauer AU, Kropp P, Rolfs A
(2017). Glucosylsphingosine Causes Hematological and Visceral Changes in Mice-Evidence for a Pathophysiological Role
in Gaucher Disease. Int J Mol Sci.18(10).

Stenzel J, Rihimann C, Lindner T, Polei S, Teipel S, Kurth J, Rominger A, Krause BJ, Volimar B, Kuhla A (2018). ['®F]-
florbetaben PET/CT Imaging in the Alzheimer’s Disease Mouse Model APPswe/PS1dE9. Curr Alzheimer Res.16(1), 49-55.
Antipova V, Wree A, Holzmann C, Mann T, Palomero-Gallagher N, Zilles K, Schmitt O, Hawlitschka A (2018). Unilateral
Botulinum Neurotoxin-A Injection into the Striatum of C57BL/6 Mice Leads to a Different Motor Behavior Compared with
Rats. Toxins (Basel) 10(7).

Reichart G, Mayer J, Zehm C, Kirschstein T, Tokay T, Lange F, Baltrusch S, Tiedge M, Fuellen G, Ibrahim S, Kéhling
R (2018). Mitochondrial complex IV mutation increases reactive oxygen species production and reduces lifespan in aged
mice. Acta Physiol (Oxf). 225(4).

Selected publications of CTNR members (bold) in 2017 and 2018 in the field of neurosciences:

Zoller T, Schneider A, Kleimeyer C, Masuda T, Potru PS, Pfeifer D, Blank T, Prinz M, Spittau B (2018).Silencing of TGFf
signalling in microglia results in impaired homeostasis. Nature communications 9, 4011.

Teipel SJ, Cavedo E, Lista S, Habert MO, Potier MC, Grothe MJ, Epelbaum S, Sambati L, Gagliardi G, Toschi N,
Greicius MD, Dubois B, Hampel H (2018). Effect of Alzheimer's disease risk and protective factors on cognitive trajectories
in subjective memory complainers: An INSIGHT-preAD study. Alzheimer's & dementia the journal of the Alzheimer's
Association 14, 1126—1136.

Naumann M, Pal A, Goswami A, Lojewski X, Japtok J, Vehlow A, Naujock M, Giinther R, Jin M, Stanslowsky N, Reinhardt
P, Sterneckert J, Frickenhaus M, Pan-Montojo F, Storkebaum E, Poser |, Freischmidt A, Weishaupt JH, Holzmann K,
Troost D, Ludolph AC, Boeckers TM, Liebau S, Petri S, Cordes N, Hyman AA, Wegner F, Grill SW, Weis J, Storch A,
Hermann A. (2018). Impaired DNA damage response signaling by FUS-NLS mutations leads to neurodegeneration and
FUS aggregate formation. Nature communications 9, 335.

Khan, FM, Marquardt S, Gupta SK, Knoll S, Schmitz U, Spitschak A, Engelmann D, Vera J, Wolkenhauer

O, Piitzer BM (2017). Unraveling a tumor type-specific regulatory core underlying E2F1-mediated epithelial-
mesenchymal transition to predict receptor protein signatures. Nature communications 8, 198.
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CTNR at a Glance

Research Environment

To foster the transdisciplinary work within the scientific areas of neurosciences at the University Medicine Rostock
and to develop an identity, the Centre for Transdisciplinary Neurosciences provides an excellent research
environment. For the scientific and educational program, the CTNR has the necessary infrastructure including
theoretical and clinical institutes, departments and working groups. The CTNR also acts as a catalyst for new
research collaborations beyond the current environment.

At the end of 2018, the CTNR comprised of 38 members from 18 different institutes of the University Medical
Centre, 1 external institute (DZNE) and 1 institute of the University Rostock. The members’ institutes of the
CTNR are shown in Figure
9. To foster and ensure
the interaction between all
members of the CTNR, several
activities are organised and
planned in the future to
improve the ftranslation of
basic research results into
clinical applications. Further
information about  these
measures can be found in the
chapters of educational and
transfer activities of the CTNR.

The joint forces of the pre-
clinical campus including
Anatomy, Physiology,
Bioinformatics, Proteomics
and Genomics and the Clinical
Centre for Brain Diseases
are particularly focused on
translational  research in
neurodegenerative diseases.
This is underpinned by an
active interlocking of clinical
and preclinical institutions via
an exchange of young Pls.
Fig. 9: The CTNR and its affiliated institutes.

The Collaborative Research Centre 1270 “Electrically Active Implants” (ELAINE) funded by the German Research
Foundation (DFG) is also firmly embedded in the CTNR research environment. Scientists from the fields of
electrical engineering, computer science, mechanical engineering, material science, physics, biology, and
medicine are working together in an interdisciplinary manner to understand and improve deep brain stimulation
in neurodegenerative disease animal models.

The CTNR has a close collaboration with the German Centre for Neurodegenerative Diseases (DZNE) Rostock/
Greifswald in the Helmholtz Society with a strong focus on research of mechanisms of resilience in people with
Alzheimer’s disease and other dementias which is based on human imaging studies, intervention clinical trial
as well as phase |V trials in primary care populations. In 2017, the implementation of the DZNE/CTNR research
group “Non-motor symptoms in Parkinson’s disease” (group leader Prof. Dr. med. Alexander Storch) is a first
step for the extension of further collaborations.

In 2018, the UMR has established an overall clinician scientist program (“Strukturprogramm Clinician Scientist”).
with a research protected time of two years within the specialist/subspecialist training time to conduct a theoretical
research project. The CTNR is strongly connected to the University of Rostock and its full spectrum of supporting
infrastructure such as the Graduate Academy and the virtual Interdisciplinary Faculty (INF).
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Concept

The CTNR is organized into three tightly connected topics to lead to a qualitative leap in three dimensions:
1. Strong focus on mechanisms of resilience and their interplay with
neurodegenerative processes to overcome the current standstill in the development
of causative treatments for major neurodegenerative diseases.
2. Adoption of the concept of precision medicine to neurodegenerative disease care to establish
predictors for cerebral resilience in primary and secondary neurodegeneration in humans.
3. Adoption of continuous bi-directional translation pathways where patient centeredness
and patient-relevance and sustainability for the care system are the guiding principles for
the development of new treatments and preventions for neurodegenerative insults.

Ad 1. Mechanisms of resilience and their interplay with neurodegenerative processes

This topic is established in various research groups of the theoretical and clinical departments of the University
Medical Centre Rostock in strong cooperation with engineer-science institutes of the University of Rostock.
This strong connection of biomedical research and engineering science is exemplarily demonstrated by the
Collaborative Research Centre (CRC) 1270 “Electrically Active Implants (ELAINE)”. A strong focus of the Rostock
neuroscience community is the research on cell and animal models of neurodegenerative diseases with a clear
focus on molecular and cellular mechanisms of resilience of neurons and their systems. The CTNR focuses
on rare and mostly monogenetic neurodegenerative diseases, such as Amyotrophic Lateralsclerosis (ALS),
Niemann-Pick disease and neuronal ceroid-lipofuscinosis (NCL) and on application-oriented animal models of
Parkinson’s disease and dystonia.

Ad 2. Precision medicine to establish predictors for cerebral resilience in primary and secondary
neurodegeneration in humans

One key topic of the Rostock site of the German Centre for Neurodegenerative diseases (DZNE) is the
development of imaging and biochemical biomarkers of neurodegenerative diseases and potential resilience
markers. As an internationally unique selling point for Rostock, the whole developmental pipeline of such markers
from multimodal animal imaging, functional imaging in small clinical cohorts to populations-based approaches in
primary care settings is established in Rostock. Through the integration into large multicentre studies, such as
the European DTI Study in Dementia, the European ADNI study, the European Huntington disease network, the
German networks on ALS/FTD and Parkinson’s disease together with the cohort studies of the DZNE, Rostock’s
neuroscience research is integrated into national and international networks with high visibility and the possibility
of fast and targeted recruitment of patient populations. The joint work offers a strong link to fundamental and
applied research in computer and cognitive science to develop information and communication technology
based measures of human behaviour and function to monitor the course of neurodegenerative diseases and
detect intervention effects on physical and functional patient-centred outcomes.
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Ad 3. Adoption of continuous bi-directional translation pathways for development of new treatments and
preventions in neurodegenerative diseases

The competence not only in basic science-oriented research in cell and animal models of neurodegenerative
diseases as outlined above, but also a strong expertise in clinical research ensures the continuous bi-directional
translational process to overcome current translational roadblocks in the development of novel therapeutic
interventions. In this context, intervention is seen as a broad concept integrating all treatment approaching
to strengthen physical, cognitive and psycho-social resistance against neurodegenerative insults and/or their
impacts. The development of dementia assistance systems is one key topic of the Department Ageing of the
Individual and of Society at the Interdisciplinary Faculty of the University of Rostock. In addition, the clinical
members within the CTNR (clinical departments and the DZNE) are already conducting more than 30 mono- and
multicentre trials in parallel, including investigator-initiated trials (IITs) according to the AMG in various indications
such as dementias, movement disorders and motor neuron diseases, which together form a strong basis for
the overall aim of the CTNR, namely to implement innovative therapeutic concepts for primary and secondary
neurodegenerative processes.

Members Research Profiles

Until the end of 2018, 38 members of the University Medical Centre Rostock, the University of Rostock and
external institutes are part of the Centre for Transdisciplinary Neurosciences Rostock. Each member is affected
by neuroscience contents through publications or projects in the field. Every neuroscience activity contributes to
the overall scientific aim of the CTNR: to identify and target resilience mechanisms in neurodegeneration.

To increase the visibility and to strengthen the shared identity of the CTNR members it is important to know each
others research aims, technologies and methodologies. Thus, targeted strategic CTNR member meetings
have been organised and taken place for the first time since July 2018. The result of the meetings was the
submission of grant applications in the field of “Deep learning in Biomedicine”. Further “get-together” events are
planned (e.g. CTNR lecture series, summer school).

In 2018, the implementation and provision of a CTNR corporate design (website, slides, logos) and the use
of affiliation in publications led to a stronger identification of the members with the CTNR. An online survey of
members is planned to identify members’ needs and suggestions regarding the CTNR. The following pages
introduce the research of the CTNR members by individual research profiles.
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Basic mechanisms and novel therapeutic
approaches in diabetic neuropathy

Baltrusch, Simone

Prof. Simone Baltrusch, PhD

Institute of Medical Biochemistry and Molecular Biology
University Medical Centre Rostock

Schillingallee 70, 18057 Rostock

+49 (0)381 494 5760
simone.baltrusch@med.uni-rostock.de

State-of-the Art

Approximately 50 % of patients with diabetes mellitus suffer from polyneuropathy, frequently diagnosed too late.
Such complications occur both, in type 1 and 2 diabetes mellitus, even though blood glucose is well controlled,
and the HbA1c-value normalized. Damage of peripheral nerves can result in disturbed sensation and pain,
eventually leading to amputation and reduced quality of life.

Overall Scientific Aim

Affected nerves are mainly Ad und C fibres, which are present in skin, but also in the subbasal nerve plexus of
the cornea. Imaging of the subbasal nerve plexus using microscopy techniques allows a very early and objective
view of neuropathy, only possible invasively by skin biopsy.

We have used a thy1-YFP mouse strain in which the peripheral nerves are detectable by fluorescence excitation.
Using two-photon microscopy we could demonstrate high-resolution three-dimensional images of the corneal
subbasal nerve plexus of these mice. We have induced diabetes mellitus in thy1-YFP mice by injection of
streptocotocin.

We could show that the increase in blood glucose was paralleled by a loss of subbasal nerve fibres mainly in the
centre of the cornea. The subsequent treatment of the animals with insulin normalized the blood glucose and was
accompanied by an increase in subbasal nerve fibres.

Projects, Methods & Technologies

Thus, this model is highly suited to investigate the pathogenesis of diabetic polyneuropathy with the aim to
develop new causal strategies to treat them. Neuronal damage could be mediated by increased binding of
advanced glycation end products (AGEs) to the AGE receptor (RAGE). In various mouse strains we found that
the RAGE expression in the cornea is significantly higher than in other tissues.

Curriculum Vitae
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Our present research focus is to investigate the sub-epithelial corneal nerve plexus in the recently developed
thy1-YFP -RAGE knockout mice during diabetes manifestation.

Fig. 1: Subbasel corneal nerves in a healthy, diabetic and treated diabetic thy-1-YFP mouse. [From Baltrusch
S (2016). Ophthalmological Monitoring of Diabetic Neuropathy in a Mouse Model. Klinische Monatsblatter fiir
Augenheilkunde 233, 1313-1319.]

Niemann J, Johne C, Schroder S, Koch F, Ibrahim SM, Schultz J, Tiedge M, Baltrusch S (2017). An mtDNA mutation accelerates
liver aging by interfering with the ROS response and mitochondrial life cycle. Free Radical Biology and Medicine 102,
174-187.

Schultz J, Waterstradt R, Kantowski T, Rickmann A, Reinhardt F, Sharoyko V, Mulder H, Tiedge M, Baltrusch S (2016). Precise
expression of Fis1 is important for glucose responsiveness of beta cells. The Journal of Endocrinology 230, 81-91.

Leckelt J, Guimaraes P, Kott A, Ruggeri A, Stachs O, Baltrusch S (2016). Early detection of diabetic neuropathy by investigating
CNFL and IENFD in thy1-YFP mice. The Journal of Endocrinology 231, 147-157.

Ehmke T, Leckelt J, Reichard M, Weiss H, Hovakimyan M, Heisterkamp A, Stachs O, Baltrusch S (2016). In vivo nonlinear
imaging of corneal structures with special focus on BALB/c and streptozotocin-diabetic Thy1-YFP mice. Experimental
Eye Research 146, 137-144.

Baltrusch S (2016). Mitochondrial network regulation and its potential interference with inflammatory signals in pancreatic beta
cells. Diabetologia 59, 683-687.
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Neuro- and electrophysiological
correlates of psychiatric disorders

Berger, Christoph

Christoph Berger, PhD

Department of Childhood and Adolescent Psychiatry
University Medical Centre Rostock

Gehlsheimer Stralle 20, 18147 Rostock

+49 (0)381 494 4637
christoph.berger@med.uni-rostock.de

State-of-the Art

Electroencephalography (EEQG) is relatively easy and safe diagnostic tool and has its importance in psychiatric
clinical practice mainly for its capability of diagnosis of various neurologic diseases like encephalopathies, focal
brain disorders, like tumors and for sleep disorders. EEG is the first line tool to diagnose epilepsy. Beside this
use for differentials diagnosis the EEG is a promising source of psychiatric biomarkers, because many of these
markers have close neurobiological and behavioral relations. Two examples: the EEG power cordance measure
is changeable by antidepressive medication and has a close link to the cerebral blood flow; alpha and theta
oscillations are strongly associated with executive functioning and cognition. But meta-analytic reviews show a
strong publication bias lacking negative or weak reports, insufficient replications and small sample sizes in many
publications. Therefore, EEG has to date not been validated sufficiently to be reliable for guiding psychiatric
treatment.

Overall Scientific Aim

It is our aim to analyze EEG derived pattern with links to psychiatric disorders like Depression and ADHD with
an emphasis on enlighten reliable links between symptom checklists and EEG markers, and with special focus
on validating prior results in higher sample sizes. Furthermore we are interested in replicating the findings from
adult studies to psychiatric patients of childhood and adolescent samples. Our research will contribute to a
better understanding of neurobiological underpinnings of psychiatric disorders in particular in the context of
developmental psychopathology.

Projects, Methods & Technologies

Disturbed regulation of vigilance in wake state seems to play a key role in the development of mental disorders.
In one project we are testing whether brain arousal is assessable in pediatric patients with a routine clinical EEG.
Vigilance patterns can be derived from EEG via recently developed software VIGALL (University of Leipzig).
Resting state EEG measures from two groups of psychiatric patients diagnosed with either ADHD or depression
were analyzed. According to the model of Hegerl et al. (2014) we expect a clustering of individual EEG data

Curriculum Vitae

Since 2013 Senior scientist and lab engineer, Department of Childhood and Adolescent Psychiatry, University Medical

Centre Rostock
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into hyper- and hypo-stabile vigilance regulation
types which should be associated with either
Depression or ADHD.

EEG microstates as transient quasi-stable
global patterns of EEG topographies have
been shown to be altered in adult psychiatric
patients with psychosis, with Dementia, with
mood and anxiety disorders and also in children
with Autism Spectrum Disorder. Beside this,
microstates haven't been further investigated
in pediatric psychiatry so far. In an explorative
study we aim to describe possible alterations in
EEG microstate dynamics in a wider sample of
clinical routine EEG of Children with psychiatric
disorders of our clinic in relation to their
diagnosis.

CTNR Research

Fig. 1: An illustration of the

method of microstate clustering

and analysis. [From A. Khanna

et al (2015). Neurosci Biobehav
Rev. 49, 105-13.]. The global field
power curve gives a measure of

the instantaneous field strength
over time. Peaks of the GFP curve
represent instances of highest field
strength and largest topographic
SNR. Electric potential maps of all
electrodes were clustered into a
small map set based on topographic
similarity. Most studies of resting-
state EEG microstates find the same
set of four cluster maps (labeled
A-D)

In a recent study we investigate the efficiency of bright light therapy in pediatric in-house patients beside the
relevance for depressive symptoms additionally via potential EEG biomarkers for Depression, in particular the

cingulate theta power and vigilance regulation.

Each EEG in clinical routine is accompanied by assessment of ECG according to Einthoven, giving the opportunity
to analyze heart rate variability (HRV). Dysregulation of mood, affect and anxiety is associated with dysregulation
of autonomic nervous system (ANS), which can be indexed by the loss of HRV. Despite the high amount of adult
HRYV study reports, the understanding of development of cardiac autonomic nervous system is still very limited.
Therefore it's the focus of another project, to how much extent the HRV in pediatric patients with depression is
affected by depressive symptoms and how much influences the common developmental HR reduction the HRV.

Fig. 2: Region of Interest studying EEG biomarker for depression. [From Arns et al. (2015). Eur Neuropsychopharmacol 25, 1190-1200].

Extracted resting state theta power (6.5-8 Hz) from the rostral anterior cingulum using eLORETA. Results of this study: high baseline rACC

theta was associated with treatment non-response and low post treatment rACC theta was found in antidepressant responders.

§elected

Berger C, MU y J, . , Buchmann
motor cortex facilitation and attention in healthy adults: A combined
magnetic stimulation, Brain and Behavior 8(12), e01155.

Brueggen K, Fiala C, Berger C, Ochmann S, Babiloni C, Teipel SJ (2017)
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study using event-related potentials and transcranial
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Lischke A, Herpertz SC, Berger C, Domes G, Gamer M (2017). Divergent effects of oxytocin on (para-)limbic reactivity to
emotional and neutral scenes in females with and without borderline personality disorder. Soc Cogn Affect Neurosci.

12(11), 1783-1792.

Marx I, Weirich S, Berger C, Herpertz SC, Cohrs S, Wandschneider R et al. (2017). Living in the fast lane: evidence for a
global perceptual timing deficit in childhood ADHD caused by distinct but partially overlapping task-dependent cognitive

mechanisms. Front Hum Neurosc 11, 122.

Berger C, Domes G, Balschat J, Thome J, Hoeppner J (2015). Effects of prefrontal rTMS on autonomic reactions to affective

pictures. J Neural Transm. 124, 139-152.
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Drug therapy safety and social paediatric
aspects in paediatric epileptology

Bertsche, Astrid

Prof. Astrid Bertsche, MD

Hospital for Children and Adolescents, Neuropaediatrics
University Medical Centre Rostock
Ernst-Heydemann-Str. 8, 18057 Rostock

+49 (0)381 494 7001
astrid.bertsche@med.uni-rostock.de

State-of-the Art

Most epilepsy patients need an anticonvulsive long-term therapy. Drug-related problems, however, endanger
the success of therapy under routine conditions. This is the case since a lack of efficacy or the occurrence of
preventable adverse drug events (ADE) can limit the possible therapeutic outcome as reported by clinical trial
with good internal validity. ADE are usually considered primarily from a medical point of view. The perspective
of patients and their relatives is often neglected. However, the latter can have a high influence on adherence.
Various projects have shown that, from the point of view of paediatric epilepsy patients and their parents, there
are considerable impairments of daily life due to ADE. The participation of children and adolescents with epilepsy
and developmental disorders is endangered by the need of long-term medication, possible ADE, disease-related
restrictions, necessary safety measures in everyday life and stigmatisation by the environment.

In case of an acute seizure lasting longer than five minutes the use of rescue medication is recommended as the
chance of successful termination of a seizure dramatically declines if a seizure lasts longer than five minutes.
This rescue medication has to be administered by non-professionals such as parents as an ambulance would
take too long to arrive. As most children and adolescents spend most of the day outside their home caregivers
such as teachers should as well be able to administer a prescribed rescue medication appropriately.

Overall Scientific Aim

To get deeper insights on the knowledge and perception of epilepsy by the paediatric patients themselves, their
parents, peers, teachers, doctors, therapists, pharmacists and the general public. This insight should help to
develop programmes to improve safety and participation of paediatric epilepsy patients. Besides, we are aiming
at reducing ADE and at helping patients to cope with ADE that are inevitable. To improve safety in case of an
acute seizures we develop training programmes on rescue administration for non-professionals such as parents,
teachers and therapists.

Curriculum Vitae

1992 - 1999 State exam and Doctorate in Medicine, Ruhr University Bochum

2005 - 2009 Neuropaediatric training and senior neuropaediatrician, Department of Paediatric Neurology, Heidelberg
University Hospital
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Projects, Methods & Technologies

We participate in the multicentre project KiDSafe funded by the Federal Joint Committee which aims at reducing
ADE by a database which implementation is supported by quality circles. In addition, the spontaneous reporting
behaviour of ADE is to be improved by KiDSafe. In our research group in Rostock we perform surveys of parents
of epilepsy patients and of the patients themselves to get a deeper insight in the perception of ADE and their
impacts on life of paediatric epilepsy patients and their families. The results are to be incorporated into individually
tailored training programmes and optimised care concepts.

Besides, we participate in the multicentre project CARE-FAM-NET - Children affected by rare disease and their
families — network funded by the Federal Joint Committee. We participate in the project together with colleagues
from medical psychology and sociology of the University Medical Centre Rostock. The project is aiming at
improving the psychosocial situation of children with rare diseases (e.g. rare epilepsy syndromes) through a
psychodynamic-psychosocial intervention (face-to-face) and/or an online intervention based on principles of
cognitive-behavioural writing therapy.

To improve safety and participation of paediatric patients with epilepsy we perform surveys on knowledge and
attitudes towards epilepsy. Those surveys are addressing the (paediatric) patients themselves, their parents,
peers, teachers, doctors, therapists, pharmacists and the general public. In order for training programmes to
be effective, we investigate what training needs exist. Training programmes can then be developed to meet the
individual needs of the participants. A special focus of our group is in developing practical training programmes for
caregivers such as parents and teachers in order to improve the willingness and abilities to correctly administer
a prescribed epilepsy rescue medication.

Fig. 1: Reduction of drug administration errors
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Bach VA, Neininger MP, Spindler UP, Hotopp LC, Hornemann F, Syrbe S, Merkenschlager A, Kiess W, Bernhard MK, Bertsche
T, Bertsche A (2018). How do parents perceive adverse drug events of their children’s anticonvulsant medication? Eur. J.
Paediatr. Neurol. 22, 427-433.

Jansen P, Neininger MP, Bernhard MK, Merkenschlager A, Kiess W, Bertsche T, Bertsche A (2017). Knowledge and attitudes
about epilepsy: A survey of high school students in Germany. Seizure 51, 139-144.

Dumeier HK, Neininger MP, Kaune A, Schumacher PM, Merkenschlager A, Kiess W, Bernhard MK, Bertsche T, Bertsche A
(2017). Seizure management by preschool teachers: A training concept focussing on practical skills. Seizure 50, 38-42.

Dumeier HK, Neininger MP, Bernhard MK, Syrbe S, Merkenschlager A, Zabel J, Kiess W, Bertsche T, Bertsche A (2015).
Knowledge and attitudes of school teachers, preschool teachers and students in teacher training about epilepsy and
emergency management of seizures. Arch. Dis. Child. 100, 851-855.

Syrbe S et al. (2015). De novo loss- or gain-of-function mutations in KCNA2 cause epileptic encephalopathy. Nat .Genet. 47,
393-399.
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Movement disorders in childhood, pain
in the musculoskeletal system

Buchmann, Johannes

Prof. Johannes Buchmann, MD

Department of Childhood and Adolescent Psychiatry
University Medical Centre Rostock

Gehlsheimer Stralle 20, 18147 Rostock

+49 (0)381 494 4611
johannes.buchmann@med.uni-rostock.de

State-of-the Art

Children with mental disorders are very often disturbed in motor development as well. Many of these children
also have cognitive limitations and behavioural problems. Often there is a coincidental epileptic syndrome,
possibly due to a genetically determined disease. When unfavourable social conditions then occur, the children
react accordingly, e.g. with pain, depression or conduct disorders. Adolescents react with self harming. Many of
these behaviours are based on impaired impulse control that significantly affect both motor and cognitive and,
more broadly, social development.

Overall Scientific Aim

In general, only certain investigation methods can be used in younger children. In our neurophysiological
research laboratory, we combine these methods that can be used in this age, e.g. electroencephalography
(EEG) and transcranial magnetic stimulation (TMS). We investigate cerebral inhibition and facilitation processes
in children with attention deficit hyperactivity disorder (ADHD), Tourette-Syndrome or self-harming adolescents,
both with and without medication (see, for example, Fig.1 -ipsilateral silent period and fig. 2 -SICI and LICI in
ADHD children).

Projects, Methods & Technologies

TMS over the motor cortex is well suited for the investigation of motor developmental disorders, and this method is
very suitable for children. With TMS, inhibition and facilitation processes in the motor cortex can be investigated,
which can be the cause for, for example, hyperkinetic behaviour in ADHD or motor tics in Tourette-syndrome.
The basis could again be the impaired impulse control. EEG with recording of endogenously evoked potentials
(event related potentials = ERP) is also suitable as investigation method for children. Reaction times and reaction
types to defined stimuli in specific experimental settings are typical in children with ADHD or in adolescents
with self-harm. In paradigm, such as “A not X” can be described by the ERP disturbed cerebral processing in
these children. In these experimental settings is it possible to study impulse control in children, regardless of the
underlying disease. They are applicable to diseases such as ADHD, Tourette, obsession-compulsive disorder,

Curriculum Vitae
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headache (migraine) or motor developmental disorder.
The EEG, as polysomnography, could also be used to
study sleep in children with these disorders. Disturbed
sleep architecture is described in many mental and
developmental disorders.

prior to MPH

M.p. 45 ms 20 ms 0.5mV
In close collaboration with the sonography laboratory I_
of the Department of Neurology we are investigating
in a joint project, inhibiting and facilitating mechanisms
in children with ADHD and children with Tourette’s
syndrome compared to a healthy control group.
Morphological data (transcranial sonography) were
correlated with data from transcranial magnetic
stimulation (short interval cortical inhibition SICI / long  Fig. 1: Ipsilateral silent period.
interval cortical inhibition LICI / intercortical inhibition
ICI) and motor performance (tapping).

In other projects, we examine self harming adolescents in their response to pain like stimuli with eeg / erp or the
interaction of sleep and behavior as well as sleep and motor performance. These are related to behavioural or
depressive symptoms.

Impaired impulse control seems to be an essential mechanism in the development of mental disorders with
motor symptoms (ADHD) or motor disorders with obsession-compulsive symptoms (Tourette). The combination
of child-adapted neurophysiological investigation methods with e.g. transcranial sonography seems to be a
promising approach for the characterization of such diseases.
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Fig. 2: SICI and LICI in ADHD children.

Berger C, Muller-Godeffroy J, Marx |, Reis O, Buchmann J, Duck A (2018). Methylphenidate promotes the interaction between
motor cortex facilitation and attention in healthy adults: A combined study using event-related Potentials and transcranial
magnetic Stimulation. Brain and behavior 8(12):e01155.

Wittstock M, Buchmann J, Walter U, Rosche J (2018). Vagus Nerve Stimulation and External Defibrillation during Resuscitation;
a Letter to Editor. Emerg (Tehran). 6(1), e27.

Reinhardt M, Wunsch K, Weirich S, Massier F, Buchmann J (2018). Electroconvulsive Therapy (ECT) of a 15-year-old female
patient suffering from a severe delusional depression: a case report. Zeitschrift fur Kinder- und Jugendpsychiatrie und
Psychotherapie 46(6), 536-541.

Bolz M, Korber S, Reimer T, Buchmann J, Schober H, Briese V (2017). The Treatment of llinesses Arising in Pregnancy. Dtsch
Arztebl Int. 114(37), 616-626.

Levene R, Gunther O, Rothkotter HJ, Bitterlich N, Buchmann J (2014). Treatment of myofascial lumbar dorsal pain : Effective
clinical diagnostics and therapy. Schmerz. 28(6), 573-583.
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(Forensic) Neuropathology

Buttner, Andreas

Prof. Andreas Buttner, MD

Institute of Legal Medicine

University Medical Centre Rostock
St.-Georg-Str. 108, 18055 Rostock
+49 (0)381 494 9901
andreas.buettner@med.uni-rostock.de

State-of-the Art

Post-mortem studies of the human central nervous system are of tremendous importance for the exact diagnosis
and clinical-neuropathological correlation of deceased patients. In addition, human tissues obtained from these
cases provide the possibility of profound histological, immunohistochemical, and molecular studies for research.

Forensic Pathology as one of the main working area in Forensic Medicine determines through gross external and
internal examination (autopsy), as well as additional histological and toxicological examination, how diseases
and injuries affected the deceased. The primary objective is the determination of the cause of death and the
manner of death (natural, accidental, suicide, homicide, undetermined).

The analyses are accomplished through examination of physical evidence at the crime scene, police and medico
legal investigative reports, and the medical record. Besides, we perform clinical autopsies after informed consent
of the relatives as part of the internal quality control of the medical therapy at the Rostock University Medical
Centre.

Forensic neuropathology is a sub-specialty, which mainly focuses on traumatic injuries to the central, and
peripheral nervous system. However, due to the composition of our autopsy cohort a broad spectrum of
neurological and neurodegenerative diseases are encountered which also requires profound knowledge in
general neuropathology.

Overall Scientific Aim
Due to the aging society the rate of neurodegenerative diseases are increasing, rendering the opportunity to
conduct research on human brain tissues that will be obtained during autopsy.
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Projects, Methods & Technologies

Within the CTNR our institute holds the autopsy service from the donor program of the Rostock University
Medical Centre in collaboration with the DZNE. We conduct professional sampling of the brain and spinal cord
after informed consent of the donors or their relatives for subsequent neuropathological examination. Especially
in well-characterized patients, clinical-neuropathological correlation with exact morphological classification of
the disease will be beneficial for improving diagnosis and therapeutic options. Furthermore, as the head of the
ethical commission and the commission on patient safety of the Rostock University Medical Centre, all research
applications are verified ensuring that all studies of the CTNR will be performed according to the international
ethical guidelines and the respective laws of the Federal Republic of Germany.

Clinical
Forensic
Medicine

Court of
Justice

Forensic

Medicine

Alcohol
Medicine Toxicology

Forensic
Genetics

Fig. 1: Activities in Forensic Medicine.

Fichtl A, Buttner A, Hof PR, Schmitz C, Kiessling MC (2018). Delineation of subregions in the early postnatal human cerebellum

design-based stereologic studies. euroanat. 11, 13

Weis S, Buttner A (2017). Neurotoxicology and drug-related disorders. In: Kovacs G., Alafuzoff I. (Ed.). Handbook of Clinical
Neurology. Volume 145. Neuropathology. Elsevier, Amsterdam, Chapter 14, 181-192.

Buttner A (2017). The neuropathology of drug abuse. Curr. Opin. Behav. Sci. 13, 8-

Matschke J, Buttner A, Bergmann M, Hagel C, Piischel K, Glatzel M (2015). Encephalopathy and death in infants with abusive
head trauma is due to hypoxic-ischemic injury following local brain trauma to vital brainstem centers. Int .J. Legal Med.
129, 105-114.
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IPSCs for disease modelling and drug
discovery in lysosomal storage diseases

Frech, Moritz

Moritz Frech, PhD

Albrecht Kossel Institute for Neuroregeneration
University Medical Centre Rostock
Gehlsheimer Stralle 20, 18147 Rostock

+49 (0)381 494 4886
moritz.frech@med.uni-rostock.de

State-of-the Art

The group of lysosomal storage diseases (LSDs) comprises more than 60 disease. The largest proportion of
LSDs is inherited autosomal recessive. The phenotypical characteristics of LSD includes defects in degradative
and synthetic enzymes, lysosomal membrane defects, disorders of lysosome biogenesis and endosome—
lysosome ftrafficking. The various defects result in cellular storage of the substrates of the defective enzymes
and consequently to dysfunction in different cell types of the nervous system, eye, bone or inner organs such
as lung, splin and liver. Such perturbations of cellular processes ultimately lead to cell death and organ-specific
clinical manifestations. For most of the LSDs no appropriate treatment is available. Thus, a sound knowledge of
the pathogenic mechanisms of LSDs is essential to evolve new therapeutic approaches. Against this background
we study pathophysiological features of the LSD Niemann-Pick type C1 (NPC1). NPC1 is a rare autosomal
recessive lysosomal lipidosis, with an incidence of 1: 120,000 and thus classified as a rare disease. Mutations
in the NPC1 gene result in the expression of non-functional or functionally reduced protein. The dysfunction of
NPC1 protein leads to an accumulation of unesterified cholesterol in late endosomes and lysosomes. These
accumulations can be detected using the Filipin test, displaying a clinical diagnostics tool. NPC1 is defined
as neurovisceral disease, with visceral and neurological symptoms occurring at different times and degrees.
Visceral dysfunctions are observed in the liver, spleen and lung. Neurological symptoms include motor
dysfunctions such as dystonia and cerebellar ataxia. However, the link between the accumulation of cholesterol
and the progressive neurodegeneration is yet not well understood. A variety of cellular and animal models are
used to elucidate pathogenic mechanism of NPC1. However, studies on human neuronal tissues are limited to
postmortem biopsies and thus exclude functional studies. Here, human induced pluripotent stem cells represent
an excellent opportunity to expand the range of in vitro disease models for NPC1 and thus the opportunity to gain
a deeper understanding of pathophysiological processes underlying NPC1.

Overall Scientific Aim
A detailed understanding of mechanisms contributing to neurodegeneration is prerequisite to develop new
therapeutic strategies. Thus, one aim is to develop cellular NPC1 disease model systems based on NPC1 patient
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specific-IPSCs. Using cellular derivatives of these IPSCs, such as neuronal cells and hepatocyte-like cells, we
seek not only to gain a better understanding of the pathogenic mechanisms of NPC1, but we utilize such cell
models to discover compounds attenuating pathophysiological features of NPC1 and thus representing a base
to develop new treatment strategies.

Projects, Methods & Technologies

Disease Modelling

Recent work on the NPC1 patient specific-IPSCs focused on the evaluation of pathophysiological hallmarks
of NPC1 on a cellular level. These studies have proven different NPC1 phenotypical signs amongst others
accumulation of cholesterol and gangliosides, gliosis and oxidative stress. Current projects aim to broaden the
description of further pathological marks of NPC1 to demonstrate on the one hand the feasibility of the IPSCs
for disease modeling and on the other hand to gain a deeper understanding of pathophysiological mechanisms.
Against this background we are interested in the impact of intracellular transport deficits on the transport of
mitochondria, autophagosomes and lysosomes. An impairment of these basic cellular processes might contribute
to the imbalance of autophagy observed in NPC1 and other neurodegenerative diseases. In turn such aberrations
can induce or intensify other pathophysiological features like oxidative stress. It is our understanding not only to
dissect the malfunction of single cellular processes, but to elucidate how one effects the other.

Drug Discovery
Acausaltherapy ofthe Niemann-Picktype Cis currently notavailable. Atpresent, Miglustat (n-butyldeoxynoririmycin,
NB-DNJ) is the only drug approved by the European Medicines Agency for NPC therapy. Miglustat is a reversible
inhibitor of glucosylceramide synthase and has been approved for the treatment of Gaucher type disease as a
substrate reduction therapy. Other potential therapeutic approaches, such as treatment with cyclodextrin, histone
deacetylase inhibitors and pharmacological chaperones, are currently under discussion. Pharmacological
chaperones (PCs) assist misfolded proteins in correct folding, resulting in an increased amount of functional
NPC1 proteins in the late endosomes/lysosomes. Previously tested chaperones contained various oxysterol
derivatives, such as 25-hydroxycholesterol, which showed a reduction in cholesterol content in fibroblasts
and an improvement in the NPC1 phenotype. Using in silico docking simulations, in a collaborative research
project with the PePPP young investigator group of Dr. Jan Lukas, we aim to identify potential pharmacological
chaperones. Effective compounds will stabilize misfolded NPC1 protein, subsequently leading to an increased
amount of NPC1 protein in the lysosomal compartment. Thus, such compounds should contribute to a reduction
of the cholesterol overload. Besides the approach using PCs, we aim to
alleviate pathophysiological characteristics like hypo-/hyperphosphorylation
of intermediate filaments, oxidative stress, or malfunction/misplacement of ion
channels, to relieve neurodegeneration in NPC1.

Fig. 1: Blll-tubulin staining (green) of IPSC derived neurons of a control cell line derived from
fibroblasts of a healthy control (A) and of fibroblasts of a NPC1-patient (B). One can observe the
presence of the ganglioside GM2 (red in A and B) in both cell lines, wherein the amount of GM2 is
higher in the NPC1-cell line, depicting an pathophysiological hallmark of NPC1. Detection of chosterol
using a Filipin staining (blue in C and D) demonstrate the typical accumulation of cholesterol in NPC1-
deficient cells.
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State-of-the Art

Ageing is defined by all processes that reduce well-being, which is best defined as the composite of health
and survival. For a long time, it was known that caloric restriction tends to counteract ageing processes and
increase lifespan. Around 30 years ago, it was shown in model species that targeted interventions increase
lifespan. Only recently, it was shown in model species that ageing can be partially reversed by senotherapy: by
killing senescent cells. In 2019, the first human pilot studies of senotherapeutic compounds demonstrated that
the targeted killing of senescent cells improves function in a variety of diseases (idiopathic pulmonary fibrosis,
osteoathritis). It is conceivable that natural compounds such as fisetin (found in strawberries) or quercetin (found
in a variety of fruit and vegetables) can, given in the right dose and combination, have senotherapeutic effects.
Ultimately, biomarkers are needed to personalize senotherapies, to prevent or treat a wide array of diseases,
from cancer to neurodegeneration. The senescence status of a person will be an important tool for predicting
progression for many diseases, and for intervening. We thus use molecular measurements (lab values and
omics data) to investigate the connection between individual senescence-related biomarker scores & other
disease related biomarker measurements, and disease diagnosis/prognosis. Biomarkers are usually identified
by machine learning, aided by network biology tools.

Overall Scientific Aim

At the Institute for Biostatistics and Informatics in Medicine and Ageing Research (IBIMA), we are specifically
interested in health and prevention, investigating the molecular basis of ageing processes. Generally, we strive
to better understand diseases, to propose means for their prevention, to support existing treatments and to
develop new strategies to help patients. We support the process of transfer of existing knowledge into medical
practice. Thereby, we perform a valuable contribution to the continuous improvement of patient care in the
university hospital and beyond. One clinical feature connecting most of the diseases is that these occur more
frequently in older populations. We want to find out, what it is on a molecular level that makes some people age
more quickly and less healthy than others. One flagship is our current EU funded project “Ageing with Elegans” in
which we investigate the effect of ageing on the transcriptome and how this can be modulated. Ongoing work is a
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community effort to map health span pathways and to specify the terminology to describe health. On a molecular
level we are interested in molecular pathways contributing to senescence and fibrosis as age-associated cellular
phenotypes.

Projects, Methods & Technologies

A core element of our work is to identify new biomarkers. In population studies this may be genetic variations. For
patients this may be a particular profile of the transcriptome that is seen in conjunction with clinical phenotypes.
The challenge is to constrain an avalanche of data from patients and from public resources towards a much
smaller set of molecular interactions that can be experimentally investigated. Along these lines, the IBIMA has
developed concepts (“Focus Heuristics”, “Expr Essence”) to map disease expression data to public molecular
network data and then derive a condensed network. We are also interested to learn how to adopt these principles
to best compare changes to the transcriptome of diseases with changes known to be induced by drugs, and
further by combinations of drugs. We have a local pipeline of tools for the semi-automated processing of Next-
Generation Sequencing data that feeds into above routines for condensing networks. These we apply on data
from clinical collaborators. We strive to integrate image analyses towards “radio genomics” and have supported
investigations of the immune repertoire. As part of our interdisciplinary approach we strive to make science
accessible to the public and participate in events such as “Lange Nacht der Wissenschaft”. Therefore, we put
value to a pronounced competency of our staff members to cooperate with medical research partners.

Fig. 1: Graphical abstract of the SASKit project. Pancreatic cancer and ischemic stroke are studied in human and mouse, including
senescence-prone (“seno”) strains already studied during a predecessor BMBF project (ROSAge). For machine learning and modelling

with the aim of a diagnostic/prognostic biomarker kit, human and mouse data are then integrated by the parallelogram approach that
extrapolates inter-species data if three of four corresponding data sets are known. Dynamical models are developed specifically with a focus
on PAI- 1, CDK5 and p16/p21 (CDKN2A/1A). 3-gal denotes the senescence associated (SA) form of 3-galactosidase. The figure also lists
the core measurements done by all sub projects (centre), and the measurements done only by some sub projects (below and above the

parallelograms).
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State-of-the Art

One of the most intriguing features of neurodegenerative disease pathologies, such as aggregates of misfolded
amyloid or tau proteins in Alzheimer’s disease (AD), is that they typically progress in stereotyped patterns along
specific vulnerable neuronal systems. Although these typical pathologic progression patterns are already widely
used in neuropathological staging schemes, the underlying neurobiological mechanisms that cause these distinct
regional vulnerabilities remain largely unknown. Novel PET and MRI-based neuroimaging techniques now allow
monitoring diverse types of neurodegenerative brain changes in the living human brain, but the topographic
information on pathology spread is not yet commonly assessed in imaging-based in-vivo assessments.

Overall Scientific Aim

To characterize brain-wide neuroimaging patterns of molecular, structural, and functional brain changes that
underlie cognitive decline and dementia in the elderly, to study the potential clinical use of these patterns as
topographic imaging biomarkers for early detection and staging of neurodegenerative disease, and to explore
the specific molecular-functional properties of the affected neuronal systems that may underlie their selective
vulnerability to pathology accumulation. Our research outcomes contribute to the development of novel diagnostic
and prognostic frameworks based on individual neuroimaging patterns of pathologic brain alterations, and further
provide novel insights into the complex molecular-functional mechanisms driving regionally-specific formation
and progression of neurodegenerative disease pathology in the human brain.

Projects, Methods & Technologies

Our general research approach is based on the advanced computational analyses of PET and MRI neuroimaging
data from large-scale observational cohort studies of older individuals with varying degrees of cognitive
impairment, who are characterized by diverse cognitive, molecular, and genetic variables in addition to the
neuroimaging assessments.
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Using a novel analytic approach for characterizing
topographic neuroimaging patterns of progressive
pathologic brain alterations, we could demonstrate for
the first time the feasibility of in-vivo staging of regional
amyloid deposition in amyloid-sensitive PET imaging
data. Ouranalyses indicated that PET-measured amyloid
deposition follows a predictable regional sequence
that resembles previous neuropathological estimates
and can be used analogously to neuropathological
approaches for staging an individual's pathologic state
along this sequence. Advanced in-vivo amyloid stages
were most frequent in AD dementia patients, but were
also observed in patients with mild cognitive impairment
and even in cognitively normal older participants where
they associated with subtle memory impairments (Fig.
1). An important implication of this finding is that PET-
based in-vivo staging of amyloid deposition may be
used for improving clinical prognosis of individuals in
predementia stages of AD.

", . \ . " Fig. 1: In-vivo stage model of regional cerebral amyloid
In addition to amyloid-PET imaging, tau-sensitive 9 d 9 /

PET imaging techniques have recently emerged, and
in a collaboration with Harvard Medical School (Dr.
Jorge Sepulcre) we used sophisticated computational
methods to analyze distinct regional patterns of amyloid and tau pathology distribution in a unique dataset of
multimodal PET acquisitions from the Harvard Aging Brain Study. The study revealed that associations between
these two pathologic hallmark pathologies of AD are not global, but primarily observed between specific regional
deposition patterns of the respective proteins. These in-vivo neuroimaging analyses not only add important novel
information to long-standing neuropathologic observations on amyloid-tau interactions in the human brain, but
will now also provide the distinct advantage of studying these interactions longitudinally.

progression derived from amyloid-PET data. Advanced amyloid
stages associate with worse memory performance among

cognitively normal individuals.

In a complementary line of research we have developed a new method for characterizing molecular brain
tissue properties underlying regional vulnerability to AD pathology, which is based on the study of AD-typical
neuroimaging patterns in relation to regional gene expression profiles in the human brain. Applying this method to
cross-sectional and longitudinal neuroimaging estimates of regional pathology progression, we could demonstrate
that brain regions with high expression levels of the amyloid precursor protein (APP) and other synaptic proteins
are prone to elevated amyloid accumulation in advanced age. By contrast, brain regions with high expression
levels of tau protein and other molecules involved in neuronal plasticity tend to show higher levels of tau-related
neurodegeneration in later life. These findings highlight that the regionally selective vulnerability to AD pathology
relates to specifically enriched molecular pathways in the affected neural systems, which point to novel candidate
genes that now warrant further exploration in genetic association studies.
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State-of-the Art

Systemic application of anticholinergic drugs ameliorates symptoms of Parkinson’s Disease (PD), but it is
hampered by severe side-effects due to activity in hypocholinergic brain areas and the peripheral nervous
system. It is well known, that BoNT-A blocks the cholinergic transmission in the peripheral nervous system.
Local application of BoNT-A into the striatum should ameliorate symptoms caused by hypercholinism in PD
and avoid side effects by its spatial limited action. During our research we investigated the general possibility of
unilateral and bilateral injection of BONT-A into the striatum of rats as well as mice and checked these animals for
alterations in motor and cognitive abilities as well as emotional changes. We performed a thorough behavioural
analysis including motor, emotional and cognitive dimensions in a longitudinal test regime to determine both the
progressive development of the disease and the transient or longer-term effect of the therapeutic option under
study. Main findings of our studies were that intrastriatal injected BoNT-A abolishes pathological apomorphine
induced rotation behaviour in rats. The intracerebral BoNT-A injection is tolerated well by the animals and does
not lead to cytotoxicity, neuronal loss or inflammation reactions in the brain. The application of BONT-A in the
striatum leads to swellings of catecholaminergic and cholinergic nerve fibres. Intracerebral applied BoNT-A leads
to a reduction of the striatal D2 and D3 receptor density in 6-OHDA hemilesioned rats. The intrastriatal injection
of BONT-A in rats does not lead to cognitive impairments and we found hinds for an anxiolytic and antidepressive
effect, suggesting that intrastriatally applied BoNT-A could serve as a new alternative in the therapy of PD
associated symptoms.

Overall Scientific Aim

Huntington’s disease (HD) is an inherited progressive neurodegenerative disorder, characterized by motor,
cognitive, and psychiatric deficits as well as neurodegeneration and brain atrophy beginning in the striatum and
the cortex. Recently a HD transgenic rat model using a human bacterial artificial chromosome (BAC), which
contains the full-length HTT genomic sequence with 97 CAG/CAA repeats and all regulatory elements. Of 21
founder rats, 18 possessed the full-length HTT gene. Two lines (TG5 and TG9) were characterized in Tiibingen,
a further line (TG22) is under investigation in a collaborative research project (Rostock, Tubingen, Bochum).
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Fig. 1: Schematic outline of the normal cholesterol trafficking via NPC2 and NPC1
interaction. LAL,lysosomal acid lipase [courtesy of René Thiemer, modified].

For behavioural characterization performed a thorough behavioural
analysis including motor, emotional and cognitive dimensions
in a longitudinal test regime to determine both the progressive
development of the disease. BACHD transgenic rats display an early
onset and progressive phenotype including motor deficits, anxiety-
related symptoms and a late onset mild impairment of the reference
memory but not of the working memory. Neuropathological, the
distribution of neuropil aggregates and nuclear accumulation of
N-terminal mutant huntingtin in BACHD rats (TG5 and TG9) is
similar to the observations in human HD brains. Interestingly,
although clearly symptomatic, the BACHD line TG22 shows no
aggregates, neither in the neuropil nor in the nucleus. Currently,
dopamine receptor density, microglia activation and glucose turnover are being investigated by in vivo imaging at
the Core Facility Multimodal Small Animal Imaging. Our data suggest that this transgenic BACHD rat line may be
a valuable model for further understanding the disease mechanisms and for preclinical pharmacological studies.

Projects, Methods & Technologies
Niemann-Pick Type C1 (NPC1) is an autosomal recessive inherited neurodegenerative disorder characterized
by accumulation of cholesterol and glycosphingolipids. In close cooperation with the Institute of Anatomy and
the Rudolf-Zenker-Institute of Experimental Surgery we evaluated the pharmacological effects on the behaviour
of a mouse model of Niemann-Pick type C1 disease using a battery of behavioural tests consisted of accelerod,
Morris water maze, elevated plus maze, open field and hot-plate tests. BALB/cNctr-Npc1m1N/-J mice treated
with miglustat, cyclodextrin and allopregnanolone generally performed better than untreated mice. However,
combination-treated mutant mice displayed worse cognition performance compared to sham-treated ones.
Therefore we evaluated effects of these drugs in healthy BALB/c mice. Motor capabilities and spontaneous
motor behaviour were unaltered in both drug-treated groups. Miglustat-treated wild-type mice displayed impaired
spatial learning compared to sham- and combination-treated mice. Both combination- and miglustat-treated
mice showed enhanced anxiety in the elevated plus maze compared to
sham-treated mice. Our results suggest that allopregnanolone/cyclodextrin
ameliorate most side effects of miglustat in wild-type mice. Currently we
investigate the effects of each single drug on disease progression as well
as their side effects on other organs.
Fig. 2: Dorsal view of reconstructed rat brains. The location of the right side 6-hydroxydopamine
(6-OHDA)-injection site in the medial forebrain bundle (MFB; white oval) anterior to the
substantia nigra pars compacta (SNC) and the two injection sites of botulinum neurotoxin
A (BoNT-A) or vehicle (yellow spots) in the caudate putamen (CPu) ipsilateral (A) and
contralateral (B) to 6-OHDA are indicated. Adjacent 20 pm coronal sections of a rat brain
stained for cell bodies (C) according to Merker or for myelin (D) according to Gallyas depict
the needle tract (arrow) and the needle tip (asterisk) of a BoNT-A-injection ipsilateral to the

6-OHDA-application (9 months survival). Scale bar applies to (C,D): 2 mm.
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State-of-the Art

Primary headaches represent some of the most disabling conditions among neurological and non-neurological
conditions. Despite recent advantages in the understanding of the most prominent headache disorders, migraine
and cluster headache, many aspects of their pathophysiology remain enigmatic. Apart from the relevant role of
CGRP as a pivotal neurotransmitter other pathophysiological factors such as cortical hyperexcitability, differential
regulation of the trigemino-vascular system by supraspinal structures such as the hypothalamus contribute to
a complex network. Several comorbidities, especially depression, share biological features and complicate
therapeutical approaches. At present, patients who do not respond to established oral preventive drugs may
benefit from onabotulinumtoxinA or the newly developed CGRP respectively CGRP receptor antagonists.
Alternatively, neuromodulatory approaches have shown efficacy which focus on peripheral cranial nerves. As
a recent development, internet and smartphone based interventional therapies have emerged but have yet to
show efficacy in randomized controlled trials.

Overall Scientific Aim
To examine factors contributing to the pathophysiology of migraine and cluster headache with emphasis on
cortical hyperexcitability and examine efficacy of novel treatments with a focus on neuromodulation.

Projects, Methods & Technologies

Afterimages and cortical hyperexcitability:

An abnormal cortical excitability along with dysfunctional habituation in patients with migraine has been discussed
for a long time. In addition, altered sensory functioning has been reported. In a previous population-based study,
we could show that colour vision as well as smell and taste were altered in participants suffering from migraine
with aura in comparison to those with migraine without aura and healthy controls. As visual acuity and basic
functioning of the auditory system did not differ between these groups, no evidence of a clinically relevant
general interictal sensory dysfunction was found. The disturbed colour vision may be due to a mitochondrial
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dysfunction in the primary visual cortex in patients
with migraine with aura. Other complex visual
disturbances have been reported increasingly,
such as the phenomenon of visual snow as well
as palinopsia and afterimages, with the latter being
closely connected but nevertheless regarded as
distinct entities. In a pilot study on medical students
with self-reported migraine we could show that
afterimage duration is prolonged in those with
aura. Based on these findings, we conducted a
controlled trial among patients of our Headache
Centre suffering from migraine with aura (n=30),
migraine without aura (n=53) and matched healthy
controls (n=81). As shown in Figure 1, duration
of afterimages immediately after presentation of an image rich in contrast for 30 min (duration 1) and after
reactivation by blinking (duration 2) shows a statistically significant difference with longest duration in patients
suffering from migraine with aura (p<0.05). As no difference was found between red and black images our results
point to an altered subcortical (thalamic) or cortical excitability of the visual system in migraine patients with
aura. Alternatively, a dysfunctional thalamo-cortical regulation could be causal. The modulation of afterimages
by preventive therapies is currently examined in our Headache Centre.

Fig. 1: Duration of afterimages.

Comorbidities:

Depression is a relevant comorbity with a bidirectional effect on migraine. However, little is known on loneliness
in patients with migraine which could be due to migraine-specific seclusion or comorbid depression. We sought
to disentagle both phenomena in a case-control trial. Participants with migraine had higher levels of self-reported
loneliness and depression. Depression was a predictor of loneliness although a multivariate regression analysis
did not yield specific effects. Thus, loneliness could be a dimension of depression in migraine patients and
controls. Further studies will elucidate the extent of loneliness in other headaches.

Neuromodulation:

In recent studies, we could show a beneficial effect of acute and preventive invasive stimulation of the
sphenopalatine ganglion on chronic cluster headache. However, non-invasive neuromodulatory approaches
(such as peripheral nerve stimulation and transcranial direct current stimulation) have yielded ambiguous results
in patients with migraine and cluster headache. We are currently conducting studies using a novel stimulation
paradigm based on the transcranial administration of alpha waves in patients with migraine and refractory facial
pain.

Smart-phone based interventions:

We are currently participating in an ongoing large multi-centre randomized controlled study examining the
efficacy of a smartphone based intervention in patients with migraine (SMARTGEM, funded by Innovationsfonds,
Gemeinsamer Bundes-Ausschuss, funding reference 01NVF17038).
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State-of-the Art

Multiple sclerosis (MS) is an inflammatory disease of the central nervous system (CNS) associated with the
development of large demyelinated plaques, oligodendrocyte destruction and axonal degeneration. This
pathology is paralleled by activation of astrocytes and microglia as well as the recruitment of peripheral
immune cells to the site of tissue injury. The feature which distinguishes MS from other inflammatory and
neurodegenerative disorders is the formation of large confluent plaques of primary demyelination. For this
reason, any pathogenetic concept of MS has to provide an explanation for this highly specific destruction of
myelin and oligodendrocytes. Furthermore, it is currently unknown why in some patients remyelination occurs
whereas in others this regenerative process fails. Of note, viable oligodendrocytes and the intact myelin sheath
are indispensable for neuronal health.

Overall Scientific Aim

In the recent years our laboratory has published several studies showing that intoxication with the copper
chelator cuprizone induces a fast and reproducible perturbation of oligodendrocyte metabolic function leading
to oligodendrocyte apoptosis and demyelination. While the precise mode of action during cuprizone-induced
oligodendrocyte apoptosis is still not fully elucidated, induction of oxidative stress, release of diverse chemokines,
as well as the breakdown of the translational machinery have all been functionally linked to the cuprizone-
induced pathology. If we understand which factor(s) trigger(s) oligodendrocyte degeneration, amelioration of
oligodendrocyte injury might not just preserve the myelin-axon unit but at the same time decrease relapse
frequency and severeness in MS.

Projects, Methods & Technologies

Cellular stress pathways: The unfolded protein response (UPR) represents a signaling pathway well known for
restoring cellular homeostasis. Although UPR activation can aid cells in adapting to stress, it can also trigger
apoptosis. It is currently not known how the UPR selects between cytoprotective and proapoptotic outputs.
Such mechanisms may regulate oligodendrocyte pathology and, in consequence, neurodegeneration, especially
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during the progressive stage of MS, which is currently refractory to any therapy. There is accumulating evidence
that inflammatory mediators as well as metabolic disturbances activate the UPR. We utilize noninflammatory
and T cell-dominated experimental autoimmune encephalomyelitis models of MS, which are suited for studying
individual and defined pathogenetic disease mechanisms (i.e., metabolic- and immune-mediated oligodendrocyte
degeneration). State of the art technologies are applied to quantify the extent of tissue damage, among design-
based stereology, 3D-single cell reconstructions (Neurolucida360), and high speed ventral plane videography
(DigiGait).

Sphingosine-signalling: The majority of individuals with relapsing-remitting MS ultimately enter a secondary
progressive disease stage, which is characterized by the gradual accumulation of physical disability independent
of clinical relapses. The cellular and molecular basis for this transition is unclear, and the role of inflammation
during the secondary progressive disease stage is a subject of intense and controversial debate. We try to
understand what triggers the peripheral immune cell recruitment during both disease stages, by which anatomical
pathways are the peripheral immune cell recruited into the brain parenchyma, and to what extent pharmacological
manipulation of these pathways allows amelioration of the disease. In particular, we try to understand the
relevance of Sphingosine 1-phosphate (S1P) signaling for MS-related inflammation and neurodegeneration.
Sphingosine 1-phosphate (S1P) is a bioactive sphingolipid that regulates a variety of physiological processes
including lymphocyte recirculation and neuroinflammation. Most S1P effects are
mediated via five G-protein-coupled S1P receptor subtypes referred to as S1P1-5.
These receptors are expressed on various cell types, including lymphocytes and
neuronal cells such as microglia and astrocytes. We assume that the modulation
of these receptors exerts a combined anti-inflammatory and neuroprotective effect.

Fig. 1: Perivascular astrocyte extending processes to the perivascular space. The water channel protein

Aquaporin 4 (AQP4) is shown in red. Injury of these astrocytes contribute to the recruitment of peripheral

immune cells.

Digital patient monitoring: The development costs of new pharmaceuticals have increased many times over
the last decades. More than 50 percent of all expenditures are now channeled into clinical development. Using
mobile technology and wearables is an attractive approach to make clinical research safer and improve financial
viability. Our Institute has now entered into a project alliance with the Neurology Department to investigate
how this could work in practice. During the WeSeniMuS
clinical study (Wearable Sensors in Multiple Sclerosis)
volunteers and MS patients will be given different types
of sensors, and their cognitive and physical performance
will be tracked.

Fig. 2: Proposed mode of action of siponimod: Schematic illustrating our
proposed mode of action of siponimod. Note that following this concept,
the anti-inflammatory activity of siponimod is at least in part due to direct
interactions with brain cells. The copyright license of this illustration is with

the authors.
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State of the Art

Epilepsy is one of the most common chronic neurological diseases.
Major clinical needs constitute novel targeted treatment options for
temporal lobe epilepsies, for autoimmune-associated epilepsies
and tumour-linked ones.

Scientific Aim

To understand chronic neurological diseases, appropriate animal
models are essential for experimental investigations into the basic
mechanisms. We focus on the characterisation and analysis of the
pathomechanisms of diseases of the CNS using animal models for
temporal lobe epilepsy, tumour-associated epilepsy or autoimmune-
encephalitis.

Projects, Methods & Technologies
We use electrophysiological, behavioural, imaging and molecular
approaches to address the underlying mechanisms of epilepsy. We
currently focus on three subprojects:

1. Mechanisms of temporal lobe epilepsy (TLE): Our group is
currently engaged in analysing synaptic and intrinsic changes
in chronic hippocampal epilepsy of the rat, using a model which closely mimics TLE in patients. We are
interested in solving the following questions: To what extent and within which time-frame does cognitive
function change at the behavioural and network plasticity level? How can performance improvements be
achieved? Which signal transduction mechanisms play a role here? Further, since we have previously
identified Ca2+-activated potassium channels as powerful modulators of neuronal activity to be functionally

Fig. 1: The individual seizure burden in experimental
epilepsy can be documented by video-EEG analysis.
Here, we recorded 100 days and applied a test

drug (the casein kinase 2 inhibitor TBB) during the
indicated period (see time axis below). Each symbol
represents a single seizure (yellow: focal seizures,
red: generalized seizures). TBB, however, had no
anti-seizure effects [Bajorat et al., 2018].
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downregulated in epilepsy, in a DFG-funded project we now investigate which mechanisms lead to this
downregulation, with the final aim to find therapeutic interventions.

2. Auto immune-encephalitis-associated epilepsies are an emerging concern. Although it is known that
autoantibodies are involved, the mechanisms of these often deleterious events are largely unknown. In
our group we established animal models of autoimmune-encephalitis using icv patient CSF injections, and
identified novel targets of autoantibodies, as well as biomarkers of hyperexcitability changes. Our final goal
is to pave the way for novel, specific therapy approaches.

3. Glial brain tumours are often associated with excitability changes in neuronal structures, which can
eventually lead to epileptic seizures and thus to additional clinical complications. The mechanisms of
these excitability changes are not yet sufficiently understood. In this Damp-Trust-funded project, we aim to
characterise the functional and molecular underlying these processes and to develop therapeutic strategies
that synergistically antiepileptic and antitumoural.

Fig. 2: In order to study the pathophysiology of autoantibodies involved in autoimmune encephalitis, we perform stereotactic injections of
patient-derived cerebrospinal fluid or serum into the hippocampus of rats (see arrow). Here, the micrographs show the immunofluorescent
dye dispersion in the hippocampus 1 hour after injection into CA3 stratum radiatum (see arrow), magnification 20x. The dye intensely diffuses
into the dentate gyrus, but also reaches CA1 and the parahippocampal gyrus. The white boxes indicate the positions of enlarged micrographs
(magnification 200x): CA1, Cornu Ammonis 1; MEC, medial entorhinal cortex; LEC, lateral entorhinal cortex; PER, perirhinal cortex. The scale
bar indicates 1000 pm.
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State-of-the Art

Dystonia is the second most common group of movement disorders. At the same time, treatment perspectives
are not ideal, with the best options being muscular inactivation using toxins in focal dystonias, and deep brain
stimulation (DBS) in more generalised ones. While toxin treatment has an obviously limited field of application,
DBS enigmatically often acts with delay, or even fails. Neither the mechanism, nor the causes of failure or
delayed action are known.

Epilepsy is one of the most common chronic neurological diseases. Major clinical needs constitute novel targeted
treatment options for temporal lobe epilepsies, for autoimmune-associated epilepsies and tumour-linked ones.

Cognitive decline is one of the factors of CNS ageing, although it is by no means clear who will be affected, and
why. We therefore need biomarkers of CNS ageing phenotypes, to identify treatment necessity and specificity
early on. One innovative approach to tackle this aim is to integrate experimental data into a bioinformatics-
systems biology modelling framework.

Overall Scientific Aim

To understand chronic neurological diseases, appropriate animal models are essential for experimental
investigations into the basic mechanisms. Our group focuses on the characterization and analysis of the
pathomechanisms of diseases of the CNS using animal models for dystonia, temporal lobe epilepsy, tumour-
associated epilepsy or autoimmune-encephalitis, as well as ageing-associated diseases such as stroke.

Projects, Methods & Technologies

We use electrophysiological, behavioural, imaging and molecular approaches to address the underlying

mechanisms of dystonia, epilepsy and CNS ageing in three project groups:

1. Mechanisms and biomarkers of dystonia DBS treatment: This project, as part of the CRC 1270 ELAINE,
aims to clarify the mechanisms of action of deep brain stimulation in dystonia, to narrow down stimulation
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targets and paradigms, and to identify therapeutic success markers in chronic animal models of dystonia.
We hypothesise that deep brain stimulation, depending on target structure/stimulation parameters, improves
pathophysiological processes of dystonia, in particular synaptic/cellular plasticity, inhibitory tone and network
oscillations. Together with our modelling and engineering partners of the CRC, we aim to unravel the
mechanisms underlying DBS, to optimise stimulation parameters, to identify early biomarkers of therapeutic
success and to predict the effects of DBS on the basal ganglia network (Fig.1).

Fig. 1: Mechanisms of Dystonia. Schematic overview on synaptic transmission and plasticity
in the striatum. Key elements are intrastriatal cholinergic as well as GABAergic interneurons
(INAch and INGABA respectively). In dystonia, the balance of dopamine effects might be
shifted to overstimulation of M1 cholinergic receptors, with resulting increase in synaptic
plasticity. Further, deficits in fast spiking INGABA could provide another mechanism [adapted
from Richter F, Richter A (2014). Genetic animal models of dystonia: common features and
diversities. Prog Neurobiol.121, 91-113.].

2. Novel therapeutic interventions in epilepsies: In the field of epilepsy research, we currently focus on three
subprojects:

i.  Mechanisms of temporal lobe epilepsy (TLE): Our group is currently engaged in analysing synaptic and
intrinsic changes in chronic hippocampal epilepsy of the rat, using a model which closely mimics TLE in
patients. We are interested in solving the following questions: To what extent and within which time-frame
does cognitive function change at the behavioural and network plasticity level? How can performance
improvements be achieved? Which signal transduction mechanisms play a role here? Further, since
we have previously identified Ca2+-activated potassium channels as powerful modulators of neuronal
activity to be functionally downregulated in epilepsy, in a DFG-funded project we now investigate which
mechanisms lead to this downregulation, with the final aim to find therapeutic interventions.

ii. Autoimmune-encephalitis-associated epilepsies are an emerging concern. Although it is known that
autoantibodies are involved, the mechanisms of these often deleterious events are largely unknown. In
our group we established animal models of autoimmune-encephalitis using icv patient CSF injections,
and identified novel targets of autoantibodies, as well as biomarkers of hyperexcitability changes. Our
final goal is to pave the way for novel, specific therapy approaches.

ii. Glial brain tumours are often associated with excitability changes in neuronal structures, which can
eventually lead to epileptic seizures and thus to additional clinical complications. The mechanisms of
these excitability changes are not yet sufficiently understood. In this Damp-Trust-funded project, we aim
to characterise the functional and molecular underlying these processes and to develop therapeutic
strategies that synergistically antiepileptic and antitumoural.

3. Ageing Mechanisms - an experimental and modelling approach: The weakening of cognitive abilities is one
of the typical signs of aging. Our group has identified biomarkers of mitochondrial ageing in rodent models
of mitochondrial genome mutations. Currently, in this BMBF-funded project, we search for senescence-
associated biomarkers in stroke models in a parallel patient and animal model approach, linked by
systems biology and bioinformatics modelling. Using this parallelogram approach, we aim for translational
implementation in the clinical context.
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State-of-the Art

Multimodality imaging represents an increasingly accepted approach to exploit the differing imaging performances
of existing imaging technologies for the improved in-vivo characterization of human neurodegenerative diseases
and brain malignancies. The multimodality imaging platform at UMR comprises morphological and functional
magnetic resonance tomography (MRI) as well as molecular imaging with PET-hybrid Imaging. The experience in
Rostock at UMR involves both methodological aspects of MRl and PET imaging as well as preclinical and clinical
applications in neuro-oncology/oncology and neurodegenerative diseases. In addition, the radiopharmaceutical
group of the Department of Nuclear Medicine supports the development of new molecular PET imaging
biomarkers in neurodegeneration and oncology.

Overall Scientific Aim

To exploit pathomechanisms of neurodegenerative disorders and brain malignancies. To develop molecular
PET imaging biomarkers - radiopharmaceuticals - for the in-vivo imaging and quantification of specific
target structures in neurodegenerative disorders an neuro-oncology with a focus on translational PET hybrid
imaging. Our achievements will not only contribute to the understanding of neuro-pathologic mechanisms of
neurodegenerative diseases and brain malignancies by means of molecular imaging, but also allow to monitor
in-vivo quantitatively the signal of molecular imaging biomarkers (i.e. amyloid, Tau, amino acids) due to novel
therapeutic approaches by means of PET hybrid imaging.

Projects

In the field of neuro-oncology the team of the Department of Nuclear Medicine of the UMR has an interdisciplinary
expertise in multimodal imaging and image guided therapy of brain tumours. This includes the evaluation of
existing imaging modalities for primary diagnosis, treatment planning as well as follow up examination of brain
tumours. The application of PET-radiopharmaceuticals (i.e. [18F]O-(2-[18F]-fluoroethyl)-L-tyrosine (F-18-FET))
in addition to established structural imaging procedures (MRI, CT) for radiation treatment planning has been
established at the Departments of Nuclear Medicine and Radiation Therapy at UMR. A method for automatic
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image fusion (RayStation, RaySearch) of CT/MRI data and F-18-FET-PET data for stereotactic radiotherapy has
been established. Our group has demonstrated that F-18-FET can be successfully used for early assessment
of the resection status in patients with high-grade gliomas. Patients in whom information of F-18-FET-PET was
used for assessment of the resection status the resection status could be predicted by PET-hybrid imaging.
A second example for the existing expertise in multimodality neuroimaging and related interdisciplinary co-
operation at UMR can be found in the field of Multimodal Imaging in Neurodegeneration. This group is based on
a multi-disciplinary collaboration and it includes members of different clinical departments of UMR and external
collaboration partners (e.g. Nuclear Medicine / German Centre for Neurodegenerative Diseases (DZNE) /
Psychiatry / Neurology / Radiology). Studies comprise preclinical and clinical studies for Alzheimer’s disease
as well as participation in multi-centre studies (BMBF -
AgeGain Study - and DZNE - DELCODE Study).

Fig. 1: Residual glioma tissue detected by ['®*F]JFET-PET —
Re-resection. Transaxial slices. A: Pre-operative PET with intense focal
uptake in the left frontal lobe. B: Early postoperative PET with focal
uptake at the cranio-medial border of the resection cavity, leading to
re-resection. C: Early postoperative PET after re-resection showing the

resection cavity with no focal uptake in the border region, consistent

with complete resection. Histopathology confirmed GBM.

Methods and technologies

Imaging biomarkers for the research in the neurosciences are important for tracer development and delivery.
There will be a focus on the development, production and the delivery of PET tracers. The radiopharmacy unit of
the Department of Nuclear Medicine of the UMR will provide laboratory equipment, personnel, expert knowledge
and state-of the art GMP radiopharmaceutical production facilities. Radiopharmacy will collaborate with other
projects of the research consortium for the development, production and delivery of novel as well as established
PET tracers. Radionuclide production at the University of Rostock are carried out with a cyclotron (DFG GZ:
INST 2268/3-1 LAGG) with a F-18 and a C-11 target. A state of the art GMP laboratory has been installed.
Quality control procedures for PET tracers have been implemented in a quality management system. All hot cells
are equipped with state-of-the art fully automated synthesis modules. These modules will allow the production
of PET tracers on a small scale for pre-clinical imaging and on a large scale for clinical PET/CT examination.
The radiopharmacy unit of the Department of Nuclear Medicine of the UMR holds a number of manufacturing
licenses for PET radiopharmaceuticals. The imaging facility provides experienced personnel, in depth knowledge
and support in molecular imaging for all projects involving pre-clinical and clinical imaging. The facility will also
be supported by a group that focuses on instrumentation with the view towards standardization, quantitative
imaging, kinetic modelling, as well as data analysis techniques to allow for optimized image quality in the projects
involving imaging. The imaging facility will collaborate with the groups involved in the research consortium to
provide adequate imaging technology. This also includes small animal PET/CT, CT, as well as small animal
magnetic resonance imaging. The UMR has a small animal imaging core facility with a small animal 7T MRI
(EFRE, GZ: UHROM 16), as well as a small animal PET/CT (DFG GZ: INST 2268/6-1 FUGG).
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State-of-the Art
Migraine is a disabling and great problem for the idividuum and the society. There is a need to apply and evaluate
effective therapeutic treatment strategies.

We are involved in the field of headache research, especially pathophysiology of migraine and non-medical
treatment of headaches in common. For this purposes we use standardized procedures to record slow cortical
potentials (contingent negative variation, CNV). These potentials differ best between normal controls and
migraine patients.

Overall Scientific Aim

Special treatments of migraine may lead to reduced amplitudes of CNV. Therefore recording CNV enable sus
to quantify the therapeutic effect of our treatments. Figure 1 shows the effect of relaxation training on CNV-
amplitudes and migraine activity.

More over, these potentials enable us in some circumstances to predict migraine attacks. Figure 2 shows the
course of the CNV of a female migraine patient just before and after a migraine attack.

Projects, Methods & Technologies
* Recording CNV in migraine patients before and after treatment of prophylactic medication
* Recording CNV in patients with non-medical treatment procedures

CNV recordings will be applied at t0, t1, and t2 and consist of a standardized protocol (Kropp et al. 2002, 2014).
Recordings are based on 32 frials in which the subjects have to react to a target stimulus (GO-response). In
order to keep the subjects in a vigilant state, eight trials will be randomly presented where no reaction is expected
(NO-GO response). S1 for the GO-response has a frequency of 1000 Hz and lasts 100 ms with an intensity of
75 dB(a). S1 for the NO-GO-response has a frequency of 200 Hz. The target stimulus S2 (f = 2500 Hz) lasts a
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maximum of 1500 ms and is deactivated by pressing
a key. CNV will be recorded over Cz with linked
mastoids as reference with an electrode resistance of
approximately 10 kOhm.

The EEG (bandpass: 0.03 to 35 Hz) will be digitalized
with a sampling rate of 100 Hz for each channel. The
length of each recording is 6 s, with a randomized
interval of 6 to 10 s between trials. Recordings begin
1 s before S1 and end 2 s following onset of S2. The
interstimulus-interval between S1 und S2 lasts 3 s.
NO-GO-trials are not analyzed. In addition, we record
a vertical electrooculogram (EOG). CNV recordings
containing eye blinks or artefacts will be discarded.

Fig. 1: CNV of migraine patients (upper line) and healthy controls

(lower line).

The periods between recording onset and S1 are used as the baseline for each trial. The CNV session is finished
after 40 artefact-free trials (32 GO, 8 NO-GO-trials). For all subjects the 32 GO-trials of each CNV session are
grand averaged. The overall-CNV (0oCNV) is the grand averaged mean amplitude between onsets of S1 und S2.
The initial component (iCNV) is calculated according to a proposal made by Bocker et al. (1990). The terminal
CNV (tCNV) consists of the average amplitude of the last 200 ms before S2.

Reaction time is defined as the time between S2 and pressing the key. Habituation of iCNV is calculated by eight
consecutive blocks of four trials each. Mean amplitudes of each block serve as measurement for habituation by
a linear regression.
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Fig. 2: CNV-recordings two days bevor a migriane attack (-2), one
day before (-1), during (ma), and after two days of the attack (+2).
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State-of-the Art

High-grade glioma and glioblastoma have one of the lowest survival rates of all common human tumour diseases. In
addition to cancer burden, patients often suffer from tumour-associated epileptic seizures, depending on the glioma
grade. Multiple mechanisms have been proposed to play a role in tumour progression and generation of seizures.

Overall Scientific Aim

With our experimental models we focus on the characterisation of pathomechanisms that may drive both glioma-
associated seizures and tumour progression. Our studies shall contribute to a better understanding of the integration
of both diseases.

Projects, Methods & Technologies

Project 1: In glioma patients, peritumoral glutamate levels were found to be elevated up to 100-times higher than
in unaffected brains. On the one hand, high levels of glutamate may lead to epileptic discharges and eventually
excitotoxicity via calcium influx and therefore allow tumor bulk expansion. On the other hand, glutamate can act
in an autocrine manner by promoting proliferation und migration of the tumour cells themselves. Based on this
pathophysiological knowledge, it is conceivable that some certain anti-seizure medication could be more preferable
than others in the sense of a combined anti-convulsive and anti-tumoral approach. In a DAMP-Stiftung-funded
project we investigate the effects of glutamate receptor antagonists like perampanel on brain tumour models and
their role as anticonvulsants in glioma-associated epilepsy.

Project 2: In a second project | contribute to investigations of our group to elucidate ageing concepts by experimental
and modelling approaches. The weakening of cognitive abilities is one of the typical signs of aging. Our group has
identified biomarkers of mitochondrial ageing in rodent models of mitochondrial genome mutations. Currently, in this
BMBF-funded project, we search for senescence-associated biomarkers in stroke models in a parallel patient and
animal model approach, linked by systems biology and bioinformatics modelling. Using this parallelogram approach,
we aim for translational implementation in the clinical context.
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Fig. 1: Effects of AMPA receptor antagonist perampanel on brain tumour cells.

[A] Effects of perampanel on DNA synthesis. Glioblastoma cells (HROG02, HROG05, HROG15, HROG24) were treated with perampanel for
48 h, before DNA synthesis was assessed with the BrdU incorporation assay. One hundred percent BrdU incorporation corresponds to cells
cultured without anticonvulsant. Data are presented as mean + SEM (n = 12 separate cultures); *p<0.05 versus control cultures (Kruskal-Wallis
test with post hoc Dunn’s test). [B] FDG uptake of glioblastoma cells in vitro. Glioblastoma cells were labelled with 18F-FDG, and tracer uptake
was quantified. Counts per minute were normalized to the protein content of the samples. One hundred percent 18F-FDG uptake corresponds
to solvent-treated tumor cells (n = 9; mean values + SEM); *p<0.05 versus control cultures (Mann-Whitney U test). [C] Glutamate release

of glioblastoma and brain metastasis cells. In subconfluent cell cultures, supernatants (w/o FCS) were collected for a total of 24 hours (+
perampanel) and glutamate levels were determined. Extracellular glutamate levels were normalized to total protein levels of the cells. Data are
presented as mean + SEM (n214), *p<0.05 vs. solvent control (Mann-Whitney U test). Multiple comparisons versus control groups (two-Way
ANOVA with Bonferroni t-test) demonstrated an overall higher glutamate level in the supernatant of glioblastoma cells than in the supernatant
of metastasis cells (HROBMx;p<0.001). Additionally, perampanel attenuates extracellular glutamate level in both cell cohorts (p=0.046).
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State-of-the Art

Neuroradiology is an emerging subspeciality which is not only focused on new diagnostic imaging techniques
but also on new interventional techniques. Endovascular neuroradiological therapy is an established treatment
option for intracranial vascular malformations, e.g. coil embolization for intracranial aneurysms in patients with
subarachnoid hemorrhage or with an incidental aneurysm. Coil embolization may be performed alone or in
combination with balloon remodeling of the aneurysm harboring vessel or in combination with intracranial stent
placement. In patients with recurrent ischemic stroke despite optimal medical treatment due to severe intracranial
stenosis, intracranial stent placement is an appropriate therapy. However, intracranial stent placement requires
life-long antiplatelet treatment with all its side effects.

Analyses of drug distribution and the effects of repeated drug administration in animal models is usually based on
ex vivo biochemical analyses or histological work-up. Ultra-high MR microscopy is an emerging MR technology
allowing longitudinal studies in animal studies as well as quantitative and qualitative imaging analyses.

Overall Scientific Aim

The scientific aim of the neurovascular study group is to develop new intracranial endovascular devices for the
treatment of neurovascular disease. The scientific aim of the neuroimaging study group is the development of
new in vivo imaging techniques for preclinical and clinical imaging studies for the monitoring the effects and
distribution of medical therapy in neurological disorders.

Projects, Methods & Technologies

My neurovascular study group is focused on the development of a model of the intracranial vasculature using
3D printing techniques. The models are based on individual datasets and are used for the development of a
biodegradable scaffold for the intracranial vessels to improve endovascular therapy of intracranial aneurysms.

Curriculum Vitae
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Furthermore, we are studying intravascular and intra-aneurysmal hemodynamics in patients harboring an
intracranial aneurysm to predict. The aim is to develop a matrix for the prediction of aneurysm growth and rupture.

Drug distribution can be analysed using Ultra-high field MR microscopy. We therefore established a small animal
model for in vivo imaging of the chicken embryo in ovo at 7T. We analysed the effects of repeated anaesthesia and
exposure to ultra-high magnetic fields on the embryonal development. Furthermore, our study group developed
different techniques for the visualization of drug distribution in this animal model. My study group has also dealt
with the implementation of functional MR imaging techniques, such as sodium-23 MRI, for MR microscopy in
small animal and human imaging.

Fig. 1: a) Qualitative in ovo MR microscopy of the chicken embryo in vivo for the analyses of the effects of repeated exposure to ultra-high
magnetic fields and repeated anaesthesia on the normal fetal development. b) 3D printed individualized models (scale 1:1) of the incranial
vessels from patients haboring an aneurysm. These models are used for the development and testing of biodegradable intracranial scaffolds.
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State-of-the Art

The total number of rare monogenic diseases is estimated at over 5000. There is no therapy for most of these
diseases. For the few diseases for which there is a therapy, it is not curative and largely insufficient to address
all patients equally. Early diagnosis increases the probability of successful therapy. But due to the rarity of the
diseases there is a lack of awareness and availability of diagnostic tests. Moreover, the discovery of new individual
forms of therapy is beginning to pay off, led to the approval of pharmacological chaperone therapy (PCT) for the
lysosomal storage disease Fabry disease in 2016. A pharmacological chaperone is a small molecule that enables
the correct folding of a mutant protein and accelerates its maturation and transport to its final cellular target.
This therapy depends on the genetics of the patients. Such a PCT is also being investigated in clinical trials for
Gaucher disease. The development of personalised medicine for the metabolic disease Wilson’s disease has
not progressed so far. Since, as with the mentioned diseases, it is a disease with hundreds of different gene
mutations in the disease-associated ATP7B gene, an individual approach is still an option.

Overall Scientific Aim

The nature and severity of the underlying gene mutation plays a significant role in the clinical heterogeneity of
various monogenic diseases. My group develops cellular disease models to establish relationships between
the molecular pathophysiology and the clinical

manifestation. In particular, humanized and patient- Fig. 1: Wilson’s disease affected amino acid
derived models such as induced pluripotent stem residues in the nucleotide binding domain
cell-based cells play an important role. Since the of the copper transporting ATPase ATP7B.
underlying pathophysiology for many of the gene Missense mutations leading to single amino
variants identified is based on a protein misfolding acid substitutions within the nucleotide
defect, we aim to identify novel drug candidates binding domain of ATP7B cause structural and
by targeting the endoplasmic reticulum protein functional damage. This domain serves us for
biosynthesis network. the computer-aided analysis of drug candidates
as potential pharmacological chaperones.
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Projects, Methods & Technologies

Our current project deals with an inherited disorder of copper metabolism, Wilson’s disease. It is a joint project
funded by the European Social Fund within the framework of the Excellence MV. A major innovation of this project
is the computer-aided simulation for the identification of binding partners to the Wilson protein (>ATP7B<), which
can serve as potential pharmacological chaperones. This makes it possible to screen large substance libraries in
high-throughput mode. As receptor we have modeled the nucleotide binding domain of the copper-transporting
ATPase ATP7B. Molecular docking is performed using the Glide Software (Schrodinger LLC). The efficacy of
the hit compounds from the computer-assisted screening will be tested in cellular and cell-free in vitro assays.
The thermal shift assay (also known as Differential Scanning Calorimetry) is a cell-free method that refers to
the quantification of the variable thermal denaturation temperature of a protein in different environments, salts,
pH, and oxidation/reduction. However, the assay can also be used for drug screening. We use the recombinant
nucleotide binding domain of ATP7B expressed and purified in Escherichia coli. Since Wilson’s Disease is mainly
a disease of the liver, we created a cellular model that is able to simulate the pathophysiology in this organ. We
used the genome editing method CRISPR/Cas9 to produce ATP7B deficient hepatoma cells (HepG2-ATP7B-/-).
The cells show a bi-allelic deletion in exon 2 of the ATP7B gene associated with an altered copper metabolism.
Using these cells, we investigate affected pathways in Wilson’s disease and, hence, try to identify possible
new therapeutic targets. We are currently investigating whether knock-in of a human missense mutation into
the genome of these liver cell progeny cells is also possible. This would allow us to test for pharmacological
chaperones. Further models and substance classes are being investigated in our group revolving around the
proteostasis machinery network with the aim to better understand the pathomechanisms of the diseases and
identifying improved drugs for rare diseases. We are convinced that our efforts in rare diseases can also lead
to a significant increase in knowledge about the more common diseases through their numerous points of
intersection.

Fig. 2: Detection of ATP7B knockout in human Hepatoma cell line HepG2. A: ATP7B locus information (exon 2) in ATP7B Knockout cells (HepG2-
ATP7B-/-). Allele 1 had a 43 bp and allele 2 an 11 bp deletion of indicated nucleotides led to an abnormal gene product. B: Detection of complete
ATP7B Knockout using Western blot. Beta-actin antibody was used as a housekeeping control. Comparative cell staining of wild type HepG2 cells
(HepG2-WT) and HepG2-ATP7B-/- with the nucleus staining DNA intercalator DAPI (C,F), ATP7B antibody (D,G) and the copper binding CS3
(E,H) under low copper conditions. The absence of ATP7B expression (G) led to an increased loading of the cells with copper (H). Scale bar 50
pum (C-H). Abbreviations: AA, amino acid; bp, basepairs; CS3, Copper Sensor 3; DAPI, 4’,6-Diamidino-2-Phenylindole; WT, wild type.
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State-of-the Art

Niemann-Pick Type C1 (NPC1) disease is a rare neurodegenerative lysosomal storage disorder caused by
mutations in Npc1 gene, leading to intracellular accumulation of unesterified cholesterol in the late endosome/
lysosome. The clinical manifestations of NPC1 are varied in the CNS with typically neurological or psychiatric
symptoms, including ataxia, tremor, dystonia, motor control problems and seizures. Neurodegenerative disorders
including neuron loss and hypomyelination in certain regions of the CNS have been found in NPC1 patients as
well as the NPC1 mutant mouse model.

Studies have confirmed axonal defect and neuron loss in the hippocampus and cortex in NPC1 mutant mice.
Upon AMPA stimulation, NPC1 mutant neurons have a higher and more persistent spike amplitude accompanied
by an upregulated calcium influx, suggesting an involvement of AMPA receptors in NPC1 disease. Furthermore,
some factors have been considered to be involved in hypomyelination in NPC1 disease, e.g., an increase of
the PSA-NCAM, and a decrease of Myrf and phosphorylated Fyn. Although NPC1 disease has been studied
for decades, the precise mechanism of the neurological disorder is still not fully understood. Therefore, it is
interesting to investigate the precise mechanisms referring to neuron loss and hypomyelination in NPC1 disease.

Overall Scientific Aim

The aim of our study is to investigate pathophysiological mechanisms involved in neuron loss and hypomyelination
in NPC1 disease. We focus on the effect of NPC1 on cellular internalization in neurons and on myelination in
oligodendrocytes in the CNS. Our findings will not only find out the precise mechanisms of NPC1 disease, but
also help us achieve new potential treatments for NPC1 disease.

Projects, Methods & Technologies
Cholesterol is essential for normal function of cellular membrane and in this project, we investigate the effect of

NPC1 mutations on AMPA receptor internalization of neurons isolated from mutant NPC1 mice using primary
neuron culture system. Our data show that the defective internalization of GluR2-containing AMPA receptors
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is related to the dysfunction of mGIuR1/5 induced by a decrease of cholesterol level in lipid rafts. Applications
of DHPG and -cyclodextrin restore the internalization of AMPA receptors and over-influx of calcium in NPC1
mutant neurons, respectively. Thus, our data imply that abnormal internalization of AMPA receptors is a critical
mechanism for neuronal dysfunction and the correction of dysfunctional mGIuR1/5 is a potential therapeutic
strategy for NPC1 disease.

Cholesterol is a main component of myelin structure and its availability is rate-limiting for myelination in the CNS.
The Npc1-dependent pathway is essential for the formation and maintenance of myelin in the CNS. In the project,
we identify a disruption of oligodendrocyte differentiation in NPC1 mice, as indicated by a significant decrease of
the major myelin proteins, which may be caused by a decrease of oligodendrocyte regulatory factors, e.g., Myrf,
Olig1 and Olig2. Furthermore, NPC1 oligodendrocytes showed a less response to the stimulation of neuron-
conditioned medium by in vitro oligodendrocyte cultivation, indicating a defect of oligodendrocyte per se, which
can be restored by lovastatin treatment. Thus, these knowledges will help us find out new potential therapy for
NPC1 treatment.

Fig. 1: In vitro co-culture of mouse cortical neurons (red in B; neurofilament) and oligodendrocytes (cells in A, green in B; MBP).
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State-of-the Art

Cancer is on the rise not only in Western societies. Metastasis, the ability of cancer cells to spread to distant sites within
an organism, marks the onset of the disease’s terminal stage. Understanding the processes underlying metastasis
could facilitate the development of drugs to prevent progression towards aggressive stages. The hallmarks include
formation of new lymphatic and blood vessels to support tumor growth and dissemination.

A similar but far less studied process that occurs in relation to the nervous system involves neoneurogenesis, where
nerves are built around the tumor. Analogous to angiogenesis, in which the tumor co-opts vessel formation programs
to drive progression to metastatic stages, nervous system-related signaling pathways and factors can be recruited
as well. In melanoma, a highly aggressive skin cancer prone for brain metastases, neurotrophic signaling promotes
proliferation and migration. Hence, a tumor may achieve its own innervation by producing and excreting neuronal growth
factors, neurothrophins and/or axon guidance molecules. Recent findings describe that neural progenitors from the
subventricular zone of the central nervous system break the blood-brain barrier, infiltrate the tumor microenvironment
and generate new neurons. This reciprocal interaction between nerves and cancer cells provides new insights into the
cellular and molecular bases of tumor metastasis and points to the potential utility of antineurogenic therapies.

The transcription factor p73 is a member of the p53 family and implicated in both, cancer progression and neuronal
development. The TP73 gene synthesizes a large number of isoforms by alternative splicing or use of an extrinsic
and alternative intrinsic promoter, generating transcriptionally active TA isoforms as well as amino-truncated variants
that partially or entirely lack the transactivation domain. The latter constitute the DN classes of isoforms. In the
context of cancer, TAp73 proteins have been considered anti-oncogenic (Stiewe and Pultzer 2000, Nature Genet.
26:464), whereas, DNs are oncogenic, induce stemness and promote metastatic outcomes (Meier et al. 2016, Cancer
Res.76:197; Steder et al. 2013, Cancer Cell 24:512). In addition, neurobiology studies indicate that p73 affects
stemness throughout neuronal differentiation (i.e. from neural stem cells to postmitotic neurons). In general, TAp73
is required for neuronal differentiation and maintenance of neural stem cells, while DNp73 is required for neuronal
survival, both, during development and in adult neuronal tissues.
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Overall Scientific Aim

On the basis of the dual role of p73 isoforms in both, neuronal development and cancer initiation and progression, we
hypothesize that p73 isoform(s) may govern mechanisms underlying neoneurogenesis in cancer. Using melanoma as
a representative example, our current studies focus on characterizing established and emerging markers of tumor-
induced nerve formation in invasive p73-expressing melanoma cells and define the p73 variants causatively linked
to this process. Hence, we decipher proteins which interact with neoneurogenesis-related p73 isoform(s) in order to
modulate gene regulation and/or epigenetic programs towards the activation of neurodifferentiation/neurodevelopmental
programs that foster metastatic progression. Beyond this research, further development of strategies to identify inhibitors
of protein-protein interactions in conjunction with bioinformatics-based pharmacophore modeling that block growth of
nerves will contribute not only to a mechanistic understanding of this poorly understood relationship between tumor
progression and the nervous system, but also to the development of innovative therapies preventing metastatic stages.
In future, cancer patients with infaust molecular signature will likely benefit from combination treatments.

Projects, Methods & Technologies

Our main research interests are the basic mechanisms and treatment of cancer metastasis, development of stem cell-
based therapeutics and cellular programming technologies. We explore molecular signaling networks and epigenetic
signatures responsible for apoptosis deficiency, invasiveness, tumor microenvironmental changes as well as causes
of chemo- and immunotherapy resistance and thereby focus on the E2F1 transcription factor interactome and the p53
transcription factor family. By high-throughput Omics, we identify molecular alterations in regulatory signaling networks,
apply modeling approaches to predict biomarkers and develop custom-made antimetastatic drugs for translational
medicine. Particular emphasis in creating new gene therapeutic tools lies on our cell targeting smart-viral-vector systems.
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State-of-the Art
Developmental psychopathology itself is developing towards holistic approaches, ranging “from neurons to
neighbourhoods”. In my own research | try to be as holistic as possible.

Overall Scientific Aim

As the head of the small research department of the Clinic for Child and Adolescent Psychiatry my interests are
accommodated to the topics we examine at our unit. They reach from pathophysiological mechanisms of mental
disorders, such as ADHD, to the effects of risky neighbourhoods within the town of Rostock. A major part of my
research in developmental psychopathology is prevention and longitudinal research. In prevention, | do research
about drug abuse and sexual abuse in youth with intellectual disabilities. In longitudinal research, | am heading
the Rostock Longitudinal Study which started in 1970 and was conducted the latest time when participants were
38 years old (2008).

| | Booster
Intervention ! ! n =26 (30) '
1
=52 (60) i i i
Enrolment H H H
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- - I I I
Sham intervention ! ! ! Ethical
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1 1 1
1 1 1
I I I
1 1 1
1 1 1

t1 10 weeks t2 12 weeks t3 1 week
K&S K &S K&S K &S &SV

Fig. 1: Study design for the evaluation study. R = Randomization, K & S = Knowledge and Skills, SV = Social Validity (acceptance and
unwanted effects). Sample sizes are made according to the power analysis and compensate for the anticipated attrition (in brackets) [From
Chodan et al. (2017)].

Curriculum Vitae

58 | Member Profile - Olaf Reis



CTNR Research

Projects, Methods & Technologies

This broadness regards the methods | use as well. On the physical end, | participate in electrophysical research
(mostly EEG) done at our unit (see also Dr. Berger’s work). | also collaborate with Dr. Marx, who runs experimental
designs using computer-tasks examining basic patho-mechanisms of ADHD (see DRKS00015760). For my
prevention research however, | am using observational data acquired within real settings (see for an example our
study on prevention of sexual abuse in girls with intellectual disabilities, DRKS00014673) and data from ecological
momentary assessments (see our study on alcohol prevention in boys with mild to borderline intellectual disability,
DRKS00014042). On the sociological level | use regionalized data on prevalences of mental disorders, but also
micro-social data, such as quotations from extended interviews. For the analysis of meaningful communications
| proved hierarchical log-linear models on the contingencies of quotations to be useful (Reis, 2017: Nischen im
Wandel, Book, Gielen: psychosozial).

My interest in regional distribution of risks for mental disorder started in 2018, when | analysed
the geographical source of patients from our clinic. In this very first step | manually attached one
datapoint per patient to a map of Rostock. As visible on the first glance - neighbourhoods turned

out to be very different.
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State-of-the Art

Central and peripheral neuronal connections are essential for transmitting electrochemical signals to control
body homoeostasis and behaviour. All known connections of an organism can be assembled in a connectome.
The granularity of connectome data is large for laboratory rats and mice. These data provide very specific
information with regard to orientation and density of neuronal connections because they can be generated with
outstanding precise and reliable tract tracing experiments. These connectional information is used to model
dynamic processes in connectomes to understand the relation of connectional structure and functional outcome.
Moreover, connectomes help to detect differences of signal dynamics in non-lesioned control connectomes
and connectomes that were lesioned with regard to connections or regions. A lesion of regions could be
the deafferentiation of the substantia nigra in Parkinson disease and a lesion of connections could be the
demyelination of the somatosensory pathway or interhemispheric connections.

Overall Scientific Aim

The connectome is build of directed connections of variable density and specific features of electrochemical
conductance. From a network perspective, information can be transmitted through such a network through
different routes having different effects with regard to signal integration on target regions. In the case of
degeneration of neuronal connections or neurons such routes can be reconstructed by network modelling and
analysis of dynamics. It would be a great advantage to determine those patterns of regions in a connectome
which exhibit strongest changes following simulations of lesions in comparison with non-lesioned connectomes.
This information would help to predict disease progression and provide patterns of primary and secondary
functionally impacted regions.

Projects, Methods & Technologies

In our research group, a framework have been made available to analyse the propagation of dynamic processes
through weighted and directed networks and connectomes. Using differential connectomics, control and lesioned
connectomes can be directly analysed with regard to functional changes related to connectional disintegration.

Curriculum Vitae
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For this, a bilateral tract tracing connectome of the rat, the Allen mouse connectome and CoComac were
analysed. These connectomes are based on long term curated metastudies collecting tract tracing information.
Moreover, the workflows of our framework are flexible and have been applied to tractographic small animal and
human data.

In an ongoing project of Multiple Sclerosis two approaches are applied to better understand myelin pathology of
the EAE model and dynamic effects of demyelination in dynamic connectome modelling.

To identify changes of protein patterns the myelin proteome was specifically isolated by using gradient
centrifugation. Protein identification will be performed by liquid chromatography-mass spectrometry (nanoLC-
HDMSE). For differential connectome analysis new network diffusion models were realized. The Gierer-Meinhardt
and the Mimura-Murray reaction diffusion models turned out to generate stable patterns of oscillations in weighted
and directed networks. Using new non-linear weight modulation functions in combination with network-reaction-
diffusion we are able to model changes of neuronal weights in analogy to demyelination processes. Recently a
reduction of functional activity between thalamic nuclei has been found when miming the progressive relapsing
form of Multiple Sclerosis at the level of the spinal cord.

Our group works over many years to provide connectome data and the connectome analysis framework
neuroVIISAS to the neuroscience community. Using the analytical workflows of structural and functional
connectome analysis supports a substantial understanding of how connectional structure shapes neuronal
function in health and diseases.

Fig. 1: The connectome in a digital rat and the
connectivity matrix were used together with
dynamic models to determine changes of functions
in the non-lesioned and lesioned connectome.
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State-of-the Art

Microglia are the resident immune cells of the central nervous system (CNS) and have described to play pivotal
roles in virtually all neuropathological conditions. Their stimulation in the course of neurodegenerative diseases
is believed to further foster disease progression and to induce bystander neuronal damage by release of
cytotoxic factors. Next to these disease-associated functions, microglia have further been implicated in prenatal
and postnatal CNS development by regulating neuron survival, supporting neuronal network formations and
controlling synapse maturation and function. Moreover, aging has been described to effect microglia and result
in impairments of microglial functions. However, how microglia functions are endogenously regulated under
physiological and pathological conditions is only poorly understood and need to be further elucidated.

Overall Scientific Aim

Our aim is to increase the understanding of how Transforming Growth Factor beta 1 (TGFb1) controls microglia
functions under physiological and neuropathological conditions. Moreover, we are aiming to elucidate the
importance of microglial presence during CNS development, physiological aging processes and during CNS
pathologies such as Parkinson’s disease (PD) and Alzheimer’s disease (AD).

Projects, Methods & Technologies

Using elegant transgenic approaches, we are able to specifically silence TGFb signalling in microglia in vivo
and in vitro. The tamoxifen-inducible Cre/loxP technique allows us to analyse TGFb1-mediated functions in
microglia at defined developmental and adult time points by deletion of the ligand-binding receptor Tgfbr2 and
the intracelluar downstream mediator Smad4. Moreover, these mutant mice are further used to determine the
contribution of TGFb1-regulated microglia activation during dopaminergic neuron degeneration in the toxin-
based MPTP mouse model for PD. We have recently demonstrated that microglial TGFb signalling is essential
for microglial homeostasis in adult mice by preventing excessive microglia activation. Moreoever, microglial
TGFb signalling seems to be involved in early postnatal microglial differentiation and maturation as a prerequisite
for appropriate microglial functions.

Curriculum Vitae
2000 - 2006 State exam in Medicine, Ge

2007 Doctorate in Medicine (Molecular Cell Biology), Institute of Anatomy, Department of Neuroanatomy, Georg-
August-University of Géttingen

2008 - 2012 PostDoc, Institute of Anatomy and Cell Biology, Department of M
University Freiburg

2012 - 2017 Principal investigator and Research group leader at the Institute of Anatomy and Cell Biology, Department
of Molecular Embryology, Albert-Ludwigs-University Freiburg

Since 2017 Full Professor (W2) for Anatomy and Associate Director of the Institute of Anatomy, University Medical
Centre Rostock
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In order to understand the importance of microglia during CNS development and under pathological conditions,
we employ microglia depletion models in vitro and in vivo. The inhibition of microglial CSF1 signalling by either
pharmacological blockade or by genetic deletion of the CSF1 receptor result in effecient depletion of microglia
from cell culture models and transgenic mice. Using this depletion approach, we are addressing the role of
microglia for the establishment of neuronal networks and synaptic maturation. Transgenic mice are further used
to address the effect of microglial absence during aging and under neuropathological conditions.

Next to murine model organisms, we are currently establishing a system to induce microglia-like cells from
human induced pluripotent stem cells (iPSCs). In colaboration with the Eastern Finland University, we optimise
the current induction protocol to improve the phenotype of iPSC-derived microglia. This technique will allow us
to analyse microglia pheotypes from patient-derived iPSCs in the future, to further understand whether primary
microglia defects and functional impairments could be causitve for certain CNS diseases.

Fig. 1: Schematic overview of the microglial life cycle [from Spittau 2017]. Transgenic mouse models to silence TGFb signalling and microglia
depletion models are used to decipher microglial functions at defined points within this cycle.
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State-of-the Art

Parkinson’s disease (PD) is the second most frequent neurodegenerative disease and represents a major
therapeutic challenge because of the so far missing causative therapeutic means. Despite considerable advances
in symptomatic pharmacotherapy, levodopa remains the mainstay for treatment of PD due to its superior efficacy
and favorable side-effect profile. However, long-term levodopa treatment is associated with motor and non-motor
complications, which can substantially impair quality of life. For the advanced stage of the disease, deep brain
stimulation and pump therapies for continuous dopaminergic stimulation are established therapeutic options.
However, the basic mechanisms of action of deep brain stimulation, particularly on non-motor symptoms, remain
in part enigmatic.

Overall Scientific Aim

To dissect the basic mechanisms of treatment approaches in PD with special focus on deep brain stimulation (DBS)
on the one hand and on novel therapeutic options for sleep disturbances and non-motor fluctuations on the other
hand. Our achievements will contribute not only to the understanding of the various treatment approaches, but
also to the generation of novel innovative therapeutic means for motor and non-motor symptoms in late-stage PD.

Projects, Methods & Technologies

In our Collaborative Research Centre ELAINE (CRC 1270) project, we dissect the mechanisms of DBS related to
the interplay between cellular plasticity and non-motor symptoms such as depression/anxiety and cognition using
the 6-hydroxydopamine rat model of PD. In detail, we focus on the influence of various stimulation parameters
and target regions on adult neurogenesis processes such as proliferation, migration and differentiation of neural
progenitors. We furthermore investigate the interactions between physiologic regulators (i.e. physical activity)
of adult neurogenesis and DBS. The results contribute to the understanding of DBS actions including the
pathophysiological mechanisms underlying depression and cognitive dysfunction in neurodegenerative diseases.
This knowledge will ultimately help us to optimize implants including stimulation targets and parameters for DBS
treatment of motor and non-motor deficits of PD.

Curriculum Vitae

1996 Doctorate in Molecular Neurobiology, Institute of Physiological Chemistry and Pathobiochemistry, Johannes
Gutenberg-University of Mainz

Since 2015 Full Professor (W3) for Neurology and Director of the Department of Neurology, University Medical Centre
Rostock
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Sleep disorders are common in PD and have an immense
negative impact on patient’'s quality of life. Neurodegenerative
processes within sleep regulatory brain circuitries,
antiparkinsonian (e.g., levodopa and dopamine agonists)
and concomitant medication (e.g., antidepressants) as well
as comorbidities or other non-motor symptoms (such as
depression) are discussed as causative factors. Management
of sleep disorders in PD patients usually starts with optimization
of (dopaminergic) antiparkinsonian therapy followed by
specific treatment of the sleep disturbances. We studied the
dopaminergic effects of the MAO-B inhibitor rasagiline on sleep
architecture in PD in a blinded investigator-initiated study and
show that objective sleep quality parameters are improved by
rasagiline with no effects on the patient’s perception of sleep.
Aside from these clinical issues of sleep disorders in PD, the
concept of REM-sleep behavior disorder (RBD) as an early
sign for emerging neurodegenerative diseases is of pivotal

Fig. 1: Schematic of the expansion of the neocortex in interest for our research on biomarkers and neuroprotective
response to hyperoxia in mouse [from Wagenfihr et al. .
(2015) Development 142(17), 2904-15]. treatment strategies of PD.

The role of non-motor symptoms in PD has been a research focus of the group over recent years. Cognitive
impairment, depression and psychosis are well-characterized non-motor aspects of PD, with other relatively
common complications including anxiety, sleep problems, apathy, and impulse control disorders. The prominence of
these symptoms alongside classical motor features has led experts to consider PD as a neuropsychiatric condition.
Our group focuses on the phenomenon of non-motor fluctuations in conjunction to motor fluctuations in late-stage
PD. By applying the extended "®Fluorodopa PET protocol to measure the striatal dopamine turnover as a potential
disease-intrinsic presynaptic compensatory mechanism in response to the dopaminergic neurodegenerative
process in PD, we demonstrate that putaminal dopamine turnover in de novo PD is associated with the risk for motor
and neuropsychiatric fluctuations in the later disease course. Since both the extent of dopamine turnover changes
and the occurrence of late-stage motor complications in PD depends on specific MAO-B gene polymorphisms and
subsequently on MAO-B activity, we describe a new concept of a potentially protective treatment against late-stage
complications by MAO-B inhibition.

Cell replacement has raised hope to offer restorative treatment options in PD. Clinical trials have provided “proof
of principle” that transplantation of dopamine-producing neurons into the striatum of PD patients can achieve
symptomatic relief given that the striatum is sufficiently re-innervated. Various cell sources have been subsequently
tested, including fetal ventral midbrain tissue, embryonic stem cells, fetal and adult neural stem cells and, after their
ground-braking discovery, induced pluripotent stem (iPS) cells. Our group works since years on the optimization of
stem cell-based dopaminergic cell replacement strategies by understanding the basic mechanisms of dopaminergic
stem cell proliferation and maintenance. We thus provide major information on oxygen as a regulatory molecule in
corticogenesis and dopaminergic neurogenesis.
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State-of-the Art

Currently, diagnostic markers are available for prodromal and clinical stages of Alzheimer’s disease (AD), but have not
penetrated into clinical care. The specialized setting of a clinical research experiment is often not able to capture the
full range of clinical phenomena that is, however, important for caregivers and patients when considering the impact of
dementia diseases or of an intervention on everyday life. In acknowledgement of this fact, major stakeholders such as the
Alzheimer’s Association, and regulatory authorities have proposed to adopt the concept of real world evidence (RWE) to
dementia research. Current treatment trials and development of new treatments will benefit from the use of RWE outcomes
using novel digital sensor markers. In addition, the development of novel diagnostic markers and treatments will greatly
benefit from consequent involvement of the patients and caregivers into the research process.

Overall Scientific Aim
Our clinical research section has three major research aims:
+  Extension of clinical trials to transfer diagnostic markers and interventions from
methodological development through experimental settings into routine care.
+  Development of digital functional markers for assessing everyday function and providing RWE in clinical trials
+  Feasibility, effectiveness, and implementation of dyadic interventions in a participatory design

Projects, Methods & Technologies

Establishing neuroimaging markers in respect to neuropathology gold standard, we have determined associations between
MRI based volumetric markers and neuropathological hallmarks of AD and non-AD dementia, based on data from the
ADNI cohort and the Rostock autopsy cohort. We also determined molecular underpinnings of the regional distribution of
AD lesions using gene expression maps and pattern of atrophy, amyloid and tau deposition. In back translation we have
determined the neuropathological features of volumetric and metabolic markers from ultrahigh-field MRI in transgenic
models of cerebral amyloidosis. We have contributed to the international Biomarker Roadmap Process to bring novel
diagnostic markers from experimental settings to clinical care. This included the development of an international
standardized operating procedure for measurement of the hippocampus volume, multicentre resting state fMRI and

Curriculum Vitae

1996 Research Assistant, Laboratory of Neurosciences, National Institute on Aging, National Institutes of Health,
Bethesda, USA. Head: Prof. Stanley |. Rappoport

1998 - 2003 Post-doctoral Research Assistant, Alzheimer Memorial Center, Neuroimaging and Dementia Section,
Department of Psychi University Muni

2003 - 2008 Senior Researcher, Alzheimer Memorial Center, Neuroimaging and Dementia Section, Department of
Psychiatry, University Munich

Since 2009 Speaker/Deputy Speaker of the DZNE, German Center for Neurodegenerative Diseases (DZNE) Rostock/
Greifswald
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DTI analyses, and the establishing of a novel staging scheme
for amyloid PET imaging. We now are extending this Roadmap
framework to the harmonization of neuropsychological testing.
Within an international Marie-Curie Innovative Training Network
(BBDiag), we extend the framework of biomarker development to
novel blood based biomarkers. As one of the first phase 4 diagnostic
trials in Alzheimer’s disease cases from primary care we used the
extended diagnosis platform of the DelpHi-MV frial to determine
the diagnostic accuracy of MRI volumetric and diffusion markers in

Fig. 1: Stages of amyloid pathology in the amyloid PET a primary care sample as compared to a highly selected memory
study already show the accumulation in predilection clinic sample. An extension of this approach to a CED type study
areas of Alzheimer’s disease in cognitively healthy elderly on Amyloid PET in the German Health Care system is currently
persons. being discussed with the Gemeinsame Bundesausschuss.

We have formulated the framework for the use of ICT technology
as RWE in clinical trials. We have worked in the InsideDem study
on the use of digital technology to detect behavioural changes
in advanced AD, and have studied accelerometric markers of
disorientation in the early AD stages in the SinDem study. In
SAMi project we combine these technologies to assist people
with dementia in institutional care, in the GRAIL study we want to
determine neuronal network underpinnings of orientation failures
in early stages of AD. In the upcoming project EIDEC we will
study ethical implications of the use of monitoring technologies in
dementia in a participatory design. In respect to dyadic treatment
we explore the use of a digital expert system to identify needs
of caregivers of people with dementia in primary care (GAP
study, Innovationsfond). To address these needs we cooperate
with the German Alzheimer Association, section Mecklenburg
Western-Pomerania. Together we have developed and evaluated
an education program for caregivers for people with dementia.  Fig. 2: Extract of an accelerometer profile of a patient with
Extending the scope of this program a new model project, funded dementia over 24 hours. The cumulative accelerometric
by the Land MV, will startin 2020 to implement multimodal caregiver  values predict individual behavior types (apathetic cluster
and patient interventions into the current health care system. [ am P vs. agitated cluster A) with a cross-validated accuracy of
the head of the scientific advisory board of this model project. 88.2%.

We have recognized the need for a more intensive psychologically focused support for a subgroup of care-givers that
experience a particularly high level of burden through care-giving. Therefore, we developed and evaluated a care-giver
centred psychotherapeutic prevention intervention in a phase 2a trial. We also contribute to a range of phase 3 clinical
trials, including anti-amyloid vaccination trials.
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Functional cross sectional imaging
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State-of-the Art

My Name is Kolja Thierfelder and | am senior executive physician and the head of Funcional Imaging at the
Institute for Diagnostic and Interventional Radiology, Pediatric Radiology and Neuroradiology of the University
Medical Centre Rostock starting in January 2018. | completed a Master of Science in Information Systems at the
University of Melbourne and the University of Munster, where | graduated with a diploma thesis about electronic
procurement processes in the public health system. | studied human medicine at the Charité — University
Medicine Berlin where | completed my doctoral thesis in the field of functional MRI. In 2016, | completed my
habilitation thesis about decision support in the acute stroke situation at the Ludwigs-Maximilian University.

| am a board-certified radiologist and published over 60 articles in international peer-reviewed journals focusing
on stroke imaging, CT perfusion and dynamic CT angiography, imaging of prostate cancer, muskuloskeletal
imaging, and health economic effects. | am very grateful that | was awarded a number of national and international
prices, including the Wilhelm Conrad Réntgen Prize for my work on advanced stroke imaging in 2018. Within
the framework of a close cooperation with the University of Greifswald, | currently work on different population-
based projects, using the data from the Study of Health in Pomerania (SHIP) cohort and the German National
Cohort (GNC).

Overall Scientific Aim

Within in the context of neuroradiology, | am particularly interested in functional imaging techniques in stroke and
other emergency conditions. During my neuroradiologic research activities in the last years, my aim was not only
to determine the diagnostic value of whole-brain CT perfusion and dynamic CT angiography. | am convinced that
the task of the Radiologist is not to only produce high-quality imaginges that get more impressive by each year, but
to understand the needs of our patients and our clinical partners. We need to closely cooperate with our partners
in order to identify the best diagnostic and therapeutic strategy for each individual patient. In the context of stroke
imaging, this means that we need imaging methods that offer a fast and comprehensive decision support for the
doctor in charge of the patient in order to decide whether to offer intravenous thrombolysis or thrombectomy.

Curriculum Vitae

1999 - 2004 Master of Science of Information Systems, Westfalische Wilhelms-Universitat Munster, University of
Melbourne, Australia

2011 Doctorate in Human Medicine, Center of Neurology, Neurosurgery and Psychiatry, Charité - University Medicine
Berlin

Since 2018 Vice Chair and Head of Funcional Imaging, Institute of Diagnostic and Interventional Radiology, Pediatric
Radiology and Neuroradiology, University Medical Centre Rostock
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Projects, Methods & Technologies

During the last years, my research focus in neuroradiology was on advanced imaging techniques, particularly
on whole-brain CT and MR perfusion. Perfusion offers vast opportunities of postprocessing, including color-
coded CT angiography, Wavelet CTA, Venous Wavelet Reconstructions, and MR-Wavelet. Due to my academic
background, | am also familiar with health economics and cost-effectiveness analyses. During the last year, |
also focused on Artificial Intelligence and Radiomics not only in neuroradiology, but also in prostate MRI and
muskuloskeletal imaging.

Fig. 1: General principle of Wavelet-based CT angiography in a stroke patient. First, a CT perfusion after the administration of intravenous
contrast agent is performed (left). The Wavelet algorithm analyzes the whole shape of the time-signal curve for each voxel (middle). A voxel
that covers an arterial (red arrows) or a venous vessel (blue arrows) has a time-signal curve that is similar to a generic bolus curve and is
therefore likely to cover a vessel. The wavelet power spectrum is high, and the Wavelet CTA reconstruction yields a high signal in this voxel. In
a voxel outside the vessels (yellow arrow), the time-signal curve does not resemble a bolus curve, leading to a low signal in the corresponding
voxel of the Wavelet CTA reconstruction. This discrimination leads to a CT angiography with a very high signal-to-noise ratio (right).
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State-of-the Art

Reactive oxygen species (ROS) were regarded as a central key element for neurodegenerative diseases, diabetes
mellitus and aging. However, ROS are mainly produced as a bypass of the mitochondrial OXPHOS system and
its production relies upon the dysfunction of mitochondria itself. Using the model system of conplastic mice we
could generate a set of strains with polymorphism of mitochondrially-encoded OXPHOS genes on a common
nuclear B6 background. Interestingly, these mice differed in ROS generation in an age-dependent pattern
promoting or preventing insulin resistance
and hepatosteatosis as the major driver for
development of type 2 diabetes mellitus. While
high ROS generation in liver coincided with
hepatosteatosis at the age of 3 months, ROS
generation by the CNS became evident after
the age of 2 years. Recent studies showed
that disturbed mitochondrial dynamics (fission,
fusion, autophagy) are linked to changes in
ROS generation. Notably, ROS generation
and mitochondrial dynamics develop not in
a linear manner due to mitohormetic effects
starting at the early adult period of life (3 - 9
months of age, corresponding to 20 - 40 years
in humans). Thus, mitochondrial dysfunction
during adolescence could be critical for the Fig. 1: ROS production in beta cells from control mice (AKR) and
pathogenesis of degenerative effects on polymorphism of the ATP synthase complex (FVB). Cells were incubated
different organ systems such as liver and CNS  with the Mitosox ROS sensor at different glucose concentrations. ROS
as exemplified in Figure 1. accumulates independently from glucose concentration.

Curriculum Vitae

1989 - 1992 Postdoctoral fellow (DFG stipend), Institute of Pharmacology a gust University of
Gottingen

Since 2004 Full Professor (C4) for Medical Biochemistry and Director of the Institute of Medical Biochemistry and
Molecular Biology, University Medical Centre Rostock
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Overall Scientific Aim

Our work is focused upon organ-specific pattern of mitochondrial mass and morphology in conplastic strains
with high (FVB) or low (ALR) ROS generation as a sign of altered mitochondrial dynamics. It is the major goal of
the CTNR project to compare mitochondrial dynamics in pancreatic beta cells, liver, muscle and brain within a
timeline between 3 months and 24 months of age. The experimental design will help

» toidentify periods of high susceptibility to metabolic mitochondrial stressors (high fat, high caloric diet).

* to characterize mitochondrial morphologies during mitochondrial stress.

»  to monitor mitohormetic response by RT-PCR arrays to identify the time point of mitohormetic exhaustion.

Projects, Methods & Technologies

The project is mainly focused on work with our well-characterized conplastic mouse strains differing in ROS
production and mitochondrial dysfunction. The strains are kept in the central animal facility and will be available
to partners of the CTNR network. Furthermore, our institute will give access to methods of mitochondrial analysis,
which will be helpful for functional and morphological characterization. These methods comprise:

*  High-resolution microscopy to monitor changes of the mitochondrial network structure (Fig. 2)

*  Quantification of in vivo ROS production after in vivo injection of Mitosox stain.

*  Measurement of oxygen consumption in tissue samples by highly sensitive fluorescence sensors.

*  Blue native gel electrophoresis of OXPHOS complexes.

*  Metabolic monitoring of conplastic mice: insulin sensitivity and glucose tolerance tests.

Fig. 2: Figure from Niemann et al. (2017): An mtDNA mutation accelerates liver aging by interfering with the ROS response and mitochondrial
life cycle. Free Radical Biology and Medicine, 102, 174—187. Mitochondrial network inhomogeneity with immobile loop-shaped mitochondria
appears at an earlier age stage in liver tissue sections of mtNOD mice compared with controls. Hepatocytes were stained by Mitotracker
green. The dynamics of differently shaped mitochondria were analyzed by means of selective mitochondrial staining with Dendra2, a green-to-
red photoswitchable fluorescent protein. By radiation with UV light (blue arrows), green Dendra2 in a straight mitochondrion (red arrow) and a
circular mitochondrion (yellow arrow) was photoconverted to the stable red fluorescent Dendra2.
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Forensic psychiatry
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Gehlsheimer Stralle 20, 18147 Rostock
+49 (0)381 494 4801
birgit.voellm@med.uni-rostock.de

State-of-the Art

Forensic psychiatry provides care for individuals that have committed a crime for which they have been found
not fully responsible on account of a mental iliness. Typically these individuals pose a risk of harm to themselves
or others.

Research predominantly focuses on risk assessment and management, effective psychological interventions,
rates of recidivism and more recently on experiences of care, particularly in relation to coercive or restrictive
aspects of care.

Recent approaches to research and clinical practice promote strength-based paradigms. These approaches
assert that desistance from criminal behaviours and successful recovery from mental illness are a consequence
of individuals living a rich, fulfilling life. Research within these paradigms seek to measure clinical outcomes such
as symptom alleviation and risk reduction but also patients’ satisfaction with care, quality of life, skill development,
goal attainment and engagement in social and occupation activities.

Neuroscientific research in the field is slowly gaining prominence. Research focuses on the etiology of
psychopathology, the application of neuroscientific techniques to detect psychiatric problems in defendants, and
neurobiological correlates of aggression. These investigations have important scientific and legal consequence;
the use of neuroscience in judicial proceedings is topical.

Research is hampered by the limited number of potential participants in studies and the ethical or legal
considerations around transporting forensic patients to sites were appropriate technologies are available.

Curriculum Vitae

2008 - 2018 Professor in Forensic Psychiatry, University of Nottingham and Consultant Forensic Psychiatrist, Rampton
Hospital, UK

Since 2018 Director Department of Forensic Psychiatry and Professor of Forensic Psychiatry, University Medical Centre
Rostock
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Overall Scientific Aim
Our group has three main research themes:

1. Forensic psychiatric service provision

| have a particular interest in types of service provision and outcomes of forensic-psychiatric services. This area
of interest has led to a broad portfolio of studies, ranging from evaluation of staff training, audits of prescribing in
secure settings, self-harm in prisoners, use of seclusion and forced medication, amongst others. Since moving
to Rostock, our group has developed projects to evaluate our new de-escalation training, the implementation
of a peer support worker and a follow up study of our out-patient services while developing additional projects,
including international comparisons of service provision.

2. Personality disorders

| have gained considerable expertise in the neurobiology of PD which | have investigated using a range of
neuropsychological and brain imaging methods leading to high quality publications. | have been successful
in recruiting incarcerated offenders to these projects, an achievement only shared by few research groups.
In addition, | have used healthy populations to investigate neuropsychological functions relevant to antisocial
groups, in particular social cognition. | have also developed a new questionnaire of empathy, the QCAE.

While of theoretical interest in itself, the translational aspects of this theme are of particular interest, e.g.

i.  Oxytocin and social cognition: | have investigated the effect of oxytocin on judgements of trustworthiness
and complex social cognition in healthy controls. In addition, | have completed an fMRI study to describe
the modulation of neuronal networks following oxytocin administration. The aim was to use these
findings to further explore the potential use of oxytocin in personality disordered individuals.

ii. Transcranial magnetic stimulation (TMS): | have investigated the effects of TMS on the performance on
impulsivity and empathy tasks in healthy individuals with a view of later application of the intervention
in clinical samples.

iii. Neuropsychological deficits in ASPD: We currently develop a CANTAB study using neuropsychological
markers as predictors for outcome.

3. Systematic reviews

| have been part of a team completing high quality systematic reviews on the treatment of personality disorders,
an area of considerable recent policy development. So far four reviews have been completed and published, two
on borderline PD (one regarding psychological and one regarding pharmacological interventions) and two on
antisocial PD. All of these are currently updated.

Projects, Methods & Technologies

Most of our research uses traditional qualitative interviewing or questionnaire/survey methods. However, we
currently have a project using the Cambridge Neuropsychological Test Automated Battery (CANTAB) iPad
application. Specifically this explores the link between memory, attention, executive function and social cognition,
and patient outcomes such as rates of progression through care and number of incidents in the clinic.
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Our research group focuses on adipositas-associated Alzheimer disease and the understanding of the liver-brain
axis. In addition, the group is interested in the pathogenetic understanding of several other neurodegenerative
diseases and the elaboration of therapeutic strategies. For this purpose, our institute provides an armamentarium
of different mouse models as well as state-of-the art methods and techniques. Here, both the central animal care
facility and the multimodal small imaging facility serve as ideal technical platforms for the whole consortium of
CTNR. By sharing these technologies and the scientific expertise, fruitful collaborations exist with members of
the CTNR, e.g. A. Storch, A. Wree and S. Teipel.

State-of-the Art

It is known that obese patients reveal a significant rise of hepatic and systemic FGF21 concentrations. This
paradox is interpreted with a FGF21-resistance similar to an insulin- or leptin-resistance because obese patients
show due to the low-grade inflammation a reduction of the
FGF21 co-receptor, B-klotho, in adipose tissue. If such
a FGF21 resistance - mediated by a reduced R-klotho
expression - is also present in brain tissue and may cause
neurodegeneration via the FGF21-Glut1 axis is currently
the focus of our research (see Fig. 1).

Fig. 1: Schematic representation of the working hypothesis. The focus
is on the question of whether systemic low-grade inflammation leads to
neuro-inflammation and whether this results in a neurodegeneration via
FGF21-GLUT1 pathway.

Curriculum Vitae Brigitte Vollmar

1982 - 1988 State

1991 - 1996 Research assistant, Institute for Surgical Research, LMU Munich, Institute for Clinical & Experimental
Surgery, University of Saarland, Homburg/Saar

Since 2002 Full Professor, Institute for Experimental Surgery with Central Animal Care Facility,
Centre Rostock
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Overall Scientific Aim

Our principal research field is adipositas-associated neurodegeneration with the focus on the fasting hormone,
Fibroblast Growth Factor 21 (FGF21), which is also known to regulate the carbohydrate and lipid homeostasis.
Exogenous FGF21 reduces in obese patients the plasma concentration of triglycerides and cholesterol.

Projects, Methods & Technologies

We have already successfully recruited two research grants of the German Research Foundation (DFG) (1. DFG
grant with Module Temporary Position for Principle Investigator for 24 months, KU 3280/1-1, 214.051€ ,Fgf21-
a key factor of the hepatic-neuronal communication®; 2. DFG grant for 36 months; KU 3280/1-2, 221.736€
,Cerebral FGF21-resistance as cause of the obesity-associated neurodegeneration®). Moreover, together with
Andreas Wree (also a CTNR member) we collaborated with several projects. Accordingly, we jointly investigated
the impact of caloric restriction on cognition performance in mice and found that a life-long caloric restriction
improves the working memory. In addition, we work together on various projects on the Niemann-Pick disease
mice and currently published a review article on this topic. Furthermore, we have also a successful collaboration
with Stefan Teipel and focus our research on the histological, neurobiological, electrophysiological and behavioral
phenotyping of cerebral amyloidosis and hyperexcitability in transgenic models of Alzheimer disease. In this
context, especially morphological, functional
and molecular analyses with imaging method
were evaluated and already successfully
published (see Fig. 2).

Fig. 2: Quantitative analysis of N-acetylaspartate (NAA)

/ creatine (Cr) ratio (A) and associated MR spectroscopy
(B) of C57BL6 (left) and APP / PS1 (right) mice.
Immunohistochemical detection of A plaques (C) in
C57BL6 (left) and APP / PS1 (right) mice. Values are given
as MW = SEM.
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State-of-the Art

A) The diagnosis of Parkinson’s disease (PD) is currently based on motor symptom criteria which apply only if already
the majority of dopaminergic nigrostriatal neurons have degenerated. Therefore international research efforts aim at
an earlier diagnosis of PD based on non-motor symptom criteria as well as laboratory and neuroimaging biomarkers.
Meanwhile a wide range of potential early markers of PD have been reported, including the increased echosignal of
substantia nigra on transcranial ultrasound. However the specificity of single diagnostic markers is low with respect
to individual prediction of PD. Moreover, it is unclear yet whether a hyperechogenicity of substantia nigra, reflecting
increased iron content, may be reversed by therapy with iron chelating agents.

B) Acute stroke is associated with a varying degree of neuronal death and chronic impairment of general health.
Poststroke spasticity, poststroke depression, and accelerated senescence are frequent sequelae following the brain
insult. The mechanisms related to faster aging in stroke patients are poorly understood, and there is little knowledge
on the long-term predictive value of clinical and laboratory markers of senescence.

Overall Scientific Aim

A) To identify sets of early diagnostic markers (clinical, neuroimaging, neurophysiological) that offer the best-possible
prediction of PD in risk cohorts such as patients with severe depression, malignant melanoma, or REM sleep behaviour
disorder. In addition we want to explore whether iron chelating therapy can reduce the hyperechogenicity of substantia
nigra in early PD.

B) To identify sets of diagnostic markers (clinical, neuroimaging, laboratory) that can predict accelerated senescence
over a time period of 2-4 years following stroke. Such a set might become the basis of novel senescence-preventive
therapies.

Projects, Methods & Technologies

A) In long-term follow-up studies on local cohorts of patients with depression, malignant melanoma, REM sleep behavior
disorder, and early PD, a number of clinical (motor, non-motor) and neuroimaging findings (sonographic substantia
nigra echogenicity, sonographic vagus nerve caliber, sonographic pupillometry, iron-related MRI sequences and MR

Curriculum Vitae
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spectroscopy) are assessed in order to characterize their value for predicting subsequent PD, as well as the course of
PD under different therapy regimes. In cooperative studies with local and external partners we compare sonographic
measures of brain structures and of vagus nerve with the degree of parasympathetic pupil and bowel innervation. As
an innovative tool we develop and use at our department the real-time MRI-ultrasound fusion imaging which allows
the direct comparison of echogenicity and MR intensity data of distinct brain structures. This fusion imaging modality
is also optimized and applied for the intra- and post-operative monitoring of deep brain stimulation (DBS) electrode
position. In the ongoing Center of Excellence in Neurodegeneration Research (CoEN) collaborative project with the
University of Lille (Prof. David Devos), the Newcastle Dementia Biomedical Centre (Prof. Nicola Pavese) and the
Helmbholtz Institute Munich (Prof. Marcus Conrad) we explore the cellular mechanisms of ferroptosis in humans as well
as in the animal model by comparing neuroimaging (transcranial ultrasound, MRI, MR spectroscopy) and laboratory
(blood, cerebrospinal fluid, genetic) analyses in PD patients on iron chelating or placebo medication, and behavioural
as well as histological data obtained in the animal model. In several mono-centre and collaborative bi-centre studies we
assess sonographic markers of trace metal accumulation in the brain in a wide range of neurodegenerative diseases.

Fig. 1: Real-time fusion imaging of pre-implantation MRI and post-implantation transcranial sonography (TCS) in a patient with deep brain
stimulation (DBS). Left panel: coronal brain TCS image showing the bilateral highly echogenic electrode tips; right panel: MRI-TCS fusion

image showing the overlay of electrode sonogram and corresponding MRI.

B) In the Federal Ministry of Education and Research (BMBF) funded SASKit study, coordinated by Prof. Georg
Fillen, which comprises six subprojects of several departments at the University Medicine Rostock, one subproject
is conducted at our department. In this study, the senescence status of ischemic stroke patients, which is expected to
be an important tool for predicting progression for many diseases, is characterized in detail. We lay the foundations
by investigating the connection between an individual senescence-related biomarker score & other disease-related
biomarker measurements, and disease diagnosis/prognosis in particular. Biomarkers will be judged by their predictive
power (cross-validated accuracy/AUC), weighted by statistical significance, effect size, and practical considerations
(such as cost). We also aim for biomarkers for early detection of a pancreatic ductal adenocarcinoma (PDAC) comorbid
event in patients with stroke and vice versa, going beyond stroke by considering thromboembolic events and going
beyond PDAC by considering other cancer entities.
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State-of-the Art

My name is Marc-André Weber and | serve as full professor and chairman of the Institute of Diagnostic and
Interventional Radiology, Paediatric and Neuroradiology starting from September 1%t 2017. The Institute of
Diagnostic and Interventional Radiology, Paediatric and Neuroradiology is the central service provider at the
Rostock University Medical Centre in the field of diagnostic imaging, which among others serves as international
training centre of the European School of Radiology. Before, | was appointed as vice-chairman of the Clinic of
Diagnostic and Interventional Radiology at the University Hospital Heidelberg for 3 years and as section head of
musculoskeletal radiology at the University Hospital Heidelberg for 7 years.

I am a board-certified radiologist and neuroradiologist, holding among others European diplomas in Neuroradiology,
Spine Interventional Neuroradiology, Emergency Radiology and Musculoskeletal Radiology. | have also passed
a Master of Science in Healthcare Management from the University of Heidelberg. My research has led to more
than 300 publications in refereed journals, where | serve as author and co-author, and | am author and co-author
of more than 35 books and book chapters. | am involved in various activities in national and European scientific
associations and educational as well as research projects. As well as the other project partners, | am very happy
to serve as member of the CTNR that supports and enhanced collaborative and interdisciplinary initiatives.

Overall Scientific Aim

Radiology is changing and evolving permanently and radiology has, since is foundation as a discipline more than
100 years ago, been one of the technology drivers in medicine. In the next decade, radiology will have to cope
with big data and will implement Radiomics, radiology will yield high-resolution morphology and will obtain the
functional parameters and biomarkers that really matter in precision or personalized medicine. For this issue, my
team and | strive for the implementation of big data analysis by using machine learning and data mining in large
population-based cohorts, such as the German National Cohort (GNC) or Study of Health in Pomerania (SHIP).
In addition, besides large-volume as well as high-resolution morphologic imaging, such as MR microscopy, we
are constantly implementing functional techniques and strive to an early presentation of novel biomarkers to our

Curriculum Vitae

2009 - 2015 Head of radiology at the Centre for Orthopaedics, Trauma Surgery and Spinal Cord Injury, University
Hospital Heidelberg

2015 - 2017 Medical Vice-Director of the Clinic of Diagnostic and Interventional Radiology and head of radiology at the
for Surgery, University Hospital Heidelberg

Since 2017 Full Professor (W3) of Radiology and Chairman, Institute of Diagnostic and Interventional Radiology,
Pediatric Radiology and Neuroradiology, University Medical Centre Rostock
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clinical and preclinical partners to establish radiology as a core discipline in modern precision medicine.

Projects, Methods & Technologies

The development and the test of algorithms for the (semi-)automatic quantification, segmentation and annotation
of clinically important morphological and functional parameters, as well as biomarkers such as tumour growth
rate and perfusion on brain tumours on larger data sets has been a research topic of me and my team. These
projects are supported as part of the DFG, EU and other funders.

Regarding spine segmentation, collaboration projects comprised the segmentation of intervertebral discs using
spine MRI data sets. | am serving as head of the focus group musculoskeletal radiology of the GNC since 2011
and | have actively participated in deciding on sequence protocols, the MRI units and the incidental findings of the
GNC. Scientific research areas of me and my research team comprise the implementation of innovative methods
for morphologic (e.g. 3D), functional (e.g. biochemical cartilage assessment at 3 and 7 Tesla), multimodal and
large-volume musculoskeletal imaging (e.g. in plasma cell diseases), and the implementation of minimal-
invasive radiological treatment of diseases of the locomotor system including the spine. Currently, a project on
the whole-body image analysis for diagnosing patients with monoclonal plasma cell disorders is funded by the
D-A-CH initiative of the DFG (WE 2709/3-1). In addition, my research group has dealt with the implementation
of functional imaging techniques, such as sodium-23 MRI at 1.5, 3 and 7 Tesla to detect altered muscle-cell ion
homeostasis in several rare muscular channelopathies (see Fig. 1). Recent work led to the implementation of
chlorine-35 MRI.

The comprehensive scientific work on functional and morphologic MRI techniques in the field of muscular
diseases yielded in a monograph with 32 international and 11 national authors (Weber MA. Magnetic Resonance
Imaging of the Skeletal Musculature. Springer, Heidelberg New York Dordrecht London, 2014). My research
group has also dealt with multi-parametric tumour imaging for treatment planning and response assessment with
a focus on brain tumours (parts of these work have been funded by the German Federal Ministry of Education
and Research (BMBF)) as well as with the implementation and assessment of techniques to reduce the radiation
exposure in projection imaging with support by the Dietmar Hopp foundation.

Fig. 1: lllustration of MR imaging findings in a 66-year-old female patient with hypokalemic periodic paralysis (HypoPP). (with the Cav1.1-
R1239H mutation), (left) fat fraction maps obtained by using the Dixon-type sequence, (right) 7-T sodium-23 Na MR images (160/0.35). [From
Weber et al. (2016)].
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State-of-the Art

Olfactory deficits are observed in many neurodegenerative diseases. As essential olfactory disorders may
proceed the outbreak of manifest clinical (motor) symptoms for several years, as seen, for example, in
idiopathic Parkinson’s disease (IPD), they may be regarded as predictors for accelerated neurodegeneration.
Recent studies revealed that after 4 years, 7% of individuals with olfactory loss have developed signs of IPD.
Nevertheless, the reason for the early involvement of the olfactory system in IPD remains unclear.

Overall Scientific Aim

Also other neurodegenerative diseases, e.g., Alzheimer’s disease, Huntington’s disease, Multiple Sclerosis,
or rare storage diseases, go along with olfactory dysfunction suggesting that the special cellular and molecular
conditions in the peripheral nasal mucosa (highly proliferative) and the central olfactory bulb as well as all
subsequent canonical pathway stations (much less proliferative) may have common reasons, although the
specific causes of the respective disease may be quite different. Viewed from a practical standpoint, the unique
plasticity of the olfactory system may qualify olfactory acuity as a biomarker for potential treatment monitoring.

Projects, Methods & Technologies

We use several animal models that mimic defects occurring in human diseases such as ldiopathic Parkinson’s
Syndrome, Huntington’s disease, Multiple Sclerosis, or Niemann-Pick disease. Most outcomes are based on
immunohistochemical, electron microscopical and molecular biology techniques.

1. Avrarely revisited system in a rare neurodegenerative disease:

Olfaction and Niemann-Pick Disease Type C1
To illustrate disease-specific dynamics of olfactory dysfunction and its reaction upon therapy, we experimentally
demonstrate severe olfactory dysfunction in a transgenic mouse model for a rare lipid storage disease,
Niemann-Pick disease Type C1 (NPC1) that can be significantly ameliorated under therapy with, for example,
2-hydroxypropyl-R-cyclodextrin. Especially the highly dynamic olfactory neuroepithelium suffers from severe cell

1994 - 2008 Senior Physician and Extraordinary (apl) Professor, Department of Anatomy and Department of
Otorhinolaryngology, Medical Faculty Carl Gustav Carus, Technische Universitat (TU) Dresden
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loss that interferes with olfactory pathway relays in the
first CNS structure, the olfactory bulb. Our comparative
immunohistochemical, morphometric and molecular
biological studies suggest that the olfactory bulb is the
most affected brain region, at least in NPC1.

2, Olfaction and dopaminergic pathways

in a 6-OHDA rat hemiparkinson model

The relevance of dopaminergic interneurons in
the olfactory bulb for the sense of smell is an
intriguing question. We tested the hypothesis that
an experimentally induced hemiparkinsonism by
intoxicating the medial forebrain bundle (MFB) with
6-hydroxydopamine (6-OHDA) may be suitable for
describing olfactory deficits in IPD. In an experimental
rat model we investigated the impact of dopamine
receptor D2/3 availability in the olfactory bulb using
PET/CT. Because of the dopaminergic deafferentiation
between substantia nigra and striatum we speculate
Fig. 1: Transmission electron micrograph of the olfactory epithelium that in the olfactory bulb (OB) dopaminergic imbalance
of a Niemann-Pick-disease mutant mouse. Pathologic lipid storage may lead to alterations in the expression of dopamine

in suppporting cells (yellow, arrows). ORN (green) occasionally (D2/D3) receptors. Also the effect of intrastriatal
contain such deposits, but appear normal at the surface [from injection of botulinum neurotoxin A (BoNT-A) on
Hovakimyan etal. (2013), PlosOne]. dopamine (D2/D3) receptors in the OB has been

analyzed, as it normalizes pathologically increased D2/
D3 receptors in the CPu of hemi-PD rats and reverses
rotational motor symptoms.

3. The cerebral immune barrier and olfaction

The interface between peripheral and central nervous structures is a highly important issue in understanding
CNS pathology, as, for example, demyelination processes and disturbed microglia expression may open
gateways for invasion of immune cells into the
brain. In this respect, the olfactory ensheathing
glia along with its accompanying olfactory axons
is an interesting candidate to study in animal
demyelination models, e.g., for multiple sclerosis.

Fig. 2: ["®FIfallypride PET/CT image of a rat brain. Red areas
show high D2 receptor availability in the olfactory bulb (OB)

and striatum (CPu) [from Mann et al. (2018), Chem. Senses
43: e187].
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Mathematical modelling of nonlinear
dynamical systems in the life sciences
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Prof. Olaf Wolkenhauer, PhD
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University of Rostock
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olaf.wolkenhauer@uni-rostock.de

State-of-the Art

We are experiencing tremendous technological advances, bringing a steady increase in the generation of
data in biology and medicine. How can it be, that these advances do not translate into automated analyses,
confident predictions and user-friendly tools? Due to the complexity of living systems, biological and medical
data do not speak for themselves. We approach this challenge with the development of data analysis and
modelling workflows, in which multiple heterogeneous data sources are integrated and processed by a variety
of methodologies. Not only the generation of biological and medical data has become more complicated, the
analysis of data cannot be done without an interdisciplinary effort. To this end, we successfully combine a wide
range of computational and mathematical approaches in integrated workflows. Our team is multidisciplinary and
so is our approach to address problems in biological and medical research. We have twenty years of experience
in interdisciplinary research and training, which led to a solid track record of successfully completed projects.
Our methodologies and tools are supporting the translation of biological and medical research into real world
solutions and practical applications.

Overall Scientific Aim
We analyse data and create meaningful models to improve our understanding of health and disease. Our
research thereby contributes to better diagnosis, prognosis and therapy.

Projects, Methods & Technologies

We are data scientists, using mathematics and computational tools to make sense of data. Our work focusses
on understanding how the functioning of cellular systems emerge from the interactions between the systems
parts, and how these emergent properties of a system as a whole enable or constrain the behaviour of its parts.
Despite technological advances, that allow us to identify and characterize cellular components, the principles
by which cells and tissues realize their function, remain poorly understood. Our approach combines data-driven
modelling with model-driven experimentation, using a wide range of computational and mathematical tools,
including machine learning, statistics, systems theory, stochastic processes, and category theory. The results of

Curriculum Vitae
1994 - 1997 Research Associate at the Control Systems Centre UMIST, Manchester, UK

2002 - 2003 Senlor Lecturer Joint appointment between the Dept. of Biomolecular Sciences and the Dept. of Electrical
Engineering & Electronics, UMIST, Manchester, UK

Since 2004 Adjunct Professor in the Dept. of Electrical Engineering & Computer Science, Case Western Reserve
i ity, Cleveland, Ohi

2005 Fellow of the Stellenbosch Institute for Advanced Study (STIAS) Stellenbosch, South Africa

Since 2003 Full Professor (C4/W3), Chair in Systems Biology & Bioinformatics, Faculty of Computer Science &
Electrical Engineering, University of Rostock
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our daily work support basic biological and medical research.

In addition, the group holds an active role in the development of standards for computational biology, contributing
to standardization initiatives like SBML, SBGN, and SED-ML and contributes to the development of the
FAIRDOMHub data management platform. The group has developed several integrative computational pipelines
for sequencing analysis by combining approaches from systems biology and bioinformatics. | and my group
are also experienced in using machine learning and deep learning in the field of image analyses and beyond.
His group deals with several ongoing projects such as DeepMRI, DeepBioSeq, FlowML that are exclusively
dealing within the domain of Atrtificial Intelligence and patient specific therapeutic decision-making. The group is
participating in multiple BMBF-funded projects for the German network for Bioinformatics Infrastructure (de.NBI)
and e.Med on data management and sequencing data analysis. The group also hosts an industry funded three
year research program on machine learning for patient data, which started in October 2018.

The Systems Biology and Bioinformatics group, as a member of de.NBI, the European Elixir initiative, and part
of the RNA Bioinformatics Center (RBC), has access to a cluster with 86 compute nodes and a total of 2064
compute cores. Each node is equipped with at least 32 GB of RAM and the net storage capacity is approximately
700 TB. With regards to the currently established de.NBI cloud the computational performance will accordingly
upscale. In addition, the group hosts a high-performance GPU cluster with around 24,000 computing nodes.

Our expertise at a glance:

Fig. 1: Mindmap about our primary expertise in the five selected fields of process analysis, data analysis, data
management, clinical diagnosis, and Drug development.
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antagonists APC, Axin and GSK3 on Whnt/beta-catenin signalling. Cellular Signalling 25(11), 2210-21.
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Institute of Anatomy

University Medical Centre Rostock
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andreas.wree@med.uni-rostock.de

State-of-the Art

In the field of neurodegeneration, our group focusses on three topics: hemiparkinsonian rats, transgenic BACHD
rats, mouse mutants of Niemann-Pick Type C1 disease, studying morphological, functional and behavioral
parameters in control and diseased animals.

Overall Scientific Aim

Hemiparkinsonian rats: due to the collaboration with the Department of Neurology we developed the intrastriatal
injection of botulinum neurotoxin-A (1 ng) to ameliorate motor symptoms in hermiparkinsonian rats. This was
done to reduce the striatal hypercholinism that seeming is a major reason of parkinsonian disturbances. Main
findings were: BoNT-A injection is well tolerated, do not lead to neuronal degeration of neurons, especially
of cholinergic interneurons, do not induce inflammatory reactions in the brain, however lead to swellings of
catecholaminergic and cholinergic nerve fibers. Intrastriatally applied BoNT-A - among influencing the receptor
densities of various receptors - leads to a reduction of the striatal D2 and D3 receptor density in 6-OHDA hemi-
PD rats. All in all, we suggest the intrastriatal application BONT-A could serve as an interesting obtion in the
therapy of at least the experimental hemi-PD-associated symptoms. Especially the intensive cooperation with
Prof. K. Zilles (Research Centre Jiilich, Institute of Neuroscience and Medicine INM-1, Julich, Germany) and the
colleges of the Core Facility “Multimodal Small Animal Imaging”, Rostock University Medical Center is essential
for our studies.

Projects, Methods & Technologies

Niemann-Pick Type C1 (NPC1): NPC1 is - like HD - a rare disease in humans. NPC1 is an autosomal recessive
inherited neurodegenerative disorder characterized by accumulation of cholesterol and glycosphingolipids.
In close cooperation with the AKos, the Department of Neurology and the Centogene AG we evaluated the
effects of pharmacological intervention (miglustat, cyclodextrin and allopregnanolone in combinations or alone)
in wildtype and NPC1 homozygote mutant mice on the behavior (accelerod, Morris water maze, elevated plus
maze, open field and hot-plate tests). The BALB/cNctr-Npc1m1N/-J mice treated with miglustat, cyclodextrin and

Curriculum Vitae

84 | Member Profile - Andreas Wree



CTNR Research

allopregnanolone generally performed better than untreated mutant mice. A the drugs interfere with the general
cholesterol emetabolism involved in many metabolic pathways of cells, we evaluated the effects of these drugs
in healthy BALB/c mice and found unaltered motor capabilities and spontaneous motor behaviour. However,
miglustat-treated wild-type mice displayed impaired spatial learning compared to sham- and combination-treated
mice. However, both combination- and miglustat-treated mice showed enhanced anxiety in the elevated plus
maze compared to sham-treated mice. Our results suggest that allopregnanolone/cyclodextrin ameliorate most
side effects of miglustat in wild-type mice. With respect to brain morphology, the most impressive result is, that
the combination therapy in mutant mice with miglustat, cyclodextrin and allopregnanolone results in a dramatic
inhibition of the otherwise occurring loss of cerebellar Purkinje neurons. Ongoing quantitative studies investigate
the fresh volumes of various brain areas of both wildtype and mutant mice after various therapeutic regimes.
In cooperation with with Profs. K. Zilles and K. Amunts (Research Centre Jilich, Institute of Neuroscience and
Medicine INM-1, Jilich, Germany), and the colleges of the “Central Institute of Engineering, Electronics and
Analytics, ZEA-3, Research Centre Jiilich” and the “Cécile and Oskar Vogt Institute of Brain Research, Heinrich
Heine University Dusseldorf” studies evaluating the topographic distribution of densities of the receptors for the
most important transmitters and lipids in the brain are ongoing.

Fig. 1: Contrast-enhanced color-coded autoradiogram using [18F]Fallypride showing the regional striatal distribution of D2/D3 receptor density
(fmol/mg protein) in a control rat (A) and (B) after 6-OHDA injection into the right medial forebrain bundle. The interhemispheric difference is
3% in the control (A), and 30% in the hemiparkinsonian rat due to the upregulation of the D2/D3 receptor density in the dopamine-depleted
hemisphere.
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State-of-the Art

Multiple sclerosis (MS) is a common chronic inflammatory, demyelinating and neurodegenerative disease of the
central nervous system. The pathological hallmark of MS is the formation of focal lesions in the brain and spinal cord.
The individual clinical presentation of patients with MS is very heterogeneous. MS is currently incurable, but there
are more than a dozen approved disease-modifying treatments (DMTs) that can reduce disease activity and limit
progressive neurologic deterioration. Although the causes of MS are still largely unclear, it has been established that
the pathogenic processes are driven by complex interactions of genetic and environmental factors. However, there is
a lack of studies aimed at deciphering the functional implications of MS-associated genetic variants.

Overall Scientific Aim

The interdisciplinary neuroimmunological research group in Rostock is engaged in innovative basic and applied
research on immune-mediated neurological diseases, in particular MS. One focus is on exploring the molecular
mechanisms that contribute to the pathogenesis of MS. Another main objective is the identification of novel biomarkers
for improved diagnosis, prognosis and monitoring of the disease. Our research is always with and for the patients
(from bedside to bench and back). We usually employ multi-omic approaches by screening various types of molecules
(e.g., DNA, RNA and proteins) in different types of patient samples (e.g., blood and liquor cerebrospinalis).

Projects, Methods & Technologies

Two of our currently funded projects address the connection between genetic variants and aberrant RNA processing
events in MS. The latest international genome-wide association study (GWAS) revealed more than 200 genetic loci
to be associated with an increased risk of MS (Patsopoulos et al., Science, 2019). We hypothesize that several MS-
associated single-nucleotide polymorphisms (SNPs) affect the splicing of protein-coding RNAs and the biogenesis
of non-coding microRNAs. MicroRNAs are processed from stem-loop precursor RNA sequences via different
enzymatic cleavage steps. Mature microRNAs are very small RNA molecules that regulate gene expression by
triggering the degradation of complementary transcripts. According to current estimates, over 60% of human protein-
coding genes are conserved targets of microRNAs (Bartel, Cell, 2018). Consequently, microRNAs are involved in
many physiological processes such as proliferation, differentiation and apoptosis of immune cells. More recently,

Curriculum Vitae

1982 - 1988 State exam in Medicine, Otto-von-Guericke-Universitaet of Magdeburg and University of Rostock

1992 - 1994 Research grant Deutsche Forschungsgemeinschaft (DFG) Clinical and experimental Neuroimmunology,
Clinic of Neurology; Julius-Maximilian-University Wirzburg
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pathological microRNA expression patterns have been discovered. A major part of our research is on blood cells.
Therefore, we have established optimized laboratory protocols to separate different lymphocyte populations from
blood samples of MS patients. For instance, memory B cells and T helper cells are believed to play distinct roles
in the initiation and progression of MS through antigen presentation and secretion of proinflammatory cytokines.
Following the biobanking of blood samples, we obtain diverse types of data by employing modern technologies,
including quantitative real-time PCR, microarrays and RNA-sequencing. The molecular data and the clinical data are
then analyzed in a highly integrative manner by incorporating also information from public databases. The parallel
examination of genotypes and microRNAs allows to identify the genetic loci controlling their expression. Such
molecular quantitative trait loci (QTL) have become an important asset in the genetic study of complex diseases.

We have previously demonstrated that an MS-associated SNP alters the processing of microRNA-548ac (Hecker
et al., PLoS Genet., 2019). We were also the first to show that this microRNA regulates genes, which participate in
inflammatory processes and in controlling the balance of protein folding and degradation. Several other microRNAs
are similarly encoded within MS-associated genetic loci. Therefore, we are currently expanding our research efforts
to discover new insights on these microRNAs and to identify potential biomarkers. An example is shown in figure 1:
The MS-associated SNP rs817478 is located downstream of the microRNA-4423 stem-loop sequence. This SNP
affects a known sequence motif that is relevant for the enzymatic cleavage of the precursor RNA. Carriers of the MS
risk allel A thus express significantly lower levels of this microRNA. Various open questions remain: For instance,
the functional roles of many non-coding RNAs and their isoforms are still enigmatic. Novel concepts from the field of
systems medicine have to be implemented to better disentangle the causal interactions and the regulatory dynamics
in the complex molecular network. Furthermore, it has to
be investigated to which extent RNAs and proteins, which
are encoded in disease-associated genetic regions, are
suited to distinguish relapsing and progressive forms of
MS and to evaluate the individual effects of DMTs. In the
long term, a more comprehensive understanding of the
biological mechanisms that underlie MS susceptibility will
ultimately translate into benefits in the clinical care of our
patients.

Fig. 1: Functional characterization of genetic MS risk loci with
example. (a) Strategy for identification of disease causative variants.
MS-associated genetic loci from genome-wide association studies
(GWAS) are prioritized by checking for colocalization with molecular
quantitative trait loci (QTLs). (b) Secondary structure of the precursor
of microRNA hsa-mir-4423. The mature microRNA sequences are
highlighted in orange and blue. (c) MicroRNA expression QTL analysis
based on RNA-sequencing data obtained for blood-derived cells. The
level of microRNA-4423-5p depends on the genotype of the single-
nucleotide polymorphism (SNP) rs817478. Significantly lower levels of

this microRNA can be observed in individuals with the MS risk allele A

(t-test p-values are shown above the brackets).

Rommer PS, Eichstadt K, Ellenberger D, , Fri )
Zettl UK (2018). Symptomatology and symptomatic treatmen
Mult Scler. 25(12), 1641-1652.

Angerer IC, Hecker M, Koczan D, Roch L, Friess J, Riuge A, Fitzner B, Boxberger N, Schroder |, Flechtner K, Thiesen HJ,
Winkelmann A, Meister S, Zettl UK (2018). Transcriptome profiling of peripheral blood immune cell populations in multiple
sclerosis patients before and during treatment with a sphingosine-1-phosphate receptor modulator. CNS Neurosci Ther.
24(3), 193-201.

International Multiple Sclerosis Genetics Consortium (2018). Low-Frequency and Rare-Coding Variation Contributes to Multiple
Sclerosis Risk. Cell. 175(6), 1679-1687.e7.

Zettl UK, Hecker M, Aktas O, Wagner T, Rommer PS (2018). Interferon 3-1a and B-1b for patients with multiple sclerosis:
updates to current knowledge. Expert Rev Clin Immunol. 14(2), 37-153.
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Use in Clinical Practice: Recommendations from European Multiple Sclerosis Experts. CNS Drugs. 31(1), 33-50.
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Prof. Golo Kronenberg, MD

College of Life Sciences, University of Leicester and
Leicestershire Partnership National Health Service Trust
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Prof. Kronenberg becomes a CTNR Member in 2017. Since 2018 he is part of the alumni network.

Research fields:

*  Mechanisms of neuronal cell death (DNA damage and repair, apoptosis)

* Regeneration and functional outcomes (behavioral endpoints, cellular plasticity, neurogenesis)
* MR Imaging of neuropsychiatric disorders

*  Neurobiology of affective disease
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1998 Doctoral thesis, Institute of Pathology, Ruprecht-Karls-Universitat, Heidelberg
1998 - 2001 Resident, Central Institute of Mental Health, Mannheim
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Since 2018 Chair in Adult and Liaison Psychiatry, University of Leicester, and Honorary Consultant, Leicestershire
hip NHS Trust,
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Clinician Scientist Program

In 2016, the German Council of Science and Humanities outlined the increasing problems of Medical Faculties
and University Hospitals in recruiting of young medical scientific researchers as well as their specific challenges
concerning compatibility of research and clinical work!". Consequently, the currently existing framework
conditions for clinical scientists need to be improved in order to create efficient incentives for an academic/
research career besides medical training. In 2018, the University Medical Centre Rostock (UMR) has recognised
these problems and challenges and established the Rostock Academy for Clinician Scientists (RACS).
It contains a generall clinician scientist program structured into a junior and an advanced clinician scientist
program. The aim of RACS is a targeted recruitment of excellent clinician scientists for all departments and
institutes of the UMR. The concept for RACS was initiated and developed by the board of the CTNR.

At the same time, the CTNR board implemented an additional Clinician Scientist Program in the field of
neuroscience to strengthen the scientific significance of this priority area by the opportunity for two additional
physicians to apply for temporary clinician substitute positions (“Rotationsstellen”) under the umbrella of RACS
and the CTNR. The concept of the CTNR Program is based on the approved recommendations for developing
clinical research at German Universities” and the recommendations for the implementation of Advanced
Clinician Scientist Programs® by the Permanent Senate Commission of the German Research Foundation.

The key goals of RACS and the CTNR Clinician Scientist Program are to:
» create and structure career paths for physicians during specialist/subspecialist training time,
» ensure equal opportunities for physicians concerning their clinical and scientific career management,
*  provide the necessary interdisciplinary research environment and
infrastructure for the participating clinician scientists,
* ensure every clinician scientist within his/her specialist training a research
protected time for his/her independent research projects,
» generate high-quality trained clinician scientists by an individual clinical, scientific and
soft skill educational curriculum offered by excellent scientists and physicians,
» create an interface between pre-clinical and basic research and clinical
science to promote translational research at the UMR,
« feature quality management by the implementation of a mentoring
scheme and a transparent organization structure,
* improve the expertise and international visibility of the host institution in the three scientific priority areas.

[1] Wissenschaftsrat (2016). Perspektiven der Universitatsmedizin, Weimar.

[2] Deutsche Forschungsgemeinschaft (2015). Etablierung eines integrierten Forschungs- und Weiterbildungs-Programms fir “Clinician
Scientists” parallel zur Facharztweiterbildung, Bonn.

[3] Deutsche Forschungsgemeinschaft (2018). Etablierung einer wissenschaftsorientierten Personalentwicklung fir Facharztinnen und

Facharzte in der Universitatsmedizin, Bonn.
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Fig. 1: Research Environment of the Rostock Academy for Clinician Scientists (RACS).
RACS contains an overall Clinician Scientist Program for institutes and departments of the three priority areas
or without an assignment to them. The CTNR implemented and additional program with two further positions for

clinician scientists in the field of neuroscience.

To achieve a high scientific and educational quality, the key elements (quality management, mentoring scheme,
gender equality, career development, topic specific qualification and soft skill modules of the curriculum)
are ensured by the excellent expertise and experience of the participating institutions. The clinician scientist
programs cover the individual needs of the participating clinician scientists and their research projects in
the corresponding area. Clinician Scientists are physicians in specialist training time (at least 50% of the
common trunk is passed) or on sub specialisation training. The research protected time is the key element and
corresponds in average to 50% of the working hours to exclusively conduct research. Its allocation depends on
the individual requirements of the clinician scientist in consultation with the head of the clinical department or
institute and can be taken episodic or in total.

Fig. 2: Junior and Advanced Clinician Scientists.
Structured career path of clinician scientists of the CTNR Clinician Scientist Program (exemplary five years common

trunk and two years of research protected time).

Clinician Scientist Program | 91



CTNR Educational Activities

Qualification Program

The CTNR strategy contains to bring forward the recruitment and generating of young clinical, medical and
scientific researchers and to support them in the development of their careers. Beside the CTNR Clinician
Scientist Program an overall educational and qualification program with the contributions of CTNR members
was implemented. The educational activities are divided into the qualification program organised and
conducted by the CTNR and the activities of the neuroscience community in Rostock.

In 2018, the CTNR qualification program contained workshops and lectures about funding opportunities for
young scientists in Germany:

Workshop: Research Grants at the German Research Foundation - Structure,
Content and Process

The aim of the workshop is to support the application for a research grant (Sachbeihilfe)
at the German Research Foundation (DFG). Practical exercises and joint non-scientific
discussions are tools for the development of a template that can be used as a basis for
the submission of a third-party fund proposal.

Lecture: Funding Opportunities for young scientists
The talk provides an overview of the third party funding system in Germany and the EU,
introduces the most important funding bodies and gives advices on how to apply.

To bundle the educational activities of all CTNR members a web-based platform was implemented. The
platform gives an overview of planned seminars, workshops, conferences and events of the institutes of the
CTNR members. The CTNR helps to announce the events and to increase the outreach. The following table
shows some examples of the educational activities of CTNR members in 2018.

CTNR Institute

Educational Activities

Hospital for Children and
Adolescents, Neuropaediatrics

Institute for Biostatistics and Informatics
in Medicine and Ageing Research

Oscar-Langendorff-Institute of Physiology

Department of Neurology

Institute of Anatomy

Institute for Experimental Surgery
with Central Animal Care Facility

Department of Psychosomatic and
Psychotherapeutical Medicine

Electroencephalography Workshop

Contribution with sessions on aging at the Hauptstadtkongress Berlin

Second Workshop Next Generation Sequencing Consortium Mecklenburg-Vorpommern
12th Baltic Sea Summer School on Epilepsy

International Young Scientist Symposium on the Center of
Excellence in Neurodegeneration Research (CoEN)

2018 Scientific Meeting of the MDS NMS PD Study Group:
The many faces of Parkinson’s disease

113th Annual Meeting Anatomische Gesellschaft

Workshop: Neuro-PET in transgenic mouse models

Lecture: Cognitive problems in people with Multiple Sclerosis: Perceived
effectiveness and provision of cognitive rehabilitation

In 2018, preparations for the Lectures of Excellence: Pioneers in Neurosciences were made. The event
will start in 2019 and invites excellent scientists of significant discoveries in the field of neuroscience to provide
insights into their research. These include, above all, Nobel Prize winners, Leibniz Prize winners or winners of
other excellent awards. The lectures are addressed to scientists, physicians and junior scientists working in the
field of neuroscience. By presenting their own experiences, the lecturers will awake the interest for innovative
solutions and alternative ways of thinking. The audience will get in close contact with interesting personalities
and their groundbreaking research.

Further planned measures for 2019 are the implementation of a CTNR Lectures Series with financial and
organisational support for CTNR members to conduct talks, workshops and symposia with national and
international guest speakers, the development and implementation of a CTNR master program “Translational
Neurosciences” and a Medical Scientist Program.
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Infrastructure Concepts

The short-term goal of the CNTR in relation to translation is the development of comprehensive research
designs which combine methods and issues from basic and clinical research. In the long-term, new therapy and
prevention approaches in animal models and in human studies should be evaluated.

Beside the scientific transfer of knowledge and results, the CTNR Board regularly analyses the initial conditions
for optimal research and develops infrastructure concepts with suggestions for the improvement of the research
environment. These concepts are transferred to the head office of the UMR as part of the consultancy tasks
of the CTNR. Members of the CTNR are regularly involved into appointment procedures for new professorships
and meetings of (research) commissions. The coordinator of the CTNR regularly evaluates conducted CTNR
events and analyses the results in terms of needs and suggestions of the participants.

In 2018, as a result the CTNR Board worked out a concept for a funding program to support the career
paths of women after graduation and a concept for a new core facility “funding support” and presented
this to the head office of the University Medical Centre Rostock.

Another result of demand-oriented analyses revealed the need for a clinical research platform for
neurosciences in Rostock. The platform contains the project management in the administrative planning and
organisation of commercial and science-oriented clinical studies, taking into account the regulatory and site-
specific academic constraints of the neuroscience research area. The definition and further development of
the processes at the interfaces between scientists, the Coordination Centre for Clinical Studies (KKS) and the
administration of the University Medical Centre Rostock will be important. In 2019, the CTNR will employ a
scientific manager to implement the clinical research platform.
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CTNR Transfer Activities

Career & Funding Service

To support the transfer of information around and about the neuroscience community in Rostock, the CTNR
implemented the CTNR Newsletter. Since January 2018, the monthly newsletter provides information about
the activities of the CTNR members, recent funding opportunities, awards, training opportunities and events in
the field of neurosciences. In addition to the CTNR members, more then 38 external readers subscribed to the
newsletter.

The CTNR homepage informs on its “Career & Funding”
website about current open positions in the neuroscience
community, the Clinician Scientists Programs and other funding
opportunities (e.g. foundations, associations, awards).

For the future, CTNR Thesis Advisory Committee Meetings
(TAC Meetings) for doctoral students and at least two
supervisors are planned to ensure a mentoring scheme and to
support young scientists in their career path.

In addition to coordinating the major CTNR collaborative
projects, the CTNR scientific coordinator has regularly advised
and supported CTNR members in the application of third-party
funding projects (e.g. DFG research grants) since the foundation
of the CTNR in November 2017. The CTNR grant writing
support includes the organisation of kick-off meetings for
interdisciplinary applications, as well as individual consultation
with formal reviews of the proposals and the calculation of
project costs. The aim is to increase the number of submitted
proposals and the third-party funds in the scientific area of
neurosciences.

Since 2017, six proposals have been submitted for consultation at the CTNR coordination office before submitted
at the respective funding body (see Fig. 1). Two of them were eventually funded.
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Fig. 1: Number of proposals submitted for consultation at the CTNR in 2017/2018. Two of
them were funded in 2018, three of them were rejected in 2017 and 2018. In 2018, one of

them is still in progress.
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Gallery

Main building of the University of Rostock
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Bertsche, Astrid: Drug therapy safety in epileptology
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