DE GRUYTER 2019 - VOLUME 25 - ISSUE 4

ISSN 0947-0875 - e-ISSN 2363-7013

NEUROFORUM

ORGAN DER NEUROWISSENSCHAFTLICHEN GESELLSCHAFT

Fixation 5 o —

Soccer scene ' T T e

Idea generation
period

. Creative Instruction:
creative/original move
( verbal ) Response

l; Typical Instruction:

= obvious/conventional move

(] ]
(] ]
N
HERAUSGEGEBEN VON NWG

Neurowissenschaftliche Gesellschaft e.V. (NWG)
NEUROWISSENSCHAFTLICHE

CHEFREDAKTEURIN GESELLSCHAFT
Petra Wahle, Bochum

www.degruyter.com/journals/nf




12 Fens

Forum of Neuroscience

11-15 July 2020 | Glasgow, UK

Organised by the Federation of European Neuroscience Societies (FENS)
Hosted by the British Neuroscience Association (BNA)

Where European neuroscience
=_meets the world

'SAVE THE DATE

KEY DATES

August 2019: Scientific programme online

1Dec2019 - 18 Feb 2020: Early registration and abstract submission
1 Dec 2019 - 18 Feb 2020: FENS-IBRO/PERC travel grants applications

FENS Forum 2020 has an exciting scientific programme, including
special interest events, satellite events, networking events and much more.

For further information, visit www.fens.org/2020

[=]}3 [=]

Federation of British ]-

European
Neuroscience Neuroscience

Societies ——"" Association WWW.feﬂs.org/ZOZO E

FENS




NEUROFORUM

HERAUSGEGEBEN VON

Neurowissenschaftliche Gesellschaft e.V. (NWG)

CHEFREDAKTEURIN
Petra Wahle, Bochum

REDAKTION
Susanne Hannig, Berlin

REDAKTIONSGREMIUM
Mathias Bahr, Gottingen

Niels Birbaumer, Tiibingen
Sebastian Brandner, London, US
Katharina Braun, Magdeburg
Nils Brose, Gottingen

Ansgar Biischges, Koln

Thomas Deller, Frankfurt/M.
Ricarda Diem, Heidelberg
Veronica Egger, Regensburg
Jens Eilers, Leipzig

Eckhard Friauf, Kaiserslautern
Giovanni Galizia, Konstanz
Benedikt Grothe, Miinchen
Sonja Griin, Jiilich

Eckart Gundelfinger, Magdeburg
Ileana Hanganu-Opatz, Hamburg
Andreas Heinz, Berlin

Charlotte Forster, Wiirzburg
Michael Heneka, Bonn

Andreas Herz, Miinchen

DE GRUYTER

Isabella Heuser-Collier, Berlin
Sigismund Huck, Wien, Osterreich
Mark Hiibener, Martinsried
Reinhard Jahn, Géttingen
Peter Jonas, Klosterneuburg,
Osterreich
Sabine Kastner, Princeton, USA
Helmut Kettenmann, Berlin
Frank Kirchhoff, Homburg
Christian Kldmbt, Miinster
Matthias Kneussel, Hamburg
Michael Koch, Bremen
Arthur Konnerth, Miinchen
Sigrun Korsching, Koln
Trese Leinders-Zufall, Homburg
Wolfgang Loscher, Hannover
Siegrid Lowel, Gottingen
Albert Christian Ludolph, Ulm
Heiko Luhmann, Mainz
Hanspeter A. Mallot, Tiibingen

Denise Manahan-Vaughan, Bochum
Thomas Moller, Cambridge, USA
Ulrike Miiller, Heidelberg
Hans-Joachim Pfliiger, Berlin

Josef Rauschecker, Washington, USA
Angelika Richter, Leipzig

Andreas Ritzau-Jost, Leipzig
Christine R. Rose, Diisseldorf
Stefan Rotter, Freiburg

Rainer Schwarting, Marburg

Sophie Seidenbecher, Aarhus, DK
Mikael Simons, Gottingen
Christian Steinhduser, Bonn
Monika Stengl, Kassel

Christiane Thiel, Oldenburg

Stefan Treue, Gottingen

Tanja Vogel, Freiburg

Christian Wegener, Wiirzburg
Melanie Wilke, Gottingen

Florentin Worgotter, Gottingen



ABSTRACTED/INDEXED IN Baidu Scholar - Case - Chemical Abstracts Service (CAS): CAplus; SciFinder - CNKI Scholar (China National Knowledge
Infrastructure) - CNPIEC: cnpLINKer - Dimensions - EBSCO Discovery Service - Google Scholar - Japan Science and Technology Agency (JST) -
J-Gate - JournalGuide - JournalTOCs - KESLI-NDSL (Korean National Discovery for Science Leaders) - Microsoft Academic - MyScienceWork - Naviga
(Softweco) - Primo Central (ExLibris) - Publons - QOAM (Quality Open Access Market) - ReadCube - SCImago (SJR) - SCOPUS - Semantic Scholar -
Summon (ProQuest) - TDNet - Ulrich‘s Periodicals Directory/ulrichsweb - WanFang Data - WorldCat (OCLC)

ISSN 0947-0875 - e-ISSN 2363-7013

Alle Informationen zur Zeitschrift, wie Hinweise fiir Autoren, Open Access, Bezugsbedingungen und Bestellformulare,
sind online zu finden unter https://www.degruyter.com/view/j/nf

HERAUSGEBER Neurowissenschaftliche Gesellschaft e.V. (NWG), Kontakt: Meino Alexandra Gibson, Max-Delbriick-Centrum fiir
Molekulare Medizin, Robert-Rossle-Strafle 10, 13092 Berlin, Tel.: +49 (0)30 9406 3336, gibson @mdc-berlin.de, www.nwg-info.de

CHEFREDAKTEURIN Petra Wahle, AG Entwicklungsneurobiologie, Fakultit fiir Biologie & Biotechnologie, Ruhr-Universitit,
ND 6/72, 44780 Bochum, wahle @neurobiologie.ruhr-uni-bochum.de

REDAKTION Susanne Hannig, Max-Delbriick-Centrum fiir Molekulare Medizin, Robert-Rossle-Str. 10, 13092 Berlin (Germany),
Tel.: +49 (0)30 9406 3336, susanne.hannig@mdc-berlin.de

JOURNAL MANAGER Torsten Kriiger, De Gruyter, Genthiner Stra3e 13, 10785 Berlin, Germany.
Tel.: +49 (0)30 260 05-173, Fax: +49 (0)30 260 05-250, E-Mail: Neuroforum.Editorial @degruyter.com

ANZEIGENVERANTWORTLICHE top-ad Bernd Beutel, Schlossergidfichen 10, 69469 Weinheim,
Tel.: +49 (0)6201 290 92-0, Fax +49 (0)6201 290 92-20 20, disposition @top-ad-online.de

© 2019 Walter de Gruyter GmbH, Berlin/Boston

COVER ILLUSTRATION Schematic time course of a trial of the soccer decision-making task during EEG and fMRI assessment (taken from Fink et al., 2018;
https://doi.org/10.1016/j.neuropsychologia.2018.04.025). A trial started with presentation of a fixation cross for 10 s (assessment of brain activity during

a pre-stimulus baseline). Afterwards brief video clips of naturalistic soccer decision-making situations are shown (ranging from 2 to 12 s). During the idea
generation period, a fixed image of the soccer scene remains visible on the screen, signalling participants to imagine themselves as the acting player, and,
depending on the respective task instruction, to think either of an obvious/conventional (switched off bulb, control condition) or a creative/original move
(bulb switched on) while maintaining the target orientation (i.e., scoring a goal) in mind. When a participant thought of a solution/move they were instructed
to press the IDEA button, and to vocalize the imagined move (max 10 s; e.g. pass to 1, then pass to 3, etc.). Oral responses were recorded via microphone and
transcribed for further analyses. Cover figure provided by Andreas Fink and Mathias Benedek (https://doi.org/10.1515/nf-2019-0006, in this issue).

SATZ Dorlemann Satz, Lemforde

MIX
Fapar fram

DRUCK Franz X. Stiickle Druck und Verlag e K., Ettenheim TG bl
wnre o FSC" CI0TS0D

VORSTAND DER AMTSPERIODE 2019-2021

Klinische Neurowissenschaften

EHRENPRASIDENT Mathias Bdhr, Gottingen

Eckhard Friauf, Kaiserslautern .. .
4 Kognitive Neurowissenschaften

PRASIDENT Melanie Wilke, Gottingen

Albert Christian Ludolph, Ulm Molekulare Neurobiologie

VIZEPRASIDENT Frank Kirchhoff, Homburg

Christine Rose, Diisseldorf Neuropharmakologie/-toxikologie

GENERALSEKRETAR Angelika Richter, Leipzig

Christian Steinhdiuser, Bonn . .
Systemneurobiologie

SCHATZMEISTER Benedikt Grothe, Miinchen

Ansgar Biischges, Koln .
& 8 Verhaltensneurowissenschaften

SEKTIONSSPRECHER Christian Wegener, Wiirzburg
Zelluldre Neurowissenschaften

Computational Neuroscience .
P Veronica Egger, Regensburg

Sonja Griin, Jilich

INWG

Entwicklungsneurobiologie/Neurogenetik Sophie Seidenbecher, Aarhus, DK

Petra Wahle, Bochum



DE GRUYTER Neuroforum == 2019 | Volume 25 | Issue 4

Inhalt
Review Article Nachrichten der Gesellschaft
Andreas Fink and Mathias Benedek Gottinger Jahrestagung 2019 — 273

The Neuroscience of Creativity — 231
Methodenkursprogamm 2020 — 276
Philipp Kellmeyer
Artificial Intelligence in Basic and Clinical Neuroscience:  Klaus Tschira Stiftung — neue Hauptforderin von

Opportunities and Ethical Challenges — 241 www.dasGehirn.info— 278

Shokoufeh Khakipoor, Maxim A. Dromer, Neueintritte — 278

Daniel A. Cozetto, Simone Mayer

Single-cell RNA-Sequencing in Neuroscience — 251 The young section of the NWG gains momentum

jNWG Kick-off Meeting (September 13 - 15, 2019) — 279
Ferdinand Hucho
Personal View — The Evolution of Neurochemistry — 259  NFDI Neuroscience: advocating cross-community

data management in neuroscience

NFDI Neuroscience Consortium Workshop

Presentation of Scientific Institutions (September 20, 2019) — 279
Christian Schmahl and Sylvia Cackowski Stipendien fiir das FENS Forum of European
Research Training Group (RTG) / Neuroscience (Glasgow, UK, 11. — 15. Juli 2020) — 280

Graduiertenkolleg (GRK) 2350 — 265
Ausblick— 281
Friederike Langhauser und Christoph Kleinschnitz
Forschergruppe (FOR 2879) ImmunoStroke:
Von der Immunzelle zur Schlaganfall-
regeneration — 267

Rezension

Sophie Seidenbecher

Maren Urner: Schluss mit dem tédglichen Weltuntergang -
Wie wir uns gegen die digitale Vermiillung unserer
Gehirne wehren — 271






DE GRUYTER

Neuroforum 2019; 25(4): 231-240

Review Article

Andreas Fink* and Mathias Benedek

The Neuroscience of Creativity

https://doi.org/10.1515/nf-2019-0006

Abstract: While earlier neuroscience studies on creativity
have been criticized due to their heterogeneity of find-
ings, recent studies in this field have converged to some
common practices and methodological approaches, which
have greatly contributed to enhance both the reliability
and reproducibility of findings in this field. Relevant neu-
roscience findings suggest that creative cognition requires
a conglomerate of neurocognitive processes involving ex-
ecutive functions, memory processes, internally-focused
attention, or spontaneous modes of thought. Studies in-
vestigating creativity in more naturalistic, real-life settings
reveal some overlap with conventional creative ideation,
but also indicate that creativity and its underlying neural
mechanisms are specific to the particular domain. Another
trend in the neuroscience of creativity is concerned with
approaches to enhance creativity, involving a broad di-
versity of interventions ranging from cognitively-oriented
techniques to interventions using physical activity.

Keywords: EEG; fMRI; functional connectivity; creative
cognition; divergent thinking

Zusammenfassung: Friihere Studien im Bereich der neu-
rowissenschaftlichen Kreativitdtsforschung wurden oft
wegen ihrer heterogenen Befunde Kkritisiert. In der Zwi-
schenzeit haben sich aber einheitlichere Vorgangsweisen
in der methodisch-praktischen Durchfiihrung der Studien
etabliert, die zur besseren Replizierbarkeit der Befunde
beigetragen haben. Einschldgigen Befunden zufolge 1dsst
sich kreatives Denken als Konglomerat von exekutiven
Funktionen, Gedéichtnisfunktionen, Aufmerksamkeits-
prozessen und spontanen Denkprozessen charakterisie-
ren. Studien in alltagsndheren Kreativititsdomanen legen
einige Uberlappungen mit konventionellen kreativen
Denkmustern nahe, weisen allerdings auch darauf hin,

*Corresponding author: Andreas Fink, University of Graz, Institute
of Psychology, Universitatsplatz 2/11l; A-8010 Graz, Austria,
e-mail: andreas.fink@uni-graz.at

Mathias Benedek, University of Graz, Institute of Psychology,
Universitatsplatz 2/11l, A-8010 Graz, Austria,

e-mail: mathias.benedek@uni-graz.at

dass Kreativitdt und ihre neuronalen Grundlagen spezi-
fisch fiir die Domdne sind. Neuere Trends in diesem For-
schungsbereich beschiftigen sich auch mit Moglichkeiten
zur Férderung der Kreativitdt, wobei hier ein breites Spek-
trum von kognitiv-orientierten Techniken bis hin zu Spor-
tinterventionen zum Einsatz kommt.

Schliisselworter: EEG; fMRI; Funktionelle Konnektivitit;
Kreative Kognition; Divergentes Denken

Creativity is commonly defined as the ability to produce
work that is novel, original and useful within a certain
socio-cultural context (Diedrich et al., 2015; Runco &
Jaeger, 2012; Stein, 1953). It is the engine of any progress
in culture, science and education, likewise in the econom-
ical or industrial domain. From a more personal perspec-
tive, creativity has been considered as a sign of mental
health and emotional well-being (Simonton, 2000), and
might even have the promising potential to heal suffering
(Forgeard, 2019). It is hence not surprising that creativity
is increasingly attracting attention also in scientific inves-
tigations, involving a broad range of different disciplines
such as economics, engineering, psychology and most re-
cently, the field of neurosciences. In the last decade, more
than 850 studies dealing with creativity and the brain were
published (source: Clarivate Analytics © Web of Science),
thereby tripling the number of neuroscience studies on cre-
ativity published relative to the century before. Along with
the rapidly growing availability of modern brain imaging
methods, this vivid research interest may be primarily at-
tributed to continuous advancements in psychometric as-
sessment of the different facets of creativity (Barbot, 2018;
Benedek et al., 2013; Reiter-Palmon et al., 2019; Vartanian
et al., 2019). Progress in the psychometric/behavioral cre-
ativity research tradition has, in turn, stimulated the de-
velopment of ever more sophisticated experimental tasks
and paradigms for assessing the manifold ways of how the
brain works while engaged in performance of creativity-re-
lated tasks (Benedek et al., 2019).

Creativity is a multifaceted construct involving mani-
fold processes and conditions (Simonton, 2000). A prom-
inent example for this notion is Amabile’s (1983; see
also Amabile, 2013) componential theory of creativity.
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In this theory, creativity is conceptualized as a function
of domain-relevant skills, creativity-relevant processes,
task motivation, and social-environmental variables. Do-
main-relevant skills include expertise, factual knowledge,
technical skills, and talent in the respective creativity
domain. Creativity-relevant processes involve cognitive
styles and personality characteristics that support novel
ways of thinking. Task motivation involves intrinsic moti-
vation, i. e. the motivation to engage in a task or to work,
since it is interesting and personally challenging. And
finally, creativity also depends on factors or conditions of
the (social) environment that can either block or stimu-
late creativity (e. g., excessive time pressure, or sense of
positive challenge in the work; Amabile, 2013). Neuro-
science studies on creativity are particularly concerned
with investigating the cognitive processes implicated
in creativity, commonly referred to as creative cognition
(Ward, 2007). The investigation of neurocognitive pro-
cesses involved in creative idea generation or in divergent
thinking (i.e. generating different creative solutions to
open-ended problems), and in creative problem solving or
insight problem solving can be considered as prototypi-
cal examples for research in this field (Benedek & Fink,
2018). The most widely used divergent thinking task (Al-
ternative Uses Task), for example, requires people to gen-
erate as many and as original uses for everyday objects.
The outcomes measured from such tasks, including ide-
ational fluency (number of generated ideas), flexibility
of thinking (number of different categories of ideas), and
the originality/novelty of the generated ideas, are consid-
ered as reliable estimates of creative potential (Runco &
Acar, 2012). Tasks for the assessment of insightful problem
solving often require a reframing or restructuring of exist-
ing mental representations, which is often associated with
the subjective experience of a sudden breakthrough (expe-
rience of “AHA”; Bowden et al., 2005; Kounios & Beeman,
2009; Sandkiihler & Bhattacharya, 2008). For instance,
in the compound remote associates task, three stimu-
lus words are presented (e.g., boot, summer, ground)
and participants are required to find a word that forms
a compound (“camp”) between the three stimulus words
(example taken from Bowden et al., 2005).

In the vast majority of neuroscience studies on cre-
ativity, brain activity during creative task performance
is measured by means of functional magnetic resonance
imaging (fMRI) or electroencephalography (EEG). In this
particular context, creativity research in the neuroscien-
tific laboratory is often faced with critical task constraints,
which make neuroscience studies on creativity often very
tricky and challenging. For instance, people are required
to be creative while lying supine in a noisy fMRI scanner,
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or while their heads are wired with electrodes in special
electrode caps. Even more importantly, creative activities
such as story writing, dancing, painting a picture, or com-
posing a piece of music etc. are not directly transferable
to the neuroscientific laboratory. Therefore, studies must
decompose a complex, multi-componential creative activ-
ity into smaller, more isolated (and thus more measurable)
neurocognitive processes that reflect the respective crea-
tivity domain to the best possible extent. In the context
of dancing, for example, researchers could require their
participants to think of an original improvisation dance
and compare the resulting brain activity to that measured
while thinking of monotonous sequences of movement
(e. g., dancing the waltz; Fink et al., 2009). Similarly, since
writing or drawing with a pen would hinder reliable fMRI or
EEG assessments (artefacts due to motor activity), studies
often ask their participants to think of creative ideas in a
predefined thinking period, and subsequently to verbally
express the ideas generated (Benedek et al., 2019; Fink
et al., 2007; Rominger et al., 2018; in Figure 1 an example
adopting this procedure is given). The registration and
subsequent quantitative and qualitative assessment of
responses during performance of the creativity task, is es-
sential to investigate brain activation in relation to creative
performance. Benedek et al. (2019) have recently provided
a literature overview of how studies successfully meet the
manifold constraints imposed by cognitive neuroscience
research. In this particular context, studies converged to
some common practices and methodological approaches,
which have contributed greatly to increase both the reli-
ability of fMRI and EEG assessments, and the reproduc-
ibility of findings in the field of creativity. This includes,
inspired by the behavioral/psychometric creativity re-
search tradition, the use of empirically-tested and psycho-
metrically-sound experimental tasks for assessing creative
cognition in the neuroscientific laboratory (Benedek et al.,
2019). Furthermore, in order to avoid contaminations with
response-related motor activity, neuroscience studies in
the field of creativity use clever paradigms, which isolate
the creativity-related processes of interest and also sepa-
rate the stages of creative thought processes from stages
of responding. And finally, studies assess both qualitative
and quantitative indicators of creative task performance
during EEG and fMRI assessment, facilitating an analysis
of the relationship between functional patterns of brain
activity and creative performances.
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Neurocognitive Mechanisms
Underlying Creativity

Neuroscience research on creativity has provided excit-
ing insights on how the brain produces creative thought
(Abraham, 2018). Perhaps the most important finding in
this field is the fact that creative cognition is associated
with activity patterns in widespread neural networks sup-
porting executive functions (e.g., fluency, flexibility of
thinking, inhibition of prepotent responses, etc.), memory
processes, internally-focused attention, or spontaneous
modes of thought (e. g., Beaty et al., 2019; Boccia et al.,
2015; Fink & Benedek, 2014; Gonen-Yaacovi et al., 2013).
Essentially, relevant neuroscience findings clearly indi-
cate that creative cognition requires a conglomerate of
neurocognitive processes that could be well integrated into
“normal” cognition (Benedek & Fink, 2019). For example,
envisioning possible improvements to products, requires
memory processes to build novel representations of these
products, sustained internally-oriented attention to guide
active imagination, and vigorous executive control to
realize effective and useful task solutions by evaluating/
elaborating preliminary thinking results, and by inhibit-
ing prepotent/conventional responses.

Another important finding in this context is that more
creative people seem to be characterized by stronger func-
tional connectivity between different creativity-related
neural circuits, possibly indicating that higher creative
ability is linked with an ability to simultaneously recruit
different brain circuits to a greater degree than in less
creative people (Beaty et al., 2018a). Specifically, creative
thinking has been associated with an increased functional
connectivity between default and executive brain net-
works, potentially reflecting the interplay between gener-
ative and evaluative thinking processes (Beaty et al., 2016,
2018b). This is a particularly remarkable finding, as these
large-scale brain networks act in opposition in most other
cognitive tasks. For example, during goal-directed cogni-
tion, such as working memory processing, the executive
network exhibits increased activation, while there is deac-
tivation in the default mode network, putatively indicating
the attenuation of task-irrelevant mental activity (Antice-
vic et al., 2012; Beaty et al., 2016). Similarly, Rominger et
al. (2019) measured transient phase-locking between neu-
roelectrical signals at different cortical sites (as introduced
in Lachaux et al., 1999) and found that, during the crea-
tive thinking process, people who generated more creative
ideas showed a more rapid increase in functional connec-
tivity between frontal and parietal-occipital sites, puta-
tively indicating more effective executive processes. This
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Figure 1: Schematic time course of a trial of the soccer decision-making task during EEG and fMRI assessment (taken from Fink et al., 2018;
https://doi.org/10.1016/j.neuropsychologia.2018.04.025). A trial started with presentation of a fixation cross for 10 s (assessment of brain
activity during a pre-stimulus baseline). Afterwards brief video clips of naturalistic soccer decision-making situations are shown (ranging
from 2 to 12 s). During the idea generation period, a fixed image of the soccer scene remains visible on the screen, signalling participants
to imagine themselves as the acting player, and, depending on the respective task instruction, to think either of an obvious/conventional
(switched off bulb, control condition) or a creative/original move (bulb switched on) while maintaining the target orientation (i. e., scoring
a goal) in mind. When a participant thought of a solution/move they were instructed to press the IDEA button, and to vocalize the imagined
move (max 10s; e. g. pass to 1, then pass to 3, etc.). Oral responses were recorded via microphone and transcribed for further analyses.

study adds important evidence to support the notion that
temporal dynamics of neuro-cognitive functions across
the creative thinking process also affect the quality (i. e.,
creativity) of the outcome.

Trends in Research on the Neuro-
science of Creativity

Recent studies in the field of creativity and neuroscience
are also concerned with the investigation of brain activ-
ity patterns during everyday real-life creativity tasks. For
example, some studies have investigated brain activity
patterns while participants were required to be creative in
affective contexts, i. e. to generate reappraisals to self-rele-
vant negative emotional events (Fink et al., 2017; Papousek
et al., 2017; Perchtold et al., 2018). Participants were re-
quired to generate reappraisals of given anger-eliciting sit-
uations (as many and as different as possible), in such a

way that reduces anger, which naturally arises when con-
fronted with these scenarios. Cognitive reappraisal is re-
garded as an effective strategy to cope with adverse events
(e.g., Augustine & Hemenover, 2009; Webb et al., 2012),
representing a promising, non-pharmacological resource
to improve psychological health and well-being (Gross &
John, 2003). As in conventional creative ideation, cogni-
tive reappraisal requires the generation of alternative, but
useful, and effective solutions to an open-ended problem.
It further requires people to flexibly adopt and to generate
new perspectives, solutions or strategies, and to override
the typical and most obvious responses elicited by this sit-
uation (e. g. experience of anger). Such flexible idea pro-
duction is likewise seen in many other creativity-related
tasks, and in fact, both fluency and flexibility of cognitive
reappraisal have been found to be significantly and pos-
itively associated with conventional divergent thinking
measures and with openness, which is closely linked to
creativity (Weber et al., 2014). In line with this, neurosci-
entific findings indicated that cognitive reappraisal was


https://doi.org/10.1016/j.neuropsychologia.2018.04.025
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generally associated with a similar pattern of brain activity
as conventional creative ideation (Fink et al., 2017; Perch-
told et al., 2018). As expected, some important differences
were found between cognitive reappraisal and conven-
tional creative ideation. Specifically, cognitive reappraisal
(vs. conventional creative ideation) was associated with
a more intense involvement of executive processes, nec-
essary to regulate an ongoing negative emotional state,
in addition to processes involved in conventional crea-
tive ideation (Fink et al., 2017). Furthermore, Perchtold
et al. (2018) found that cognitive reappraisal was, among
others, also associated with brain networks implicated in
social cognition.

Another example where creativity and neuroscience
studies involve real-life demands is research in the athletic
domain of soccer. Successful solutions in soccer game sit-
uations are often original and surprising. Soccer players
need to focus their attention on specific conditions of the
soccer scenario (positions of teammates and opponents),
to anticipate the behavior of other players, and to think of
possible passes or moves that are most promising to score
a goal. The imagination of creative moves also involves
search and retrieval of task-relevant information stored in
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memory (e. g., soccer-specific rules, technical knowledge
about the execution of a pass or move, trained standard
situations, etc.). Additionally, in order to generate a cre-
ative and effective move, soccer players are required to
evaluate the efficacy and appropriateness of an imagined
move, and to inhibit inappropriate, potentially less suc-
cessful solution approaches. Creative solutions in sport
situations thus seem to be characterized by mechanisms
that are very similar to those seen in other creativity-re-
lated domains (e. g., Rasmussen & @stergaard, 2016; Roca
et al., 2018; for overview see Memmert, 2015). Based on
these assumptions, some studies have therefore investi-
gated neurocognitive mechanisms associated with crea-
tive solutions in naturalistic soccer decision-making situ-
ations (Fink et al., 2018, 2019).

In these studies, soccer players (from hobby to
amateur) were presented brief video clips of real soccer
decision-making situations (ranging from 2s to 12s in
length). After the image was frozen they were asked to
imagine themselves as the acting player of the attack-
ing team, and depending on the respective task instruc-
tion, to think either of a creative/original (possible and
promising), or an obvious/conventional move (control
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condition), that might lead to a goal. Performance of the
soccer decision-making task was associated with com-
paratively strong decreases in EEG alpha power (relative
to a pre-stimulus baseline) at parietal and occipital sites,
indicating high visuospatial processing demands during
the processing of the complex soccer scenarios (Fink et
al., 2018). Interestingly, more creative performance in
the soccer task was associated with stronger alpha power
reduction over left cortical sites, primarily involving mo-
tor-related areas. This finding suggests that individuals
who generated more creative moves were more inten-
sively engaged in processes related to motor or movement
imagery. Similarly, findings from an fMRI study (Fink et al.,
2019) revealed that variations in soccer-specific creativity
were associated with brain activity in a mainly left-lateral-
ized network of brain regions, which support various cog-
nitive functions such as semantic information processing,
visual and motor imagery, as well as the processing and
integration of sensorimotor and somatosensory informa-
tion. Taken together, these EEG (Fink et al., 2018) and fMRI
(Fink et al., 2019) studies revealed that imagining creative
soccer moves is a complex cognitive process, involving
multimodal input from different sensory, motor and per-
ceptual sources. These studies also provide evidence for
the notion that neural underpinnings of creativity differ
across domains (e. g., Baer, 1998; Boccia et al., 2015). Fur-
thermore, these studies also support evidence from the
behavioral research domain, which highlights the crucial
role of cognitive and executive functions in successful
soccer performance (e.g., Scharfen & Memmert, 2019;
Vestberg et al., 2017). Nevertheless, additional research
is needed to delineate the manifold neurocognitive pro-
cesses (e.g. imagery, attention, visual and sensorimotor
information processing) implicated in this domain, and to
assess how these processes contribute to the generation of
creative solutions in soccer.

Conclusion

Earlier neuroscience studies of creativity have been crit-
icized due to their diversity and inconsistency of find-
ings (Dietrich & Kanso, 2010), showing only “little clear
evidence of overlap” (Arden et al., 2010, p. 143). This in-
consistency has been traced back to the variegated and
multi-componential nature of creativity, as well as to
the diversity of methodological approaches used (Fink &
Benedek, 2014). However, in the last decade considerable
progress in the development of psychometric and labora-
tory creativity tasks has been made. In fact, neuroscien-
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tific studies on creativity have since converged to some
common practices and approaches, which have greatly
contributed to enhance reliability and reproducibility of
findings in the neuroscience of creativity (Benedek et al.,
2019).

Recent neuroscience studies on creativity have taken
a step further by investigating creativity in more natural
settings involving ecologically valid tasks (e.g. creativ-
ity in an affective context: Perchtold et al., 2018; creativ-
ity in soccer: Fink et al., 2018; or musical improvisation:
Bengtsson et al., 2007). Findings therein have suggested
some overlap with brain activity patterns during con-
ventional creative ideation and also indicated that crea-
tivity and its underlying neural mechanisms are specific
to a particular domain (e. g., Boccia et al., 2015; Fink et
al., 2018; Rominger et al., 2018). Finally, another excit-
ing trend in the neuroscience of creativity is concerned
with approaches to enhance creativity, involving a broad
diversity of interventions ranging from cognitively-ori-
ented techniques (e.g., Sun et al., 2016) to interventions
of physical activity such as walking (Oppezzo & Schwartz,
2014) or cycling (Colzato et al., 2013). In light of the high
plasticity of the brain towards learning or training (e. g.
Weber et al., 2019), and given the importance of creativity
in almost all aspects of daily life, future creativity research
will be particularly challenged to address the question of
how creative abilities can be realized to their best possible
extent.
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Abstract: The analysis of large amounts of personal data
with artificial neural networks for deep learning is the
driving technology behind new artificial intelligence (AI)
systems for all areas in science and technology. These
Al methods have evolved from applications in computer
vision, the automated analysis of images, and now include
frameworks and methods for analyzing multimodal data-
sets that combine data from many different source, includ-
ing biomedical devices, smartphones and common user
behavior in cyberspace.

For neuroscience, these widening streams of personal
data and machine learning methods provide many op-
portunities for basic data-driven research as well as for
developing new tools for diagnostic, predictive and ther-
apeutic applications for disorders of the nervous system.
The increasing automation and autonomy of Al systems,
however, also creates substantial ethical challenges for
basic research and medical applications. Here, scientific
and medical opportunities as well ethical challenges are
summarized and discussed.

Keywords: big data; deep learning; machine learning; ar-
tificial intelligence; neuroethics

Zusammenfassung: Die Analyse grof3er Datenmengen (big
data) mit kiinstlichen neuronalen Netzen fiir tiefes Lernen
(deep learning) ist die treibende Technologie hinter neuen
Systemen der kiinstlichen Intelligenz (KI) fiir alle Berei-
che der Wissenschaft und Technik. Diese KI-Methoden
haben sich aus Anwendungen in der automatisierten Bild-
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erkennung (computer vision) entwickelt und umfassen
heute Methoden zur Analyse multimodaler Datensitze,
die Daten aus vielen verschiedenen Quellen kombinieren,
darunter biomedizinische Gerdte, Smartphones und all-
gemeines Nutzerverhalten auf Apps und im Netz. Fiir die
Neurowissenschaften bieten diese zunehmenden Strome
personlicher Daten und Deep Learning viele Moglich-
keiten fiir die grundlagenorientierte Forschung sowie fiir
die Entwicklung neuer diagnostischer, pradiktiver und
therapeutischer Anwendungen bei Erkrankungen des
Gehirns. Die zunehmende Automatisierung und Autono-
mie von KI-Systemen erzeugt aber auch erhebliche ethi-
sche, rechtliche und gesellschaftliche Herausforderungen.
In dieser Arbeit werden die neurowissenschaftlichen und
medizinischen Chancen sowie ethischen Herausforderun-
gen zusammengefasst und diskutiert.

Schliisselworter: Big Data, maschinelles Lernen, Tiefes
Lernen, Kiinstliche Intelligenz, Neuroethik

Introduction

Artificial intelligence (AI) seems to be everywhere now.
From navigational tools, digital assistants, and self-driv-
ing vehicles, to social robots, autonomous weapons, an-
alytic and predictive tools in science to decision-support
systems in medicine and many other domains and appli-
cations.

This development is in large parts a result of a particu-
lar technological convergence in recent years: the concom-
itant rise of big data, advanced methods of machine learn-
ing (e. g. deep learning) and increasing computing power
and efficiency. This perfect technological storm drives a
large-scale techno-social transformation across all sectors
in society: work, health, research and technology and the
social domain; which is often indiscriminately referred to
as digitalization.

But what is Al exactly and why does it capture the im-
agination so vividly and often disquietingly? What is the
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current and future impact of Al for neuroscience and the
clinical fields occupied with treating brain diseases and
mental health disorders? What are the ethical, legal, social
and political tensions and challenges that emerge from
this techno-social constellation?

Here, I will first provide short and succinct back-
ground information on the technological aspects of the
current wave of Al methods and contextualize these de-
velopments in terms of their putative current and future
applications in neuroscience. This will provide the basis
to then discuss important ethical, legal and social chal-
lenges. The focus in that regard will be on the question
of how societies can benefit from the many promising ap-
plications of Al in neuroscience and neuromedicine while
ensuring the responsible design, development and use of
this transformative technology.

Background: Artificial intelligence,
big data, machine learning and
neurotechnology

According to the latest analysis of the innovation dynam-
ics of emerging technologies from 2018—the Gartner®*
Hype Cycle for Emerging Technologies—artificial neural
networks (ANNs) for deep learning are currently located
at the very “peak of inflated expectations”. This represents
a snapshot of the cacaphonous media buzz and hype sur-
rounding the putatively transformative power of Al for all
sectors of society. As a basis for our discussion here, we
need to recognize that the main driving force of what is
usually referred to as Al today is the convergence of several
technological innovations and components?:

- Ubiquitous data-collecting technology: in the envi-
ronment (e.g. public closed-circuit television), in
machines (e. g. cars), in personal devices (e. g. smart-
phones for collecting personal data on user behavior,
movement, geolocation and many other parameters),
as well as the traditional arenas in biomedicine such
as medical centers and research institutions.

— The, mostly cloud-based, server infrastructure to store
and process large amounts of these personal data (big
data);

— High-performance analyses on these data with graph-
ics processing units (GPUs), particularly with

1 https://www.gartner.com
2 For technical definitions please consult the entries in the Glossary
appended here

DE GRUYTER

— Machine learning (ML) methods, particularly artificial
neural networks for deep learning,

— Dynamic user interfaces to facilitate human-Al inter-
action

These infrastructural and technical components provide
the basis for many applications of Al in research, technol-
ogy development and clinical medicine. One illustrative
and highly dynamic translational research area is the
field of neurotechnology. Figure 1 illustrates how many
of the components mentioned above can be fully inte-
grated to build an Al-based brain-computer interface that
could provide a paralyzed individual with the means to
operate a computer-based communication system. But
neurotechnology is not confined to the assistive treat-
ment of relatively rare neurological disorders, such as
severe paralysis / locked-in syndrome, but has recently
also entered the consumer-market with various devices
for neurofeedback-based relaxation or well-being applica-
tions (Ienca et al., 2018; Kellmeyer, 2018).

Current and future applications of Al
for basic and clinical neuroscience

In neuroscience, as in most other research areas, Al systems
based on artificial neural networks have a wide spectrum
of applications. As we have discussed, machine learning
with ANNs has proven particularly successful in computer
vision tasks. Therefore, the primary domain of application
in neuroscience will also be the processing and classifica-
tion of a large amounts of images. Examples are the clas-
sification of histopathological images (Litjens et al., 2016),
the segmentation of tumors in brain MRI images (Pereira
et al., 2016) and many other processing applications in
neuroimaging (Akkus et al., 2017; Milletari et al., 2017;
Kleesiek et al., 2016). In addition to such computer vision
task, however, Al methods based on ANNs are also success-
fully used in the analysis of bioelectric and hemodynamic
brain signals, particularly electroencephalography (EEG)
(Schirrmeister et al., 2017a; Schirrmeister, et al., 2017b). In
that research area, EEG signal analysis with deep learning
could be used, inter alia, to operate an autonomous robot
via a brain-computer interface (Burget et al., 2017), classify
EEG recordings as normal or pathological (Schirrmeister
et al., 2018). Another emerging machine learning method,
generative adversarial networks (GANs), have recently
been applied in neuroscience to generate naturalistic EEG
signals (for data augmentation purposes) (Hartmann et al.,
2018), and other applications (Wang et al., 2019).
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Figure 1: Example of an Al-based brain-computer interface that integrates @ intracranial electroencephalography (iEEG) to sense bioelectric
brain activity and @ transmit large amounts of brain data to a @ computer-based processing unit with a @ high-end GPU that uses deep
learning to analyze the brain data which in turn is used to operate a @ dynamic user interface, e. g. for communication.

Apart from these applications in data analytics in
neuroscience, a comprehensive and high-impact review
(Hassabis et al., 2017) of how neuroscientific knowledge
and methods can inspire Al methods, and vice versa (Mar-
blestone et al., 2016), has shown that ANNs for deep learn-
ing have contributed substantially to the understanding of
complex cognitive functions, such as attention, memory
and learning, at the level of regional and inter-regional
brain networks.

In clinical neuroscience, understood here as the over-
lapping domains of clinical research and clinical provi-
sion in neurology and psychiatry, these Al methods also
provide fertile ground for new applications in diagnosing,
predicting and treating brain diseases and mental health
disorders.

To highlight a few developments here: (a) in the area
of diagnostics, the Al-based image processing methods
could obviously be used for various groundbreaking ap-
plications—e. g. the differentiation between healthy and
pathological brain images, the segmentation of tumor
tissue from brain MRI images, the diagnosis and sub-clas-
sification of neurodegenerative movement disorders from
tracer-based imaging. (b) In the area of prediction, the

same methods could be used to predict the onset of de-
mentia, or the likelihood / risk of epileptic seizures from
implanted cortical electrodes, predict the fluctuations of
disabling movement symptoms in Parkinson’s disease
from deep brain electrodes, and of course many other ap-
plications. In the area of therapy, deep learning with ANNs
could be used to develop new targeted drugs (Popova et
al., 2018; Gawehn et al., 2016)[16, 17], e. g. based on anti-
bodies and fusion proteins (“biologicals”), e. g. for treating
neuroimmunological diseases such as multiple sclerosis;
or for closed-loop control of impending epileptic seizures
via a real-time cortical monitoring and electrostimulation
system (Berényi et al., 2012).

The breadth of the actual and potential applications
of Al methods can only be sketched here; the reader’s im-
agination is trusted, however, to visualize the full extent
and importance of this development for neuroscience and
medicine in general, which have also been treated com-
prehensively by other authors, see e. g. (Topol, 2019). Such
a profound and cross-cutting socio-technological change,
one might say paradigm shift, of course, creates substan-
tial ethical legal and social challenges, some of which
shall be highlighted here.
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Ethical challenges of human-Al
interaction in basic and clinical
neuroscience

In this section, I highlight some of the most widely dis-
cussed current ethical concerns and tensions in neuro-
ethics, neurolaw and related disciplines that engage with
these issues. As a disclaimer, given the limited scope here,
I neither aim to provide a complete overview nor anything
other than my own subjective view on these issues—for a
selection of further recent contributions and views please
also see (Ienca et al., 2018; Amadio et al., 2018; Illes,
2017; Yuste et al., 2017; Ienca et al., 2017; Mittelstadt et al.,
2016).

Shared agency and autonomy in
human-Al interaction

In the context of very close human-Al interaction, for
example in a closed-loop brain-computer interface in an
epilepsy patient, the degree to which the underlying Al
system is granted decision-making capacity and—con-
versely—how much the human subject is kept in the loop
in these interactions may lead to new hybrid forms of hu-
man-machine or human-Al actions.

Imagine, for example, Maria, a 45 year old woman
with severe motor paralysis of the upper and lower
limbs who has been implanted with a closed-loop elec-
trode system that allows her to use her brain activity to
operate a service robot that can reach, grasp and bring her
objects.

Now, any particular action sequence by Maria, say for
example fetching a cup and drinking tea, is only realiza-
ble by decoding her brain activity and having the robot
perform the required tasks. Suppose further that the robot
itself also has some degree of autonomy in terms of how
it realizes this goal, for example it may have the capacity
to freely roam the room and grasp the cup any way that
is optimal for realizing the set goal. In such a scenario, it
would be reasonable to consider the human-robot inter-
action necessary for realizing Maria’s goals as requiring a
form of shared agency (and autonomy) between Maria and
the service robot.

This may seem perfectly fine for all instances in which
the interaction works as intended by Maria and her goals
a fully realized without significant deviations from the
robot. But what happens in cases of unintended yet sub-
stantial failures—what if, for example, the robot spills the
hot tea and injures a third person or Maria herself? Such
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interactions gone awry lead to questions of responsibility
and accountability in human-Al interaction that are diffi-
cult to navigate both ethically and legally.

Accountability, responsibility and the
question of trust

Without having the space to provide a detailed and philo-
sophically grounded conceptual analysis here, I urge the
reader to consider the difference—ethically and legally—
of the concepts of accountability and responsibility. Both
denote the ascription to an individual (or active claim by
an individual) of some kind of causal agency in a particu-
lar action or sequence of actions; for example: “Margret
was responsible for writing the letter to the president.” or
“The policeman is accountable for explaining his use of
his service weapon.”.

In cases of very close, shared or even hybrid actions
that are performed in concert by a human and an Al
system, however, one might encounter a gap in our ability
to unequivocally ascribe responsibility and/or account-
ability to particular actions. This “accountability gap”
(Kellmeyer et al., 2016) may arise in many situations in
which decision-making capacity is relegated to an Al
system—e. g. a deep-learning-based brain implant or a
self-driving car—whose internal learning dynamics and
decision-making processes we cannot sufficiently infer:
the so-called “black box” aspect of Al (Castelvecchi, 2016).
In the ethical and legal domain, we do not yet have effec-
tive and resilient norms to ascribe (let alone adjudicate)
responsibility in cases of system failures for such black
box systems.

Therefore, the topic of - interpretability of machine
learning algorithms, particularly ANNs for deep learning,
is not only of great interest for computer scientist and en-
gineers, but also an indispensable prerequisite to be able
to provide a reasonable ethical understanding and precise
legal instruments to adjudicate future cases of liable hu-
man-Al interactions.

Intrusive Al and the protection of brain data,
mental privacy and personal identity

Today, our methods for observing brain activity, mainly
EEG, functional MRI and related methods have inherent
limit in the ways in which they can measure the tempo-
ral, spatial and frequency-related characteristics of brain
signals. This limits the amount and quality of information
that we can extract from these signals with our current
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analytical methods, yet we already see how emerging
machine learning methods, specifically deep learning,
improve our information extraction capabilities substan-
tially (Akkus et al., 2017; Milletari et al., 2017; Schirrmeister
etal., 2017a).

If this progress in data analysis will be complemented
by substantial improvement in our measurement methods,
for example with intracortical microelectrode grids that
measure EEG directly from the cortical surface or, as yet
unproven methods such as “neural dust” (a system of
intracortical nanoparticles and ultrasound) (Neely et al.,
2018), we can expect substantial further progress in the
types and amounts of information that can be extracted
from neurotechnological measurements.

The practical limits on the amount and specificity of
information that can be extracted from brain signals at the
individual level—now and in the near future—mean that
scenarios involving “reading” the “mind” or “thoughts”
will remain elusive for the time being. This will not deter
scientists in public (or private-public) research institution
nor researchers in technology companies (that have in-
vested substantially in their own neuroscience and neu-
rotechnology research in recent years (Kellmeyer, 2018;
Strickland, 2017; Regalado, 2017; Clark, 2017), however,
to use brain data as an interesting class of personal data
in multimodal deep learning analysis frameworks. In this
scenario, we do not yet know whether: a) the combination
of many different classes of data (e. g. user behavior, geo-
location data, data from devices, brain data etc.) allows
for hitherto unprecedented inferences on an individual’s
first-person subjective (i.e. “mental”) experience and/or
her personal identity (Kreitmair et al., 2017); or, b) the ag-
gregation of such multimodal data from an unprecedented
number of individuals (e. g. in a large-scale “experiment”
on an internet platform in which a company outfits thou-
sands of users with a consumer neurotechnology device,
e.g. a dry-cap EEG, for measuring and uploading brain
data to their company servers) would allow to identify par-
ticular groups of individuals based on social, biological
or other markers—which would raise concerns regarding
the protection of group privacy (Ilenca et al., 2018; Taylor
et al., 2017).

In the neuroethics community and other research
fields, these concerns have precipitated a discussion
around whether brain data should be treated as a special
class of data that needs extra protection in data protec-
tion guidelines and regulations (such as genetic data e. g.)
(Kellmeyer, 2018), perhaps even “neurorights” that refer to
basic human rights (Ienca and Andorno, 2017), or whether
in fact the question of what actually constitutes biomedi-
cal or health-related data becomes increasingly meaning-
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less as Al methods can make health-related inferences on
many different types of data (and their combination and
aggregation) that would have previously not been consid-
ered to be special health-related data (e. g. your movement
patterns from your mobile phone, or your user behavior
on the web).

Bias in human and artificial intelligence
in interaction

The propensity to take “mental shortcuts” (also known
as a - heuristic) for judgement is an inherent feature of
human cognition and serves important purposes in every-
day life decision-making. If these heuristics, however,
produce systematic skews in our decision-making, they
are called biases which, if accumulated over time, can
produce substantial distortions of knowledge and behav-
ior both at the individual and societal level. These indi-
vidual and societal biases are also an important driver of
creating and maintaining social injustices, e.g. rooted in
prejudice, stereotyping, discrimination and other negative
social attributions.

The data streams that power current large-scale Al
systems, e.g. in translation engines, navigation systems
or computer vision (e.g. face recognition technology)
today are based on human-derived knowledge structures
(ontologies) and most artificial neural networks for deep
learning are trained with data that require the input of
human experts (e. g. for selecting and labeling the data).
Therefore, any bias that is engrained at the level of data
selection, structuring, labeling and so forth, may be re-
produced, inflated and disseminated by an Al system that
is trained on these biased data. Many examples in recent
years show, how this can lead to a perpetuation of social
injustices and discriminations that are based on human
biases, e.g. with respect to ethnicity, gender and other
social markers (Knight, 2017; Baeza-Yates, 2016).

Now, there is no easy fix for this deeply entrenched
and interlocked problem of human biases and their spill-
over effects into Al bias. For one, human cognitive biases
are almost impossible to contain effectively at the individ-
ual level, i.e. most behavioral training methods for so-
called de-biasing have failed to show substantial let alone
sustainable effects in reducing cognitive biases in humans
(Smith and Slack, 2015; Croskerry et al., 2013a; Croskerry
et al., 2013b). Furthermore, there is also no straightforward
way computationally to effectively de-bias Al systems,
both in terms of reducing the technical aspect of bias in al-
gorithms (see - bias) nor the human-derived biased data
structures and ontologies (Krywko, 2017; Geman et al.,
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1992). On the bright side, many computer scientists and
data scientists have now recognized the problem and are
actively working on potential ways to mitigate the problem
(Courtland, 2018).

Meanwhile, however, it is important for researchers in
neuroscience and clinicians to be aware (and to raise crit-
ical awareness) that automated Al systems may contain
biases in their decision-making procedures.

The problem of “perpetual ethics”,
governance of Al systems and fair access

In the legal, political and regulatory sphere, these devel-
opments raise questions on whether existing regulatory
and legal procedures suffice for ensuring the responsible
research and effective governance of Al across all sectors
in society, while preserving the innovation dynamics of
the beneficial applications of this emerging technology
(Voeneky and Neuman, 2018; Kaebnick et al., 2016)[42,
43]. Raising awareness and promoting a participatory soci-
etal discourse on the ethical issues around Al is commend-
able and necessary first step for achieving a more inclusive
process of deliberation and technology governance.

At the same time, however, the inherent complexity
of human-AI interaction and the many stakeholders in
AI could also produce a potential problem of “perpetual
ethics”—an infinite loop of inter- and transdisciplinary
debate without a mechanism and route for democratically
legitimized and evidence-based sociopolitical adaptations
in the form of laws, rules and regulations.

We can already see how the big five technology com-
panies are all too eager to participate in (some might say
usurp) the ethical discourse around Al and neurotechnol-
ogy (Murgia and Shrikanth, 2019; Hoffmann, 2017). A dem-
ocratically grounded process of multistakeholder deliber-
ation on the ethics of Al and neurotechnology, however,
requires equal and fair access to the debate in the public
sphere, rather than the oligopolization of ethical discourse
by academia, experts and big companies. Importantly, re-
searchers of all career levels involved in Al-related disci-
plines (whether from a developmental, computer science
perspective or in applied areas such as medicine) can ac-
tively participate in exerting counterpressure to this dom-
ination of the ethical discourse by private companies by
engaging in science communication and public outreach
at their institutions.

Furthermore, apart from this bottom-up process of a
participatory discourse in societies on equal terms, the
transnational nature of technology governance also re-
quires the involvement of supranational bodies (such
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as the EU) and international organizations (such as the
UNESCO) in developing effective and adaptive instruments
of governance (i.e. laws and regulations) that preserve
the right and freedom to science while making sure that
Al is used to nurturing human well-being and flourishing
rather than feeding the revenue stream of big technology
companies.

Conclusions and outlook

The comprehensive technological change associated with
big data, deep learning and the expansion of the digital in-
frastructure offers many reasons to hope for groundbreak-
ing progress in basic and clinical neuroscience.

At the same time, neuroscience and neurotechnology,
as academic and professional fields, should actively work
towards embedding and integrating research and concep-
tual analysis on the ethical tensions in human-Al interac-
tion into their activities. Basic ethics curricula, at all levels
of secondary education, in all professions engaged in
neuroscience and neurotechnology research and develop-
ment, should become the norm rather than the exception.
We need the coming generations of neuroscientists, pro-
grammers, engineers and other specialists to add ethical
thinking and analysis into to their methodological toolbox
and professional capabilities.

To this end, the comparatively young academic fields
of neuroethics (Kellmeyer et al., 2019) and neurolaw
(Meynen, 2014) are emerging as particularly dynamic (and
partly overlapping) research and teaching environments
for addressing the manifold ethical, legal and social chal-
lenges from human-Al interaction in the arena of neuro-
technology and neuroscience.

Ultimately, from a professional perspective, the en-
gagement with the profound ethical challenges that are
created by large-scale techno-social transformations such
as Al (or gene editing) is not only adding value to our iden-
tity as researchers and/or clinicians in neuroscience but
may, collectively, mitigate negative consequences of this
rapid change for society.

Funding: This work was (partly) supported by the German
Ministry of Education and Research (BMBF) (grant number
13GWO0053D) to the Medical Center — University of Frei-
burg and the German Research Foundation (DFG), grant
number EXC1086, to the University of Freiburg, Germany.
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Glossary

Algorithm: Very generally, an algorithm is a procedure (e.g. a
computation) for solving a particular problem by following
a set of instructions step-by-step. In order to function
properly important features of algorithms are that: the set of
instructions must be definite and without contradictions; each
step must be realizable; the description must be finite; the
final step should produce a result; it should be determinate in
the sense that when repeated under the exact same circum-
stances the result of the procedure should be the same and
that at any given step in the procedure, there is only one option
to proceed.

Artificial Intelligence (Al): Artificial intelligence is an umbrella
term that has many different definitions that to some degree
also depend on the goals that an Al system is designed to
achieve. Most commonly, it refers to a subfield of computer
science that aims at creating computer programs that can
perform tasks that under usual circumstances would require
human intelligence; e. g. speech perception, facial recognition,
navigation, or other tasks.

Artificial Neural Networks (ANN): In the field of » machine
learning, an artificial neural network is a computing program
architecture that is inspired by the structure of neural networks
in animal brains. An ANN in its most basic form consists
of different layers of interconnected units (called nodes or
artificial neurons)—e. g. an input layer, intermediate layer and
output layer. The artificial neuron receives an input (a real
number), performs a computation (using a non-linear function)
and thus creates “weights” which can be used in various forms
of learning. The performance of an ANN depends, among
other factors, on the quality of the input data, the number of
intermediate layers, the degrees of connectedness between
the nodes and the type of learning scenario (e. g. reinforcement
learning).

Bias: In everyday language, bias refers to systematically skewed
decision-making that is often associated with discrimination
and other forms of unfairness. More systematically, e. g. in
the field of psychology, a cognitive bias refers to a systematic
tendency in human decision-making that skews decisions
in a particular way (Tversky and Kahneman, 1975). One
example, from the groundbreaking work on cognitive biases
by the Israeli psychologists Tversky and Kahneman, would be
the “availability bias”, i. e. the tendency to use information
that is readily at hand for judgement (rather than including
information that needs some sourcing). Cognitive biases can
be a useful and adaptive - heuristic under circumstances
that require rapid action but may equally be maladaptive or
irrational in situations that require deeper deliberation or
reflection.

In > machine learning and statistics, in contrast, bias refers
to the difference between a calculated expected estimate (or
value) of a parameter and this parameter’s true value.

Big Data: There is no universally accepted definition on what
parameters qualify a particular data set to be considered
“big data” (Mauro et al., 2015). An early definition, still in use
today in some form or another, by the technology consultancy
Gartner® emphasized the aspects of “high-volume,
high-velocity and/or high-variety information assets” (Gartner,
2003) as being characteristic of big data sets.
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Black Box (aspect of Al / Deep Learning): The black box aspect of
Al is a concern which is often invoked in discussions around
questions of opaqueness, transparency and - interpretability
of > deep learning (and some other Al methods). Usually it
refers to the inability to retro-infer the information content
and processes that have occurred in a trained deep neural
network. One reason is that, unlike your computer’s random
access memory (RAM), information in deep neural networks is
diffused throughout the layers and nodes that makes it next
to impossible to extract. In analogy to the brain, information
storage in ANNs is reflected in the strength of the connected
units rather than in any particular set of nodes or layers.
Many computer scientists are now working on opening this
black box, but no general solution has been developed to the
problem yet (Castelvecchi, 2016).

Brain Data: Data on the structure or function of the brain and its
various components (networks, cells etc.), examples are MRI
images, EEG recordings and other data types.

Convolutional Neural Network: A particular class of > artificial
neural network based on deep learning (also: “deep neural
network”) that is inspired by the connectivity patterns in
the visual cortex. In a convolutional network, each node
(a.k.a “neuron”) in one layer of a multilayer network is fully
connected to all other nodes in the next layer.

Deep Learning: A > machine learning method in which an
- artificial neural network (in that case also referred to
as a “deep neural network”) with many dozens to hundreds
of layers is used for data analysis

Emerging Technologies: General term that refers to technologies
that have been demonstrated to function in a particular
way, but are not yet fully developed and/or realized and are
typically not available in the market place on a large scale.
Current examples would be self-driving cars or brain-computer
interfaces.

Generative Adversarial Networks (GANs): A > machine learning
method in which two - artificial neural networks contest
with each other. One network, the generative network,
produces data structures, for example human faces, and the
other network, the discriminative network, evaluates the
output with regard to certain set specifications (e. g. whether
the faces resemble faces of famous people on which the
discriminator network has been trained with large amounts of
data). The generative network produces data (faces) until the
discriminator network is unable to distinguish between real
faces (that it has been trained on) and generated faces. This
method is a powerful tool for increasing the amount of data for
training neural networks (data augmentation) but can also be
used to produce fake content such as images or videos (“deep
fakes”).

Governance: The process of governing (by supranational bodies,
regional or local authorities) a particular social organization
unit or social system, e. g. a state, territory or community, via
laws, regulation and power.

Graphics Processing Unit (GPU): Parallelized circuits that are
specialized for graphics and image processing and are
generally more efficient than conventional centralized
processing units (CPU).

Heuristic: In cognitive psychology, a heuristic describes a method
for problem-solving, e. g. by an individual, that relies on
immediate and highly automated patterns and/or actions, for
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example the application of guesses, “rule of thumbs” or other
types of intuitive judgments.

Interpretability (of » Machine Learning): The ability to correctly
interpret the results of a machine learning analysis, both in
terms of the distinctive classes or features that the machine
learning program has produced when analyzing the data.

Machine Learning (ML): The most widely used description of
machine learning is “learning without being programmed”,
which points to the fact that methods used for machine
learning at the most general level of description enable a
software / algorithm to discriminate patterns in data and/
or make predictions by learning distinctive features from
these data that are not part of the original set of programming
instructions. There is now an ever growing variety of machine
learning methods, of which - artificial neural networks for
- deep learning are the most popular and successful in recent
years.

Persuasive Technologies: A concept from human-technology
interaction studies in which technologies by virtue of their
particular design features and functions may make the
interaction very persuasive for humans. Persuasiveness can
have a positive connotation, in the sense that a device’s design
enables a compelling and intuitive user experience, but can
also be perceived as negative, in the sense of being overly
manipulative or even deceptive (Fogg, 2003).

User Experience Design: An interdisciplinary research field at the
intersection of industrial design, psychology and cognitive
science that studies human-technology interaction from a
user-centered perspective.

User Interface: A graphics display or other type of output device
that lets a user interact with a computer system. It can have
different features such as being static, dynamic, touch
sensitive, or adaptive.

Technological Solutionism: The societal tendency to turn to
technology first, rather than sociopolitical actions say, for
solving complex problems in the social realm (Morozov,
2014). Examples would be to respond to shortages in human
caregivers by implementing a large-scale program for care
robots or to combatting social isolation and loneliness in
elderly people with a program of free virtual reality headsets
(with an accompanying virtual platform for online
interaction).
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Summary: Technical innovations in the last decade have
allowed to sequence transcriptomes of single cells. Sin-
gle-cell RNA-sequencing (scRNA-seq) has since then
opened the window to a deeper understanding of cel-
lular identity and is becoming a widely used method in
molecular biology. In neuroscience, scRNA-seq has broad
applications, for example in determining cellular diver-
sity in different brain regions and in revealing transcrip-
tomic variations across brain disorders. The method con-
sists of several steps: isolation and lysis of single cells,
reverse transcription of RNAs, amplification of cDNAs,
and next-generation sequencing. The large datasets can
subsequently be analysed using different bioinformatic
tools to deduce biological meaning. Current developments
aim to integrate scRNA-seq into cellular network analysis
through multimodal analysis, spatial localisation and
perturbation experiments, in order to understand brain
physiology and pathology.

Keywords: Transcriptome, diversity, network integration,
neurological disorder, bioinformatics

Zusammenfassung: Durch technische Innovationen wurde
es in den letzten zehn Jahren mdglich, das Transkriptom
einzelner Zellen zu sequenzieren. Die Einzelzell-RNA-
Sequenzierung (scRNA-seq) liefert ein tieferes Verstind-
nis der zelluldren Identitdt und ist inzwischen eine Stan-
dardmethode der Molekularbiologie geworden. In den
Neurowissenschaften wird scRNA-seq beispielsweise zur
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Bestimmung der zelluldren Diversitédt verschiedener Hirn-
regionen und zur Analyse transkriptomischer Variationen
bei Hirnerkrankungen angewandt. Die folgenden Schritte
sind nétig: Isolierung und Lyse einzelner Zellen, reverse
Transkription von RNAs, Amplifikation von ¢cDNAs und
Next-Generation-Sequenzierung. Die Datensdtze werden
anschlieflend mit bioinformatischen Methoden analysiert,
um sie zu interpretieren. Aktuelle Entwicklungen zielen
darauf ab, scRNA-seq durch multimodale Analyse, raum-
liche Lokalisierung und Stérungsexperimente in die zellu-
lare Netzwerkanalyse zu integrieren, um Neurophysiologie
und -pathologie besser zu verstehen.

Schliisselworter: Transkriptom, Diversitédt, Netzwerkinte-
gration, neurologische Erkrankungen, Bioinformatik

Introduction

The physiological, morphological, and molecular prop-
erties of an individual cell define its role in neural net-
works. Molecular properties contribute to physiological
and morphological features and can be determined in
high throughput by analysing the global ensemble of
mRNA transcripts, also known as the transcriptome. For
many years, analysing the transcriptomes of specific brain
regions was made possible through microarrays and bulk
transcriptomic analysis (Figure 1A). These studies have
been extremely informative, for example, in revealing tran-
scriptomic differences between brain regions, biological
states, or healthy and diseased tissue samples. However,
bulk RNA sequencing requires homogenization of entire
tissue samples, masking differences between cells. Ad-
dressing cellular diversity is crucial for understanding
the brain, where dozens of cell types are found in close
proximity. In 2009, the first single-cell RNA-sequencing
(scRNA-seq) protocol was developed (Tang et al., 2009).
Since then, scRNA-seq has transformed several research
fields rendering it an essential tool in modern molecular
biology. In this review, we aim to introduce the technical
foundations of scRNA-seq and highlight some of its appli-
cations in basic and translational neuroscience research.
In doing so, we hope to orient those new to the field and
also those eager to start planning scRNA-seq experiments.
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Fig. 1: Overview of the development of scRNA-seq in the last decade. (A) Overview of Bulk RNA-seq workflow, (B) overview of single-cell
RNA-seq workflow, (C) schematic of current developments in single cell analysis.



DE GRUYTER

Technical basics: Single-cell
RNA-Sequencing Workflow

Over the past decade, scRNA-seq has undergone a process
of commercialisation and diversification (Chen et al.,
2019; Hwang et al., 2018; Lafzi et al., 2018). Here, we will
discuss the basic steps shared by all methods (Figure 1B),
an understanding of which is essential when selecting a
method for one’s own experimental question.

1 Dissociation

Single cells are isolated from their tissue context, removing
their contacts to each other and the extracellular matrix.
A combination of mechanical and enzymatic strategies is
used to generate a single-cell suspension (Hedlund and
Deng, 2018). Depending on the experimental question, in
some studies, authors also include fluorescence activated
cell sorting (FACS) in order to isolate cell populations of
interest. The isolation of neural cells can be especially
challenging due to their high degree of connectivity in net-
works and their complex morphologies. Therefore, locally
translated dendritic and axonal RNAs may be lost (Cajigas
etal., 2012).

Additionally, stress induced by dissociation and FACS
may influence gene expression leading to upregulation
of immediate early genes and heat shock proteins intro-
ducing technical artifacts (van den Brink et al., 2017).
Dissociation protocols may be adapted to reduce stress,
for example, by a transcription inhibitor (Hrvatin et al.,
2018; Wu et al., 2017). Alternatively, transcriptomes can be
determined from frozen tissue samples through extraction
of single nuclei (snRNA-Seq) (Grindberg et al., 2013; Habib
etal., 2016; Lacar et al., 2016).

2 Single-cell capture

Single cells can be captured using different methods that
are characterized by specific advantages (for a compre-
hensive review on this topic, see (Wang et al., 2019)). In
short, three main systems are commercially available:
microfluidics (e. g. Fluidigm C1, (Pollen et al., 2014)), na-
nowell-based system (e.g. Clontech iCell8 (Goldstein et
al., 2017)), and nano-droplets (e.g. 10x Genomics (Klein
et al., 2015; Macosko et al., 2015)). 10x Genomics is cur-
rently widely used due to its high throughput of several
thousand single cells analysed per experiment.
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3 Preparation for the sequencing

After capturing single cells, cells are lysed, and reverse
transcription of the RNA is performed. Oligo (dT)-primers
are used to generate cDNA of all poly-A-tagged RNA, which
is then further amplified through different PCR reactions.
Amplification by PCR may cause bias as the exponential
amplification distorts the frequency of transcripts towards
shorter and GC-rich templates. Finally, sequencing librar-
ies are produced by adding adapters at the 3’ and the 5
end of the cDNA for subsequent Next Generation Sequenc-
ing (most commonly Illumina Sequencing).

4 Bioinformatics analysis

The raw sequencing data is processed and analysed
using bioinformatics tools to extract meaningful biolog-
ical information (AlJanahi et al., 2018; Chen et al., 2019;
Hwang et al., 2018; Luecken and Theis, 2019; Nguyen
and Holmes, 2019). While there is ongoing development,
open-source software packages, including Seurat (Butler
et al., 2018) and Scanpy (Wolf et al., 2018) (written in R
and Python programming language respectively) provide
a good starting point for such analyses. First, sequenc-
ing reads are mapped to the genome, and quality control
measures are implemented (AlJanahi et al., 2018; Luecken
and Theis, 2019). The data is high dimensional since every
gene in each cell has a specific expression value, thus
making analysis mandatory for biological interpretation.
In clustering approaches, cells with similar gene expres-
sion are grouped in clusters and mapped to known cell
types through marker gene expression (Chen et al., 2019;
Hwang et al., 2018). As these clusters appear in high-di-
mensional spaces, it is not possible to visualise them
without dimensionality reduction (Nguyen and Holmes,
2019). Simple projections onto certain coordinates lead to
loss of information about similarity, which is often better
preserved by more complex projections such as t-stochas-
tic neighbour embedding (t-SNE) which provides two-di-
mensional plots as shown in Figure 1B (van der Maaten
and Hinton, 2008). As these transformations condense in-
formation from the original data, it is crucial to interpret
with caution. An alternative analysis strategy is to investi-
gate the progression of cell types in a lineage or a disease
pathology with pseudotime analysis where an emphasis
is put on the continuity of cell states in the population
(Hwang et al., 2018).

Due to the various artifacts that can be introduced in
any of the steps from dissociation to bioinformatics anal-
ysis, validation by orthogonal methods is crucial. Valida-
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tion can be performed for example through qRT-PCR, in
situ hybridization or immunohistochemistry approaches
in the tissue, or functionally through perturbation exper-
iments.

Applications in basic neuroscience
research — atlasing and beyond

scRNA-seq has been used to address diverse questions
in basic neuroscience. For instance, scRNA-seq has been
used to catalogue cell types in different brain areas (Mayer
et al., 2018; Nowakowski et al., 2017; Zeisel et al., 2015).

The successful use of scRNA-seq in characterising all
cell types in a tissue on the molecular level has led to the
initiation of the Cell Atlas, a global effort aiming to cata-
logue all the cells in the human body including the brain
through scRNA-seq (Regev et al., 2017). Current efforts are
seeking to mimic human brain development and phys-
iology in vitro through the generation of organoids (Ka-
doshima et al., 2013; Lancaster et al., 2013; Pasca et al.,
2015). The characterisation and benchmarking of orga-
noid protocols has heavily relied on scRNA-seq since this
method allows the molecular analysis of cells in a het-
erogeneous tissue (Camp et al., 2015; Pollen et al., 2019;
Velasco et al., 2019).

In most studies, transcriptomic findings remain to be
linked to the physiological function of cells. One study has
already demonstrated the power of scRNA-seq by showing
transcriptomic responses to light exposure in dark-reared
mice in all cell types, including those associated with the
vasculature (Hrvatin et al., 2018). In another study, scR-
NA-seq has revealed cell-type-specific responses to mor-
phine treatment and revealed substantial changes in glial
cells (Avey et al., 2018). Further research on short and
long-term consequences in gene expression in response to
external stimuli will contribute to a deeper understanding
of neural plasticity and learning processes.

Current developments in single-cell
analysis

New technologies have been developed in order to inte-
grate single-cell transcriptomics into traditional methods
allowing the implementation of more complex experimen-
tal designs (Figure 1C). Here, we highlight recent develop-
ments that integrate scRNA-seq into other experimental
approaches.
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Multimodal analysis

One criticism of scRNA-seq is that the transcriptome is an
incomplete proxy of cell type or cell state. Instead, cellular
classification by other features that are more permanent
such as the epigenetic landscape, or have a more direct
functional importance, such as the proteome, would be
preferable. In the last years, several developments have
started to enable multimodal analysis, which means that
more than one molecular feature is analysed at the sin-
gle-cell level in high throughput. Now methods are becom-
ing available to combine the transcriptome with the epig-
enome (Lake et al., 2018) or the proteome (Schenk et al.,
2019). Additionally, it is possible to analyse intracellular
signalling cascade activation, together with the transcrip-
tome in fixed cells (Gerlach et al., 2019).

Integrating physiology with scRNA-seq

Neuronal cells are organized in networks in order to realize
complex behaviours and cognitive tasks. The individual
physiological properties of a neuron are thus of great im-
portance for its function. For a comprehensive understand-
ing of neuronal function, combining electrophysiological
recordings with scRNA-seq is therefore essential. In 2016,
this feat was first achieved by combining patch-clamp
recordings with scRNA-seq through the aspiration of the
cytoplasm after the electrophysiological recordings and
subsequent transcriptome analysis (Cadwell et al., 2016;
Fuzik et al., 2016). This approach, called Patch-seq, com-
bines classical physiological recordings with scRNA-seq as
well as connectivity and morphology in intact tissue slices
with low throughput (Pfeffer and Beltramo, 2017).
Traditionally, intracellular calcium levels are used
as an indicator of neuronal activity and can be measured
at single-cell resolution in tissue slices or live animals
in order to examine activity in many cells in a neuronal
network at the same time (Rochefort et al., 2008). Making
use of a classical calcium indicator, we have recently de-
veloped an approach, where we combine calcium imaging
with transcriptome analysis in dissociated cells using
a microfluidic system (Mayer et al., 2019). Combining
calcium imaging and scRNA-seq has allowed us to reach a
higher throughput (approximately 30 cells per experiment
or day) than Patch-Seq (Mayer et al., 2019). Moreover,
the analysis of dissociated single cells has allowed us to
analyse cell-autonomous physiological responses that do
not rely on network activity. Our technique thus provides
an example of multimodal single-cell analysis, where we
monitor several cellular features, namely the responses to
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six different neurotransmitter receptor agonists and the
single-cell transcriptomes at the same time (Mayer et al.,
2019). We found that analysing physiological and molecu-
lar properties of single neuronal progenitor cells or imma-
ture neurons at the same time allowed us to gain a better
understanding of the functional importance of transcrip-
tomic cell type differences (Mayer et al., 2019). Further
developments in this field will allow the integration of
calcium imaging with scRNA-seq in the tissue context (Liu
etal., 2018), thus integrating scRNA-seq with systems neu-
roscience.

Spatial transcriptomics

Spatial transcriptomic methods that determine RNA
content in cells while preserving the tissue location have
been developed in order to prevent dissociation biases and
may also allow subsequent analysis of proteins through
immunohistochemistry. There are several protocols avail-
able, some also commercially, which each come with their
strengths and weaknesses (Eng et al., 2019; Salmen et al.,
2018; Wang et al., 2018). When choosing the protocol for
one’s experimental question, one should consider the
spatial resolution, the number of genes studied, the sen-
sitivity, and the throughput. Besides, it is also possible to
analyze physical interactions between cells together with
scRNA-seq in live tissue by using microdissection and mild
dissociation (Boisset et al., 2018).

Perturbation experiments

Another advance is the possibility to perform gain and loss
of function studies with the integration of CRISPR-Cas9
genome editing. This technique is especially powerful
for lineage tracing in developmental biology studies, and
has been applied to reveal unknown lineage connections
in the brain and other organs (Alemany et al., 2018; Grif-
fiths et al., 2018; Raj et al., 2018) and to discover molec-
ular drivers for differentiation (Genga et al., 2019). CRIS-
PR-based screening is also available commercially through
10x Genomics.
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Clinical applications: Stratification
of molecular pathology

Due to its strength in analysing molecular properties of
single-cells in heterogeneous tissue with high dimen-
sionality and throughput, scRNA-seq has proven to be
beneficial in studying the molecular pathology of various
disorders. For example, in a mouse model of Alzheimer’s
disease, scRNA-seq has revealed that different microglial
states exist (Keren-Shaul et al., 2017). snRNA-seq has
opened a whole new toolbox for the analysis of human
pathological processes at the molecular level, including
neurological disorders (Habib et al., 2016). For instance, in
human Alzheimer patient brain samples, differential gene
expression was found in various sub-clusters of excitatory,
inhibitory, and glial cells (Mathys et al., 2019). Cellular pa-
thology of multiple sclerosis has also recently been inves-
tigated with snRNA-seq revealing pathological changes to
specific subgroups of neurons and glial cells showing, for
example, selective vulnerability of upper cortical layer ex-
citatory neurons (Jakel et al., 2019; Schirmer et al., 2019).
snRNA-seq of autism spectrum disorder samples has sim-
ilarly revealed changes in upper layer excitatory neurons
as well as microglial cells (Velmeshev et al., 2019). The un-
biased analysis of all cell types thus reveals specific contri-
butions of cell types that are often overlooked such as glial
or senescent cells, but play an important role in disease
(Baker and Petersen, 2018). These studies highlight the im-
portance of stratification — different subtypes of cells are
differentially involved in disease, and this understanding
will allow identifying targets for drug development in the
future.

The application of scRNA-seq to clinical research
questions will have a significant impact on human health
and society. On the European level, the vision of using
and further developing single-cell methods has led to the
launch of the LifeTime Initiative (lifetime-fetflagship.eu),
which has as a mission to “Revolutionize healthcare by
tracking, understanding, and treating human cells during
diseases”.
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Abstract: This esssay is a personal account of the evolution
of Neurochemistry in the past century. It describes in par-
allel the authors way from chemistry to biochemistry and
finally to Neurochemistry and the progress of a most ex-
citing chapter of the Life Sciences. It covers the successful
time period of reductionist research (by no means compre-
hensively), which lay the ground for the recent and future
systems approach. This development promises answers to
fundamental questions of our existence as human beings.

Keywords: Chemistry; Biochemistry; Life Science; Neuro-
chemistry

Zusammenfassung: Dieser Essay ist ein personlicher
Bericht iiber die Entwicklung der Neurochemie im ver-
gangenen Jahrhundert. Er beschreibt parallel den Wer-
degang des Autors vom Chemiker zum Biochemiker und
schlief3lich zum Neurochemiker, und den Fortschritt eines
der aufregendsten Kapitel der Lebenswissenschaften.
Er behandelt den erfolgreichen reduktionistischen For-
schungsansatz (keineswegs umfassend oder liickenlos!),
der Grundlage fiir den systembiologischen Ansatz unserer
Tage und der absehbaren Zukunft ist. Diese Entwicklung
verspricht Antworten auf fundamentale Fragen unserer
Existenz als menschliche Wesen.

Schliisselworter: Chemie, Biochemie, Lebenswissenschaf-
ten, Neurochemie

Neurochemistry is a branch of Biochemistry. Biochem-
istry in turn originates from Chemistry and Physiology.
The latter branched off from Medicine. As a whole this
sequence describes in brief the reductionist pathway of
life science research in the time span from the late 19th
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century up to our times. Reductionism was hoped to solve
two of the most fundamental riddles which were central to
human thinking since antiquity: The world, believed to be
composed of ,mind and matter‘, poses the question: What
is life? The neurochemist goes one step further and asks:
what is mind (conciousness, cognition, free will)? The
physiologist Emil du Bois-Reymond (1818-1896) included
these questions in his ,seven riddles‘ (Finkelstein 2013)
and summarized his answer in 1880 in his famous “igno-
ramus et ignorabimus” (“we don‘t know and we never will
know™). Never say ‘never’, because this could be the end
of human curiosity and research, preventing discoveries
including new methods of investigation.

In the 20th century the question What is life was
most vividly posed by physicists like the Nobel laureates
Erwin Schrédinger (Schrodinger 1944; Fischer ed., 1987)
and Max Delbriick (Delbriick 1986). Why physicists? In
times of Quantum Physics they suspected a novel matter/
mind dualism in living matter similar to the wave/particle
dualism of light (Delbriick) or they were waiting for the
discovery of still unknown physical laws (Schrédinger).
Neither proved to be right.

I found among my notes of a biochemistry lecture pre-
sented by Kurt Wallenfels, my teacher and PhD supervisor
at the University of Freiburg/Brsg. a quotation by Linus
Pauling (1962): “Life is a property between molecules and
not a property of any molecule“. In other words: There is
not a single molecule (or at that a group of molecules) de-
fining life. Rather life is a system of interacting molecules
which makes matter live. Similarly, there is no vis vitalis
(a “living force”, still postulated by some in the first half
of the 20" century; see also the last significant dualist
treatise: (Popper and Eccles, 1977). Rather life is a special
state of the known existing forces, — it is a set of physical
parameters embedded in the laws of physics, especially
of thermodynamics, which define the living state. The 2
Law of Thermodynamics postulates an increase of entropy
of a system for any exothermic process. Life is a highly un-
likely, extremely ordered state of matter, a state of reduced
(negative) entropy (Schrodinger,1944). This state can be
maintained only as an open system far away from equilib-
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rium (for non-equilibrium thermodynamics see (Prigogine
and Stengers, 1981,). Today we would say: This open
system extends to the environment of the living organism,
and by that includes signal processing and epigenetics.
If all processes, metabolic reactions, transport phenom-
ena, information exchange, etc. in living matter like cells
and organisms reach equilibrium it means the matter is
dead.

So thermodynamics come close to a convincing defini-
tion of life and death. We have to admit that this definition
leaves many questions unanswered. Our textbooks of bio-
chemistry list in their opening chapters many properties
of living matter: metabolism, identical self replication etc.
But none subscribes to dualism, none even postulates a
special “mind stuff”, as the philosopher/neuroscientist
Daniel Dennett names it ironically (Dennett 1991). The
answer to the two questions, the topic of this essay must
be found within the laws of physics and chemistry. No
serious scientist disagrees.

Given the complexity and the seemingly unsolvability
of the problem, it is not surprising that the interest of many
researchers faded away and the still unanswered question
“What is Life” was set aside for the time being. Molecular
Medicine seemed more urgent and rewarding. Recently
we observe a certain resurgence of the fundamental ques-
tion in connection with the growth of a new branch of
molecular biology with the rather diffuse denomination
‘Synthetic Biology’ (Kochy und Hiimpel, eds., 2012). Molec-
ular biologists in this field construct among others living
matter from organic (‘dead’) building blocks. They tinker
with genomes and genes and try a top down approach
asking how few genes are necessary and sufficient to
maintain life. If this will be successful, will it answer our
question?

How to become a Biochemist

‘What is Life’ is not the main topic of this essay. Here I
would like to ponder over the development of Biochemis-
try into Molecular Biology and Cell Biology and to one of its
most exciting, though mysterious fields: Neurochemistry.
This includes the second “ignoramus, ignorabimus?”, the
most fascinating fact that there is matter in this universe
which is not only alive but is conscious and able to think.
As was mentioned above, biochemistry has its roots in
medical physiology and chemistry of the beginning of the
20" century. I follow this evolution from the viewpoint of
a biochemist who started out as a chemist at a time when
biochemistry curricula at German universities were still
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rare. Two impulses started this evolution: One came from
basic science asking fundamental questions like the two
questions posed in the introductory paragraph above. The
other was triggered by the urgent need to get a better un-
derstanding and treatment of the many devastating human
diseases. I describe this evolutionary pathway following
the pathway of the scientific life of a typical biochemist:

Up to the sixties of last century there was only one cur-
riculum of biochemistry offered by a German university,
established by Giinther Weitzel at the university of Tiibin-
gen and started in 1962.

Outside Tiibingen therefore one possible way to
become a ‘biochemist’ was to study chemistry (an awfully
lengthy and tedious curriculum) and finish this with an
experimental diploma work and a subsequent PhD thesis
under the supervision of an ‘Organic Chemist’ interested in
the chemistry of life. My choice in Freiburg was Kurt Wal-
lenfels who together with his group synthesized among
others homo- and heterocyclic aromatic compounds with
strained m-electron systems. This topic is not too far away
from electron transfer molecules used by most aerobic or-
ganisms in a variety of coenzymes. The Wallenfels group
developed more and more interest in biocatalysts (enzyme
proteins with and without coenzymes. Of course nothing
was heard of RNA- or DNA enzymes at this time).

For the young chemist this offered an attractive entry
door from dead chemicals to the chemistry of life: catal-
ysis is an important topic in chemistry and biophysics.
The same laws executed with different means and mech-
anisms, this was enzymology! Enzyme kinetics analyzed
with appropriate assays was quite a challenge, promising
insight into the structure and function of biocatalysts.
Biocatalysts on the other hand are essential for metabo-
lism. One prime difference compared to non-bio catalysts
makes enzymes even more interesting: they are flexible;
they are able to adjust their efficiency to the needs of an or-
ganism. Enzyme regulation is another most important re-
search topic of enzymology. But at the beginning of all bio-
chemical research in ‘pre-cloning times’ was purification.
“First purify than think! Don’t waste pure thinking time on
dirty enzymes” was a statement by an unknown biochem-
ist pinned to the door of my lab. Wisdom like this set the
stage for another development essential for the evolution
of biochemistry: One could write a history of biochemistry
as a history of methods and machinery. Centrifugation,
electrophoresis chromatography developed their specific
applications in preparative biochemistry. On the struc-
tural side progress in protein and DNA/RNA sequencing,
X-ray crystallography, mass spectrometry, electron micros-
copy and the tremendous variety of light microscopic tech-
niques secured advances, just to name few.
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To sum up what I as a biochemist see in retrospect:
Biochemistry came a long way, originating from physiology.
One could say simplistically: it dealt with organs and organ-
isms, i. e. with systems, proceeded to reduced cellular entities
and molecules. It returned to molecular systems and moved
on to Systems Biology as part of Life Science in our times.
The most complex and challenging system known so far is
the thinking matter of mind. Let me go on in my description
of my personal way from chemistry to Neuroscience.

From Lifescience to Neuroscience:
The reductionist approach

With regret we see that more and more specialist fields
develop in science. On the other hand definitions of
those specialties become more difficult and less useful:
what is biochemistry? It used to be the chemistry of life.
Not knowing what life really is this definition does not
make much sense. Some colleagues in the field prefer to
call their field molecular biology. This implies that we
reduce our focus to molecules rather than cells, organs
and organisms. And today the term Life-science makes
all previous definitions oblique and reunifies scientist
from so diverse fields as informatics, ultra structure re-
search, immunology, development, molecular genetics,
and many others. It enables specialists to enter new fields
and allows them to join teams and cooperations in their
effort to add partial answers to our persisting and unan-
swered questions. As we have seen, by this re-definition
the biochemist could move in the middle of the previous
century from chemistry, via catalysis and enzymology to
metabolic regulation and finally to — Neurochemistry.
This latter step needs explanation: what made me, the
chemist, a neurochemist?

The obvious answer could be: The obligatory structure
of the academic career in Germany of that time: To grow
up to an independent researcher required a ‘Habilitation’.
This was a major step, which after completion allowed to
ask oneself: what now? Shall I continue as before or shall
I grasp the opportunity to channel my curiosity to an en-
tirely new field? In the early seventies of last century James
Watson at Cold Spring Harbor/New York initiated courses
aiming at young scientists from various fields who like
me were looking for exciting new challenges. This was a
wonderful opportunity: three immensely intensive course
weeks at a world center of research with great teachers,
a Nobel laureate or somebody of similar caliber flown in
every other day, W. M. (Max) Cowan slicing three human
brains, explaining the overall architecture of the CNS and
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its development, Thorsten Wiesel elaborating the visual
system and its columnar structure, — a constant flow of
information from 11.00 a. m. to midnight, ‘brain food’ for
a scientist’s life span.

These were the heydays of reductionist Neuroscience.
Neuroscience had gone molecular decades before, exem-
plified by the cholinergic system, my central field of re-
search over the decades 1973-2005: In 1929 Otto Lowi dis-
covered the *Vagusstoff’, identified by Sir Henry Dale as
acetyl choline shortly thereafter (Nobel prize in Physiology
or Medicine in 1936). Sir John Eccles (Nobel Prize in 1963),
Sir Bernhard Katz (Nobel Prize 1970), Bert Sakmann and
Erwin Neher (Nobel Prize 1991) among others opened the
door to our present-day picture of ‘chemical neurotrans-
mission’. The latter three names are linked to the most
important development of electrophysiology in the twen-
tieth century, proceeding from wholesale measurements
of membrane potentials of excitable cells to single channel
currents, i.e. to the molecular events underlying nerve
impulses. The cholinergic system became my playground
starting at Cold Spring Harbor in 1973. After these exciting
(and exhausting!) weeks organized by John Nicholls (Neu-
rophysiologist at the Biocenter of the Basel University/
Switzerland) and his team I went to the laboratory of Jean-
Pierre Changeux at the Institute Pasteur in Paris to apply
experimentally what I had learned just in theory: Ilearned
to purify (remember: “first purify then think...”) the Nic-
otinic Acetylcholine Receptor, a protein which Changeux
had identified as an entity different from the acetylcho-
linesterase, the enzyme catalyzing the removal of the
‘Vagusstoff,” the neurotransmitter acetylcholine, from
cholinergic synapses. I solved the quaternary structure
of the receptor from the electric tissue of the electric eel
Electrophorus electricus. Work on a protein in the stimu-
lating atmosphere of Changeux’ laboratory, the discoverer
of allosterism as a fundamental mechanism of regulation
of oligomeric biocatalysts, gave a good start. I was able to
contribute to an entirely new field, on the basis of what I
had learned as a chemist/biochemist before.

Meanwhile Neurochemistry became molecular
throughout: Shosaku Numa was first to clone and se-
quence a cDNA coding for the a-subunit of the nicotinic
acetylcholine receptor from the electric ray Torpedo spc.
(1982), with many others to follow. Ion channels, trans-
porters, components of what became the new field of
signal transduction and intracellular signaling emerged
from various experimental approaches and were charac-
terized on the molecular level. More and more 3D struc-
tures were elucidated with atomic resolution.

In brief: What is reductionism? The final aim of neu-
roscience is to understand the (human) brain, presumably
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the only substance in the universe able to think, to be con-
scious, and to exert a free will (of course the human brain
shares these capacities with other animals to varying
degrees). One method to understand it is to analyze its
functional elements. Among these elements ion channels,
receptors, transporters, membranes, synapses play impor-
tant roles. Reductionists hope to reconstruct complex func-
tions of nerve systems from their functional components.
Of course this implies already the limits of this method:
The whole (the system) is always more than just the sum of
its parts. A word is more than the addition of letters. Even
more so are complex texts, composed of words, sentences,
language. A meaningful text requires more than letters
and words: Without grammar and semantics there is no
useful text in any language.

Fortunately, the functional molecular components
in the nervous systems throughout the animal kingdom
follow similar principles: Therefore reductionism on the
organismic scale was (and still is) useful. To understand
signaling of nervous systems does not require investi-
gation of the human brain. Nerve impulse propagation
was elucidated with squid giant axons, simple nervous
systems underlying behavior were successfully investi-
gated with invertebrates like the leech and the sea snail
aplysia, just to mention two examples. This type or reduc-
tionism is called methodological reductionism. Philoso-
phers (Wuketits 1989) add to it a strategy which is called
“Episthemiological Reductionism” which as a matter of
fact is an expansion which helps to discover more com-
prehensive principles. A third definition of reductionism,
called “Ontological Reductionism”, has to be discarded at
least for the Life Sciences because it postulates to reduce
a complex phenomenon to its ‘smallest parts’. Methodo-
logical Reductionism can be exemplified by molecular
genetics: “What is true for Escherichia coli is true for the
elephant”, this is a famous definition of the reductionist
belief by the micro biologist Jacques Monod (Nobel prize
1965). It is still valid today with respect e.g. to the DNA
structure, the genetic code and some features of gene
expression, but the limitations of its meaning for the ge-
netics (incl. epigenetics) of ‘higher’ organism is obvious.
First of all, the genome is a system, a network of about
20.000 genes (in humans) the expression of which is reg-
ulated manifold, via expression factors, gene products
and signaling cascades, just to name a few regulators.
The expression pattern, not the genes as such make the
species and the individual. It is trivial to state: both the
reduction of genetics to its molecular elements and the
sum of the molecular interactions in the system must be
elucidated to understand molecular genetics. It is not
either reductionism or systems biology; both are funda-
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mental to understanding complex phenomena as life and
mind.

In a thoughtful essay in this journal Martin Heisen-
berg covers this subject, albeit limited to animal (Drosoph-
ila) life (Heisenberg, M. 2018). In this essay Heisenberg
narrows the gap between Mind and Matter: Mind (german
Geist, Seele) is an important result of evolution which
increases the fitness of an organism for survival and re-
production. Heisenberg in his essay calls this beneficial
property behavior and he observes in the insect’s behav-
ior “indirect, mental” elements as for example’intention-
ality’, ‘attention’, ‘formation of hypotheses’, ‘emotions’,
‘motivation’ ‘sociality’ etc. All living organisms ‘behave’ (if
we accept the definition that behavior is the interaction of
an individual organism with others and with its environ-
ment). To improve and sustain behavior signal reception
and processing, signaling cascades and finally nerves and
neuronal systems evolved. All living organisms accord-
ingly possess mind (again: german Geist, Seele). Note that
this definition does not include consciousness, free will!
It describes an increase of complexity, at the end of which
stands the most complex matter known, the human brain.
Philosophers coined the term emergence: the conscious
mind is emerging from dead matter via life matter and
unconscious nervous tissues. Consciousness is located in
the cortex of the brain; most of the human brain is uncon-
scious. But what is the difference in structure and func-
tional mechanism of the unconscious and the conscious?
This is the other ‘ignoramus’, the fascinating property of
thinking matter: The human brain is not only alive, it can
dream (passively), actively plan, intend, want, — but how?
ignorabimus?

Neuropharmacology

The prime beneficiary of reductionist neuroscience was —
and still is — molecular pharmacology. Molecules involved
in nerve impulse propagation and transmission are targets
of drugs and therapeutic treatments. This was one of the
justifications of receptorology: Neurotransmitter receptors
are key protein molecules pivotal in signal transmission
and processing. They were postulated to exist by J.N.
Langley (1878) long before being isolated in the test tube.
Langley coined the term ‘receptive substance’ in 1905. Re-
ceptors were first identified and isolated in the seventies of
last century. Up to that time they were more or less plausi-
ble concepts, no molecular realities. After a time of tedious
protein identification and purification, the field exploded
with the advent of cloning technologies.



DE GRUYTER

Diversity through multiplicty: Classical neuro-
chemistry had discovered a rather limited number of neu-
rotransmitters so far, small molecules transmitting the
electrical signal from the presynaptic side of a synapse
over the synaptic cleft to the postsynaptic side where they
trigger an electrical signal again (or a signaling cascade of
molecules within the target cell, respectively). The paucity
of neurotransmitters seemed to be in contrast to the vast
multiplicity of functions in the brain. One would expect
that novel properties of many molecules interacting as
‘systems’ emerge from complexity. How can this happen
if only one dozen or two transmitters and their respective
receptors are available? The solution (at least in part) was
found in the multiplicity of receptors: Most of the transmit-
ter receptors are hetero oligomeric proteins. They occur in
various combinations of similar but distinctively different
polypeptide chains. The prototype inhibitory GABA, Re-
ceptor e. g. is a pentamer composed of four (resp. 5) types
of polypeptide chain coming in a number of variants. The-
oretically one can easily construct more than thousand
different hetero pentamers with them. Of course not all of
them occur in vivo. But it opens not only the possibility of
quite a variety of tissue specific expression and function
of the various subunits and by that of different receptors.
It also offers a multitude of small molecule-binding sites,
which are often located at the interfaces between subunits.
The recently published high resolution 3D structure of a
GABA, Receptor elucidated by electron cryo-microscopy
with the receptor protein heterologously expressed in HEK
cells and functionally reconstituted in lipid nanodiscs is
proof of this principle. This receptor is an inhibitory ligand
gated chloride channel. Its specificity for benzodiazepine
binding requires the presence of the 32 subunit. The trans-
mitter GABA binds to the aof3 interface while benzodiaze-
pines bind (non competitively) to the ay interface, the high
resolution images of which give optimal information for
rational drug design. The molecular basis of receptor mul-
tiplicity and functional diversity of drug targets is hoped
to lead to more specific drugs with fewer side effects. But
on the other hand it introduces a level of complexity which
makes research more challenging. This may be a reason
why we observe that many of the major drug companies
gave up CNS research alltogether. They are not willing to
risk the time and money it takes to bring a drug candidate
from the “bench to the bedside”. This observation is in
favor of investing more into government supported basic
research at universities and public institutions.

Toxins as tools in Neurochemistry: The best molec-
ular neuropharmacologist is still ‘Mother Nature’: Many
animals use neurotoxins as a means for defense and for
hunting prey. Most of them interact in minute amounts
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with maximal specificity with key functional sites in the
nervous system of enemies resp. prey. By this they supply
science with efficient tools to identify and analyse such
sites: Snake venom toxins (e.g. a-Bungarotoxin), Black
widow spider toxins (a-Latrotoxin), Scorpion toxins, Tet-
rodotoxin, but also sea anemone toxins and toxins from
plants and bacteria are a few examples of the long list of
this potent tool kit which served basic science to isolate
receptors, ion channels, synaptic components, and other
signaling molecules.

This leads me to a more political aspect of my activity
in the years starting in the early eighties of last century: my
cooperations and friendship with colleagues in the former
Soviet Union. Traditionally life scientists were oriented
westwards. Accepting a position in Berlin (then called
“Westberlin”) in 1979 made me turn around and look for
links to the East, hoping to pierce tiny holes into the Iron
Curtain. Of course official support of these activities on
the Russian side was stimulated by non-scientific after-
thoughts circling around the deadly neurotoxins (Leiten-
berg and Zilinskas 2012), but the positive ‘side effect’
was a vivid exchange of contacts, symposia and summer
schools. These contacts resulted in fruitful cooperations
with the best Russian neurochemists, culminating in a 1
1/2 year visit in my laboratory by Victor Tsetlin, who was
awarded a Humboldt professorship.

Trends of the past, present, and
future

Neurochemistry came a long way, from medicine, chemis-
try, biochemistry, to its present day state. In other words: it
proceeded from biological systems, through reductionism
focussing on simple models and functional components,
and it arrived again at systems biology. The basic ques-
tions, the starting point of this essay, remain unanswered.
The common answer to both questions is: ignoramus, but
they will be answered, if not by this or the next generation
by a generation to come: with new ideas and new methods.
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Presentation of Scientific Institutions

Christian Schmahl and Sylvia Cackowski*

Research Training Group (RTG) /
Graduiertenkolleg (GRK) 2350

“Impact of Adverse Childhood Experiences on Psychosocial and Somatic Conditions Across

the Lifespan”
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In April 2018, the Research Training Group (RTG) 2350
“Impact of Adverse Childhood Experiences on Psychoso-
cial and Somatic Conditions Across the Lifespan” which is
funded by the German Research Foundation (DFG) started.
The RTG 2350 investigates psychosocial, neurobiological,
and somatic sequelae of adverse childhood experiences
(ACE) in 15 different projects. It is embedded in the central
lines of research at the Central Institute of Mental Health
(CIMH) and the Medical Faculty Heidelberg (MFH), with
two already existing BMBF funded networks on trauma-re-
lated disorders and existing patient cohorts, and based on
long-lasting experience with doctoral training programs.
ACE such as sexual and physical abuse or neglect are fre-
quent in childhood and constitute a massive stressor with
long-lasting consequences for mental and physical health.
Despite their obvious relatedness, neither the causal rela-
tion nor the mechanisms involved are clear. On the one
hand, traumatic experiences are diverse, differing in type,
timing, and intensity with social support and other protec-
tive factors contributing to this. On the other hand, ACE-re-
lated manifestations range from psychosocial to somatic
problems such as heightened stress sensitivity, emotional
disturbances, interpersonal problems, depression, sub-
stance dependence, chronic pain, or inflammatory and
metabolic diseases.

Therefore, the central aims of the RTG are (1) Investi-
gation of the role of type, timing and intensity of ACE and
protective factors in the emergence of ACE-related disor-
ders; (2) Elucidation of the psychosocial, neurobiologi-
cal and epigenetic mechanisms underlying ACE-related

*Corresponding author: Dr. Sylvia Cackowski, Department of Psy-
chosomatic Medicine and Psychotherapy, Central Institute of Mental
Health, J5, D-68159 Mannheim, Germany; Phone number: (+49-)621-
1703-4431; Fax: (+49-)621-1703-4405; e-mail: sylvia.cackowski@
zi-mannheim.de

psychiatric and somatic disorders; (3) Development of
novel psychosocial and pharmacological treatment possi-
bilities as well as public health programs for ACE-related
conditions.

To cover the interdisciplinary research area, namely
the consequences of adverse childhood experiences (ACE)
on psychosocial and somatic conditions broadly and pro-
foundly and reach all aims of the RTG, a representative
selection of research topics across the psychological and
biological medical domains was made and senior as well
junior PIs with a wide spectrum of expertise are part of the
RTG. The individual projects span a broad range from epi-
demiological and clinical research to experimental studies
in animals and humans including genetics, neuroimaging
and ecological momentary assessment. A special feature
of the RTG is the integration of psychological, psychiatric
and somatic topics, which is mirrored by close working to-
gether of PhD and MD students. As an example, one of the
projects investigates the impact of abuse and neglect in
childhood on psychological wellbeing during pregnancy
and childbirth. Besides, biological parameters such as
pain sensitivity and hormonal level are assessed and will
be used in combination with the psychological data to
develop better care for traumatized pregnant women.

After passing an application procedure and assess-
ment center, 21 international postgraduates with a back-
ground in medicine, psychology, biology, and related
natural sciences were selected as RTG members and
started their work on doctoral theses. Additional to their
experimental studies the doctoral students participate
at the structured concept for qualification and supervi-
sion. The RTG 2350 trains doctoral researchers to provide
a substantial basis for a potential international scientific
career. Scientific development is facilitated by the partic-
ipation in regular events like research presentations and
scientific exchange at journal clubs, progress reports and
at international conferences, symposia, and a master class
with international experts. Also, the doctoral researchers
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have the possibility to gain practical experience during in-
ternships in internationally leading RTG partner research
groups. Beside intensive training in scientific excellence,
providing key knowledge, hard and soft skills the doctoral
students receive additional support through mentoring
and coaching to promote personal development.

Taken together, the RTG 2350 aims to support self-re-
sponsible, personal, and professional development of
young researchers and to provide them with skills and
competencies for their further careers in either academia
or other areas.
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The understanding of the complex ACE-related char-
acteristics and mechanisms is relevant for mental and
somatic disorders. Identifying and validating psychoso-
cial and somatic risk factors and diagnostic markers shall
result in the development of innovative somatic and psy-
chological treatment options for patients suffering from
ACE-related disorders.

Website: https://www.grk2350.de/
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Die Deutsche Forschungsgemeinschaft (DFG) richtet eine
neue Forschungsgruppe zum Schlaganfall ein. Der For-
schungsverbund mit dem Namen ,,JmmunoStroke: from
immune cells to stroke recovery“ (ImmunoStroke: Von
der Immunzelle zur Schlaganfallregeneration) ist ein Ge-
meinschaftsprojekt der Universititen Essen, Hamburg,
Miinchen und Miinster und wird mit rund 4,5 Mio. Euro in
den ersten 3 Jahren gefordert. Ziel der Wissenschaftlerin-
nen und Wissenschaftler ist es, die Rolle des Immunsys-
tems in der Regenerationsphase nach einem Schlaganfall
zu untersuchen und neue Behandlungsmoglichkeiten zu
entwickeln. Koordinatoren des Verbundes sind Christoph
Kleinschnitz aus Essen, Tim Magnus aus Hamburg und
Arthur Liesz aus Miinchen.

Der Schlaganfall ist die Hauptursache fiir Langzeitbe-
hinderungen und die dritthdufigste Todesursache in In-
dustrieldndern. In Deutschland liegt die jahrliche Schlag-
anfallinzidenz bei iiber 250.000. Das Lebenszeitrisiko
bei einem Schlaganfall liegt zwischen 8 % und 10 % und
steigt aufgrund demografischer Verdnderungen weiter
an. Gegenwdrtige Behandlungen fiir Schlaganfille sind
begrenzt, und prdklinische experimentelle Ergebnisse
scheitern haufig in klinischen Studien. Daher sind drin-
gend neue Wege der Grundlagenforschung mit hohem
Ubersetzungspotenzial erforderlich, um wirksame thera-
peutische Strategien zu entwickeln. Die neuroinflammato-
rische Reaktion nach einer ischdmischen Hirnverletzung
ist als Schliisselpathomechanismus beim Schlaganfall
gut etabliert. Wahrend neuroinflammatorische Mechanis-
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men fiir die akute Phase nach einer ischamischen Hirn-
verletzung sehr detailliert beschrieben wurden (Gelder-
blom et al., 2012; Kleinschnitz et al., 2010; Kleinschnitz
et al., 2013; Liesz et al., 2009), sind die Mechanismen der
Gehirn-Immun-Interaktion wahrend der chronischen Er-
holungsphase sowie die Folgen immunmodulatorischer
Interventionen fiir die Erholung nach einem Schlagan-
fall kaum bekannt. In ersten Experimenten konnten die
Wissenschaftlerinnen und Wissenschaftler mithilfe ver-
schiedener Modelle zeigen, dass insbesondere T Zellen
und Mikroglia und deren Interaktion mit Neuronen eine
wichtige Bedeutung fiir das langfristige Schlaganfallout-
come haben.

Die Teilprojekte A1-A4 der Forschergruppe basieren
auf der Beobachtung, dass ein Schlaganfall zu einer an-
haltenden Mikroglia-Aktivierung fiihrt. Projekt Al wird die
Wirkung von sogenannten ,,Gefahrensignalen“ (danger-
associated molecular patterns, DAMPs) als Aktivatoren der
lokalen Immunantwort beim Schlaganfall untersuchen
(siehe Abbildung 1). Dabei kommen neuartige Nanobodies
gegen Gefahrensignalrezeptoren, wie z.B. den P2X7 Kanal
zum Einsatz. Die Aktivierung des P2X7 Kanals fiihrt zur Ak-
tivierung von Inflammasomen, die in Projekt A2 untersucht
werden. Neben der Analyse von IL-1B als dem klassischen
proinflammatorischen Zytokin, das durch Inflammasomak-
tivierung freigesetzt wird, wird diese Teilprojekt auch die
nicht-inflammatorischen Mechanismen des Inflammasoms
in der synaptischen Plastizitdt durch Mechanismen lokal
begrenzter Pyroptose untersuchen. Projekt A3 wird den
Effekt der chronischen Mikroglia-Aktivierung auf die funk-
tionelle Erholung nach einem Schlaganfall untersuchen.
Dazu werden Mikroglia nach dem Schlaganfall entweder
in zeitlichen Abstdnden oder dauerhaft depletiert und die
Auswirkungen dieser Mikroglia-Depletion auf die neuro-
nale Netzwerkfunktion, neuronale Plastizitdt und auf das
Verhalten analysiert. Wichtig fiir die funktionelle Erholung
ist auch die Gefafineubildung in den ischdmischen Arealen.
Deshalb wird die mikrovaskuldre Integritdt in der Phase der
Gefdfineubildung nach einem Schlaganfall in Anhéngig-
keit von Mikroglia und T-Zellen im Projekt A4 untersucht.
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Abb. 1: Gezeigt ist die Modulation verschiedener Regenerationsprozesse nach einem Schlaganfall durch T-Zellen und Mikroglia und die
thematischen Ansatzpunkte der prdklinischen Projekte. T-Zellen und Mikroglia sind die Hauptbestandteile der chronischen neuroinflamm-
atorischen Reaktion nach Schlaganfall. Wahrend Mikrogliazellen auch in der chronischen Phase einen aktivierten Phanotyp beibehalten,
werden T-Zellen stindig fiir das verletzte Gehirn rekrutiert. Sie beeinflussen nicht nur das Uberleben und Wachstum von Neuronen und
die Ausbildung neuer Synapsen, sondern modulieren auch Zytokinfreisetzung, Angiogenese und intravaskuldre Effekte wie chronische

Thromboinflammation.

Die Projekte B1-B3 fokussieren sich auf die Rolle der
T Zellen bei der Schlaganfallregeneration. Dabei wird
Projekt B1 die Rolle von T-Zellen bei der durch das Kalli-
krein-Kinin-System vermittelten Thromboinflammation
wihrend der Regenerationsphase unter Verwendung
spezifischer Knockout-Méduse und neu entwickelter Inhi-
bitoren messen. Projekt B2 wird den Einfluss einer Trai-
ningstherapie auf das raumliche Verteilungsmuster, auf
Genexpressionsprofile und funktionelle Eigenschaften
von T-Zellen und deren Effekte auf axonales Wachstum
und neuronale Exzitabilitdt analysieren. Ziel von Projekt
B3 ist es, Kandidatengene zu identifizieren und zu charak-
terisieren, die fiir schadliche oder schiitzende neuronale

Reaktionen nach einem Schlaganfall verantwortlich sind.
Dafiir werden Verdnderungen der neuronalen Expression
nach einem Schlaganfall in Abhédngigkeit des proinflamm-
atorischen Zytokins IL-17 und des antiinflammatorischen
Zytokins IL-10 analysiert.

Die Forschergruppe setzt aber nicht alleine auf ex-
perimentelle Studien. Deshalb gibt es innerhalb des
Konsortiums auch zwei humane, translationale Projekte.
In Projekt C1 werden die Veranderungen des peripheren
Immunsystems im Kontext einer zerebralen Ischdmie in
Abhéngigkeit von der Schlaganfall-Lokalisation, Lasi-
onscharakteristika, dem klinischen Verlauf und dem Auf-
treten von Komplikationen charakterisiert. Dabei erfolgt
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bei Schlaganfallpatienten neben dem initialen MRT eine
systematische Kartierung des peripheren Immunsystems,
um lasionsspezifische Unterschiede in der Immunsignatur
sowie mogliche Friihindikatoren fiir eine spatere Schlag-
anfall-assoziierte Immunsuppression zu identifizieren.
Auflerdem wird untersucht, ob im Rahmen des Schlag-
anfalls Verdnderungen des Immunzell-Metabolismus be-
obachtet werden konnen. Das zweite Humanprojekt, C2,
wird dieselbe Patientenkohorte wie Projekt C1 untersu-
chen. Unter Verwendung von neuartigen Mikroglia-PET-
Tracern wird die Mikrogliaaktivierung nach humanem
Schlaganfall untersucht und die Beziehung zwischen Mi-
krogliaaktivierung, zirkulierenden Entziindungsmarkern,
Infarktentwicklung, sekundarer Neurodegeneration und
klinischem Outcome analysiert. Dariiber hinaus werden
auch in Mausen Mikroglia-PET Untersuchungen nach
Schlaganfall durchgefiihrt, um einen direkten Vergleich
der Mikrogliaaktivierung zwischen Mensch und Maus zu
ermoglichen.

Diese Validierung am Menschen ist enorm wichtig, um
die translationale Relevanz der experimentellen Befunde
richtig einordnen zu konnen. Moglich wird das erst durch
einen breiten interdisziplindren Ansatz, der Expertinnen
und Experten aus den Bereichen der Schlaganfallfor-
schung, der Neuroimmunologie, der Neurobiologie und
der klinischen Neurologie zusammenbringt. Eine weitere
Besonderheit von ImmunoStroke ist ein Zentralprojekt,
welches Trainingsworkshops veranstaltet und verbindli-
che SOPs zur Verfiigung stellt, um eine konsequente Ver-
einheitlichung aller experimentellen Modelle innerhalb
des Konsortiums zu gewdhrleisten. Wichtige Erkenntnisse
aus der ersten Forderperiode sollen in préaklinischen, ran-
domisierten Multicenterstudien in der zweiten Finanzie-
rungsphase validiert werden.
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Rezension

Maren Urner: Schluss mit dem taglichen Weltunter-
gang — Wie wir uns gegen die digitale Vermiillung unserer
Gehirne wehren.

besprochen von Sophie Seidenbecher, Aarhus Universitet, Molecu-
lar Biology and Genetics, Hoegh-Guldbergsgade 10, 8000 Aarhus,
DENMARK; seidenbecher@dandrite.au.dk

https://doi.org/10.1515/nf-2019-0026

Die Neurowissenschaftlerin und Perspective Daily Mitbe-
griinderin Maren Urner beschreibt in Threm Buch Schluss
mit dem tdiglichen Weltuntergang- Wie wir uns gegen die
digitale Vermiillung unserer Gehirne wehren eine Negativ-
spirale aus suchtdhnlichem Medienkonsumverhalten und
einem zum Dramatisieren tendierenden Journalismus, die
je nach Disposition entweder beim ,,stressbedingten Herz-
infarkt“ oder einem Keller voll selbstgemachter Marme-
lade endet (,,neuer Biedermeier”). Als Ausweg schlégt sie
eine Kombination aus Verhaltensanderungen, kritischem
Denken und konstruktivem Journalismus vor. Letzteren
betreibt sie selbst auf ihrer Webseite perspective-daily.de,
auf der Wissenschaftler journalistische Beitrdge liefern, die
neben der thematischen Zustandsbeschreibung auch einen
Ausblick auf vorhandene oder denkbare Lésungen geben.

Das Buch umfasst ihre Gedanken und Erkenntnisse
rund um diese Themen, inklusive Parforceritt durch
Studien und Forschungsergebnisse aus Psychologie und

Neurowissenschaft um ihre Thesen zu Fahigkeiten und
Funktion unseres Gehirns zu untermauern.

Unter anderem kritisiert die Autorin wiederholt den
Fokus der Medien auf Krisen und Katastrophen, der beim
Leser allein schon durch die Wortwahl zu negativen Emo-
tionen und Hilflosigkeit im Angesicht des schlechten
Zustands der Welt fiihrt. Dass sie in ihrer Darstellung
zuweilen selbst ein iiberaus negatives Bild der Einfliisse
schlechter Nachrichten auf unser Gehirn entwirft fallt
dadurch umso stdrker auf und bedingt die Frage, ob
denn dieselben Sprachbilder gerechtfertigt sind solange
nur am Ende des Textes ein positiver Ausblick geboten
wird.

Als Leser ist man in diesem Buch Betroffener, Ange-
klagter und Verbiindeter, und dies im schnellen Wechsel
von einem zum nédchsten Unterkapitel. Dadurch bleibt
unklar an wen sich das Geschriebene richtet, welches sich
am Ehesten als mit Wissenschaftsanekdoten gespickte
Werbung fiir ihr Unternehmen zusammenfassen ldsst.
Entsprechend bleibt man an so mancher Stelle unbefrie-
digt zuriick, wenngleich auch neugierig auf eine Kost-
probe ihres konstruktiven Journalismus.

Dieser erscheint durchaus zeitgemaf3 und unterstiit-
zenswert und die im Buch beschriebene Arbeitsweise der
Perspective Daily Redaktion wirkt gut durchdacht und
positiv idealistisch. Auch ihr Ziel wissenschaftliche Er-
kenntnisse (zum Guten) in den journalistischen Schreib-
prozess einflieflen zu lassen erscheint {iberfallig.

Und tatsdchlich erweist sich Perspective Daily als
ansprechend und funktional gestaltetes Onlinemagazin,
welches eine mogliche Ergdnzung zum aktuellen tages-
politischen Medienkonsum darstellen kann. Es konnte
sich lohnen die Entwicklung der Ideen von Maren Urner
und ihren Mitstreitern weiterzuverfolgen. Das Buch muss
man dafiir nicht unbedingt lesen.

Maren Urner

Schluss mit dem tdiglichen Weltuntergang -
Wie wir uns gegen die digitale Vermiillung
unserer Gehirne wehren.

Droemer, Miinchen 2019; 222 S., 16,99 €
ISBN-10: 342627776 X

ISBN-13: 978-3426277768
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Nachrichten

https://doi.org/10.1515/nf-2019-0032
Gottinger Jahrestagung 2019
Eckhard Friauf

Besonders fiir das Berliner Biiro der NWG bedeutet eine
gerade vergangene Goéttinger Tagung bereits den bevorste-
henden Beginn der ndchsten. Zum 13ten Mal ist das nun
der Fall. Die Auswertung und Nachbereitung der Géttin-
ger Tagung 2019 gelangt mit dem vorliegenden Bericht
zum Abschluss, gleichzeitig erscheint in dieser Neuro-
forum-Ausgabe der Call for Symposia fiir die G6ttinger
Tagung 2021. Erfreulicherweise kann der Bericht viel Po-
sitives vermelden. Hoffentlich werden Sie, werte LeserIn-
nen, auch deshalb zur Beteiligung an der ndchsten Tagung
motiviert. Sie wird vom 24.-27. Marz 2021 stattfinden; mark
your calender!

Dieses Jahr hatte die NWG vom 20.-23. Marz nach
GoOttingen eingeladen. Verglichen mit 2017 blieb die Zahl
der angemeldeten Teilnehmer anndhernd stabil. Dies ist
erfreulich, da in der neurowissenschaftlichen Kongress-
landschaft eher ein Trend weg von multidisziplindren und
hin zu fachspezifischen Meetings zu beobachten ist sowie
nach dem FENS Forum 2018 binnen Jahresfrist eine zweite,
dahnlich ausgerichtete Neuro-Tagung ,,vor Ort“ stattgefun-

den hatte. Auch sonst gab es wenig Abweichungen von
der letzten Tagung. Mit Teilnehmern aus 42 Landern hatte
sie internationales Flair, auch wenn 74 % der Teilnehmer
aus dem Inland kamen. Der gréfite Teil der Teilnehmer
kam mit 24 % bzw. 23 % aus den Sektionen Zelluldre Neu-
robiologie und Verhaltensneurowissenschaften (Abbil-
dung 1). Diese beiden Sektionen umfassen 23 % bzw. 12 %
der NWG-Mitglieder. Die Sektion Zelluldre Neurobiologie
war somit auf der Tagung nahezu optimal reprdsentiert.
Aus den Sektionen Entwicklungsneurobiologie/Neuroge-
netik und Neuropharmakologie kamen 5 % bzw. 2% der
Teilnehmer. Diese Sektionen umfassen 7 % bzw. 6 % der
NWG-Mitglieder. Die Sektion Neuropharmakologie war
somit auf der Tagung 2019 stark unterreprasentiert. Fiir
mich ergibt sich dadurch fiir die eine oder andere Sektion
die Aufgabe, dem bestehenden Ungleichgewicht entge-
genzuwirken.

Die Gottinger Tagung ist nach wie vor ein Meeting
fiir junge Neurowissenschaftler. Dies zeigen die Zahlen
in Abbildung 2. Etwa ein weiteres Drittel sind jiinger als

Abb. 1: Reprdsentanz der neun NWG-Sektionen auf den Géttinger Tagungen 2015 - 2019.
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als 40 Jahre. Die U50-Generation macht nur ein Sechstel
der Teilnehmer aus, hier besteht meines Erachtens Verbes-
serungspotenzial. Ich wiinsche mir, dass mehr arrivierte
Wissenschaftler die Tagung durch ihre Anwesenheit be-
reichern und den Jungen Gelegenheit geben, auf Augen-
hohe mit ,,Big Shots“, die sie sonst nur aus Publikationen
kennen, zu kommunizieren.

Abb. 2: Altersverteilung der Teilnehmer

Dass zwei Drittel der Tagungsteilnehmer jiinger als
40 Jahre sind, spiegelt sich auch darin wider, dass sich
ebenfalls zwei Drittel als Student oder Postdoc registrier-
ten (Abbildung 3). Mir wire es recht, wenn der Anteil der
Postdocs bei zukiinftigen Meetings gréf3er wiirde. Die NWG
kiimmert sich in vielerlei Hinsicht um die jungen Kongress-
teilnehmer. Das Programm sieht viel Zeit fiir die Poster
Sessions vor. Es gibt zwei Vortragslots, die in jedem der 36
Symposien fiir Studenten (Doktoranden) reserviert sind.
Die Teilnehmergebiihr fiir Studierende war mit 75 € dufderst
giinstig. Kaffeepausen, Wasser und Abendbuffets sind
kostenlos. Es gibt hochwertige Gewinne bei der Passport
Competition, die Verlosung eines iPads fiir die Abgabe der
Kongressbewertung und, last not least, die G6ttinger Neu-
roparty. All diese Mafinahmen machen offenbar die Gottin-
ger Tagung fiir ein junges Publikum attraktiv.

Abb. 3: Beruflicher Status der Teilnehmer

Die Bewertung des wissenschaftlichen Teils der Tagung
durch die Teilnehmer fasst Abbildung 4 zusammen. Auf
der positiven Seite fallen drei Aspekte besonders auf: Die
Qualitidt der Hauptvortrdage, die Raumsituation und die
Piinktlichkeit. Diese drei Aspekte erhielten >90 % exzel-
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lente bis gute Bewertungen. Auf der negativen Seite fallt
auf: die Relevanz des Themas fiir die eigene Arbeit, die
Unausgewogenheit zwischen grundlagenorientierten und
klinisch ausgerichteten Thematiken und eine zeitliche
Uberlappung mit anderen Programmpunkten. Diese drei
Aspekte wurden von >20 % der Befragten mit schwach bis
sehr schlecht bewertet.

Fiinf der neun Hauptredner kamen aus dem Ausland,
es gab drei Hauptrednerinnen. In den 36 Symposien
wurden 207 Vortrage gehalten, 67 davon von Rednern aus
dem Ausland, 94 von Frauen. Zwei der Symposien wurden
als Breaking-News-Veranstaltung fiir die Nachwuchswis-
senschaftler angeboten. In ihnen wurden dieses Jahr erst-
mals drei Geldpreise fiir die besten Vortrdge vergeben.
Auch in den kommenden Meetings wird dies so sein.

Fiir die zukiinftigen Tagungen ist es wiinschenswert,
dass die Bewerbung der Symposien stirkere Resonanz
findet und die Einreichung von Vorschldagen mehr forciert
wird. Besonders aus Sonderforschungsbereichen, Schwer-
punktprogrammen, Forschergruppen und Graduierten-
kollegs erhoffen wir uns spannende und interessante
Akzente, zumal damit diese konzertierten Programme auf
hohem Niveau ihre aktuelle Forschung vorstellen konnen.
Also: Reichen Sie dem Komitee bitte friihzeitig Thren in-
teressanten Symposienvorschlag zur Gestaltung einer an-
sprechenden Tagung ein.

Die Tagung wurde zum dritten Mal in Kooperation mit
Martin Gopferts Arbeitsgruppe als lokalem Organisator
durchgefiihrt. Deren Erfahrungen aus 2015 und 2017 hat
die Beteiligten noch effektiver agieren lassen und die Ko-
operation mit der NWG-Geschiftsstelle noch weiter opti-
miert. Erfreulicherweise wird die Mannschaft um Martin
Gopfert auch die Tagung 2021 mittragen — never change
a winning team! Die Teilnehmerbefragung bestitigt die
hochwertige Organisation des Meetings (Abbildung 5).
Durchschnittlich 80% der Teilnehmer bewerteten die
Organisationspunkte mit zufriedenstellend oder besser,
60 % sogar mit gut bis exzellent. Auch das Abendbuffet
bekam in 2019 bessere Bewertungen als die Jahre zuvor.
Es wurden drei unterschiedliche Buffets angeboten, eines
davon erstmals von der Gemeinniitzigen Hertie-Stiftung
vor der Hertie-Lecture, welches sich kulinarisch an der
Nationalitidt des Sprechers orientierte. Die Gemeinniit-
zige Hertie-Stiftung plant auch in 2021 ein Buffet anladss-
lich ihrer gleichnamigen Lecture auszurichten. Es gibt
kaum eine Tagung dhnlich internationalen Formats, die
in diesen Punkten mithalten kann. Das stetig wachsende
Interesse der Industrieaussteller an der Gottinger Tagung
(69 im Jahr 2019) erméglicht es uns, kostenlose Leistungen
wie Kaffeepausen oder Abendbuffets anzubieten. Die zur
Verfiigung stehende Ausstellungsflache wurde {ibrigens
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Abb. 4: Bewertung des wissenschaftlichen Programms durch die Teilnehmer

Abb. 5: Bewertung der Organisation der Tagung durch die Teilnehmer
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wieder voll ausgeschopft. Den Industriepartnern gilt unser
besonderer Dank, ebenso der Deutschen Forschungsge-
meinschaft, die die Tagung erneut grof3ziigig mit Reisekos-
tenzuschiissen fiir die auslandischen Redner unterstiitzte.
Verbesserungsbedarf gibt es seitens der Nutzer in erster
Linie bei der App, die wir erstmals angeboten haben.

Methodenkursprogamm 2020

February 11-13, 2020: Transcranial Brain Stimulation
in Research and Clinic: Best Practice

Venue: Klinik fiir Klinische Neurophysiologie, Univer-
sitdtsmedizin Go6ttingen, Robert-Koch-Strasse 40, 37075
Gottingen

Registration Deadline: February 1, 2020

Topics: transcranial magnetic-, direct current- alternating
current and random noise stimulation, theoretical back-
ground of the stimulation, animal models, modelling of
current flow in the brain, research and clinical applica-
tions; neuronavigation, neuronal oscillations, cognition,
ethical aspects of transcranial stimulation

Organisation and registration: apl. Prof. Andrea Antal,
Tel.: +49 (0)551 398461, AAntal@gwdg.de

March 2-4, 2020: Comparative Anatomy and Pathol-
ogy of the Rodent and Human Brain

Venue: Section Clinical neuroanatomy, Neurology, Cen-
ter for Biomedical Research (ZBF), Helmholtzstr. 8/1,
89081 Ulm

Registration Deadline: February 22,2020

Topics: Overview of the anatomy of the rodent and human
brain and spinal cord; hands-on-lab sessions for introduc-
tion into neuroanatomical techniques to study the human
brain; pathological neuroanatomy of neurodegenerative
disorders including but not limited to Alzheimer’s disease,
Parkinson’s disease and amyotrophic lateral sclerosis
Organisation and registration: Prof. Dr. Deniz Yilma-
zer-Hanke, Tel. (office): +49 (0)731 500 63157, (lab): +49
(0)731/500 63158, deniz.yilmazer-hanke@uni-ulm.de

March 5-6, 2020: Pathoanatomy of the human central
nervous system

Venue: Section Clinical neuroanatomy, Neurology, Center
for Biomedical Research (ZBF), Helmholtzstr. 8/1, 89081
Ulm

Registration deadline: February 22,2020

Topics: Introduction to neuroanatomical techniques to
study the neuroanatomy of the human brain including
hands-on laboratory sessions; pathological anatomy, his-
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Deren Qualitdt bewerteten etwa ein Drittel der abstimmen-
den Teilnehmer mit ,poor* bis ,very poor°.

Zum Abschluss, frei nach Sepp Herberger: nach
der Tagung ist vor der Tagung. Bitte merken Sie sich die
kommende Tagung 2021 vor und halten Sie die Tage vom
24.-27. Mérz 2021 frei. Wir sehen uns, schaun mer mal.

tology and histopathology of the human brain and spinal
cord in neurodegenerative diseases; staging of pathologi-
cal changes in Alzheimer’s and Parkinson’s Disease and
Amyotrophic Lateral Sclerosis

Organisation and registration: Prof. Dr. Deniz Yilma-
zer-Hanke, Tel.: (Office): 0731/500-63157, Tel.: (Lab):
0731/500-63158, deniz.yilmazer-hanke@uni-ulm.de

March 23-30, 2020: From Neuroscience to Machine
Learning and Back

Registration Deadline: February 16, 2020

Venue: Bernstein Center Freiburg, Hansastrafle 9a, 79104
Freiburg

Topics: deep learning for EEG; brain computation and
learning: lessons from biological data; reinforcement
learning and neurorobotics; deep learning in spiking
neural networks; biologically plausible learning rules
(backpropagation and brain, learning: brain vs Al.)
Organisation and registration: Dr. Birgit Ahrens, Tel.:
+49 (0)761 203 9575, nwg-course@bcf.uni-freiburg.de

March 26-27, 2020: Behavioral Testing in Rodents:
from Cognition, Motor Function, Emotion, Anxiety to
Pain

Venue: Interdisciplinary Neurobehavioral Core INBC, Uni-
versity of Heidelberg INF 515; 69120 Heidelberg
Registration deadline: March 15, 2020

Topics: Behavioral testing in rodents: from cognition,
motor function, emotion, anxiety to pain. A hands-on
course. Organisation and registration: Dr. Claudia
Pitzer, Tel.: +49 (0)6221 1858504, Claudia.Pitzer@pharma.
uni-Heidelberg.de, http://www.medizinische-fakultaet-hd.
uni-heidelberg.de/Home.111344.0.html
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March 30 - April 3, 2020: Neurobiological Practical
Course - HEARING

Registration Deadline: February 28, 2020

Venue: Universitiats-HNO-Klinik, Elfriede-Aulhorn-Str. 5,
72076 Tiibingen

Topics: in-vivo Electrophysiology of Patch Clamping of
Outer Hair Cells, in-situ Hybridisation, Microdissection of
the Cochlea, Otoacoustic Emission

Organisation and registration: Univ.-Prof. Dr. Prof. h.c.
AW. Gummer, Universitats-HNO-Klinik, Sektion Physio-
logische Akustik und Kommunikation, Tel.: +49 (0) 7017
2988191 anthony.gummer@uni-tuebingen.de, http://
www.cochlea.uni-tuebingen.de/

May 6-8, 2020: Cellular Models of Neurodegenerative
Diseases

Registration Deadline: December 31, 2019

Venue: Sektion fiir Translationale Neurodegeneration,
Klinik fiir Neurologie, Universitatsmedizin Rostock, Gehls-
heimer Strasse 20, 18147 Rostock

Topics: isolation of fibroblasts; production and culture of
patient-derived IPS cells (including principles of CRISPR/
CAS9); differentiation of IPS cells to neurons and glial
cells; Live Cell Imaging of different cell organoids using
baculovirus

Organisation and registration: Prof. Dr. Dr. Andreas
Hermann, Frau Bianca Hartung; Sektion fiir Translatio-
nale Neurodegeneration ,,Albrecht Kossel“; Klinik fiir
Neurologie, Rostock, Tel.: +49 (0)381 494-9541: email: sek-
tionsleiter.akos@med.uni-rostock.de

July 27-31, 2020: 4™ Modelling Symposium: Introduc-
ing Deep Neural Networks

Registration Deadline: March 31, 2020

Venue: Otto-von-Guericke University Magdeburg, G28 (R
027), 39106, Magdeburg

Topics: A hands-on course about applied deep learning
covering: machine learning basics, common building
blocks, design patterns and architectures (e.g. CNNs,
RNNs, attention mechanisms etc.), common applications
including image, audio and text processing, optimisation
and regularization techniques, introspection and model
diagnosis, model compression and transfer learning, best
practices and general workflows (https://www.noesselt-
lab.org/events-presentations/4th-modelling-symposium/)
Organisation and registration: Dr. Felix Ball, OvG Uni-
versitdt Magdeburg, Institut fiir Psychologie — Biologische
Psychologie, events.biopsych@ovgu.de
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September 21-25, 2020: Imaging and Optical Stimula-
tion Techniques in Neuroscience

Venue: LIN Leibniz Institute for Neurobiology, Brennecke-
strafde 6, 39118 Magdeburg

Registration deadline: June 30, 2020

Topics: Hands-on introduction into advanced optical
techniques to study neuronal function: Optical voltage
imaging, optogenetic stimulation of neuronal circuits,
metabolic imaging (NADH), multi-channel STED, light-
sheet microscopy, ex-vivo & in-vivo calcium-imaging
(2P/1P), FLIM/FRET & MIET of biosensors, image analysis
Organisation: P. Bauer, R. Herrera-Molina, O. Kobler, S.
Mikulovic, J. Pakan, M. Prigge, T. Stoter, A. Weber, W. Zu-
schratter

Registration: Torsten Stéter, Combinatorial NeuroImag-
ing Core Facility (CNI), Leibniz Institute for Neurobiology,
Tel.: 0391 6263 92171, cni-reg@lin-magdeburg.de

Oktober 1-2, 2020: Tiibingen Systems Neuroscience
Symposium 2020

Registration deadline: September 1, 2020

Venue: MEG-Zentrum der Universitdt Tiibingen, Otfried-
Miiller-Strafde 47, 72072 Tiibingen

Topics: The 2020 Tiibingen Systems Neuroscience Sympo-
sium brings together leading international researchers in
the field of systems neuroscience. Topics range from neu-
rophysiological testing in animals to functional imaging
in humans (MEG, EEG, fMRI). One focus of the symposium
is the presentation of state of the art methods. The talks
target students and researchers with profound previous
knowledge.

Organisation and Registration: Prof. Dr. Christoph
Braun, Tel: 07071 29 87706, Fax: 07071 29 5706, E/Mail:
christoph.braun@uni-tuebingen.de

Details unter https://nwg-info.de/aktivitaeten/kurse_
workshops/2020

Wissenschaftlicher Koordinator: Prof. Dr. Hans Werner
Miiller, Labor fiir Molekulare Neurobiologie, Neurologis-
che Klinik, Universitatsklinikum Diisseldorf, Mooren-
str. 5, D-40225 Diisseldorf, E-Mail: HansWerner.Mueller@
uni-duesseldorf.de
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Klaus Tschira Stiftung — neue Hauptforderin von www.dasGehirn.info

Am 31. August 2019 endete fiir www.dasGehirn.info die
elfjahrige Forderung durch die Gemeinniitzige Hertie-Stif-
tung. Threr grof3ziigigen Unterstiitzung ist es zu verdan-
ken, dass die NWG in Projektpartnerschaft mit der GHS
und dem Zentrum fiir Kunst und Medien Karlsruhe das
Portal griinden konnte und mit gro3em Erfolg betreibt:
dasGehirn.info ist mit einer Reichweite von bis zu 200.000
monatlichen Nutzern eine feste Gréf3e in der Vermittlung
neurowissenschaftlicher Erkenntnisse.

Gliicklicherweise ist durch die Klaus Tschira Stiftung
gGmbH (KTS) die Fortsetzung des gemeinniitzig betriebe-
nen Portals fiir weitere drei Jahre gewéahrleistet. Mit der
Ubernahme der Grundférderung sichert die KTS damit
eines der wichtigsten Projekte der Wissenschaftskom-
munikation der letzten Jahre. Und Wissenschaftskom-
munikation geho6rt neben der Férderung von Forschung
und Bildung zu den Férderzielen, denen sich die KTS
verschrieben und einen Namen in der Férdererlandschaft
gemacht hat. So ist etwa KlarText — der Preis fiir Wissen-
schaftskommunikation, verliehen fiir verstandliche Wis-
senschaft, nicht nur unter Neurowissenschaftlern ein ver-
trauter Name und begehrter Preis. Ein weiteres Beispiel
fiir ihr Engagement, Wissenschaft in die Gesellschaft zu
tragen, ist das Nationale Institut fiir Wissenschaftskom-
munikation (NaWik) in Karlsruhe, dessen Mitbegriinde-
rin die KTS ist. Hier erwerben Wissenschaftler das Hand-
werkzeug, um erfolgreich Kommunikatoren ihrer eigenen
Arbeit zu werden. Auch mit dem science media center hat
die KTS eine Schnittstelle zwischen Wissenschaft und Ge-

Neueintritte

Folgende Kolleginnen und Kollegen diirfen wir als Mitglie-
der der Neurowissenschaftlichen Gesellschaft begriifien:

Johne, Marie (Hannover)

Jung, Felix (Stockholm, Schweden)
Martelli Dr., Carlotta (Mainz)
Protzmann, Jil (Solna, Schweden)

Der Mitgliedsstand zum 15. September 2019 betrdgt
2.270 Mitglieder.

sellschaft geschaffen, um schnell fundierte Antworten auf
gesellschaftlich aktuell diskutierte Themen zu geben, Er-
eignisse einzuordnen. Die KTS sucht nach Wegen, Wissen-
schaft aus der Expertennische in das Licht gesellschaftli-
cher Offentlichkeit zu holen und bricht damit eine Lanze
fiir eine miindige Gesellschaft.

Die Ubernahme der Projektférderung durch die KTS
bedeutet fiir das Portal dasGehirn.info Anerkennung und
Bestatigung von Experten der Wissenschaftskommunika-
tion mit dem verpflichtenden Auftrag, dieses einmalige
Projekt mit gleichbleibend hoher Qualitdt und Anspruch
weiterzufiihren. Dies ist fiir die NWG eine Verpflich-
tung. Mit der Klaus Tschira Stiftung hat die NWG und
dasGehirn.info einen idealen Verbiindeten an der Seite.

Solveyg Blanke (s.blanke@dasgehirn.info)
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The young section of the NWG gains momentum
jNWG Kick-off Meeting (September 13 - 15, 2019)

jNWG had its first meeting at the Leibniz Institute for
Neurobiology in Magdeburg on September 13 — 15, 2019,
marking the kick-off of a new section of the German Neu-
roscience Society. Our new members spent 3 days brain-
storming and organizing future goals and current chan-
nels of communication.

Our mission is to represent young neuroscientists
within the society. We would like to bolster early scientific
careers and provide a network for outreach and collabo-
ration.

The meeting highlight were the entertaining and in-
structive career talks by our guest speakers Esther Kiihn
(IKND & DZNE Magdeburg), NWG vice president Christine
Rose (Uni Diisseldorf), Matthias Prigge (LIN Magdeburg),
Eckart Gundelfinger (LIN Magdeburg) and special guest
NWG president Albert Ludolph (Uniklinik Ulm).

We accomplished setting up means of communication,
both internally on slack & trello as well as a twitter account
and a shiny new website. We also got creative designing
a new logo and flyers and started collecting ideas on our
first early career scientists meeting next year. Stay tuned
for more info on this!

Katrina Deane (Katrina.Deane@lin-magdeburg.de) and
Sophie Seidenbecher (seidenbecher@dandrite.au.dk)

Fig. 7: Intense discussions and brain storming

Fig. 8: Group photo

NFDI Neuroscience: advocating cross-community data management

in neuroscience

NFDI Neuroscience Consortium Workshop (September 20, 2019)

Ever wondered how to get your data to a collaborator at
a different university? Or how to store it with enough in-
formation, such that the next PhD student can continue
your project? Maybe even just how to make sense of your
complex data? Then there’s help looming at the horizon,
since the so-called ‘NFDI Neuroscience’ is gathering pace.

The NFDI Neuroscience (Nationale Forschungsdat-
en-Infrastruktur) consortium led by committed neuro-
scientists around Michael Denker (Forschungszentrum
Jiilich), Alexandra Stein (Bernstein Coordination Site) and
Thomas Wachtler (German Neuroinformatics Node, LMU
Munich) is specifically focusing on needs of neuroscien-
tists and intends to address all of the above issues. To do

so, it will bring together researchers and technology pro-
viders to develop processes for data management making
your daily work easier and enabling you to sustain, share
and reuse data. Additionally, this will facilitate large-scale
studies using existing data and extract the maximum
information, thereby tipping the cost-benefit-ratio of re-
search and funding in favor of more results. In a nutshell,
the ‘primary goal is to improve science’, as Thomas Wa-
chtler puts it.

Many labs or sub-communities in neuroscience
already use existing data management tools or have de-
veloped their own services. Therefore, the first aim of the
consortium is to collect and map the community resources


mailto:Katrina.Deane@lin-magdeburg.de
mailto:seidenbecher@dandrite.au.dk
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to establish a dialogue discussing standards for data and
metadata acquisition, naturally facing the diversity of
technologies employed in neuroscience.

On September 20%, and thereby about one year after
the successful NFDI Neuroscience kick-off, a first Commu-
nity workshop was held at the TU Berlin, which was also
joined by the jNWG. The meeting was dedicated to discuss
current problems in data management in neuroscience,
and several tool providers and neuroscientists debated
the topics of storage, standardization, data rights, exist-
ing and wished-for solutions for data handling as well as
benefits and reward-systems for data sharing.

Until October next year, NFDI Neuroscience will complete
a community survey and submit a DFG grant proposal to
get funding for the establishment of a German neurosci-
ence data management network, built on existing and
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newly developed solutions addressing the needs of neu-
roscientists. If you’re curious, have a look at https://nfdi-
neuro.de/, for more general information on the NFDI ini-
tiative please also check https://www.dfg.de/foerderung/
programme/nfdi/ and http://www.rfii.de/de/themen /.

Finally, if you have a well-working data management
system in your lab or experience a dire need for one, reach
out to NFDI Neuroscience! You can get involved by giving
the NFDI-Neuroscience your impression and ideas of
what’s out there and what is still missing by taking their
survey: https://nfdi-neuro.de/contributions.html

Andreas Ritzau-Jost (Andreas.Ritzau-Jost@medizin.
uni-leipzig.de) und Sophie Seidenbecher (seidenbecher@
dandrite.au.dk)

Stipendien fiir das FENS Forum of European
Neuroscience (Glasgow, UK, 11. — 15. Juli 2020)

Wie schon in den vergangenen Jahren stellt die Neurowis-
senschaftliche Gesellschaft auch diesmal wieder Stipen-
dien in H6he von 500 € fiir die Teilnahme am 12. Forum of
European Neuroscience in Glasgow im Sommer 2020 zur
Verfiigung. Die Auswahl trifft ein Komitee aus NWG-Vor-
standsmitgliedern.

Fiir eine Bewerbung sind folgende Kriterien zu erfiillen:

— Bewerben konnen sich Promovierende und junge
Postdocs,

— die zum Zeitpunkt der Bewerbung nicht alter als
35 Jahre sind,

— die mit einem eigenen Beitrag teilnehmen und Erst-
autor sind,

- und die NWG-Mitglied sind, egal ob sie im In- oder
Ausland leben und arbeiten.

Die Bewerbung muss iiber die Homepage der NWG

(https://nwg-info.de/de/karriere/stipendien/fensforum/)

eingereicht werden. Folgende Unterlagen sind auf Deutsch

oder auf Englisch einzureichen:

- Bewerbungsschreiben (max. 3000 Zeichen inkl. Leer-
stellen)

- Lebenslauf (max. 3000 Zeichen inkl. Leerstellen)

—  Publikationsliste (falls vorhanden)

— Kopie des beim FENS Forum préasentierten Abstracts
(max. 3000 Zeichen inkl. Leerstellen)

—  Ein kurzes Unterstiitzerschreiben

Die Bewerbung um ein Stipendium ersetzt NICHT die Re-
gistrierung fiir das FENS Forum. Diese muss unabhangig

von der Stipendienbewerbung durchgefiihrt werden.

Bewerbungsschluss ist der 3. Februar 2020.
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Ausblick

Liibke, Joachim/Rollenhagen, Astrid
Synapses: Multitasking Global Players in the Brain

Pohlkamp, Theresa
Apolipoprotein E: Cholesterol metabolism and
Alzheimer’s pathology
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Edwin Thanarajah, Sharmili/Tittgemeyer, Marc
Food reward and gut-brain signaling
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O Zelluldare Neurobiologie

O Entwicklungsneurobiologie und
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Call for Symposia

Symposia dealing with all areas
of neuroscience research are
invited. Applicants should sub-
mit a proposal containing the
title of the planned symposium,
the namel(s) and address|(es)

of the organizer(s), a short
description of the aims of the
symposium and the names,
addresses and topics of the
speakers to be invited. The NWG
strives to increase the propor-
tion of women as organizers
and speakers of symposia.

The gender distribution within
each proposal will therefore

be one selection criterion.

For more information please
visit the Society’s website:
www.nwg-info.de

Deadline

for submission

of symposium
proposals:
February 17,2020

NEUROWISSENSCHAFTLICHE
GESELLSCHAFT

GERMAN NEUROSCIENCE SOCIETY

Program Committee:

Prof. Albert Christian Ludolph
[Chair)
Prof. Dr. Mathias Bahr

Prof. Dr. Ansgar Blschges
Prof. Dr. Veronica Egger

Prof. Dr. Eckhard Friauf

Prof. Dr. Martin Gépfert

Prof. Dr. Benedikt Grothe

Prof. Dr. Sonja Grin

Prof. Dr. Frank Kirchhoff

Prof. Dr. Angelika Richter
Prof. Dr. Christine Rose
Sophie Seidenbecher

Prof. Dr. Christian Steinhauser
Prof. Dr. Petra Wahle

Prof. Dr. Christian Wegener
Prof. Dr. Melanie Wilke

Local Organizer:

Prof. Dr. Martin Gopfert
Zellulare Neurobiologie
Schwann-Schleiden-
Forschungszentrum
Julia-Lermontowa-Weg 3
37077 Géttingen
mgoepfe@gwdg.de

Organization:
Neurowissenschaftliche
Gesellschaft e.V.

Max Delbrueck Center for
Molecular Medicine (MDC])
Berlin-Buch

Robert Roessle Str. 10

13092 Berlin

Phone: +49 30 9406 3127

Fax: +49 30 9406 2813

E-Mail: korthals@mdc-berlin.de
Homepage: www.nwg-info.de

Gottingen
Meeting
of the
German

Neuroscience

Society

March 24-27, 2021

Stipends: The German Neuroscience Society
will provide stipends for young qualified researchers.
Details will be announced at www.nwg-goettingen.de/2021

The programs of the last meetings are available at
www.nwg-info.de/meetings/jahrestagung/archive

Gestaltung: Eta Friedrich | Abb.: Jochen Meier, Braunschweig



Neurowissenschaftliche Gesellschaft e. V.

Neurowissenschaften

in der gymnasialen Oberstufe

Schuljahr

2019/2026 * --

NEUROWISSENSCHAFTLICHE
GESELLSCHAFT

https://nwg-info.de/

Die Neurowissenschaftliche
Gesellschaft e.V.(NWG) bietet
bundesweit kostenlose

. .. 27.September 2019 | Berlin 8. November 2019 | Berlin
Fortbildungsveranstaltungen fiir P
(Oberstufen-)Lehrerlnnen an.
Interessierte Lehrerinnen Kontakt: Dr. Luiza Bengtsson
sind herzlich zur Tel.: 030 94062513 Kontakt: Dr. Luiza Bengtsson
Teilnahme eingeladen. E-Mail: LaborTrifftLehrer@mdc-berlin.de Tel.: 030 94062513

E-Mail: LaborTrifftLehrer@mdc-berlin.de
10. Oktober 2019 | Freiburg

12. November 2019 | Berlin

Kontakt: Fiona Siegfried Kontakt: Prof. Dr. HeImut Kettenmann/Helga Fenz
Tel.: 0761 203-9549 Tel.: 030 94892931
E-Mail: siegfried@bcf.uni-freiburg.de E-Mail: h.fenz@campusberlinbuch.de
30. Oktober 2019 | Koblenz 13. Februar 2020 | Tiibingen
Kontakt: Prof. Dr. Uwe llg
Kontakt: Prof. Dr. Stefan Kins Tel.: 07071 2987602 (Hertie-Institut)
Tel.: 0631 2052106/2107 Tel.: 07071 2982377 (Schiilerlabor)
E-Mail: .hanke@biologie.uni-kl.de E-Mail: uwe.ilg@uni-tuebingen.de

13. Februar 2020 | Oldenburg

| h Kontakt: Prof. Dr. Anja Brauer
Das Internetportal zum Thema Tel - 0441 7983995

Neurowissenschaften:

E-Mail: silvia.ellinghaus@uni-oldenburg.de

https://www.dasGehirn.info
14. Februar 2020 | Heidelberg

Kontakt: Prof. Dr. Andreas Draguhn/Susanne Bechtel Fiir die Anmeldung zur jeweiligen Veranstaltung
Tel.: 06221 544056 wenden Sie sich bitte an den lokalen Kontakt.

E-Mail: susanne.bechtel@physiologie.uni-heidelberg.de Weiteres Informationsmaterial fir Lehrer

finden Sie auf der Homepage der NWG:

18.Marz 2020 | Leipzig > Kosmos Gehirn als Download

https://nwg-info.de/sites/nwg-info.de/files/media/pdf/kosmos-gehirn.pdf

Kontakt: Prof. Dr. Steffen Rossner/Dr. Max Holzer > Kleines Sachwérterbuch der Neurowissenschaften
Tel.: 0341 9725758 / 0341 9725759 https://nwg-info.de/aktivitaeten/lehrerfortbildung/links/glossar
E-Mail: rossn@medizin.uni-leipzig.de oder > Unterlagen zur Lehrerfortbildung

holm@medizin.uni-leipzig.de https://nwg-info.de/aktivitaeten/lehrerfortbildung/links/skripte

Gestaltung: Eta Friedrich, www.et-a.de
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