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WELCOME TO THE FENS REGIONAL MEETING 2021!

The FRM 2021 is organized jointly by the Polish Neuroscience Society (PNS) and the Lithua-
nian Neuroscience Association (LNA) under the auspices and with support from the Federation of the
European Neuroscience Societies (FENS), and also with support from the International Brain Research
Organization Pan-Europe Regional Committee (IBRO PERC). The FRM 2021 original city venue was
Krakow, however, due to the COVID-19 pandemic, the Organizing Committee decided to hold the event
on-line to ensure all attendees may meet safely.

The conference will present the latest developments in neuroscience research and host panel
discussions on topics ranging from directions for future development to diversity issues in the academia.
Traditionally, the Regional Meetings foster interactions among the researchers in the region. This year,
we want to take the on-line format as an opportunity, and showcase neuroscience research in our region
to the global community

Be a part of the FENS Regional Meeting 2021!

On behalf of the FRM Organizing and Scientific Committees,

Grzegorz Hess, Osvaldas Ruk&énas,
President of the Polish Neuroscience Society ~ President of the Lithuanian Neuroscience Association



The content of the abstract book and the scientific posters is the propriety of the authors.

Any recording, filming, photography, screenshots or other capturing of presentations, live sessions

or other events, including scientific posters and the abstract book, taking place during, or associated

with, the virtual FRM 2021, is prohibited without the expressed consent of the presenter. Expressed

consent is a written confirmation by the author in an email correspondence or a live text chat that
can be documented.
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IBRO PERC Lecture

Modeling human development and disease in cerebral organoids
Jiirgen Knoblich

IMBA - Institute of Molecular Biotechnology of the Austrian Academy of Science Vienna, Austria

The human brain is unique in size and complexity, but also the source of some of the most deva-
stating human diseases. While many of these disorders have been successfully studied in model
organisms, recent experiments have emphasized unique features that can not easily be modeled in
animals. We use cerebral organoids to recapitulate those features in vitro and to test their role in hu-
man disease. Cerebral organoids derived from patients suffering from neuro-developmental disease
can recapitulate the developmental defects leading to those diseases and allow us to disentangle
the mechanistic complexity of disorders like Epilepsy and Autism. Our new data demonstrate that by
studying those defects, we can gain unique insights into the development of the human cortex that
cannot be made in rodent model organisms.

Plenary Lecture

Problematic usage of the Internet — disorders, mechanisms and interventions

Naomi Anne Fineberg

University of Hertfordshire and Hertfordshire Partnership University NHS Foundation
Trust, Rosanne House, Welwyn Garden City, UK

The Internet is now all-pervasive. While its many positive uses have been demonstrated to the full
during the recent COVID-19 pandemic, a proportion of the public develop Problematic Use of the
Internet (PUI), an umbrella term incorporating a range of repetitive impairing behaviours including
excessive and compulsive video gaming, gambling, compulsive sexual behaviour, buying, streaming,
cyberchondria or social networks use. There is growing public and national health authority concern
about the health and societal costs of PUl across the lifespan. Gaming Disorder is now included as a
mental disorder in the newly released ICD-11. However, more research is needed into disorder defi-
nitions, validation of clinical tools, prevalence, clinical parameters, brain-based biology, socio-health-
-economic impact, and empirically validated intervention and policy approaches. Potential cultural
differences in the magnitudes and natures of types and patterns of PUI need to be better understood,
to inform optimal health policy and service development. In this lecture, | will review the landscape
from the perspective of key research priorities.

Day 1 - 25 Aug, Wednesday
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Session 1: Gut, microbiota and the brain

Novel insights into microbiota-gut-brain signalling in reward and obesity

Harriet Schellekens
APC Microbiome Institute, University College Cork, Cork, Ireland

The gastrointestinal microbiota is emerging as a unique and inexhaustible source for metabolites with
potential to modulate G-protein coupled receptors (GPCRs). The ghrelin receptor [growth hormone
secretagogue receptor (GHSR)-1a] is a GPCR expressed throughout both the gut and the brain and
plays a crucial role in maintaining energy balance, metabolism, and the central modulation of food inta-
ke, motivation, reward, and mood. Short-chain fatty acids (SCFAs), lactate, and different bacterial stra-
ins, including Bifidobacterium and Lactobacillus genera, can modulate GHSR-1a signaling. We identify,
for what is to our knowledge the first time, a potent effect of microbiota-derived metabolites on GHSR-1a
signaling with potential significant consequences for host metabolism and physiology.

Shaping a second brain in the bowel: a microbial perspective in the context of
malnutrition

Filipe De Vadder

The Institute of Functional Genomics of Lyon, University Claude Bernard Lyon, France

Undernutrition-induced stunting is a major worldwide health issue, affecting 150 million children under
5 years of age'. In early life, it is associated with persistent stunting. We previously demonstrated the
ability of selected probiotic strains to buffer the deleterious effect of undernutrition on juvenile growth?.
Besides deficiencies in the central nervous system, malnourished animals also show abnormal deve-
lopment of the ENS. In order to selectively address how the microbial environment shapes maturation of
the ENS after weaning, we used a mouse with a simplified microbiota. Overall, our findings suggest that
modulating the microbial environment during malnutrition shapes the maturation of the ENS. Further
studies will reveal the mechanisms underlying such phenotypes.

12020 Global Nutrition Report. https://globalnutritionreport.org/.

2 Schwarzer, M. et al. Lactobacillus plantarum strain maintains growth of infant mice during chronic undernutri-
tion. Science 351, 854-857 (2016).



Session 1: Gut, microbiota and the brain

MicroRNAs and gut microbiota signatures for vulnerability to food addiction

Elena Martin-Garcia

Laboratory of Neuropharmacology-Neurophar, Department of Experimental and Health Sciences,
Pompeu Fabra University (UPF), Barcelona, Spain

Food addiction is characterized by loss of behavioural control over food intake and may promote obesity
and alter gut microbiota diversity and composition. We have investigated the involvement of microbiota
content and epigenetic changes in the mechanisms underlying food addiction. We used the YFAS 2.0
score to classify extreme food addiction mouse and human subpopulations to identify gut microbiota
signatures and miRNAs associated with vulnerability to this disorder. We have then functionally valida-
ted the involvement of selected miRNAs differentially expressed in addicted mice and food addict pa-
tients in specific phenotypes of this behavioural disorder. Differential miRNAs expression in the medial
prefrontal cortex and gut microbiota content were revealed in addicted and non-addicted mice. Similarly,
circulating miRNAs and gut microbiota content were associated in our human cohort with the differential
values obtained in the YFAS 2.0 score. Close cross-talks were demonstrated between these miRNAs
and microbiota changes. Interestingly, sharp similitudes were identified in the miRNAs and gut microbio-
ta signatures in our animal and human cohorts. Finally, we used a Tough-Decoy inhibitor approach in the
mouse brain to functionally validate the specific role of the most relevant miRNAs in each behavioural
hallmarks of food addiction. We have identified specific changes in microbiota content and miRNAs clo-
sely involved in the biological substrate of food addiction. The elucidation of the mechanisms underlying
these behavioural alterations provides new advances toward innovative biomarkers and interventions
for food addiction and related disorders.

Targeting the microbiota-gut-brain axis in Alzheimer’s disease
Aurelijus Burokas
Life Sciences Center, Vilnius University, Vilnius, Lithuania

A rapid population ageing has resulted in a growing number of patients with Alzheimer’s disease (AD)
that creates an increasing need for early diagnosis, treatment and prevention of illness. Additionally,
the growing “epidemic” of diabetes and its close relationship with AD is increasingly becoming more
evident that led researches to investigate how these diseases have an influence on each other. In both
cases, impaired immune system that is closely related to the gut microbiota has been reported. With the
growing number of facts about the effects of the microbiota on various physiological processes in the
body, its exploration has been chosen not only to better understand the mechanism of AD progression,
but also to use it as a biomarker in order to create a method for early diagnosis of the disease, which
would enable doctors to start treatment much earlier.

11
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Session 2: The synaptic bases of mental diseases

Short description:

During the last 11 years, researchers and psychiatrists of the Swiss National Centre Competence in
Research NCCR-SYNAPSY have joined forces to study the biological basis of psychiatric disorders.
By focusing on the genetic factors that determine neurodevelopmental disorders and their underlying
psychopathologies, we will present preclinical and related clinical work that illustrate how the synergy
of translational research is used to understand the neurodevelopmental cellular and behavioral me-
chanisms associated with autism and schizophrenia. By focusing on the genetic factors that determine
neurodevelopmental disorders and their underlying psychopathologies, Stephan Eliez and Alan Carle-
ton will present the results of translational projects aimed at identifying neurodevelopmental alterations
responsible for the increased risk of developing psychosis in patients with 22q11 deletions as well as
in a mouse model called Lgdel. Marie Schaer and Camilla Bellone will present a combination of clinical
and preclinical approaches used to understand the neurodevelopmental cellular and behavioral mecha-
nisms associated with autism and to evaluate treatment approaches informed by the pathophysiology
of autism.

Neurodevelopmental markers of early transition to psychosis in 22q11 Deletion
Syndrome
Stephan Eliez

Department of Psychiatry, University of Geneva, Michel-Servet Geneva, Switzerland

Maeder J, Sandini C, Zéller D, Schneider M, Bostelmann M, Pouillard V, Caroni P, Kliegel M, & Eliez S:
Long-term verbal memory deficit and associated hippocampal alterations in 22q11.2 deletion syndrome.
Child Neuropsychology 2019: 1-23. https://doi.org/10.1080/09297049.2019.1657392

Analysis of microcircuit dysfunctions in animal models of psychiatric disorders
Alan Carleton

Department of Basic Neuroscience, University of Geneva, Michel-Servet Geneva, Switzerland
Marissal T, Salazar RF, Bertollini C, Mutel S, De Roo M, Rodriguez |, Miiller D, Carleton A: Restoring

wild-type-like CA1 network dynamics and behavior during adulthood in a mouse model of schizophre-
nia. Nat Neurosci 2018: Oct;21(10):1412-1420. doi: 10.1038/s41593-018-0225-y. PMID: 30224804



Session 2, 3: The synaptic bases of mental diseases, Perspectives of brain stimulation for memory

Measuring neurodevelopmental trajectories of preschoolers with autism
Marie Scher
Department of Psychiatry, University of Geneva, Michel-Servet Geneva, Switzerland

Kojovic N*, Ben Hadid L*, Franchini M, Schaer M: Sensory Processing Issues and Their Association with
Social Difficulties in Children with Autism Spectrum Disorders, Journal of Clinical Medicine 2019: 8:10

Neuronal mechanisms underlying social deficits in animal models of Autims
Spectrum Disorders

Camilla Bellone

Department of Basic Neuroscience, University of Geneva, Michel-Servet Geneva, Switzerland

Bariselli S, Hornberg H, Prévost-Solié C, Musardo S, Hatstatt-Burklé L, Scheiffele P, Bellone C: Role of
VTA dopamine neurons and neuroligin 3 in sociability traits related to nonfamiliar conspecific interaction.
Nat Commun 2018: Aug 9;9(1):3173. doi: 10.1038/s41467-018-05382-3.

Session 3: Perspectives of brain stimulation for memory

Individual differences in electric fields induced by transcranial electrical
stimulation

Daria Antonenko
Department of Neurology, University Medicine Greifswald, Germany

Computational modeling allows accurate head reconstruction and simulation of current distributions
induced by transcranial electrical stimulation (tES). These simulations unveil differences in electric fields
between individuals as well as associations with several individually varying factors such as head and
brain anatomy, but also with empirically assessed neurophysiological and behavioral tES effects. | will
introduce the opportunities modeling approaches provide in explaining interindividual variability in tES
effects on the human brain, showing recent data linking the estimated fields in each participant to the
magnitude of individually induced tES effects. | will further demonstrate how the examination of individu-
al field differences can be used for the ultimate aim to develop individualized interventions.

13
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Causal role of cross-frequency coupling in cognitive control
Justin Riddle
Department of Psychiatry, University of North Carolina at Chapel Hill, USA

Cognitive control is the capacity to guide motor and perceptual systems towards abstract goals. High-
frequency neural oscillations related to motor activity (beta; 13-30 Hz) and visual processing (gam-
ma; >30 Hz) are known to be modulated by cognitive control signals via cross-frequency coupling with
low frequency network oscillations in prefrontal cortex (delta, 2-3 Hz; and theta, 4-8 Hz). Thus, we
delivered cross-frequency transcranial alternating current stimulation (CF-tACS) during performance
of a task that manipulated cognitive control demands along two dimensions: abstraction of rules (ac-
tion-planning) that increased delta-beta coupling and number of rules (held in memory) that increased
theta-gamma coupling. We found that CF-tACS increased the targeted phase-amplitude coupling and
modulated task performance of the associated cognitive control component

Personalized frequency-modulated oscillatory tDCS for memory enhancement

Jovana Bjekic¢

Human Neuroscience Group, Institute for Medical Research, University of Belgrade, Serbia

One of the main prerequisites for translating brain stimulation form basic research to clinical applications
is reducing the individual differences in response to tDCS. This is especially notable when it comes to
cognitive functions like memory. One step in that direction is to abandon the one-size-fits-all approach
and move towards personalization of different aspects of the stimulation protocol. Here | will focus on
personalization of the tDCS by matching the frequency of oscillations in the stimulation protocol to
the peak theta-band (4-8Hz) frequency recorded in the pre-stimulation EEG. The effects of this new
stimulation protocol on the associative memory performance in healthy volunteers will be presented
and discussed.



Session 3, 4: Perspectives of brain stimulation for memory; EJN Best Publication Award 2021 Lecture

Modulation of episodic memory in aging

Marco Sandrini
Department of Psychology, University of Roehampton, London, UK

What is new and exciting in Alzheimer’s disease (AD) research is the idea of prevention trials, such
as helping healthy people reduce their risk of developing AD (primary prevention), or delaying the
progression of amnestic mild cognitive impairment (aMCl) to AD (secondary prevention). Since phar-
macological interventions have failed to show efficacy in clinical trials with aMCI, non-invasive brain
stimulation interventions, have received increasing attention. In this talk | will present an overview
about memory formation, consolidation and modification through reconsolidation. Next, | will show
the causal role of lateral PFC in episodic memory reconsolidation. | will conclude presenting some
transcranial direct current stimulation (tDCS) studies showing memory enhancement in physiological
and pathological aging.

Session 4: EJN Best Publication Award 2021 Lecture

Debra J. Skene Metabolomics of sleep deprivation: sex differences

Ulrich Schiiller TCF4 in development and tumorigenesis of the central nervous system

15

Day 1 - 25 Aug, Wednesday



16

FRM 2021 — FENS Regional Meeting, 25-27 August 2021

Session 5: How to maximize benefit from good research practice?

Negatives are Positives — How to Publish Negative Data
Thomas Steckler
Janssen Pharmaceutica NV, Belgium

Publishing negative results seems still relatively rare in the scientific literature when compared to the
publication of positive, catchy results that seem to confirm the working hypothesis, despite the fact
that both positive and negative results are essential for the progress of science. In part, this has to do
with the believe that negative results are more difficult to publish or of low interest. A set of criteria has
recently been described by Bespalov et al. (2019) that should help scientists, reviewers and editors to
publish technically sound, scientifically high-impact negative (or null) results originating from rigorously
designed and executed studies. These criteria will be presented and their utility to facilitate the publica-
tion of negative data will be discussed.

Bespalov A, Steckler T, Skolnick P (2019) Be positive about negatives - recommendations for the publication of
negative (or null) results. Eur Neuropsychopharmacology 29, 1312-1320.

Role of Funder in Rewarding High-Quality Research

Chantelle Ferland-Beckham
Cohen Veterans Bioscience, New York, USA

Growing awareness of the difficulties of replicating published findings provides an opportunity for the
entire scientific ecosystem to examine the root causes. Poor implementation of the guiding principles
of the scientific method leads to challenges while attempting to use or validate data preclinical study
data. Many stakeholders play a role in driving a culture shift in how high-quality research is promoted
and incentivized. Funders must reward researchers who foster a culture of good scientific citizenship,
including data sharing, high-quality methodology, meticulous study design, and open and transparent
scientific reporting. Future funding should be prioritized for those researchers who see themselves as
playing an essential role in promoting the long-term objectives of science.



Session 5, 6: How to maximize benefit from good research practice?; Pitch your science communication

Research quality from the perspective of academia

Valentina Vengeliene
Dept. of Neurobiol. and Biophysics, Institute of Biosciences, LSC, Vilnius University, Lithuania

In academia, increasing publication pressure to be competitive for grants, promotions and awards is one
of the main reasons for researchers patching up botched studies and publishing unreliable results, con-
tributing to the problem with the irreproducibility of findings. Focus on establishing high research quality
may remove many of the reasons that sustain bad practices and increase the overall efficiency of the
lab. From bachelor students to senior postdocs, high research rigor, will ensure reliability of the results,
reduce the number of failed experiments and ensure that time spent in the lab is valuable. A quality profile
will also enhance the opportunities for collaborations with the pharmaceutical industry and receiving
grants from funding agencies.

High quality standards as a vehicle to attract collaboration

Malgorzata Pietraszek, Anton Bespalov
PAASP, Hauptstr. 25, Heidelberg, Germany

It is difficult to imagine modern scientific research without collaboration. Collaborative research in bio-
medical research contributes to boosting knowledge and speeds up development of novel therapeutic
strategies. There are different models of research collaborations. However, regardless of collaboration
model, success of the collaboration depends to a large extent on the quality of results generated by col-
laborating parties (Vaudano 2020). Thus, apart from scientific excellence, collaborators need to adhere
to high quality standards. This increases confidence in the quality of generated evidence and facilitates
decision making regarding selection of collaborators and building of research networks.

In this presentation, we will demonstrate why high-quality research is a prerequisite of successful re-
search collaboration.

Vaudano, E. (2020) Research Collaborations and Quality in Research: Foes or Friends? In Bespalov, A., Michel,
M.C., Steckler. T. (eds), Handb Exp Pharmacol. 257, pp. 383-398.

Session 6: Pitch your science communication

Six competitors selected from the satellite workshop (for details see: Tue, Aug 24, 2-4 PM CEST) will
pitch their science communication project to a jury of experts. The best three projects in the following
categories: online science communication, science communication for younger audiences and animal
research for non-scientific audiences, will be rewarded with a grant to fund their project. All FRM regi-
strants are welcome to watch the competition and vote for their favourite project.

"7
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Plenary Lecture

Biology of bedtime: cellular insights into why we sleep
Amita Sehgal

HHMI, Perelman School of Medicine, University of Pennsylvania, Philadelphia, USA

The function of sleep remains a mystery. There is universal agreement that lack of sleep impairs
performance, especially cognitive ability, during waking hours and considerable evidence supports
adverse effects of sleep loss on other physiological parameters as well. Thus, sleep may be re-
garded as important for waking function. However, what happens during sleep to facilitate wake per-
formance and promote health? Some studies posit that replay of wake experiences is specific brain
regions during sleep helps in memory consolidation, but it is likely that sleep affects fundamental
physiology on a brain-wide and perhaps even body-wide level. Ongoing research seeks to address
this question by investigating cellular and molecular processes impacted by sleep.

Session 7: Circadian clocks: more beyond neurons

Exploring mechanisms of microRNA rhythms in the mouse cerebral cortex

Davide de Pietri Tonelli

Neurobiology of miRNAs lab, Istituto Italiano di Tecnologia (IIT), Genova, Italy

Post-transcriptional mechanisms control daily oscillations of protein abundance in the mouse liver.
Whether this occurs in brain is unknown. MicroRNAs are small noncoding RNAs with post-transcriptio-
nal regulatory capacity. Analysis, around the 24 hours, of transcriptome/miRNome indicated that ~19%
of the miRNAs are circadian in cerebral cortices of adult mice. Most of oscillating miRNAs peak in the
active phase (between ZT10-ZT18), therefore ‘in phase’ with the Per and Cry circadian repressors,
and were compromised upon the deletion of Bmal1 gene in astrocytes, which impairs brain circadian
rhythms, cognition and lifespan. We will discuss mechanisms of miRNA oscillations in cortical cell
subpopulations and relevance of miRNA rhythms in circadian circuits.

Barca-Mayo O, Pons-Espinal M, Follert P, Armirotti A, Berdondini L, De Pietri Tonelli D. Astrocyte deletion of Bmal1
alters daily locomotor activity and cognitive functions via GABA signalling. Nat Commun. 2017 Feb 10;8:14336.
doi: 10.1038/ncomms14336.

Barca-Mayo O, Boender AJ, Armirotti A, De Pietri Tonelli D.Deletion of astrocytic BMAL1 results in metabolic imba-
lance and shorter lifespan in mice. Glia. 2020 Jun;68(6):1131-1147. doi: 10.1002/glia.23764. Epub 2019 Dec 13.



Session 7: Circadian clocks: more beyond neurons

Circadian astrocytes: Networked in cortex and cancer

Erik Herzog

Department of Biology, Washington University, St. Luis, USA

Circadian rhythms in the brain regulate sleep-wake, feeding-fasting and other daily behaviors. The cells
of the suprachiasmatic nucleus play a central role in coordinating daily rhythms in the brain. This talk
will explore how daily rhythms in the neurons and astrocytes of the cortex arise and synchronize to local
time in health and in glioblastoma, the most common and deadly form of brain cancer.

Slat, E.A., Sponagel, J., Marpegan, L., Simon, T., Kfoury, N., Kim, A., Binz, A., Herzog, E.R., Rubin, J.B. (2017)
Cell-intrinsic, Bmal1-dependent Circadian Regulation of Temozolomide Sensitivity in Glioblastoma. J Biol
Rhythms. 32, 121-129.

Tso, C.F, Simon, T., Greenlaw, A.C., Puri, T., Mieda, M., Herzog, E.D. (2017) Astrocytes Regulate Daily Rhythms
in the Suprachiasmatic Nucleus and Behavior. Curr Biol. 27,1-7.

How fish “sense” the light? Fish as model to study the deep brain photoreception

Cristiano Bertolucci
Department of Biosciences and Biotechnology, University of Ferrara, Ferrara, Italy

During the Cambrian explosion animal body plans evolved very rapidly and image-forming eyes and
visual systems emerged. However, in the pre-Cambrian era early organisms already evolved photore-
ceptors that were capable of light detection to mediated simple behavioral responses as the phototaxis.
For this reason, extra-retinal photoreceptors represent the most basal form of light reception. Fish repre-
sent the most fascinating model to study deep brain photoreception because they colonized all aquatic
habitats characterized by different photic environments including the subterranean waters in perpetual
darkness. Comparative studies on pigeon and hypogean fish species could help to shed light on key
genetic and physiological mechanisms whereby animals directly or indirectly respond to light.

Calderoni, L., Rota-Stabelli, O., Frigato, E., Panziera, A., Kirchner, S., Foulkes, N. S.,Fuselli, S. (2016). Relaxed
selective constraints drove functional modifications in peripheral photoreception of the cavefish Phreatichthys
andruzzii and provide insight into the time of cave colonization. Heredity.

Cavallari N., Frigato E., Vallone D., Frohlich N., Lopez Olmeda J.F., Foa A., Berti R., Sanchez Vazquez F.J., Ber-

tolucci C., Foulkes N.S. (2011) ABlind Circadian Clock in Cavefish Reveals that Opsins Mediate Peripheral Clock
Photoreception. PLoS Biology 9(9): 1001142.

119
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Cryptochrome: the dark side of a circadian photoreceptor comes to light
Gabriella Mazzotta

Department of Biology, University of Padova, Padova, Italy

In Drosophila, Cryptochrome acts as the main circadian photoreceptor in the central pacemaker neu-
rons and as component of the circadian repressor complex in the peripheral clocks. While the light-
activation mechanism is being thoroughly studied, the nature of the transduction signaling that activate
CRY in the dark remains largely unknown. We hypothesize a novel mechanism regulated by Ca2+/
CaM, that could be involved in the light-independent activation of Drosophila and act in consolidating
the light-response stimulation.

Mazzotta GM, Bellanda M, Minervini G, Damulewicz M, Cusumano P, Aufiero S, Stefani M, Mammi S, Costa R
and Tosatto S (2018). Calmodulin enhances Cryptochrome binding to INAD in Drosophila photoreceptors. Fron-
tiers in Molecular Neuroscience. 11:280. doi:10.3389/fnmol.2018.00280

Schlichting M, Rieger D, Cusumano P, Grebler R. Costa R, Mazzotta GM*, Helfrich-Férster C* (2018). Cryp-
tochrome interacts with actin and enhances eye-mediated light sensitivity of the circadian clock in Drosophila
melanogaster. Frontiers in Molecular Neuroscience 11:238. doi: 10.3389/fnmol.2018.00238. eCollection 2018.
(* Co-corresponding Author)

Session 8: Impact of early life experience on prefrontocortical circuits

Impact of early aversive experiences on the structure, connectivity and
plasticity of prefrontocortical neurons

Juan Nacher

Neurobiology Unit, Institute for Biotechnology and Biomedicine, Universitat de Valencia, Spain

The prefrontal cortex continues to develop after birth, during the infancy and the adolescence and,
consequently, aversive experiences such as chronic stress can affect the final steps of its construction.
These alterations lead to permanent alterations in the structure and physiology of the adult prefrontal
cortex, which may contribute to the development of certain psychiatric disorders. Recent work in our
laboratory has shown that different forms of chronic stress during early life have a strong impact on pre-
frontocortical inhibitory circuits and their plasticity, particularly on parvalbumin expressing interneurons.

Garcia-Mompo C, Curto Y, Carceller H, Gilabert-Juan J, Rodriguez-Flores E, Guirado R, Nacher J. Trans| Psy-
chiatry. A-9-Tetrahydrocannabinol treatment during adolescence and alterations in the inhibitory networks of the
adult prefrontal cortex in mice subjected to perinatal NMDA receptor antagonist injection and to postweaning
social isolation. 2020 Jun 1;10(1):177. doi: 10.1038/s41398-020-0853-3.

Carceller H, Guirado R, Ripolles-Campos E, Teruel-Marti V, Nacher J. Perineuronal Nets Regulate the Inhibitory

Perisomatic Input onto Parvalbumin Interneurons and y Activity in the Prefrontal Cortex. J Neurosci. 2020 Jun
24;40(26):5008-5018. doi: 10.1523/JNEUROSCI.0291-20.2020. Epub 2020 May 26.



Session 8: Impact of early life experience on prefrontocortical circuits

Adolescent stress and disruption of prefrontal inhibitory maturation
Laurence Coutellier

Departments of Psychology and Neuroscience, The Ohio State University, Ohio, US4

During adolescence, the prefrontal cortex gains inhibitory control through the maturation of its GABAergic
system. This gain of prefrontal inhibitory control contributes to the maturation of executive functions. It
is agreed upon that stress during adolescence impairs these cellular and behavioral maturational pro-
cesses, potentially leading to cognitive deficits as observed in schizophrenia. The molecular mechanisms
driving stress-induced abnormal development of prefrontal inhibitory circuits and associated executive
functions remain to be determined. Using genetic, behavioral and molecular approaches in mice, my lab
has shown that the transcription factor Npas4 regulates of normative prefrontal circuits maturation during
adolescence and mediates the effects of adolescent chronic stress on executive functions deficits.

Shepard R, Heslin K, Coutellier L. (2017) The transcription factor Npas4 contributes to adolescent development of
prefrontal inhibitory circuits, and to cognitive and motional functions: Implications for neuropsychiatric disorders.
Neurobiol Dis. 99:36-46. doi: 10.1016/j.nbd.2016.12.012.

Page CE, Alexander J, Shepard R, Coutellier L. Npas4 deficiency interacts with adolescent stress to disrupt prefron-
tal GABAergic maturation and adult cognitive flexibility. Genes Brain Behav. 17(6):e12459. doi: 10.1111/gbb.12459.

Child abuse associates with increased recruitment of perineuronal nets in the
ventromedial prefrontal cortex: evidence for an implication of oligodendrocyte
progenitor cells

Naguib Mechawar

Dept of Psychiatry, McGill University, Douglas Hospital Research Centre, Verdun (Québec), Canada

Child abuse (CA) is a strong predictor of psychopathologies and suicide, and can lastingly alter normal
trajectories of brain development, in particular in areas closely linked to emotional responses such as
the ventromedial prefrontal cortex (vmPFC). | will present evidence that a history of CA is specifically
associated with increased recruitment and maturation of perineuronal nets (PNNs) around parvalbumin-
immunoreactive interneurons in human vmPFC, and that oligodendrocyte progenitor cells (OPCs) are
involved in this phenomenon. These findings suggest that early-life adversity may lead to persistent
patterns of maladaptive behaviours by reducing the neuroplasticity of cortical circuits through the en-
hancement of developmental OPC-mediated PNN formation.

Child abuse associates with increased recruitment of perineuronal nets in the ventromedial prefrontal cortex:
evidence for an implication of oligodendrocyte progenitor cells. Arnaud Tanti, Claudia Belliveau, Corina Nagy, Ma-
losree Maitra, Fanny Denux, Kelly Perlman, Frank Chen, Refilwe Mpai, Candice Canonne, Maria Antonietta Davoli,
Gustavo Turecki, Naguib Mechawar. bioRxiv 2020.10.19.345355; doi: https://doi.org/10.1101/2020.10.19.345355

Child abuse associates with an imbalance of oligodendrocyte-lineage cells in ventromedial prefrontal white mat-
ter. Tanti A, Kim JJ, Wakid M, Davoli MA, Turecki G, Mechawar N. Mol Psychiatry. 2018 Oct;23(10):2018-2028.
doi: 10.1038/mp.2017.231. Epub 2017 Nov 21.
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Epigenetic regulation in the prefrontal cortex: relevance to schizophrenia
Marzena Mackowiak

Laboratory of Pharmacology and Brain Biostructure, Pharmacology Department, Maj Institute of
Pharmacology, Polish Academy of Sciences, Krakow, Poland

Epigenetic mechanisms are involved in the regulation of brain development. Findings from a neurodeve-
lopmental model of schizophrenia (MAM-E17) showed changes in a dynamic of histone H3 methylation
during the rat prefrontal cortex maturation. Impairments in histone H3 methylation at lysine 4 (H3K4me3)
affected expression of genes (Gad1, parvalbumin) in the adult MAM-E17 cortex. Adolescent environmen-
tal factors (enriched environment, social isolation) influenced on H3K4me3 protein level that resulted in
altered gene expression in the adult MAM-E17 cortex. Thus, modifications in histone methylation during
prefrontal cortex development changed trajectory of interneurons maturation, and malfunction of prefron-
tal cortex might be related to schizophrenia-like abnormalities observed in the MAM-E17 model.

Bator, E., Latusz, J., Wedzony, K., Mackowiak, M. (2018). Adolescent environmental enrichment prevents the
emergence of schizophrenia-like abnormalities in a neurodevelopmental model of schizophrenia. Eur Neuropsy-
chopharmacol., 28(1), 97-108. doi: 10.1016/j.euroneuro.2017.11.013.

Session 9: Female brain as a target of sex hormones

No more stigma, it's science: Joint dynamics of menstrual cycle and brain
structure

Rachel G Zsido

Emotion & neuroimaGinG (EGG) Lab, Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig,
Germany

Ovarian hormones are key modulators of neuroplasticity, with animal research offering robust evidence
of endocrine regulation of brain morphology. Yet, we still require longitudinal human studies that inves-
tigate how subtle hormone fluctuations influence the brain. In our study, we utilized the menstrual cycle
as a natural experimental set-up to model how endogenous ovarian hormone fluctuations influence
hippocampal subfield volume and structural connectivity. Healthy female participants of reproductive
age were invited for 6 time-points during their menstrual cycles to undergo 7-tesla ultra-high field mag-
netic resonance imaging and rigorous cycle monitoring. We will review our systematic protocol for ac-
curate characterization of cycle changes as well as individual phenotyping of brain structure to identify
hormone-associated neuroplasticity during the reproductive years. Given the scarcity of female data in
basic and clinical neurosciences, we contribute to bridging this gap in knowledge by providing a rich and
detailed new dataset which sheds light on the menstrual patterns of the female human brain.



Session 9: Female brain as a target of sex hormones

Dynamic causal modelling of the menstrual cycle: predicting ovulation from
brain connectivity

Esmeralda Hidalgo-Lopez

Centre for Cognitive Neuroscience and Psychology Department, Faculty of Natural Sciences, Univer-
sity of Salzburg, Austria

Specific brain connectivity patterns characterize each phase of the menstrual cycle in healthy wom-
en, related to their endogenous hormonal milieu. Dynamic causal modelling and parametric empirical
Bayes were performed in a triple model consisting of the default mode, salience and executive central
networks during resting state. Effective connectivity within and between these three core networks
will be detailed for menses (low progesterone and estradiol); pre-ovulatory phase (peak estradiol, low
progesterone), and the mid-luteal phase (high progesterone and estradiol). Remarkably, the specific
cycle phase in which a woman was in could be predicted by the connections that showed the strongest
changes.

Progesterone antagonism beneficial for premenstrual dysphoric disorder

Erika Comasco
Department of Neuroscience, Science for Life Laboratory, Uppsala University, Sweden

Premenstrual dysphoric disorder (PMDD) is a psychiatric condition characterized by late luteal phase
affective, cognitive, and physical symptoms, causing significant distress in about 3-5% of women of
reproductive age. Progesterone is posited to be implicated in the symptomatology, thus we tested the
efficacy of a selective progesterone modulator (SPRM) for PMDD. In a multicentre, double-blind, pla-
cebo-controlled clinical trial, we demonstrated that half of the women receiving the treatment improved
completely, while the corresponding proportion of women receiving placebo was 21 per cent. Further-
more, SPRM treatment was associated with enhanced reactivity in the dorsal anterior cingulate cortex
and dorsomedial prefrontal cortex during aggressive response to provocation stimuli, as assessed by
functional magnetic resonance imaging. The mechanism of action of the study drug provides insights
into the potential molecular mechanisms underlying this psychiatric disorder and its treatment, suggest-
ing a beneficial effect of progesterone receptor antagonism on top-down emotion regulation.
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Investigating effects of oral contraceptives on women’s intra and intersexual
social behaviours and their neural correlates

Ann-Christin Kimmig

Department of Psychiatry and Psychotherapy & IMPRS of Cognitive and Systems Neuroscience, Uni-
versity of Tiibingen, Germany

Worldwide millions of women use oral contraceptives (OC). Evidence is accumulating that oral contra-
ceptives may alter a range of socio-emotional processes. We were interested whether this holds also
for (intrasexual) empathy and (inter) sexual approach and avoidance behaviour. Thus, we investigated
women taking combined oral contraceptives (n = 37) and two groups of naturally cycling women (early
follicular: n = 37, and periovulatory: n = 29) using the Tuebinger Empathy Test (TET) and an erotic ap-
proach avoidance task (AAT) during fMRI. Next to the results of the cross-sectional analysis, an outlook
on a longitudinal comparison of women who stop taking OCs will be given.



Plenary Lecture

Why should a neuroscientist be interested in social interaction?
Riitta Hari

Aalto University, Espoo, Finland

Our brains are tuned to social interaction that shapes us throughout the lifetime. Social interaction
is complex but feels simple. During natural interaction, such as conversation, people spontaneo-
usly align and adapt their actions. Social touch and laughter modulate the release of endogenous
opioids, likely supporting bonding between individuals. Since social interaction is the property of
autonomous dyads rather than of single individuals, one cannot study social interaction without the
presence ofboth partners. We thus need experimental settings for two-person neuroscience where
the brains of two participants are scanned simultaneous. The most intriguing question concerns the
primacy of social interaction: Is it the default that enables social cognition and mutual understanding
rather than a property emerging from lower-level brain functions?

FENS Presidential Lecture

Neuronal reward mechanisms
Wolfram Schultz

Department of Physiology, Development & Neuroscience, University of Cambridge, UK

Rewards are involved in learning, approach behaviour, economic choice and positive emotions.
We use neurophysiological and behavioural methods in experimental designs based on animal
learning theory and economic decision theory. We explore reward processing by dopamine neu-
rones. Dopamine neurones carry a two-component reward prediction error signal that reflects the
physical impact and the value of rewards, respectively. The reward signal codes formal economic
utility and is influenced by risk. Slower components of the same neurones signal motor activation.
The understanding is that the different reward centers in the brain need to cooperate for individuals
to make optimal choices and maximise reward intake.
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Session 1: Learning by reinforcement

Cognitive switches and sensory learning using value backpropagation
Abhishek Banerjee

Adaptive Decisions Lab, Faculty of Medical Sciences, Newcastle University, UK

Animals adapt their behaviour in response to variable changes in reward reinforcement. Value-based
decision-making involves multiple cognitive maps across distributed brain areas. It is less clear which
brain regions are essential and how changes in neural responses flexibly re-map guiding adaptive be-
haviour. In this talk, I will highlight behavioural-neural interactions between frontal and sensory circuits
that implement flexible decision-making. | will present further evidence how some of these functions are
disrupted in autism spectrum disorders, arguing for a new conceptual framework based on computatio-
nal psychiatry to understand cognitive pathophysiology in neurological disorders.

Banerjee A, Parente G, Teutsch J, Lewis C, Voigt FF and Helmchen F (2020) Value-guided remapping of sensory
cortex by lateral orbitofrontal cortex. Nature 585:245-250.

Banerjee A, Rikhye RV, Breton-Provencher V, Tang X, Li C, Li K, Runyan C, Fu Z, Jaenisch R, and Sur M (2016)
Jointly reduced inhibition and excitation underlies circuit-wide changes in cortical processing in Rett Syndrome.
PNAS 113(46):E7287-E7296.

Reinforcement signals broadcast by neuromodulatory systems during
associative learning

Balazs Hangya

Lendiilet Laboratory of Systems Neuroscience, Department of Cellular and Network Neurobiology,
Institute of Experimental Medicine, Hungarian Academy of Sciences, Budapest, Hungary

Neuromodulatory systems have traditionally been associated with signalling rewards and punishments.
Specifically, midbrain dopaminergic neurons were shown to transmit reward prediction errors. However,
prediction error signalling has been demonstrated in multiple neuromodulatory and other circuits and
the division of labour across these areas during associative learning remained unclear. | will present
data shedding new light on learning-related reinforcement signaling in the basal forebrain cholinergic
and midbrain dopaminergic systems. | will also demonstrate how these signals might change through
aging and in the course of neurodegenerative disease.

Laszlovszky T, Schlingloff D, Freund TF, Gulyas A, Kepecs A, Hangya B (2020) Distinct synchronization, cortical
coupling and behavioural function of two basal forebrain cholinergic neuron types. Nat Neurosci, 23:992-1003.
Sturgill JF, Hegedus P, Li SJ, Chevy Q, Siebels A, Jing M, Li Y, Hangya B, Kepecs A (2020) Basalforebrain-derived
acetylcholine encodes valence-free reinforcement prediction error. bioRxiv 2020.02.17.953141; doi: https://doi.
0rg/10.1101/2020.02.17.953141



Session 1: Learning by reinforcement

The ubiquity of model-based reward prediction in the dopamine system

Angela Langdon
Niv Lab, Princeton Neuroscience Institute, Princeton University, Washington, USA

Phasic activity in dopamine neurons has long been identified as a neural correlate of reward predic-
tion error signals in the brain. Recent findings suggest dopamine prediction error signals reflect more
dimensions of an expected outcome than scalar reward value. These features imply a richer learning
process in the brain than what is typically assumed in current Al learning models, suggesting instead
that neural reward predictions are embedded in learned expectations about the structure of the task
environment—a form of ‘model-based’ reinforcement learning. Using these results, | will highlight a
number of intriguing and perhaps surprising implications for the algorithmic understanding of learning
in both health and disease.

Langdon A.J., Sharpe M., Schoenbaum G., Niv Y. (2018). Model-based predictions for dopamine. Current Opinion
in Neurobiology 49:1-7.

Takahashi Y*., Langdon A.J*., Niv Y., Schoenbaum G. (2016). Temporal specificity of reward prediction errors
signaled by putative dopamine neurons in rat VTA depends on ventral striatum. Neuron 91(1):182-193. (*Equal
contribution)

Heterogeneity of cholinergic activities during visual discrimination learning

Yang Yang
School of Life Science and Technology, ShanghaiTech University, Pudong, China

Acetylcholine is known to play a key role in learning and memory. However, it's unclear how cholinergic
neurons in the basal forebrain respond to salient events such as sensory stimuli, rewards and punish-
ment, during the course of reinforcement learning. We trained mice to perform a visual discrimination
task, and recorded the cholinergic neuronal activities during the learning process. Both the temporal
properties and the strength of the cholinergic activities change alongside behavioral performance, and
cholinergic neurons show heterogeneous responses to visual stimuli and behavioral outcomes, suppor-
ting the notion that cholinergic neurons play diverse roles in learning.

Yang, Y.%, Liu, D-g*, Huang, W, Deng, J, Zuo, Y., Poo MM. (2016). Selective synaptic remodeling of amygdalo-
cortical connections associated with fear memory. Nature Neuroscience, 19(10):1348-55 (*Equal contribution)

Yang, Y. and Zador, AM. (2012). Differences in sensitivity to neural timing among cortical areas. Journal of Neu-
roscience, 32(43):15142-7.
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Session 2: The neural architecture of visual awareness

The neural architecture of visual awareness

Kristian Sandberg
Center of Functionally Integrative Neuroscience, Aarhus University, Denmark

Many previous studies have examined various aspects of the neural architecture of visual conscious-
ness using MR, e.g. studies of grey matter volume, white matter integrity, or GABA, but often in samples
that are smaller than power analyses would suggest to be sufficient. Here, | present the framework of
our large-scale experimentation in COST Action 18106 where each study relates a range of MRI-based
indices of neural architecture to behavioural consciousness data in samples of typically minimum 200
participants. | present preliminary data from the Action as well as already published findings from pre-
cursors of the Action1,2, and | discuss the relevance to theories of consciousness.

Sandberg, K. et al. Improved estimates for the role of grey matter volume and GABA in bistable perception. Cortex
83, 292-305 (2016).

Song, C., Sandberg, K., Mgller Andersen, L., Udby Blicher, J. & Rees, G. Human occipital and parietal GABA
selectively influence visual perception of orientation and size. The Journal of Neuroscience 3945-16 (2017)
doi:10.1523/JNEUROSCI.3945-16.2017.

Electrophysiological correlates of first and second-order consciousness

Nathan Faivre
Laboratoire de Psychologie et Neurocognition (LPNC), Université Grenoble Alpes, Grenoble, France

Perceptual consciousness encompasses two interrelated phenomena: the subjective experience asso-
ciated with a sensory event, and the reflexive monitoring of the corresponding percept which involves
a second-order representation of a stimulus. The study of first and second-order consciousness is now
based on empirical yet mostly distinct grounds. A way to simultaneously characterize first and second-
-order consciousness is to ask volunteers to detect stimuli presented around the threshold for detec-
tability, and to provide subsequent confidence ratings about the likelihood that they correctly detected
the stimulus. Based on this paradigm, | will present a series of behavioral, electrophysiological, and
modeling results documenting the commonalities and specificities of the mechanisms involved in first
and second-order conscious processes.



Session 2: The neural architecture of visual awareness

What constitutes an optimal brain architecture? The role of sensory processing
versus sleep

Chen Song

Brain Complexity and Consciousness Lab, Cardiff University Brain Research Imaging Centre, Cardiff
University, UK

Structure shapes function. Understanding what kinds of brain structure are optimal for cognitive function
is fundamental to neuroscience research as well as to the design of artificial intelligence. Traditionally,
large brain volumes, large number of neurons and strong neural connections are considered beneficial.
In this talk, | will present our experimental and theoretical work that challenges the conventional wis-
dom. We show that a functionally optimal visual cortex is constituted of a large cortical surface area,
but a small cortical thickness and weak lateral connections. This architecture enables neurons in visual
cortex to have high selectivity, short latency, and human participants to excel in visual tasks. To achieve
the optimal brain structure, we show that sleep plays an essential role. Sleep facilitates the overnight
improvement in cognitive function through homeostatic weakening of neural connections and thinning
of cortex, at both a cellular and a system level. The overnight brain structural changes in turn enhance
the cost-efficacy of brain activity. | will conclude by discussing how a balanced view of brain structure
and function requires the consideration of sleep-wake cycle, and how the contrast between awake and
sleeping brain activity may be key to our intelligence.

Modulation of auditory steady-state responses by the fluctuations in the state
of consciousness

Marek Binder

Institute of Psychology, Jagiellonian University, Krakow, Poland

Auditory-steady state responses (ASSRs) are defined as the frequency-domain EEG activity elicited by
the periodic acoustic stimulation. These oscillations reflect not only the integrity of the auditory system
within the cortex and the subcortical regions, but they also appear to be sensitive to the fluctuations in
the state of consciousness. During this talk | will present the results of our recent research on sleep and
disorders of consciousness and how they influence the ASSR, and describe our experiments aimed to
identify the mechanisms underlying this sensitivity.
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Session 3: Microglia and neuronal death in brain diseases

Microglia and their contribution to the pathomechanism of Alzheimer’s disease
Grzegorz A. Czapski / Joanna B. Strosznajder

Department of Cellular Signalling, Mossakowski Medical Research Centre Polish Academy of Scien-
ces, Warsaw, Poland

The growing body of evidence highlights the significance of inflammatory processes in the pathomecha-
nism of Alzheimer’s disease (AD). Depending on age, disease stage, and other environmental condi-
tions, neuroinflammatory processes may be beneficial, promoting neuroprotection and neuroregenera-
tion, or can result in neuronal damage. Microglia, resident immune cells in the brain are equipped with
a set of membrane receptors and detect changes in the local environment trying to maintain brain
homeostasis. However, prolonged activation of microglia in AD may evoke the sustained release of
inflammatory mediators and reactive oxygen species, leading to neuroinflammation which may promote
amyloid-beta (AB) peptide accumulation and proteinopathy, changes in gene transcription, epigenetic
regulation, formation of the self-propagating alterations, and neuronal death.

The novel research tools revealed the heterogeneity of the microglial population and the complexity of
microglial function/dysfunction. The transcriptome-wide analysis of human microglia indicated the age-
related transcriptome changes. It was found that expression of the specific set of genes was altered in
AD, was increased during aging, and was affected by APOE2 haplotype. Microglia may adopt differ-
ent activation states (phenotypes) to handle specific tasks in brain tissue. Because of this phenotypic
diversity, targeting microglia in AD is challenging and it is necessary to understand the specific function
of each type and its contribution to the pathomechanism of AD to create the way for a new therapeutic
approach.

Cieslik M, Czapski GA, Wojtowicz S, Wieczorek |, Wencel PL, Strosznajder RP, Jaber V, Lukiw WJ, Strosznajder
JB (2020) Alterations of Transcription of Genes Coding Anti-oxidative and Mitochondria-Related Proteins in Amy-
loid B Toxicity: Relevance to Alzheimer’s Disease. Mol. Neurobiol., 57, 1374- 1388.

Czapski GA, Zhao Y, Lukiw WJ, Strosznajder JB (2020) Acute Systemic Inflammatory Response Alters Trans-

cription Profile of Genes Related to Immune Response and Ca(2+) Homeostasis in Hippocampus; Relevance to
Neurodegenerative Disorders. Int. J. Mol. Sci., 21.
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Microglial phagocytosis of live neurons and synapses in neurodegeneration

Guy C. Brown
Department of Biochemistry, University of Cambridge, Tennis Court Road, Cambridge, UK

Excessive microglial phagocytosis of live synapses and neurons may contribute to neurodegeneration.
We find that the exposure of cell-surface sialic acid and galactose are key regulators of this phagocy-
tosis. Activated microglia release a sialidase that desialylates microglia and neurons, activating phago-
cytic residues on microglia, and enabling opsonins to bind to neurons. However, microglial engulfment
of neurons requires UDP release from neurons activating the P2Y6 receptor on neurons. Knockout of
the P2Y6 receptor in mice prevents microglial phagocytosis of live neurons, as well as neuronal and
memory loss in mouse models of neuroinflammation, amyloidosis and tauopathy.

Allendorf DH, Puigdellivol M, Brown GC. (2020). Activated microglia desialylate their surface, stimulating comple-
ment receptor 3-mediated phagocytosis of neurons. Glia, 68, 989-998.

Vilalta A, Brown GC (2018) Neurophagy, the phagocytosis of live neurons and synapses by glia, contributes to
brain development and disease. FEBS J., 285, 3566-75.

Extracellular tau-induced microglia-mediated neuronal death

Vilmante Borutaite
Neuroscience Institute, Lithuanian University of Health Sciences, Kaunas, Lithuania

Structural and compartmental changes of tau are being thought to be involved in various tauopaties,
including frontotemporal dementia, Pick’s disease, etc. Recently it has been shown that extracellularly
secreted tau can be more toxic than intraneuronal but the mechanisms of this type of tau-induced neu-
rotoxicity are unclear. In this talk, I'll compare neurotoxic effects of various isoforms of extracellular tau
and give some insights into molecular pathways how extracellular tau interacts with microglia causing
neuronal loss.

Pampuscenko K, Morkuniene R, Krasauskas L, Smirnovas V, Tomita T, Borutaite V (2020). Distinct Neurotoxic
Effects of Extracellular Tau Species in Primary Neuronal-Glial Cultures. Mol Neurobiol. (in press). doi: 10.1007/
§12035-020-02150-7.

Pampuscenko K, Morkuniene R, Sneideris T, Smirmovas V, Budvytyte R, Valincius G, Brown GC, Borutaite V.
(2020) Extracellular tau induces microglial phagocytosis of living neurons in cell cultures. J Neurochem. 154,
316-329. doi: 10.1111/jnc.14940.
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Session 4: How a society journal handles your paper.
The peer review process and beyond

How a society journal handles your paper. The peer review process and beyond
Juan Lerma

Editor-in-Chief of Neuroscience; Instituto de Neurociencias CSIC-UMH, Spain

John Foxe

Editor-in-Chief of European Journal of Neuroscience; University of Rochester Medical Center, School
of Medicine and Dentistry, Rochester, USA

The most important skill a scientist needs, after the skills needed to execute a study, is the ability to
report their scientific endeavours in the written form. Indeed, there is no point in conducting research
if one cannot articulate new scientific knowledge. The aim of this workshop, presented by the editors
of two international neuroscience journals, is to inform on what happens to a paper once the ‘submit’
button is pressed. We will discuss what editors consider when deciding whether to review a paper, what
we expect from reviewers, the importance of contributing to the peer review process, and ethical and
reproducibility issues around publishing scientific papers. In particular, we intend

1) To show precisely what happens to a paper once submitted to a journal. After years of pains-taking
work and months of writing, what actually happens when you finally submit your paper. We will
explain what happens in the office and what the editors do.

2) To clearly explain what we look for in a good paper, what makes a paper worthy of going into the peer-
-review process and, by extrapolation, what do we consider a ‘bad’ paper or bad aspect of a paper.

3) To stress how the peer-review process is one of the bed-rocks of the scientific method and how
the peer review process works. What we expect reviewers to do and how we as editors, deal with
reviews.

4) To emphasize the importance of ethical issue and issues of reproducibility in the publishing process,
as well as the problem of plagiarism. Finally, our aim is to demystify the role of editors. We are
scientists ourselves, just as members of the audience, who want and need to publish our work.

Session 5: Special interest event by the CHET committee:
Career pathways in neuroscience and training opportunities

This Special Interest Event is dedicated for students and early career scientists participating at FENS
Regional Meeting 2021 (FRM2021) interested to interact with inspiring representatives from business,
publishing, industry and public sectors, all sharing a neuroscience background. Our speakers will reveal
how their neuroscience background successfully contributed to their career-paths



Session 6: Promoting continuity of international collaboration in animal neuroscience research

Session 6: Promoting continuity of international collaboration
in animal neuroscience research

Moderated by Anna Mitchell (FENS Committee on Animals in Research, Oxford Neuroscience), this
debate will aim to examine the benefits of international scientific collaboration and identify current chal-
lenges and opportunities including 3Rs strategies that are relevant for researchers working with animal
models. The event will feature talks from Kirk Leech (European Animal Research Association) and
Frances Wiseman (UK Dementia Research Institute) and will be followed by a live Q&A session.

Plenary Lecture

Epigenomics in psychiatric disease: the circadian perspective
Arturas Petronis

Centre for Addiction and Mental Health, and University of Toronto, Toronto Ontario, Canada
and Institute of Biotechnology, Life Sciences Center, Vilnius University, Vilnius, Lithuania

In addition to genetics and environment, disease phenotypes are shaped by epigenetic modifica-
tions. Progress in uncovering the epigenetic basis of disease, however, depends on how well we
understand the fundamental principles of epigenomic regulation. Our group has recently discovered
that epigenetically modified cytosines oscillate in a circadian (or diurnal) fashion. | will provide a
series of reasons indicating that malfunction of circadian regulation, one of the oldest and nearly
universal adaptive mechanism, can help understanding a number of clinical and molecular find-
ings in psychiatric diseases. Since circadian and epigenetic parameters can be modified by diet,
lifestyle, and medications, therapeutic interventions rectifying circadian aberrations may be used to
reduce disease risk, or at least delay its age of onset.
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Session 7: Animal models of drug abuse - towards new neuronal
mechanisms and high translational value

Relapse after voluntary abstinence: Behavior and circuit mechanisms

David Reiner and Yavin Shaham
Behavioral Neuroscience Branch, IRP-NIDA, NIH, USA

Relapse to drug use during abstinence is a defining feature of addiction. In humans, abstinence is often
self-imposed or voluntary, and in many cases occurs because of the availability of nondrug alternative
rewards that are chosen over the drug. We have recently developed rat models of relapse after volun-
tary abstinence, achieved by providing mutually exclusive choices between the self-administered drug
and nondrug rewards. In this lecture, we will provide an overview of one of these models in which we
have used palatable food as the alternative nondrug reward and discuss recent circuit findings from
studies using this model.

Reiner DJ, Fredriksson |, Bossert JM, Shaham Y (2019) Relapse to opioid seeking in rat models: behavior, phar-

macology, and circuits. Neuropsychopharmacology 44:465-477.

Fredriksson |, Venniro M, Reiner DJ, Chow JJ, Bossert JM, Shaham Y (2021) Animal models of drug relapse and
craving after voluntary abstinence: a review. Pharmacological Review 73:1050-1083.

Biobehavioural basis of the flexible inflexibility that characterises maladaptive
drug-seeking at relapse

David Belin

Behavioural and Clinical Neuroscience Institute, University of Cambridge, Cambridge, UK

The inflexible pursuit of drug-seeking and tendency to relapse that characterize addiction have been
associated with the recruitment of the dorsolateral striatum-dependent habit system. However, the me-
chanisms by which the resulting maladaptive drug-seeking habits contribute to relapse have not been
elucidated. During this presentation | will show that a long history of cocaine-seeking invigorated by
response-produced drug-paired cues specifically results, at a time it is mediated by the habit system, in
aberrant drug-seeking at relapse. This exacerbated relapse is underpinned by a transient engagement
of the dorsomedial striatum-dependent goal-directed system promoted by the inability to enact seeking
habits during abstinence, but not the lack of the drug. These results shed light on the psychological and
neural basis of relapse.



Session 7: Animal models of drug abuse - towards new neuronal mechanisms and high translational value

Amygdalar silent synapses in appetitive learning and addiction

Anna Beroun

Laboratory of Neuronal Plasticity, Nencki-EMBL Center of Excellence for Neural Plasticity and Brain
Disorders, BRAINCITY, Warsaw, Poland

Silent synapses are excitatory connections that possess one of the two main type of glutamate recep-
tors — NMDA receptors, while AMPA receptors are either absent. They do not participate in the basal
synaptic transmission, hence the term “silent”. Yet they can be easily recruited in LTP processes, such
as learning, where they acquire AMPA receptors, and become fully functional contacts that strengthen
the excitatory connection. In my talk, will describe the phenomenon of silent synapses induction in co-
caine addiction models and present our latest research on the function of silent synapses in amygdala
in appetitive learning and the development of alcohol addiction.

Stefaniuk, M., Beroun, A., Lebitko, T., Markina, O., Leski, S., Meyza, K., Grzywacz, A., Samochowiec, J., Samo-
chowiec, A., Radwanska, K. & Kaczmarek, L. (2017) Matrix metalloproteinase-9 and synaptic plasticity in the
central amygdala in control of alcohol-seeking behavior. Biol Psychiatry, 81, 907-917.

ARC in the amygdala prevents compulsive alcohol seeking

Roberto Pagano
Laboratory of Molecular Basis of Behavior, Nencki Institute of Experimental Biology, Warsaw, Poland

Alcohol use disorder is a chronic psychiatric disorder characterized by the compulsion to seek and
consume alcohol. This maladaptive behavior is driven by cellular and molecular adaptations that are still
poorly understood. Using advanced tools, such as RNA sequencing, local genomic manipulation with
the CRISPR/Cas9 system in vivo and behavioral analysis of the mice in IntelliCages, we looked for mo-
lecular markers that regulate compulsive alcohol drinking. We discovered that ARC protein expression
in the amygdala during alcohol withdrawal prevents compulsive response to alcohol-predicting cues.
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Session 8: Brain imaging in neuropsychiatric disorders:
innovation and translation

fMRI amygdala neurofeedback for Major Depressive Disorder

Kym Young
Department of Psychiatry, University of Pittsburgh, Pittsburgh, USA

Patients with major depressive disorder (MDD) show hypoactive amygdala responses to positive stimu-
li, including positive autobiographical memories (Young et al., 2016). By providing real-time fMRI neuro-
feedback regarding amygdala activity, patients with MDD are able to increase their amygdala response
during positive memory recall. This results in significant symptom improvement. Furthermore, training
in one direction supports adaptive control of amygdala activity that can be altered in both directions,
with increased amygdala responses to positive stimuli and decreased responses to negative/stressful
stimuli following training. Dr. Young will present the results of several ongoing randomized clinical trials
examining this intervention in patients with MDD.

Young, K.D., Siegle, G.J., Bodurka, J., & Drevets, W.C. (2016) Amygdala activity during autobiographical memory
recall in depressed and vulnerable individuals: Association with symptom severity and autobiographical overge-
nerality. Am. J. Psychiatry, 173, 78-89.

Structuralandfunctionalimaging biomarkers of Bipolar Disorderand Schizophrenia

Joao Valente Duarte
CIBIT, ICNAS, University of Coimbra, Coimbra, Portugal

Differential diagnosis between schizophrenia (SCZ) and bipolar disorder (BPD) is often challenging,
especially in early phases, namely when BPD patients present psychotic symptoms. | will present the
results of a direct comparison of neuroimaging-derived structural and functional discriminative features
of SCZ and BPD. We found opposite changes in gyrification and neural responses underlying social
cognitive dysfunction in a core social brain hub subserving theory of mind functions. The joint analysis
of different morphometric features and functional features provides a promising strategy for differential
diagnosis of BPD and SCZ and may also represent an anatomical target for differentiated neural modu-
lation, that can ameliorate impaired social cognition in two archetypal mental disorders.

Madeira, N., Duarte, J.V., Martins, R., Costa, G.N., Macedo, A., & Castelo-Branco, M. (2020) Morphometry and
gyrification in bipolar disorder and schizophrenia: A comparative MRI study. Neurolmage Clin., 26.
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Neurofind: Using deep learning to identify abnormal brain structural patterns in
neuropsychiatric disorders at the individual level

Sandra Vieira
Kings College London (KCL), London, UK

In the last decade, many machine learning approaches have been put forward to address the growing
demand for translational psychiatric research. Deep learning has shown promise across several dis-
ciplines, including in neurologic and psychiatric disorders (Vieira et al., 2017). This talk will introduce
Neurofind, a tool to detect brain-based disorders at the individual level based on a normative model of
brain morphology, developed using a deep learning approach known as auto- encoders and ~20,000
anatomical brain scans of healthy controls.

Vieira, S., Pinaya, W.H., & Mechelli, A. (2017) Using deep learning to investigate the neuroimaging correlates of
psychiatric and neurological disorders: Methods and applications. Neurosci. Biobehav. Rev., 74, 58-75.

Automated analysis of free speech as a marker of neuroimaging findings in
individuals with Obsessive-Compulsive Disorder

Pedro Morgado
ICVS, School of Medicine, University of Minho, Braga, Portugal

No diagnostic biomarkers are available for obsessive-compulsive disorder (OCD). We aimed at iden-
tifying how automated speech graph analysis could be related to neuroimaging structural and functional
alterations. OCD patients and HC presented significant differences in speech, bot semantically and in
terms of the connectedness of speech. While the resting-state networks (RSN presented no between
groups significant differences, speech graph attributes and semantic similarit to symptomatic terms
found different correlations in various RSN when comparing both groups Speech analysis is a new
useful tool for improving OCD comprehension, related to specifi neuroimaging alterations attributed to
the disorder, with potential to develop diagnostic biomarker for OCD.
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Session 9: Cortical Interneurons: from birth to networks

Developmental trajectories of cortical inhibitory neurons

Lynette Lim

VIB-KU Leuven Center for Brain and Disease Research, Leuven, Belgium

The focus of the introductory talk will be on mechanisms controlling interneuron (cIN) migration and
axon targeting. We will provide evidence that different classes of cINs use distinct routes of migration
to reach the cortex, that define the IN-subtype specific axonal pattern and function. We suggest that
migration and axon targeting programmes are coupled to optimize the assembly of inhibitory circuits in
the cerebral cortex.

Lim, L., Mi, D., Llorca, A., Marin, O. (2018) Development and Functional Diversification of Cortical Interneurons.
Neuron Oct 24;100(2):294-313. doi: 10.1016/j.neuron.2018.10.009.

Lim, L., Pakan, JMP, Selten, MM., Marques-Smith, A., Llorca, A., Bae, SE., Rochefort, NL., Marin, O. (2018) Opti-
mization of interneuron function by direct coupling of cell migration and axonal targeting. Nat Neurosci. 21(7):920-
931. doi: 10.1038/s41593-018-0162-9.

Mechanisms controlling the postnatal development of cortical interneurons

Myrto Denaxa
BSRC Alexander Fleming, Institute for Fundamental Biomedical Research, Vari, Greece

The place of origin determines certain aspects of cortical interneuron (cIN) fate, but it is only when they
reach their target lamina and form contacts with the local circuitry that their number is defined and their
mature properties are established. Recent evidence suggest that network activity and activity-depen-
dent genetic programs are implicated in these late stages of cIN development. In this talk we will present
work that addresses mechanisms controlling the development of distinct-IN subtypes during this critical
time window of the first two postnatal weeks.

Denaxa, M.*, Neves, G., Burrone, J., Pachnis, V. (2018). Homeostatic control of interneuron apoptosis during cor-
tical development. J Exp Neurosc. 5(12):1-3 *corresponding author https://pubmed.ncbi.nlm.nih.gov/30013387/
Denaxa M* A, Neves G*, Rabinowitz A, Kemlo S, Liodis P, Burrone J*, Pachnis V*. (2018) Modulation of apop-
tosis controls inhibitory interneuron number in the cortex. Cell Reports 12(7):1710-1721 *corresponding authors
A equal contribution https://pubmed.ncbi.nim.nih.gov/29444425/
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The integration of upper layer cortical interneurons into the cortical circuits

Theo Karayannis
Brain Research Institute, University of Zurich, Zurich, Switzerland

Upper layer interneurons are involved in modulating barrel cortex activity and perception during active
whisking. We will discuss our work on the identification of structural and functional connectivity motifs
that allow these interneurons to respond to distinct sensory stimuli during development.

Kastli R, Vighagen R, van der Bourg A, Argunsah AQ, Igbal A, Voigt FF, Kirschenbaum D, Aguzzi A, Helmchen F,
Karayannis T. (2020) Developmental divergence of sensory stimulus representation in cortical interneurons. Nat
Commun. 11(1):5729. doi: 10.1038/s41467-020-19427-z.

The emergence and plasticity of axo-axonic synapses at the axon initial segment

Juan Burrone
Kings College, Strand, London, UK

The activity-dependent rules that govern the wiring of GABAergic interneurons are not well understood.
Chandelier cells (ChCs) are a type of GABAergic interneuron that control pyramidal cell output through
axo-axonic synapses that target the axon initial segment. Increases in the activity of either pyramidal
cells or individual ChCs during a critical temporal window result in a reversible decrease in axo-axonic
connections. We will discuss work supporting the hypothesis that the direction of ChC synaptic plasticity
follows homeostatic rules that depend on the polarity of axo-axonic synapses.

Pan-Vazquez A, Wefelmeyer W, Gonzalez Sabater V, Neves G, Burrone J. (2020) Activity-Dependent Plasticity of
Axo-axonic Synapses at the Axon Initial Segment. Neuron 106(2):265-276.€6. doi: 10.1016/j.neuron.2020.01.037.
Wefelmeyer W, Cattaert D, Burrone J. Activity-dependent mismatch between axo-axonic synapses and the axon
initial segment controls neuronal output. Proc Natl Acad Sci U S A. 2015 Aug 4;112(31):9757-62.
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LNA Presidential Lecture

Repurposing of CRISPR-Cas immunity for targeted genome editing

Virginijus Sik$nys
Institute of Biotechnology, Life Sciences Center, Vilnius University

Type Il CRISPR-Cas systems transformed biological research by providing tools that enable robust
genome modification in living organisms. In prokaryotes the RNA-guided Cas9 DNA endonuclease
of type Il CRISPR-Cas system provides immunity against invading phages by cleaving viral DNA.
By altering guide RNA sequence Cas9 nuclease can be reprogrammed to target any desired site
in the genome and repurposed as a versatile genome editing tool for engineering biology. In my
talk | will discuss how basic research in the mechanisms of bacterial immunity springboarded de-
velopment of one of the most important technologies in the last decade, and highlight future chal-
lenges and perspectives.

PNS Presidential Lecture

Stem Cells in the Adult Brain: Regulation and Diversity
Fiona Doetsch

Biozentrum, University of Basel, Switzerland

Neural stem cells reside in the adult mammalian brain. The ventricular-subventricular zone (V-SVZ)
gives rise to olfactory bulb neurons, as well as small numbers of glia throughout life. Adult V-SVZ
neural stem cells dynamically integrate intrinsic and extrinsic signals to either maintain the quie-
scent state or to become activated to divide and generate progeny. | will present our recent findings
highlighting adult neural stem cell heterogeneity, including the identification of novel gliogenic do-
mains and cell types, and the key roles of physiological state and long-range signals in the regula-
tion of regionally distinct pools of adult neural stem cells.
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Session 1: Cortico-hippocampal interactions mediating memory

The entorhinal cortex as integrative gatekeeper of the hippocampal memory
system

Menno Witter

Kavli Institute for Systems Neuroscience, Faculty of Medicine and Health Sciences, NTNU, Trondheim,
Norway

Traditionally, the entorhinal cortex is envisioned as a main cortical input-output hub for the hippocampal
formation, mediating the communication between at least two functionally different cortical networks
and the hippocampus. This view however does not provide much insight into the potential functional
relevance of local entorhinal neuronal circuits. In my talk | will focus on recent findings relating cortical
and subcortical connectivity to specific components of these local circuits, and how these local circuits
are intrinsically linked, likely contributing to a complex control of hippocampal input/output channels.

Doan TP, Lagartos-Donate MJ, Nilssen ES, Ohara S, Witter MP (2019) Convergent Projections from Perirhinal
and Postrhinal Cortices Suggest a Multisensory Nature of Lateral, but Not Medial, Entorhinal Cortex. Cell Rep,
29:617-627.e7
Nilssen ES, Doan TP, Nigro MJ, Ohara S, Witter MP (2019) Neurons and networks in the entorhinal cortex:
Areappraisal of the lateral and medial entorhinal subdivisions mediating parallel cortical pathways. Hippocampus,
29:1238-1254

Rethinking prefrontal-hippocampal interactions in memory
Eleanor Maguire
Wellcome Centre for Human Neuroimaging, University College London, UK

Our past experiences are captured in autobiographical memories that provide our sense of self and the
continuity in our lives. Two interconnected brain regions are particularly implicated in supporting these
memories, the ventromedial prefrontal cortex and the hippocampus. However, a precise understanding
of the neural mechanisms involved is currently lacking. In this talk | will describe neuropsychological
and neuroimaging work that provides a fresh perspective on how the dynamic interplay between the hip-
pocampus and ventromedial prefrontal cortex might support our seamless re-experiencing of the past.

Barry DN, Maguire EA (2019) Remote memory and the hippocampus — a constructive critique. Trends in Cognitive
Sciences, 23: 128-142.

McCormick C, Ciaramelli E, De Luca F, Maguire EA (2018) Comparing and contrasting the cognitive effects of
hippocampal and ventromedial prefrontal cortex damage: a review of human lesion studies. Neuroscience, 374:
295-318.
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Complementary memory processing across the retrosplenial cortex and
hippocampus

Seralynne Vann
School of Psychology, Cardiff University, Cardiff, UK

Visuo-spatial processing is a key component of episodic memory, enabling us to form spatial represen-
tations of the locations in which events occur as well and a mechanism enabling us to navigate to - and
within - these spatial locations. While the hippocampus and retrosplenial cortex both have long-standing
links to spatial processing and memory, what is less clear is how they interact to support these functions.
In this talk, | will present data derived from a number of complementary approaches showing how these
two regions interact, and how the relative contributions of the retrosplenial cortex change over time, to
provide long-term representations necessary for mnemonic function.

Milczarek MM, Vann SD (2020) The retrosplenial cortex and long-term spatial memory: from the cell to the ne-
twork. Current Opinion in Behavioral Sciences, 32: 50-56.

Milczarek, M.M., Vann, S.D. and Sengpiel, F (2018) Spatial memory engram in the mouse retrosplenial cortex.
Current Biology, 28: 1975-1980.e6

Convergence of hippocampal and retrosplenial input in spatial memory formation

Rafat Czajkowski
Laboratory of Spatial Memory, Nencki Institute of Experimental Biology, Warsaw, Poland,

After five decades of research dedicated to cementing the central role of hippocampus in spatial me-
mory, cortical regions became the centre of attention in the XXI century. One of the key structures
that draws growing interest is the retrosplenial cortex. In this talk | will present evidence suggesting
a complementary role of retrosplenial cortex and hippocampus in the process of memory formation.
Retrosplenial area undergoes experience-dependent plasticity during spatial learning, a process mani-
fested by patterned and cell-specific expression of immediate early genes. It sends projection to deep
layers of medial entorhinal cortex where it converges with the hippocampal output and gets integrated
into the spatial processing circuit.

Czajkowski R, Zglinicki B, Rejmak E, Konopka W. (2020) Strategy-Specific Patterns of Arc Expression in the
Retrosplenial Cortex and Hippocampus during T-Maze Learning in Rats. Brain Sci, 10:854.

Mitchell A, Czajkowski R, Zhang N, Jeffery K, Nelson AJD. (2018) Retrosplenial cortex and its role in spatial
cognition. Brain Neurosci Adv, 2:1-33.
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Session 2: Causes and consequences of mitochondrial dysfunction
in brain diseases

Pharmacological modulation of mitochondria: are we there yet?
Aiste Jekabsone

Institute of Pharmaceutical Technologies, Lithuanian University of Health Sciences, Kaunas, Lithuania

Mitochondria have a key role in determining brain cell fate - function, life and death decision, differen-
tiation, proliferation, inflammation, carcinogenesis. Therefore, pharmacological modulation of mitochon-
drial function has a great therapeutic potential. However, the ways of mitochondrial modulation are
studied not enough to efficiently prevent mitochondrial failure after stroke, during neurodegeneration or
in cancer development. In my contribution, | first give an overview of the mitochondrial OxPhos pathway
as a pharmacological target and then report on our recent findings about the efficiency of mitochondria
modulation during brain ischaemia, cancer and neuroinflammation.

Skemiene, K., Rekuviene, E., Jekabsone, A., Cizas, P., Morkuniene, R., & Borutaite, V. (2020) Comparison of
Effects of Metformin, Phenformin, and Inhibitors of Mitochondrial Complex | on Mitochondrial Permeability Trans-
ition and Ischemic Brain Injury. Biomolecules, 10.

Majiene, D., Kuseliauskyte, J., Stimbirys, A., & Jekabsone, A. (2019) Comparison of the Effect of Native 1,4-Nap-
hthoquinones Plumbagin, Menadione, and Lawsone on Viability, Redox Status, and Mitochondrial Functions of
C6 Glioblastoma Cells. Nutrients, 11.

In vitro and in vivo monitoring of functional mitochondria-ER contact sites
Tito Cali

Department of Biomedical Sciences, University of Padova, Padova, Italy

In the last decades, a concept of membrane contact sites (MCSs) has evolved. MCS between any
known intercellular organelle, including the endoplasmic reticulum (ER) and mitochondria have been
documented. How these membrane platforms mediate and regulate cell homeostasis remains obscure,
due to the lack of tools to image inter-organelle proximity under physiological and pathological condi-
tions and in living organisms. | have designed modular, split-GFP based contact site sensors (SPLICS)
engineered to fluoresce when juxtapositions between organelles occur over a range of distances. This
set of valuable genetic tools will help to uncover the mechanisms of organelle contact sites formation/
stabilization and their nature in health and disease.

Vallese, F., Catoni, C., Cieri, D., Barazzuol, L., Ramirez, O., Calore, V., Bonora, M., Giamogante, F., Pinton, P.,
Brini, M., & Cali, T. (2020) An expanded palette of improved SPLICS reporters detects multiple organelle contacts
in vitro and in vivo. Nat Commun, 11, 6069.

Cieri, D., Vicario, M., Giacomello, M., Vallese, F., Filadi, R., Wagner, T., Pozzan, T., Pizzo, P., Scorrano, L., Brini,
M., & Cali, T. (2018) SPLICS: a split green fluorescent protein-based contact site sensor for narrow and wide
heterotypic organelle juxtaposition. Cell Death Differ., 25, 1131-1145.
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Mitochondria as a target of the gut-brain hypothesis for sporadic Parkinson’s
disease (sPD)

Sandra Morais Cardoso

Faculty of Medicine, Center for Neuroscience and Cell Biology of the University of Coimbra, Coimbra,
Portugal

Evidence suggests that sPD can start in the gut and then progress to the brain via the vagus nerve. We
found that the bacterial neurotoxin B-N-methylamino-L-alanine (BMAA)s increase intestinal inflamma-
tion and compromise intestinal barrier integrity. BMAA, in the brain, specifically targets the mitochondria,
leading to exposure of cardiolipin, a lipid that induces the activation of innate immunity. This effect
primes the loss of dopaminergic neurons in the midbrain, which culminates in motor function deficits.
Finally, we observed that the expression and aggregation of aSyn showed a rostral progression from the
gut, passing through the dorsal motor nucleus of the vagus, to the midbrain of mice.

Silva, D.F., Candeias, E., Esteves, A.R., Magalhaes, J.D., Ferreira, |.L., Nunes-Costa, D., Rego, A.C., Empadin-
has, N., & Cardoso, S.M. (2020) Microbial BMAA elicits mitochondrial dysfunction, innate immunity activation, and
Alzheimer’s disease features in cortical neurons. J Neuroinflammation, 17, 332.

Cardoso, S.M. & Empadinhas, N. (2018) The Microbiome-Mitochondria Dance in Prodromal Parkinson’s Disease.
Front Physiol, 9, 471.

Searching for the cause of mitochondria-ER dysfunction in Alzheimer’s disease
astrocytes

Dmitry Lim
Department of Pharmaceutical Sciences, Universita del Piemonte Orientale, Novara, Italy

In Alzheimer’s disease, cellular pathology is characterized by deregulated calcium signaling, mitochon-
drial dysfunction, and dysproteostasis. In astrocytes, principal homeostatic cells in the CNS, cause-
-effect relationship between these processes we poorly understood. We report that in astrocytes from
3xTg-AD mice bioenergetics is impaired, endoplasmic reticulum (ER) is overloaded with Ca2+ while
Ca2+ uptake by mitochondria upon ATP stimulation is reduced. This is accompanied by shortening of
mitochondria-ER distance, activated ER-stress/UPR and impairment of protein synthesis. We suggest
that the mitochondria-ER interaction changes, deregulation of astrocytic bioenergetics, Ca2+ homeo-
stasis and proteostasis may interact, creating a pathogenic loop compromising homeostatic and defen-
sive functions of astroglial cells predisposing neurons to dysfunction.

Dematteis, G., Vydmantaité, G., Ruffinatti, F.A., Chahin, M., Farruggio, S., Barberis, E., Ferrari, E., Marengo, E.,
Distasi, C., Mork@iniené, R., Genazzani, A.A., Grilli, M., Grossini, E., Corazzari, M., Manfredi, M., Lim, D., Jekab-
sone, A., & Tapella, L. (2020) Proteomic analysis links alterations of bioenergetics, mitochondria-ER interactions
and proteostasis in hippocampal astrocytes from 3xTg- AD mice. Cell Death Dis, 11, 645.

Rocchio, F., Tapella, L., Manfredi, M., Chisari, M., Ronco, F., Ruffinatti, F.A., Conte, E., Canonico, P.L., Sortino,
M.A., Grilli, M., Marengo, E., Genazzani, A.A., &Lim, D. (2019) Gene expression, proteome and calcium signaling al-
terations in immortalized hippocampal astrocytes from an Alzheimer’s disease mouse model. Cell Death Dis, 10, 24.
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Session 3: Advances in the treatment of alcohol use disorder

Targeting Acetylcholine Muscarinic Receptors to Treat AUD

Leigh Walker

Florey Department of Neuroscience and Mental Health, University of Melbourne, Australia

Alcohol is the leading cause of death globally of people aged between 15-49 years. Despite this enor-
mous socioeconomic burden, therapeutic treatment options for AUDs are limited and ineffective at a
population level. A major hurdle in the development of new treatments is a lack of translation between
preclinical animal models and efficacy in human subjects. We have recently begun to bridge this gap by
concurrently examining human and rodent post-mortem samples. In this talk | will discuss our translatio-
nally relevant preclinical model of alcohol induced cholinergic dysfunction, and present recent findings
from our laboratory highlighting the potential of muscarinic receptor modulation to reduce alcohol con-
sumption and seeking.

Suppressing effect of KK-92A, a new positive allosteric modulator of the GABAB
receptor, on different alcohol-motivated behaviors in alcohol-preferring rats

Giancarlo Colombo
Neuroscience Institute, Section of Cagliari, National Research Council of Italy, Monserrato, Italy

Treatment with the novel positive allosteric modulator (PAM) of the GABAB receptor, KK- 92A, has been
reported to suppress several nicotine-motivated behaviors in rats [1]. The present study investigated
whether the anti-addictive properties of KK-92A extend to alcohol. Acute treatment with non-sedative
doses of KK-92A resulted in a dose-related suppression of (i) operant oral alcohol self- administration
under fixed and progressive ratio schedules of reinforcement and (i) cue-induced reinstatement of al-
cohol seeking in selectively bred Sardinian alcohol-preferring rats. These data add KK-92A to the list of
GABAB PAMs being effective in suppressing alcohol-motivated behaviors in rodent models of AUD [2].

[1]Li, X., Sturchler, E., Kaczanowska, K., Cameron, M., Finn, M.G., Griffin, P., McDonald, P., Markou, A. (2017).
KK-92A, a novel GABAB receptor positive allosteric modulator, attenuates nicotine self-administration and cue-
-induced nicotine seeking in rats. Psychopharmacology, 234, 1633-1644. doi:10.1007/s00213-017-4594-9.

[2] Maccioni, P., Colombo, G. (2019). Potential of GABAB receptor positive allosteric modulators in the treatment
of alcohol use disorder. CNS Drugs, 33,107-123. doi: 10.1007/s40263-018-0596-3.
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A Holistic Approach to Treatment of AUD
Boris Tabakoff

Skaggs School of Pharmacy & Pharmaceutical Sciences, University of Colorado Anschutz Medical
Campus, Aurora CO, USA

We designed and synthesized a new chemical entity (NCE) that would address targets thought to
be important in the development of AUD. Receptor screening studies demonstrated an affinity of the
compound for GABA-A receptors with little affinity for any of the other 50 receptors/ion channels/trans-
porters. Electrophysiologic studies and mutational analysis demonstrated that our compound was a
subunit selective positive allosteric agonist (PAM) at GABA-A receptors and acted through a novel
binding site located at the ECD interface of a+/B- subunits [1]. The compound when given orally or i.p.
could significantly reduce abstinence-induced alcohol consumption by alcohol dependent rats, but was
found not to cross the blood/brain barrier. Further work indicated that the target of our drug may be the
GABA receptors in the enteric nervous system and on immune system macrophages. Studies on the
pharmacokinetics and toxicology of our compound are nearing completion.

[1] Borghese, C. M., M. Herman, L. D. Snell, K. J. Lawrence, H. Y. Lee, D. S. Backos, L. A. Vanderlinden, R.
A. Harris, M. Roberto, P. L. Hoffman and B. Tabakoff (2017). “Novel Molecule Exhibiting Selective Affinity for
GABA(A) Receptor Subtypes.” Sci Rep 7(1): 6230. doi: 10.1038/s41598-017-05966-x

Glycinergic agonists for treatment of AUD

Bo Sdoderpalm

Addiction Biology Unit, Section of Psychiatry and Neurochemistry, Institute of Neuroscience and Phy-
siology, Sahlgrenska Academy at the University of Gothenburg, Géteborg, Sweden

We have identified strychnine-sensitive glycine receptors as key targets for ethanol in its dopamine
releasing effect in the nucleus accumbens [1]. Local glycine perfusion or systemic administration of
glycine uptake inhibitors enhances basal dopamine levels, prevents further dopamine release by etha-
nol and reduces ethanol intake in rats [1]. The response to glycinergic treatments appears, however,
variable and further development of glycine uptake inhibitors for this indication is hindered by patent. We
currently examine other means to activate glycine receptors by e.g. systemic administration of glycine
and glycine analogues and to overcome response variability by exploring the possibility to interfere with
mechanisms related to glycine receptor desensitization. We also explore if glycine agonists can be used
as add-ons to other potential alcohol medications.

[1] Soderpalm, B., Lidd HH, Ericson M. (2017). The Glycine Receptor-A Functionally Important Primary Brain
Target of Ethanol. Alcohol Clin Exp Res, 41, 1816-1830. doi: 10.1111/acer.13483
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Sesssion 4: Prelude to the 2023 World IBRO Congress

Relating synapse nanoscale organization and function
Daniel Choquet

Centre National de la Recherche Scientifique, Interdisciplinary Institute for Neuroscience, Bordeaux,
France

Neurotransmitter receptors are organized in front of transmitter release sites to allow fast and efficient
neurotransmission. In the recent years, using largely superesolution imaging and electron microscopy,
it has been found that receptors are exquisitely organized at the nanoscale in the postsynaptic density.
Furthermore, it has been suggested that this organization has a strong impact on the efficacy of synaptic
transmission. In addition, neurotransmitter nanoscale organization is extremely dynamic and regulated
during synaptic plasticity. We will present our recent work on the co- organization of different glutamate
receptors at excitatory synapses and its impact on various types of synaptic plasticity.

Groc, L., and Choquet, D. (2020). Linking glutamate receptor movements and synapse function. Science 368
Penn,A.C., Zhang, C.L., Georges, F., Royer, L., Breillat, C., Hosy, E., Petersen, J.D., Humeau, Y., and Choquet, D.
(2017). Hippocampal LTP and contextual learning require surface diffusion of AMPA receptors. Nature 549, 384-
388.

The thalamus that speaks to the cortex: spontaneous activity in sensory
systems development and plasticity

Guillermina Lépez-Bendito

Instituto de Neurociencias de Alicante (CSCI-UMH), Alicante, Spain

This is related to the cellular and molecular mechanisms involved in the development of axonal con-
nections in the brain. In particular, this talk will focus on the principles underlying thalamocortical axonal
wiring, maintenance and ultimately the rewiring of connections. The development of the thalamocortical
wiring requires a precise topographical sorting of its connections. Each thalamic nucleus receives spe-
cific sensory information from the environment and projects topographically to its corresponding cortical.
A second level of organization is achieved within each area, where thalamocortical connections display
an intra-areal topographical organization, allowing the generation of accurate spatial representations
within each cortical area. Therefore, the level of organization and specificity of the thalamocortical pro-
jections is much more complex than other projection systems in the CNS.

Anton-Bolafios N, Sempere-Ferrandez A, Guillamén-Vivancos T, Martini FJ, Pérez-Saiz L, Gezelius H, Filipchuk
A, Valdeolmillos M, Lopez-Bendito G (2019) Prenatal activity from thalamic neurons governs the emergence of
functional cortical maps in mice. Science 364:987-990.

Anton-Bolafios N, Espinosa A, Lopez-Bendito G (2018) Developmental interactions between thalamus and cor-
tex: a true love reciprocal story. Current Op. Neurobiology 52:33-41.
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Neural mechanisms of social reward

Robert C. Malenka
Nancy Pritzker Laboratory, Dept. of Psychiatry & Behavioral Sciences, Stanford. USA

Prosocial drugs, such as ecstasy, are drugs primarily used for recreational purposes. Because of its
prosocial effects, such drugs, e.g. MDMA, are currently being evaluated for the treatment of psychiatric
disorders. Unfortunately, their rewarding addictive properties hinder the therapeutic use. In this talk, the
mechanisms mediating the effects of prosocial drugs, such as MDMA, will be discussed. Recent data
from rodents, indicate that the prosocial and the rewarding effects are mediated by independent mecha-
nisms. The prosocial effects are mediated by activation of the serotoninergic system, whereas the re-
warding effect requires the activation of the dopaminergic signaling, paving the way for the development
of more specific therapeutic intervention with less side effects for treating, for instance, dysfunction of
prosocial behaviours such as those associated to autism.

Heifets BD, Salgado JS, Taylor MD, Hoerbelt P, Cardozo Pinto DF, Steinberg EE, Walsh JJ, Sze JY, Malenka
RC (2019) Distinct neural mechanisms for the prosocial and rewarding properties of MDMA. Sci Trans| Med
11:eaaw6435.

Walsh JJ, Christoffel DJ, Heifets BD, Ben-Dor GA, Selimbeyoglu A, Hung LW, Deisseroth K, Malenka RC (2018)
5-HT release in nucleus accumbens rescues social deficits in mouse autism model. Nature 65:1-594.

Knowledge representation in the human brain

Yanchao Bi
IDG/McGovern Institute for Brain Research, Beijing Normal University, Beijing

Human brain stores tremendous amount of knowledge about this world, which is the foundation of
language, thought, and reasoning. What's the neural codes of knowledge representation? Is the kno-
wledge “roses are red” simply the memory trace of perceiving the color of roses, stored in the brain
circuits within color-sensitive neurons? | will present some work from my lab that addresses this issue
using cognitive, neuroimaging, and neuropsychological methods with healthy subjects, individuals with
sensory deprivation (blind) or with brain damage. The findings point to a highly distributed system incor-
porating two different types of information coding — one based on sensory experiences and one based
on language.

Wang X, Men W, Gao J, Caramazza A, Bi 'Y (2020) Two Forms of Knowledge Representation in the Human Brain.
Neuron 107:383-393.

Wang X, Wang B, Bi Y (2019) Close yet independent: Dissociation of social from valence and abstract semantic
dimensions in the left anterior temporal lobe. Hum Brain Mapp 40:4759-4776.
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Session 5: The Shared European Brain Research Agenda (SEBRA)

SEBRA is framed within the European Brain Research Area project, an EU-funded catalysing initiative
for brain research stakeholders to streamline and better coordinate brain research across Europe. It
brings together 4 key players: EBC, ERA-NET NEURON, JPND and HBP. The aim of SEBRA is to
identify research opportunities and research and innovation gaps to be addressed in the field and to
provide recommendations on future areas for brain research in Europe.

Session 6: ERC session: Poland and the Baltics under Horizon Europe

We will discuss the new framework program, Horizon Europe, with special focus on issues related to
the successful participation of Poland and the Baltic Countries. We will elaborate on some topics such
as the high-risk high-gain, ground-breaking nature of a proposal; mobility, independence and publica-
tion requirements, eligibility rules in general and in special situations such as maternity or parental
leaves; and finally we will share with the audience some tips and tricks for ERC applications.



Brain Prize Lecture

The genetics and epigenetics of Rett syndrome
Adrian Bird

University of Edinburgh, United Kingdom

This lecture will discuss our current understanding of the molecular basis of the profound neurologi-
cal disorder Rett syndrome, which is caused by mutations in the gene encoding the methylated
DNA binding protein, MeCP2. Cytosine in DNA can be modified post-synthetically and this affects
local protein-DNA interactions. MeCP2 specifically binds to methylated sites in the genome, poten-
tially allowing it to interpret this “epigenetic” mark. Several clinical disorders are caused by MECP2
mutations, including the profound neurological disorder Rett syndrome. The severe Rett-like phe-
notype in micecan be reversed, raising the possibility that the human disorder iscurable. Evidence
will be presented that the root cause of Rett syndrome is failure of the primary function of MeCP2,
which is to restraingene expression in a DNA methylation-dependent manner. MeCP2 targets non-
CG as well as CG-specific methylation. Experiments that evaluate the relative importance of these
two modes of DNA binding will be presented.

Plenary Lecture

Brainstem control of fear memories

Gabor Nyiri
Institute of Experimental Medicine, Budapest, Hungary

Encoding, recalling and, if necessary, efficient forgetting the memory of negative experience is
essential for survival. Malfunctions of these memory processes can lead to mental health issues,
cognitive deficits or dementia. Our recent discoveries suggest that key interconnected cell popula-
tions in the brainstem play a previously unrecognized yet crucial role in these processes. Nucleus
incertus inhibitory cells seem to be crucial for encoding hippocampal fear memories, while the
newly discovered excitatory neurons of the median raphe seem to be fundamental in encoding fear
memories.
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Session 7: Sex differences in the prefrontal cortex

Sexual dimorphic effects of restraint stress in the prefrontal cortex
Kyriaki Sidiropoulou
University of Crete and IMBB-FORTH, Greece

Stress, a major regulator and precipitating factor of cognitive and emotional disorders, differentially
manifests between males and females. Here, | will discuss our recent work showing the effects of 2ho-
urs restraint stress (RS) in anxiety, recency memory and long-term potentiation (LTP) in the prefrontal
cortex (PFC) of male and female mice. We find that female mice only exhibited increased anxiety levels,
while only male mice showed deficits in the recency memory. Furthermore, LTP studied in acute PFC
slices was significantly reduced in male, but not female, mice following RS. Signaling via corticosterone
receptors likely mediate the RS effect on recency memory and LTP in males.

Chalkiadaki K, Velli A, Kyriazidis E, Stavroulaki V, Vouvoutsis V, Chatzaki E, Aivaliotis M, Sidiropoulou K. (2019)
Development of the MAM model of schizophrenia in mice: Sex similarities and differences of hippocampal and
prefrontal cortical function. Neuropharmacology. 2019 Jan;144:193-207.

Sex-specific developmental effects of early life adversity on corticolimbic
connectivity and behavior

Heather Brenhouse
Northeastern University, Boston, USA

Exposure to childhood maltreatment often leads to disruptions in emotion regulation and cognition,
leading to anxiety, depression, and impulsivity disorders. These processes rely on corticolimbic cir-
cuitry, which continues to develop through adolescence. Importantly, males and females experience
consequences of early life adversity differently, and on different developmental trajectories, with females
displaying behavioral sequelae earlier than males. | will discuss our work in a rat model, characterizing
the extent to which early life adversity differentially alters the maturation of amgydala-prefrontal cortex
(PFC) connectivity and PFC excitatory/inhibitory balance in males and females. The findings will be
related to how early life experience influences emotion regulation circuitry, with evidence that males and
females might require distinct strategies for intervention.

Honeycutt J.A., Demaestri C., Peterzell S., Silveri M.M., Cai X, Kulkarni P, Cunningham MG, Ferris CF, Brenhouse
HC (2020) Altered corticolimbic connectivity reveals sex-specific adolescent outcomes in a rat model of early life
adversity. Elife. 2020 Jan 20;9:652651.



Session 7: Sex differences in the prefrontal cortex

Sex differences in fear discrimination and associated prefrontal cortex function

Carl Stevenson
University of Nottingham, UK

I will present our recent research on sex differences in fear discrimination and associated prefrontal
cortex function. We have found that whether females and males discriminate or generalize between
different auditory cues predicting threat or safety depended on the extent of discrimination training re-
ceived. Females, but not males, discriminated after limited training. However, females generalized while
males discriminated after extended training. We also found that discrimination in males was associated
with differences in cue-induced prefrontal cortex activation, which was absent with generalization in
females. These results will be discussed in terms of their broader adaptive significance and potential
clinical relevance, given that anxiety related-disorders are more prevalent in women, characterized by
overgeneralization of fear, and associated with prefrontal cortical dysfunction.

Day, H.L., Suwansawang, S., Halliday, D.M. &mp; Stevenson, C.W. (2020) Sex differences in auditory fear
discrimination are associated with altered medial prefrontal cortex function. Sci. Rep. 10, 6300.

Day, H.L., Reed, M.M. &mp; Stevenson, C.W. (2016) Sex differences in discriminating between cues predicting
threat and safety. Neurobiol. Learn. Mem. 133, 196-203.

Different prefrontal oxytocin role in social-induced facilitation of extinction
in pubertal males and females

Mouna Maroun
University of Haifa, Israel

We previously reported that in the adult animal extinction in pairs resulted in enhanced extinction of fear,
showing that social presence can reduce previously acquired fear responses. This facilitation by social
presence is dependent on prefrontal cortex Oxytocin (OT). Recently, we started to address possible
differences between juvenile and adult animals while also focusing on differences between pre-pubertal
males and females. Our recent results show substantial differences in the response profile between
pre-pubertal males and females. The results show that social presence accelerates extinction in males
and females. Yet, we show differential and opposing effects of an OT receptors antagonist in both sexes.
Whereas, prefrontal OT is not engaged in extinction in juvenile males, it is critical in females. We further
report differences in the levels of prefrontal OT between males and females that may explain the diffe-
rences in OT action. These results suggest that even during the juvenility period, critical mechanisms
are differently involved in the regulation of fear in males and females.

Maroun M., Sarussi-Elyahu A., Yaseen A., Hatoum O.A., Kritman M. (2020) Sex-dimorphic role of prefrontal oxy-
tocin receptors in social-induced facilitation of extinction in juvenile rats. Trans! Psychiatry. 2020 Oct 19;10(1):356.

153

Day 3 - 27 Aug, Friday



54/

FRM 2021 — FENS Regional Meeting, 25-27 August 2021

Session 8: Nicotinic effects on brain physiology and cognitive
processes

Cellular and synaptic mechanisms of nicotinic actions on human cortical circuits
Huib Mansvelder

Department Integrative Neurophysiology, Center for Neurogenomics and Cognitive Research, Vrije
Universiteit Amsterdam, Amsterdam, The Netherlands

Most of what we know about cellular mechanisms of nicotinic modulation of cortical processing comes
from research on rodent brain. Little is known about whether principles of cholinergic modulation trans-
late to human cortical circuits. In this talk | will discuss how activation of nicotinic acetylcholine receptors
alter short and long-term processing by neocortical circuits in human brain in a layer specific manner.

Obermayer J, Heistek TS, Kerkhofs A, Goriounova NA, Kroon T, Baayen JC, Idema S, Testa-Silva G, Couey JJ,
Mansvelder HD. (2018) Lateral inhibition by Martinotti interneurons is facilitated by cholinergic inputs in human
and mouse neocortex. Nature Commun. 2018 Oct 5;9(1):4101. doi: 10.1038/s41467-018-06628-w.

Poorthuis RB, Muhammad K, Wang M, Verhoog MB, Junek S, Wrana A, Mansvelder HD, Letzkus JJ. (2018)
Rapid Neuromodulation of Layer 1 Interneurons in Human Neocortex. Cell Reports. 2018 Apr 24;23(4):951-958.
doi: 10.1016/j.celrep.2018.03.111.

Nicotinic impact on neuroplasticity and memory formation in humans

Michael A. Nitsche

Department of Psychology and Neurosciences, Leibniz Research Centre for Working Environment and
Human Factors at TU Dortmund, Dortmund, Germany

Recent research in healthy humans has shown that nicotine has a relevant, but complex impact on
cortical excitability, neuroplasticity, and associated cognitive functions, including working and long term
memory. This talk will deliver mechanistic insights in these effects, and propose a model on how nicotine
affects respective functions, including the effect of nicotine on brain physiology and cognition in smokers
and non-smokers.

Grundey J, Barlay J, Batsikadze G, Kuo MF, Paulus W, Nitsche M. Nicotine modulates human brain plasticity via
calcium-dependent mechanisms. J Physiol. 2018 Nov;596(22):5429-5441.

Grundey J, Amu R, Batsikadze G, Paulus W, Nitsche MA. Diverging effects of nicotine on motor learning perfor-
mance: Improvement in deprived smokers and attenuation in non-smokers. Addict Behav. 2017 Nov;74:90-97.



Session 8: Nicotinic effects on brain physiology and cognitive processes

Nicotinic modulation of attention in the human brain

Christiane Thiel
Department of Psychology, University of Oldenburg, Oldenburg, Germany

The talk will give an overview of pharmacological fMRI studies that used nicotine to modulate visu-
ospatial attention and cognitive control in healthy nonsmokers. Nicotine mainly impacts on visuospatial
orienting and response speed. Neural signatures are a reduction of BOLD activity in several brain
regions, including parietal and frontal cortices and overall changes in brain network topology enabling
faster information transfer. | will further point out that there is interindividual variability with respect to the
effects of nicotine and that variations in dopaminergic neurotransmission may play an important role.

Ahrens, S. &mp; Thiel, C.M. (2020) Effects of Nicotine on Task Switching and Distraction in Non-smokers. An
fMRI Study. Neuroscience, 444, 43-53.

Giessing, C., Thiel, C.M., Alexander-Bloch, A.F., Patel, A.X. &amp; Bullmore, E.T. (2013) Human brain functional
network changes associated with enhanced and impaired attentional task performance. J Neurosci, 33, 5903-5914.

Nicotinic impact on neuroplasticity in patients with schizophrenia

Alkomiet Hasan

Department of Psychiatry, Psychotherapy, and Psychosomatic, University of Augsburg, Augsburg,
Germany

The association between impairments in the cholinergic system, plasticity dysfunction and schizophre-
nia is evident from theoretical and preclinical studies. However, limited evidence from human research
is available. The talk will present findings from several experiments with and without manipulation of
nAchR in patients with schizophrenia focussing on human motor-cortical plasticity and excitability.

de Miquel C, Pross B, Papazova |, Giiler D, Hasan A (2020) The two-way relationship between nicotine and
cortical activity: a systematic review of neurobiological and treatment aspects. Eur Arch Psychiatry Clin Neurosci.
2020 Jun.

Strube W, Bunse T, Nitsche MA, Wobrock T, Aborowa R, Misewitsch K, Herrmann M, Falkai P, Hasan A. Smoking
restores impaired LTD-like plasticity in schizophrenia: a transcranial direct current stimulation study. Neuropsy-
chopharmacology. 2015 Mar;40(4):822-30

|55

Day 3 - 27 Aug, Friday



56/

FRM 2021 — FENS Regional Meeting, 25-27 August 2021

Session 9: Facets of computational models of synaptic plasticity

Modelling CaMKII dynamics in dendritic spines

Melanie Stefan
Centre for Integrative Physiology, University of Edinburgh, Edinburgh, UK

The direction of synaptic plasticity relies on the balance between kinase and phosphatase action in
the post-synaptic density. Specifically, the kinase CaMKII plays an important role. CaMKII regulation is
intricate and involves binding to Calcium-bound calmodulin, (auto-)phosphorylation, competition with
phosphatases, and possibly spatial positioning within the dendritic spine. Over the past years, we and
others have developed rule-based computational models of CaMKII to understand the nuances of its
regulation, and explore how it affects synaptic plasticity. On top of improving our understanding of sy-
naptic plasticity, these models also showcase the power of rule-based modelling of biological systems
(Stefan et al., 2012, Pharris et al., 2019).

Stefan, M.I., Marshall, D.P., &amp; Le Novére, N. (2012). Structural Analysis and Stochastic Modelling Suggest
a Mechanism for Calmodulin Trapping by CaMKII. PloS One 7 (1), e29406

Pharris, M.C., Patel, N.M., VanDyk, T.G., Bartol, T.M., Sejnowski, T.J, Kennedy, M.B., Stefan, M.I., &amp; Kinzer-
-Ursem, T.L. (2019). A multi-state model of the CaMKII dodecamer suggests a role for calmodulin in maintenance
of autophosphorylation. PLoS Computational Biology 15 (12), 1006941

Molecular control of NMDAR-dependent gabaergic plasticity

Joanna Jedrzejewska-Szmek
Laboratory of Neuroinformatics, Nencki Institute of Experimental Biology PAS, Warszawa, Poland

Activity-dependent synaptic plasticity is one of the mechanisms underlying learning and memory. Pla-
sticity of an excitatory synapse on a dendritic branch may be accompanied by plasticity of inhibitory
synapses on that branch (Lu et al., 2000). We used a spatial reaction-diffusion model of signaling
pathways together with an compartmental model of a CA1 neuron with calcium dynamics to investigate
how stimulation of a single excitatory synapse influences inhibitory transmission of the branch. We
evaluated how stimulation of one spine changes the acitivity of kinases and phosphatases depending
on the distance from the stimulated spine in consequence influencing phosphorylation of the gabaergic
receptor, and predict changes of strengths of inhibitory synapses on the branch.

Lu, Y. M., Mansuy, I. M., Kandel, E. R., &amp; Roder, J. (2000). Calcineurin-mediated LTD of GABAergic inhibition
underlies the increased excitability of CA1 neurons associated with LTP. Neuron, 26(1), 197-205. https://doi.
0rg/10.1016/s0896-6273(00)81150-2



Session 9: Facets of computational models of synaptic plasticity

Calcium control of synaptic plasticity

Kim T. “Avrama” Blackwell

Krasnow Institute for Advanced Study and Volgenau School of Engineering, George Mason University,
Fairfax VA, USA

The ability of neurons to respond differentially to specific temporal and spatial patterns of stimulation
underlies the storage of memory and information in neural circuits. Synaptic plasticity is one mechanism
underlying memory storage, but ex vivo plasticity experiments use periodic and noise-free stimulation
patterns. To investigate synaptic plasticity in vivo, we created a data-driven, multi-compartmental mo-
del of a striatal spiny projection neuron with sophisticated calcium dynamics and used experimentally
recorded spike trains as synaptic stimulation. We evaluate how the direction and magnitude of synaptic
plasticity are controlled by spatial synaptic interactions and trial-to-trial variability (Prager et al., 2020).
These results will enable derivation of spike based, spatial plasticity rules for large scale networks of
simplified neurons.

Prager, E.M., Dorman, D., Hobel, Z., Malgady, J., Blackwell, K.T., &amp; Plotkin, J.L. (2020) Dopamine oppositely
modulates state transitions in striosome and matrix direct pathway striatal spiny neurons. Neuron, in press

SpaRCe: Improved Learning of Reservoir Computing Systems through Sparse
Representation

Eleni Vasilaki
Department of Computer Science, The University of Sheffield, UK

,Sparse” neural networks, in which relatively few neurons or connections are active, are common in
both machine learning and neuroscience. Whereas in machine learning, ,sparsity” is related to a pe-
nalty term that leads to some connecting weights becoming small or zero, in biological brains, sparsity
is often created when high spiking thresholds prevent neuronal activity. Here we introduce sparsity into
a reservoir computing network via neuron-specific learnable thresholds of activity, allowing neurons
with low thresholds to contribute to decision-making but suppressing information from neurons with
high thresholds. This approach, which we term “"SpaRCe”, optimises the sparsity level of the reservoir
without affecting the reservoir dynamics. The read-out weights and the thresholds are learned by an
on-line gradient rule that minimises an error function on the outputs of the network. Threshold learning
occurs by the balance of two opposing forces: reducing inter-neuronal correlations in the reservoir
by deactivating redundant neurons, while increasing the activity of neurons participating in correct
decisions. We test SpaRCe on classification problems and find that threshold learning improves per-
formance compared to standard reservoir computing. SpaRCe alleviates the problem of catastrophic
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forgetting, a problem most evident in standard echo state networks and recurrent neural networks in
general, due to increasing the number of task-specialised neurons that are included in the network
decisions.

Manneschi. L., Lin, A. C., Vasilaki, E.. SpaRCe: Improved Learning of Reservoir Computing Systems through

Sparse Representations (IEEE Transactions in Neural Networks and Learning Systems, accepted). https://arxiv.
org/abs/1912.08124



The role of heme oxygenase in the regulation of apoptosis and autophagy in
the brain of Drosophila melanogaster

Abaquita TA, Damulewicz M, Bhattacharya D, Pyza E
Institute of Zoology and Biomedical Research, Jagiellonian University, Cracow, Poland

Heme oxygenase (HO) is one of the cyto-protective enzymes that can mitigate effects of oxidative
stress. In the present study, we found that the ho gene mRNA level cycles in the brain of Drosophila
melanogaster with two minima at the beginning of the day (ZT1) and the night (ZT13). This rhythm is
generated by a circadian clock as it was not observed in the clock mutant per. In older flies (20 days
old) the rhythm was vanished, however, 15 days of curcumin feeding restored this rhythm. Curcumin
also increased mRNA level of ho at all time point studied. Furthermore, the increase of ho expression by
curcumin was accompanied by higher expression of the apoptotic gene hid in the brain, but only at night
(ZT16 and ZT20). The overexpression of ho in all neurons, induced higher mRNA levels of hid and the
autophagy gene atgb at ZT16. In addition, our data showed that HO plays a key role in the protection
against stress in time-dependent manner. Flies exposed to paraquat had higher ho expression in the
brain, but only at specific time of the day, at ZT1 and ZT13. Our data suggest that the expression of ho
in the fly’s brain is regulated by the circadian clock, and it changes with age, exposure to stress and
presence of endogenous antioxidants. HO protects the brain by stimulating apoptosis and autophagy
under oxidative stress.

[1] Damulewicz M, Loboda A, Jozkowicz A, Dulak J, Pyza E (2017) Interactions between the circadian clock and
heme oxygenase in the retina of Drosophila melanogaster. Mol. Neurobio. 54: 4953-4962.

[2] Damulewicz M, Swiatek M, Loboda A, Dulak J, Bilska B, Przewlocki R, Pyza E (2019) Daily regulation of pho-
totransduction, circadian clock, DNA repair, and immune gene expression by heme oxygenase in the retina of
Drosophila. Genes (Basel) 10(1): 1-20.

Funding: Horizon 2020 Research and Innovation Program — Marie Sklodowska-Curie, nr 765937.
The authors declare no conflict of interests.
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Differences in resting-state functional connectivity between patients with
Compulsive Sexual Behavior Disorder and healthy individuals

Adamus S'? Draps M', Wierzba M?, Gola M'#

! Institute of Psychology, Polish Academy of Sciences, Warsaw, Poland

? Medical University of Warsaw, Faculty of Medicine, Warsaw, Poland

¥ Nencki Institute of Experimental Biology, Polish Academy of Sciences, Warsaw, Poland
* Swartz Center for Computational Neuroscience, UCSD, San Diego, USA

Compulsive Sexual Behavior Disorder (CSBD) is characterised by inability to control urges to engage in

various sexual activities, which causes significant distress. Brain mechanisms underlying this disorder

are still poorly understood.

The aim of this study was to compare resting-state functional connectivity between patients with CSBD

and healthy individuals.

The fMRI data from 52 patients with CSBD (mean age: 34.67, sd: 8.373) and 29 healthy controls (HC)

(mean age: 34.93, sd: 8.831) were acquired in an MRI scanner during a 12-minute resting-state session

(TR =2000 ms, TE = 28 ms, slice thickness = 3 mm). All subjects were heterosexual males. Data pre-

processing and denoising were performed using CONN functional connectivity toolbox. Resting-state

functional connectivity differences between CSBD and HC group were assessed using ROI-to-ROI

analysis.

Increased resting-state functional connectivity between left frontal orbital cortex (FOrb) and left insular

cortex (IC) (tmax = 2.13, p-unc = 0.0366, p-FDR = 0.5685) was observed in individuals with CSBD

compared to HC. CSBD patients also had increased resting-state functional connectivity between left in-

ferior frontal gyrus (IFG) and bilateral supplementary motor cortex (SMA) (tmax = 2.20, p-unc = 0.0305,

p-FDR = 0.8366 for the left SMA; tmax = 2.70, p-unc = 0.0086, p-FDR = 0.1706 for the right SMA).

To conclude, our results show altered resting-state functional connectivity in individuals with CSBD.

Difference in functional connectivity between IFG and SMA was also observed by Seok & Sohn [1],

however it was task-related and decreased between right IFG and right SMA among CSBD group.

[1] Seok JW, Sohn JH (2020) Response inhibition during processing of sexual stimuli in males with problematic
hypersexual behavior. J Behav Addict 9(1): 1-12.

Funding: Polish National Science Centre OPUS grant 2014/15/B/HS6/03792, PRELUDIUM grant 2016/23/N/HS6/02906.

A disclosure of conflicts of interest: The authors declare no known competing financial interests or personal relationships that
could have influenced this abstract.
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Auditory closed-loop stimulation during sleep in mice modulates spatial
preference

Aksamaz S!, Molle M?, Bazhenov M3, Marshall L"2

! Institute of Experimental and Clinical Pharmacology and Toxicology, University of Luebeck,
Germany

2 Center for Brain, Behavior and Metabolism, Luebeck, Germany

¥ Neurosciences Graduate Program and Department of Medicine, University of California, San Diego,
USA

In humans, auditory closed-loop stimulation (ACLS) in phase with the endogenous slow oscillation
(SO) enhanced sleep-dependent memory consolidation’, SOs, and thalamocortical spindles?. The pre-
sent study aims to adapt ACLS to mice to investigate underlying mechanisms. During sleep, within the
retention period between the sample and the test phase of a spatial task, local field potentials were
recorded in the cingulate cortex and dorsal hippocampus by wire arrays. Upon online detection of
the hyperpolarization (negative SO half-wave) in the cortex stimulation was delivered at one of four
phases, in separate sessions: close to the SO downstate (DS), at the down-to-up transition (D2US),
at the up-state (UpS) and during the up-to-down transition (U2DS). In a fifth session, stimulation was
omitted (Sham). Mice performed above chance levels for ACLS delivered at D2US and UpS where-
as performance for DS and U2DS failed to surpass chance level (one-sample t-test, D2US: p=0.005,
UpS: p=0.0051, DS: p= 0.5356, U2DS: p=0.2275, sham: p=0.1489; n=6), as previously suggested by
our model. Importantly, performance at the UpS was higher than at the U2DS (paired t-test, UpS vs.
U2DS: p=0.0201). ACLS entrained SOs, sleep spindle, and ripple activity as measured by RMS (root-
-mean-square) signals. Preliminary analyses reveal a longer suppression of hippocampal sharp-wave
ripple RMS after ACLS in U2DS than UpS. In the DS there is a tendency toward decreased modulation
of spindles by SO compared to Sham. Together, our ACLS protocol modulates the retention of spatial
memory in mice, despite preliminary results indicating only a moderate impact on electrophysiological
activity.
[1] Ngo HV, Martinetz T, Born J, Mdlle M (2013) Auditory Closed-Loop Stimulation of the Sleep Slow Oscillation
Enhances Memory. Neuron 78(3): 545-553.
[2] Krugliakova E, Volk C, Jaramillo V, Sousouri G, Huber R (2020) Changes in cross-frequency coupling following
closed-loop auditory stimulation in non-rapid eye movement sleep. Sci Rep 10, 10628.
[3] Wei Y, Krishnan GP, Marshall L, Martinetz T, Bazhenov M (2020) Stimulation Augments Spike Sequence Replay
and Memory Consolidation during Slow-Wave Sleep. J. Neurosci, 40(4): 811-824.
Funding: US-German Collaboration in Computational Neuroscience BMBF (BMBF 01GQ1706)/ NSF (11S-1724405).

The authors declare that there is no conflict of interest.
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Intracellular chloride heterogeneity in different neuronal subpopulations
Alberio L', Graham RT!, Pracucci E?, Ratto GM2?3, Trevelyan AJ'

! Biosciences Institute, Newcastle University, UK
2 Istituto Nanoscienze CNR and NEST, Scuola Normale Superiore Pisa, Italy

3 Istituto Neuroscienze, CNR, Pisa

Chloride levels inside neurons are crucial in determining neuronal excitability. In particular, the intracel-

lular chloride concentration, [Cl1, dictates the efficacy of fast GABAergic synaptic inhibition, strongly af-

fecting network excitability. However, little is known about the ‘chloride profile’ - the cell-to-cell variation

in chloride levels across a population of neurons - in different brain areas, nor how it differs between

cell classes.

The recent development of ClopHensor [1], a novel genetically encoded chloride indicator, and its op-

timization for in vivo imaging deep within tissue, using 2-photon microscopy [2], has made such mea-

surements possible for the first time. The expression of the sensor, however, was achieved only using

embryonic in utero electroporation, limiting the investigation only to the pyramidal cell population [2].

We made two improvements to facilitate the use of ClopHensor: 1) changed the linker sequence between

the two fluorescent elements, to improve the sensor stability; 2) packaged the floxed construct into an

AAV vector for cell specific gene delivery. We calibrated the new ClopHensor construct, using ionophore-

-permeabilized HEK cells bathed in buffered solutions with variable pH (6.8-7.6) and CI- (0-50mM).

We were then able to derive population statistics of pH and [CI], in three cell classes of cortical neuron,

in vivo, using 2-photon microscopy: pyramidal cells, and somatostatin-positive and parvalbumin-positive

interneurons. Our results show class-specific difference in the [Cl, distributions, and also heterogeneity

in the [CI], across subpopulations of neurons of the same class (interneurons or pyramidal cells), sug-

gesting that intracellular chloride in these neuronal classes is regulated independently.

[1] Arosio D, et al., (2010) Simultaneous intracellular chloride and pH measurements using a GFP-based sensor.
Nat Methods 7(7):516-8.

[2] G Sulis Sato s, et al., (2017) Simultaneous two-photon imaging of intracellular chloride concentration and pH in
mouse pyramidal neurons in vivo Proc Natl Acad Sci U S A, 114(41):E8770-E8779.

Funding: BBSRC, BB/P019854/1.

The authors hereby declare that there are no conflict of interests relating to this abstract.
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Establishment of a Sheep Model for Hind Limb Peripheral Nerve Injury: Common
Peroneal Nerve

Alvites R12, Branquinho M'?, Sousa C'?, Mendonga C'?, Atayde L', Geuna S?, Varejao A*S,
Mauricio AC'?

! Departamento de Clinicas Veterindrias, Instituto de Ciéncias Biomédicas de Abel Salazar (ICBAS),
Universidade do Porto (UP), Porto, Portugal

2 Centro de Estudos de Ciéncia Animal (CECA), Instituto de Ciéncias, Tecnologias e Agroambiente da
Universidade do Porto (ICETA), Porto, Portugal

3 Department of Clinical and Biological Sciences, and Cavalieri Ottolenghi Neuroscience Institute,
University of Turin, Ospedale San Luigi, Turin, Italy

* Departamento de Ciéncias Veterindrias, Universidade de Tras-os-Montes e Alto Douro (UTAD), Vila
Real, Portugal

SCECAYV, Centro de Ciéncia Animal e Veterinaria, Universidade de Tras-os-Montes e Alto Douro
(UTAD), Vila Real, Portugal

Peripheral Nerve Injuries occur frequently in the modern world, affecting both humans and animals.
Despite the efforts and advances made in recent years, it has not yet been possible to establish an
effective therapy that promotes the complete and effective regeneration of the injured peripheral nerve
and consequent functional recovery [1]. In recent years several therapeutic alternatives have been de-
veloped and explored in order to achieve an ideal peripheral nerve regeneration after injury. These new
approaches include the use of cell therapies with mesenchymal stem cells and biomaterials in the form
of nerve guide conduits.

The sheep model has recently been considered a good animal model for Peripheral Nerve Injury stu-
dies. Besides being a species with great availability, easy to maintain and to manipulate, the sheep
also presents peripheral nerves with anatomical and physiological characteristics identical to those
of humans [2]. In addition, the common peroneal nerve has been insufficiently explored as an injured
nerve for further regeneration studies in this species, and access and injury induction protocols have
not yet been validated [3].

In this work, a surgical protocol for access to the common peroneal nerve in the sheep model was estab-
lished, allowing the induction of injuries and application of therapeutic options. Additionally, a neurological
assessment protocol was created that allows to follow the functional evolution of the intervened animals
over time. The results obtained are the starting point for the widespread use of this species in future works.

Funding: This research was supported by Rui Damésio Alvites (SFRH/BD/116118/2016) acknowledge FCT, for financial support.

Conflict of Interests: The authors declare that there are no conflicts of interest regarding the presentation of this poster.
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Distinct and Sequential Functions of PRC2 in Radial Glia Lineage Progression
Amberg N', Pauler F, Hippenmeyer S
! Institute of Science and Technology Austria, Am Campus 1, 3400 Klosterneuburg, Austria

Radial glial progenitor cells (RGPs) generate different populations of neocortical projection neurons,
glia and adult neural stem cells. We recently uncovered sequential temporal transcriptional fingerprints
in RGPs correlating with their lineage progression during cortical neurogenesis, and RGP proliferation
behavior appears to be controlled by PRC2-mediated H3K27me3. Yet, the mechanism how PRC2 in-
structs RGP lineage progression in vivo remains elusive. Here we utilized Mosaic Analysis with Double
Markers (MADM) to genetically dissect the cell-autonomous function of the PRC2 core component
Eed. Our genetic loss-of-function approaches show that global tissue loss of Eed results in preco-
cious depletion of RGPs and strong microcephaly. However, we reveal that Eed does not regulate
RGP behavior and neuron output in a cell-autonomous manner at single cell level. Furthermore, we
discover a novel cell-autonomous Eed function which is essential for cortical astrogliogenesis. On the
transcriptional level, absence of PRC2 activity from astrocytes correlates with downregulation of genes
implicated in proliferation and synapse formation. Accordingly, cell-autonomous loss of PRC2 function
results in reduced proliferation rates, impaired surface expansion and reduced complexity of mutant
astrocytes. Altogether, our data reveal distinct sequential requirements of Eed and thus PRC2-mediated
H3K27me3 in RGP lineage progression during cortical development and an essential role in cortical
astrocyte production and maturation.

Funding: This research was supported by the European Research Council (ERC) under the European Union’s Horizon 2020
research and innovation program (grant agreement no. 725780 LinPro) and the FWF Hertha-Firnberg Program (grant T0101031).

The authors declare no conflicts of interest.

Genetic and environmental factors influence psychostimulant-induced behaviors
in Drosophila melanogaster

Andretic Waldowski R, Filosevic Vujnovic A', Rigo F'

! Department of Biotechnology, University of Rijeka, Croatia

Drosophila is a model organism used for the study of genetic basis of addiction. Forward genetic appro-
ach requires rigorous control over environmental influences so that the genetic effect can be distinct.
However, behavior is the result of the complex interaction between genetic and environmental factors.
Here we present how do we measure and manipulate genetic and environmental factors in order to get
a more complete picture of psychostimulant’s effect on behavior and neuronal functioning.

We have developed two behavioral tests: FlyBong and FlyCafe. Using FlyBong we measure the motor-
-activating effects of volatilized psychostimulants, and we show that flies develop locomotor sensitiza-
tion to volatilized cocaine (vCOC) " and methamphetamine (vMETH)®. FlyCafe measures rewarding
properties by quantifying voluntary self-administration of food laced with psychostimulants, and we



Poster session

show that flies preferentially self-administer food containing COC and METH. Both methods enable

quantification of behavioral parameters in individual flies, and provide insight into individual variation.

FlyBong and FlyCafe share common neuronal basis, and exposure to VMETH changes preferential

consumption of METH food and vice versa®. Furthermore, there is a common genetic basis exemplified

by the null mutant for the gene period, which does not develop locomotor sensitization, nor preferential

administration of METH. Preferential self-administration of psychostimulants is further modified by rea-

ring and mating conditions.

FlyBong and FlyCafe precisely measure individual behavior and gene-environment interactions. Quan-

tification of psychostimulant-induced behaviors combined with genetic manipulations and their genetic

homology with vertebrates shows that flies will continue to be a valuable tool for the understanding of

human addiction.

[1] Filosevic A, Al-Samarai S, Andretic Waldowski R. High Throughput Measurement of Locomotor Sensitization to
Volatilized Cocaine in Drosophila melanogaster. Front Mol Neurosci. 2018;11:25.

[2] Rigo F, Filosevic A, Petrovic M, Jovic K, Andretic Waldowski R. Locomotor sensitization modulates voluntary
self-administration of methamphetamine in Drosophila melanogaster. Addict Biol. 2021;26(3):e12963.
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Correlation of task performance and ERP-microstate conflict-related differences
are specific for Simon and flanker effects

Antonova I', Paluch K', Dzianok P!, Nikadon J?, Wojciechowski J'2, Kublik E'

! Nencki Institute of Experimental Biology, Warsaw, Poland

2 Bioimaging Research Center, World Hearing Center of Institute of Physiology and Pathology of
Hearing, Kajetany, Poland

3 Centre for Modern Interdisciplinary Technologies, Nicolaus Copernicus University, Torun, Poland

We recorded high-density EEG while 41 subjects performed the modified Multi-Source Interference
Task (MSIT) with separate and combined flanker and Simon interference conditions [1]. To investigate
underlying mental processes we applied ERP-microstate (MS) and beamformer source analyses. We
also calculated between-subject correlations of task related differences in intensity and duration of
subsequent MSs and their relation to task performance [2].

The same processes were involved in both conditions but the interactions between early and later pro-
cessing stages were different. In flanker interference the prolongation of early P3-MS6 compared to no-
-conflict condition, correlated with an increased error rate, as well as lower intensity and shorter duration
of the sustained potential (SP-MS7). MS6 represented activation of intraparietal sulci - the dorsal atten-
tion network (DAN), while MS7 encompassed: frontal eye fields (DAN), anterior cingulate cortex (ACC)
and left motor cortex. Lower intensity and shorter duration of MS7 was in turn related to delayed RTs.
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In Simon interference, the prolongation of N2-MS4, reflecting the last stages of visual processing in

higher visual areas, was correlated with decreased duration and intensity of SP-MS7 and SP-MSS8,

which did not correlate with performance. In Simon task, slower responses were associated with decre-

ased intensity of late P3/N450-MS5, localized on posterior cingulate cortex (PCC), previously reported

in context of Stroop task [3].

To conclude, in flanker tasks the attentional processing of the stimulus is crucial for late stage proces-

sing and task performance while in Simon task behaviour is related to the activation of cingulate cortex

and conflict resolution skills.

[1] Sheth SA, Mian MK, Patel SR, Asaad WF, Williams ZM, Dougherty DD, Bush G, Eskandar EN (2012) Human
dorsal anterior cingulate cortex neurons mediate ongoing behavioural adaptation. Nature 488 (7410): 218-221.

[2] Schiller B, Gianotti LR, Baumgartner T, Nash K, Koenig T, Knoch D (2016) Clocking the social mind by identify-
ing mental processes in the IAT with electrical neuroimaging. Proc Natl/ Acad Sci USA 113 (10): 2786-2791.

[3] Beldzik E, Domagalik A, Froncisz W, Marek T (2015) Dissociating EEG sources linked to stimulus and response
evaluation in numerical Stroop task using Independent Component Analysis. Clin Neurophysiol 126 (5): 914-926.
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The effects of protracted treatment with positive and negative allosteric modulators
of alpha5 GABAA receptors on anxiety in Alzheimer’s disease mouse model

Arandelovi¢ J', Santra¢ A", Batini¢ B?, Todorovi¢ L®, Stevanovi¢ V', Major T', Cook JM*, Savi¢ M

! Department of Pharmacology, Faculty of Pharmacy, University of Belgrade, Serbia
2 Department of Physiology, Faculty of Pharmacy, University of Belgrade, Serbia

3 Laboratory for Radiobiology and Molecular Genetics, Vinca Institute of Nuclear Sciences, National
Institute of the Republic of Serbia, University of Belgrade, Serbia

“ Department of Chemistry and Biochemistry, Milwaukee Institute for Drug Discovery, University of
Wisconsin-Milwaukee, USA

The causal treatment for Alzheimer’s disease (AD) has yet to be discovered. Positive and negative
allosteric modulators of alpha5 GABAA receptors (PAM and NAM, respectively) have emerged as li-
gands that could alleviate cognitive impairments, but with potential influence on anxiety. The alpha2 and
alpha3 GABAA receptors are involved in anxiety regulation. Hence, we assessed effects of MP-11-022
and PWZ-029 as PAM and NAM, respectively, on anxiety and GABRA2/3 mRNA expression in 5xFAD.
After 10-day-treatment with PWZ-029, MP-I11-022 or solvent, 6-month-old male and female transgenic
and non-transgenic (Tg-m, Tg-f, Ntg-m, Ntg-f) 5xFAD mice underwent elevated plus maze and open
field. The GABRA2/3 mRNA expression in prefrontal cortex (PFC) and hippocampus (HC) were mea-
sured with gPCR.

Tg-m-control and Tg-f-control showed tendency to decrease peripheral distance (%pd) compared to
Ntg-control. MP-I1-022 in Tg-f increased %pd compared to Tg-f-control. PWZ-029 and MP-III-022
decreased %pd in Ntg-m compared to Ntg-m-control.
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PWZ-029 tended to increase percent of open arm time in Tg-m compared to Tg-m-control. MP-I11-022
increased closed arm entries in Ntg-f compared to Ntg-f-control.

GABRA2 were downregulated and GABRA3 were upregulated in HC in Tg-f-control compared to Ntg-f-
-control. After PWZ-029 and MP-11-022 in Tg-f HC, GABRA2 and GABRA3 were increased and decrea-
sed, respectively, compared to Tg-f-control. PWZ-029 had increased GABRA2 in Ntg-f HC compared to
Ntg-f-control. GABRA2 were higher in PFC in Tg-m after PWZ-029 compared to Tg-m- control.

PAM could be related to increased anxiety in females and NAM to reduced anxiety in males, and even
potentially to disinhibition, but further studies are needed.

Funding from Ministry of Education, Science and Technological Development of the Republic of Serbia within framework of project
01175076.

Authors declare no conflict of interest.

Tissue changes in spinal cord after spinal trauma and early applied OF stimula-
tion
Bacova M, Bimbova K, Lukacova N, Galik J

nstitute of Neurobiology of Biomedical Research Center SAS, Kosice, Slovak Republic

The main intention of our study was to analyze morphological and protein changes in spinal cord after
Th9 compression (SCI) and immediate long lasting stimulation with a weak oscillating field (OF) using
implanted miniature stimulator (OFS). Stimulator delivered oscillating current (50uA) across the injured
spinal cord by means of two Ir/Pt electrodes inserted into epidural space cranially and caudally to the
injury site. This experiment consists of 3 groups of experimental animals (Wistar rats): animals with
Th9 spinal compression (SCI); SCI animals with active stimulator (SCI+OFS) and SCI animals with
inactive stimulator (SCI+nOFS). To examine regenerative capacity of spinal tissue after OF stimulation
we performed morphometric analysis of spinal tissue integrity and fluorescent and protein analysis of
neurofilaments (NF-I), newly sprouted axons (GAP-43), myelin (MBP) and glial cells (APC, GFAP). Our
results indicate increased density and protein level of GAP43 and NF-I in SCI+OFS animals compared
to nonstimulated animals. Analysis of MBP and oligodendrocytes (APC) showed also better myelin re-
generation in group with active OF stimulation compared to SCl and SCI+nOFS groups. During 8 weeks
survival period, we also monitored behavior of animals using neurological BBB score, open-field and
hot-plate test. Significant improvements in recovery of sensory and motor functions in stimulated com-
pared to nonstimulated animals were seen after 4 weeks post-SCI. According to our results we suspect
that early applied OF stimulation could provide a better environment for recovery of injured spinal tissue
by supporting regenerative processes.

Funding: Supported by grants: VEGA 2/0098/20; 2/0145/21; APVV/19-0324; APVV15/0766; ERDF ITMS: 313011V344 and ITMS:
313011D103.

Authors declare no conflicts of interest.
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Long-lasting facilitation of proprioceptive la excitation on spinal motoneurons
by anodal trans-spinal direct current polarization in SOD1 G93A mouse model
of Amyotrophic Lateral Sclerosis

Baczyk M', Jankowiak T', Cholewinski M
!Department of Neurobiology, Poznan University of Physical Education, Poznan, Poland.

Despite years of intensive research, Amyotrophic Lateral Sclerosis (ALS), remains a major challenge to
both scientists and clinicians working on its management. We have recently shown that intrinsic exci-
tability and the excitatory drive provided to spinal motoneurons (MNs) from descending and peripheral
inputs are both decreased in presymptomatic SOD1 G93A mouse model of ALS. Importantly, restoring
MNs excitation levels by activating the cCAMP/PKA pathway with chemogenetics or by direct injection
of sp-cAMP into the recorded neuron, restores the deranged postsynaptic structures, and ameliorates
the disease burden. Here we provide direct evidence, that similar effects can be obtained, by applying
anodal trans-spinal direct current stimulation (tsDCS) to pre-symptomatic SOD1 G93A animals. 30uA,
anodal tsDCS facilitated submaximal monosynaptic la EPSPs amplitudes recorded from triceps sure
spinal motoneuron of SOD1 G93A mice, by 43+32%, n=11 during 15 minutes of the current application.
Surprisingly, this facilitation was seen even though, the cell membrane potential was strongly depolari-
zed during polarization. Even more profound 78+48%, n=11 facilitation was seen when recordings of
the same motoneurons were continued for 15 min after the end polarization. In addition, the maximal
EPSPs amplitudes, which are independent of |a afferent excitability were also facilitated by 27%, n=41,
during 1h following tsDCS application. Importantly, both acute and long-term EPSPs alterations were
not linked to changes in any of the cells’ passive membrane properties, nor to the la afferent excitability.
This data shows that anodal tsDCS can be used as a therapeutic tool for ALS management.

Funding: This work was supported by the National Science Center grant no. 2017/26/D/NZ7/00728.

Conflict of interest: The authors are not aware of any conflict of interest that can be linked to this study.

5-HT7 receptor increases excitability of inhibitory interneurons but not projection
neurons in the mouse dorsal raphe nucleus

Bak J, Bobula B, Siwiec M, Hess G
Maj Institute of Pharmacology Polish Academy of Sciences, Department of Physiology, Krakéw, Poland

The 5-HT, receptor (5-HT.R) is one of several serotonin receptor subtypes expressed in the dorsal
raphe nucleus (DRN). Activation of the 5-HT_R is known to increase the intrinsic excitability of pyramidal
hippocampal cells, however, its effects on DRN neurons are not fully understood. This study aimed
at examining the effects of 5-HT_R activation on the excitability of different types of neurons and their
synaptic inputs in the DRN of male C57BL/6J mice. Whole-cell recordings were carried out from DRN
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projection neurons and local inhibitory interneurons. To activate the 5-HT R, 5-CT was applied in the
presence of WAY 100635 to block the 5-HT, , receptor. Spontaneous excitatory (SEPSCs) and inhibitory
(sIPSCs) postsynaptic currents were recorded from putative 5-HT cells. Immunohistochemical analysis
of DRN slices stained with anti-TPH (the marker for 5-HT neurons) and anti-5-HT_R antibodies revealed
the presence of 5-HT Rs in TPH+ as well as in TPH- neurons. Current clamp recordings did not reveal
any changes in the relationship between injected current and spiking frequency of putative 5-HT cells
after 5-HT R activation. In contrast, activation of the 5-HT_R resulted in an increase in the excitability of
inhibitory interneurons. Voltage clamp recordings revealed that 5-HT_Rs modulate DRN synaptic activity
by increasing the frequency of sIPSCs and decreasing the frequency of SEPSCs recorded from pro-
jection neurons. These results indicate that both DRN projection cells and non-5-HT neurons express
5-HT_Rs but 5-HT_R-activated intracellular signaling pathways and their targets are cell type-dependent.

Funding: National Science Centre Poland, grant 2017/27/BINZ4/01527.

The authors declare that there is no conflict of interest.

The timing and reciprocity of motor-cognitive dual-task interference: insights
from electrophysiology and pursuit tracking

Baker J', Castro A, Dunn AK, Mitra S

!Institute for Systems Neuroscience, University Hospital Hamburg-Eppendorf, Hamburg, Germany

In everyday task situations, perception, attention and decision processes must occur concurrently with
the coordination of the body’s balance and motor response. Although the mental effort associated with
the latter is not often apparent, dual-task studies have found interactions between cognitive and motor
tasks that suggest demands on common information-processing resources. Concurrent cognitive load
is a known factor in falls risk in old age, so the importance of motor-cognitive interaction is well recogni-
sed. However, the specifics of which information-processing operations within cognitive tasks interfere
with continuous sensorimotor coordination are not well understood. Here, we use electrophysiology to
study the detailed chronometry of a visual oddball task comprised of perception, attention and executive
functions performed concurrently with a visuomanual tracking task requiring continuous speed and di-
rection control. Using ERP magnitudes and EEG time-frequency characteristics, we identify the timings
of motor-to-cognitive and cognitive-to-motor interference. At low attentional load, the tracking task atten-
tuates attentional resourcing without itself accumulating errors in the same time-frame. Tracking errors
occur only during executive function (updating) after target detection. Only when attentional load is
high do tracking errors also accumulate in the same time-frame. These results demonstrate that motor-
-cognitive interference is a multi-component process with asynchronous and asymmetric interference
patterns that change with the dual-task workload characteristics.

Funding: Study was part of a PhD project funded by Nottingham Trent University.

Authors disclose no conflicts of interest.
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A new AAV vector carrying Glyt1 promoter for tracing glycinergic neurons
Batamut B!, Ptaczkiewicz J', Kordecka K', Galinska A", Foik AT’

I International Centre for Translational Eye Research, Institute of Physical Chemistry, Polish Academy
of Sciences, Warsaw, Poland

Balancing excitation and inhibition is the key to maintain healthy vision and brain physiology. One of
the systems responsible for inhibition in the brain and the eye is glycinergic system and glycinergic
interneurons. The direct role in visual and information processing of these cells is not well understood.
Therefore, mapping the glycinergic cells connections between different parts of the visual system is a
major challenge in neuroscience research. The adeno-associated virus (AAV) tracing method, besides
their capacity limits, becomes second main tool in delivering various cargos into specific cells. What
more, recently the AAV is used as a helper virus in neuronal tracing studies along with the modified
Rabies virus to trace connections into specific cell types [1, 2]. In this project we aim to isolate a glycine
transporter 1 and 2 promoters (mGlyt1, hGlyt2, respectively) and use it to trace glycinergic cells in the
brain and the retina of rodents.
Preliminary tests in HeLa and HEK293T cell lines showed expression of YFP fluorescent marker under
mGlyt1 promoter only in HeLa cell line, that has active glycinergic transporter 1 expression, but not in
HEK293 cell line. The AAV- hGIyt2 produced fluorescent protein in both cell lines.
Summing up we have developed the AAV vector that can specifically produce proteins of interests in
glycinergic inhibitory cells both in the retina and in the brain of rodents. We also claim that this vector
can be used as a helper virus for mapping connections into glycinergic network using modified Rabies
virus tracing method.
[1] Wickersham IR, Finke S, Conzelmann KK, Callaway EM (2007) Retrograde neuronal tracing with a deletion-
-mutant rabies virus. Nat Methods. Jan;4(1):47-9.

[2] Yong-Jun Liu, Markus U. Ehrengruber (2013) Tracing Inputs to Inhibitory or Excitatory Neurons of Mouse and
Cat Visual Cortex with a Targeted Rabies Virus, Current Biology, 23, 18, 1746-1755.

Funding: Sonata Bis-9, National Science Center, UMO-2019/344/E/NZ5/00434.
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Agendas programme of the Foundation for Polish Science co-financed by the European Union under the European Regional
Development Fund.
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Somatosensory processing deficits and altered cortico-hippocampal connectivity
in Shank3b -/- mice

Balasco L!, Pagani M? Pangrazzi L', Schlosman E’, Mattioni L, Galbusera A2 Provenzano G3,
Gozzi A%, Bozzi Y*

I Center for Mind/Brain Sciences — CIMeC, University of Trento, Rovereto, Italy

2 Functional Neuroimaging Laboratory, Center for Neuroscience and Cognitive Systems, Istituto
Italiano di Tecnologia — IIT, Rovereto, Italy

3 Department of Cellular, Computational, and integrative Biology — CIBIO, University of Trento,
Trento, Italy

* CNR Neuroscience Institute, Pisa, Italy.

Autism spectrum disorders (ASDs) form a heterogeneous group of neurodevelopmental syndromes
characterized by repetitive behaviors and social/communication impairments. Recently, hyper/hypo-
-reactivity to sensory stimuli has been included as a diagnostic criterion for ASD, with 90% of individuals
facing atypical sensory experiences. Abnormal tactile response is considered an integral feature of
ASDs, and hypo-responsiveness to tactile stimuli is often associated with the severity of ASDs core
symptoms. Patients with Phelan-McDermid syndrome (PMS), caused by mutations in the SHANK3
gene, show ASD-like symptoms associated with aberrant tactile responses. However, the neural un-
derpinnings of these somatosensory abnormalities are still poorly understood. Here we investigated, in
Shank3b -/- adult mice, the neural substrates of whisker-guided behaviors, a key component of rodents’
interaction with the surrounding environment. To this aim, we assessed whisker-dependent behaviors in
Shank3b -/- adult mice and age-matched controls, using the textured novel object recognition (tNORT)
and whisker nuisance (WN) test. Shank3b -/- mice showed deficits in whisker-dependent texture discri-
mination in tNORT and behavioral hypo- responsiveness to repetitive whisker stimulation in WN. Notab-
ly, sensory hypo responsiveness was accompanied by a significantly reduced activation of the primary
somatosensory cortex (S1) and hippocampus, as measured by c-fos mRNA in situ hybridization, a
proxy of neuronal activity following whisker stimulation. Moreover, resting-state fMRI showed a signifi-
cantly reduced S1-hippocampal connectivity in Shank3b mutant mice. Together, these findings suggest
that impaired crosstalk between hippocampus and S1 might underlie Shank3b -/- hypo-reactivity to
whisker-dependent cues, highlighting a potentially generalizable form of dysfunctional somatosensory
processing in ASD.

This work was supported by the Strategic Project TRAIN — Trentino Autism Initiative (https:/projects.unitn.it/train/index.html)
from the University of Trento (grant 2018-2023 to YB). LB is a recipient of a PhD fellowship from the University of Trento. LP is su-
pported by a postdoctoral fellowship from the Umberto Veronesi Foundation (Milan, Italy). GP is supported by the Brain and Beha-
vior Research Foundation (NARSAD Young Investigator Grant; ID: 26617) and the University of Trento (Starting Grant for Young
Researchers). A.Go. was funded by the Simons Foundation (SFARI 400101), Brain and Behavior Foundation (NARSAD -National

Alliance for Research on Schizophrenia and Depression), the European Research Council (ERC-DISCONN, GA802371), the NIH
(1R21MH116473-01A1) and the Telethon Foundation (GGP19177).

The authors declare no conflict of interests.
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Somatostatin neurons in the human prefrontal cortex
Banovac I', Petanjek Z', Sedmak D!

! Department of Anatomy and Clinical Anatomy, and Croatian Institute for Brain Research and Center
of Excellence for Basic, Clinical and Translational Neuroscience, University of Zagreb School of
Medicine, Zagreb, Croatia

Somatostatin positive cells represent a major population of GABAergic neurons in the human cerebral
cortex. Using double labelling immunofluorescence and RNAscope in situ hybridization we characteri-
zed the somatostatin cell population in the human prefrontal cortex (PFC). We analyzed histological
slides from five adult specimens and evaluated the results in two regions of the PFC — Brodmann areas
9 and 14. There were no observable qualitative differences between the two areas and, therefore, the
results presented are applicable to both regions of the PFC. After thorough qualitative analysis, we
found that somatostatin cells in the supragranular layers were small (soma diameter of approximately
10 um), had a high expression of somatostatin mMRNA and a relatively low expression of somatostatin
peptide. Furthermore, almost all of the supragranular somatostatin cells colocalized with calbindin, indi-
cating that somatostatin and calbindin positive cells represent a single cell population in the supragra-
nular layers. In the infragranular layers, somatostatin cells were large (soma diameter of approximately
20 um) with complex dendritic morphology, typically had a lower expression of somatostatin mRNA and
a high expression of somatostatin peptide, and did not express calbindin protein. All somatostatin cells
were also NeuN positive, confirming that this is indeed a neuronal cell population. In conclusion, in the
human PFC, supragranular and infragranular somatostatin cells represent two distinct subpopulations
of somatostatin neurons.

[1] Riedemann T (2019) Diversity and Function of Somatostatin-Expressing Interneurons in the Cerebral Cortex.
Int J Mo Sci 20(12): 2952.

[2] Urban-Ciecko J, Barth AL (2019) Somatostatin-expressing neurons in cortical networks. Nat Rev Neurosci 17(7):
401-409.

[3] Hladnik A, DZaja D, Darmopil S, Jovanov-Miloevi¢ N, Petanjek Z (2014) Spatio-temporal extension in site of
origin for cortical calretinin neurons in primates. Front Neuroanat 8:50.

Funding: Croatian Science Foundation grant no. IP-2019-04-3182 (Brain extracellular matrix in development and in perinatal
hypoxia, PI: Nataa Jovanov MiloSevi¢) and the Scientific Centre of Excellence for Basic, Clinical and Translational Neuroscience
(project ‘Experimental and clinical research of hypoxic-ischemic damage in perinatal and adult brain’; GA KK01.1.1.01.0007
funded by the European Union through the European Regional Development Fund).

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.
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Psychopathology and resting state functional connectivity in adult ADHD:
a resting state fMRI study

Baradits M, Kakuszi B', Balogh L', Bitter I, Réthelyi J', Czobor P’

! Semmelweis University Department of Psychiatry and Psychotherapy, Budapest, Hungary

Attention-deficit/hyperactivity disorder (ADHD) is a common childhood psychiatric disorder that often
persists into adulthood. Cortese et al. reported altered activity in resting state brain networks in ADHD
in individual studies however failed to find significant spatial convergence of results across studies (1).
In addition, existing studies focusing on adults barely studied the effect of psychopathological characte-
ristics on resting state functional connectivity.

Adults with a clinical ADHD diagnosis (N = 39) and healthy, adult subjects (N = 17) underwent a 9-minu-
te resting-state fMRI session in a 3T MRI scanner. After preprocessing, we used Seed-to-Voxel based
correlation analysis with 28 seed regions (based on subparts of 7 well-known resting state networks).
One-way ANCOVA was used with age covariate for group analysis, while regression was used for
CAARS scores. Correction for multiple comparison was carried out with a cluster-forming voxel-level
height threshold of p<.005 and a spatial extent threshold that ensures a cluster-wise FWE at p<.05 (2).
We used CONN toolbox for preprocessing, denoising and statistical analysis (3).

Left lateral parietal region of DMN, right FEF region of DAN and PPC region of FPN showed altered
functional connectivity in ADHD. Furthermore, psychopathological measures, such as CAARS, showed
significant effects in the connections of these seed regions.

Despite the fact that altered resting state connectivity in ADHD is heterogenous, our results are in line
with all other studies, suggesting some sort of disturbed activity in ADHD which persists to adulthood.
Psychopathological association with certain seeds of connections may highlight the importance of those
regions.

References
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Resting-State Functional Magnetic Resonance Imaging Studies of Attention-Deficit/Hyperactivity Disorder. J Am
Acad Child Adolesc Psychiatry, 60: 61-75.
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Learning of non-visual spatial task in two strains of house cricket Acheta
domesticus with altered visual pigments synthesis

Baran B', Krzyzowski M', Francikowski J!

! Research Group of Insect Physiology and Ethology, Institute of Biology, Biotechnology and
Environmental Protection, Faculty of Natural Sciences, University of Silesia in Katowice, 9 Bankowa
Street, 40-007 Katowice, Poland

The insects’ eyes are composed of numerous isolated facets with separate lenses and photosensitive
elements present in each. Those facets are separated by pigment cells, containing so-called screening
pigments, including two groups of compounds; pteridines and ommochromes. The role of those pig-
ments is speculated to provide optical isolation of the compound’s eye facets, thus contributing to visual
acuity. As both groups of the pigments are derivatives of tryptophan (TRP), mutations involving their
synthesis pathways could cause alteration not only at the level of pigments but other derivatives of TRP,
including neurotransmitters [1]. Thus, the mutant strains of insects with defects in this pathway provide
valuable models both for studying the role of TRP in insect behaviour as well as the broader scope of
pathologies related to this metabolic pathway (as demonstrated by extensive usage of the white strain
of Drosophila melanogaster).
The poster presents data obtained from assays on three strains of Acheta domesticus — wild type,
yellow and white. As the nature of mutation involves vision — a non-visual learning task [2] was cho-
sen for the study in order to exclude the possible impairment in vision. The task consisted of finding
an inconspicuous cool spot on the arena heated to aversive temperature. It was found that while the
learning performance of the yellow strain does not differ significantly from the wild type, the white strain
learned to successfully complete the task significantly faster. Implications of this result as well as further
prospects of research are discussed on the poster.
[1] Francikowski, J., Krzyzowski, M., Kochanska, B., Potrzebska, M., Baran, B., Chajec, t.,Urbisz A., Matota K.,
tozowski B., Kloc M., Kubiak, J. (2019). Characterisation of white and yellow eye colour mutant strains of house
cricket, Acheta domesticus. PloS one, 14(5), e0216281.

[2] Wessnitzer, J., Mangan, M., & Webb, B. (2008). Place memory in crickets. Proceedings of the Royal Society B:
Biological Sciences, 275(1637), 915-921.

Funding: Presented research is supported by the Ministry of Science and Higher Education with funds provided in Diamond Grant
program DI205 025445.

The authors declare no conflict of interest.
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Normalization of visual responses explains size tuning in the rat collicular
neurons

Baranauskas G', Rysevaite-Kyguoliene K2, Sabeckis I, Pauza DH?

!Neurophysiology laboratory, Neuroscience Institute, Lithuanian University of Health Sciences,
Kaunas, Lithuania

?Anatomy Institute, Lithuanian University of Health Sciences, Kaunas, Lithuania

BACKGROUND: The receptive field of many visual neurons is composed of a central responsive area,
the classical receptive field (CRF), and a non-classical receptive field, also called the ‘inhibitory sur-
round’ (IS). In IS visual stimuli do not induce any response but modulate responses to stimuli within
CREF, usually by suppressing them. Therefore, usually, visual response amplitude grows for relatively
small increases in the visual stimulus size, smaller than the CRF width, while responses to large stimuli
decrease due to suppression by the surrounding IS. The stimulus size corresponding to the maximal
response is called an optimal stimulus size. In cortex there is fairly good correspondence between the
CRF and the optimal stimulus sizes. In contrast, there is no apparent correspondence between the sizes
of CRF and the optimal stimulus in the rat superior colliculus (SC).

METHODS: Extracellular recordings employing tetrodes in the urethane-anaesthetized adult rats
(>2 months of age) were used for this study.

RESULTS: We find that in the rat SC the optimal stimulus size changes as the inverse of the stimulus
contrast. However, the CRF width is insensitive to contrast changes. These results are explained by
normalization of the responses through a divisive modulation of the CRF gain by IS. To explain data on
responses to stimuli displaced from the CRF center, an additional step of normalization is necessary,
most likely due to saturation to light flux.

CONCLUSIONS: Multiple steps of visual response normalization play crucial role in the visual informa-
tion processing in rodent SC.

Funding: This work was supported by the Lithuanian Research Council grant Nr. P-MIP-19-138.

Conflict of interest: The authors declare no competing financial interests.

Heart rate regulation model to capture fluctuating higher-order influence by
brain during emotional tasks

Baranauskas M', LukoSevicius A’
! Kaunas University of Technology, Biomedical Engineering Institute, Kaunas, Lithuania

Although there are theoretical models and studies investigating the association of brain activity with
changes in heart rate, the existing mathematical and algorithmic models of the heart rate dynamics
are mainly limited to simulation of lower-order mechanisms, i.e. in response to autonomic nervous
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system activity at sinus node, respiration and baroreflex. The aim of this research was to develop an
algorithmic model of heart rate regulation that incorporates higher-order levels than those associated
with respiratory arrhythmia and baroreflex. A working primary model with interconnected components
of heart rate regulation mechanisms was realized in MATLAB SIMULINK environment. It uses the real
human psychophysiological data — R-R intervals and respiration — as the input data. The heart rate dy-
namics is modelled, fitted to traditional lower-order mechanisms, dynamics unexplained by lower-order
mechanisms attributed to the fluctuating influence by higher-order brain regulation. The time moments
are found when the presumably relevant activity in higher brain areas changed, the corresponding heart
regulation weights are modelled and the higher-order regulation dynamics are returned as the output
data. Psychophysiological data from study with emotional tasks were re-used to illustrate capabilities of
the proposed model.

Funding: This research is funded by the European Social Fund under the No 09.3.3-LMT-K-712 “Development of Competences
of Scientists, other Researchers and Students through Practical Research Activities” measure.

The authors declare no conflict of interest.

TrkC downregulation increases the number of primary dendrites in opossums’
Purkinje cells

Bartkowska K!, Tepper B', Turlejski K2, Djavadian R!

! Laboratory of Calcium Binding Proteins, Nencki Institute of Experimental Biology Polish Academy of
Sciences, Warsaw, Poland

2 Faculty of Biology and Environmental Sciences, Cardinal Stefan Wyszynski University in Warsaw,
Warsaw, Poland

Opossums, Monodelphis domestica are born at very immature stage of development. The nervous sy-
stem of newborn opossum is at a developmental stage comparable to embryonic day 11 in the mouse.
We used this animal model, because opossums’ development is slower and more expanded in time
than in laboratory rodents, thus some molecular mechanisms are easier to capture. Cerebellar Purkinje
cells are large GABA-ergic cells known from their unique and impressive dendritic tree. However, the
molecular basis of its formation is not yet fully known. It is well established that one of the most important
proteins involved in the processes of development and plasticity of neurons are neurotrophins and their
receptors. In this study we focused on TrkC receptor which binds to neurotrophin-3.

The aim of this study was to investigate the function of TrkC receptor in the development of neurites in
opossums’ Purkinje cells.

We found that the peak proliferation of Purkinje cells progenitors occurs at postnatal day 3, therefore
we used opossums at this age and prepared primary cerebellar cell cultures. We transfected the cells
with TrkC shRNA or control shRNA control plasmids expressing green fluorescence protein (GFP) and
cultured the cells for 7 days. Cell cultures were fixed and immunostained with calbindin, a marker for
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Purkinje cells and GFP and the colocalization was determined using a confocal laser microscope. Sholl
analysis was performed on healthy looking, double-labeled cells.

The statistical analysis revealed a significant increase in the number of primary neurites in Purkinje cells
with lowered expression of TrkC receptor in comparison to control cells. Further research is required to
understand the mechanism and function of this structural changes.

This work was supported by the National Science Center grant 2016/22/M/NZ4/0067.

Authors declare no conflict of interest.

Utilization of conditional single lentivirus CRISPR/Cas9 vector for efficient
gene knockout generation in adult neurons in vivo and in vitro

Barut J*, Rafa-Zablocka K', Chmielarz P, Baginska M', Domanskyi A2, Kreiner G’

" Dept. of Brain Biochemistry, Maj Institute of Pharmacology PAS, Krakow, Poland
2 Institute of Biotechnology, University of Helsinki, Helsinki, Finland

The study of neurodegenerative diseases, such as Parkinson’s disease (PD), relies on animal models,
which have certain caveats reflecting the complex aspects of the disease. They are mostly based on
genetic basis of the disease or neurotoxines which do not reflect idiopathic forms. Using the CRISPR/
Cas9 system, which has recently revolutionized the field of biotechnology, we have created a uni-
versal construct that will be used to generate transgenic animals in a more efficient. Single lentiviral,
CRE-dependent vector with gRNA targeting the selected protein specific to the disease will be delivered
by stereotaxic injection into to the brain of CRE-bearing mice in a specific cell populations.

We provide a standardized workflow for assessing mutagenesis in population of targeted neurons. The
efficacy of this approach is demonstrated in vitro, in primary dopaminergic mice neurons. We used
gRNA targeted EGFP to visualize the effect of the mutation. Lentivirus transduction lowered EGFP
expression by approx. 50% (shown by gPCR and fluorescent staining). We also confirmed it in vivo,
making an attempt to create a pre-symptomatic PD model based on applying Cre-dependent lentiviral
vector carrying the Rm3 deletion (transcriptional factor, TIF1-A) directly to locus coeruleus in DBHCre
mice. We obtained progressive degeneration of noradrenergic neurons restricted to locus coeruleus (up
to 30-50% cell loss after 3 months from injection).

We found this approach to be more efficient than conventional gene knockout allowing targeting cells
that would be difficult to differentiate and reducing time-consuming animal breeding in classic Cre/loxP
mediated recombination.

Funding: 2017/25/BINZ7/02406 grant financed by the Polish National Science Center.

Adisclosure of conflicts of interest: none.
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Modulatory effects of grafted neuroectodermal stem cells after chronic spinal
cord contusion injury

Bellak T', Pajer K', Gal L', Marton A2, Vizler C? Fekécs Z', Nogradi A’

! Department of Anatomy, Histology and Embryology, Faculty of Medicine, University of Szeged,
Szeged, Hungary
? Institute of Biochemistry, Biological Research Centre, Szeged, Hungary

Spinal cord contusion injury leads to severe tissue loss and subsequent deficit of motor, sensory and
vegetative functions below the lesion. Many of these lesions remain untreated and a chronic injury
develops. In this study we investigated the integration and differentiation capacity of neuroectodermal
stem cells transplanted into the chronic lesion cavity of the spinal cord and the host cellular reactions
to the grafted cells.

NE-4C stem cells (ATCC: CRL-2926) were grafted intraspinally five weeks after a thoracic (T11) spinal
cord contusion injury performed in Sprague-Dawley rats. Control animals underwent contusion injury
without stem cell transplantation. Five and ten days after transplantation detailed immunohistochemical
analysis was performed to evaluate the fate and the modulatory effects of grafted cells.

Five days after transplantation, the grafted cells survived remarkably, formed clusters and a small pro-
portion of the cells differentiated into neurons and astrocytes. At this time point, the NE-4C cells did not
migrate away from the grafted area. Ten days after grafting the majority of the grafted cells appeared as
nonviable fragments in microglia/macrophage cells. This observation suggests a fast elimination pro-
cess of the transplanted stem cells. On the other hand, the grafted cells induced significant reduction of
microglia/macrophage and astrocytic reactions in the treated groups compared with the control animals.
These data provide evidence for the effective modification of the lesion microenvironment despite limit-
ed survival of grafted cells after chronic spinal cord injury.

Funding: This work was supported by New National Excellence Programme (UNKP-20-3-11).

The authors declare no competing interests.

Keywords: spinal cord injury, chronic contusion, stem cells, secretome

BDNF-induced BDNF release mediates experience-dependent long-term
potentiation at mossy cell-granule cell synapse

Berthoux C', Nasrallah K', Castillo PE"?

! Dominick P. Purpura Department of Neuroscience, Albert Einstein College of Medicine, Bronx, New
York, United States

? Department of Psychiatry and Behavioral Sciences, Albert Einstein College of Medicine, Bronx, New
York, United States
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Our brains have evolved to adjust behavior in response to new experiences. This crucial process mainly
relies on activity-induced modifications of synaptic contacts, such as long-term potentiation (LTP) and
depression (LTD), whose underlying mechanisms are remarkably diverse and not fully understood. The
brain-derived neurotrophic factor (BDNF) is a key mediator of synaptic efficacy, neural connectivity and
use-dependent plasticity. However, despite many years of work, the mechanism by which BDNF/TrkB
signaling mediates synaptic plasticity remains unclear.

Within the dentate gyrus (DG), the main entry area of the hippocampus, hilar mossy cell (MC) to dentate
granule cell (GC) synapse expresses a robust form of presynaptic LTP. Using restricted genetic deletion
to selectively disrupt BDNF expression in either the presynaptic (MC) or the postsynaptic (GC) neuron,
we showed both pre- and postsynaptic BDNF are required for LTP in acute mouse hippocampal slices.
Using two-photon live imaging of BDNF-pHIuorin, a pH sensitive fluorescent BDNF sensor, we found
that BDNF released from the presynaptic compartment can elicit postsynaptic BDNF release in a TrkB-
and calcium-dependent manner. In addition, activation of type-1 cannabinoid (CB,) receptors, which are
highly expressed in MC axon terminals, negatively regulates presynaptic BDNF release and LTP, likely
through inhibition of voltage-gated calcium channels. Finally, we found that BDNF-dependent MC-GC
LTP can be elicited in vivo following enriched environment exposure.

Altogether, these results suggest that BDNF-induced BDNF release is a key mechanism underlying LTP
which might contribute to DG-dependent cognitive functions, as well as epilepsy.

Funding:

National Institute of Health (NIH), grant R01-NS113600 to P.E.C.

National Institute of Health (NIH), grant NIH R01-MH125772 to P.E.C.

2020 Junior Investigator Neuroscience Research Award (JINRA) to C.B.
Fondation pour la Recherche Médicale, Postdoctoral Fellowship to K.N.
Fondation Bettencourt Schueller, Prix pour les jeunes chercheurs 2016 to K.N.

The authors declare no conflicts of interest.

Effects of caffeine and age on sleep and behaviour in Drosophila melanogaster
Bhattacharya D, Albaquita TA, Pyza E
Institute of Zoology and Biomedical Research, Jagellonian University, Krakow, Poland

Caffeine is known to reduce nighttime sleep in the fruit fly Drosophila melanogaster [1]. In case of mam-
mals, caffeine enhances dopaminergic activity by a competitive antagonism to adenosine receptors
[2]. In flies, however, the role of adenosine receptors and caffeine on sleep and behaviour is not fully
described. We examined the role of caffeine on daytime (siesta) and nighttime sleep in wild-type flies
(CantonS) of different age and in transgenic flies with the dAdoR gene overexpression or silencing in
glia, tim-expressing clock cells, and dopaminergic neurons. Our results showed that caffeine reduces
sleep during the night and increases siesta in wild-type male flies at different age. In females, however,
caffeine increases siesta in old flies (50 days old) but decreases in younger 30 days old ones. We also
found that caffeine treatment reduces night sleep, but not siesta in transgenic flies with the silenced
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dAdoR gene in dopaminergic neurons and glial cells. In turn the overexpression of dAdoR gene in the

same cells after feeding with caffeine had no effect on sleep. It means that the regulation of siesta invol-

ves adenosine and its receptors but sleep during the night is also regulated by other mechanisms. Apart

from that, the effect of caffeine on sleep in the fruit fly varies with age and sex of flies.

[1 Alexsandra H, Iryna S, Karol C, Serge B, Jay H & Amita S, (2016) Caffeine promotes wakefulness via dopamine
signaling in Drosophila. Sci Reports Feb;12: 20938.

[2] Sattin A, Rall T.W. (1970) The effect of adenosine and adenine nucleotides on the cyclic adenosine 3', 5’-pho-
sphate content of guinea pig cerebral cortex slices. Mol Pharmacol 1970 Jan;6(1):13-23.

Funding: Power ATUT (Aktywny Trening UmiejeTnosci na Kierunku)
grant PhD program in Biology implemented at the Faculty of Biology at the Jagellonian University.

The authors declare no conflict of interests.

The effect of chronic treatment with 1MeTIQ on frontal and hippocampal BDNF
and PSD-95 level in rat model of schizophrenia

Biaton M, Wasik A

Maj Institute of Pharmacology, Polish Academy of Sciences, Department of Neurochemistry

Schizophrenia is a severe mental disorder affecting ~1% of population [1] and may be characterised by
positive, negative and cognitive symptoms. However, pathophysiology of the illness still remains uncle-
ar. Some studies suggest role of brain-derived neurotrophic factor (BDNF) and post-synaptic density
(PSD)-95 in schizophrenia [2]. 1MeTIQ is an endogenous compound, found in mammalian brain, exer-
ting neuroprotective and pro-cognitive action [3], therefore we decided to evaluate BDNF and PSD-95
levels in rats’ frontal cortex and hippocampus in animal schizophrenia model.

Male Sprague-Dawley rats were injected with saline, MK-801 (0.1mg/kg), 1MeTIQ (25 or 50 mg/kg)
or TMeTIQ combined with MK-801 (6 groups) for 7 consecutive days. After that time, animals were
decapitated and frontal cortex and hippocampus were dissected for assaying BDNF and PSD-95 levels
using Western Blot method.

We found lowered frontal BDNF level in all experimental groups. MK-801 decreased BDNF level, howe-
ver 1MeTIQ (in both doses) did not reverse this effect. PSD-95 level in rat’s frontal cortex did not chan-
ge significantly after drugs treatments. In hippocampus, BDNF level was increased in MK-801 group,
comparing to saline. Combined treatments (1MeTIQ and MK-801) decreased BDNF level. Hippocampal
PSD-95 level was found to be lowered after combined treatment.

In our study, 1MeTIQ in both doses did not reverse effect of MK-801 and did not restore proteins le-
vel. However, more studies are needed to evaluate the mechanism of interaction between BDNF and
PSD-95 and their role in schizophrenia, leading to developing new, promising therapies for the illness.

[1]1XuY, Ren J, Ye H (2018) Association between variations in the disrupted in schizophrenia 1 gene and schizop-
hrenia: a meta-analysis. Gene 651: 94-99.
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[2] Xu Y, Deng C, Zheng Y, Liu N, Fu B (2019) Applying vinpocetine to reverse synaptic ultrastructure by regulating
BDNF-related PSD-95 in alleviating schizophrenia-like deficits in rat. Compr Psychiatry 94: 152122.

[3] Biatori M, Zarnowska M, Antkiewicz-Michaluk L, Wasik A (2020) Pro-cognitive effect of 1MeTIQ on recog-
nition memory in the ketamine model of schizophrenia in rats: the behavioural and neurochemical effects.
Psychopharmacology (Berl) 237: 1577-1593.

Funding: The project was financed by the NCN grant No: 2017/25/B/NZ7/01096.

Disclosure: No conflict of interest.

Effect of air pollution with particulate matter on the expression of genes connected
with immunological response in EAE model of multiple sclerosis (MS) in mice

Bielawski A', Jankowska-Kiettyka M', Roman A, Nalepa I'
! Dept of Brain Biochemistry, Maj Institute of Pharmacology PAS, Krakow, Poland

A high concentration of air pollution with particulate matter (PM) is known to be a risk factor for hu-
man health. Exposure to PM causes a pro-inflammatory response, disturbances in antigen presentation,
dysregulation of lymphocytes’ function and activity. These phenomena can lead to autoimmunological
diseases. Multiple sclerosis (MS) is a neurological disease with processes of inflammation and demyeli-
nation of axons in which autoimmunological processes play an important role. EAE is the animal model of
MS induced by administration of immunogenic peptides from myelin. We aimed to investigate the effect of
PM devoid a majority of organic compounds by treatment with cold plasma (LAp120) on expression of 93
selected immune-related genes in the spinal cord in mice in EAE model. The TLDA arrays with TagMan
probes and real-time PCR were used to identify particular genes. We found massive changes in