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PRESENTATION NUMBER: MCO001
ESSENTIAL FOR THE SYNAPSE: ADNP IS A MAJOR REGULATOR OF DEVELOPMENT AND AGING

MINI CONFERENCE 02: MOLECULAR BASIS FOR SYNAPTIC FUNCTION HIGHLIGHTING DISEASE MECHANISMS.
ORGANISED BY EUROPEAN SOCIETY FOR NEUROCHEMISTRY (ESN)

lllana Gozes
Tel Aviv University, Sagol School Of Neuroscience, Faculty Of Medicine, Tel Aviv, Israel

Activity-dependent neuroprotective protein (ADNP) and its smallest active fragment, drug candidate NAP (davunetide) were
discovered and first characterized in our laboratory. De novo mutations in ADNP cause the autistic intellectual disability (ID)
ADNP syndrome. Now, we showed that ADNP and related genes are somatically mutated in postmortem aged Alzheimer’s
disease (AD) brains correlating with increasing AD tau pathology (lvashko-Pachima, Hadar et al., Molecular Psychiatry,
2021). We then revealed tauopathy in post-mortem 7-year-old ADNP syndrome boy (Grigg et al., Translational Psychiatry,
2020). Using CRISPR-Cas9 genome editing, we developed a mouse model carrying the most abundant ADNP syndrome
mutation, showing early tauopathy and reversal by NAP treated (Karmon et al., Biological Psychiatry 2021). Mechanistically,
ADNP/NAP fortify microtubules through NAP (amino acid sequence: NAPVSIPQ), containing a microtubule end binding
proteins (EB1, EB3) domain SxIP (lvashko-Pachima et al., J. Mol. Neurosci. 2021). NAP enhances microtubule dynamics,
augmenting Tau-microtubule association and protecting against tauopathy. ADNP mutations, disrupt Tau-microtubule
interaction, which is ameliorated by NAP treatment. We have further demonstrated NAP enhancement of
Tau/sirtuin1(SIRT1)-microtubule interaction in human induced pluripotent stem cell-derived neural cells, with SIRT1 and its
partner Forkhead Box O3 (FOXO3, also regulated by ADNP/NAP) being major controllers of healthy aging (Hadar,
Kapitansky et al., Molecular Psychiatry, 2021). Lastly, STOP codon mutations in ADNP, implicated in the ADNP syndrome
and in AD represent sites of natural caspase cleavage, hallmarking apoptosis (Gozes and Shazman, Frontiers in
Endocrinology, 2022). Thus, NAP (davunetide) fortification of ADNP activity is predicted to be beneficial in autism and
neurodegenerative diseases.
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PRESENTATION NUMBER: PL0OO1
NEUROBIOLOGY OF SOCIAL AND SICKNESS BEHAVIOURS

PLENARY LECTURE 01: CATHERINE DULAC: NEUROBIOLOGY OF SOCIAL AND SICKNESS BEHAVIOURS (THE
FRED KAVLI OPENING LECTURE)

Catherine Dulac
Harvard University, Mcb, Cambridge, United States of America

Social interactions are essential for animals to survive, reproduce, raise their young. Over the years, my lab has attempted to
decipher the unique characteristics of social recognition: what are the unique cues that trigger distinct social behaviors, what
is the nature and identity of social behavior circuits, how is the function of these circuits different in males and females and
how are they modulated by the animal physiological status? In this lecture, | will describe our recent progress in
understanding how different parts of the brain participate in the positive and negative control of parental behavior in males
and females, providing a new framework to understand the regulation of adult-infant interactions in health and disease. | will
also describe how new approaches in in situ single cell transcriptomics have enabled us to uncover specific hypothalamic cell
populations involved in distinct social behaviors. Finally, | will describe our most recent work —fit for our current pandemic
era—uncovering essential brain circuits underlying sickness symptoms in mice.
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PRESENTATION NUMBER: PL002

FROM MEMORY TO GUT MICROBES: AN UNEXPECTED PATH TO DISCOVERY

PLENARY LECTURE 02: MAURO COSTA-MATTIOLI: FROM MEMORY TO GUT MICROBES: AN UNEXPECTED PATH
TO DISCOVERY

Mauro Costa-Mattioli
Baylor College of Medicine, Department of Neuroscience, Houston, TX, United States of America

Before | describe the context of my lecture, | would ask you to consider the following question. What would
be the impact on human society of a successful “universal” treatment for memory loss? Memory is essential
for animal survival. For humans, memory is the ongoing, real-time narrative of our lives. When our capacity
to remember is lost, we are lost to ourselves and lost to those who we love. Even with so much at stake, we
still lack a therapy that can effectively reverse the effects of time and disease on human memory.

My presentation, which will focus on mechanism(s) underlying brain function and dysfunction, will be split into
two parts. First, | will outline our identification of a protein homeostasis network that is crucially required for
normal long-term memory formation. More importantly, | will describe how its dysfunction is emerging as the
main causative mechanism underlying the cognitive decline in a wide range of memory and
neurodegenerative disorders. While | will briefly describe some of our original findings, | will mainly focus on
how we can now leverage this knowledge to identify new therapeutic approaches to promote brain health.
Second, in a complementary line of research, | will explain how a serendipitous discovery led us to identify
and dissect the causative mechanism(s) by which gut microbes impact brain development & function. | will
also discuss our findings supporting an emerging concept: “targeting the brain through the gut”. We
discovered that a selective non-invasive, microbial-based approach is beneficial in preclinical animal models
or neurological dysfunction and more recently in human patients. Even though the talk is on a Sunday
morning (8:30 am), you should consider joining us!
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PRESENTATION NUMBER: PL0O03
HUNTINGTON'S DISEASE: FROM NEURODEVELOPMENT TO NEURODEGENERATION

PLENARY LECTURE 03: SANDRINE HUMBERT: HUNTINGTON'S DISEASE: FROM NEURODEVELOPMENT TO
NEURODEGENERATION

Sandrine Humbert
Inserm U1216, Univ. Grenoble Alpes, Grenoble Institut Neurosciences, Grenoble, France

Huntington disease (HD) is a dominantly inherited neurological disorder characterized by the dysfunction and death of
neurons from the cortex and the striatum. Striatal degeneration in HD is due, at least in part, to defective cortical signaling to
the striatum. Symptoms in HD typically do not appear until mid-life or later. Yet huntingtin, the protein mutated in HD, and
mutant huntingtin are expressed from the very beginning of life and huntingtin is essential for mouse development. Anyway,
given the adult onset and dysfunction and death of adult neurons characterizing HD, most studies have focused on the toxic
effects elicited by mutant huntingtin in adult post-mitotic neurons and the roles of the wild-type protein during development
have been less studied. | will discuss how the huntingtin protein regulates several steps of mouse cortical development.
Huntingtin maintains the pool of cycling progenitors, ensures the multipolar-bipolar transition of newborn neurons, their proper
migration and maturation. In HD mice, mutant huntingtin causes mitotic spindle misorientation of dividing progenitors and
decreases cortical thickness. Mutant huntingtin also interferes with the migration and maturation of post-mitotic neurons. | will
also show that, as in HD mouse models, mutant huntingtin reduces the number of proliferating cells and triggers more neural
progenitors to enter lineage specification prematurely in human HD mutation carrier fetuses. Finally, | will discuss how early
axonal growth defects in the developing cortex contribute to presymptomatic HD signs and consider the viewing of HD with a
neurodevelopmental component.
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PRESENTATION NUMBER: PL004
ASSEMBLY AND OPERATION OF THE NEOCORTEX

PLENARY LECTURE 04: SONG-HAI SHI: ASSEMBLY AND OPERATION OF THE NEOCORTEX (THE HERTIE
FOUNDATION LECTURE)

Song-Hai Shi
Tsinghua University, School Of Life Sciences ; idg/mcgovern Institute For Brain Research, Beijing, China

The ability of the neocortex to command higher-order brain functions depends on the assembly and operation of intricate
neural circuitries comprised of a vast number of diverse neurons and glia. Notwithstanding the progress made in our
understanding of the initial specification and the general histology and information flow of the neocortex, the principles and
mechanisms that instruct the assembly and operation of neocortical circuits remain largely elusive. The research in my
laboratory has focused on searching for the common developmental commaodities of neocortical circuits at both the structural
and functional levels and linking them with animal behaviors under normal and disease conditions. We have analyzed the
molecular and cellular mechanisms that control the production and positioning of neocortical excitatory and inhibitory
neurons, as well as glia, with the premise that the origin and lineage relationship guide the formation of defined neuronal
ensembles or substrates for effective functional circuit assembly. In this presentation, | will discuss our recent findings and
ongoing efforts.
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PRESENTATION NUMBER: PL005
THE MOLECULAR LOGIC OF SYNAPSE FORMATION

PLENARY LECTURE 05: THOMAS C. SiDHOF: THE MOLECULAR LOGIC OF SYNAPSE FORMATION (PRESIDENTIAL
LECTURE)

Thomas C. Sudhof
Stanford, Mcp, Stanford, United States of America

The brain processes information in million of parallel and intersecting neural circuits that compute information by transmitting
and processing synaptic signals. Neural circuit computations critically depend on the number, locations and properties of their
constituent synapses. We hypothesize that the construction of the neural circuits by formation of defines synapses is based
on an overall simple molecular logic that is determined by interactions between pre- and postsynaptic impairments in the
molecular logic of neural circuits, such that the input/output relations in affected circuits exhibit a skewed information
processing capacity. In my presentation, | will discuss key drivers of the molecular logic of neural circuits, such as neurexins
and their multifarious ligans or latrophilin- and BAl-adhesion GPCRs, to illustrate the broader concepts of how trans-cellular
signaling drives synapse formation.
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PRESENTATION NUMBER: PL006
HUNGRY BRAINS AND CLEVER GUTS
PLENARY LECTURE 06: IRENE MIGUEL-ALIAGA: HUNGRY BRAINS AND CLEVER GUTS

Irene Miguel-Aliaga
MRC LMS, Imperial College London, Faculty of Medicine, London, United Kingdom

Our research group explores the idiosyncrasies of adult organs: how they differ between the sexes or across life stages, and
why they engage in crosstalk with other organs. We were one of the first labs to tackle the study of the brain-gut axis using
the powerful genetics of Drosophila: work that we have now extended to mouse and human models. We discovered that the
brain-gut axes of males and females are very different, and that these intestinal sex differences impact food intake, gamete
production and tumour susceptibility. We have also investigated how the intestine senses nutrients, revealing unexpected
roles for metal sensing in the regulation of feeding and growth. | will present some of this work, as well as our ongoing
attempts to shed some light on the molecular nature of this brain-gut communication and its spatiotemporal logic.
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PRESENTATION NUMBER: PL0OO7
LEARNING WITH DENDRITES IN BRAINS AND MACHINES

PLENARY LECTURE 07: PANAYIOTA POIRAZI: LEARNING WITH DENDRITES IN BRAINS AND MACHINES (TCCI
PLENARY LECTURE)

Panayiota Poirazi
FORTH, Imbb, Heraklion, Crete, Greece

Dendrites are thin processes that extend from the cell body of neurons and receive the vast majority of synaptic input. Their
biophysical, anatomical and plasticity properties allow them to shape incoming signals in complex ways and have thus been
suggested to serve as key players in learning and memory functions. In my presentation | will discuss how computational
modelling has helped us illuminate dendritic function and its role in cognitive processes. | will present the main findings of a
number of projects in lab dealing with dendritic nonlinearities in excitatory and inhibitory neurons and their consequences on
memory formation, the role of dendrites in solving nonlinear problems in human neurons and recent efforts to adopt dendritic
features in order to improve learning in artificial systems. Relevant references: [1] Panayiota Poirazi & Athanasia Papoutsi.
llluminating dendritic function with computational models. Nature Reviews Neuroscience, 11 May 2020 | DOI:
10.1038/s41583-020-0301-7 [2] Tzilivaki A, Kastellakis G, Schmitz D & Poirazi P. GABAergic Interneurons with nonlinear
dendrites: from neuronal computations to memory engrams. Neuroscience, Nov 2021 | doi:
10.1016/j.neuroscience.2021.11.033 [3] Gidon A, Zolnik TA, Fidzinski P, Bolduan F, Papoutsi A, Poirazi P, Holtkamp M, Vida
I, Larkum ME. Dendritic action potentials and computation in human layer 2/3 cortical neurons. Science. 2020 Jan
3;367(6473):83-87. doi: 10.1126/science.aax6239. [4] Chavlis S, Poirazi P. Drawing inspiration from biological dendrites to
empower artificial neural networks. Current Opinion in Neurobiology, Oct 2021. doi: 10.1016/j.conb.2021.04.007
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PRESENTATION NUMBER: PL0O08
DEVELOPMENTAL COGNITIVE NEUROSCIENCE IN THE ERA OF BIG DATA

PLENARY LECTURE 08: DAMIEN FAIR: DEVELOPMENTAL COGNITIVE NEUROSCIENCE IN THE ERA OF BIG DATA
(THE ERA-NET NEURON LECTURE)

Damien Fair
University of Minnesota, Masonic Institute for The Developing Brain, Minneapolis, United States of America

Abstract:

Developmental cognitive neuroscience is being pulled in new directions by network science and big data. Brain imaging (e.g.
functional MR, functional connectivity MRI), analytical advances (e.g. graph theory, machine learning), and access to large
computing resources have empowered us to collect and process neuro-behavioral data faster and in larger populations than
ever before. The translational potential from these advances is unparallelled, as a better understanding of complex human
brain function is best grounded in the onset of these functions during human development. However, the maturation of the
developmental cognitive neuroscience has seen the emergence of new challenges and pitfalls, which have significantly
slowed progress and need to be overcome to maintain momentum. Here | examine the state of developmental cognitive
neuroscience in the era of networks and ‘big data’ and highlight the solid footing we can take forward into the future.



% FENS Foun 202

PRESENTATION NUMBER: PL009
ORGANISATION OF NEURAL ACTIVITY ACROSS THE BRAIN

PLENARY LECTURE 09: MATTEO CARANDINI: ORGANISATION OF NEURAL ACTIVITY ACROSS THE BRAIN
(CLOSING PLENARY LECTURE)

Matteo Carandini
University College London, Ucl Institute Of Ophthalmology, London, United Kingdom

Neuroscience textbooks are typically arranged according to function (e.g., vision, movement, or navigation) or anatomy (e.g.
visual cortex, spinal cord, or hippocampus), and often assume a relation between the two. However, new techniques that
record the activity of thousands of neurons are revealing marked deviations from this view. In this talk | will provide examples
of such deviations. First, | will discuss recordings from >30,000 neurons across the brain of mice involved in a simple visual
decision task. Neurons that process images were found in restricted areas, including but not limited to the classical visual
system; neurons predicting the animal’s upcoming choices were rare, and found in a subset of these regions, with lateralized
choice correlates particularly found in midbrain structures. In contrast, signals related to task engagement and to impending
movements were distributed across the entire brain. Second, | will discuss recordings showing that neurons in the visual
cortex carry not only visual signals but also signals encoding the animal’s position in a virtual reality environment. These
signals are absent in the thalamic afferents to the cortex and are coherent with those measured in the hippocampus. These
results, and results from other laboratories, indicate that while some signals are encoded by localized brain circuits, others
are much more distributed than one might assume from textbooks. Looking back, this suggests we should reevaluate some
previous findings. Looking forward, this poses a new challenge: to understand what advantage is gained by broadcasting
certain signals so widely across the brain.
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PRESENTATION NUMBER: SL001

FENS-EJN AWARD: IMMUNOTHERAPY TO BEAT ALZHEIMER’S DISEASE: A TRANSFORMATIVE UNDERSTANDING
OF NEURODEGENERATIVE DISEASES

SPECIAL LECTURES 01: FENS - EJN AWARDS LECTURES

Michal Schwartz
The Weizmann Institute of Science, Brain Science, Rehovot, Israel

Since the time of Medawar and Burnet's Nobel prize in 1960, it has been widely accepted that the CNS cannot tolerate any
immune activity under any circumstances. Our team initiated more than two decades ago a change in this dogma, by
demonstrating that the brain requires support from innate and adaptive immune cells for its maintenance and repair, with
implications to aging and neurodegenerative diseases. Deep understanding that neurodegenerative diseases like Alzheimer’s
disease (AD) encompass not only the brain but also the immune system, led us to propose that defeating such diseases
could be accomplished by promoting the process of repair, by harnessing the immune system that is either exhausted or
insufficient. We found that transient blocking the inhibitory PD-1/PD-L1 immune checkpoint pathway, initiates an immune
response in the periphery that leads to disease modification within the brain. This approach was found to be effective
regardless of disease etiology, and independent of TREM2 activity. In both models of AD and tauopathy, we found that the
treatment improved behavior and reduced multiple parameters that contribute to disease escalation, including neural loss,
local inflammation and phospho-tau and aggregated tau in tauopathy, soluble oligomers of amyloid beta in amyloidosis. The
effect was found to be dependent on bone-marrow derived macrophages, and was also associated with homing of FoxP3
regulatory T cells. A brief intermitted treatment was found to be for long-term effect, with AD-optimized antibody. Together,
these studies show that targeting the immune system provides new avenues for understanding and treating
neurodegenerative diseases.
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PRESENTATION NUMBER: SL002

FENS-EJN YOUNG INVESTIGATOR PRIZE: UNCOVERING HOW INHIBITORY BRAIN CIRCUITS REGULATE
BEHAVIOUR

SPECIAL LECTURES 01: FENS - EJN AWARDS LECTURES

Sara Mederos
University College London, Sainsbury Wellcome Centre For Neural Circuits And Behaviour, London, United Kingdom

To pursue goal-directed behaviours, humans and animals have to select appropriate actions after evaluating all available
information. Beyond their well-recognized homeostatic functions, astrocytes have emerged as relevant elements in brain
physiology. Through their ability to regulate neuronal and synaptic activity, astrocytes influence neural networks. However, it
is largely unknown how GABAergic interneurons and astrocytes interact and contribute to stable performance of complex
animal behaviors. By combining optogenetics, gene ablation in astrocytes with electrophysiological recordings in behaving
mice and ex vivo electrophysiology we have revealed interactions between astrocytes and cortical inhibitory cells, showing
the significance of this pathway for sustained adaptive behaviours. We found that PV interneuron signaling recruits astrocyte
networks through GABABRSs activation enhancing inhibitory transmission. Additionally, the genetic ablation of GABAB
receptors in medial prefrontal cortex astrocytes (GFAP/GABAB ablated mice) altered firing properties of cortical neurons,
which affected decision-making. By optogenetic stimulation of astrocytes with melanopsin, a GPCRs optogenetic tool
mimicking astrocytic activity, we were able to restore the cognitive disabilities shown by GFAP/GABAB ablated mice,
demonstrating the ability of astrocytes to fine-tuning cortical circuits’ activity, which underlies animal behavior. Therefore, our
work identifies astrocytes as a hub for controlling inhibition in cortical circuits, providing a novel pathway for the behaviorally
relevant midrange time-scale regulation of cortical information processing and consistent goal-directed behaviors.
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PRESENTATION NUMBER: SL003

FENS-EJN YOUNG INVESTIGATOR PRIZE: MAPPING NEURONAL AND VASCULAR NETWORKS IN TRANSPARENT
BRAINS

SPECIAL LECTURES 01: FENS - EJN AWARDS LECTURES

Nicolas Renier
Paris Brain Institute, Sorbonne Universite, INSERM, CNRS, Laboratory Of Structural Plasticity, Paris, France

Over the past six years, there has been a convergence in the fields of optics, biochemistry, and computing, leading to
dramatic improvements in light-sheet microscopy, tissue clearing protocols, and image analysis algorithms. The convergence
of these different fields can streamline brain studies by accelerating data acquisition speed and reliability over the current
whole-brain analysis pipelines based on serial sectioning methods. We previously developed the iDISCO+ (Renier et al.,
2014) protocol for immunostaining and imaging intact adult mouse brains. As a companion tool, we also developed and
distributed ClearMap (Renier et al., 2016, Liebmann et al., 2016, Kirst et al. 2020), an open-source environment to segment
objects and map them onto reference atlases optimized for large 3D datasets. We used this pipeline as a discovery tool to
find brain regions active in correlation with various behaviors by mapping neuronal activity landscapes derived from Fos
expression (Renier et al. 2017, Nectow et al., 2017, Schneeberger Pane et al. 2019). Here, | will present how iDISCO+ and
ClearMap 2 can help leverage data obtained from intact whole brain preparations. We hope that ongoing developments in
light-sheet microscopy and image analysis pipelines will facilitate our understanding of individual variations in brain activity,
connectivity, and structure.
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FENS-EJN YOUNG INVESTIGATOR PRIZE: SOMATOSENSORY NEUROPROSTHESES: CONNECT THE BRAIN TO
BIONIC LIMBS

SPECIAL LECTURES 01: FENS - EJN AWARDS LECTURES

Giacomo Valle
ETH Zurich, D-hest, Zurich, Switzerland

In the recent past, several research groups are studyng the fascinating and futuristic research of connecting the human
nervous system with bionic limbs. Striving to close the gap between humans and machines, this research combines the
knowledge of neuroscience and medicine, as well as engineering and artificial intelligence, with the fundamentals of
psychology. The research is now working to create prosthetic limbs that utilize the body’s complex senses and nervous
system to restore sensory-motor functions lost after an injury or a disease. Decades of technological developments have
populated the field of brain-machine interfaces (BMI) and neuroprosthetics with several replacement strategies, neural
modulation treatments, and rehabilitation strategies to improve the quality of life for patients affected by sensory and motor
disabilities. Neuroprosthetics are implantable devices designed to replace or improve the function of a disabled part of the
nervous system. Such approach has been expanded to many different applications, among which motor prosthetics,
sensorimotor prosthetics, and cognitive prosthetics. The approaches for the restoration of sensory functions through
neuroprostheses in amputees will be presented. This field is now quickly expanding thanks to advances in neural interfaces,
machine learning techniques, and robotics. In the next future, the neurotechnologies will continue to grow thanks also to
faster and more advanced computer simulations allowing to test and validate these technologies even faster. The
transformation of neuro-technologies blurs the boundaries between human and machine and raises several ethical, social,
and cultural questions.
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SITE OF ACTION OF DRUGS BLOCKING CGRP SIGNALING IN MIGRAINE
SPECIAL LECTURES 02: THE BRAIN PRIZE LECTURE

Lars Edvinsson
Institute of clinical sciences Lund, Department Of Medicine, Lund, Sweden

Site of action of drugs blocking CGRP signaling in migraine. Lars Edvinsson The trigeminovascular system (TGV) comprises
of the trigeminal ganglion with neurons and satelitte glial cells, with sensory unmyelinated C-fibres and myelinated Ad-fibres
picking up information from different parts of the head and sending signals to the brainstem and the central nervous system
(CNS). The presentation will discuss aspects of signalling at the distal parts of the sensory fibres, the extrasynaptic signalling
between C-fibres and Ad-fibres, and the contact between the trigeminal fibres at the nerve root entry zone where they transit
into the CNS. We will adress the possible role of the neuropeptides calcitonin gene-related peptide (CGRP), the neurokinin
family and pituitary adenylyl cyclase-activating polypeptide 38, all found in the TGV system together with their respective
receptors. Elucidation of the expression and localization of neuropeptides and their receptors in the TGV system may provide
novel ways to understand their roles in migraine pathophysiology and indicate novel ways for treatment of migraine patients.
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CALCITONIN GENE-RELATED PEPTIDE IN CLUSTER HEADACHE
SPECIAL LECTURES 02: THE BRAIN PRIZE LECTURE

Peter Goadsby'?
IKing’s College London, ., London, United Kingdom, 2University of California, ., Los Angeles, United States of America

Cluster headache is a devastating primary headache disorder characterised by attacks of lateralised pain, a sense of
restlessness and cranial autonomic features, such as lacrimation, conjunctival injection, nasal or aural symptoms. Cluster
headache is one of the trigeminal-autonomic cephalalgias (TACs) (1). Calcitonin gene-related peptide (CGRP) is a
neuropeptide that is found in the trigeminal (2) and sphenopalatine ganglia. CGRP is released during acute attacks of cluster
headache: spontaneous (3) or nitroglycerin-evoked (4). CGRP pathway blockade with galcanezumab in patients with episodic
cluster headache was effective at reducing attack frequency (5). CGRP is involved in the expression of attacks of cluster
headache and has a role in some patients as an effective and well tolerated novel therapy.

1. Goadsby PJ, Lipton RB. A review of paroxysmal hemicranias, SUNCT syndrome and other short-lasting headaches with
autonomic features, including new cases. Brain. 1997;120:193-209.

2. Edvinsson L, Haanes KA, Warfvinge K, Krause DN. CGRP as the target of new migraine therapies - successful translation
from bench to clinic. Nat Rev Neurol. 2018;14(6):338-50.

3. Goadsbhy PJ, Edvinsson L. Human in vivo evidence for trigeminovascular activation in cluster headache. Neuropeptide
changes and effects of acute attacks therapies. Brain. 1994;117:427-34.

4. Fanciullacci M, Alessandri M, Figini M, Geppetti P, Michelacci S. Increase in plasma calcitonin gene-related peptide from
extracerebral circulation during nitroglycerin-induced cluster headache attack. Pain. 1995;60:119-23.

5. Goadshy PJ, Dodick DW, Leone M, Bardos JN, Oakes TM, Millen BA, et al. Trial of Galcanezumab in Prevention of
Episodic Cluster Headache. New England Journal of Medicine. 2019;381:132-41.
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TRIGEMINOVASCULAR SYSTEM AS A MIGRAINE TARGET: HOW DID IT BEGIN AND WHEN WILL IT END?
SPECIAL LECTURES 02: THE BRAIN PRIZE LECTURE

Michael Moskowitz
MGH/Harvard, Center For Systems Biology/radiology, Charlestown, United States of America

Migraine entered the modern neuroscience era with a Lancet hypothesis in 1979. This hypothesis proposed that trigeminal
meningeal afferents and their peptide neuromediators were important to the genesis of migraine headache, and as such,
targets for therapy. Subsequent research on the trigeminovascular system (TV) led to mechanisms relevant to actions of
ergots, triptans and 5-HT1F receptor agonists. They also identified other therapeutically relevant constituent molecules,
receptors and channels that populate TV afferents including CGRP, SP, PACAP, PAR-2, prolactin, NGF and KATP and TRP
ion channels, for example. Further research also identified an upstream trigger for headache in migraine with aura; cortical
spreading depression (CSD), a slowly propagating intense depolarization of neurons and glia, is proinflammatory and
releases noxious molecules that trigger overlying TV afferents and cause unilateral headache. It’'s also a target for some
preventative drugs like anticonvulsants and a cause for the aura. Recently, inflammatory signals within the meninges and
skull were found in migraine with aura patients. A second related discovery found CSF within dural perivascular spaces that
extend from the subarachnoid space into the bone marrow via bony channels. These newly discovered channels provide a
migration route for CSF-containing inflammatory signals from brain via meninges to bone. Hence, skull marrow may act as a
reservoir for activated inflammatory cells and signaling molecules as recently shown in other neuroinflammatory disorders
(e.g.,MS, stroke and trauma). This new body of information, inspired initially by interrogating the TV system, portends a bright
future for novel migraine discoveries and therapeutic targets.
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TRANSLATING MIGRAINE MOLECULAR MECHANISMS FROM MAN TO ANIMAL
SPECIAL LECTURES 02: THE BRAIN PRIZE LECTURE

Jes Olesen
University of Copenhagen, Neurology, Copenhagen, Denmark

Translational research usually means that discoveries in basic science are translated to humans. For migraine the opposite
has mostly been the case. Animal models of migraine have uncertain validity, but migraine poses the unique possibility that
attacks can be provoked in patients in a fully ethical fashion. Provocation experiments revealed that histamine induces
migraine attacks, but antihistamines were ineffective in the treatment of migraine. Nitric oxide (NO) donors induced migraine
and a non-selective nitric oxide synthase (NOS)-inhibitor was affective in migraine treatment. Selective antagonists of steps in
the NO-cGMP cascade have not yet been tested. Calcitonin gene-related peptide (CGRP) induced migraine attacks and this
was crucial for the development of modern CGRP antagonistic treatments of migraine that now revolutionize migraine
treatment. Pituitary adenylate cyclase activating peptide (PACAP) induced migraine and a monoclonal antibody against
PACAP is currently in trial. Prostanoids and several other signaling molecules, most importantly openers of ATP sensitive
potassium channels (Katp) also induced migraine. Mechanisms of provoking molecules have been analyzed in detail in
rodent models of migraine. They suggest that migraine induction as well as migraine treatment take place outside of the
blood-brain-barrier, that CGRP antagonistic drugs and triptans are not additive, that NO mechanisms and CGRP mechanisms
are closely interrelated and that PACAP is independent of CGRP. Katp channel blockers were effective in rodent models and
may represent a new target for migraine treatment.
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ORGANIZATION AND COMPUTATION IN NEURAL CIRCUITS DURING DEVELOPMENT
SPECIAL LECTURES 03: ERIC KANDEL PRIZE LECTURE & SCIENTIFIC AWARD CEREMONY

Julijana Gjorgijeva
Technical University of Munich, School Of Life Sciences, Freising, Germany

During early development, neural circuits in the brain generate precisely coordinated output without previous experience. This
suggests that powerful developmental mechanisms drive substantial circuit organization and tuning as animals are still in the
womb. These mechanisms need to be coordinated and appropriately timed at the molecular, single neuron and network level
to enable animals to learn, establish a rich repertoire of computations and generate robust behaviors. | will discuss our recent
theoretical and modeling work on understanding how neural circuits are built and organized during development, how they
learn and adapt to sensory experience, and how they generate complex network dynamics to implement various
computations. | will focus on mechanisms of synaptic plasticity that shape network connectivity and give rise to functional
network dynamics. Our models are constrained by experimental data and yield new insights not only into normal brain
development but also various developmental disorders.
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NEUROETHICS AND Al ETHICS: TOWARDS A PRODUCTIVE INTERACTION
SPECIAL LECTURES 04: EDAB / SPECIAL LECTURE ON NEUROETHICS

Arleen Salles
Uppsala University, Center For Research Ethics And Bioethicse, Uppsala, Sweden

Beyond the important insights provided by the development of neuroscience and artificial intelligence and beyond their goal
to serve society, each field raises a number of ethical, social, and regulatory issues that are generally explored by
neuroethics and the ethics of Al respectively. Neuroethics and Al ethics have been gaining prominence in the last few
decades but it is only recently that some neuroethicists have begun to call for their mutual collaboration. But what can
neuroethics bring to the ethics of artificial intelligence? How can Al ethics contribute to the neuroethical discourse? | reflect on
these questions, providing an overview of some conceptual and practical advantages of their collaboration and of foreseeable
challenges.
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DEVELOPMENT OF MULTICILIATED CELLS
SPECIAL LECTURES 05: HOST SOCIETY SPECIAL LECTURE

Nathalie Spassky
Institut de Biologie de 'Ecole Normale Supérieure, Biology And Neurogenesis, PARIS, France

Adult neural stem cells (NSCs) and post-mitotic multiciliated ependymal cells (E cells) are glial cells that compose the
neurogenic niche in the mammalian brain. By clonal analysis of large numbers of radial glial progenitors (RGPs) using the
Nucbow strategy or single-cell resolution of progenitor division patterns and fate, we and others recently showed that the vast
majority of B1 and E cells are sister cells generated through sequential symmetric and asymmetric divisions. Interestingly, we
also discovered that the Geminin family members, initially identified as regulators of DNA replication can modify the relative
numbers of B1 and E cells in the resulting clones. More recently, we developed cellular and molecular approaches to
decipher how cell cycle regulators drive the fate decision of neural progenitors during embryonic mouse brain development. |
will present our current experimental evidences that the final fate decision of these glial cells occurs before their final cell
cycle exit.
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FROM PRIMATE ANATOMY TO HUMAN NEUROIMAGING: LINKING CIRCUITS TO PSYCHIATRIC DISEASE AND
NEUROTHERAPEUTIC TARGETS

SPECIAL LECTURES 06: EDAB / MAX COWAN SPECIAL LECTURE

Suzanne Haber
University of Rochester, Pharmacology And Physiology, Rochester, United States of America

The cortico-basal ganglia networks are central to incentive-based learning and good decision making. There is growing
consensus that obsessive-compulsive disorder (OCD), major depressive disorder, and addiction are manifestations of
dysfunction of these networks. Deep brain stimulation (DBS), an effective therapeutic approach for several treatment resistant
disorders, targets key circuits within these networks. This talk will first review the network connections most associated with
psychiatric illnesses. Circuits include the cortico-striatal, cortico-thalamic, the cortico-subthalamic connections, and the
ascending midbrain dopaminergic projection. Second, it will introduce the four most commonly targeted pathways; the
anterior limb of the internal capsule (descending and ascending cortical fibers), the ventral striatum, the subthalamic nucleus,
and midbrain ventral tegmental area (VTA). Here, using animal tracing experiments, | will outline the precise trajectory and
location of fibers from different cortical regions through each target using animal tracing data. Combining this anatomy with
diffusion magnetic resonance imaging (MRI) animals, | will demonstrate how accurate diffusion MRI reflects the anatomic
organization. Using that analysis as a guide, connections through each target will be identified using diffusion MRI in humans.
Finally, the circuits captured at the four surgical targets in humans with be compared.
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THE EVOLUTION OF COMPUTATION IN THE BRAIN - INSIGHTS FROM STUDYING THE RETINA
SPECIAL LECTURES 07: BOEHRINGER INGELHEIM / FENS RESEARCH AWARD

Tom Baden
University of Sussex, Sussex Neuroscience, School Of Life Sciences, Brighton, United Kingdom

The retina is probably the most accessible part of the vertebrate central nervous system. Its computational logic can be
interrogated in a dish, from patterns of lights as the natural input, to spike trains on the optic nerve as the natural output.
Consequently, retinal circuits include some of the best understood computational networks in neuroscience. The retina is also
ancient, and central to the emergence of neurally complex life on our planet. Alongside new locomotor strategies, the parallel
evolution of image forming vision in vertebrate and invertebrate lineages is thought to have driven speciation during the
Cambrian. This early investment in sophisticated vision is evident in the fossil record and from comparing the retina’s
structural make up in extant species. Animals as diverse as eagles and lampreys share the same retinal make up of five
classes of neurons, arranged into three nuclear layers flanking two synaptic layers. Some retina neuron types can be linked
across the entire vertebrate tree of life. And yet, the functions that homologous neurons serve in diffierent species, and the
circuits that they innervate to do so, are often distinct to acknowledge the vast differences in species-specific visuo-
behavioural demands. In the lab, we aim to leverage the vertebrate retina as a discovery platform for understanding the
evolution of computation in the nervous system. Working on zebrafish alongside birds, frogs and sharks, we ask: How do
synapses, neurons and networks enable ‘function’, and how can they rearrange to meet new sensory and behavioural
demands on evolutionary timescales?
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HETEROSYNAPTIC PLASTICITY EMERGING FROM MOLECULAR INTERACTIONS IN DENDRITES
SPECIAL LECTURES 07: BOEHRINGER INGELHEIM / FENS RESEARCH AWARD

Tatjana Tchumatchenko
University of Mainz Medical Center, University of Bonn Medical Center, Ag Tchumatchenko, Mainz, Germany

The dendrites of neurons evolved to maximize the amount of exposed surface available for intercellular communication. How
do neurons distribute proteins across their dendrites such that all synapses get enough proteins and can respond to short-
term changes in demand? Using a novel computational framework we made three key discoveries which we validated using
fluorescently labeled proteins in vitro and 3D EM volumetric reconstructions. Our model predictions and in vitro
measurements both show that soluble proteins preferentially move back toward the soma at branch points and surface
proteins move forward distal sites. This surface protein bias in pyramidal morphologies is approximately 35%. Using 3D
volumetric EM reconstructions of pyramidal neurons we show that the ratio of daughter radii in pyramidal neurons is
selectively favoring protein diffusion lengths that overlap with the experimental reports of dendritic proteins. This suggests
that dendritic morphology is optimized for long-range protein transport. Our results show that daughter radii optimization at
branch points can reduce the total protein count a neurons needs to produce to serve all synapses by two orders of
magnitude. In the next step, we are exploring how temporal features of the protein distributions impact synaptic plasticity
rules.
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FROM STEM CELLS TO BRAIN ASSEMBLOIDS: CONSTRUCTING AND DECONSTRUCTING THE HUMAN NERVOUS
SYSTEM

SPECIAL LECTURES 09: IBRO — KEMALI PRIZE LECTURE

Sergiu Pasca
Stanford, The Bonnie Uytengsu & Family Director Of Stanford Brain Organogenesis, Stanford, United States of America

A critical challenge in understanding the programs underlying the development, assembly and dysfunction of the human brain
is the lack of direct access to intact, functioning human neural tissue for direct investigation and manipulation. In this talk, |
will describe efforts in my laboratory to build functional cellular models and to capture previously inaccessible aspects of
human brain development and dysfunction. To achieve this, we have been using instructive signals to create, from pluripotent
stem cells, self-organizing 3D cellular structures called regionalized brain organoids (or neural spheroids) that resemble
domains of the developing central nervous system. We have shown that these cultures, such as the ones resembling the
cerebral cortex, recapitulate features of neural development, can be derived with high reliability across dozens of cell lines
and experiments, and can be maintained for years in vitro to capture advanced stages of neural and glial maturation and
function. Moreover, we demonstrated that regionalized brain organoids can be put together to form functionally-integrated
structures we named assembloids, which can be subsequently applied to investigate cell migration and formation of neural
circuits. Lastly, | will illustrate how our modular, stem-cell derived 3D system can be used to study the cellular and molecular
conseqguences of mutations or copy number variants associated with neuropsychiatric disorders.
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FIRST CLINICAL TRIALS IN VISION RESTORATION
SPECIAL LECTURES 10: CHICA AND HEINZ SCHALLER FOUNDATION AWARD LECTURE

José-Alain Sahel'?, Botond Roska?, Serge Picaud#, Deniz Dalkaral®

1Sorbonne-Université, INSERM, CNRS, Institut De La Vision, Paris, France, 2The University of Pittsburgh School of Medicine,
Department Of Ophthalmology, Pittsburgh, United States of America, 3Institute of Molecular and Clinical Ophtalmology Basel,
Basel, Basel, Switzerland, “Sorbonne Université, INSERM, CNRS, Institut de la Vision, Department Of Visual Information,
PARIS, France, 5Sorbonne Université, INSERM, CNRS, Institut de la Vision, Dept. Of Therapeutics, Paris, France

Rod-cone dystrophies, also termed Retinitis Pigmentosa, are a leading cause of heritable blindness. Mutations in
photoreceptor cells or Retinal Pigment Epithelium lead to loss of function and eventually irreversible degeneration of
photoreceptor cells. The number of known gene defects already identified and the late-stage diagnosis of the condition in
many patients form challenges to therapeutic strategies aiming at preserving or restoring useful visual function. As part of a
spectrum of therapeutic approaches developed over the past decades (gene therapy, neuroprotection, cell therapy, prosthetic
vision), we designed and tested at the preclinical level an optogenetic therapy combining 1) gene-based expression of a red-
shifted optogene, ChrimsonR, in Retinal Ganglion Cells, 2) a stimulation device comprising a neuromorphic camera and a
projecting mirror in the corresponding amber wavelength, 3) vision rehabilitation protocols. The clinical trial, supported by
GenSight Biologics, enrolled nine patients in Paris, London, and Pittsburgh using a dose-escalation protocol and
demonstrated the safety of the procedure, gene product, and device as well as partial vision restoration in an initial subject
(reported in Sahel et al., Nature Medicine, 2021) and subsequent patients. Multi-EEG recording demonstrated corresponding
patterns of activation of the primary visual cortex. Ongoing studies include an extension cohort, refinement in the stimulation
goggle design, the stimulation protocol, and the rehabilitation process. This initial demonstration of the potential of
optogenetics paves the way to further programs aiming at improving cell selectivity, stimulation accuracy, and patterns.
Optogenetics could potentially be applied to other blinding conditions (e.g., macular dystrophies, age-related macular
degeneration).
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A CIRCUIT MODEL FOR ADDICTION OPENING THE ROAD TO TRANSLATIONAL RESEARCH
SPECIAL LECTURES 10: CHICA AND HEINZ SCHALLER FOUNDATION AWARD LECTURE

Christian Luscher
University of Geneva, Basic Neurosciences, Geneva, Switzerland

Addiction may be considered a disorder of dysfunctional motivation and decision circuits. We will review the empirical
evidence that addiction starts with exposure to drugs that have in common to increase dopamine in the mesolimbic system.
Adaptive behavior then arises from dopamine modulation of glutamatergic and GABAergic synaptic transmission, which alters
circuit function, eventually leading to compulsive drug taking in vulnerable individuals. A special emphasis will be on the
translational implication of the circuit model for addiction and the roadmap to novel therapies.
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SLEEP-WAKE CYCLES SHAPE PROTEOME AND PHOSPHOPROTEOME DYNAMICS IN BRAIN
SPECIAL LECTURES 11: EJN SPECIAL FEATURE

Maria Robles
Ludwig Maximilian University of Munich, Institute Of Medical Psychology And Biomedical Center, Munich, Germany

Nearly all physiological processes in the body display circadian (close to 24 hours) oscillations. Brain processes, including
memory and learning performance, are also shaped in a daily manner, however little is known about the molecular
mechanisms driving this rhythmicity. Mass-spectrometry (MS) based quantitative proteomics is a powerful technique used to
study tissue, cellular and sub-cellular proteomes as well as protein post-translational modifications (PTMs). This technology
has revolutionized the quantification of protein levels and modifications in many biological fields, amongst them
chronobiology. In my talk | will present our work using MS-based label free quantitative proteomics and phosphoproteomics to
elucidate sleep- and circadian-driven cycling mechanisms in murine brains and synaptoneurosomes.
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CALCIUM-INDEPENDENT ASTROCYTIC LIPID RELEASE MODULATES NEURONAL EXCITABILITY
SPECIAL LECTURES 11: EJN SPECIAL FEATURE

Nathan A. Smith
Unversity of Rochester School of Medicine and Dentistry, Department Of Neuroscience, The Del Monte Institute For
Neuroscience, Rochester, United States of America

Accumulating data point to a key role of Ca?*-dependent gliotransmitter release as a modulator of neuronal networks. Here,
we tested the hypothesis that astrocytes in response to agonist exposure also release lipid modulators through activation of
Ca?*-independent phospholipase Az (iPLA2) activity. We found that cultured rat astrocytes treated with selective ATP and
glutamatergic agonists released arachidonic acid (AA) and/or its derivatives, including the endogenous cannabinoid 2-
arachidonoyl-sn-glycerol (2AG) and prostaglandin Ez2 (PGEz). Surprisingly, buffering of cytosolic Ca?* resulted in a sharp
increase in agonist-induced astrocytic lipid release. In addition, astrocytic release of PGE2 enhanced miniature excitatory
post-synaptic potentials (MEPSPs) by inhibiting the opening of neuronal Kv channels in brain slices. This study provides the
first evidence for the existence of a Ca2*-independent pathways regulating the release of PGE2 from astrocytes, and
furthermore demonstrates a functional role for astrocytic lipid release in the modulation of synaptic activity.
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MOLECULAR BIOMARKERS FOR STROKE
SPECIAL LECTURES 12: ERA-NET NEURON/EXCELLENT PAPER IN NEUROSCIENCE AWARD

Steffen Tiedt
LMU Munich, Institute For Stroke And Dementia Research, Munich, Germany

Stroke is a leading cause of death and disability worldwide. Its heterogeneity poses a challenge for assigning patients to
optimal treatment strategies and is a major reason for the large number of failed clinical trials, including those on
neuroprotection. Current diagnostic algorithms are insufficient to capture the heterogeneity of stroke: stroke etiology remains
undetermined in 40 % of patients, thus impeding the allocation of these patients to optimal secondary prevention regimens.
Heterogeneity is also seen at the level of neuronal injury, which greatly varies between stroke patients, but can neither be
assessed in the pre-hospital setting nor serially in the acute phase to monitor stroke progression. Circulating proteins and
metabolites capture pathophysiological events in multiple organs including local and systemic events (e.g. stress) related to
acute stroke and might thus inform on neuronal injury and the mechanisms causing stroke. Our work focuses on the
discovery of such biomarkers for stroke using omics technologies and ultrasensitive targeted assays. Here, | will first present
the awarded project that used a discovery-validation and global metabolomics approach across four independent cohorts to
identify, validate, and replicate a set of four circulating metabolites that shows unprecedented utility and outperforms
neuroimaging in identifying patients with stroke upon hospital arrival. Further, | will show recent data on how metabolomic
data could be leveraged to improve our understanding of human stroke pathophysiology. The talk will end with an outlook on
how molecular biomarkers can guide future precision medicine, in stroke, neurology, and beyond.
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NEURAL CIRCUITS FOR MULTISENSORY INTEGRATION AND PERCEPTUAL DECISIONS

SPECIAL LECTURES 13: ALBA-ELSEVIER AWARD LECTURE ON BRAIN SCIENCES

Seung-Hee Lee
KAIST, Biological Sciences, Daejeon, Korea, Republic of

Cortical circuits process multiple sensory information and transform them into the motor decision in animals performing
perceptual tasks. However, it is still unclear how sensory inputs are integrated and transformed into motor signals in the
cortex to initiate goal-directed actions. We recently found cortical circuits that are important for multisensory integration and
perceptual decision-making. First, we found that the posterior parietal cortex (PPC) integrates visual and auditory inputs and
process multisensory decisions in a state-dependent manner. Parvalbumin-positive inhibitory neurons in the PPC receive
strong inputs from the auditory cortex and exert feedforward inhibition, which leads to auditory-dominant decisions in head-
fixed mice under audiovisual conflicts. Notably, locomotion suppresses auditory inputs to the PPC, switching mice under the
same conflict conditions to make visually dominant decisions more often. Second, we found that visual inputs from the visual
cortex to the anterior cingulate cortex (ACC) trigger gated feedforward inhibition to release goal-directed actions in mice
performing Go/No-go tasks. Three different types of ACC neuronal activities—visual amplitudes of sensory neurons,
suppression times of motor neurons, and network activity from other neurons—predicted response times of the mice.
Moreover, optogenetic activation of visual neurons in the ACC prompted task-relevant actions in mice by suppressing ACC
motor neurons, which disinhibited downstream striatal neurons. Collectively, our study illustrates how cortical circuits
integrate and transform sensory information into flexible motor decisions. Our data demonstrate that feedforward inhibitory
circuits in cortico-cortical projections play critical roles in perceptual decision-making.
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POST-TRANSCRIPTIONAL REGULATION OF THE MICROTUBULE ASSOCIATED PROTEIN TAU: FUNCTIONAL
CONSEQUENCES AND THERAPEUTIC PERSPECTIVES

SPECIAL LECTURES 13: ALBA-ELSEVIER AWARD LECTURE ON BRAIN SCIENCES

Maria Elena Avale, Ana Damianich, Carolina Facal, Javier Mufiiz, Sonia Espindola
Consejo Nacional de Investigaciones Cientificas y Técnicas, Instituto De Investigaciones En Ingenieria Genética Y Biologia
Molecular "dr Hector N Torres" (ingebi-conicet), Buenos Aires, Argentina

Tau is a microtubule-associated protein, predominantly expressed in neurons, that regulates a myriad of neuronal processes.
Abnormal tau metabolism underly many neurodegenerative diseases, named tauopathies, such as Alzheimer’s disease,
frontotemporal dementia and progressive supranuclear palsy. The tau primary transcript undergoes highly regulated post-
transcriptional modifications in the brain; and failures in such processing leads to disease. Particularly, in the normal adult
brain, the alternative splicing of exon 10 (E10) produces equal amounts of tau protein isoforms with three (3R) or four (4R)
microtubule binding repeats. Several mutations -and also other non-genetic factors- affecting E10 alternative splicing are
associated with tauopathies. Targeting Tau RNA processing is therefore a promising avenue to develop effective therapies.
In this talk I will outline our achievements using RNA based strategies to modulate either the tau 3R:4R ratio or total tau
contents, in a mouse model of tauopathy (htau mice). We used lentiviral vectors to express molecules that modulate E10
inclusion/exclusion by RNA trans-splicing with the endogenous tau transcript. When delivered into the prefrontal cortex, these
molecules improved cognitive deficit, restored neuronal firing patterns and reduced hyperphosphorylated tau contents.
Moreover, shifting of 3R to 4R tau into the striatum rescued motor coordination deficits. Furthermore, we tested designed
microRNAs to locally reduce tau contents in the adult htau brain. Tau knockdown in the htau prefrontal cortex rescued
cognitive impairments and pathological phenotypes, even after phenotypic onset. Together, our results evidence the
(dys)functional consequences of abnormal tau post-transcriptional regulation and highlight the potential of using RNA-based
therapeutic strategies for tauopathies.
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INTRINSIC MECHANISMS OF HUMAN NEURONAL NEOTENY.

SYMPOSIUM 01 - THE LINKS BETWEEN NEURAL CIRCUIT DEVELOPMENT, HUMAN BRAIN EVOLUTION AND
DISEASES’ - RYOHEI IWATA, APARNA BHADURI, ALESSANDRO VITRIOLO, EWOUD SCHMIDT

Ryohei Iwata, Pierre Casimir, Emir Erkol, Leila Boubakar, Pierre Vanderhaeghen
VIB, Center For Brain And Disease Research, Leuven, Belgium

Developmental programs are highly conserved across all vertebrates, although there are significant temporal variations in
interspecies developmental processes. Changing the timing and rate of developmental processes can profoundly affect
subsequent organogenesis and may also have been a critical factor in evolution. However, despite their potential importance,
the cellular and molecular mechanisms that control interspecies differences in developmental timeline remain unclear.
Neuronal development is considerably prolonged in the human cerebral cortex compared with other mammals, leading to
brain neoteny. Moreover, changes in the maturation timing and rate were proposed to be associated with brain malformation
and dysfunction. Here, we explore whether mitochondria influence the species-specific properties of cortical neuron
maturation. By comparing human and mouse cortical neuronal maturation at high temporal and cellular resolution, we found a
slower pattern of mitochondria development in human cortical neurons compared with the mouse, together with lower
mitochondria metabolic activity, particular oxidative phosphorylation. Stimulation of mitochondria-dependent metabolism in
human neurons resulted in accelerated maturation, leading to increased excitability and morphological complexity weeks
ahead of time. Our data identify mitochondria as important regulators of the rate of neuronal development underlying human-
specific features of brain evolution.
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NEURAL SPECIFICATION IN THE DEVELOPING HUMAN CORTEX

SYMPOSIUM 01 - THE LINKS BETWEEN NEURAL CIRCUIT DEVELOPMENT, HUMAN BRAIN EVOLUTION AND
DISEASES’ - RYOHEI IWATA, APARNA BHADURI, ALESSANDRO VITRIOLO, EWOUD SCHMIDT

Aparna Bhaduri
University of California, Los Angeles, Biological Chemistry, Los Angeles, United States of America

The human brain is comprised of myriad cell types organized into distinct regions, including the cerebral cortex, the
outermost layer of the human brain which enables aspects of cognition and other higher order processes. Compared to other
mammals and even primates, the human cortex is substantially expanded. These size differences emerge during
developmental timepoints and the cell types and gene expression programs enriched in humans at these developmental
timepoints also make humans uniquely susceptible to neurodevelopmental and neuropsychiatric disorders. In order to study
the emergence of these functional cortical regions, cell types, and gene expression networks, we have leveraged single-cell
RNA-sequencing to identify cell types across developmental time. These data have highlighted the early specification of
frontal and occipital poles of the cortex, and suggest that in between regions become further specified at later timepoints. We
have also identified extremely dynamic gene expression programs, with the specific gene signatures that define cortical areas
varying immensely both across developmental time and between cell types across the differentiation spectrum. In an effort to
inventory and compare these gene signatures, we have compiled a meta-atlas of datasets from peak neurogenesis. This
compendium of single-cell data enables us to identify biological pathways that driv these cell fate specification events. In turn,
these data sets can be compared across species, in vivo and in vitro model systems, and across developmental epochs.
Paired with experiments in primary tissue and cortical organoids, we can begin to decipher the logic of neural specification in
the developing human cortex.
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EMERGING INSIGHTS ON THE MODERN HUMAN BRAIN THROUGH THE PRISM OF NEURODEVELOPMENTAL
DISORDERS

SYMPOSIUM 01 - THE LINKS BETWEEN NEURAL CIRCUIT DEVELOPMENT, HUMAN BRAIN EVOLUTION AND
DISEASES’ - RYOHEI IWATA, APARNA BHADURI, ALESSANDRO VITRIOLO, EWOUD SCHMIDT

Giuseppe Testal, Cedric Boeckx?, Adrianos Skaros?, Alessandro Vitriolo?, Oliviero Leonardit, Nicold Caporale!, Emanuele
Villal, Sebastiano Trattaro?!, Juan Moriano Palacios?

IHuman Technopole, Neurogenomics, Milan, Italy, 2ICREA and Universitat de Barcelona, Cognitive Biology Of Language,
Barcelona, Spain

Anatomically modern humans have evolved facial and neural features that significantly differ from those of archaic hominins
and plausibly underlie their cognitive-behavioral specificities. Their evolution has thus far been inferred from fossil records
and through the comparison of modern and archaic genomes. The modern face, with its overall smaller size and retracted
features, has been understood as an instance of self-domestication, a process hypothesized to have selected mild neural
crest deficits, and for which we recently provided the first experimental evidence. Yet, the modern human brain does not meet
the core predictions of the self-domestication hypothesis, either in size (not reduced, unlike with most domesticates) or
temporal emergence and shape. It is in fact the growth reconfiguration in specific areas of the braincase (e.g. globularity) that
sets us apart from our closest relatives, and this evolved much more recently than the modern face. Here, | discuss our latest
inroads to make the evolutionary logic of the modern human brain experimentally tractable, by leveraging selected
neurodevelopmental disorders whose neural phenotypes, aligned to novel paleogenomic datasets, illuminate the modern
human condition. Specifically, we mobilize the latest advances from human developmental biology at single cell resolution
and paleogenomics to enable an empirically tested, systems-level definition of the molecular logic underlying our recent
evolution.
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HUMANIZING THE MOUSE BRAIN: HOW A HUMAN-SPECIFIC MODIFIER OF CORTICAL CONNECTIVITY SHAPES
BRAIN DEVELOPMENT, FUNCTION, AND DISEASE.

SYMPOSIUM 01 - THE LINKS BETWEEN NEURAL CIRCUIT DEVELOPMENT, HUMAN BRAIN EVOLUTION AND
DISEASES’ - RYOHEI IWATA, APARNA BHADURI, ALESSANDRO VITRIOLO, EWOUD SCHMIDT

Ewoud Schmidt
Medical University of South Carolina, Department Of Neuroscience, Charleston, United States of America

Human cortical pyramidal neurons (PNs) are characterized by increased synaptic density and prolonged synaptic maturation.
These features are considered critical for the emergence of human cognition by enabling the formation of more densely
connected cortical networks. However, we lack insight into how these features of cortical connectivity emerged during
evolution and how they contribute to the cognitive capacity of humans. We previously identified a human-specific gene
duplication, SRGAP2C, that when expressed in mouse cortical PNs induces traits characterizing human cortical PNs,
including increased synapse density and delayed synaptic maturation. When we mapped connectivity of layer 2/3 PNs, we
discovered that SRGAP2C selectively increases cortical connectivity, without affecting subcortical inputs. Moreover, in vivo 2-
photon Ca?* imaging revealed that SRGAP2C expression improves sensory coding of layer 2/3 PNs by increasing stimulus
response probability, while reducing overall spontaneous activity. Strikingly, when we examined the impact of these circuit
changes on behavior, we found that SRGAP2C mice display an increased ability to learn in a cortex-dependent sensory
discrimination task. Our results suggest that the emergence of SRGAP2C in the human genome critically changed cortical
circuit connectivity and function and provided a key evolutionary step towards improved cognition. We currently investigate
how modified cortical connectivity drives improved learning by studying circuit dynamics at the cellular and cortex-wide level.
Furthermore, given how human-specific traits of synaptic development impact the structural and functional makeup of cortical
circuits, our work seeks to understand how human-specific genes shape the phenotypic expression of disease-causing
mutations implicated in neurodevelopmental disorders.
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MAPPING THE TRANSCRIPTIONAL DIVERSITY OF CELL TYPES IN THE DEVELOPING HUMAN BRAIN

SYMPOSIUM 02 - THE CEREBRAL CORTEX CHALLENGE: GENERATING MANY CELL TYPES FROM DISTINCT
SOURCES IN A RESTRICTED TIME - ARNOLD KRIEGSTEIN, TANJA VOGEL, MATTHEW HOLT, KARINE LOULIER

Arnold Kriegstein
University of California, San Francisco, Ucsf School Of Medicine, San Francisco, United States of America

The human cerebral cortex is more than three times expanded compared to our closest non-human primate relatives. The
cortex emerges from an initially pseudostratified neuroepithelium that gives rise to radial glia, the neural stem cells of the
cortex. A number of subtypes of radial glia have been identified as the cortex matures, and single cell RNA sequencing
(scRNAseq) has added substantially to our knowledge of these processes. However, the first trimester of cortical
development has not been described at this level of molecular detail, and important questions remain about the timing of
neurogenesis, the presumed uniformity of the neuroepithelium, and the signals that promote the transition to radial glia. We
have begun to characterize the molecular populations of cellular subtypes that exist at the onset of neurogenesis across
regions of the developing human brain. Our single-cell transcriptomic and in-situ data suggest that early cortical areal
patterning is strongly defined by the mutual exclusion of strong frontal or occipital gene expression signatures, with the
specification of areas between these two poles arising at later developmental timepoints. Thus, we find evidence supporting
the existence of a cortical protomap at the extremities, but also support for the protocortex hypothesis to refine spatial identity
between the poles. We find that major signaling pathways including Notch, Wnt, and mTOR drive the specification and
maintenance of neuroepithelial stem cells and radial glia. Overall, we provide a comprehensive molecular and spatial atlas of
early stages of human brain and cortical development at the onset of neurogenesis.
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TEMPORAL AND SPATIAL REGULATION OF NEURONAL DIFFERENTIATION IN THE DEVELOPING MOUSE
NEOCORTEX

SYMPOSIUM 02 - THE CEREBRAL CORTEX CHALLENGE: GENERATING MANY CELL TYPES FROM DISTINCT
SOURCES IN A RESTRICTED TIME - ARNOLD KRIEGSTEIN, TANJA VOGEL, MATTHEW HOLT, KARINE LOULIER

Yukiko Gotoh?, Yusuke Kishit, Tanja Vogel?
1The University of Tokyo, Department Of Pharmaceutical Sciences, Laboratory Of Molecular Biology, Tokyo, Japan, 2Albert-
Ludwigs-University Freiburg, Anatomy And Cell Biology, Molecular Embryology, Freiburg, Germany

Transcription factors play various roles in the process of neuronal differentiation during neocortical development. Recent
studies have described the waves of activation of transcription factors and alterations in chromatin accessibility at the
corresponding target loci in differentiating neurons. However, given that most of these studies analyzed a mixture of neuronal
types born at different developmental time points from radial glial cells (a.k.a. neural stem-progenitor cells, NPCs) in the
neocortex, fine and subtle temporal changes might have been missed in these studies. We therefore selectively labeled
neurons born at around E16 in the mouse neocortex and traced their differentiation process for 4 days by performing single
cell ATAC-sequencing analysis. A graph-based clustering identified cell clusters with distinct peaks of chromatin accessibility
patterns along the differentiation axis (pseudotime). Importantly, a hierarchical clustering of the motif activity score of 884
transcription factors revealed waves of activation of transcription factor sets at specific temporal windows of differentiation.
Some of such transcription factors showed a significant delay of motif activation after their gene expression along the
differentiation pseudotime. This analysis also unveiled narrow temporal windows of motif activation for some transcription
factors which have not so far been described as regulators of neuronal differentiation. These results thus highlight the
advantage of pulse-labeling of a certain neuronal lineage, which leads to high temporal resolution of chromatin analysis and
identification of putative factors involved in fine differentiation processes.
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THE EMERGING CONCEPT OF ASTROCYTE HETEROGENEITY: CONSEQUENCES FOR CNS FUNCTION.

SYMPOSIUM 02 - THE CEREBRAL CORTEX CHALLENGE: GENERATING MANY CELL TYPES FROM DISTINCT
SOURCES IN A RESTRICTED TIME - ARNOLD KRIEGSTEIN, TANJA VOGEL, MATTHEW HOLT, KARINE LOULIER

Araks Martirosyan?, Mykhailo Batiuk!, Hayk Gasparyan?, Sargis Hovhannisyan?, Jérdme Wahis?, Joao Filipe Viana3, Jodo
Filipe Oliveira3, Thierry Voet?, Chris Ponting®, Grant Belgard®, Matthew Holt”

1VIB-KU Leuven, Center For Brain And Disease Research, Leuven, Belgium, 2Yerevan State University, Department Of
Mathematics And Mechanics, Yerevan, Armenia, 3ICVS, School of Medicine - University of Minho, Neuroscience, Braga,
Portugal, “KU Leuven, Department Of Human Genetics, Leuven, Belgium, University of Edinburgh, Mrc Human Genetics
Unit, Edinburgh, United Kingdom, 6The Bioinformatics CRO, Neuroscience Division, Sanford, United States of

America, “University of Porto, Instituto De Investigagao E Inovagdo Em Saude (i3s), Porto, Portugal

Astrocytes are a numerous cell type in the central nervous system. They perform many important functions in synapse
formation and maintenance, control of local homeostasis and modulation of synaptic transmission. However, the degree to
which specialist astrocyte subtypes fulfil these specific tasks is currently unclear. In this talk, | will present work using single
cell transcriptomic and in situ hybridization approaches, which demonstrates that even astrocytes lying within the same region
of mouse brain show distinct molecular and spatial profiles. Furthermore, | will provide evidence obtained from morphological
analyses and Ca?* imaging experiments that these subtypes also possess both distinct anatomies and physiologies. These
findings are evidence for the existence of specialized astrocyte subtypes, residing both within and between brain regions, and
strongly suggest that specific CNS functions, such as axon guidance, synaptogenesis and synaptic transmission, are
differentially controlled by specialized astrocyte subtypes.
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ASTROCYTE DIVERSITY AND PLASTICITY IN THE DEVELOPING CEREBRAL CORTEX

SYMPOSIUM 02 - THE CEREBRAL CORTEX CHALLENGE: GENERATING MANY CELL TYPES FROM DISTINCT
SOURCES IN A RESTRICTED TIME - ARNOLD KRIEGSTEIN, TANJA VOGEL, MATTHEW HOLT, KARINE LOULIER

Laura Dumas?, Edson Rodrigues?, Alexandre Pattyn!, Jason Durand!, Hassan Boukhaddaouit, Soléne Clavreul?, Jean
Livet?, Karine Loulier!

1INSERM, Université de Montpellier, Institut Des Neurosciences De Montpellier, Montpellier, France, 2INSERM, Sorbonne
University, Institut De La Vision, Paris, France

The functions of the mammalian cerebral cortex rely on the cooperation of distinct cell types, including neurons and
astrocytes, which must be produced in defined proportions and whose imbalance can lead to severe pathologies. Astrocytes
constitute an heterogeneous population and, while distinct molecular signatures of astrocyte subtypes are becoming better
known, the developmental origin underlying this diversity in the mouse cerebral cortex and how it translates into specific
functions remains unknown. Using combinatorial genetic markers and multicolor imaging techniques, we labeled adjacent
cortical progenitors with rare color markers prior to gliogenesis and tracked their descent over long periods of time to
characterize astrogliogenesis. We determined that cortical progenitors contribute both pre- and postnatally to the generation
of the astrocyte 3D matrix and that cortical astrocyte clones exhibit high variability in terms of structural organization,
localization, number and subtype of cells generated. Although we did not identify dedicated subpopulations of cortical
progenitors responsible for astrocyte diversity, we nevertheless found an alternative embryonic source for cortical astrocytes.
In addition to characterizing the cellular and molecular properties of these progenitors located in a restricted area of the
developing brain, we compare the characteristics of cortical astrocytes derived from these two distinct sources and
investigate whether they might be differentially affected in the context of neurodevelopmental disorders. Overall, our work
highlights the unsuspected complexity of cortical astrocyte genesis and will lead to a better understanding of the critical
cellular and molecular components of astrogliogenesis that may be altered in brain pathologies.
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PSYCHEDELICS IN TINY AMOUNTS TO ENHANCE COGNITIVE AND EMOTIONAL PROCESSES: WHAT DOES
SCIENCE SAY?

SYMPOSIUM 03 - PSYCHEDELIC EFFECTS WITHOUT PSYCHEDELIC EXPERIENCE - KIM KUYPERS, SCOTT
THOMPSON, LINDSAY CAMERON, RAFAEL MOLINER

Kim Kuypers
Maastricht University, Neuropsychology And Psychopharmacology, Maastricht, Netherlands

Microdosing with psychedelics (MD) has gained popular and scientific attention in recent years. It is the practice of taking
repeatedly small doses of substances like LSD and psilocybin, for a certain period which can be a few weeks, up to months,
and years. People who engage in this are most typically motivated to gain cognitive, psychological, emotional, and/or health
benefits. Most of the knowledge we have so far comes from questionnaire studies in which users report retrospectively or
keep diaries of the effects they experience during MD. According to users, it leads to positive effects on mood, concentration,
focus, and productivity. While there is little attention in the media for potential negative or unwanted effects, these also seem
to occur including physical discomfort and heightened feelings of fear. The limited number of placebo-controlled studies in
healthy people revealed that MD has subtle effects on cognitive processes and brain connectivity. The findings of placebo-
controlled studies in combination with reports from users suggest that MD with psychedelics can be effective in controlling
certain psychological symptoms. This means that this phenomenon deserves more attention, partly because psychedelics are
relatively safe substances. In the future, placebo-controlled studies will provide more clarity for who (age, diagnosis) MD can
be effective and for which (cognitive, emotional) processes. The purpose of this presentation will be to give an overview of the
knowledge we have so far about MD and to identify which unanswered questions still exist.
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HARNESSING PSILOCYBIN FOR NEUROPSYCHIATRIC DISORDERS: PRECLINICAL PERSPECTIVES ON
PHARMACOLOGICAL AND PHYSIOLOGICAL MECHANISMS

SYMPOSIUM 03 - PSYCHEDELIC EFFECTS WITHOUT PSYCHEDELIC EXPERIENCE - KIM KUYPERS, SCOTT
THOMPSON, LINDSAY CAMERON, RAFAEL MOLINER

Scott Thompson
University of Maryland, Department Of Physiology, Baltimore, United States of America

Psychedelics have the potential to revolutionize psychiatric pharmacotherapy. Dozens of companies are exploring hundreds
of compounds as therapeutics. But how do they work and what are the ideal pharmacological properties these compounds
should possess? Preclinical studies have the potential to suggest the pharmacology and physiology underlying their
therapeutic actions, both during the induction phase, when the compounds are acting on the brain, and in the induction
phase, when persistent beneficial changes result in lasting restoration of the normal state. This presentation will consider
both aspects of the anti-anhedonic actions of psilocybin in mice subjected to chronic stress. We find that a single
administration of psilocybin restored two behavioral measures of hedonic state: the preference of male mice for sucrose
solution and the scent of female urine. We next tested the role of 5SHT2ARs, known to underlie the mind-altering properties of
psychedelics. We found that psilocybin remained effective when co-administered with the SHT2R antagonist ketanserin.
Following completion of behavioral testing, we prepared hippocampal brain slices and observed that the strength of stress-
sensitive TA-CAL synapses was greater in stressed mice administered psilocybin, compared to vehicle, and that this
restoration of synaptic strength was also seen in mice co-administered ketanserin. We conclude that 1) the beneficial actions
of psilocybin can be studied in mice, 2) restoration of stress-impaired synaptic function may underlie their therapeutic actions,
and 3) neither the behavioral nor synaptic actions of psilocybin require 5SHT2AR activation, at least in mice.
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RETHINKING PSYCHEDELICS: NON-HALLUCINOGENIC ANALOGS OF PSYCHEDELICS AS TREATMENTS FOR
NEUROPSYCHIATRIC DISORDERS

SYMPOSIUM 03 - PSYCHEDELIC EFFECTS WITHOUT PSYCHEDELIC EXPERIENCE - KIM KUYPERS, SCOTT
THOMPSON, LINDSAY CAMERON, RAFAEL MOLINER

Lindsay Cameron
Stanford University, Psychiatry, Stanford, United States of America

The prefrontal cortex (PFC) is a critical brain structure that regulates mood, anxiety and reward. Atrophy of neurons in this
brain region is implicated in the development of neuropsychiatric disorders, and thus, strategies to regrow these neurons are
highly desirable. Classic psychedelics are potent psychoplastogens that have been shown to produce rapid and sustained
antidepressant-like effects in both humans and rodents. Psychedelics target the serotonin 2A (5-HT2A) receptor, which is
densely expressed in layer V pyramidal neurons of the PFC. By comparing the effects of hallucinogenic and non-
hallucinogenic congeners, we demonstrate that both types of 5-HT2A ligands produce long-lasting changes in neuronal
structure and function. Specifically, we demonstrate that these non-hallucinogenic analogs increase cortical neuron dendritic
arbor complexity and spine density, comparable to psychedelic compounds. The effects of these compounds were further
characterized using whole cell patch clamp, calcium imaging, and beta-arrestin recruitment assays. Mouse behavioral studies
revealed that both psychedelics and non-hallucinogenic analogs facilitate anti-depressant-like effects in the tail suspension
test. Additionally, psychedelics reverse anhedonia-like behaviour as measured in the sucrose preference test. By using both
antagonists of the 5-HT2A receptor and 5-HT2A KO animals, we demonstrate that this receptor plays a critical role in the
beneficial effects of non-hallucinogenic analogs of psychedelics. Our work suggests that the hallucinogenic effects of
psychedelic compounds can be dissociated from their beneficial effects on neuronal growth and behavior. These data provide
an important starting point for the design of safer next-generation therapeutics for treating depression and other stress-
related disorders.
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NEUROPLASTICITY AND TRKB: KEY TO THE THERAPEUTIC POTENTIAL OF PSYCHEDELICS?

SYMPOSIUM 03 - PSYCHEDELIC EFFECTS WITHOUT PSYCHEDELIC EXPERIENCE - KIM KUYPERS, SCOTT
THOMPSON, LINDSAY CAMERON, RAFAEL MOLINER

Rafael Moliner'?2, Mykhailo Girych3, Cecilia Brunello?, Vera Kovaleva?*, Caroline Biojone®, Katja Kaurinkoski?, Mirjami

Kuutti?, Senem Fred?, Lauri Elsila?, Giray Enkavi, Sven Sakson#, Cassiano Diniz®, Cecilia Cannarozzo?, Nina Seiffert?, Anna
Rubiolo’, Elsa Meshi8, Elina Nagaeval, Tomasz Rog?, Tiina Ohman?, Markku Varjosalo?, Esko Kankurit, Esa Korpit, Mart
Saarma?, llpo Vattulainen?, Plinio Casarotto?, Eero Castren?

1University of Helsinki, Department Of Pharmacology, Faculty Of Medicine, Helsinki, Finland, 2University of Helsinki,
Neuroscience Center, Hilife, Helsinki, Finland, 3University of Helsinki, Department Of Physics, Faculty Of Science, Helsinki,
Finland, “University of Helsinki, Institute Of Biotechnology, Hilife, Helsinki, Finland, >Aarhus University, Department Of
Biomedicine, Aarhus, Denmark, 8University of Sdo Paulo, Department Of Pharmacology, Ribeirdo Preto, Brazil, “University of
Trieste, Neuroscience, Trieste, Italy, 8Hellenic University of Thessaloniki, Biomedical Sciences, Thessaloniki, Greece

Psychedelics like LSD and psilocybin induce structural and functional neuroplasticity resembling the action of clinically
approved antidepressants. They also show promise as fast-acting antidepressants with long-lasting therapeutic effects.
Pharmacologically diverse antidepressants including fluoxetine and ketamine promote neuroplasticity through TrkB, the brain-
derived neurotrophic factor (BDNF) receptor. BDNF and TrkB are also thought to play a central role in the action of
psychedelics as effectors downstream of their canonical target, the serotonin 2A (5-HT2x) receptor. In this presentation, we
will discuss the short and long-term effects of psychedelics on receptor activation, signaling, plasticity and behavior. The roles
of 5-HT2a and TrkB in the hallucinogenic and plasticity-inducing effects of psychedelics will be addressed. Finally, we will
compare the mechanisms of action of psychedelics with those of other conventional and rapid-acting antidepressants,
highlighting the differences and commonalities that may underlie their therapeutic value.
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A TRANSCRIPTIONAL RHEOSTAT IN OLFACTORY SENSORY NEURONS

SYMPOSIUM 04 - SMELL, CELL-BY-CELL - SANDEEP ROBERT DATTA, ALEXANDER FLEISCHMANN, MARCELA
LIPOVSEK, KOEN VAN DEN BERGE

Sandeep Robert Datta
Harvard Medical School, Department Of Neurobiology, Boston, United States of America

Animals traversing different environments encounter both stable background stimuli and novel cues, which are thought to be
detected by primary sensory neurons and then distinguished by downstream brain circuits. Here, we show that each of the
~1,000 olfactory sensory neuron (OSN) subtypes in the mouse harbors a distinct transcriptome whose content is precisely
determined by interactions between its odorant receptor and the environment. This transcriptional variation is systematically
organized to support sensory adaptation: expression levels of more than 70 genes relevant to transforming odors into spikes
continuously vary across OSN subtypes, dynamically adjust to new environments over hours, and accurately predict acute
OSN-specific odor responses. The sensory periphery therefore separates salient signals from predictable background via a
transcriptional rheostat whose moment-to-moment state reflects the past and constrains the future; these findings suggest a
general model in which structured transcriptional variation within a cell type reflects individual experience.
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MOLECULAR SIGNATURES OF OLFACTORY CIRCUITS REVEALED BY SINGLE CELL MULTIOMICS ANALYSIS

SYMPOSIUM 04 - SMELL, CELL-BY-CELL - SANDEEP ROBERT DATTA, ALEXANDER FLEISCHMANN, MARCELA
LIPOVSEK, KOEN VAN DEN BERGE

Alexander Fleischmann?, Sara Zeppillit, Robin Attey!, Pinar Demetci?, Ritambhara Singh?, Anton Crombach?

1Brown University, Department Of Neuroscience And The Robert J. And Nancy D. Carney Institute For Brain Science,
Providence, United States of America, ?Brown University, Department Of Computer Science, Providence, United States of
America, 3Inria, Centre De Lyon, Villeurbanne, France

The mammalian cortex comprises ancient paleocortical structures, exemplified by the olfactory cortex, as well as more
recently evolved neocortical areas. Neurons in the mouse olfactory cortex differ from neurons in neocortex in their
developmental origin, morphology, functional properties and molecular identities. However, the mechanisms driving cell type
diversification across these distinct cortical traits remain unknown. Here, we characterize the gene regulatory network (GRN)
activity that defines cell type identity in the mouse olfactory cortex, and we compare GRN activity across paleo-, peripaleo-
and neocortical areas. Using single cell ATAC and RNA sequencing, we reveal enhancer-gene interactions and identify
transcription factors cross-repression as a key mechanism for cell type diversification. Finally, we propose semilunar cells of
the olfactory cortex as the ancestral neuronal cell type of the mammalian cortex. Our data provide the first comprehensive
molecular description of cell types in the mouse olfactory cortex and identify epigenetic mechanisms underlying cell type
diversification during evolution.



% FENS Foun 202

PRESENTATION NUMBER: S015

USING PATCH-SEQ TO STUDY DIVERSITY, FUNCTION AND PLASTICITY IN OLFACTORY BULB DOPAMINERGIC
NEURONS

SYMPOSIUM 04 - SMELL, CELL-BY-CELL - SANDEEP ROBERT DATTA, ALEXANDER FLEISCHMANN, MARCELA
LIPOVSEK, KOEN VAN DEN BERGE

Marcela Lipovsek!?, Lorcan Browne?, Darren Byrne?, James Lipscombe?, lain Macaulay?, Jonathan Mill4, Matthew Grubb?
IUniversity College London, Ear Institute, London, United Kingdom, ?King's College London, Centre For Developmental
Neurobiology, London, United Kingdom, 2Earlham Institute, -, Norwich, United Kingdom, “University of Exeter, College Of
Medicine And Health, Exeter, United Kingdom

Dopaminergic (DA) neurons in the olfactory bulb regulate the transmission of information at the earliest stages of sensory
processing and are one of the few neuronal types in the mammalian brain continually generated throughout postnatal life.
Here, we ask whether this continuous neuronal production results in a gradient of cell states within the resident population.
Birthdating in 4-week old DAT-IRES-Cre/Flox-tdT mice revealed that resident DA neurons span an age range of at least 3
weeks. We next collected individual DA neurons by either manual sorting of tdT positive DA neurons, or aspiration after
patch-clamp recordings in acute slices (Patch-seq), and performed deep single-cell RNA sequencing. Clustering analysis
identified putative subpopulations of DA neurons, while cell trajectory analysis described a single, unbranched, trajectory that
closely matched the clusters. Further analysis revealed differentially expressed genes, significantly enriched for GO terms
related to neuronal and synaptic function, indicating that the identified trajectory may reflect a transcriptional maturational
gradient. Ongoing analysis of electrophysiological properties along the identified trajectory will reveal whether it describes a
gradient of functional states. In summary, we are exploring a hitherto unanticipated gradient of cell states within a specific
neuronal subtype that could underpin the functional maturation of DA cells in the postnatal brain.
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STATISTICAL METHODS FOR THE INTERROGATION OF SINGLE-CELL RNA-SEQ DATA ON THE OLFACTORY
EPITHELIUM

SYMPOSIUM 04 - SMELL, CELL-BY-CELL - SANDEEP ROBERT DATTA, ALEXANDER FLEISCHMANN, MARCELA
LIPOVSEK, KOEN VAN DEN BERGE

Koen Van Den Berge
University of California, Berkeley, Statistics, Berkeley, United States of America

The olfactory epithelium (OE) is one of the few sites in the nervous system that supports active neurogenesis throughout life.
Since the olfactory neurons are exposed to the environment, cells must continuously be renewed in order to maintain and/or
repair the tissue, from a source population of globose basal cells. In case of injury, however, the olfactory epithelium is
capable of regeneration from an otherwise resting stem cell population of horizontal basal cells (HBCs). In this talk, we will
introduce statistical methodology that allows us to characterize dynamic systems such as the olfactory epithelium.
Specifically, we will introduce Slingshot to be able to characterize continuous developmental cell processes such as cell
activation, cell cycle and cellular development. These processes can be summarized as a 'trajectory’ including one or multiple
lineages, each referring to a possible cellular differentiation path. Based on such a trajectory, we introduce tradeSeq to
discover differential gene expression within and between such lineages, as demonstrated through an application on the
olfactory epithelium. Finally, contemporary single-cell RNA-seq studies may focus on comparing such dynamic developments
between experimental or biological conditions, such as treatment groups or genotypes. We introduce condiments, a novel
framework to compare global characteristics of the trajectory, such as topology and cell fates, between conditions, as well as
detailed differential gene expression analysis between conditions, within each lineage.
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SYMPOSIUM 05 - NEUROMODULATION OF PERCEPTUAL DECISION-MAKING - ARMIN LAK, KENNETH KISHIDA,
KATHARINA SCHMACK, MATTHEW MCGINLEY

Armin Lak
University of Oxford, Dpag, Oxford, United Kingdom

Learning from successes and failures often improves the quality of subsequent decisions. Past outcomes, however, should
not influence purely perceptual decisions after task acquisition is complete since these are designed so that only sensory
evidence determines the correct choice. Yet, numerous studies report that outcomes can bias perceptual decisions, causing
spurious changes in choice behaviour without improving accuracy. In this talk, | will show that the effects of reward on
perceptual decisions are principled: past rewards bias future choices specifically when previous choice was difficult and
hence decision confidence was low. | will identify this phenomenon in various species and sensory modalities. | will
demonstrate that this choice updating can be explained by reinforcement learning models incorporating statistical decision
confidence into their prediction errors. Lastly, | will provide three pieces of evidence indicating that midbrain dopamine
neurons play critical roles in regulating confidence-dependent choice updating. a) Dopamine neural responses during
perceptual decisions quantitatively match confidence-dependent prediction errors in both monkeys and mice. b) Dopamine
neural responses predict the magnitude of the psychometric choice bias in the subsequent trial. ¢) Manipulation of dopamine
neurons biases psychometric curves in a trial-by-trial fashion. Together, these results provide a framework for studying
learning under sensory uncertainty, and indicate that dopamine signals are well-suited to guide this form of learning.
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COORDINATION OF EXTRACELLULAR DOPAMINE AND SEROTONIN SIGNALS IN HUMAN STRIATUM DURING
CONSCIOUS DECISION-MAKING.

SYMPOSIUM 05 - NEUROMODULATION OF PERCEPTUAL DECISION-MAKING - ARMIN LAK, KENNETH KISHIDA,
KATHARINA SCHMACK, MATTHEW MCGINLEY

Kenneth Kishida
Wake Forest School of Medicine, Physiology And Pharmacology, Winston-Salem, United States of America

How the human brain generates conscious experience is a fundamental problem. In particular, it is unknown how highly
variable and dynamic changes in subjective experience are driven by interactions with objective phenomena. We hypothesize
a ‘dynamic affective core’ that requires not only dynamic representations of the contents and context of conscious
experiences but also their value. The latter, ‘representations of value’, have begun to be well characterized by computational
reinforcement learning models and empirical data that support the idea that dopamine neurons signal ‘better (or worse) than
expected’ experiences by encoding ‘reward prediction errors’ in changes in their firing rate. However, whether first-person
subjective experiences align with dopaminergic encoding of better or worse than expected ‘reward prediction errors’ has, to
our knowledge, not been directly tested. Recently developed technology allows, for the first time ever, high temporal
resolution (i.e., sub-second) measurements of the neurotransmitters dopamine and serotonin from deep within the human
brain during conscious decision-making and behavior. | will present recent work that supports the hypotheses that dopamine
and serotonin encode reward and punishment prediction errors, respectively; that these signals coordinate and drive human
behaviors; and, that sub-second fluctuations in dopamine and serotonin levels may drive moment-to-moment changes in the
valence of self-reported subjective experiences. Together, our results support the idea that dopamine and serotonin provide
valuation update signals in the human brain that guide behavior and may also be critical modulators of subjective
phenomenal experience.
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STRIATAL DOPAMINE MEDIATES HALLUCINATION-LIKE PERCEPTION IN MICE

SYMPOSIUM 05 - NEUROMODULATION OF PERCEPTUAL DECISION-MAKING - ARMIN LAK, KENNETH KISHIDA,
KATHARINA SCHMACK, MATTHEW MCGINLEY

Katharina Schmack?!, Marion Bosc?, James Sturgill?, Torben Ott3, Adam Kepecs*

1The Crick Institute, Neuroscience, London, United Kingdom, 2Cold Spring Harbor Laboratory, Neursocience, Cold Spring
Harbor Laboratory, United States of America, *Humboldt University of Berlin, Bernstein Centre For Computational
Neuroscience, Berlin, Germany, “Washington University School of Medicine, Neuroscience & Psychiatry, St. Louis, United
States of America

Hallucinations, a central symptom of psychotic disorders, are attributed to excessive dopamine in the striatum. However, the
neural circuit mechanisms by which dopamine produces hallucinations remain elusive, largely because hallucinations have
been challenging to study in model organisms. Here, we aimed to establish a novel readout of hallucinations that easily
translates from humans to mice. Our goal was to provide a circuit-level description of the suggested link between dopamine
and hallucinations. We reasoned that hallucinations can be operationalized as false perceptions of non-existent signals that
are experienced with high confidence. We developed a task to quantify hallucination-like perception in mice and humans
alike. We found evidence across species that hallucination-like perceptions were a valid readout of hallucinations: In humans,
self-reported hallucinations were correlated with hallucination-like perceptions. In mice, hallucinogenic manipulations using
ketamine or prior expectations consistently induced hallucination-like perceptions. Neural circuit investigations in mice
showed that elevated baseline dopamine in both ventral and tail of striatum preceded hallucination-like perceptions.
Computational modelling suggested that ventral striatal dopamine was consistent with the encoding of reward expectations,
whereas the tail of striatum dopamine signalled prior expectation of hearing a signal. In line with this, optogenetic stimulation
of dopaminergic activity in the tail of the striatum induced more hallucination-like perceptions, and this was reversed by the
antipsychotic haloperidol. Taken together, our findings reveal a causal role for dopamine-dependent striatal circuits in
hallucination-like perception and open new avenues to develop circuit-based treatments for psychotic disorders.
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TOWARDS NEUROMODULATORY MECHANISMS OF AROUSAL AND MOTIVATION IN SUSTAINED ATTENTION

SYMPOSIUM 05 - NEUROMODULATION OF PERCEPTUAL DECISION-MAKING - ARMIN LAK, KENNETH KISHIDA,
KATHARINA SCHMACK, MATTHEW MCGINLEY

Matthew Mcqginley!?, Jan Willem De Gee?, Zakir Mridha?

1Baylor College of Medicine, Duncan Neurological Research Institute, Houston, United States of America, Baylor College of
Medicine, Neuroscience, Houston, United States of America, Baylor College of Medicine, Houston, TX, USA., Department Of
Neuroscience, Houston, United States of America

The expectation of reward can lead to heightened perceptual sensitivity and improved decision-making. This is sometimes
referred to as ‘the arousal effect.” However, it is not clear how reward expectancy relates to arousal in its underlying circuit
mechanisms or precise behavioral impacts. We here developed a challenging auditory feature-based sustained attention task
in head-fixed mice, called the ‘attentional intensity’ task. Mice respond to unpredictable emergence of temporal coherence in
an otherwise incoherent tone cloud by licking for sugar-water reward, analogous to coherent motion in visual attention.
Difficulty is parametrically varied by partially degrading the coherence. The task alternates between blocks of trials with large
and small rewards, resulting in shifts in reward expectancy that manifest as shifts in performance. Arousal is monitored via
pupil size. We find that mice exhibit >5 attentional shifts/session, tightly time-locked to transitions in reward block. These
shifts in attention manifest as increase discriminatory licking, and multiple signatures in a drift diffusion model of improved
target stimulus engagement. Contrary to the naive prediction that high reward expectancy increases arousal, baseline pupil
size actually decreased on average in high reward blocks, moving towards an optimal middle size, accounting for a fraction of
the effect of reward expectation on attentional intensity. In ongoing experiments, we use two-photon calcium imaging to
determine the roles of frontal-sensory and neuromodulatory signals in mediating the adaptation of attentional intensity to task
utility.
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CHOROID PLEXUS AND NON-CELL AUTONOMOUS REGULATION

SYMPOSIUM 06 - GO WITH THE FLOW! CHOROID PLEXUS MECHANISMS SHAPE BRAIN FUNCTION IN HEALTH
AND DISEASE - ANNARITA PATRIZI, JEAN-FRANCOIS GHERSI-EGEA, FIONA DOETSCH, ROOSMARIJN
VANDENBROUCKE

Annarita Patrizi
German Cancer Research Center DKFZ, Neuronal Signaling And Morphogenesis, Heidelberg, Germany

The Choroid Plexus (ChP), a specialized epithelial membrane located in all ventricles of the brain, produces 60-70% of the
total cerebrospinal fluid (CSF) and forms the blood-CSF barrier impacting CSF and brain homoeostasis. In addition, ChP
carries out neuro-endocrine, excretory and neuro-immune actions that are most likely involved in multiple neurological
diseases. Recently, great attention has been given to the ChP as a key structure contributing to brain-body communication by
sensing and reacting to both internal and external stimuli. However, only a few selective stimuli have been identified and very
little is known about how the ChP can sense and respond to them. In the last few years our group has been focusing on
understanding whether and how the ChP epithelial cell primary cilia, located on the apical cellular membrane and bathed in
the CSF, can act as bio-sensors detecting surrounding stimuli. We did, indeed, demonstrate that ChP is characterized by a
unique process of multi-ciliation that is spatio-temporally controlled. Furthermore, we found that ChP cilia are highly dynamic
organelles that adapt and change throughout lifetime. In fact, ChP primary cilia are formed during embryogenesis but are
gradually lost in early postnatal life both in mice and human postmortem samples. Interestingly, the maintenance of the cilium
can be modulated by the presence of selective growth factors, suggesting that they can adapt to and reflect selective and
different needs of the brain.
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THE CHOROID PLEXUS-CSF SYSTEM IN PERINATAL ADVERSE CONDITIONS

SYMPOSIUM 06 - GO WITH THE FLOW! CHOROID PLEXUS MECHANISMS SHAPE BRAIN FUNCTION IN HEALTH
AND DISEASE - ANNARITA PATRIZI, JEAN-FRANCOIS GHERSI-EGEA, FIONA DOETSCH, ROOSMARIJN
VANDENBROUCKE

Jean-Francois Ghersi-Egea
Lyon Neuroscience Research Center (CRNL), INSERM U1028, CNRS UMR5292, UCBL1, Fluid Team, Bron, France

The choroid-plexus CSF system plays an important role in protecting brain fluid environment during pre-and post-natal
periods of development. It also synthetizes or transports important proteins and trophic factors necessary to the development
and normal maturation of the brain. These functions can be challenged in the setting of perinatal injuries, which increases the
risk of abnormal development. Such injuries include inflammatory/infectious diseases. The choroid plexuses are highly
sensitive to cytokines and toll-like receptor ligands. They respond by secreting an array of cytokines and chemokines in the
choroidal stroma and CSF, that can be followed by immune cell infiltration into the CSF. Independently of their function as
inflammatory modulators, some of these bioactive molecules are present in CSF during the perinatal/postnatal period. Their
physiological levels appear finely regulated, and following cytokine-specific developmental patterns, likely reflecting the role
that these bioactive molecules play in the development of the neuronal and vascular networks. Changes in CSF cytokines
that result from choroid plexus activation or from immune cells invading the CSF through the choroid plexuses may
participate in the disorganization of brain development induced by perinatal injuries.
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CHOROID PLEXUS REGULATION OF ADULT NEURAL STEM CELLS

SYMPOSIUM 06 - GO WITH THE FLOW! CHOROID PLEXUS MECHANISMS SHAPE BRAIN FUNCTION IN HEALTH
AND DISEASE - ANNARITA PATRIZI, JEAN-FRANCOIS GHERSI-EGEA, FIONA DOETSCH, ROOSMARIJN
VANDENBROUCKE

Fiona Doetsch
University of Basel, Biozentrum, Basel, Switzerland

Specialized niches support the lifelong maintenance and function of tissue-specific stem cells. Stem cells in the adult
ventricular-subventricular zone (V-SVZ) adjacent to the lateral ventricles give rise to olfactory bulb neurons, as well as
different types of glia. Adult V-SVZ neural stem cells contact the cerebrospinal fluid, which flows through the brain ventricles,
and depending on their spatial location generate different types of cells. They continuously integrate extrinsic signals to either
maintain their quiescent state or to become activated and generate progeny.We have found that different physiological states
and long-range signals regulate regionally distinct pools of V-SVZ stem cells. A key niche compartment is the choroid plexus,
a vascularized epithelial structure in the brain ventricles that forms the blood-CSF barrier. The choroid plexus also secretes
diverse factors into the CSF that differentially regulate adult neural stem cells. The choroid plexus is uniquely poised to sense
signals in the blood and the CSF and in turn change its secretome in response to different states. Here we show that the
choroid plexus transcriptome exhibits circadian changes, sex differences, and changes during the estrous cycle. Females
have more macrophages than males, and male and female choroid plexus-secreted factors elicit different effects on adult
neural stem cells. Given the multiple roles of the choroid plexus, our findings highlight that dynamic fluctuations in the choroid
plexus transcriptome and secretome may have important impact on adult neural stem cells, as well as brain physiology in
both health and disease.



QFENS (o 202

PRESENTATION NUMBER: S024
NORMAL AND ATYPICAL NEURODEVELOPMENTAL TRAJECTORIES OVER CHILDHOOD/ADOLESCENCE

SYMPOSIUM 07 - NEUROIMAGING APPROACHES TO UNDERSTANDING ADOLESCENT MENTAL HEALTH:
OPPORTUNITIES FOR INTERVENTION - SOPHIA FRANGOU, HEATHER WHALLEY, MARIEKE BOS, RYAN MUETZEL

Sophia Frangou
Icahn School of Medicine at Mount Sinai, Psychiatry, NEW YORK, United States of America

Background: Prior literature has documented multiple biological and social factors that influence both brain development and
mental health outcomes in adolescence. The current presentation discusses the role of the biosocial context of adolescent
brain development and its association with psychopathology. Methods: A range of computational methods was applied to
data pooled from multiple cohorts of adolescents to derive hormative measures of regional brain development and to quantify
the contribution of environmental exposures to brain morphometry, myelination and synaptic density in healthy adolescents
and those with affective psychopathology. Results: The presentation introduces CentileBrain (www.centilebrain.org), an
online tool for normative modeling of morphometric data and demonstrates its utility in quantifying the degree of
morphometric deviance in adolescents with affective psychopathology. Application of clustering approaches to neuroimaging
data and social exposures identified clusters of adolescents with advanced, delayed or atypical maturation. Conclusion: The
availability of large datasets and computational tools is opening new avenues in the study of adolescent brain development.
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PUBERTAL TRANSITIONS, CHANGES IN NEUROBIOLOGY AND RISK FOR ADOLESCENT DEPRESSION

SYMPOSIUM 07 - NEUROIMAGING APPROACHES TO UNDERSTANDING ADOLESCENT MENTAL HEALTH:
OPPORTUNITIES FOR INTERVENTION - SOPHIA FRANGOU, HEATHER WHALLEY, MARIEKE BOS, RYAN MUETZEL

Heather Whalley?!, Niamh Macsweeney?, Xeuyi Shen?, Breda Cullen?, Alex Kwong?, Sophia Frangou?, Liana Romaniuk?*
1University of Edinburgh, Centre For Clinical Brain Sciences, Edinburgh, United Kingdom, 2University of Glasgow, Mental
Health & Wellbeing, Glasgow, United Kingdom, 3University of British Columbia, Psychiatry, Vancouver, Canada

Adolescence is a period of increased vulnerability to mental health conditions, particularly internalising difficulties such as
depression. Earlier-onset is often associated with a more severe illness course and a range of psychosocial and physical
difficulties which perpetuate across the lifespan. Given the emergence of depression during the adolescent period, the role
that pubertal development may play in this heightened vulnerability has garnered increasing attention. Earlier pubertal timing
(relative to same-age, same-sex peers) has been associated with higher rates of depressive disorders, particularly in
females. Further, genetic studies have found that earlier age of menarche is implicated in depression. Adolescence is also a
time of immense neurobiological change and brain structural differences have been found in both adults and adolescents with
depression. However the role that neural mechanisms may play in the relationship between pubertal timing and depression
risk remains unknown. Here, we present findings examining whether brain structure mediates the association between early
pubertal timing and depressive symptoms in a large sample of early adolescents (aged 9-13 years) from the Adolescent Brain
and Cognitive Development (ABCD) Study®.
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LONGITUDINAL STRUCTURAL BRAIN DEVELOPMENT AND EXTERNALIZING BEHAVIOR IN ADOLESCENCE

SYMPOSIUM 07 - NEUROIMAGING APPROACHES TO UNDERSTANDING ADOLESCENT MENTAL HEALTH:
OPPORTUNITIES FOR INTERVENTION - SOPHIA FRANGOU, HEATHER WHALLEY, MARIEKE BOS, RYAN MUETZEL

Marieke Bos
Leiden University, Developmental & Educational Psychology, Leiden, Netherlands

BACKGROUND AND AIMS: Most adolescents take part in some kind of antisocial behavior, such as rule-breaking,
aggression, curving, or underage drinking. Antisocial behavior is marked by individual differences, not only in extent and
severity but also in stability over time. Specifically, the transition between adolescence and young adulthood has long been
recognized as a potential turning point for the development of antisocial behavior, due to changes in social contexts and
ongoing psychological and neurobiological maturation. To increase our understanding of developmental trajectories of
antisocial behavior, longitudinal study designs are pivotal. METHODS: | will present data of two longitudinal studies focusing
on neurodevelopment of aggressive behavior. In the first study, we examined the relation between structural brain
development and aggressive behavior in a population sample (N=299; age 8-28). In the second study, we examined brain
activity in a social aggression task in a high-risk sample of young adults (N=55; age 20 - 28). RESULTS: (1) decrease of
hippocampal volume was associated with increase in aggressive behavior (2) individuals with persistent or desistent
trajectories of antisocial behavior showed dissociable patterns of neural activity when receiving social feedback in a social
aggression task: desisting and persisting trajectory groups showed higher activity in the insula compared to controls, and the
desisting trajectory group showed higher activity in diPFC. CONCLUSION: In this talk, | will emphasize the value of studying
different neurobiological mechanisms and using an individual differences approach to better understand the complexity of
antisocial behavior and its diverse trajectories.
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NEUROIMAGING OF NEURODEVELOPMENT AND EMERGING MENTAL ILLNESS: A POPULATION NEUROSCIENCE
PERSPECTIVE

SYMPOSIUM 07 - NEUROIMAGING APPROACHES TO UNDERSTANDING ADOLESCENT MENTAL HEALTH:
OPPORTUNITIES FOR INTERVENTION - SOPHIA FRANGOU, HEATHER WHALLEY, MARIEKE BOS, RYAN MUETZEL

Ryan Muetzel, Bing Xu, Henning Tiemeier
Erasmus Medical Centre, Department Of Child & Adolescent Psychiatry/psychology, Rotterdam, Netherlands

Neuroimaging offers a unique window into the developing brain, providing important insights into emergent mental illness.
Identification of reproducible neurobiological signatures of psychopathology with strong predictive value remains a priority.
However, relatively modest effect sizes from univariate statistical techniques combined with heterogenous symptom
presentation may impede the detection of such clinically-relevant imaging biomarkers. Multivariate statistical techniques show
promise in identifying complex patterns in high dimensional data and in aggregating across many small effects. For example,
techniques such as canonical correlation analysis have demonstrated utility in identifying maximally-correlated features from
both neuroimaging and behavioral data. This approach allows for the delineation of brain-based dimensions of psychiatric
problems which are not constrained by traditional diagnostic nosology and potentially yield better clinical predictive value.
This presentation will cover the application of canonical correlation analysis to identify maximally correlated features of
resting-state functional connectivity and dimensional psychiatric symptoms in children 9-to-11 years old. Using data from two
large, population-based cohorts (Generation R, ABCD), we present different brain-based dimensional features of psychiatric
problems which may offer insights into transdiagnostic neurobiological signatures of mental illness. Importantly, we also
highlight several caveats and potential limitations related to the application of canonical correlation analysis in high-
dimensional resting-state functional connectivity data.
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MACHINE LEARNING APPROACHES FOR UNRAVELING HUMAN MECHANISMS OF BRAIN DYSFUNCTION IN MICE.

SYMPOSIUM 08 - NEURONAL NETWORK AND SYNAPTIC DYSFUNCTION IN ALZHEIMER’S DISEASE - JORGE
PALOP, SILVIA VIANA DA SILVA, MARTIN FUHRMANN, ANNABELLE SINGER

Jorge Palop
University of California, San Franscisco, Department Of Neurology,glasdtone Institutes, San Francisco, United States of

America

New molecular approaches of genome editing are creating a paradigm shift in modeling neurodegenerative disorders by
humanizing mouse genes carrying disease-associated genomic changes. These exquisite disease-induced manipulations —
often affecting only a few amino acids — mimic closely human disease mechanisms, yet represent a tremendous challenge for
assessing their behavioral and functional manifestations that define neurological disorders because standard behavioral
approaches often lack the required sensitivity and breadth. We approached this technological barrier by implementing
machine learning platforms for assessing diseased-induced behavioral manifestations of humanized models of Alzheimer’s
disease (AD). We found that machine learning approaches reveal prominent behavioral manifestations and cognitive
dysfunction in humanized AD mice with an unprecedented level of quantitative precision and insights into behavioral
organization.
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SUB-CIRCUIT SPECIFIC DEFICITS UNDERLYING SPATIAL MEMORY IMPAIRMENTS IN ALZHEIMER’S DISEASE

SYMPOSIUM 08 - NEURONAL NETWORK AND SYNAPTIC DYSFUNCTION IN ALZHEIMER’S DISEASE - JORGE
PALOP, SILVIA VIANA DA SILVA, MARTIN FUHRMANN, ANNABELLE SINGER

Silvia Viana Da Silva
DZNE, Berlin, Berlin, Germany

Deficits in spatial navigation are among the early symptoms in Alzheimer’s disease (AD) patients, consistent with the
hippocampal formation being necessary for spatial computations and with disease onset in the hippocampal formation.
Although it is recognized that early symptoms correspond to brain regions that are affected early in the disease, it is not clear
whether further cognitive decline is solely caused by a spreading cellular pathology, or whether a focal pathology can by itself
cause aberrant neuronal activity in a larger network. These possibilities cannot be distinguished in standard disease models,
which broadly express AD-related proteins across brain regions. We therefore generated a mouse model in which the
expression of mutant human APP was limited to hippocampal CA3 cells (CA3-APP mice). We first asked whether the limited
pathology in CA3 can result in memory deficits and found memory impairments in CA3-APP mice. By recording neuronal
activity in the hippocampus, during the memory task, we asked to what extent pathological neuronal activity patterns emerged
in different hippocampus sub-regions. We found that early circuit dysfunction did not include differences in the spatial firing
patterns of place cells, but were rather encompassed by a reduced theta oscillation frequency and disruption in sequential
firing of CA1 place cells during the task. This underlines the influence that altered network function has on the memory
deficits associated with AD, indicating that the disease progression can be driven by altered network mechanisms rather than
changes at the level of individual cells.
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MEMORY TRACE DISTURBANCES UNDER AD-LIKE CONDITIONS

SYMPOSIUM 08 - NEURONAL NETWORK AND SYNAPTIC DYSFUNCTION IN ALZHEIMER’S DISEASE - JORGE
PALOP, SILVIA VIANA DA SILVA, MARTIN FUHRMANN, ANNABELLE SINGER

Martin Fuhrmann
German Center for Neurodegenerative Diseases (DZNE), Neuroimmunology And Imaging, Bonn, Germany

Memory impairment is a characteristic of Alzheimer's disease (AD). The hippocampus is important for memory processes
and primarily affected in AD. Ensembles of neurons in the hippocampus are thought to be active during encoding and
retrieval of a memory. These reactivated ensembles of neurons are called a memory trace or engram. We hypothesized that
memory traces would be disturbed under AD-like conditions in a mouse model. To test this hypothesis, we visualized
hippocampal memory traces under AD-like conditions over the course of a hippocampus-dependent memory test — contextual
fear conditioning. Surprisingly, we detected intact memory traces even in mice with AD-like pathology. However, these
memory traces were superimposed by other active ensembles of neurons that most likely encoded novelty-like information.
These results indicated that memory trace interference could be the basis for memory impairment. We used chemogenetic
experiments to manipulate novelty-like neuronal ensemble activity, either artificially activating or inhibiting novelty-like
ensembles. We found that artificial silencing of novelty-like neuronal activity improved memory under AD-like conditions,
suggesting that memory trace interference might be a neuronal network mechanism affecting memory in AD.
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NEW APPROACHES TO ALZHEIMER’S: FROM NEURAL DEFICITS TO STIMULATION THAT BOOSTS IMMUNE
FUNCTION

SYMPOSIUM 08 - NEURONAL NETWORK AND SYNAPTIC DYSFUNCTION IN ALZHEIMER’S DISEASE - JORGE
PALOP, SILVIA VIANA DA SILVA, MARTIN FUHRMANN, ANNABELLE SINGER

Annabelle Singer
Georgia Institute of Technology and Emory University, Coulter Department Of Biomedical Engineering, Atlanta, United States
of America

In this talk | will describe how discovering deficits in neural activity in Alzheimer’s disease (AD) led to the development of new
neural stimulation approaches to treat the disease. Spatial navigation deficits are one of the earliest symptoms of AD and the
hippocampus is one of the areas first affected by the disease. First, we discovered how neural codes underlying memory-
based spatial decisions fail in animal models Alzheimer’s disease (AD). Using a virtual reality behavior paradigm to record
and manipulate neural activity in transgenic mice, the primary animal model of AD, we found deficits in synaptic efficacy
during behavior and in patterns of activity that are required for spatial memory. The neural deficits we found inspired us to
stimulate specific frequencies of activity that are lacking in the Alzheimer’s model mice. To achieve this, we developed new
non-invasive sensory stimulation to drive rhythmic neural activity at different frequencies. Driving gamma frequency (40Hz)
activity non-invasively mobilized the immune system and reduced pathogenic proteins in mouse models of Alzheimer’s
disease. Investigating the biochemical mechanisms involved, we discovered a unique immune signaling cascade by which
gamma neural activity recruits neuroimmune function. Interestingly, other frequencies have distinct effects on neuroimmune
signaling and cells. Finally in humans with Alzheimer’s disease, gamma sensory stimulation altered neuroimmune signaling in
the cerebral spinal fluid and stengthened connectivity of neural circuits important for memory. These discoveries could lead to
new therapies for Alzheimer’s disease by driving specific patterns of neural activity to impact cognitive, cellular, and molecular
dysfunction.
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DEVELOPMENTAL WIRING OF PREFRONTAL CIRCUITS: ACTIVITY DECORRELATION AS RESULT OF
EXCITATION/INHIBITION SHIFT

SYMPOSIUM 09 - THE EMERGENCE OF FUNCTION IN DEVELOPING CORTICAL CIRCUITS - ILEANA HANGANU-
OPATZ, NATALIA DE MARCO GARCIA, CARLOS PORTERA-CAILLIAU, OSCAR MARIN

lleana Hanganu-Opatz
University Medical Center Hamburg-Eppendorf, Institute Of Developmental Neurophysiology, Hamburg, Germany

The transition from early stages in which neurons display highly synchronous activity patterns to a mature state in which
neural activity is sparse and decorrelated, is poorly understood. This transition has important functional consequences, as the
latter state allows for more efficient storage, retrieval and processing of information. Here, we show that in the developing
mouse prefrontal cortex (PFC), neural activity decorrelates across timescales spanning more than three orders of magnitude.
This developmental phenomenon is accompanied by a concomitant tilting of excitation/inhibition (E-I) ratio towards inhibition.
Using optogenetic manipulations and neural network modeling, we provide extensive evidence revealing how the two
processes are causally linked, and how, across the first two postnatal weeks, in the mouse PFC, a relative increase of
inhibition drives the decorrelation of neural activity. Accordingly, in two mouse model of neurodevelopmental disorders, subtle
alterations in E-I ratio are associated with specific impairments in the correlational structure of spike trains. Finally, we show
that an analogous transition takes place also in the developing human brain. We conclude that changes in E-I ratio control
the sparseness of neural activity, and that developmental imbalances in this process might be relevant for understanding the
pathogenesis of neurodevelopmental disorders.
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GABAERGIC INPUTS AND THE FUNCTIONAL INTEGRATION OF PYRAMIDAL NEURON SUBTYPES IN THE
SOMATOSENSORY CORTEX

SYMPOSIUM 09 - THE EMERGENCE OF FUNCTION IN DEVELOPING CORTICAL CIRCUITS - ILEANA HANGANU-
OPATZ, NATALIA DE MARCO GARCIA, CARLOS PORTERA-CAILLIAU, OSCAR MARIN

Natalia De Marco Garcia
Weill Cornell Medical College, Brain And Mind Research Institute, New York, United States of America

Dysfunction of gamma-aminobutyric acid (GABA)-mediated inhibitory circuits isstrongly associated with neurodevelopmental
disorders. However, it is unclear how genetic predispositions impact circuit assembly. Using in vivo two-photon and widefield
calcium imaging in developing mice, we study how early GABAergic dysfunction impacts neuronal development and circuit
assembly. Using longitudinal in vivo two-photon and widefield calcium imaging in developing mice, we show that altered
interneuron function and GABAAa receptor signaling lead to a long-lasting increase in correlated activity in the somatosensory
cortex. This aberrant network pattern impacts interneuron survival and neuronal development including the assembly of long-
range circuits.



% FENS Foun 202

PRESENTATION NUMBER: S034
DEVELOPMENTAL HYPOFUNCTION OF CORTICAL PARVALBUMIN INTERNEURONS IN FRAGILE X SYNDROME

SYMPOSIUM 09 - THE EMERGENCE OF FUNCTION IN DEVELOPING CORTICAL CIRCUITS - ILEANA HANGANU-
OPATZ, NATALIA DE MARCO GARCIA, CARLOS PORTERA-CAILLIAU, OSCAR MARIN

Carlos Portera-Cailliau
David Geffen School of Medicine at UCLA, Department Of Neurology, Los Angeles, United States of America

Cortical circuit dysfunction is a primary pathophysiology in neurodevelopmental disorders (NDDs). Considering how
symptoms in NDDs/autism become apparent in toddlers, circuit changes must emerge very early in cortical development.
Over the last decade, developmental differences in cortical synaptic dynamics, neuronal adaptation, and network synchrony
have been reported in the Fmrl knockout (KO) mouse model of Fragile X Syndrome (FXS), a prototypical NDD. In addition,
the density, maturity and activity of parvalbumin cortical interneurons (PV INs) are all reduced in Fmrl KO mice and in other
autism mouse models. Here, we will present our latest research on PV cells and their precursors from the medial ganglionic
eminence (MGE) and how their dysfunction in Fmrl KO mice within feedforward circuits in the primary somatosensory cortex
(S1) contributes to atypical sensory processing. We find that the density of PV INs in S1 is reduced in both juvenile and
adult Fmrl KO mice, as well as in post-mortem tissue from human FXS cases. Furthermore, the density and the firing of
Nkx2.1-expressing precursors of PV INs are both reduced in Fmrl KO mice by postnatal day (P) 6. Remarkably, increasing
their activity from P5 to P9 using excitatory DREADDSs significantly increases the density of PV cells at P15. Moreover,
increasing the activity of PV cells in Fmrl KO mice with a novel allosteric modulator of Kv3.1 channels (responsible for fast-
spiking characteristics of PV INs) improves deficits in the tuning and the adaptation of excitatory neurons in S1 to repetitive
whisker stimulation.
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MOLECULAR MECHANISMS REGULATING THE MATURATION OF CORTICAL GABAERGIC INTERNEURONS

SYMPOSIUM 09 - THE EMERGENCE OF FUNCTION IN DEVELOPING CORTICAL CIRCUITS - ILEANA HANGANU-
OPATZ, NATALIA DE MARCO GARCIA, CARLOS PORTERA-CAILLIAU, OSCAR MARIN

Oscar Marin
King's College London, Centre For Developmental Neurobiology And Mrc Centre For Neurodevelopmental Disorders,
London, United Kingdom

GABAergic interneurons play crucial roles in the regulation of neural circuit activity in the cerebral cortex. A hallmark of
cortical interneurons is their remarkable structural and functional diversity, yet the molecular determinants and the precise
timing underlying their diversification remain largely unknown. The search for mechanisms controlling the diversity of
GABAergic interneurons has primarily focused on the analysis of transcriptional programs driving the initial specification of
different types of interneurons. However, relatively little is known about the mechanisms regulating their terminal
differentiation. In this talk, | will describe molecular mechanisms regulating the maturation and plasticity of PV+ interneurons,
which allow their functional integration into neuronal assemblies in the neocortex.
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REGULATION OF ADULT NEURAL STEM CELL CYCLING HETEROGENEITY

SYMPOSIUM 10 - NEURAL STEM CELLS IN THE ADULT VERTEBRATE BRAIN - ISABEL FARIAAS, LUCA BONFANTI,
LAURE BALLY-CUIF, DIEGO GARCiIA-GONZALEZ

Isabel Farifias
University of Valencia, Instituto De Biotecnologia Y Biomedicina, Burjassot, Spain

Most mammalian tissues harbor long-lived stem cells (SCs), which balance their self-renewing proliferation with the
production of differentiated progeny to compensate for physiological cell loss. Subsets of SCs can spend long periods in
guiescence, but the molecular regulation of this state as well as the reversible transitions between dormancy and activation
have started to be understood only recently. Furthermore, subsets of non-cycling SCs in a particular tissue can be found at
varying depths of quiescence. While all these cells share a transcriptional program of quiescence, some of them are more
prone to engage proliferation upon mitogen stimulation. This state of shallow quiescence has been described in muscle SCs,
hematopoietic SCs, and neural SCs (NSCs). Recent refinements of the procedures to isolate NSCs from the adult mouse
subependymal zone (SEZ) by fluorescence-activated cell sorting together with deep sequencing and cycling analysis now
allows to recognize NSCs in three states: quiescent (q), quiescent-primed (p), and activated (a). Molecularly defined primed-
like and activated-like NSCs dividing at different rates can detected in neurospheres growing under mitogenic stimulation
suggesting intrinsic properties. The existence and interchangeability of these states suggest finely tuned mechanisms of
cycling regulation, the molecular details of which, however, remain unknown. The combination of the molecular knowledge
about these states with ways to label quiescent NSCs since mid-gestation by in utero electroporation is helping unravel
physical interactions between quiescent NSCs and their niche with impact on cell transitions.
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BEYOND STEM CELL-DRIVEN ADULT NEUROGENESIS: THE COMPLEX ISSUE OF “IMMATURE” NEURONS

SYMPOSIUM 10 - NEURAL STEM CELLS IN THE ADULT VERTEBRATE BRAIN - ISABEL FARIAAS, LUCA BONFANTI,
LAURE BALLY-CUIF, DIEGO GARCiIA-GONZALEZ

Luca Bonfanti
University of California San Francisco (UCSF), School Of Medicine, San Francisco, United States of America

Research in adult neurogenesis has revealed some general trends: a progressive reduction across the animal lifespan (due
to stem cell depletion); remarkable interspecies differences (with reduction from non-mammalian vertebrates to mammals,
and from mouse to gyrencephalic species).

In mammals, “canonical” neurogenic processes (stem cell-driven neurogenesis) are restricted to small stem cell niches
persisting from embryonic germinal layers. The genesis of new neurons has also been reported in parenchymal brain regions,
their outcome being mostly “incomplete”. Whichever the process involved, several populations of “young” neurons can be
found at various locations of the brain.

Across the last few years, further complexity emerged: i) molecules of immaturity can also be expressed by pre-natally
generated cells, then maintaining immature features later on (“immature” or “dormant” neurons); ii) interspecies differences
exist concerning the types, location, amount of undifferentiated neurons; iii) re-expression of immaturity can occur in aging
(dematuration). These twists are introducing a somewhat different definition of neurogenesis than normally assumed, in which
our knowledge of the “immature” neurons is less sharp. Moreover, a mix of newlyborn and non-newly generated immature
cells expressing common markers of immaturity can exist (maybe coexist).

In this emerging complexity, there is a need for complete mapping of the different “types” of young neurons, considering their
role in postnatal development, plasticity, functioning, and interspecies differences. Important aspects are at stake: the
possible role(s) that these neuronal populations may play in maintaining brain efficiency and in prevention/repair of
neurological disorders; nonetheless, the correct translation of results obtained from laboratory rodents.
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SINGLE-CELL AND POPULATIONAL CONTROL OF ADULT NEURAL STEM CELL MAINTENANCE

SYMPOSIUM 10 - NEURAL STEM CELLS IN THE ADULT VERTEBRATE BRAIN - ISABEL FARIAAS, LUCA BONFANTI,
LAURE BALLY-CUIF, DIEGO GARCiIA-GONZALEZ

Laure Bally-Cuif
Institut Pasteur, Developmental And Stem Cell Biology, Paris, France

We aim to understand how single cell and population events interplay to ensure the maintenance of neural stem cell (NSC)
pools in the adult brain. We focus on the dorsal telencephalon (pallium), which hosts NSCs in all adult vertebrates. In the
zebrafish, pallial NSCs are a monolayer of tightly juxtaposed radial glia. These cells are mostly quiescent but can transiently
activate (ie. enter the cell cycle) to divide and generate other NSCs and/or neurons. The NSC decision to activate, and the
fate choices it makes at division, are two key events conditioning NSC maintenance. These events are controlled at both the
single-cell and the population levels, and we are taking quantitative and dynamic approaches to understand these processes
in time and space. For this, we developed an intra-vital imaging method to record, over weeks and with single cell resolution,
the behavior of all NSCs in their niche. With this, we generated a 4D map of NSC activation and division events. Using spatial
statistics and mathematical modeling in an NSC lattice, we showed that NSC activation events are spatiotemporally
correlated by local and temporally delayed interactions that occur between brain germinal cells and generate self-propagating
dynamics. We also observed that NSC apical size is highly predictive of NSC fate decisions at division, and are analyzing the
mechanisms involved and their cell- and non-cell-autonomous impact. Together, this work will highlight how NSCs across the
germinal sheet coordinate their state and fate decisions for the harmonious and long-lasting maintenance of the NSC pool.
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MECHANISMS REGULATING INTERNEURON IDENTITY IN THE POSTNATAL BRAIN

SYMPOSIUM 10 - NEURAL STEM CELLS IN THE ADULT VERTEBRATE BRAIN - ISABEL FARIAAS, LUCA BONFANTI,
LAURE BALLY-CUIF, DIEGO GARCiIA-GONZALEZ

Diego Garcia-Gonzélez, Andrea Asenjo-Martinez, Viktor Pethukov, Ulrich Pfisterer, Konstantin Khodosevich
University of Copenhagen, Biotech Research And Innovation Centre, Copenhagen, Denmark

An ample range of interneuron subtypes are generated during brain development. In the mammalian brain, specification of
interneuron identity is thus a highly controlled process that emerges in the ventricular-subventricular zone (V-SVZ) around the
lateral ventricles. There, a population of heterogeneous neural stem cells (NSCs) give rise to intermediate progenitor cells
(IPC), which in turn, produce neuroblasts that migrate along the rostral migratory stream (RMS) to the olfactory bulb (OB).
Once within the OB, neuroblasts integrate into specific layers where they become distinct subtypes of mature interneurons,
which are involved in the processing of olfactory information. The V-SVZ-OB system is thus an excellent model to study
interneuron identity specification during brain development. Here we present a comprehensive analysis of V-SVZ-OB
interneuron lineages in postnatal mouse brain development with the help of single-cell transcriptomics. We provide further
evidence for the existence of different subsets of NSCs, depending on their spatial localisation within the V-SVZ, and we
show a deep characterisation of mature OB interneuron supopulations. In addition, we employ virus-mediated gene
expression modification to provide functional evidence of how the specific expression of transcription factors modulates the
number of OB interneurons.



QFENS (o 202

PRESENTATION NUMBER: S040
CO-TRANSMISSON OF ACH AND GABA THROUGH DEVELOPMENT

SYMPOSIUM 11- REVISITING DALE’S PRINCIPLE- NEUROTRANSMITTER PLASTICITY AND CO- TRANSMISSION IN
HEALTH AND DISEASE - ADAM GRANGER, JING REN, THOMAS STEINKELLNER, SWETHA GODAVARTHI

Adam Granger
Harvard Medical School, Stanley Center At The Broad Institute, Boston, United States of America

The cholinergic system plays a crucial role in a variety of cognitive processes, including maintaining attention, learning and
memory, and sensory processing. However, our understanding of how cholinergic neurons influence cortical activity is
incomplete. Specifically, we have recently learned that many cholinergic neurons of the basal forebrain, medial septum, and
cortex can also release the neurotransmitter GABA. Because acetylcholine is typically excitatory and GABA is inhibitory, co-
transmission of both of these molecules appears contradictory. In addition, we found that that while an integrated genetic
measure of GABA release indicates that nearly all cholinergic neurons are able to release GABA, in situ labeling of
GABAergic markers at a single adult time point finds GABA release machinery in only a subset of neurons. To explain this
discrepancy, we characterized GABAergic marker expression in cholinergic neurons throughout development, and found that
at each stage, a subset of cholinergic neurons are capable of GABA release. These results suggest a model of pulsatile
GABA release from cholinergic neurons, whereby different subset of cholinergic neurons are able to release GABA at
different time points.
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CO-TRANSMISSION IN THE MID-BRAIN CHOLINERGIC AND SEROTONERGIC SYSTEMS

SYMPOSIUM 11- REVISITING DALE’S PRINCIPLE- NEUROTRANSMITTER PLASTICITY AND CO- TRANSMISSION IN
HEALTH AND DISEASE - ADAM GRANGER, JING REN, THOMAS STEINKELLNER, SWETHA GODAVARTHI

Jing Ren
The Medical Research Council Laboratory of Molecular Biology (MRC LMB), Neurobiology Division, Cambridge, United

Kingdom

Cotransmission was proposed in 1976 and found in the peripheral nervous system. More recently it is recognized that, in the
mammalian central nervous system (CNS), neurons not only contain multiple transmitter substances like neuropeptides, co-
released with small-molecule transmitters; but also can co-release two or more small molecule transmitters. The midbrain
contains multiple neuromodulatory systems, and almost all of them possess complex contransmission organization. The
habenulo-interpeduncular projection is a major cholinergic pathway in the brain. In 2011, we found that the habenula
cholinergic neurons co-release glutamate and acetylcholine. In addition, glutamatergic responses are fast and likely mediated
by synaptic ionotropic glutamate receptors, whereas slow cholinergic effects are triggered only by tetanic stimuli and likely
produced by the volume transmission of acetylcholine. These results suggest dual modes of signal transmission by
cholinergic neurons in the brain. In 2017, we found that the terminals of projection from dorsal raphe (DR) to orbital frontal
cortex (OFC) co-release serotonin and glutamate to modulate OFC network activity. Our data further suggested that these
neurons are mainly located at the ventral DR, expressing Vglut3. In 2019, we profiled the transcriptomic properties of the
serotonin neurons in the midbrain, revealing the extremely complex organization of multiple transmitter substances in the
serotonin system. Recently, we also generated the transcriptomic profile of the DR dopamine system to reveal its
cotransmission properties. These data confirmed that cotransmission is a core signalling mechanism in the CNS, operating in
remarkable diversity.
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DOPAMINE NEURONS EXHIBIT EMERGENT GLUTAMATERGIC IDENTITY IN PARKINSON’S DISEASE

SYMPOSIUM 11- REVISITING DALE’S PRINCIPLE- NEUROTRANSMITTER PLASTICITY AND CO- TRANSMISSION IN
HEALTH AND DISEASE - ADAM GRANGER, JING REN, THOMAS STEINKELLNER, SWETHA GODAVARTHI

Thomas Steinkellner
Medical University of Vienna, Institute Of Pharmacology, Center For Physiology And Pharmacology, Vienna, Austria

Loss of midbrain dopamine neurons causes the cardinal symptoms of Parkinson’s disease. However, not all dopamine
neurons are equally vulnerable and a better understanding of the cell-type specific properties relating to selective dopamine
neuron degeneration is needed. Most midbrain dopamine neurons express the vesicular glutamate transporter VGLUT2
during development and a subset continue to express low levels of VGLUT2 in adulthood, enabling the co-release of
glutamate. Moreover, VGLUT2 expression in dopamine neurons can be neuroprotective since its genetic disruption was
shown to sensitize dopamine neurons to neurotoxins. Here, we show that in response to toxic insult, and in two distinct
models of alpha-synuclein stress, VGLUT2 dopamine neurons were resilient to degeneration. Dopamine neurons expressing
VGLUT2 were enriched whether or not insult induced dopamine neuron loss, suggesting that while VGLUT2 dopamine
neurons are more resilient, VGLUT2 expression can also be transcriptionally upregulated by injury. Finally, we observed that
VGLUT2 expression was enhanced in surviving DA neurons from postmortem Parkinson’s disease subjects. These data
indicate that emergence of a glutamatergic identity in dopamine neurons may be part of a neuroprotective response in
Parkinson’s disease.
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POSTSYNAPTIC RECEPTORS REGULATE PRESYNAPTIC NEUROTRANSMITTER EXPRESSION

SYMPOSIUM 11- REVISITING DALE’S PRINCIPLE- NEUROTRANSMITTER PLASTICITY AND CO- TRANSMISSION IN
HEALTH AND DISEASE - ADAM GRANGER, JING REN, THOMAS STEINKELLNER, SWETHA GODAVARTHI

Swetha Godavarthi'?, Masaki Hiromoto?, Jennifer Borchardt*, Cynthia Czajkowski*, Hollis Cline?, Nicholas Spitzer!2
IUniversity of California San Diego, Neurobiology, SAN DIEGO, United States of America, University of California San
Diego, Kavli Institute For Brain & Mind, La Jolla, United States of America, The Scripps Research Institute, Dorris
Neuroscience Center, San Diego, United States of America, “University of Wisconsin Madison, Neuroscience, Madison,
United States of America

Robust communication systems include an acknowledgement signal from the receiver to the sender indicating that the
sender’s message has been received. We have tested this organization at the synapse, with loss-of-function (LOF) and gain-
of-function experiments (GOF). Using the Xenopus neuromuscular junction (NMJ), we find that LOF with focal blockade of
endogenous acetylcholine receptors by pancuronium results in loss of ChAT in presynaptic motor neurons (MNs). Ectopic
expression of GABA receptors (GABAaRay) in myocytes in a GOF during development leads to expression of GABA in
presynaptic cholinergic MNs. GABA expression is seen in innervating axon terminals and in cell bodies in the spinal cord. Co-
expression of the MN markers Hb9, ChAT and Lim3 confirms their primary MN identity. Consistent with the appearance of
GADG67 and VGAT in these MNs, GABAergic miniature endplate potentials at the NMJs are recorded from the myocytes.
Misexpression of a single GABAaRa subunit, resulting in a non-functional GABAR that is not trafficked to the postsynaptic
membrane, does not produce these changes. Expressing the GABA-insensitive mutant GABAARaBe179qy reveals that
GABAAR channel activity is not necessary for presynaptic expression of GABA. Because these MNs normally express GABA
transiently at earlier stages of development, exogenous GABAaRafy likely prevents the loss of GABA expression. Our GOF
results suggest that ectopically expressed postsynaptic receptors promote presynaptic neurotransmitter stability. Our LOF
results suggest that blockade of endogenous receptors destabilizes presynaptic neurotransmitter expression. Receptor-
mediated retrograde signaling at the synapse may be an acknowledgment signal for maintaining transmitter expression.
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PATTERN DETECTION IN SUBCORTICAL AND CORTICAL AUDITORY STRUCTURES

SYMPOSIUM 12 - STATISTICAL LEARNING AND PATTERN RECOGNITION FOR NATURAL BEHAVIOUR IN MICE -
LIVIA DE HOZ, ROBERT FROEMKE, JEFFREY GAVORNIK, CATHERINE PERRODIN

Livia De Hoz
Charité-Universitatsmedizin Berlin, Neuroscience Research Center, Berlin, Germany

Detecting the spatiotemporal structure that threads external stimuli together is an essential function of the brain. It facilitates
subsequent distinction between background and foreground, familiar and novel, or salient and neutral information. This is
particularly true for the auditory soundscape, which our brain detects continuously and pre-attentively. The detection and
learning of a soundscape’s structure begins already in sensory subcortical stations. This processing both feeds and is
modulated by cortical structures, through feedforward and feedback projections respectively. Using a combination of
behaviour and electrophysiology, we study the emergence of activity patterns that code both neutral and behavioural relevant
soundscape patterns across auditory subcortical and cortical processing stations, as well as across mental states.
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LEARNING SOUND STATISTICS FOR MATERNAL CARE VIA THE CENTRAL OXYTOCIN SYSTEM

SYMPOSIUM 12 - STATISTICAL LEARNING AND PATTERN RECOGNITION FOR NATURAL BEHAVIOUR IN MICE -
LIVIA DE HOZ, ROBERT FROEMKE, JEFFREY GAVORNIK, CATHERINE PERRODIN

Robert Froemke
NYU Grossman School of Medicine, Skirball/Neuroscience Institutes, Departments Of Otolaryngology/neuroscience And
Physiology, New York, United States of America

Oxytocin is important for social interactions and maternal behavior. However, little is known about when, where, and how
oxytocin modulates neural circuits to improve social cognition. Here | will discuss recent results and unpublished data from
our lab on how oxytocin enables maternal behavior in new mother mice. | will focus on experience-dependent plasticity in
auditory cortex related to recognizing the significance and statistical structure of pup distress calls, which are important for
mother mice retrieving lost pups back to the nest. Surprisingly, this behavior, neural responses, and oxytocin receptor
expression were lateralized to the left side of the auditory cortex, perhaps similar to the lateralization of language abilities in
humans. | will also describe a new system we have built to combine neural recordings from the auditory cortex and oxytocin
neurons of the hypothalamus in vivo, synchronized with days-to-weeks long continuous video monitoring of homecage
behavior to identify when oxytocin release and cortical plasticity might occur during natural social and maternal experience.
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LEARNING TO ANTICIPATE TEMPORAL RELATIONSHIPS IN VISUAL INFORMATION

SYMPOSIUM 12 - STATISTICAL LEARNING AND PATTERN RECOGNITION FOR NATURAL BEHAVIOUR IN MICE -
LIVIA DE HOZ, ROBERT FROEMKE, JEFFREY GAVORNIK, CATHERINE PERRODIN

Jeffrey Gavornik
Boston University, Department Of Biology, Boston, United States of America

The last decade has produced unequivocal evidence that the primary visual cortex (V1) is not simply a simple feature
detector. There are cells in V1 that detect edges and other simple features of visual space, but V1 dynamics are also affected
by non-visual information associated with movement, auditory activity, hippocampal place fields, and cholinergic projections
from the forebrain. Visual experience can also drive local plasticity that allows V1 to represent time, spatial patterns, and to
predict expected inputs. In addition to raising interesting questions about V1’s precise function in the visual hierarchy, these
findings also make clear that V1 is a model system that can be used to study more general aspects of cortical computation
and inter-area integration. In this talk, I will focus on what V1 reveals about how cortical circuits learn to encode ordinal and
temporal relationships, and how neural circuits use this coding to anticipate expected events. | will focus particularly on the
role of muscarinic acetylcholine receptors in selecting plasticity to represent either spatial or temporal information and also
how V1 circuits are modified to make predictions at various timescales.
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BEHAVIOURAL RELEVANCE OF VOCAL TEMPORAL REGULARITY FOR MOUSE COURTSHIP

SYMPOSIUM 12 - STATISTICAL LEARNING AND PATTERN RECOGNITION FOR NATURAL BEHAVIOUR IN MICE -
LIVIA DE HOZ, ROBERT FROEMKE, JEFFREY GAVORNIK, CATHERINE PERRODIN

Catherine Perrodin
University College London, Ear Institute, London, United Kingdom

Animals navigating the real world continuously face large amounts of complex sensory information. One of the strategies
used by the brain to perceptually compress multidimensional input is to selectively extract the features relevant for behaviour.
Like many other animals, mice communicate using acoustically complex vocal sequences. However, little is known about
what acoustic information in these sensory streams listeners monitor to guide their social interactions. Here, we utilized
C57BI/6 female mice’s natural behavioural response to ultrasonic songs emitted by conspecific males to identify socially-
relevant acoustic dimensions in mouse communication. Using competing playbacks of intact and artificial version of male
songs, we quantified whether and how different acoustic manipulations affected the females' place preference. This allowed
us to evaluate the behavioural relevance of several candidate acoustic features for mouse communication. In this
ethologically-relevant laboratory assay, we found that females listeners were highly sensitive to disruptions of song temporal
regularity and preferentially approached playbacks of intact male songs over rhythmically irregular versions of the songs. In
contrast, female behaviour was invariant to manipulations affecting the global song structure, such as randomization of
syllable order and song temporal reversal. Similarly, female approach behaviour was robust to the removal of syllable
spectro-temporal dynamics such as phase-scrambling or pure tone approximation. The results highlight temporal structure as
a key acoustic cue monitored by female listeners during vocal-driven mate selection, and suggest vocal regularity as a
potential acoustic signature of singer fithess. This behavioural work informs ongoing electrophysiological investigations into
the neuronal substrates supporting the perception of vocal sequences for mate choice.
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TIME AND NEURAL POPULATION ACTIVITY IN ENTORHINAL CORTEX

SYMPOSIUM 13 - EPISODIC TIME - EDVARD MOSER, CHRISTIAN DOELLER, CORNELIA MCCORMICK, VIRGINIE
VAN WASSENHOVE

Edvard Moser
NTNU, Kavli Institute For Systems Neuroscience And Centre For Neural Computation, Trondheim, Norway

The representation of time is a critical component of episodic memories encoded in the hippocampal formation. We showed
four years ago in tetrode recordings in freely foraging rats that temporal information is robustly and specifically encoded in the
overall neural population activity of lateral entorhinal cortex (LEC), across time scales from seconds to hours. We have now
used Neuropixels recordings from hundreds to more than a thousand simultaneously recorded cells, along with
dimensionality reduction approaches, to describe the evolution of neural activity in LEC during performance in tasks with
different event structures. In LEC there was a strong tonic drift in population activity during individual behavioral trials,
independently of whether the animals were pretrained. Only minimal change was observed in parallel recordings from MEC,
CA1 or V1. Discrete events were associated with phasic jumps in the state space, possibly proportional to the novelty of the
event, supporting the notion that the representation of episodic time in the LEC is discretized, with progression through state
space scaled to the density and salience of events. We hypothesize that these event-driven dynamics of population activity in
LEC is stored in hippocampal memory and may be used both during ongoing task performance to estimate how much time
has passed and subsequently in order to estimate retrospectively the duration of the entire experience. The correlation with
event structure suggests that estimates of duration must be non-linear, not merely reflecting the difference in population state
between beginning and end of a block of experience.
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STRUCTURING TIME IN THE HIPPOCAMPAL-ENTORHINAL SYSTEM

SYMPOSIUM 13 - EPISODIC TIME - EDVARD MOSER, CHRISTIAN DOELLER, CORNELIA MCCORMICK, VIRGINIE
VAN WASSENHOVE

Christian Doeller
Max Planck Institute for Human Cognitive and Brain Sciences, Department Of Psychology, Leipzig, Germany

The hippocampal-entorhinal system supports the representation of task regularities. A critical function may be the encoding
of temporal context, i.e., forming integrated relational representations of co-occurring events and stimuli. In my talk, | will
present data from two fMRI studies. In one study, participants mnemonically constructed times of events from multiple
sequences (see Bellmund et al, bioRxiv 2022). Here, temporal relations were generalized across sequences, revealing
distinct representational formats in the hippocampus for events from the same or different sequences. Furthermore, structural
knowledge about time patterns across different sequences biased the construction of specific event times. In another study
(cf. Polti, Nau et al, bioRxiv 2021), we used a time-to-contact estimation task to test whether temporal context modulates grid-
like coding in the entorhinal cortex. In addition, we characterized in detail the relationship between trial-wise entorhinal fMRI
activity and participants' task performance. Critically, we found that entorhinal activity reflected biases in timing behaviour,
and that the strength of grid-like signals depended on the timing errors, consistent with temporal-context encoding. In sum,
our findings demonstrate that the human hippocampal-entorhinal system contributes to adapting internal timing mechanisms
to the temporal statistics of the environment and supports the generalization of temporal relations across experiences.
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THE NEURAL CONSTRUCTION OF IMAGERY-RICH MENTAL EVENTS

SYMPOSIUM 13 - EPISODIC TIME - EDVARD MOSER, CHRISTIAN DOELLER, CORNELIA MCCORMICK, VIRGINIE
VAN WASSENHOVE

Cornelia Mccormick
University Medical School Bonn, Department Of Neurodegenerative Diseases And Geriatric Psychiatry, Bonn, Germany

Most people can voluntarily play out vivid, detail-rich mental events from their past, envision various scenarios set in the
future or imagine never-experienced events in a fictitious setting. These imagery-rich events seem ubiquitous in our mental
life, underlying autobiographical memory retrieval and episodic future thinking, and spatial navigation. However, there is still a
dearth of evidence, whether people actively use imagery-based strategies in these cognitive tasks and which neural
substrates support their initiation and elaboration. In this talk, | will synthesize evidence that imagery-rich mental events may
be the modus operandi of our minds. Moreover, | suggest that these mental movies are constructed by a functional neural
hierarchy spanning from the ventromedial prefrontal cortex (vmPFC), anterior and posterior segments of the hippocampus to
the posterior neocortex. The vmPFC represents the apex of this hierarchy, initiating and coordinating extended, movie-like
events that are supported by hippocampal-dependent snapshot-scenes and enriched by short-lasting visual-perceptual
details of the posterior neocortex. The implications of this neural model of event construction urge to rethink traditional medial
temporal lobe memory systems, and open goal-directed questions of why we rely on this system.
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BUILDING MENTAL CHRONOLOGIES IN THE HUMAN BRAIN

SYMPOSIUM 13 - EPISODIC TIME - EDVARD MOSER, CHRISTIAN DOELLER, CORNELIA MCCORMICK, VIRGINIE
VAN WASSENHOVE

Virginie Van Wassenhove
CEA DRF-Joliot, INSERM, CNRS, Université Paris-Saclay, Neurospin, Cognitive Neuroimaging Unit, Gif sur Yvette, France

“The representation of a sequence is not a sequence of representations” (Friston & Buzsaki, 2016) captures the non-
isomorphism between the serial ordering of world events, neural sequences, and experienced chronologies (e.g. Lashley,
1951; Gallistel, 1990; Kinsbourne & Dennett, 1992). How then can we study mental timelines generated in the human brain?
In a series of behavioral, fMRI and MEG experiments (Gauthier et al., 2016a, 2016b, 2017, 2019, 2020), we explored “mental
time travel” by manipulating the context in which participants recalled and organized learned historical events. Participants
imagined themselves away from the here and now and subsequently reported as correctly and as fast as possible whether a
learned historical event (what) occurred before or after (when), or west or east (where) of their mental self-positioning.
Behavioral outcomes (reaction times and error rates) were comparable in the temporal and spatial dimensions of the task:
participants took longer and made more errors when they were self-projected, and when events were closer to the location of
their imagined self. fMRI findings showed that despite behavioral similarities, brain regions mediating self-projection, distance,
and ordinality in time and space were partially distinct. Crucially, classifying MEG activity as a function of the imagined
location of the self, revealed neural indices of both absolute and signed symbolic distances: how far in past/future or
west/east a memory was to the mental self also engaged hippocampal activity. Our results suggest that, temporal cognitive
maps, like spatial ones, are flexibly and endogenously generated using allocentric and egocentric coordinate systems.
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MECHANISMS OF CEREBRAL SMALL VESSEL DYSFUNCTION IN VASCULAR COGNITIVE IMPAIRMENT AND
DEMENTIA

SYMPOSIUM 14 - VASCULAR HYPOTHESES FOR UNDERSTANDING AND RESTORING MEMORY IMPAIRMENTS -
JOANNA WARDLAW, CECILE DUPLA&, FABRICE DABERTRAND, AXEL MONTAGNE

Joanna Wardlaw
University of Edinburgh and NHS Lothian, Neuroimaging Sciences, Centre For Clinical Brain Sciences And Uk Dementia
Research Institute, Edinburgh, United Kingdom

This talk will provide an overview of the evidence from clinical research linking cerebral small vessel disease with cognitive
decline and dementia. It will also briefly present information on small vessel disease and vascular dysfunctions, considering
not just cerebral blood flow, but cerebral vasoreactivity, pulsatility and vascular stiffness, and briefly blood-brain barrier
dysfunction in clinical studies. It will consider whether any of these vascular dysfunctions influence longitudinal lesion change
or cognition, and finally also discuss small vessel lesion regression, the potential influences and whether lesion regression
might delay or even reverse cognitive decline.
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TARGETING PDZRN3 MAINTAINS ADULT BLOOD-BRAIN BARRIER AND CENTRAL NERVOUS SYSTEM
HOMEOSTASIS

SYMPOSIUM 14 - VASCULAR HYPOTHESES FOR UNDERSTANDING AND RESTORING MEMORY IMPAIRMENTS -
JOANNA WARDLAW, CECILE DUPLA&, FABRICE DABERTRAND, AXEL MONTAGNE

Florian Gueniot?!, Sebastien Rubin?, Pauline Bougaran?, Alice Abelanet!, Carole Proust!, Jean-Luc Morel?, Bruno
Bontempi?, Thierry Couffinhal', Cecile Duplaa'

IINSERM, U1034 - Biology Of Cardiovascular Diseases, Pessac, France, 2CNRS Institut des maladies neurodegneratives,
Umr 5293, Bordeaux cedex, France

Blood brain barrier (BBB) disruption is a critical component of the pathophysiology of cognitive impairment of vascular
etiology (VCI) and associated with Alzheimer’s disease (AD). The Wnt pathway plays a crucial role in BBB maintenance, but
there is limited data on its role in cognitive pathologies. The E3 ubiquitin ligase PDZRN3 is a regulator of the Wnt pathway. In
a murine model of VCI, overexpressing Pdzrn3 in endothelial cell (EC) exacerbated BBB hyperpermeability and accelerated
cognitive decline. We extended these observations, in both VCI and AD models, showing that EC-specific depletion
of Pdzrn3, reinforced the BBB, with a decrease in vascular permeability and a subsequent spare in cognitive decline. We
found that in cerebral vessels, Pdzrn3 depletion protects against AD-induced Wnt target gene alterations and enhances
endothelial tight junctional proteins. Our results provide evidence that Wnt signaling could be a molecular link regulating BBB
integrity and cognitive decline under VCI and AD pathologies.
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RESCUE OF CEREBRAL BLOOD FLOW DEFICITS IN SMALL VESSEL DISEASE, THE CRUCIAL ROLE OF PIP2

SYMPOSIUM 14 - VASCULAR HYPOTHESES FOR UNDERSTANDING AND RESTORING MEMORY IMPAIRMENTS -
JOANNA WARDLAW, CECILE DUPLA&, FABRICE DABERTRAND, AXEL MONTAGNE

Fabrice Dabertrand
University of Colorado | Anschutz Medical Campus, Anesthesiology, Aurora, United States of America

Cerebral small vessel diseases (SVDs) are a central link between stroke and dementia—two co-morbidities without specific
treatments. Despite the emerging consensus that SVDs are initiated in the endothelium, the early mechanisms remain largely
unknown. Deficits in on-demand delivery of blood to active brain regions (functional hyperemia) are early manifestations of
the underlying pathogenesis. The capillary endothelial cell strong inward-rectifier K* channel Kir2.1, which senses neuronal
activity and initiates a propagating electrical signal that dilates upstream arterioles, is a cornerstone of functional hyperemia.
Using a genetic SVD mouse model, we show that impaired functional hyperemia is caused by diminished Kir2.1 channel
activity. We link Kir2.1 deactivation to depletion of phosphatidylinositol 4,5-bisphosphate (PIP2), a membrane phospholipid
essential for Kir2.1 activity. Systemic injection of soluble PIP2 rapidly restored functional hyperemia in SVD mice, suggesting
a possible strategy for rescuing functional hyperemia in brain disorders in which blood flow is disturbed.
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DYSFUNCTION OF THE BLOOD-BRAIN BARRIER IN DEMENTIA

SYMPOSIUM 14 - VASCULAR HYPOTHESES FOR UNDERSTANDING AND RESTORING MEMORY IMPAIRMENTS -
JOANNA WARDLAW, CECILE DUPLA&, FABRICE DABERTRAND, AXEL MONTAGNE

Axel Montagne
University of Edinburgh, Uk Dementia Research Institute, Centre For Clinical Brain Sciences, Edinburgh, United Kingdom

Our brain is an energy-hungry organ surrounded by a rich network of blood vessels supplying the oxygen and nutrients
required to function. It is essential that the microenvironment in the brain is finely controlled, and this is achieved through the
specialist blood-brain barrier (BBB) structure. However, dysfunction of the BBB is recognised as one of the earliest events in
the progression of brain disorders that cause dementia. We have previously discovered that one type of cell within the BBB,
the pericyte, is particularly affected during disease and we aim to fully understand the consequences to the BBB and brain
health as a whole. Using a combination of advanced molecular and imaging techniques including MRI, we seek to uncover
the disease mechanisms at play and identify therapeutic targets for intervention.
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FAST CLOSED LOOP OPTICAL BRAIN COMPUTER INTERFACES TO STUDY NEURAL PLASTICITY

SYMPOSIUM 15 - HYBRID AND MULTIFUNCTIONAL APPROACHES TO STUDY NEURALCIRCUITS - BERNARDO
SABATINI, DUYGU KUZUM, ILKA DIESTER, FILIPPO PISANO

Bernardo Sabatini, Richard Hakim
Howard Hughes Medical Institute - Harvard Medical School, Department Of Neurobiology, Boston, MA, United States of
America

In standard behavioral tasks, mice adapt their action selection in order to achieve positive outcomes, such as access to
water and food. Learning to perform these tasks requires adaptations in neural circuits that are driven by action-outcome
associations. Brain-machine interfaces (BMI), in which neural activity is read directly from the brain to control devices or set
environmental contingencies, allow direct testing of the possible mechanisms of neural plasticity that underly learning. Here
we teach mice to move the activity of their primary motor cortex in specific directions in neural state space in order to achieve
reward. We control the BMI by rapidly reading and analyzing activity of neurons expressing Ca-sensitive fluorophores with a
2-photon laser scanning microscope. Furthermore, we analyze movements associated with performing the task using a novel
method. We examine the ability of the animal to discover and move neural activity along complex trajectories in order to
achieve reward and the consequences of this plasticity on the activity of neurons that are not explicitly selected as part of the
reward-guided ensemble.



QFENS (o 202

PRESENTATION NUMBER: S057
TRANSPARENT NEURAL PROBE TECHNOLOGIES FOR MULTIMODAL, MULTI-REGION RECORDINGS

SYMPOSIUM 15 - HYBRID AND MULTIFUNCTIONAL APPROACHES TO STUDY NEURALCIRCUITS - BERNARDO
SABATINI, DUYGU KUZUM, ILKA DIESTER, FILIPPO PISANO

Duygu Kuzum
University of California San Diego, Department Of Electrical And Computer Engineering, La Jolla, CA, United States of

America

The complexity of neural activities has challenged both neuroscience research and clinical practice for decades.
Understanding neuronal dynamics and information processing performed by neural populations requires advanced
technologies with high-resolution sensing and stimulation capability. Conventional neural interfaces offering electrical, optical,
or chemical signals have greatly advanced our understanding of neural functions, however, most of these technologies are
based on a single functionality and limited to recording local activity in specific brain regions. Combining multiple
functionalities in a single system has recently been pursued as an integrative approach to achieve high resolution monitoring
of neural activity across multiple spatial and temporal scales. Graphene has recently emerged as a neural interface material
offering several outstanding properties, such as optical transparency, flexibility, high conductivity, and biocompatibility. In this
talk, I will present our recent work on graphene-based neural interfaces, highlight key applications, and demonstrate
examples of in vivo multimodal imaging and recording experiments utilizing optical transparency of the microelectrodes. | will
also present a Flexible, Insertable, and Transparent Microelectrode array technology (‘Neuro-FITM’) and discuss how this
technology can be applied to investigate coordination and interactions between the cortex and subcortical structures.
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NEURAL PROBES FOR OPTIMIZED IN VIVO OPTOGENETIC MANIPULATIONS AND ELECTROPHYSIOLOGICAL
MEASUREMENTS

SYMPOSIUM 15 - HYBRID AND MULTIFUNCTIONAL APPROACHES TO STUDY NEURALCIRCUITS - BERNARDO
SABATINI, DUYGU KUZUM, ILKA DIESTER, FILIPPO PISANO

lika Diester
University of Freiburg, Optophysiology - Optogenetics And Neurophysiology, Freiburg, Germany

Optogenetics involves delivery of light-sensitive opsins to the target brain region, combined with the introduction of optical
and electrical devices to manipulate and record neural activity. Combining these functionalities in a single implantable device
is of relevance for a precise investigation of neural networks while minimizing tissue damage. We report on the development,
characterization, and in vivo validation of a multifunctional optrode that combines a silicon-based neural probe with an
integrated microfluidic channel, and an optical glass fiber in a compact assembly. The size and position of fluidic channels,
electrodes, and optical fiber can be precisely tuned according to the in vivo application. With a total system weight of 0.97 g,
our multifunctional optrode is suitable for chronic in vivo experiments requiring simultaneous drug delivery, optical stimulation,
and neural recording. In comparison to conventional multi-step surgeries, our approach achieves higher spatial specificity
while minimizing tissue damage. In a second approach, we developed a technique for simultaneous multi-side, large-scale
recordings and optogenetic interventions. The approach is based on unprecedentedly thin Lambertian side-emitting optical
fibers combined with silicon probes to achieve high quality recordings and ultrafast multichannel optogenetic inhibition in
freely moving animals. Our new framework paves the way for large-scale photo tagging and controlled interrogation of rapid
neuronal communication in any combination of brain areas. Lastly, we established a setup for training the required surgical
techniques underlying opto- and electrophysiology. It can be adapted to serve in testing and optimizing newly developed tools
as the ones described above.
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CAPTURING OPTICAL, ELECTRICAL AND BIOCHEMICAL SIGNALS FROM DEEP BRAIN REGIONS WITH TAPERED
FIBERS

SYMPOSIUM 15 - HYBRID AND MULTIFUNCTIONAL APPROACHES TO STUDY NEURALCIRCUITS - BERNARDO
SABATINI, DUYGU KUZUM, ILKA DIESTER, FILIPPO PISANO

Filippo Pisano?!, Marco Pisanello?, Antonio Balena?, Barbara Spagnolo?, Marco Bianco?, Maria Andrianit, Muhammad
Kashifl4, Cinzia Montinaro'5, Di Zheng?, Liam Collard?, Elisa Scarpa?!, Mariam Masmudi-Martin®, Niall Mcalinden’, Nicole
Byrong, Teresa Jurado-Parras®, Jaeeon Lee??, Suk-Joon Lee??, Rui Peixoto!!, Mohammad Mohammadiaria?, Antonella
D'Orazio?, Francesco De Angelis’?, John Assad!?, Leonardo Sileo?, Shuzo Sakata®, Keith Mathieson?, Liset Menendez De La
Prida®, Manuel Valiente®, Marco Grande*, Bernardo Sabatini®, Massimo De Vittorio-®, Ferruccio Pisanello?

1istituto ltaliano di Tecnologia, Center For Biomolecular Nanotechnology, Arnesano (Lecce), Italy, 20ptogenix s.r.l, Research
And Development, Arnesano, ltaly, 3Sorbonne Université, Laboratoire Kastler Brossel, Paris, France, “Politecnico di Bari,
Dipartimento Di Ingegneria Elettrica E Dell'informazione, Bari, Italy, >Universita del Salento, Dipartimento Di Ingegneria
Dell'innovazione, Lecce, Italy, *CNIO, Brain Metastasis Group, Madrid, Spain, “University of Strathclyde, Supa, Institute Of
Photonics, Glasgow, United Kingdom, 8University of Strathclyde, Strathclyde Institute Of Pharmacy & Biomedical Sciences,
Glasgow, United Kingdom, °CSIC, Instituto Cajal, Madrid, Spain, °Harvard University, Howard Hughes Medical Institute,
Department Of Neurobiology, Boston, United States of America, *University of Pittsbirgh, Center For Neuroscience,
Pittsburgh, United States of America, ?Istituto Italiano di Tecnologia, Center For Convergent Technologies, Genova, Italy

Capturing the dynamics of brain activity in its multifaceted components is a longstanding challenge in neuro-technology. To
achieve this aim, we propose a new class of multifunctional implants based on Tapered optical fibers (TF). TF have recently
emerged as a versatile, minimally invasive tool for depth-resolved optogenetic stimulation and fiber photometry (Pisanello et
al., Neuron 2014; Pisanello et al., Nat. Neurosci.2017; Pisano et al., Nat. Methods, 2019). Here, we will present recent efforts
to extend this approach to electrical and biochemical monitoring in the deep brain. Taking advantage of the inherently light-
coupled tip, we used an unconventional two-photon lithography approach to develop a fibertrode that combines multiple
optical windows with artifact-free extracellular microelectrodes. As demonstrated in vivo, the fibertrode allows for
simultaneous optical control and electrical readout of custom-designed brain volumes. At the same time, we pushed on the
photonic properties of the TFs to achieve implantable label-free biomolecular monitoringe. Using implantable Raman
spectroscopy, we observed biomolecular alterations linked with cancer invasion label-free. Finally, we investigated the
potential of harnessing nanoscale light-matter interactions in the deep brain by decorating TF implants with plasmonic
nanostructures. This lead us to a proof-of-principle of surface enhanced Raman scattering (SERS) detection of
neurotransmitters as well as of novel perspectives in spectrally-modulated light delivery and collection through subwavelength
apertures (Pisano et al., Adv. Opt. Mater 2022). We view multifunctional TF as a promising complement to existing
technologies for multimodal brain evaluation.
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CORTICOSTRIATAL CIRCUITS FOR REWARD LEARNING AND DECISION-MAKING

SYMPOSIUM 16 - CAUSAL INTERACTIONS BETWEEN NEUROMODULATORS AND CORTICOSTRIATAL CIRCUITS IN
DECISION MAKING - ILANA WITTEN, DOUGAL TERVO, NIMA KHALIGHINEJAD, HANNEKE DEN OUDEN

llana Witten
Princeton University, Princeton Neuroscience Institute, Princeton, United States of America

A classic view of the striatum holds that activity in direct and indirect pathways oppositely modulates motor output. Whether
this involves direct control of movement, or reflects a cognitive process underlying movement, remains unresolved. We have
found that both the demands imposed by a task, as well as the internal state of mice when performing a task, determine
whether striatal pathways provide strong and opponent control of behavior. We are in the process of idenfying state-
dependent correlates of decision-making.
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RODENTS PLAYING GAMES: THE NEURAL BASIS OF BEHAVIORAL VARIABILITY

SYMPOSIUM 16 - CAUSAL INTERACTIONS BETWEEN NEUROMODULATORS AND CORTICOSTRIATAL CIRCUITS IN
DECISION MAKING - ILANA WITTEN, DOUGAL TERVO, NIMA KHALIGHINEJAD, HANNEKE DEN OUDEN

Dougal Tervo, Elena Kuleshova, Mikhail Proskurin, Maksim Manakov, Alla Karpova
Howard Hughes Medical Institute, Janelia Research Campus, Ashburn, United States of America

The ability to rapidly adjust one’s strategy in complex environments depends on computations in frontal cortical circuits. In
addition, perturbations of the more slowly changing neuromodulatory tone in frontal cortical regions have detrimental effects
on the ability to behave strategically, pointing to the importance of the interaction between the neuromodulatory systems and
the cortical circuits. How this interplay is accomplished mechanistically and its connection to decision-making in volatile and
adaptive environments remains poorly understood. We had previously established that increasing noradrenergic tone in the
ACC decreases commitment to the default strategy in a task that models a game-theoretic interaction. More recently, we tied
the balance between persistence with the default strategy and a choice to commit to an alternative one to an interplay
between the intratelecenphalic (IT)- and the pyramidal tract (PT)- subcircuits within the ACC. Specifically, we demonstrated
that the output of the ACC’s PT sub-circuit drives the pursuit of alternative learned strategies but is kept clamped by the IT
pathway through local opponent interaction until evidence grows in favor of deviating from the ongoing strategy. Combined,
our two studies are intriguing considering the earlier findings that highlight the increased responsiveness of the PT neurons
under high noradrenergic tone to long-range inputs. As such, an interesting possibility is that one mechanism by which the
more slowly-acting noradrenergic input interacts with the otherwise cortically-computed strategy selection process is through
lowering the threshold for deviating from the default strategy typically informed by the often incomplete understanding of the
environment’s structure.
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NEUROMODULATION OF DECISIONS ABOUT ‘IF’ AND ‘WHEN’ TO ACT

SYMPOSIUM 16 - CAUSAL INTERACTIONS BETWEEN NEUROMODULATORS AND CORTICOSTRIATAL CIRCUITS IN
DECISION MAKING - ILANA WITTEN, DOUGAL TERVO, NIMA KHALIGHINEJAD, HANNEKE DEN OUDEN

Nima Khalighinejad
University of Oxford, Department Of Experimental Psychology, Oxford, United Kingdom

Decision making not only involves deciding about which action to choose but when and whether to initiate an action in the
first place. Here, | present results from three experiments investigating the role of neuromodulatory systems in decisions
about when to act. In experiment 1, we recorded blood-oxygen-level-dependent (BOLD) indices of activity from the dorsal
raphe nucleus (DRN) and basal forebrain (BF). Brain data from fMRI showed that while the effect of immediate context on
action timing was mediated by BF, the broader, general features of the environment — environmental richness -- and its effect
on action timing was mediated by activity in DRN. DRN and BF are major sources of serotonin (5-HT) and acetylcholine
(ACh) in the brain, respectively. In experiment 2, systemic 5-HT levels were manipulated by protracted administration of a
selective serotonin reuptake inhibitor (SSRI). Increasing 5-HT levels prolonged the time animals would wait before making a
response. This effect was more evident during blocks with long inter-trial intervals (ITI), where good opportunities were
sparse, a similar pattern to the effect of average value of the environment observed in the first study. In experiment 3 we
manipulated systemic levels of ACh by protracted administration of a cholinesterase inhibitor and evaluated its effects on
decision time to act. Increasing ACh levels invigorated movements so that animals acted faster in response to features in
their immediate context. These findings suggest complementary roles for serotonin/DRN and acetylcholine/BF in decisions
about when to initiate an action.
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DISSOCIATING FRONTAL AND STRIATAL DOPAMINERGIC CONTROL OF MOTIVATION-ACTION COUPLING

SYMPOSIUM 16 - CAUSAL INTERACTIONS BETWEEN NEUROMODULATORS AND CORTICOSTRIATAL CIRCUITS IN
DECISION MAKING - ILANA WITTEN, DOUGAL TERVO, NIMA KHALIGHINEJAD, HANNEKE DEN OUDEN

Hanneke Den Ouden
Radboud University, Donders Institute For Brain, Cognition And Behaviour, NIJMEGEN, Netherlands

Motivations shape our behaviour: the promise of reward invigorates, while in the face of punishment, we hold back.
Abnormalities of motivational processing are implicated in clinical disorders characterised by excessive habits and loss of top-
down control, notably substance and behavioural addictions. Striatal and frontal dopamine have been hypothesised to play
complementary roles in the respective generation and control of these motivational or 'Pavlovian' biases. However, while
dopaminergic interventions have indeed been found to modulate motivational biases, these previous pharmacological studies
used regionally non-selective pharmacological agents. Here, | will present two recent studies, testing the following
hypotheses: i) We can overcome maladaptive motivational biases through frontal cognitive control. To test this hypothesis,
we use a combination of EEG and computational modelling. ii) Frontal dopamine controls the balance between Pavlovian,
bias-driven automated responding and instrumentally learned action values. Specifically, we examined whether selective
enhancement of cortical dopamine enables adaptive suppression of Pavlovian control when biases are maladaptive, where
we modulate frontal dopamine with COMT inhibitor tolcapone.
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GABA-MEDIATES THE SENSORY DEPENDENT DEVELOPMENT OF INTERHEMISPHERIC CIRCUITS OF THE
CORPUS CALLOSUM

SYMPOSIUM 17 - DEVELOPMENT AND EVOLUTION OF BILATERAL SENSORY CIRCUITS - MARTA NIETO, OLIVIER
COLLIGNON, ELOISA HERRERA, FILIPPO DEL BENE

Marta Nieto
CNB-CSIC, Dpt Molecular And Cellular Biology, Madrid, Spain

Bilateral sensory circuits provide complex representations of the external world by computing overlapping information. In this
workshop, we will present complementing perspectives of how bilateral sensory circuits built and function during development
and evolution, from fish to humans, and from vision to crossmodal perception. In mammals, an ulterior exchange of
information occurs through the corpus callosum (CC), which enables the addition of novel brain functions. The developmental
and evolutionary mechanisms mediating the appearance of this structure are unknown. According to predominant views,
callosal and non-callosal fates are predetermined early after neuronal birth. Certain populations are born pre-programmed as
callosal projecting neurons while others, such as cortical layer (L) 4 excitatory neurons of the primary somatosensory (S1)
barrel, invariably project ipsilaterally. Using a hovel axonal-retrotracing strategy and GFP-targeted visualization of young
neurons, we instead demonstrate the opposite in L2/3 and 4 neurons. Virtually all these neurons develop transient
interhemispheric axons, and local-projecting fates emerge as a postnatal alternative when exuberant callosal axons refine in
an area- and layer-specific under the influence of sensory-specific inputs. This developmental exuberance during CC
formation appears a strategy that enables plasticity and robust stereotyped wiring of complex circuits during evolution.
Furthermore, | will show that inhibitory interneurons select callosal fates and diversify area-specific circuits through their
control of CC refinement.
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ARTIFICIAL REWIRING OF THE EARLY VISUAL PATHWAY LEADS TO THE EMERGENCE OF OCULAR DOMINANCE
COLUMNS IN MICE

SYMPOSIUM 17 - DEVELOPMENT AND EVOLUTION OF BILATERAL SENSORY CIRCUITS - MARTA NIETO, OLIVIER
COLLIGNON, ELOISA HERRERA, FILIPPO DEL BENE

Eloisa Herrera
Instituto de Neurociencias CSIC-UMH, Developmental Neurobiology, Alicante, Spain

Species with good binocular vision, as cats or primates, have ocular dominance columns and other well-organized cortical
features while mice have poorly organized visual cortices and are essentially monocular. Ocular dominance columns are
defined in the visual cortex previous to eye-opening, but it remains unknown to what extent cortical circuits are intrinsically
imprinted of haphazardly wired by the influence of the early emerging features in the thalamus, such as eye-specific
lamination. As a test-bed to investigate the connection between early-emerging retinothalamic features and cortical properties
such as ocular dominance columns, we created a mouse line with a rewired retinothalamic pathway that have a number of
ipsilateral projections similar to those species with good binocular vision. Strikingly, adding extra numbers of ipsilateral retinal
fibers in mice modifies cortical integration and generates ectopic microdomains resembling the columns of higher mammals.
The consequences of these results will be discussed in my talk.
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EVOLUTION AND FUNCTIONAL ORGANISATION OF BILATERAL VISUAL CIRCUITS IN FISH

SYMPOSIUM 17 - DEVELOPMENT AND EVOLUTION OF BILATERAL SENSORY CIRCUITS - MARTA NIETO, OLIVIER
COLLIGNON, ELOISA HERRERA, FILIPPO DEL BENE

Filippo Del Bene
Institut de la Vision, Sorbonne Université, Inserm, Cnrs, Paris, France

Binocular stereopsis requires the convergence of visual information from corresponding points in visual space seen by two
different lines of sight. This may be achieved by superposition of retinal input from each eye onto the same downstream
neurons via ipsi- and contralaterally projecting optic nerve fibers. Zebrafish larvae can perceive binocular cues during prey
hunting but have exclusively contralateral retinotectal projections. We report brain activity in the tectal neuropil ipsilateral to
the visually stimulated eye, despite the absence of ipsilateral retinotectal projections. This activity colocalizes with arbors of
commissural neurons, termed intertectal neurons (ITNs), that connect the tectal hemispheres. ITNs are GABAergic, establish
tectal synapses bilaterally and respond to small moving stimuli. In zebrafish and presumably other teleost an intertectal circuit
controls execution of the prey-capture motor program following binocular localization of prey, without requiring ipsilateral
retinotectal projections. Conversely, bilateral visual projections exist in non-teleost fishes and that the appearance of
ipsilateral projections does not correlate with terrestrial transition or predatory behavior. We have also reported that the
developmental program that specifies visual system laterality differs between fishes and mammals, as the Zic2 transcription
factor, which specifies ipsilateral retinal ganglion cells in land vertebrates, appears to be absent from the ganglion cells of ray
finned fish species. However, overexpression of human ZIC2 is able to induce ipsilateral visual projections in zebrafish.
Therefore, we propose that the existence of bilateral visual projections preceded the emergence of binocular vision in land
vertebrates.
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ORGANOID MODELING OF FOREBRAIN DEVELOPMENT AND RELEVANCE TO NEURODEVELOPMENTAL
DISORDERS

SYMPOSIUM 18 - CAPTURING HUMAN BRAIN CIRCUIT DEVELOPMENT AND DISEASE MECHANISMS WITH STEM
CELL-BASED TECHNOLOGIES - FLORA VACCARINO, MADELINE LANCASTER, SILVIA CAPPELLO, VINCENZO DE
PAOLA

Flora Vaccarino
Yale University, Yale University Child Study Center And Department Of Neuroscience, New Haven, CT, United States of
America

To model developmental disorders of the human brain, we used induced pluripotent stem cell (iPSC)-derived brain organoids
derived from a cohort of individuals with idiopathic autism spectrum disorder (ASD) and their unaffected first-degree family
members. Our main goal was to overcome the heterogeneity in genetic risk for ASD and identify a convergent
pathophysiology. Differences in cellular composition and cell type-specific gene expression were evaluated by single-cell
RNA-sequencing (scRNA-seq) over a 3-month time course. The scale of the dataset allowed an investigation of the sources
of variation influencing human neurogenesis in the organoid system over multiple genetic backgrounds and culture batches.
We found that organoids were patterned into regional and cellular identities similar to those present in human fetal brains.
Analyses of gene expression comparing probands and unaffected relatives revealed alterations in genes driving the tempo of
cortical excitatory neurogenesis from undifferentiated progenitors. Macrocephalic ASD probands showed a delay in initial
excitatory neuron differentiation and an increase in the progenitor pool. This resulted in an increased proportions of excitatory
neurons of the dorsal cortex, whereas normocephalic ASD probands showed a diametrically opposite phenotype. This
difference in gene expression and imbalance in excitatory heuron subtypes reveals intrinsically different subtypes of ASD,
with head circumference as a biomarker, that could be used as potential stratifying factors in clinical or genetic studies of the
disorder. Overall, omics studies in organoid allow to understand heterogeneity of human brain development across
individuals and delineate altered trajectories in developmental disorders.
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HUMAN BRAIN DEVELOPMENT IN CEREBRAL ORGANOIDS

SYMPOSIUM 18 - CAPTURING HUMAN BRAIN CIRCUIT DEVELOPMENT AND DISEASE MECHANISMS WITH STEM
CELL-BASED TECHNOLOGIES - FLORA VACCARINO, MADELINE LANCASTER, SILVIA CAPPELLO, VINCENZO DE
PAOLA

Madeline Lancaster
MRC Laboratory of Molecular Biology, Cell Biology, Cambridge, United Kingdom

The human brain sets us apart as a species, with its size and complexity unrivaled in the animal kingdom. Brain size is
largely determined during development as vast numbers of neurons and supportive glia are generated, followed by a highly
coordinated process of axonal outgrowth to set up the intricate connectome. In an effort to better understand the events that
determine human brain cellular makeup, size, and connectivity, we use a human model system in a dish, called cerebral
organoids. These 3D tissues are generated from pluripotent stem cells through neural differentiation and a supportive 3D
microenvironment to generate organoids with the same tissue architecture as the early human fetal brain. Such organoids are
allowing us to tackle questions previously impossible with more traditional approaches. Indeed, our recent findings provide
insight into regulation of brain size and neuron number across ape species, identifying key stages of early neural stem cell
expansion that set up a larger starting cell number to enable the production of increased numbers of neurons. We are also
investigating the roles of extrinsic regulators in determining numbers and types of neurons produced in the human cerebral
cortex. Overall, our findings are pointing to key, human-specific aspects of brain development and function, that have
important implications for neurological disease.
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HUMAN CELLULAR MODELS FOR BRAIN INJURY OF PREMATURITY

SYMPOSIUM 18 - CAPTURING HUMAN BRAIN CIRCUIT DEVELOPMENT AND DISEASE MECHANISMS WITH STEM
CELL-BASED TECHNOLOGIES - FLORA VACCARINO, MADELINE LANCASTER, SILVIA CAPPELLO, VINCENZO DE
PAOLA

Silvia Cappello
Max Planck Institute of Psychiatry, Developmental Neurobiology, Munich, Germany

Cellular crosstalk is an essential process during brain development and it is influenced by numerous factors, including the
morphology of the cells, their adhesion molecules, the local extracellular matrix and the secreted vesicles. Inspired by
mutations associated with neurodevelopmental disorders, we focus on understanding the role of extracellular mechanisms
essential for the correct development of the human brain. Hence, we combine the in vivo mouse model and the in vitro
human-derived neurons, cerebral organoids, and dorso-ventral assembloids in order to better comprehend the molecular and
cellular mechanisms involved in progenitors’ proliferation and fate as well as migration and maturation of inhibitory and
excitatory neurons during human brain development and tackle the causes of neurodevelopmental disorders. We particularly
focus on mutations in genes influencing cell-cell contacts, extracellular matrix, and secretion of vesicles and therefore study
intrinsic and extrinsic mechanisms contributing to the formation of the brain. Our data reveal an important contribution of cell
non-autonomous mechanisms in the development of neurodevelopmental disorders.
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IN VIVO MODELLING OF HUMAN AXON DEGENERATION AND REGENERATION

SYMPOSIUM 18 - CAPTURING HUMAN BRAIN CIRCUIT DEVELOPMENT AND DISEASE MECHANISMS WITH STEM
CELL-BASED TECHNOLOGIES - FLORA VACCARINO, MADELINE LANCASTER, SILVIA CAPPELLO, VINCENZO DE
PAOLA

Vincenzo De Paolal?3+4, Shabana Khan?', Maria Tortoral, lvan Ali¢>8, Charlotte Luff’, Nir Grossman’, Dean NizZeti¢®

limperial College London, Institute Of Clinical Sciences, London, United Kingdom, 2Imperial College London, Department Of
Brain Sciences, London, United Kingdom, 3Duke-NUS Medical School, Neuroscience And Behavioural Disorders
Programme, Singapore, Singapore, “Imperial College London, Mrc London Institute Of Medical Sciences, London, United
Kingdom, 5Faculty of Veterinary Medicine of University of Zagreb, Anatomy, Histology And Embriology, Zagreb, Croatia, 6The
Blizard Institute, Barts and The London School of Medicine, Queen Mary University of London, Genomics And Child Health,
London, United Kingdom, "UK Dementia Research Institute, Imperial College London, Department Of Brain Sciences,
London, United Kingdom

Central nervous system (CNS) axons fail to regenerate or recover synaptic connectivity leading to permanent disability in
many brain and spinal cord injury patients. Work in model organisms has revealed that CNS axon regeneration is dependent
on both the microenvironment and the intrinsic growth state of the damaged neuron itself. Mechanistic insights from these
models need to be validated in humans to advance translational therapies. Therefore, there is a pressing need for new
preclinical systems that can mimic human-specific features to (i) characterise axon regeneration of major CNS neuronal
subclasses e.g. the cortico-spinal tract, and (ii) develop strategies to enhance axon regeneration of mature human neurons. |
will present recent work to establish a new in vivo system to study human cortical axon degeneration and regeneration using
transplanted donor-derived stem cell grafts and 2-photon time-lapse in vivo imaging. This model recapitulates many important
features of the physiological axon response to injury including fragmentation, the loss of regeneration potential with maturity,
progressive die-back, as well as sprouting and branching, and can be used to test strategies to enhance human axon
regeneration after nerve damage.
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FEEDFORWARD AND FEEDBACK PATHWAYS IN VISUAL CORTEX

SYMPOSIUM 19 - INTEGRATION OF TOP-DOWN INFORMATION IN CORTICAL LAYER 1 AND ITS CONTRIBUTION TO
BEHAVIOR - ANDREAS KELLER, LEOPOLDO PETREANU, JOHANNES LETZKUS, MATTIA AIME

Andreas Keller
IOB, University of Basel, Molecular Research Center, Basel, Switzerland

We hardly notice when there is a speck on our glasses, the obstructed visual information seems to be magically filled in. The
mechanistic basis for this fundamental perceptual phenomenon has, however, remained obscure. What enables neurons in
the visual system to respond to context when the stimulus is not available? While feedforward information drives the activity
in cortex, feedback information is thought to provide contextual signals that are merely modulatory. We have made the
discovery that mouse primary visual cortical neurons are strongly driven by feedback projections from higher visual areas
when their feedforward sensory input from the retina is missing. This drive is so strong that it makes visual cortical neurons
fire as much as if they were receiving a direct sensory input. These signals are likely used to predict input from the
feedforward pathway. Preliminary results show that these feedback projections are strongly influenced by experience and
learning.



% FENS Foun 202

PRESENTATION NUMBER: S071
CORTICAL FEEDBACK INPUTS AND HIERARCHICAL COMPUTATION

SYMPOSIUM 19 - INTEGRATION OF TOP-DOWN INFORMATION IN CORTICAL LAYER 1 AND ITS CONTRIBUTION TO
BEHAVIOR - ANDREAS KELLER, LEOPOLDO PETREANU, JOHANNES LETZKUS, MATTIA AIME

Leopoldo Petreanu, Rodrigo Dias, Radhika Rajan, Flora Vasile, Camille Mazo, Margarida Baeta
Champalimaud Foundation, Champalimaud Neuroscience Programme, Lisbon, Portugal

The neocortex is organized in a hierarchy of functionally specialized areas. This architecture influences our understanding of
sensory, motor and cognitive processes and inspires machine learning algorithms. However, the precise computations that
the hierarchical organization of the neocortical network endows us with remain largely unknow. A mayor hub of hierarchical
interactions is Layer 1, where descending feedback projections from multiple high order cortical areas contact interneurons
and the apical dendrites of pyramidal cells. Thus, understanding hierarchical cortical interactions requires unveiling the
organizing rules of feedback inputs in Layer 1. Using optogenetic circuit mapping methods and two-photon imaging we
studied how the connectivity of feedback inputs from higher visual areas in primary visual cortex (V1) depends on the
projection type and functional properties of its target neurons. Using different visual deprivation paradigms, we also measured
how the organization of feedback inputs is shaped by visual experience. We found that feedback inputs to L1 are selectively
wired to engage in recurrent inter-area computations between retinotopically aligned neurons. The extent of the retinotopic
alignment depends on the laminar position of the source of the inputs. The selectivity of feedback for reciprocating neurons
also varies depending on the laminar depth of the innervated neurons. While the overall organization of cortical feedback
inputs in Layer 1 does not require vision, their fine scale connectivity, and functional properties reflect experienced spatio-
temporal correlations between areas. Our observations shine light on the computations implemented by long-range cortical
networks, constraining existing theories of cortical computation.
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PROCESSING OF TOP-DOWN INFORMATION IN LAYER 1 OF THE AUDITORY CORTEX

SYMPOSIUM 19 - INTEGRATION OF TOP-DOWN INFORMATION IN CORTICAL LAYER 1 AND ITS CONTRIBUTION TO
BEHAVIOR - ANDREAS KELLER, LEOPOLDO PETREANU, JOHANNES LETZKUS, MATTIA AIME

Johannes Letzkus
University of Freiburg, Institute For Physiology, Dept. |, Freiburg, Germany

Top-down projections convey a family of sighals encoding previous experiences and current aims to sensory neocortex,
where they converge with bottom-up information from the environment to produce perception. Whereas several excitatory
afferent systems for top-down control of neocortex have been identified, the existence, connectivity and information content
of inhibitory top-down projections remains elusive. Here we use a combination of circuit tracing, connectivity mapping,
chemogenetics, cortex-dependent learning and synaptic 2-photon calcium imaging to identify GABAergic afferents from the
subthalamic zona incerta as a major source of memory-related top-down input to neocortex. Incertocortical projections
transmit integrated information from many sources preferentially to auditory cortex layer 1, where they connect selectively to
inhibitory interneurons to disinhibit the cortical circuit. This pathway encodes both auditory stimuli and primary reinforcers,
and undergoes robust plasticity during learning that improves information transfer and facilitates behavioural memory. Unlike
excitatory top-down pathways, incertocortical afferents engage in two distinct plasticity regimes with different temporal
dynamics and response properties. A unique hallmark is the rapid de novo appearance of negative responses as the major
driver of learning-related changes in stimulus representation. Our results therefore uncover the distinctive contribution of long-
range (dis)inhibitory afferents to the computational flexibility of neocortical circuits.
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PARADOXICAL SOMATO-DENDRITIC DECOUPLING SUPPORTS CORTICAL PLASTICITY DURING REM SLEEP

SYMPOSIUM 19 - INTEGRATION OF TOP-DOWN INFORMATION IN CORTICAL LAYER 1 AND ITS CONTRIBUTION TO
BEHAVIOR - ANDREAS KELLER, LEOPOLDO PETREANU, JOHANNES LETZKUS, MATTIA AIME

Mattia Aime
University of Bern, Department Of Neurology, Bern, Switzerland

REM sleep is associated with the consolidation of emotional memories encoded by neuronal circuits from the limbic system
and prefrontal cortex in mammals. Yet, the underlying neocortical circuits and synaptic mechanisms remain unclear. Here, we
found that REM sleep is associated with a somato-dendritic decoupling in pyramidal neurons of the prefrontal cortex, using
simultaneous 2-photon calcium imaging and electrophysiological recordings in sleeping mice. This decoupling reflects a shift
of inhibitory balance between PV neurons-mediated somatic inhibition and VIP-mediated dendritic disinhibition, mostly driven
by neurons from the central medial thalamus. We further showed that REM-specific optogenetic suppression of dendritic
activity led to a loss of danger versus safety discrimination during associative learning and a lack of synaptic plasticity,
whereas optogenetic release of somatic inhibition resulted in enhanced discrimination and synaptic potentiation. Collectively,
our results demonstrated that somato-dendritic decoupling during REM sleep promotes opposite synaptic plasticity
mechanisms that optimize emotional response to future behavioral stressors.
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NEURON CLASS-SPECIFIC RESPONSES GOVERN ADAPTIVE MYELIN REMODELING IN THE NEOCORTEX

SYMPOSIUM 20 - NOT JUST INSULATION: OLIGODENDROCYTE FUNCTION AND MYELINATION IN BRAIN
PLASTICITY AND BEHAVIOR - PAOLA ARLOTTA, IIRIS HOVATTA, HANNELORE EHRENREICH, MARIA-CECILIA
ANGULO

Paola Arlotta
Harvard University, Department Of Stem Cell And Regenerative Biology, Cambridge, United States of America

Myelin plasticity is critical for neurological function, including learning and memory. However, it is unknown whether this
plasticity reflects uniform changes across all neuronal subtypes, or whether myelin dynamics vary between neuronal classes
to enable fine-tuning of adaptive circuit responses. We performed in vivo two-photon imaging of myelin sheaths along single
axons of excitatory callosal neurons and inhibitory parvalbumin-expressing interneurons in adult mouse visual cortex. We
found that both neuron types show homeostatic myelin remodeling under normal vision. However, monocular deprivation
results in adaptive myelin remodeling only in parvalbumin-expressing interneurons. An initial increase in elongation of myelin
segments is followed by contraction of a separate cohort of segments. This data indicates that distinct classes of neurons
individualize remodeling of their myelination profiles to diversify circuit tuning in response to sensory experience.
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MYELIN PLASTICITY IN CHRONIC PSYCHOSOCIAL STRESS AND ANXIETY

SYMPOSIUM 20 - NOT JUST INSULATION: OLIGODENDROCYTE FUNCTION AND MYELINATION IN BRAIN
PLASTICITY AND BEHAVIOR - PAOLA ARLOTTA, IIRIS HOVATTA, HANNELORE EHRENREICH, MARIA-CECILIA
ANGULO

liris Hovatta
University of Helsinki, Sleepwell Research Program, Helsinki, Finland

Chronic stress, a major risk factor for anxiety disorders, has been associated with changes in myelin gene expression and
thickness in multiple mouse models. Our unbiased genetic screen of stress resilient, stress susceptible and control mice from
two inbred mouse strains (C57BL/6NCrl and DBA/2NCrl) suggested that myelin plasticity is one of the major responses to
chronic psychosocial stress in mammals, varies across brain regions, and is genetically controlled. Myelin plasticity also
encompasses changes in the nodes of Ranvier, which have not been extensively studied in stress. Our new data indicates
mouse strain-dependent alterations in the paranode length after chronic stress. These changes are likely mediated by
neuronal activity because chemogenetic activation of the ventral hippocampus to medial prefrontal cortex pathway
specifically influenced paranode length of stimulated, but not unstimulated, axons, while also affecting anxiety-like behavior.
To investigate whether white matter structural differences are associated with anxiety symptoms in humans, we carried out
diffusion tensor imaging in young adults. We found larger mean diffusivity in the forceps minor in individuals with subclinical
anxiety symptoms compared to those without, suggesting alterations in myelination. Thus, myelin plasticity may be involved
in anxiety disorders via regulation of spatial connectivity. Identification of the mechanisms underlying the myelin response will
provide mechanistic insight into the molecular basis of anxiety, a critical step in developing targeted therapy.
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ISOLATED CATATONIA-EXECUTIVE DYSFUNCTION COMPLEX IN AGED MICE INDUCED BY FOREBRAIN-SPECIFIC
LOSS OF MYELIN INTEGRITY

SYMPOSIUM 20 - NOT JUST INSULATION: OLIGODENDROCYTE FUNCTION AND MYELINATION IN BRAIN
PLASTICITY AND BEHAVIOR - PAOLA ARLOTTA, IIRIS HOVATTA, HANNELORE EHRENREICH, MARIA-CECILIA
ANGULO

Hannelore Ehrenreich
Max Planck Institute of Multidisciplinary Sciences, Clinical Neuroscience, Géttingen, Germany

The etiology of catatonia, an executive ‘psychomotor’ syndrome seen across diseases, has remained mysterious. We
studied humans and myelin mutant mice, using microglia depletion as therapeutic strategy. In schizophrenic patients
(N>2000), we uncovered >25% of subjects with catatonic signs. CNP rs2070106-AA, a loss-of-function genotype of a myelin-
specific gene, was associated with catatonia in schizophrenia cohorts, and white matter hyperintensities in the general
population. Subtle myelination defects in mouse mutants of Cnp, but also Plp or Mbp, led to catatonia and microgliosis. We
hypothesized that neuroinflammation of myelinated tracts might cause catatonia and be alleviated by microglia depletion.
Indeed, the CSF1 receptor inhibitor, PLX5622, attenuated catatonia in Cnp mutants, whereas executive dysfunction and brain
atrophy failed to improve. Next, we wondered which brain areas might be causative of catatonic phenotypes. We generated
mice lacking Plpl1, encoding the major integral myelin membrane protein, selectively from ventricular zone stem cells of the
forebrain. In contrast to conventional Plp1l mutants, subtle myelin defects were restricted to the cortex and underlying callosal
tracts. Forebrain-specific Plp1 mutants exhibited no defect of basic motor-sensory performance. Behavioral alterations
reported for conventional Plpl null mice were absent and even social interactions appeared normal. However, we determined
catatonia-like symptoms and isolated executive function defects in both genders at progressed age, suggesting that a gradual
loss of myelin integrity affects cortical connectivity and underlies specific defects of executive function, emerging only with
increasing age. These observations are likewise relevant for human brain aging and neuropsychiatric conditions.
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SINGLE-CELL GENOMIC STUDIES OF MAJOR DEPRESSIVE DISORDER POINT TO THE ROLE OF IMMATURE
OLIGODENDROCYTES

SYMPOSIUM 20 - NOT JUST INSULATION: OLIGODENDROCYTE FUNCTION AND MYELINATION IN BRAIN
PLASTICITY AND BEHAVIOR - PAOLA ARLOTTA, IIRIS HOVATTA, HANNELORE EHRENREICH, MARIA-CECILIA
ANGULO

Anjali Chawla!, Malosree Maitral, Matthew Suderman?, Corina Nagy?', Gustavo Turecki!, Maria Cecilia Angulo?
IMcGill University, Department Of Psychiatry, Douglas Institute, Montreal, Canada, ?Institute of Psychiatry and Neuroscience
of Paris, Team Angulo, Paris, France

Background: Understanding molecular changes associated with major depression at single-cell resolution is key to better
understand the illness and develop new treatments. In this study, we aimed to study single-nucleus transcriptomic and open-
chromatin states of individuals affected with major depression. Methods: We isolated N~80,000 nuclei from the prefrontal
cortex (PFC) of cases and controls for single nucleus RNA sequencing. We used single-cell fluorescence in situ hybridization
to validate the gene expression changes in given cell types of interest, as well as a high-throughput fluorescence assisted
nuclei sorting to validate changes in broader cell types. We then used a droplet based single nucleus snATAC-seq approach
to profile chromatin accessibility in the same samples. Results: Our transcriptomic results implicate 96 genes differentially
expressed in 16 cells types, particularly lower layer excitatory neurons and immature oligodendrocytes. The addition of a
modality—chromatin accessibility, improved and refined the transcript-only based clustering. Our data showed an enrichment
of open chromatin at functional non-coding regions, while enhancer regions showed the most cell specific patterning.
Differential open chromatin regions between cases and controls showed enrichment for gene regulatory regions and
transcription factor binding motifs associated with disease-related biological pathways. We also identified gene regulators
with cell-type specificity, and disease-specific epigenetic signatures of differential gene expression
patterns. Conclusion: Leveraging the power of single cell technologies has allowed us to produce cell-type specific
epigenetic signature. Specifically, we have identified cell types mostly affected in depression, as well as chromatin
accessibility architecture that partly explains expression patterns associated with this illness.
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ALTERED SOCIAL LEARNING AND ECONOMIC INVESTMENT BEHAVIOR IN HUMANS WITH BILATERAL
BASOLATERAL AMYGDALA DAMAGE AS A RESULT OF URBACH WIETHE DISEASE

SYMPOSIUM 21 - GENETICALLY DISSECTING NEUROBIOLOGY OF SOCIAL COLLABORATION IN HUMANS,
MACAQUES AND RODENTS - JACK VAN HONK, CHENGYU LI, RON STOOP, SARA FREDA

Jack Van Honk!?2
1Utrecht University, Psychology, Utrecht, Netherlands, 2University of Cape Town, Dept. Psychiatry And Mental Health, Cape
Town, South Africa

According to the leading computational framework, organisms learn the value of actions and outcomes via punishment and
reward algorithmically. A model-free (or action-based) algorithm, rigidly assigns actions based upon immediate intrinsic value
(value > action), and a model-based (or outcome-based) algorithm flexibly derives value from a causal model of the
environment and is instrumentally guided by action-outcome probabilities (outcome > action). The amygdala conveys a
translational obstacle for the cross-species applicability of this framework of value-based learning and choice. That is, the
human amygdala is typically researched and discussed as a single unit despite the fact that the mammalian amygdala
consists of sub-regions different in structure and function. Most prominently, the basolateral amygdala (BLA) and the central-
medial amygdala (CMA), which consist of respectively cortical-type and striatal-type neural structures. Rodent research has
determined that by parallel actions on the striatum, the CMA sub-serves habitual (which is action-based) choice behavior,
while the BLA sub-serves goal-directed (which is outcome-based) choice behavior. Reconceptualized in terms of the
computational framework, the CMA subserves the model-free algorithm, while the BLA subserves the model-based algorithm.
At the symposium, research in human subjects with selective bilateral basolateral amygdala damage will be presented. In this
research, which focuses on social learning, and social-economic and moral decision-making, it is established that role of the
human BLA in value-based learning and choice behaviors translates seamlessly to the rodent BLA. The value-based learning
and choice behaviors of our BLA-damaged subjects are entirely action-based and thus model-free.
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CRITICAL ROLE OF PREFRONTAL-RELATED CIRCUITS IN PROSOCIAL BEHAVIOR REVEALED BY ACUTE GENETIC
MANIPULATION IN NON-HUMAN PRIMATES

SYMPOSIUM 21 - GENETICALLY DISSECTING NEUROBIOLOGY OF SOCIAL COLLABORATION IN HUMANS,
MACAQUES AND RODENTS - JACK VAN HONK, CHENGYU LI, RON STOOP, SARA FREDA

Chengyu Li, Chengfeng Wu
Center for Excellence in Brain Science and Intelligence Technology, Chinese Academy of Sciences, Institute Of
Neuroscience, Shanghai, China

Social behavior is one of the most important driving forces of human society evolution. This has allowed us to reach major
achievements in which many individuals are involved with each fulfilling a specialized task. An insight in how and why the
brain can organize individual efforts at such large scale would therefore represent an important goal for brain research. In the
monkey brain a number of regions, including prefrontal cortices and amygdala, have been identified to play important roles in
social behavior, mostly through electrophysiological recording, and pharmacology and lesion techniques with limited social
interactions. Here we established three groups of cynomolgus macaques, each group with 8-10 female individuals free
ranging in a 30 m2 room. Chronic behavioral monitoring and Al-assisted analysis revealed detailed social-interaction patterns
in the groups. We perturbed neuronal activity of dorsolateral prefrontal cortex while observing changes in social behaviors in
manipulated monkeys and other group members. In future electrophysiological recordings will also be performed in these free
ranging and group housed monkeys with close monitoring of behavioral states. Our results will shed new insights to neural
mechanism underlying social organization.
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ROLE OF OXYTOCIN IN THE CENTRAL AMYGDALA AND MEDIAL PREFRONTAL CORTEX FOR THE BUFFERING OF
FEAR AND SOCIAL BEHAVIOR IN RATS

SYMPOSIUM 21 - GENETICALLY DISSECTING NEUROBIOLOGY OF SOCIAL COLLABORATION IN HUMANS,
MACAQUES AND RODENTS - JACK VAN HONK, CHENGYU LI, RON STOOP, SARA FREDA

Ron Stoop?, Chloé Hegoburu?, Supriya Ghosh?, Rodrigo Triana Del Rio?, Isabel Salgado?, Marios Abatis?, Ruifang Niu?, Yan
Tang?, Erwin Van Den Burg?, Christophe Grundschober?

IUniversity of Lausanne, Center For Psychiatric Neurosciences, Dept. Psychiatry, Prilly, Switzerland, 2Center for Psychiatric
Neurosciences, Psychiatry, Prilly, Switzerland

Social support can help to reduce fear, but much is unknown about the neurobiological mechanisms underlying this "social
buffering of fear" (SBF). Here we show, by chemogenetic and optogenetic manipulations, as well as in vivo single-unit
recordings, that the neuropeptide oxytocin, originating from the hypothalamic paraventricular nucleus (PVN) and acting in the
central nucleus of the amygdala (CeA), mediates SBF in fear-conditioned rats. The reduced freezing during fear memory
recall in the presence of a companion is strong and immediate and maintained during a second fear recall 24h later without
the companion. This is accompanied by acute and long-lasting changes in spiking patterns in oxytocinergic neurons in the
PVN and three different neuron types in the CeA. Our findings reveal how acute and long-lasting SBF is mediated by an
oxytocinergic signaling pathway between PVN and CeA that is completely subcortical, and thereby different from classical
cortical-basolateral amygdala fear extinction pathways.
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THE FUNCTION OF THE VENTRAL TEGMENTAL AREA AND MEDIAL PREFRONTAL CORTEX IN SOCIAL
INTERACTIONS AND AVERSIVE LEARNING IN MICE

SYMPOSIUM 21 - GENETICALLY DISSECTING NEUROBIOLOGY OF SOCIAL COLLABORATION IN HUMANS,
MACAQUES AND RODENTS - JACK VAN HONK, CHENGYU LI, RON STOOP, SARA FREDA

Sara Freda?, Mingzheng Wu?, Lei Xiao!, Yevgenia Kozorovitskiy*-2
1Department of Neurobiology, Northwestern University, Evanston, United States of America, 2Northwestern University,
Neurobiology, Evanston, United States of America

Aims: Central release of oxytocin modulates a wide range of social behaviors including pair bond formation, mating, and
parental care. Long-standing research links oxytocin to neural processing of reward, primarily via actions in the ventral
striatum. Our recent studies, among others, extend the oxytocin-dopamine interaction landscape to encompass dopamine-
synthesizing circuits of the ventral tegmental area and substantia nigra pars compacta, with medial prefrontal cortex emerging
as a recent critical element in this distributed network mediating aspects of social interactions and resilience. Methods:
Anterograde and retrograde projections, receptor mRNA studies, and electrophysiology combine with wired and wireless
opto- and pharmacogenetics with fiber photometry and 2-photon imaging, to characterize the relevant pathways of oxytocin
and dopamine system convergence and function. Results and Conclusions: To dissect convergence sites for oxytocinergic
system connectivity with reward circuitry, we performed whole-brain anterograde and retrograde tracing of oxytocin neurons
in the paraventricular nucleus. We found oxytocin terminals widely distributed in the mesocorticolimbic dopamine system and
neighboring hypothalamic and thalamic nuclei. The atlases provide a detailed mapping of cortical projections, revealing
unexpected areas of strong connectivity, including medial prefrontal cortex (mPFC). Optogenetically induced release of
oxytocin from local neuronal fibers increases tonic activity of ventral tegmental area dopamine neurons, linked to reward
processing. Besides controlling the activity of DA neurons, oxytocin changes how they respond to their inputs, by dampening
excitatory synaptic transmission onto DA neurons via endogenous cannabinoids. In the mPFC, dopamine mediates
neuroplasticity and supports motivational resilience, also potentially facilitating neural synchrony during social interactions.
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MICROGLIAL CLOCKS: FRIENDS OR FOES OF CIRCADIAN TIMEKEEPING?

SYMPOSIUM 22 - GLIA: CRUCIAL REGULATORS OF CIRCADIAN RHYTHMS AND SLEEP - MARCO BRANCACCIO,
OLGA BARCA MAYO, RUNE ENGER, LAUREN HABLITZ

Marco Brancaccio
UK DRI at Imperial College, Dept Of Brain Sciences, London, United Kingdom

Circadian timekeeping regulates daily behaviour and physiology, including sleep/wake cycles, cognition and inflammatory
process. The suprachiasmatic nucleus (SCN) is responsible for internally coordinating circadian activities and aligning them
to light-dark cycles in mammals. SCN astrocytes can generate circadian patterns of behaviour and neuronal activity in mice
genetically ablated of clock function. In revealing an unexpected functional reservoir of circadian resilience in glia, this work
has also highlighted an unforeseen vulnerability of timekeeping in brain disease. Astrocyte transformation from a homeostatic
to a reactive phenotype may disrupt central timekeeping and drive alterations of circadian function associated with early
neurodegeneration. Microglia play a key role in turning astrocyte behaviour from neuroprotective to neurotoxic, but their
circadian properties are poorly understood, mainly because limited availability of tools to genetically target and manipulate
them. We have developed new intersectional genetic approaches to target microglia in SCN tissue, by using AAV-based
genetically-encoded reporters of clock gene expression and microglia activation. Microglial circadian activities were monitored
by live imaging, together with neurons and astrocytes, in physiological conditions and upon challenge with pro-inflammatory
and proteotoxic stimuli. This has revealed highly dynamic properties of microglial timekeeping in the SCN. While
unchallenged microglia show circadian oscillations that are less robust and coherent than astrocytes and neurons, this is
rapidly transformed by proteotoxic and proinflammatory challenges, which can either reduce, or enhance, coherence of
microglial timekeeping. Further work is underway investigating the role of astrocytes-microglia neuro-immune circadian
coupling in physiological and pathological conditions and will be discussed at the meeting.
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CLOCKS, GLIA, BRAIN AND METABOLISM

SYMPOSIUM 22 - GLIA: CRUCIAL REGULATORS OF CIRCADIAN RHYTHMS AND SLEEP - MARCO BRANCACCIO,
OLGA BARCA MAYO, RUNE ENGER, LAUREN HABLITZ

Olga Barca Mayo
Universidade de Santiago de Compostela, Center For Research In Molecular Medicine And Chronic Diseases, Santiago de
Compostela, Spain

In mammals, endogenous circadian clocks sense and respond to daily feeding and lighting cues, adjusting internal ~24 h
rhythms to resonate with, and anticipate, external cycles of day and night. This ensures a temporal partitioning of catabolic
and anabolic reactions synchronizing organism metabolism to the feeding-fasting cycle. The mechanism underlying circadian
entrainment to feeding time is critical for understanding why mistimed feeding, as occurs during shift work, disrupts circadian
physiology, a state associated with increased incidence of chronic diseases such as type 2 diabetes. Metabolic state sensing
pathways can alter the molecular clock in anticipation of the environmental light-dark cycles. During feeding, anabolic
processes are triggered by the activation of the Insulin (INS)-AKT-mTOR signaling pathway. On the other hand, during
fasting, AMPK activation triggers catabolic processes and inhibits mTOR activity. As astrocytes are at the interface between
vessels and neurons, they are in a privileged position to act as metabolic sensors of systemic cues that entrain the peripheral
clocks linking the periphery and brain clocks. Here, we will discuss the role of INS and AMPK signaling pathways in the
entrainment of astrocyte clocks and their impact in regulating daily rhythms in physiology and behavior.
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ASTROCYTES AND NEURONS: CORTEX AND SLEEP

SYMPOSIUM 22 - GLIA: CRUCIAL REGULATORS OF CIRCADIAN RHYTHMS AND SLEEP - MARCO BRANCACCIO,
OLGA BARCA MAYO, RUNE ENGER, LAUREN HABLITZ

Rune Enger
University of Oslo, Department Of Molecular Medicin, Oslo, Norway

Astrocytes inextricably influence neuronal physiology by providing structural and trophic support, extracellular homeostasis,
and by active signaling. With such essential functions astrocytes are consequential to many different behaviors. Sleep is no
exception, and astrocytes have been shown to influence sleep state maintenance, sleep drive and waste clearance.
Disentangling the roles of astrocytes in sleep is challenging, as it requires subcellular resolution imaging of natural sleep. We
have developed a model for two-photon microscopy of naturally sleeping head fixed mice, and have employed this model to
describe astrocytic signaling in sleep. We have shown that astrocytic Ca?* signals exhibit distinct features across the sleep-
wake cycle and are reduced during sleep compared to wakefulness. Moreover, an increase in astrocytic Ca2* signaling
precedes transitions from slow wave sleep to wakefulness, with a peak upon awakening exceeding the levels during whisking
and locomotion. Finally, attenuated astrocytic Ca2* signaling impairs slow wave sleep and results in an increased number of
microarousals, abnormal brain rhythms, and an increased frequency of slow wave sleep state transitions and sleep spindles.
We are currently working on disentangling the relationship between astrocytic Ca2* signals and memory function, by studying
sleep spindles and sharp wave ripple dynamics. Moreover, we are investigating the roles of astrocytic endfoot Ca?* signaling
and potential effects on blood flow dynamics and perivascular fluid flow in sleep.
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SLEEP, CIRCADIAN CLOCKS AND THE GLYMPHATIC SYSTEM

SYMPOSIUM 22 - GLIA: CRUCIAL REGULATORS OF CIRCADIAN RHYTHMS AND SLEEP - MARCO BRANCACCIO,
OLGA BARCA MAYO, RUNE ENGER, LAUREN HABLITZ

Lauren Hablitz
University of Rochester, School Of Medicine, Rochester, United States of America

The glymphatic system is a network of perivascular spaces through the brain that enables movement of cerebrospinal fluid
into, and interstitial fluid through the brain. Glymphatic fluid movement is regulated by the circadian system and increased
during sleep, enabling clearance of metabolic waste from the brain parenchyma. This talk will cover the basics of sleep and
circadian regulation of the glymphatic system, explore the contribution of astrocytic circadian molecular clocks to glymphatic
fluid movement, and present novel findings on the regulation of glymphatic flow.
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THE ANTERIOR CLAUSTRUM ENCODES MOTOR PLANNING

SYMPOSIUM 23 - THE FUNCTION(S) OF THE CLAUSTRUM: ATTENTION, SALIENCE, SLEEP, ALL OF THE ABOVE,
OR SOMETHING ELSE? - SOLANGE BROWN, ALAN CARLETON, MAR REUS-GARCIA, LORENZ AUGUST FENK

Solange Brown?'?
1Johns Hopkins School of Medicine, Solomon H. Snyder Department Of Neuroscience, Baltimore, United States of

America, 2Johns Hopkins University School of Medicine, Kavli Neuroscience Discovery Institute, Baltimore, United States of
America

The claustrum, a thin, elongated subcortical nucleus located between the neocortex and striatum, forms extensive reciprocal
connections with the neocortex and has been implicated in sensory selection. It has been proposed that claustrum activity
evoked by sensory input modulates the neocortex’s context-dependent responses to sensory stimuli. Recording from neurons
in anterior claustrum while mice performed a crossmodal sensory-selection task, we found that claustrum neurons, including
claustrocortical neurons projecting to primary somatosensory cortex, rarely responded to tactile or visual input alone. We
found instead that claustrum neurons exhibited direction-tuned motor responses and encoded upcoming movement during
intertrial intervals. Chemogenetic inhibition of claustrocortical neurons decreased lick responses to inappropriate sensory
stimuli. These data indicate that the claustrum is integrated into higher-order premotor circuits recently implicated in decision-
making.
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THE CLAUSTRUM-MEDIAL PREFRONTAL CORTEX NETWORK CONTROLS COGNITIVE FLEXIBILITY

SYMPOSIUM 23 - THE FUNCTION(S) OF THE CLAUSTRUM: ATTENTION, SALIENCE, SLEEP, ALL OF THE ABOVE,
OR SOMETHING ELSE? - SOLANGE BROWN, ALAN CARLETON, MAR REUS-GARCIA, LORENZ AUGUST FENK

Alan Carleton
University of Geneva, Department Of Basic Neuroscience, GENEVE, Switzerland

In various psychiatric disorders, prefrontal cortex dysfunction is thought to induce cognitive deficits. Here we studied how the
claustrum (CLA), a nucleus sharing dense reciprocal connections with the cortex, may contribute to cognitive impairments.
We molecularly characterized CLA neurons using single cell RNA sequencing and used a Cre-driver transgenic mouse line to
specifically study CLA glutamatergic projection neurons. We show that CLA projection neurons exert a direct excitatory input
on medial prefrontal cortex (mMPFC) neurons. Furthermore, specific ensembles of CLA and of mPFC neurons are activated
during a task requiring cognitive flexibility such as attentional set-shifting (i.e. the ability to shift attention towards newly
relevant stimulus-reward associations while disengaging from irrelevant ones. Perturbing the recruitment of specific CLA
assemblies through opto/chemogenetic manipulations impairs the activation of mPFC ensembles and alters cognitive
flexibility. Our results emphasize a potential role of the CLA-mPFC network in cognitive dysfunctions observed in some
mental disorders.
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IS LEARNING THE FINAL TARGET TO ALL PUTATIVE FUNCTIONS OF THE CLAUSTRUM?

SYMPOSIUM 23 - THE FUNCTION(S) OF THE CLAUSTRUM: ATTENTION, SALIENCE, SLEEP, ALL OF THE ABOVE,
OR SOMETHING ELSE? - SOLANGE BROWN, ALAN CARLETON, MAR REUS-GARCIA, LORENZ AUGUST FENK

Maria Del Mar Reus-Garcia
Nanyang Technological University, Lee Kong Chian School Of Medicine, Singapore, Singapore

Finding an unassailable definition for learning might be as challenging as describing the function of the claustrum.
Nonetheless, most authors will agree on the following: 1. Learning is a mechanism by which organisms acquire behaviours
that improve their adaptation to the environment; and 2. Claustral activity supports numerous cognitive-related processes,
mainly filtering out irrelevant information to focus attention on significant or salient stimuli. My recent publication examined
claustrum neuronal activity during classical conditioning. Claustral neurons, usually silent in awake, resting state, became
significantly active while the animals learned the task.Inhibiting claustral activity during the acquisition of conditioned
responses disrupted the learning process, while no effect was observed when claustral cells were silenced after learning was
achieved. This suggests that claustrum activity is required for the acquisition of learning, but not for the expression of the
learned behaviour.Concurrently, several authors have revealed that claustral cells are also active in behavioural experiments
in which animals not only learn a cognitive task but also adjust their behaviour constantly to succeed. Furthermore, during
slow-wave sleep -when consolidation of learning occurs- claustrum cells are particularly active. Learning is essential for
adaptation, survival and evolution; undoubtedly many brain structures are recruited in proper learning. Is the claustrum
responsible for identifying information that needs to be stored and generating a suitable brain state for learning-related
processes? To answer that, | will revisit what we know so far regarding how the claustrum could support learning. This
research/project is supported by the Ministry of Education, Singapore, under its MOEAcCRF Tier 3 Award MOE2017-
T3-1-002.
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DRAGONS, SLEEP, AND THE CLAUSTRUM

SYMPOSIUM 23 - THE FUNCTION(S) OF THE CLAUSTRUM: ATTENTION, SALIENCE, SLEEP, ALL OF THE ABOVE,
OR SOMETHING ELSE? - SOLANGE BROWN, ALAN CARLETON, MAR REUS-GARCIA, LORENZ AUGUST FENK

Lorenz Fenk
Max Planck Institute for Brain Research, Neural Systems, Frankfurt am Main, Germany

This talk will explore the dynamics and coordination of sleep rhythms in the dragon Pogona vitticeps, drawing from some of
our latest work on the reptilian claustrum.
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THE ROLE OF ASTROGLIA-NEURON INTERACTIONS IN GENERATION AND SPREAD OF SEIZURES

SYMPOSIUM 24 - NEURAL MECHANISMS OF EPILEPSY - EMRE YAKSI, LAURA EWELL, ESTHER KROOK-
MAGNUSON, GABRIELE LIGNANI

Emre Yaksi
Norwegian University of Science and technology, Kavli Institute For Systems Neuroscience, Trondheim, Norway

Astroglia-neuron interactions are involved in multiple processes, regulating development, excitability and connectivity of
neural circuits. Accumulating number of evidences highlight a direct connection between aberrant astroglial genetics and
physiology in various forms of epilepsies. Using multiple zebrafish seizure models, we showed that neurons and astroglia
follow different spatiotemporal dynamics during transitions from pre-ictal to ictal activity. We observed that during pre-ictal
period neurons exhibit local synchrony and low level of activity, whereas astroglia exhibit global synchrony and high-level of
calcium signals that are anti correlated with neural activity. Instead, generalized seizures are marked by a massive release of
astroglial glutamate release as well as a drastic increase of astroglia and neuronal activity and synchrony across the entire
brain. Furthermore, using a combination of genetic and pharmacological perturbations, we revealed that astroglial glutamate
signalling and astroglial gap junctions plays a major role in generation and spreading of epileptic seizures across the brain.
Knocking out astroglial glutamate transporters leads to recurrent spontaneous generalized seizures accompanied with
massive astroglial glutamate release. Whereas perturbing astroglial gap junctions leads to more complex alterations of neural
activity and excitability, mitigating the impact of PTZ induced seizures. Our results highlight astroglial glutamate transporters
and gap junctions as potential targets for developing novel anti-seizure therapies.
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NETWORK MECHANISMS OF IMPAIRED MEMORY CODING IN EPILEPSY

SYMPOSIUM 24 - NEURAL MECHANISMS OF EPILEPSY - EMRE YAKSI, LAURA EWELL, ESTHER KROOK-
MAGNUSON, GABRIELE LIGNANI

Laura Ewell
University of California — Irvine, Department Of Anatomy & Neurobiology, Irvine, United States of America

A common and devastating comorbidity of temporal lobe epilepsy (TLE) is impaired learning and memory. Strikingly, few
studies have performed awake neural recordings during memory tasks, which would facilitate discovery of the physiological
basis of such memory problems. To this end, we tested working memory performance in a mouse model of focal TLE, and
found two types of impairment: (1) impaired learning of a constant reference frame, and (2) dynamic, intermittent impairment
in working memory depending on real-time pathophysiology. Single unit and LFP recordings from various sub-regions of the
hippocampus during the task revealed that mice were experiencing frequent sub-threshold (so called ‘clinical’) seizures
during the task — and that such seizures occurred reliably at particular locations on the maze. Despite showing no overt
behavioral phenotype during seizures, we suspect that such synchronized activity is interfering with normal hippocampal
coding at key phases of the memory task — such as real-time replay of recent reward visits. The ‘place’ component of the
seizure activity is indicative of heightened attractor dynamics in area CA3 of the hippocampus — and ongoing experiments in
the lab are testing this hypothesis.
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IN VIVO MANIPULATION OF NEURONAL CIRCUITS IN EPILEPSY

SYMPOSIUM 24 - NEURAL MECHANISMS OF EPILEPSY - EMRE YAKSI, LAURA EWELL, ESTHER KROOK-
MAGNUSON, GABRIELE LIGNANI

Esther Krook-Magnuson
University of Minnesota, Department Of Neuroscience, Minneapolis, United States of America

In vivo perturbation of neuronal circuits, including selectively during spontaneous seizures, can provide important insight into
which circuits and circuit components may contribute to epileptiform activity, and, importantly, which elements may be able to
curtail seizures. Using on demand optogenetics, we have explored the key role of circuit elements near the seizure focus in a
mouse model of temporal lobe epilepsy, and show that engagement of the dentate gyrus is critical for such seizures.
Selective in vivo manipulation techniques also allow exploration of cell-types and circuits remote from the seizure focus.
Somewhat surprisingly, we find that strong modulation of hippocampal seizures is achieved by cerebellar-directed
interventions. Pathway dissection coupled with selective modulation indicates that cerebellar-mediated inhibition of
hippocampal seizures rests on excitation of excitatory cerebellar nuclear neurons which project to a particular nucleus of the
thalamus. An in-depth exploration of the parameter space further indicates that robust seizure inhibition can be achieved
when targeting this circuitry via more traditional electrical stimulation approaches. These findings highlight how circuit
dissection via selective in vivo manipulation can provide new insights into seizure networks and provide new avenues for
potential intervention strategies.
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MANIPULATION OF EPILEPTIC NEURONAL ACTIVITY USING ACTIVITY-DEPENDENT GENE THERAPY

SYMPOSIUM 24 - NEURAL MECHANISMS OF EPILEPSY - EMRE YAKSI, LAURA EWELL, ESTHER KROOK-
MAGNUSON, GABRIELE LIGNANI

Gabriele Lignani
UCL Queen Square Institute of Neurology, Clinical And Experimental Epilepsy, London, United Kingdom

Epilepsy remains one of the commonest serious neurological diseases, affecting 1% of the world’s population. 30% of
people with epilepsy are refractory to pharmacological treatment and for these patients, surgical resection of the focal brain
area where the seizures arise remains the best hope to achieve seizure freedom, but this procedure is often precluded by
proximity to eloquent regions. Gene therapy is the most promising candidate replacement for surgical treatment. However,
current experimental gene therapies do not discriminate between neurons involved in seizure generation and ‘healthy’
surrounding neurons. There is an urgent need to develop methods that identify and treat only the neurons involved in the
generation of seizures. The possibility to target only the neurons actively involved in seizures by modifying their activity would
be an important step towards to a rational treatment of epilepsy. This project is based on the use of activity-dependent
promoters to drive a therapeutic transgene that attenuates neuronal excitability. Pathological hyperactivity triggers expression
of the transgene in transduced neurons, which then reduces their likelihood to fire and release neurotransmitter. Once
seizures resolve, the gene therapy tool automatically turns off, until excessive activity occurs again (if it does). Importantly,
transgene expression only occurs in neurons that are recruited to fire in excess, and neighbouring or intermingled neurons
not involved in the seizure are unaffected. Self-time-limited expression of the transgene and specificity for over-active
neurons argue that the treatment is better tolerated than an indiscriminate and permanent reduction in excitability in the
epileptic focus.



QFENS 20,2022

PRESENTATION NUMBER: S094
GENERALIZED NEOHEBBIAN SYNAPTIC PLASTICITY RULES FOR LEARNING CORTICAL REPRESENTATIONS

SYMPOSIUM 25 - ENCODING IN NEURONS AND BEYOND: APPLICATIONS IN MACHINE LEARNING - WULFRAM
GERSTNER, ANDREW SAXE, MIGUEL ANGEL NUNEZ, JONATHAN CORNFORD

Woulfram Gerstner, Bernd llling, Guillaume Bellec
EPFL, School Of Computer And Communication Sciences And School Of Life Sciences, Lausanne, Switzerland

Learning in the brain is based on synaptic plasticity rules, but learning rules that respect biological constraints pose
challenges if the aim is to build deep hierarchical representations. Here, we propose a generalized NeoHebbian learning rule
that depends on five factors: pre- and postsynaptic activity, a layer-wide broadcast signal of surprise, information about
presence or absence of a saccade, and dendritic membrane potential the encodes learned predictions. We apply this rule in
a multi-layer neural network where each layer can be interpreted as one cortical area. The learning rule applies contrastive
predictive learning from machine learning to a causal, biological setting using saccades (ie rapid shifts in gaze direction). The
learning rule is derived by minimizing an area-specific loss function and does not need to back-propagate error signals
between cortical areas. We show that with such a local rule, the usefullness of cortical representations increases over several
cortical areas.
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RICH AND LAZY LEARNING OF TASK REPRESENTATIONS IN BRAINS AND NEURAL NETWORKS

SYMPOSIUM 25 - ENCODING IN NEURONS AND BEYOND: APPLICATIONS IN MACHINE LEARNING - WULFRAM
GERSTNER, ANDREW SAXE, MIGUEL ANGEL NUNEZ, JONATHAN CORNFORD

Andrew Saxe
UCL, Gatsby Computational Neuroscience Unit & Sainsbury Wellcome Centre, London, United Kingdom

How do neural populations code for multiple, potentially conflicting tasks? We undertake a combination of computational
simulations and mathematical analyses involving neural networks to define “lazy” and “rich” coding solutions to context-
dependent tasks, which trade off learning speed for robustness. During lazy learning the input dimensionality is expanded by
random projections to the network hidden layer, whereas in rich learning hidden units acquire structured representations that
privilege relevant over irrelevant features. For context-dependent decision-making, one rich solution is to project task
representations onto low-dimensional and orthogonal manifolds. Using behavioral testing and neuroimaging in humans and
analysis of neural signals from macaque prefrontal cortex, we report evidence for neural coding patterns in biological brains
whose dimensionality and neural geometry are consistent with the rich learning regime.
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UNDERSTANDING INVARIANT TEXTURE CODING IN MOUSE VISUAL CORTEX THROUGH NEURAL NETWORKS

SYMPOSIUM 25 - ENCODING IN NEURONS AND BEYOND: APPLICATIONS IN MACHINE LEARNING - WULFRAM
GERSTNER, ANDREW SAXE, MIGUEL ANGEL NUNEZ, JONATHAN CORNFORD

Carsen Stringer!, Fengtong Du?, Marius Pachitariu?
I1Howard Hughes Medical Institute, Janelia Research Campus, Ashburn, United States of America, 2Howard Hughes Medical
Institute, Janelia Research Campus, ASHBURN, United States of America

The discrimination of visual textures, irrespective of rotation, scale and viewpoint, can help animals perform a variety of
visual tasks such as object recognition and object segmentation. The neural basis of such invariant texture recognition is
largely unknown. We recorded ~40,000 neurons simultaneously in mouse visual cortex while presenting ~14,000 visual
stimuli sampled from 32 texture classes via random rotation, scaling and cropping. We found that the neural responses
encoded the texture class robustly and a linear classifier trained on the neural data achieved test performance on single trials
of 81.67% + 2.74% (stddev, n=4 recordings, chance=0.03). Furthermore, we found that the patterns of errors in the task were
highly-consistent across mice, and classification accuracy improved slightly in higher-order visual areas. These computations
were supported by a subset of texture-coding neurons which formed 10% of the population and were spread throughout
visual areas. Classification accuracy from the texture-coding neurons was similar to that from the entire population. To
determine the computational operations leading to texture invariance, we next analyzed the responses of artificial neurons
from a pretrained AlexNet model. These artificial neurons performed well in the texture classification task, but their pattern of
errors did not match the patterns from the neural data. To better model the neural data, we next fit a CNN encoding model
directly to the responses of the neurons. The model explained additional variability of the response patterns in individual
images, but it did not fully reproduce the pattern of errors in the texture classification task.
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THE ROLE OF RECURRENCE IN NOISE-ROBUST VISUAL PROCESSING

SYMPOSIUM 25 - ENCODING IN NEURONS AND BEYOND: APPLICATIONS IN MACHINE LEARNING - WULFRAM
GERSTNER, ANDREW SAXE, MIGUEL ANGEL NUNEZ, JONATHAN CORNFORD

There is strong evidence that animals use top-down and local recurrent connections to help resolve ambiguous visual stimuli,
but there are also surprisingly few ANN architectures that explicitly take advantage of such recurrent connections to generate
robust visual perception. Here, we explore sequential visual tasks designed to require higher-order and sequential
information to resolve ambiguities. We show that on these tasks recurrent convolutional networks that are more brain-like in
their architecture perform better than networks with more traditional convolutional architectures. This work helps to identify
task designs that could be used to examine robust visual processing with non-feedforward circuits, both in experiments on
living subjects, and benchmarks for artificial intelligence agents.
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MATERNAL INFLAMMATION DURING PREGNANCY AND OFFSPRING BRAIN DEVELOPMENT - EVIDENCE FROM
PROSPECTIVE LONGITUDINAL STUDIES IN HUMANS

SYMPOSIUM 26 - VULNERABILITIES OF THE DEVELOPING NEOCORTEX TO MATERNAL INFLAMMATION: FROM
PROGENITORS TO CIRCUITS - CLAUDIA BUSS, MELISSA BAUMAN, ANTHONY C VERNON, NAVNEET VASISTHA

Claudia Buss?, Jerod Rasmussen?, Alice Graham?, Sonja Entringer, Thomas O'Connor?4, Hyagriv Simhan®, Damien

Fair®, Pathik Wadhwa?

ICharité — Universitdtsmedizin Berlin, Institute For Medical Psychology, Berlin, Germany, 2University of California Irvine,
Pediatrics, Irvine, United States of America, 3Oregon Health and Science University, Psychiatry, Portland, United States of
America, “University of Rochester, Psychiatry, Rochester, United States of America, "Magee-Women's Hospital, Obstetrics,
Gynecology And Reproductive Sciences, Pittsburgh, United States of America, SUniversity of Minnesota, Pediatrics,
Minneapolis, United States of America

The origins of alterations in brain anatomy and connectivity, that may underlie cognitive impairment and mental illness, can
often be traced back to the fetal period of life when the developing embryo/fetus responds to suboptimal conditions during
critical periods of brain development (“Fetal Programming”). Maternal inflammation is among such conditions that can alter
fetal brain development and consequently have an impact on her child’s cognitive function and mental health. Animal models
support a key role for cytokines, inflammatory signaling proteins, as sensors, transducers, and effectors of maternal
inflammation and other environmental conditions on the developing embryonic and fetal brain. Results from prospective
longitudinal studies in mother-fetal/infant dyads will be presented. Concentrations of the pro-inflammatory cytokine 1I-6 were
measured serially in early, mid and late pregnancy. Multimodal brain MRI scans were acquired in neonates, who were
followed up with developmental assessments across infancy. Evidence will be presented in support of higher maternal IL-6
concentrations to be associated with variation in neonatal brain anatomy and connectivity that predict cognitive function and
behavioral problems in infancy. Furthermore, variation in maternal inflammatory mediators during pregnancy will be
discussed as potential mediators underlying intergenerational transmission of maternal preconceptual and prepartum stress.
These findings suggest that the origins of variation in cognitive ability and mental health may, in part, trace back to the
intrauterine period of life and support variation in brain anatomy and connectivity related to prenatal inflammation as a
putative pathway.
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FINDINGS FROM A NON-HUMAN PRIMATE MODEL OF MATERNAL IMMUNE ACTIVATION

SYMPOSIUM 26 - VULNERABILITIES OF THE DEVELOPING NEOCORTEX TO MATERNAL INFLAMMATION: FROM
PROGENITORS TO CIRCUITS - CLAUDIA BUSS, MELISSA BAUMAN, ANTHONY C VERNON, NAVNEET VASISTHA

Melissa Bauman
University of California, Davis, Department Of Psychiatry & Behavioral Sciences, Sacramento, United States of America

Children born to women who experience infection during pregnancy have an increased risk of neurodevelopmental
disorders, including schizophrenia and autism spectrum disorder. Rodent models of maternal immune activation (MIA) have
identified the maternal immune response as the critical link between maternal infection and altered neurodevelopment. The
nonhuman primate model provides an opportunity to maximize translational utility in a species more closely related to
humans. Here we report data from the first longitudinal behavior and neuroimaging study conducted in a rhesus monkey
(Macaca mulatta) MIA model. A modified form of the viral mimic, Polyinosinic-polycytidylic acid (PolylC), was delivered to
pregnant monkeys (N=14) in the late first trimester to stimulate maternal immune response. Control dams received saline
injections (N=10) or were untreated (N=4). The offspring underwent behavioral assessments paired with longitudinal
magnetic resonance imaging (MRI) from birth to four years to evaluate the long-lasting consequences of prenatal immune
challenge. Although offspring born to control or MIA-treated dams did not differ on measures of physical growth and early
developmental milestones, the MIA-treated animals exhibited subtle changes in cognitive development and deviated from
species-typical brain growth trajectories. Longitudinal MRI revealed significant gray matter volume reductions in the prefrontal
and frontal cortices of MIA-treated offspring at 6 months that persisted through the final time-point at 45 months, along with
smaller frontal white matter volumes at 36 and 45 months. Comprehensive assessments of social development paired with an
evaluation of the developing immune system will be presented to further explore the impact of prenatal immune challenge.
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INTERFERON-GAMMA SIGNALLING DRIVES MOLECULAR AND CELLULAR PHENOTYPES ASSOCIATED WITH
NEURODEVELOPMENTAL DISORDERS IN HUMAN IPSC-DERIVED NEURONS

SYMPOSIUM 26 - VULNERABILITIES OF THE DEVELOPING NEOCORTEX TO MATERNAL INFLAMMATION: FROM
PROGENITORS TO CIRCUITS - CLAUDIA BUSS, MELISSA BAUMAN, ANTHONY C VERNON, NAVNEET VASISTHA

Katherine Warre-Cornish?, Leo Perfect!, Amalie Couch?, Roland Nagy?, Rodrigo Duarte!, Matthew Reid?!, Pooja

Raval?, Cedric Ghevaert®, Grainne Mcalonan#, Eva Loth?4, Declan Murphy*, Timothy Powell5, Anthony Vernon?, Deepak
Srivastavat, Jack Price!

linstitute of Psychiatry, Psychology and Neuroscience, King's College London, Basic And Clinical Neuroscience, London,
United Kingdom, 2Institute of Psychiatry, Psychology and Neuroscience, King's College London, Department Of Basic And
Clinical Neuroscience, London, United Kingdom, 3University of Cambridge, Wellcome-mrc Cambridge Stem Cell Institute,
Cambridge, United Kingdom, “Institute of Psychiatry, Psychology and Neuroscience, King's College London, Forensic And
Neurodevelopmental Sciences, London, United Kingdom, °King's College London, Social Genetic And Developmental
Psychiatry Centre, London, United Kingdom

Background: Converging lines of evidence support a link between elevated levels of pro-inflammatory cytokines such as
interferon-y (IFN-y) and interleukin (IL)-6 during neurodevelopment and increased risk for psychiatric disorders. The cellular
basis of these effects in the brain however remains unclear. We tested the hypothesis that exposure to either cytokine would
contribute to molecular and cellular phenotypes associated with neurodevelopmental disorders in two different cell
types. Methods: Neural progenitor cells (NPCs) and microglia-like cells (MGLs) were differentiated from hiPSC collected
(n=3 neurotypical male donors, n=3 clones per donor) and exposed to either IFN-y (25 ng/ml) or IL-6 (100 ng/ml). Molecular
phenotypes were assessed by RNA sequencing and cellular phenotypes by cell-specific assays including neurite outgrowth,
motility and secretion of cytokines and chemokines. Results: At the cellular level, transient exposure of NPCs to IFN-y
increased neurite outgrowth dependent on up-regulation of major histocompatibility class (MHC)-I and promyelocytic
leukemia (PML) nuclear bodies (Warre-Cornish et al. Science Advances, 2020). By contrast, transient exposure to IL-6
increased Y705-STAT-3 phosphorylation in MGLs but not in NPCs. In MGLs transient exposure to IL-6 triggered increases in
cell/process motility and secretion of pro- and anti-inflammatory cytokines. At the molecular level, we provide evidence that
transient exposure of NPCs to IFN-y and MGLs to IL-6 disproportionately alter the expression of genes associated with either
schizophrenia or autism, suggestive of an interaction between genetic and environmental risk factors. Conclusion: These
data provide evidence for putative cell-specific effects of IFN-y and IL-6 signalling in the eitiology of neurodevelopmental
disorders.
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TIME AND SUBTYPE-DEPENDENT IMPAIRMENT OF CORTICAL INTERNEURONS BY MATERNAL IMMUNE
ACTIVATION

SYMPOSIUM 26 - VULNERABILITIES OF THE DEVELOPING NEOCORTEX TO MATERNAL INFLAMMATION: FROM
PROGENITORS TO CIRCUITS - CLAUDIA BUSS, MELISSA BAUMAN, ANTHONY C VERNON, NAVNEET VASISTHA

Navneet Vasistha
University of Copenhagen, Biotech Research And Innovation Center, Copenhagen N, Denmark

Infections during pregnancy are associated with an increased risk for disorders such as autism and schizophrenia. Virus
infections induce maternal immune system activation (MIA) and the release of several cytokines that cross the placental
barrier and severely impact the development of the cerebral cortex. We have previously shown that MIA has a non-uniform
impact on cell types in the developing brain. Specifically, MIA displays a developmental time and neuronal subtype-
dependent impairment on progenitors that give rise to inhibitory neurons. Progenitor proliferation in the medial (MGE) and
caudal ganglionic eminence (CGE) is affected during early- and mid-neurogenesis stages respectively. Furthermore, despite
the acute nature of MIA, the impact on neuronal lineages is enduring and continues even after birth leading to physiological
dysfunction. Finally, using high-throughput single-nuclei RNA sequencing (snRNA-seq) technology, we describe the possible
mechanisms underlying the differential vulnerability due to MIA. We show that receptors for key cytokines are unequally
expressed between MGE and CGE progenitors. Furthermore, non-canonically and canonical Wnt signaling is disrupted in
MGE and CGE progenitors respectively. Finally, using RNA dynamics to study cell lineages, we show that MIA induces
precocious differentiation of dorsal cortical progenitors to novel cell states. Our study hence emphasizes the fundamental
differences between neural progenitor cells and how this shapes the development of the neocortex. Understanding the
mechanistic basis behind such differential vulnerability is also crucial for resolving the pathogenesis of neurodevelopmental
disorders.
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NEW FUNCTIONAL PROPERTIES OF HIPPOCAMPAL NEURAL STEM CELLS IN EPILEPSY

SYMPOSIUM 27 - ADULT HIPPOCAMPAL NEUROGENESIS IN PHYSIOLOGY AND PATHOLOGY - JUAN ENCINAS,
THOMAS LARRIEU, NORA ABROUS, MARIA LLORENS-MARTIN

Juanma Encinas
Achucarro Basque Center for Neuroscience, Laboratory Of Neural Stem Cells And Neurogenesis, Leioa, Spain

In normal conditions, neural stem cells (NSCs) dwelling in the dentate gyrus of the hippocampus generate neurons and
astrocytes. After seizures, however, NSCs enter massively into the cell cycle and change their morphology

drastically, transforming into reactive-NSCs (React-NSCs), which ultimately differentiate into reactive astrocytes. As a
result, very little neurogenesis, and with abnormal properties, remains in the epileptic hippocampus. React-NSCs are distinct
form normal NSCs, astrocytes and reactive astrocytes. Importantly, React-NSCs contribute to reactive gliosis and are
pro-inflammatory. React-NSCs overexpress interleukin 1B (IL-1B), one of the major mediators of neuroinflammation in the
brain. The seizure-induced transformation of NSCs into pro-inflammatory React-NSCs is mediated through the
activation of purinergic 2X receptors (P2XR) and of epidermal growth factor receptor (EGFR). By blocking these
pathways, the induction of React-NSCs can be prevented and thus NSCs and neurogenesis can be preserved.
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BLOOD CIRCULATING FACTORS REGULATE ADULT NEUROGENESIS IN THE CONTEXT OF ANXIETY

SYMPOSIUM 27 - ADULT HIPPOCAMPAL NEUROGENESIS IN PHYSIOLOGY AND PATHOLOGY - JUAN ENCINAS,
THOMAS LARRIEU, NORA ABROUS, MARIA LLORENS-MARTIN

Thomas Larrieu
Lausanne University Hospital, Department Of Psychiatry, Center For Psychiatric Neurosciences, Prilly, Switzerland

Adult hippocampal neurogenesis, which consists in the continuous formation of neurons throughout adulthood, confers
stress resilience but is also inhibited by stress and anxiety. Thus, mechanisms of regulation of adult neurogenesis are
relevant to mood disorders. Using an in vitro assay, we found that blood-circulating molecules regulate adult neural stem cell
proliferation and are necessary and sufficient to mediate the stress- or anxiety-mediated reduction of adult neurogenesis in
mice. In a cohort of patients at high risk of developing psychiatric diseases, we found that some of these molecules are
correlated with levels of anxiety and may participate to disease mechanisms. Together, our results show that blood-circulating
molecules regulate adult neurogenesis and may represent biomarkers or drug targets relevant to stress and anxiety-related
diseases.
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THE TEMPORAL ORIGIN OF DENTATE GRANULE NEURONS DICTATES THEIR MORPHO-FUNCTIONAL
PROPERTIES

SYMPOSIUM 27 - ADULT HIPPOCAMPAL NEUROGENESIS IN PHYSIOLOGY AND PATHOLOGY - JUAN ENCINAS,
THOMAS LARRIEU, NORA ABROUS, MARIA LLORENS-MARTIN

Nora Abrous, Muriel Koehl, Guillaume Lucas, Vanessa Charrier, Sophie Tonel, Emilie Pacaray
Bordeaux Neurocampus, Neurocentre Magendie, Bordeaux, France

Neurogenesis was traditionally believed to occur only during embryonic stages in the mammalian brain. However, over the
last 30 years, research has firmly established that active neurogenesis persists throughout adult life in discrete areas of the
brain such as the hippocampal dentate gyrus (DG). In fact, the DG is predominantly formed after birth, and it exhibits a
permanent remodeling through continuous addition of new neurons throughout the life-span. Because of this continuous
addition of new cells, the DG appears as a highly heterogeneous structure composed of different generations of granule
neurons. | will provide some examples of this heterogeneity and will show that the temporal origin of DGNs dictates their
morphology, their properties in response to learning and their role in hippocampal-dependent function. | will conclude on the
potential implication of these different cohorts of neurons in establishing resilience/vulnerability to mental disorders.
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HUMAN ADULT HIPPOCAMPAL NEUROGENESIS AND NEURODEGENERATIVE DISEASES

SYMPOSIUM 27 - ADULT HIPPOCAMPAL NEUROGENESIS IN PHYSIOLOGY AND PATHOLOGY - JUAN ENCINAS,
THOMAS LARRIEU, NORA ABROUS, MARIA LLORENS-MARTIN

Maria Llorens-Martin
Spanish Research Council (CSIC), Centro De Biologia Molecular "severo Ochoa" Cbmso, Madrid, Spain

The hippocampus hosts one of the most unique phenomena of the adult mammalian brain, namely the addition of new
neurons throughout lifetime. While synapse loss and consequent death of mature neurons may be responsible for much of
the hippocampal malfunctioning in neurodegenerative diseases, studies in mice suggest that the disease could also target
the generation of new neurons — or adult hippocampal neurogenesis (AHN). In my talk, | will provide evidence from our lab
that supports the occurrence of continued neurogenesis in the human hippocampus of aged healthy subjects and patients
with distinct neurodegenerative diseases, using brain material obtained under tightly controlled conditions and applying state-
of-the-art tissue processing methods. Our data evidence that AHN is a robust phenomenon in the human brain, and point to
the impairment of adult neurogenesis and the homeostasis of the hippocampal neurogenic niche as a potentially relevant
mechanism underlying hippocampal malfunctioning that may be amenable to novel therapeutic strategies.
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OBJECT VISION TO HAND ACTION IN MACAQUE PARIETAL, PREMOTOR AND MOTOR CORTICES

SYMPOSIUM 28 - MULTISENSORY INTEGRATION AND SPACE REPRESENTATION IN HUMANS AND MONKEYS -
STEFAN SCHAFFELHOFER, ROSSELLA BREVEGLIERI, TOBIAS HEED, SULIANN BEN HAMED

Stefan Schaffelhofer?, James Goodman?, Hansjérg Scherberger?
IcortEXplore GmbH, -, Linz, Austria, 2Deutsches Primatenzentrum GmbH, Neurobiology Laboratory, Gottingen, Germany

Grasping requires translating object geometries into appropriate hand shapes. How the brain computes these
transformations remained widely unclear. We investigated three key areas of the macaque cortical grasping circuit in a
delayed grasping task with microelectrode arrays in primates and found cooperative but anatomically separated visual and
motor processes. The parietal area AIP operated primarily in a visual mode. Its neuronal population revealed a specialization
for shape processing, even for abstract geometries, and processed object features ultimately important for grasping.
Premotor area F5 acted as a hub that shared the visual coding of AIP only temporarily and switched to highly dominant motor
signals towards movement planning and execution. We visualize these non-discrete premotor signals that drive the primary
motor cortex M1 to reflect the movement of the grasping hand. In addition to these active tasks, we collected neural activity
during observation tasks in search of mirror neurons in this network. F5 and AIP responded substantially during this
observation context, but there was no categorically distinct class of mirror neurons. In fact, even at the population level, there
was little evidence for processing of the observed grip per se, only of passive visual processing of object features. Our results
reveal visual and motor features encoded in the grasping circuit and their communication to achieve transformation for
grasping. They also suggest that, whatever the putative mirror mechanism may be, it does not involve the processing of
motor features of grasps which are merely observed.
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MULTISENSORY INTEGRATION FOR MOVEMENT IN THE DORSOMEDIAL VISUAL STREAM OF MONKEY AND
HUMANS

SYMPOSIUM 28 - MULTISENSORY INTEGRATION AND SPACE REPRESENTATION IN HUMANS AND MONKEYS -
STEFAN SCHAFFELHOFER, ROSSELLA BREVEGLIERI, TOBIAS HEED, SULIANN BEN HAMED

Rossella Breveglierit, Sara Borgomaneri?, Alessio Avenanti?, Alessia Tessari®, Patrizia Fattoril, Claudio Galletti!
1University of Bologna, Biomedical And Neuromotor Sciences, Bologna, Italy, 2Universita di Bologna, Center For Studies And
Research In Cognitive Neuroscience, Cesena, Italy, 2Universita di Bologna, Psychology, Bologna, Italy

Accurate movements require correct multisensory integration, a complex function performed by different brain areas
including the posterior parietal cortex (PPC). The PPC of the monkeys contains area V6A, which receives different sensory
input, namely visual and somatosensory, uses these signals to estimate the state of the arm and communicates with the
frontal cortex to perform correct movements. Moreover, V6A is active before and during arm movements because it contains
reach-related cells modulated by the depth and by the direction of reaching. In humans, V6A (hV6A) is in the posterior part of
Brodmann’s area 7 and shares many functions with monkey V6A, such as the processing of sensory stimuli and the
activation during reaching. Recently, in our lab, the causal role of hV6A was investigated using transcranial magnetic
stimulation (TMS): after TMS during reach planning, impairments in the encoding of depth of reaching were observed, in
keeping with the presence of cells modulated by the depth of reaching targets during reach planning in monkey V6A.
Furthermore, we have also proved the functional connectivity between hV6A and the frontal cortex at rest using a dual-site
paired-pulse TMS protocol. We found inhibitory effects of hV6A on the frontal cortex excitability at longer inter-stimulus
intervals (12 and 15ms). All these experiments support a strict homology between monkey V6A and hV6A and suggest that
this region subserves crucial sensorimotor integration functions to interact with the external world.
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REFERENCE FRAMES AND TASK REPRESENTATION FOR TACTILE-SPATIAL PROCESSING IN HUMAN POSTERIOR
PARIETAL CORTEX

SYMPOSIUM 28 - MULTISENSORY INTEGRATION AND SPACE REPRESENTATION IN HUMANS AND MONKEYS -
STEFAN SCHAFFELHOFER, ROSSELLA BREVEGLIERI, TOBIAS HEED, SULIANN BEN HAMED

Tobias Heed
University of Salzburg, Psychology, Salzburg, Austria

When humans have to reach or saccade towards a visual target, spatial information is coded in different reference frames
anchored to the eyes, head, and world. When one wants to act towards a tactile stimulus, the target’s location on the skin
cannot sufficiently inform the movement, because the body’s limbs can be flexibly configured, so that posture must be taken
into account to aim for a skin location. To elucidate which brain regions contribute to transforming tactile information into a
location in space and in planning the respective movement, 16 participants pointed towards, or away from, tactile stimuli
presented to uncrossed and crossed feet in a delayed movement paradigm. Multi-voxel pattern decoding revealed that
bilateral rostral regions of posterior parietal cortex (PPC) differentiated tactile stimuli based on the anatomical foot on which
they had occurred. A caudal PPC region, in contrast, coded whether a stimulus had occurred in left or right space,
independent of the anatomical foot on which it had been presented. The transformation rule, i.e. whether the pointing was
towards or away from the stimulus, was decodable in caudal PPC, partly overlapping with the regions that coded stimuli
anatomically and in space. Thus, the different reference frames relevant to tactile-motor processing appear to be integrated in
the context of an overarching task representation.
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MULTISENSORY INTEGRATION AND SPACE REPRESENTATION IN THE VENTRAL INTRAPARIETAL AREA OF
MONKEYS AND HUMANS

SYMPOSIUM 28 - MULTISENSORY INTEGRATION AND SPACE REPRESENTATION IN HUMANS AND MONKEYS -
STEFAN SCHAFFELHOFER, ROSSELLA BREVEGLIERI, TOBIAS HEED, SULIANN BEN HAMED

Suliann Ben Hamed?, Wei-An Sheng?, Celia Foster3, Tobias Heed*

ICNRS, Institut Des Sciences Cognitives, Bron Cedex, France, 2Institut des Sciences Cognitives Marc Jeannerod,
Neuroscience, Bron Cedex, France, 3Bielefeld University, Center Of Cognitive Interaction Technology (citec), Bielefeld,
Germany, “University of Salzburg, Psychology, Salzburg, Austria

The macaque ventral intraparietal area (VIP) in the fundus of the intraparietal sulcus has been implicated in a diverse range
of sensorimotor and cognitive functions such as motion processing, multisensory integration, processing of head peripersonal
space, defensive behavior, and numerosity coding. These functional properties have been used in order to identify VIP in the
human parietal cortex as well as in other species. | will however show that human VIP research has consistently identified
three, rather than one, bilateral parietal areas that each appear to subsume some, but not all, of macaque VIP’s functionality.
These three human areas are dominated, roughly, by coding the head or self in the environment, visual heading direction,
and the peripersonal environment around the head, respectively. Based on cross-species functional comparison, | will
suggest that VIP has evolved as a progressive expansion and specialization of a parietal area, from prosimians to new-world
and old-world monkeys to humans. Based on this new understanding of human VIP, focusing on the visual and touch
modalities, | will present data suggesting that some precursory specialization within macaque VIP, arising from specific
functional brain connectivity patterns as well as from inter-individual differences, has been previously overlooked. | will then
propose prediction in space and time, linking VIP to state estimation, as a unifying functional principle for the diversity of
seemingly unrelated functions associated with area VIP. Last, | will propose that VIP’s expansive differentiation of head and
self-related processing may have been key in the emergence of human bodily self-consciousness.
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ELECTROPHYSIOLOGICAL PROPERTIES OF DOPAMINE NEURONS PROJECTING TO TAIL OF THE STRIATUM

SYMPOSIUM 29 - THE BASAL GANGLIA SENSORY DOMAIN THROUGH TAIL OF THE STRIATUM: REWARD, THREAT
AND SENSORY FILTERING - ROEPER JOCHEN, EMMANUEL VALJENT, MITSUKO WATABE-UCHIDA, SEBASTIAN
KRUETTNER

Jochen Roeper
Goethe University Frankfurt, Neuroscience Center Institute For Neurophysiology, Frankfurt, Germany

The biophysical differences of dopamine midbrain neurons with defined axonal projections have been well characterized by
in vitro slice patch-clamp experiments on retrogradely characterized and neurochemically identified cells. In contrast, little is
known about those dopamine neurons in the pars lateralis of the substantia nigra (SNpl) that project to the tail of the striatum,
a caudal part of the dorsal striatum. Therefore, combining in vivo retrograde tracing and in vitro patch-clamping we set out the
characterize this subtype of dopamine neurons involved in fear responses. In contrast to those DA neurons residing in the
lateral part of the substantia nigra (i.e. medial of the pars lateralis) that project to the more rostral dorsolateral stiatum, SNpl
DA neurons had smaller somato and fired a higher baseline frequencies. The possessed intermediate sag levels and short
rebound delays. We currently study these neurons in vivo to better capture their specific electrcophysiological properties.
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SPATIOMOLECULAR HETEROGENEITY OF D1R AND D2R NEURONS OF THE TAIL OF THE STRIATUM

SYMPOSIUM 29 - THE BASAL GANGLIA SENSORY DOMAIN THROUGH TAIL OF THE STRIATUM: REWARD, THREAT
AND SENSORY FILTERING - ROEPER JOCHEN, EMMANUEL VALJENT, MITSUKO WATABE-UCHIDA, SEBASTIAN
KRUETTNER

Emmanuel Valjent
IGF, Université Montpellier, CNRS, Inserm, Molecular And Neural Coding Of Behavior (mncb)lab, Montpellier, France

The striatum is the gateway to the basal ganglia, an ensemble of subcortical structures involved in motor planning,
procedural and reinforcement-based behaviors. In mammals, three functional domains have been characterized
based on differences spanning across mediolateral and dorsoventral axis. Increasing evidences indicate however
that the extreme caudal part of the striatum, also referred to as the tail of striatum (TS), constitutes a fourth
functional domain. Here, | will discuss recent findings suggesting that the TS displays heterogeneous cell-type-
specific organization and unique input-output connectivity. | will illustrate how the use of transgenic mice
expressing reporters driven by specific promoters enables the delimitation of distinct TS domains, which are highly
conserved across the Muridae family. Finally, | will provide evidence that the spatiomolecular heterogeneity of TS
neurons expressing dopamine D1 and D2 receptors, and the peculiarity of TS-projecting DA neurons contribute to
make this fourth striatal domain particularly responsive to psychostimulants.
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BALANCING THE TAIL OF THE STRIATUM PATHWAYS UNDER REWARD-THREAT CONFLICT

SYMPOSIUM 29 - THE BASAL GANGLIA SENSORY DOMAIN THROUGH TAIL OF THE STRIATUM: REWARD, THREAT
AND SENSORY FILTERING - ROEPER JOCHEN, EMMANUEL VALJENT, MITSUKO WATABE-UCHIDA, SEBASTIAN
KRUETTNER

Mitsuko Watabe-Uchida
Harvard University, Molecular And Cellular Biology, Center For Brain Science, Cambridge, United States of America

Animals adaptively learn to repeat rewarding actions and refrain from dangerous actions. Although our understanding of
reward learning and threat learning has advanced tremendously in recent years, these are mostly studied independently of
one another. However, in the natural world, it is critical to consider both reward and threat. Especially in case of threat, it is
important to utilize information of potential threat, not only the ultimate outcomes such as pain, injury and death. What is the
brain mechanism for balancing potential reward and threat? On the other hand, computational models often treat reward and
threat as a single dimension. Does the brain map both potential reward and threat onto a single axis for behavioral choice? In
this talk, | will introduce a series of our studies using both classical and naturalistic behavioral paradigms where mice must
navigate threats to obtain water rewards. This talk will focus on the tail of the striatum (TS, or sensory striatum), which we
found receive input from a unique subpopulation of dopamine neurons that encodes threat (but not reward) prediction errors.
I will discuss why it is critical for survival that value and threat are represented in separate systems along two axes. Finally,
from our preliminary data, | will share our working hypothesis that animals integrate reward and threat using multi-layered
competing systems in the brain, both within local basal ganglia circuits and globally across cortico-striatal loops.
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PREFRONTAL CORTICAL OUTPUTS TO THE TAIL OF STRIATUM TRANSLATE TASK RULES TO CONTROL
SENSORY FILTERING

SYMPOSIUM 29 - THE BASAL GANGLIA SENSORY DOMAIN THROUGH TAIL OF THE STRIATUM: REWARD, THREAT
AND SENSORY FILTERING - ROEPER JOCHEN, EMMANUEL VALJENT, MITSUKO WATABE-UCHIDA, SEBASTIAN
KRUETTNER
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To make adaptive decisions, organisms must appropriately filter sensory inputs, augmenting relevant signals and
suppressing noise. It has been known that the prefrontal cortex (PFC) plays a critical role in guiding sensory filtering but how
the PFC influences sensory processing remains poorly understood. Using multiple approaches, | find that engagement of the
PFC projections to the tail of striatum are critical for the suppression of distracting sensory inputs, enhancing behaviorally
relevant signals over noise. In addition, | identified distinct subnetworks of PFC neurons which project to visual or auditory
domains of the tail of striatum and control the corresponding sensory modality. These subnetworks acted to decode sensory
filtering rules encoded in the PFC, providing outputs capable of differentially controlling the gain of sensory inputs depending
on task-demands. The outputs of these subnetworks were anatomically fixed, placing a fundamental constraint on the internal
dynamics of the PFC. Overall, my results identify a key interaction between the PFC and the tail of striatum responsible for
the control of sensory processing and introduce important principles that provide a framework for understanding how this
circuit adaptively controls sensory processing.



QFENS 20,2022

PRESENTATION NUMBER: S114
GLUCOCORTICOID SPINE PLASTICITY IN STRESS

SYMPOSIUM 30 - NOVEL INSIGHTS INTO THE NEUROBIOLOGY OF STRESS VULNERABILITY AND RESILIENCE -
FREDDY JEANNETEAU, LAURENCE COUTELLIER, VIRGINIE RAPPENEAU, STEFAN REBER

Freddy Jeanneteau
University of Montpellier, CNRS, Inserm, Institut De Génomique Fonctionnelle, Montpellier, France

In vivo microscopy of dendritic spines in pyramidal neurons of the mouse brain provided imaging correlates for the robust but
complex physiological and behavioral effects of glucocorticoids in the context of learning and memory. Glucocorticoids
enhance spine formation and elimination within distinct time domains. It takes minutes for glucocorticoids to promote spine
formation while it takes hours to elicit spine elimination because it requires new gene products. Consolidation of newly formed
spines depends on the mobilization of AMPA receptors through glucocorticoid-induced trafficking and synthesis.
Glucocorticoid spine remodeling occurs in clusters physically gathering connectivity from projections neurons encoding the
associative contents of the learning experience. Clustering is not random and could reduce the cost of plasticity. Dual
imaging of mitochondrial function and spine turnover in the living mouse brain seems to support this model. It is possible that
functional connectivity is sustained by the metabolism locally allocated to spine clusters. This adds to the current framework
for better understanding the detailed accuracy of memories.
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GABA-MODULATED SEX-SPECIFIC VULNERABILITY TO STRESS

SYMPOSIUM 30 - NOVEL INSIGHTS INTO THE NEUROBIOLOGY OF STRESS VULNERABILITY AND RESILIENCE -
FREDDY JEANNETEAU, LAURENCE COUTELLIER, VIRGINIE RAPPENEAU, STEFAN REBER

Laurence Coutellier
The Ohio State University, Psychology, Columbus, United States of America

Women are twice as likely as men to develop an anxiety disorder after exposure to stress. The underlying mechanisms
behind this sex-specific vulnerability to stress remains unknown. Our work in mice revealed that parvalbumin (PV)-expressing
neurons of the prefrontal cortex (PFC) are more sensitive to chronic stress in females than in males. Indeed, we observed
that female prefrontal PV cells develop a hyperactive phenotype not seen in males after four weeks of unpredictable chronic
mild stress (UCMS). We further showed that chemogenetically driving the activity of these cells enhances anxiety in females
but not males identifying a novel mechanism that can explain female vulnerability to stress-induced anxiety. We then aimed to
understand how female prefrontal PV neurons become more sensitive to stress. These neurons undergo important
maturation during adolescence, and the higher rate of diagnosis of stress-related neuropsychiatric disorders in women is
observed after puberty. This led us to hypothesize that the surge of hormones during puberty drives the maturational
processes that render PV neurons increasingly responsive to stress in adult females. We used a prepubertal ovariectomy
approach in mice, followed by adult exposure to UCMS. We observed that ovariectomy prevents not only the development of
an anxious phenotype after stress in adulthood, but also the stress-induced increase in detectable PV neurons in the PFC
that is seen in control mice and reflects their increased level of activity. Altogether, these findings identified puberty as a
critical period for the development of sex-specific vulnerability to stress.
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STRESS, DIET & DEPRESSION: VULNERABILITY AND RESILIENCE MODELED IN THE ‘STRESS REACTIVITY’
MOUSE LINES

SYMPOSIUM 30 - NOVEL INSIGHTS INTO THE NEUROBIOLOGY OF STRESS VULNERABILITY AND RESILIENCE -
FREDDY JEANNETEAU, LAURENCE COUTELLIER, VIRGINIE RAPPENEAU, STEFAN REBER

Virginie Rappeneau, Lars Wilmes, Dorothea Ziemens, Chadi Touma
University of Osnabriick, Behavioural Biology, Osnabrick, Germany

Major depression (MD) has a high rate of comorbidity with metabolic diseases. Both involve alterations in the hypothalamic-
pituitary-adrenal (HPA) axis. However, our knowledge of the precise molecular mechanisms by which the HPA axis
contributes to their association remains limited. In this study, we used an animal model of MD to determine the behavioural
and metabolic consequences of a short-term high-fat diet (HFD) treatment. Juvenile male mice of the ‘Stress Reactivity’
model, consisting of three independent lines selectively bred for high (HR), intermediate (IR) or low (LR) HPA axis reactivity,
were fed for 4 weeks with either a HFD (45% kcal from fat) or a control diet (10% kcal from fat). Our results showed that the
HFD treatment had a major impact on morphometric measures in the LR and IR lines, as indicated by marked increase in the
body weight gain, overall adiposity and ectopic fat deposition. At the behavioural level, the HFD treatment did not alter
locomotion in the open-field test. However, it significantly increased the floating duration of LR mice in the forced swim test,
further increasing their passive stress-coping behaviour. Surprisingly, HR mice were seemingly resistant to the diet-induced
behavioural and metabolic alterations. In both the adipose tissue and the brain, the HFD treatment produced major changes
in gene expression related to glucose homeostasis and insulin signalling. The present work highlights the ‘Stress Reactivity’
model as a promising tool for improving our understanding of the involvement of HPA axis dysregulation in susceptibility vs.
resilience to diet-induced metabolic dysfunction.
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OLD FRIENDS, IMMUNOREGULATION, AND STRESS RESILIENCE

SYMPOSIUM 30 - NOVEL INSIGHTS INTO THE NEUROBIOLOGY OF STRESS VULNERABILITY AND RESILIENCE -
FREDDY JEANNETEAU, LAURENCE COUTELLIER, VIRGINIE RAPPENEAU, STEFAN REBER

Stefan Reber
University of Ulm, Department Of Psychosomatic Medicine And Psychotherapy, Ulm, Germany

Immunodysregulation and subsequent chronic low-grade inflammation are risk factors for the development of stress-related
somatic and psychiatric disorders, including inflammatory bowel disease (IDB) and posttraumatic stress disorder (PTSD).
Thus, immunoregulatory approaches that counterbalance basal and/or stress-induced immune activation are expected to be
protective in this context. In this talk Prof. Reber will discuss evidence indicating that increases in immune (re-)activity and
inflammation, potentially promoted by a reduced exposure to immunoregulatory microorganisms (“Old Friends”) in today’s
modern society, may be causal factors in mediating the vulnerability to development and persistence of stress-related
pathologies. Moreover, he will discuss bioimmunoregulatory approaches, as for instance facilitating the contact with
immunoregulatory Old Friends, as novel and promising strategies for the treatment and/or prevention of stress-related
disorders.
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TARGETING TAU AT PRESYNAPTIC TERMINALS

SYMPOSIUM 31 - INTRACELLULAR DYNAMICS AND NEURODEGENERATION - PATRIK VERSTREKEN, SUSANNE
WEGMANN, SUBHOJIT ROY, CLOTILDE LAGIER-TOURENNE

Patrik Verstreken
VIB-KU Leuven Center for Brain and Disease Research, Laboratory For Neuronal Communication, Leuven, Belgium

Synaptic dysfunction is an early pathological feature of neurodegenerative diseases associated with Tau, including
Alzheimer's disease. Interfering with early synaptic dysfunction may be therapeutically beneficial to prevent cognitive decline
and disease progression, but the mechanisms underlying synaptic defects associated with Tau are unclear. In disease
conditions in patients and in mouse and fly Tau-disease-models, the protein mislocalizes into pre- and postsynaptic
compartments and we show that presynaptic Tau induces synaptic vesicle trafficking defects. | will present work that shows
that interfering with this presynaptic function of Tau, by lowering the levels of the synaptic vesicle associated protein
Synaptogyrin-3, rescues Tau-induced synaptic loss and cognitive decline in mice. Our work not only identifies new
presynaptic roles for Tau but it also opens a new therapeutic window to tackle early synaptic dysfunction and cognitive
decline in neurodegenerative disease.
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THE MULTIPLE PHASES OF THE MICROTUBULE BINDING PROTEIN TAU

SYMPOSIUM 31 - INTRACELLULAR DYNAMICS AND NEURODEGENERATION - PATRIK VERSTREKEN, SUSANNE
WEGMANN, SUBHOJIT ROY, CLOTILDE LAGIER-TOURENNE

Susanne Wegmann
German Center for Neurodegenerative Diseases, Berlin, Berlin, Germany

The microtubule associated protein Tau (MAPT) binds and stabilizes microtubules (MTs) in the axons of the central nervous
system. It is best known, however, for its role in neurodegenerative brain diseases, such as Alzheimer's disease and forms of
Fronntotemporal Dementia. In these diseases, the highly soluble and abundant protein forms amyloid-like intraneuronal
aggregates and leads to neurotoxicity. Interestingly, from the protein physicochemical point of view, Tau is an intrinsically
disordered protein that can adopt multiple protein conformations and assembly states, such as monomeric, oligomeric, liquid
condensed, and aggregated. Since these "phases" of Tau have different biochemical and physical properties, they can
encode different functions and misfunctions of Tau. The most recent discovered assembly form of Tau are liquid-like
condensates, for which both physiological and pathologcical functions have been suggested, e.g. in MT binding and in
aggregation. The concept and role of condensed Tau phases will be introduced in this presentation.
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THE SECRET LIVES OF SYNUCLEINS

SYMPOSIUM 31 - INTRACELLULAR DYNAMICS AND NEURODEGENERATION - PATRIK VERSTREKEN, SUSANNE
WEGMANN, SUBHOJIT ROY, CLOTILDE LAGIER-TOURENNE

Subhojit Roy
University of California, San Diego, Pathology And Neurosciences, La Jolla, United States of America

Despite much effort, the physiologic role of alpha-synuclein — a small presynaptic protein with established roles in the
pathogenesis of Parkinson’s and related disorders — is unclear. Phenotypes in alpha-synuclein knockout mice are mild,
precluding definitive conclusions, and though mice lacking all synucleins (alpha/beta/gamma synuclein “triple knockout" mice)
have given some insight into function, it has been difficult to parse out the specific effects of alpha-synuclein in this setting.
Other studies have made conclusions based on over-expression of alpha-synuclein, but it has been unclear if these
phenotypes are due to mis-localization of alpha-synuclein and gain of abnormal function. We will report updates from studies
where we used CRISPRs to systematically and selectively delete each synuclein in mouse and human neurons, followed by
experiments evaluating synaptic physiology.
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NEURODEGENERATION IN AMYOTROPHIC LATERAL SCLEROSIS AND FRONTOTEMPORAL DEMENTIA

SYMPOSIUM 31 - INTRACELLULAR DYNAMICS AND NEURODEGENERATION - PATRIK VERSTREKEN, SUSANNE
WEGMANN, SUBHOJIT ROY, CLOTILDE LAGIER-TOURENNE

Clotilde Lagier-Tourenne
Massachusetts General Hospital and Harvard Medical School, Department Of Neurology, Charlestown, United States of
America

Alteration of RNA metabolism has emerged as a central theme in neurodegenerative diseases with mutations and/or
mislocalization of RNA binding proteins, including TDP-43 and FUS, in amyotrophic lateral sclerosis (ALS) and frontotemporal
dementia (FTD). TDP-43 and FUS are involved in fundamental RNA processing activities including RNA transcription,
splicing, and transport. Following the recognition of their crucial role in neurodegeneration, we have used genome wide
approaches to define their role in regulating expression and splicing of their RNA targets. We recently demonstrated that the
human RNA most affected by reduction in TDP-43 is encoding the neuronal growth-associated factor called stathmin-2 (also
known as SCG10), an essential component for neuronal regeneration and axonal maintenance. Reduced nuclear TDP-43
results in abnormal usage of cryptic splice and polyadenylation sites in pre-mRNAs from the STMN2 gene, leading to loss of
stathmin-2 protein. Remarkably, although TDP-43 affects the levels or splicing of many RNAs, restoration of stathmin-2 alone
was sufficient to rescue regeneration after axotomy of iPSC-derived TDP-43 depleted motor neurons. Reduced levels in
stathmin-2 is a hallmark in sporadic and familial ALS/FTD, and restoration of stathmin-2 expression emerges as an attractive
therapeutic strategy in the vast majority of patients with ALS/FTD. We developed approaches to block cryptic splicing of
stathmin-2 by targeting dCaRx or antisense oligonucleotides (ASOs) to stathmin-2 pre-mRNA leading to rescue of axonal
regeneration capacity of human motor neurons with TDP-43 deficiency. Finally, using “humanized” stathmin-2 mice with
constitutive misplicing, we establish that ASO injection into cerebral spinal fluid is a therapeutically viable approach to rescue
stathmin-2 mRNA levels in TDP-43 proteinopathies.
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THE HIPPOCAMPUS CONVERTS VOLATILE ENTORHINAL INPUTS INTO STABLE SPATIAL MAPS

SYMPOSIUM 32 - UNDERSTANDING THE FORMATION OF SPATIAL REPRESENTATIONS: FROM SYNAPSES TO
CIRCUITS - MARLENE BARTOS, JUDIT MAKARA, MATTHEW NOLAN, CHRISTINE GRIENBERGER

Marlene Bartos
University of Freiburg, Institute For Physiology I, Freiburg, Germany

The medial entorhinal cortex (MEC)-hippocampal network plays a key role in the processing, storage and recall of spatial
information. However, how the spatial code provided by MEC inputs relates to spatial representations generated by principal
cell assemblies within hippocampal subfields remains enigmatic. To investigate this coding relationship, we employed two-
photon calcium imaging in mice navigating through dissimilar virtual environments. Imaging large MEC bouton populations
revealed spatially tuned activity patterns. MEC inputs drastically changed their preferred spatial field locations between
environments, whereas hippocampal cells showed lower levels of place field reconfiguration. Decoding analysis indicated that
higher place field reliability and larger context-dependent activity-rate differences allow low numbers of principal cells,
particularly in the DG and CA1, to provide a more rapid and accurate information about location and context than MEC

inputs. Thus, conversion of dynamic MEC inputs into stable spatial hippocampal maps may enable fast encoding and efficient
recall of spatio-contextual information.
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COOPERATIVITY AND PLASTICITY OF SYNAPTIC INPUT PATTERNS IN PYRAMIDAL CELL DENDRITES

SYMPOSIUM 32 - UNDERSTANDING THE FORMATION OF SPATIAL REPRESENTATIONS: FROM SYNAPSES TO
CIRCUITS - MARLENE BARTOS, JUDIT MAKARA, MATTHEW NOLAN, CHRISTINE GRIENBERGER

Judit Makara
Institute of Experimental Medicine, Laboratory Of Neuronal Signaling, Budapest, Hungary

Spatially selective activity of hippocampal pyramidal neurons provides a representation of the environment supporting
navigation and memory; however, the cellular mechanisms of the formation of hippocampal representations are incompletely
understood. The activity of pyramidal neurons is shaped by the thousands of excitatory synaptic inputs arriving onto their
dendritic tree. The spatiotemporal pattern of the active inputs, together with the active and passive properties of the targeted
dendrites determine the integration of synaptic voltage signals in dendritic segments and may induce local forms of synaptic
plasticity. Although synaptic long term potentiation has been proposed to contribute to the establishment of place coding, the
fine-scale input pattern requirements to induce potentiation remained unclear. | will present our recent results demonstrating
that local synaptic plasticity rules in thin perisomatic dendrites of CA1 pyramidal neurons depend on several factors, including
the location of the input within the dendritic branch, the fine spatial organisation of the active synapses, the capacity of the
input pattern to evoke dendritic spikes, and the activity of non-synchronous neighbouring synapses. The diversity of pattern-
dependent cooperative synaptic plasticity rules can support fine-scaled discrimination of storage of information carried by
input patterns, contributing to the versatility of hippocampal network coding.
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READ OUT OF SPATIAL MEMORIES BY RAMP-LIKE FIRING RATE TRAJECTORIES

SYMPOSIUM 32 - UNDERSTANDING THE FORMATION OF SPATIAL REPRESENTATIONS: FROM SYNAPSES TO
CIRCUITS - MARLENE BARTOS, JUDIT MAKARA, MATTHEW NOLAN, CHRISTINE GRIENBERGER

Matthew Nolan
University of Edinburgh, Centre For Discovery Brain Sciences, Edinburgh, United Kingdom

Neurons in the retrohippocampal cortices, which include the entorhinal cortex, presubiculum and parasubiculum, play crucial
roles in spatial memory. Many retrohippocampal neurons, for example grid cells and border cells, have firing fields associated
with specific locations. These representations are thought to be building blocks for spatial localisation and memory. However,
they are usually investigated in tasks in which relationships between locations and reward are absent. Whether these discrete
codes are the sole strategy for representing spatial memories is therefore unclear. We investigated this using a memory task
in which locations on a virtual track are associated with rewards. When mice solve this task we find that neurons in the
retrohippocampal cortices encode location through ramping activity within discrete regions of the track. Rewarded locations
were represented by offsets or switches in the slope of the ramping activity. These representations were maintained after
removal of cues that mark reward locations indicating that they result from recall of the track structure. We find that similar
representations emerged in recurrent neural networks trained to navigate to a rewarded location, suggest they may be part of
a general computational strategy for spatial memory. We suggest that retrohippocampal ramping activity and its interruption
mediates is well suited to readout of learned models for goal-directed navigation.
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EXPERIENCE-DEPENDENT SHAPING OF HIPPOCAMPAL REPRESENTATIONS

SYMPOSIUM 32 - UNDERSTANDING THE FORMATION OF SPATIAL REPRESENTATIONS: FROM SYNAPSES TO
CIRCUITS - MARLENE BARTOS, JUDIT MAKARA, MATTHEW NOLAN, CHRISTINE GRIENBERGER

Christine Grienberger
Brandeis University, Biology, Waltham, United States of America

A crucial function of the brain is to produce useful representations of the external world. Previous results demonstrate that a
non-Hebbian type of synaptic plasticity, behavioral timescale synaptic plasticity (BTSP), has a fundamental role in place field
formation in hippocampal area CA1. BTSP has several distinct characteristics, including that it is driven by dendritic plateau
potentials (plateaus) instead of APs. As axons from layer 3 entorhinal cortex (EC) impinge onto the site of plateau initiation
and their activity regulates plateau probability, we hypothesized that this EC input might shape CA1 representations during
learning. To test this hypothesis, we used two-photon calcium imaging in mice exploring a novel linear track. We observed
the experience-dependent development of place cell representations in CA1, which featured an increased place field density
(2-3x) around the reward location. Several findings implicated BTSP: (1) the abrupt appearance of new place cells; (2) the
width of the new fields was correlated with the animal’s running speed during induction; (3) new fields were shifted back in
space with respect to their induction; (4) the development of the representation was severely attenuated by plasticity and
calcium spike blockers. Using two-photon calcium imaging and optogenetic silencing of layer 3 EC axons we found that EC3
activity provides a signal to CA1 capable of increasing plateau probability and BTSP driven place field formation around the
reward location. Taken together, our results identify the layer 3 entorhinal cortex input as a key signal that instructs CA1
neurons in how to represent an environment.
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MAPPING AND PERTURBING THE FUNCTIONAL CONNECTOME IN DROSOPHILA

SYMPOSIUM 33 - PERTURBATION-BASED NEUROCONNECTOMICS: PRINCIPLES AND APPLICATIONS ACROSS
SPECIES - THOMAS CLANDININ, ALESSANDRO GOZZ|, ANNA WANG ROE, EMILIANO SANTARNECCHI

Thomas Clandinin
Stanford University, Department Of Neurobiology, Stanford, United States of America

Coordinated activity across networks of neurons is a hallmark of both resting and active behavioral states in many species.
These global patterns alter energy metabolism in the brain, making oxygen consumption and glucose uptake widely used
proxies of neural activity. However, how changes in neural activity are causally related to changes in metabolic flux in intact
circuits on sub-second timescales is unclear. We combine two-photon microscopy across the fruit fly brain with sensors that
allow simultaneous measurements of neural activity and metabolic flux, across both resting and active behavioral states. We
demonstrate that neural activity drives changes in metabolic flux, creating a tight coupling between these signals that can be
measured across large-scale brain networks. Further, using local optogenetic perturbation, we demonstrate that even
transient increases in neural activity result in rapid and persistent increases in cytosolic ATP, suggesting that neuronal
metabolism predictively allocates resources to meet the energy demands of future neural activity. These studies reveal that
the initiation of even minimal behavioral movements causes large-scale changes in the pattern of neural activity and energy
metabolism, revealing unexpectedly widespread engagement of the brain. Moreover, the availability of the fruit fly
connectome allows direct comparisons of functional measurements with anatomical constraints, revealing the extent to which
specific functional networks can be predicted. As the relationships between neural activity, energy metabolism and anatomy
are likely evolutionarily ancient, these studies provide a critical foundation for using metabolic proxies and connectomes to
predict changes in neural activity.
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DECONSTRUCTING FUNCTIONAL CONNECTIVITY IN THE MOUSE WITH CHEMOGENETIC-FMRI

SYMPOSIUM 33 - PERTURBATION-BASED NEUROCONNECTOMICS: PRINCIPLES AND APPLICATIONS ACROSS
SPECIES - THOMAS CLANDININ, ALESSANDRO GOZZI, ANNA WANG ROE, EMILIANO SANTARNECCHI

Alessandro Gozzi
Istituto Italiano di Tecnologia, Functional Neuroimaging Laboratory, Rovereto, Italy

Resting-state fMRI (rsfMRI) has been widely used to map brain network organization in healthy and pathological states.
However, the neural underpinnings and dynamic rules governing brain-wide rsfMRI coupling remain unclear. Filling this
knowledge gap is of crucial importance, given our current inability to decipher and relate clinical signatures of aberrant
functional connectivity to interpretable neurophysiological events that can help understand or diagnose brain disorders.
Towards this goal, my laboratory has recently combined chemogenetics, rsfMRI and in vivo electrophysiology to investigate
how excitatory and inhibitory perturbations of brain activity causally affect whole-brain patterns of functional connectivity in the
mouse. In my talk, will summarize some key results from this recent line of inquiry. Specifically, I will highlight how our
approach can be used to identify the fundamental elements of rsfMRI coupling, challenging long-held assumptions regarding
the relationship between rsfMRI connectivity and its underlying axonal determinants. | will also illustrate how disease-related
signatures such as increased excitatory/inhibitory imbalance can generate clinically-relevant network signatures of
dysconnectivity. These examples outline a novel research platform that is poised to shed light on the basis and determinants
of macroscale rsfMRI coupling, offering opportunities to physiologically decipher signatures of atypical connectivity in human
brain disorders.
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SYMPOSIUM 33 - PERTURBATION-BASED NEUROCONNECTOMICS: PRINCIPLES AND APPLICATIONS ACROSS
SPECIES - THOMAS CLANDININ, ALESSANDRO GOZZ|, ANNA WANG ROE, EMILIANO SANTARNECCHI

Anna Wang Roe
Zhejiang University, Interdisciplinary Institute Of Neuroscience And Technology, Hangzhou, China

Connectome projects worldwide have contributed enormously to our understanding of network-based brain function.
However, little is known about brain connectivity at the scale of fundamental submillimeter functional domains that
characterize human and nonhuman primate brains. This mesoscale understanding is critical as primate brains are functionally
organized at this scale. Here, we present a novel method for studying connectivity in the macaque monkey. By combining
focal (~0.5mm) near infrared neural stimulation at single brain sites and ultrahigh-field 7T fMRI (INS-fMRI), we map evoked
activations at connected sites thereby providing maps of a single-site based mesoscale networks. Data collection is rapid,
whole brain scale, and in vivo. This novel method uniquely enables comparison of many mesoscale networks within a single
individual. Our data show that single site stimulation leads to activation of focal mesoscale nodes in multiple areas across the
brain, including sensory, motor, cognitive, and limbic sites. Activated nodes are functionally specific, surprisingly sparse, and
topographically organized (reflecting shifting connectivities). We suggest that each mesoscale brainwide network underlies a
highly specific multi-dimensional behavior. These findings lead to a conceptual change in our understanding of the
organization of behavioral networks in the brain. We are using this approach to develop a functional mesoscale connectome
of the primate brain.
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SYMPOSIUM 34 - CYTOSKELETON DYNAMICS IN NEURONAL DEVELOPMENT - MARTIN HARTERINK, CORALIE
FASSIER, ANA RITA COSTA, MONIKA LEISCHNER-BRILL

Martin Harterink
Utrecht University, Department Of Cell Biology, Utrecht, Netherlands

Neurons are highly polarized cells that extend axons and dendrites to mediate information flow through the nervous system.
The microtubule cytoskeleton is crucial to form these specialized cell extensions. It provides structural support and enables
for cargo transport through the neuron. Whereas microtubules are organized plus-end out in axons, dendrites are
characterized by minus-end out microtubues. This difference in organization between axons and dendrites allows for
selective cargo transport into either neurite to establish neuronal polarity. However, the mechanisms that organize and
maintain the neuronal microtubule cytoskeleton are still poorly understood. To study this, we used the in vivo model C.
elegans in combination with advanced microscopy techniques. We found that during neuron development the establishment
of this microtubule organization relies on local microtubule nucleation in dendrites in combination with stabilization by the
microtubule minus-end binding CAMSAP protein. In addition, we identified and characterized the Ankyrin/UNC119/CRMP
complex that connects the microtubule cytoskeleton to the cortex, to maintain this microtubule organization. In the absence of
these mechanisms, neuronal polarity is lost leading to defects in neuron morphology and animal locomotion.
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LINKING CYTOSKELETON REMODELING TO GUIDANCE SIGNALS: FIDGETIN-LIKE 1 AS AN INTEGRATOR FOR
AXON NAVIGATION AT THE MIDLINE

SYMPOSIUM 34 - CYTOSKELETON DYNAMICS IN NEURONAL DEVELOPMENT - MARTIN HARTERINK, CORALIE
FASSIER, ANA RITA COSTA, MONIKA LEISCHNER-BRILL

Samya Zerkoune?, Fiona Roche?, Camille Cuveillier3, Yvrick Zagar?, Juliette Vougny?, Gaélle Botton-Amiot?, Christian
Delphin3, Isabelle Arnal®, Annie Andrieux?, Xavier Nicol?, Coralie Fassier?

1Sorbonne Université, Institut de la Vision, UMRS 968, Developmental Biology Department, PARIS, France, 2Sorbonne
Université, Institut de la Vision, UMRS 968, Developmental Biology Department, Paris, France, 3Grenoble Institut
Neuroscience - INSERM U1216 - CEA IRIG, Team Neurocytoskeleton Dynamics And Structure, Grenoble, France

The mature nervous system is an intricate network in which the precise connectivity between neurons is critical for the
optimal functioning of the system. Neuronal circuit wiring critically relies on the accurate navigation of developing axons
towards their appropriate targets. Aberrant connections during development can lead to major neurological disorders. While
the repertoire of guidance cues that wire the nervous system is mostly known, our understanding of the intracellular
mechanisms that regulate axon responsiveness to these guidance signals is far from being complete. Notably, how these
extracellular chemical signals are integrated and translated into cytoskeleton-driven growth cone mechanical behaviours
remains largely unknown. We recently identified the microtubule-associated ATPase Fidgetin-like 1 (Fignll) as a key player in
zebrafish motor circuit wiring and larval locomotion. We showed that Fignll controls growth cone morphology and steering
behaviours at guidance choice points through its versatile regulation of microtubule plus-end dynamics and bidirectional
axonal transport. Using a combination of biological systems and cutting-edge imaging technigues, we showed that Fignl1 is
also required for zebrafish retinal axon pathfinding at the optic chiasm and identified novel molecular links between this
microtubule-depolymerizing enzyme, repulsive guidance pathways and the actin cytoskeleton. Altogether, these preliminary
results suggest that Fignll acts as a key integrator of repulsive guidance signals coordinating microtubule/actin remodelling
to steer developing axons.
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SYMPOSIUM 34 - CYTOSKELETON DYNAMICS IN NEURONAL DEVELOPMENT - MARTIN HARTERINK, CORALIE
FASSIER, ANA RITA COSTA, MONIKA LEISCHNER-BRILL

Ana Rita Costal, Sérgio Leite!, Marko Lampe?, Monica Sousa'
IUniversity of Porto, Portugal, Instituto De Investigagéo E Inovagdo Em Saude- I13s, Porto, Portugal, 2EMBL Heidelberg,
Advanced Light Microscopy Facility, Heidelberg, Germany

Neurons present a unique arrangement of the axonal cytoskeleton unveiled by super-resolution microscopy, consisting of
periodically distributed actin rings interconnected by spectrin tetramers - the membrane periodic skeleton (MPS). The MPS
was initially considered to mechanically support the axons. Our previous data contributed to better understanding the role of
the MPS in the regulation of axonal diameter by showing that it is an actomyosin network. Since there is still a lack of
understanding regarding the biology of this structure, it is our aim to fully comprehend its biogenesis and function. Currently,
actin nucleation and arrangement within the actin rings, as well as how non-muscle myosin Il engages with actin rings to
provide for axonal expansion and contraction, remains to be fully understood. To explore the role of different actin nucleators
in the formation, maintenance and function of MPS actin rings, we are using complementary drugs and genetic approaches,
together with single molecule localization microscopy. Our current data indicate that Arp2/3, that is involved in the nucleation
of branched actin filaments, is essential for the initial formation but not for the maintenance of the MPS. Conversely, formins
that promote the polymerization of linear actin filaments are essential for both the formation and maintenance of the MPS.
The emerging picture is that a complementary action of actin nucleators is needed to provide for the timely MPS assembly, as
is the case of actin rings that exist in other biological contexts.
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SYMPOSIUM 34 - CYTOSKELETON DYNAMICS IN NEURONAL DEVELOPMENT - MARTIN HARTERINK, CORALIE
FASSIER, ANA RITA COSTA, MONIKA LEISCHNER-BRILL

Antoneta Gavoci!, Mengzhe Wang?!, Maria Magiera?, Carsten Janke?, Thomas Misgeld?, Monika Leischner-Brill
1Technical University Munich, Institute Of Neuronal Cell Biology, Munich, Germany, ?Institut Curie, Department Genome
Integrity, Rna And Cancer, Orsay, France

Microtubules are dynamic cytoskeletal structures build from tubulin dimers, which can carry a range of post-translational
modifications (PTMs). Together with associated proteins, post-translational modifications establish a ‘code’, endowing the
microtubule scaffoldmwith specific and local functionality, such as regulating microtubule length andmdynamics and
microtubule-dependent transport. However, how this codemtranslates into shaping cell- or tissue-level events, remains
largely unexplored. We investigate how polyglutamylation, a post-translational modification enriched on neuronal
microtubules, regulates postnatal motor axon remodelling: a regressive process in which ~90% of terminal branches prune,
involving spastin-mediated loss of microtubules. While spastin is known to preferentially sever polyglutamylated microtubules,
it remains elusive whether branch-specific polyglutamylation drives pruning.

Consistent with an instructive role of polyglutamylation, motoneurons ablated of deglutamylases CCP1&6 accelerate axon
dismantling, while deletion of chainelongating glutamylase TTLL1, delayed axonal remodelling. Further measurements of
polyglutamylation, microtubule mass and dynamics corroborate the predicted branch-specific regulation of microtubule
stability, hinting at a rheostatic regulation of spastin-mediated severing and hence axonal remodelling. Surprisingly, deleting
TTLL7, which ‘seeds’ the first glutamate residue, had no effect on polyglutamylation, suggesting several layers of regulation
that are engrained in parallel or consecutive steps of editing the tubulin code. Together, a specific tubulin post-translational
modification—polyglutamylation—acts as an instructive signal for spastin-mediated severing, which in turn paces
developmental axon pruning. The ‘tubulin code’ could thus control specific morphogenetic events during nervous system
development. Future work tries to unravel if synaptic activity coordinates glutamylases and deglutamylases and whether
similar mechanisms determine axon stability in central neurons and during disease-related remodelling.
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AUTOIMMUNE ENCEPHALITIS WITH ANTIBODIES AGAINST NMDA, AMPA OR KAINATE RECEPTORS: DISTINCT
MECHANISMS AND PHENOTYPES

SYMPOSIUM 35 - AUTOANTIBODIES IN BRAIN PATHOPHYSIOLOGY - JOSEP DALMAU, ANA LUISA CARVALHO,
LONNIE WOLLMUTH, LAURENT GROC

Josep Dalmau
Institut d’'Investigacions Biomeédiques August Pi i Sunyer (IDIBAPS), Hospital Clinic, Universitat de Barcelona, ICREA, 1.

neuroimmunology Program, Barcelona, Spain

The autoimmune encephalitides associated with antibodies against glutamate receptors (NMDAr, AMPAr, or GluK2) form
part of a new category of diseases in which symptoms are antibody-mediated. Whereas anti-NMDAr (GIuN1) encephalitis
manifests with predominant psychiatric symptoms accompanied by severe neurological alterations (seizures, dyskinesias,
coma, hypoventilation), anti-AMPAr (Glu2A>GIluAl) encephalitis predominantly manifests with limbic dysfunction (memory
deficits, seizures), and anti-GluK2 encephalitis associates with cerebellar dysfunction. For each of these diseases the
pathogenicity of the antibody has been demonstrated in cultured neurons or animal models of passive antibody transfer or
active immunization. For all 3 diseases, a fundamental pathogenic effect of the antibodies is the specific binding and
internalization of the corresponding targets and the disruption of the surface interaction with synaptic partners (e.g., NMDAr
with ephrinB2 or dopamine 1 receptor; AMPAr withTARP) resulting in alterations in synaptic transmission and plasticity.
These alterations, which are antibody specific, associate with symptoms and downstream effects similar to those of diseases
in which the same targets are affected by other mechanisms (e.g., schizophrenia and hypofunction of NMDAr). In some
instances, synaptic scaling-like mechanisms (e.g., enhanced incorporation of inwardly rectifying non-GluA2 containing
AMPArs) likely contribute to some of the symptoms. The reversibility of the behavioral and synaptic alterations caused by
patients’ antibodies is in line with the substantial improvement of patients after immunotherapy. Recent work focused on a
better understanding of the underlying mechanisms may lead to treatment strategies that enhance or accelerate this
improvement (e.g., positive allosteric modulation of NMDAr in anti-NMDAr encephalitis).
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SYMPOSIUM 35 - AUTOANTIBODIES IN BRAIN PATHOPHYSIOLOGY - JOSEP DALMAU, ANA LUISA CARVALHO,
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1University of Coimbra, Center For Neuroscience And Cell Biology, Coimbra, Portugal, ?King's College Hospital, King's
College Hospital, London, United Kingdom, 3SMRC Centre for Neurodevelopmental Disorders, King's College, London, United
Kingdom, “University of Oxford, Oxford Autoimmune Neurology Group, Nuffield Department Of Clinical Neurosciences,
Oxford, United Kingdom, >Johns Hopkins University, The Zanvyl Krieger Mind/brain Institute & The Solomon Snyder
Department Of Neurosciences, Baltimore, United States of America

Contactin-associated protein 2 (CASPR2) is a cell adhesion molecule that is expressed both in the peripheral and central
nervous system. Autoantibodies targeting surface epitopes of CASPR2 have been associated with neuromyotonia and
autoimmune synaptic encephalitis, and patients with anti-CASPR2 autoantibodies (CASPR2-Abs) present a wide clinical
spectrum ranging from acquired peripheral nerve hyperexcitability to CNS dysfunction, including cognitive impairments,
memory loss and seizures. Notwithstanding the well-established pathogenic potential of CASPR2-Abs, the mechanisms
triggered by antibody-mediated perturbations in CASPR2 function are still largely explored. Given the recently-described role
for CASPR2 in the regulation of glutamate AMPA receptors (AMPAR) and cortical excitatory synaptic transmission, we
explored whether patient CASPR2-Abs disrupt excitatory synapse function. We found that purified IgGs from patients with
anti-CASPR2 synaptic encephalitis lead to dose-dependent changes in the dendritic and synaptic expression of Caspr2, and
impact AMPAR trafficking by affecting receptor internalization and cell surface diffusion. Both IgGs purified from patients as
well as patient-derived monoclonal antibodies targeting different domains in CASPR2 decrease the amplitude of AMPAR-
mediated miniature excitatory postsynaptic currents. Moreover, CASPR2-Abs interfere with the synaptic incorporation of
AMPARSs following chemically-induced long-term potentiation. Finally, we found that excitatory synaptic transmission in the
mouse visual cortex is perturbed following in vivo incubation with CASPR2-Abs. Collectively, our data show that CASPR2-
Abs perturb the function of CASPR2 in regulating AMPAR trafficking and synaptic plasticity, pointing to the glutamatergic
system as a target for pathogenesis in CASPR2 synaptic encephalitis.
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SYMPOSIUM 35 - AUTOANTIBODIES IN BRAIN PATHOPHYSIOLOGY - JOSEP DALMAU, ANA LUISA CARVALHO,
LONNIE WOLLMUTH, LAURENT GROC

Lonnie Wollmuth
Stony Brook University, Department Of Neurobiology And Behavior, Stony Brook, United States of America

Systemic lupus erythematosus (SLE) or Lupus is an autoimmune disorder characterized by humerous pathologies including
brain dysfunction. SLE patients suffer from diverse neuropsychiatric symptoms, ranging from the subtle (spatial memory
deficits) to the severe (epilepsy, depression, & psychosis). A subset of SLE autoantibodies, referred to as DNRADbs, cross-
react with DNA and the NMDA receptor (NMDAR), a glutamate-gated ion channel central to brain function. In patients,
DNRADbs are associated with brain dysfunction, and in murine models with cell death, microglia activation, dendritic
remodeling, and brain dysfunction. NMDARs are composed of two obligate GIuN1 and typically two GIuN2 subunits. DNRAbs
bind to a pentapeptide amino acid sequence DWEYS within the GIUN2A and GIuN2B subunits. We find that DNRAbs act as
positive allosteric modulators (PAMs), enhancing glutamate-induced channel opening. This action occurs preferentially at
GluN2A-containing NMDARSs, even NMDARSs containing a single copy of GIUN2A. Given this gain-of-function action, GIuUN2A-
specific antagonists provide greater protection from DNRAb-mediated neuronal cell death than GIuN2B antagonists. We also
find, using transgenic mice to perturb expression of either GIUN2A or GIuN2B in vivo, that GIUN2A mediates all DNRAb-
induced pathologies. Hence, the PAM action is a key factor driving brain dysfunction. Notably, we find that the extent of this
PAM action varies between DNRAbs derived from different SLE patients. We propose that clonal variations in DNRAbs may
be a key factor leading to the diversity of clinical symptoms in SLE patients expressing DNRADbs.
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SYMPOSIUM 35 - AUTOANTIBODIES IN BRAIN PATHOPHYSIOLOGY - JOSEP DALMAU, ANA LUISA CARVALHO,
LONNIE WOLLMUTH, LAURENT GROC

Laurent Groc
Interdisciplinary Institute for Neuroscience, Umr 5297, Cnrs-université De Bordeaux, Bordeaux, France

The identification of autoimmune encephalitis in which patients express autoantibodies directed against neurotransmitter
receptors has generated great hope to shed new light on the molecular mechanisms underpinning neurological and
psychiatric conditions. Among these autoimmune encephalitis, the discovery of autoantibodies directed against the
glutamatergic NMDA receptor (NMDAR-ADb), in the anti-NMDAR encephalitis, has provided some key information on how
clinical symptoms can be caused by altered NMDAR signalling. Here, | will discuss recent advances on the molecular action
of NMDAR-AD on their targets and associated receptors at the single molecule level, unveiling unsuspected effects of such
an autoantibody on the functional cross-talk between neurotransmitter systems.
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SYMPOSIUM 36 - NEURAL CIRCUITS FOR CONTEXT-DEPENDENT DEFENSIVE BEHAVIORS IN MICE AND FLIES -
TIAGO BRANCO, TIHANA JOVANIC, PHILIP TOVOTE, CLARA FERREIRA

Tiago Branco
Sainsbury Wellcome Centre, Sainsbury Wellcome Centre, London, United Kingdom

When faced with predatorial threats the most adaptive action is to escape towards a shelter that offers long term protection
against the attacker. Achieving this requires knowing where shelter is and using this knowledge to execute shelter-directed
escape actions. Here we have investigated how information about shelter location is encoded in the mouse brain, and how
this information is transmitted to neural circuits that control escape execution. We find that neurons in the retrosplenial cortex
(RSP) and the lateral superior colliculus (ISC) specifically encode the angular distance to shelter in body-centered
coordinates - the key variable for orienting and running along a direct vector to the shelter. Neurons in the RSP and ISC are
monosynaptically connected and when this synapse is inactivated mice cannot find the shelter - escape is initiated, but the
flight action is towards random places in the arena. In constrast, inactivating this synaptic connection does not impair
sensory-guided orientation or navigation-to-reward tasks, indicating that the RSP to ISC pathway is specifically recruited
during urgent navigation to safety. Recordings from cell type- and projection-specific neural dynamics combined with
theoretical modelling sugest that the RSP maps shelter direction onto the ISC network using a centre-surround inhibition
mechanism. These results identify a new circuit mechanism for representing instinctive goals and executing goal-directed
actions during defensive behavior.
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Tihana Jovanic, Eloise De Tredern, Dylan Manceau, Victoria Sus, Sandra Autran
Institut des Neurosciences Paris-Saclay, Cognitive And Neural Network, Saclay, France

In face of an aversive stimulus animals need to decide whether to avoid and how to avoid them. In addition, they constantly
need to balance their decisions to avoid dangers and threats with their drive to pursue food search. These decisions are
modulated by animal’s internal state and animals lacking nutrient were shown to be more likely to ignore aversive stimuli.
However, how feeding states affect esacpe decisions and the neural circuit mechanisms underlying their state-dependent
modulation are not well known. In order to adress this question we take advantage of Drosophila larva as a model system
and combine automated behavioral detection, neuronal manipulation, functional imaging and electron microscopy
reconstruction of synaptic connectivity We have previously described a circuit that controls the decision between startle and
escape-like behavior following a mechanical stimulus. We hypothesized that integration of other information about the feeding
state, might occur through long-range projections that connect to this circuit. We characterize how feeding state affect
behavioral responses following a mechanical stimulus. Then, we describe how the activity of the already known neuronal
substrates of decision making are differentially modulated by animal’'s state using 2-photon Calcium imaging in intact larvae.
Understanding how the neural circuit mechanisms underlying escape decisions of whether and how these decisions can be
modulated by the internal state in Drosophila larva where we can study neural circuit mechanisms with single cell and
synaptic resolution across the nervous system, might shed light on principles underlying this process across species
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SYMPOSIUM 36 - NEURAL CIRCUITS FOR CONTEXT-DEPENDENT DEFENSIVE BEHAVIORS IN MICE AND FLIES -
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Philip Tovote
University Hospital Wiirzburg, Institute Of Clinical Neurobiology, Wuerzburg, Germany

Fear and anxiety are brain states that evolved to mediate defensive responses to threat. Brainstem neuronal circuits
including the periagueductal grey (PAG) play major roles in mediating behavioural and autonomic components of defensive
states, yet their integrative nature is poorly understood. In particular, threat has been associated with various cardiac
changes, but a clear consensus on their relevance for the integrated defense reaction is missing. This hinders our
understanding of the neuronal underpinnings of dynamic defensive states. Novel analyses of concomitant behavioural, HR
and thermal measures during various behavioural paradigms in freely moving mice, enable us to define transient microstates,
including the notorious fear-induced freezing response and its interaction with longer-lasting macrostates. Applying integrated
cardio-behavioural analyses to optogenetic perturbational approaches enable assignment of particular ‘state generator’ roles
to individual neural circuit elements within the PAG. Our novel framework also guides descriptive calcium-imaging
approaches that reveal PAG neuronal correlates for cardiac interoception under threat conditions. This talk will introduce
characterization of integrated cardio-behavioural defensive states as the basis for a comprehensive understanding of
complex neuronal mechanisms underlying aversive emotions such as fear and anxiety.
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SYMPOSIUM 36 - NEURAL CIRCUITS FOR CONTEXT-DEPENDENT DEFENSIVE BEHAVIORS IN MICE AND FLIES -
TIAGO BRANCO, TIHANA JOVANIC, PHILIP TOVOTE, CLARA FERREIRA

Clara Ferreira
Champalimaud Foundation, Chapalimaud Research, Lisboa, Portugal

A major benefit of being in a group is the possibility of adding social information to directly-perceived information about the
environment to guide behaviour. Across the animal kingdom, social information acquired via specific signals or cues animals
produce as they engage in their daily activities are used for decisions in reproduction, foraging and protection against
predation. Acute fitness benefits of the usage of this information are flagrant in the context of a response to a potential threat:
failure to detect a predator can lead to an animal’s immediate demise whereas needless engagement in metabolically costly
defence responses can, unnecessarily, negatively impact survival. We previously showed that Drosophila melanogaster
display a graded decrease in freezing behaviour, triggered by an inescapable visual threat, with increasing group sizes.
Crucially we identified that the movement of others is used as a cue of threat and safety, and that group responses are
primarily guided by a safety in numbers effect. We have now further manipulated group composition, titrating the levels of the
motion cues of safety, and uncovered that flies show chronometric (freezing bout length) and psychometric (probability of
exiting freezing) curves similar to those observed in learned-choice decision-making tasks. Interestingly, simultaneously
manipulating group composition and threat imminence, revealed that the social cue of safety has a preponderant role,
overriding differences in perceived threat levels. These findings set the stage for uncovering the circuitry underlying the
integration of motion cues from others, predators and conspecifics, in the deployment of responses to threat in groups.
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SYMPOSIUM 37 - ENGRAMS, CIRCUITS AND BIOCHEMICAL REORGANIZATION FOR REMOTE MEMORY
CONSOLIDATION - TAKASHI KITAMURA, GISELLA VETERE, MICHEL VAN DEN OEVER, LAURA DENARDO

Takashi Kitamura
University of Texas Southwestern Medical Center, Psychiatry, Dallas, United States of America

Episodic memories initially require rapid synaptic plasticity within the hippocampus for their formation and are gradually
consolidated in neocortical networks for permanent storage. However, the engrams and circuits that support neocortical
memory consolidation have thus far been unknown.In my talk, | will present that neocortical prefrontal memory engram cells,
which are critical for remote contextual fear memory, are rapidly generated during initial learning through inputs from both the
hippocampal—entorhinal cortex network and the basolateral amygdala by using contextual fear conditioning as well as
observational contextual fear conditioning. After their generation, the prefrontal engram cells, with support from hippocampal
memory engram cells, become functionally mature with time. Whereas hippocampal engram cells gradually become silent
with time, engram cells in the basolateral amygdala, which are necessary for fear memory, were maintained. Our study
provides new insights into the functional reorganization of engrams and circuits underlying systems consolidation of memory.
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SYMPOSIUM 37 - ENGRAMS, CIRCUITS AND BIOCHEMICAL REORGANIZATION FOR REMOTE MEMORY
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Gisella Vetere
ESPCI, Brain Plasticity Unit, Paris, France

Understanding how memories are created and maintained over time is a fundamental problem in neuroscience. In this talk, |
will explore how neural networks of co-active brain regions support memory recall. Within such networks, highly connected
hub regions are assumed to disproportionately influence behavioural output. | will focus on the role of 2 thalamic regions, the
anterodorsal and laterodorsal thalamus as key regions for fear memory stabilization and | will explore their contribution within
the hippocampal-prefrontal cortex network. Ca?* imaging and optogenetic manipulations suggest that the switch between
recent to remote memory state requires a different engagement of these thalamic regions through direct control of the
hippocampal and cortical ensembles. Finally, the role of head direction cells, present in both anterodorsal and laterodorsal
thalamic nuclei, will be identified in representing spatial information as well as in processing emotional long-lasting memories.
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Miodrag Mitri¢, Esther Visser, August Smit, Michel Van Den Oever
Vrije Universiteit Amsterdam, Center For Neurogenomics And Cognitive Research, Amsterdam, Netherlands

Memory storage and retrieval is thought to depend on the consolidation of physical changes by sparsely distributed neurons
that are highly activated during an experience, so-called engram cells. Recent data by us and others demonstrate that
retrieval of remote (e.g. 1-month-old) contextual fear memory requires time-dependent maturation of engram cells in the
medial prefrontal cortex (mPFC). Moreover, we found that the engagement of these neurons depends on memory strength,
meaning that learning-activated mPFC neurons are required for remote memory expression after mild, but not strong,
contextual fear conditioning (CFC). Based on this, we hypothesized that CFC-activated mPFC neurons undergo a time-
dependent maturation process as a function of the intensity of conditioning. To investigate this, we made use of the TRAP2
mouse line to tag and identify mPFC neurons that are activated (Fos-expressing) during mild or strong CFC, or during context
exposure only (no foot-shock). We compared changes in intrinsic excitability, synaptic and structural properties of tagged
versus non-tagged mPFC neurons at a recent (£ 1 week) and remote (= 4 weeks) timepoint after conditioning. Our findings
demonstrate that following both mild and strong CFC, tagged mPFC neurons progressively develop adaptations in synaptic
properties, however, these are most pronounced after mild CFC. Temporal changes in the structural properties of tagged
mPFC neurons developed selectively after mild CFC. These observations support our hypothesis that time- and memory
strength-dependent adaptations mirror the engagement of cortical engram cells in remote memory expression.
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THE ORGANIZATION OF CORTICO-CORTICAL CIRCUITS UNDERLYING REMOTE MEMORY RETRIEVAL

SYMPOSIUM 37 - ENGRAMS, CIRCUITS AND BIOCHEMICAL REORGANIZATION FOR REMOTE MEMORY
CONSOLIDATION - TAKASHI KITAMURA, GISELLA VETERE, MICHEL VAN DEN OEVER, LAURA DENARDO

Laura Denardo
University of California, Los Angeles, Department Of Physiology, Los Angeles, United States of America

Memories of emotional experiences can last a lifetime, guiding behavior from minutes to years after learning. In the clinic,
remote memories of trauma are more treatment resistant than recent ones, linking memory evolution with memory resilience
and highlighting the urgent need to understand the neurobiology of remote memory. As memories age, they are reorganized
into a distributed cortical network, yet our understanding of this network at the cellular and synaptic level is incomplete.
Activity in the prelimbic cortex (PL), part of the dorsomedial prefrontal cortex, is essential for both recent and remote fear
memory recall, but accumulating evidence indicates that distinct PL output circuits control memory recall over time. In recent
studies, we found that PL neurons involved in remote cued fear memory preferentially activate high order auditory association
areas. Of these, the temporal association area (TeA), a major target of PL projections, is specifically required for remote
memory recall. Yet the role of PL>TeA projections in memory recall and consolidation is unexplored. Using circuit-specific
optogenetics and calcium imaging in freely behaving mice, we are examining the time-dependent functions of the PL-TeA
connection. Our ongoing work will uncover the organizing principles and behavioral functions of key cortical networks
underlying remote fear memories and can build foundations for new clinical interventions for trauma-based disorders.
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BINGE DRINKING DURING ADOLESCENCE: MICROBIOME, IMMUNE AND COGNITIVE ALTERATIONS

SYMPOSIUM 38 - UNRAVELLING THE ROLE OF THE GUT MICROBIOME IN ADDICTION - CARINA CARBIA,
BENJAMIN BOUTREL, LORENZO LEGGIO, NATHALIE DELZENNE

Carina Carbia, John Cryan
University College Cork, Apc Microbiome, Cork, Ireland

Binge drinking (BD) is defined as the consumption of six or more standard drinks in one session. This pattern of consumption
is highly prevalent during adolescence, which is considered to last up to 25 years of age. This developmental period involves
ongoing neuromaturation that results in greater vulnerability to disruptive events in the brain such as excessive alcohol
consumption. BD has been associated with both neuroanatomical impairments and neuropsychological deficits. Accumulating
evidence indicates that chronic alcohol consumption induces inflammation, both from a direct interaction with the brain and
the periphery, particularly from the gut. Recently, chronic alcoholism has been linked with increased intestinal permeability
and alteration of microbial profile that correlated with craving levels. However, no study to date has investigated the gut
microbiota in young people with a repeated pattern of alcohol intoxication. The aim of this study is to investigate the potential
link between alcohol-induced altered microbial profile, neurocognitive functioning and craving in healthy young BDs.
Additionally, blood inflammatory markers will be measured. We will characterize both composition and functionality of the gut
microbiome. The Cambridge Neuropsychological Test Automated Battery (CANTAB) will be used to assess neurocognitive
performance. We will propose and discuss the results within a neuro-immuno-affective framework to integrate recent
evidence on how central and peripheral alterations might affect the still developing young brain.
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FECAL MICROBIOTA TRANSFER REVERSES EXCESSIVE ALCOHOL SEEKING IN STRESSED RATS

SYMPOSIUM 38 - UNRAVELLING THE ROLE OF THE GUT MICROBIOME IN ADDICTION - CARINA CARBIA,
BENJAMIN BOUTREL, LORENZO LEGGIO, NATHALIE DELZENNE

Benjamin Boutrel
Lausanne University Hospital, University of Lausanne, Psychiatry, Lausanne, Switzerland

Although only a small proportion of individuals develop persistent alcohol used disorder, unhealthy alcohol use represents a
significant public health concern, accounting for 4.5% of global disease burden. Identifying biological markers predicting
vulnerability to develop excessive alcohol consumption may lead to real improvement of prevention strategies and possibly
clinical care.

Considering that gut microbiota is capable of influencing immunity, brain and behavior, we investigated gut microbiome and
signs of peripheral inflammation in rats exhibiting uncontrolled alcohol seeking behaviors. We monitored 1) the inability to
abstain during a signaled period of reward unavailability, 2) the increased motivation assessed in a progressive effortful task
and 3) the persistent alcohol seeking despite aversive foot shocks (Jadhav et al., 2017, 2018). After a long-training for alcohol
(10%weight/volume) self-administration, all rats were screened according to the 3 criteria defined above and were identified
as resilient versus vulnerable to uncontrolled alcohol seeking. All rats were then given access to 2 sources of reward: 0,1mL
10% wi/v ethanol and 0.1mL saccharine (0.2 %, 0.00625%, 0%), 2 consecutive sessions for each concentration, during which
vulnerable rats exhibited a clear-cut preference for alcohol compared to controls. Strikingly, we identified signs of peripheral
inflammation in vulnerable rats, and not only fecal microbiota transfer lowered vulnerable rats’ motivation and preference for
alcohol but it restored inflammation modulators levels to those observed in controls. In the near future, manipulation of the gut
microbiome may represent an original strategy to alleviate the overwhelming urge for compulsive alcohol drinking in human
patients.



% FENS Foun 202

PRESENTATION NUMBER: S147

GUT MICROBIOME AND HARMFUL ALCOHOL DRINKING: FINDINGS FROM NON-HUMAN PRIMATE AND HUMAN
STUDIES

SYMPOSIUM 38 - UNRAVELLING THE ROLE OF THE GUT MICROBIOME IN ADDICTION - CARINA CARBIA,
BENJAMIN BOUTREL, LORENZO LEGGIO, NATHALIE DELZENNE

Lorenzo Leggio
National Institutes of Health, Nida And Niaaa, Baltimore, United States of America

Rodent studies report that chronic alcohol use leads to a loss in the diversity of the fecal microbial community, and in
changes in the relative abundance of microbial taxa. Human studies also show an association between gut dysbiosis and
chronic alcohol use. Non-human primate models provide a degree of experimental control that is not possible in humans,
while, compared to rodents, are evolutionarily closer to humans. We conducted a study in a unique baboon model of chronic
excessive alcohol drinking (Papio Anubis; N=14 males). Baboons were studied in controlled conditions, with consistent and
reliable alcohol self-administration and blood alcohol levels, controlled food/caloric intake, and identical housing and
exposure to stimuli. We compared three groups: L = Long-term alcohol drinking (12.1 years), S = Short-term alcohol drinking
(2.7 years), and C = Control group, drinking an isocaloric, non-alcoholic reinforcer (8.2 years). We found that fecal microbial
a- and B-diversity were significantly lower in the L group, vs. the other two groups. Members of the commensal bacterial
families Lachnospiraceae and Prevotellaceae showed a relative decrease, whereas the opportunistic pathogen
Streptococcus genus showed a relative increase, in the L group, vs. the other two groups. Microbiota-related metabolites of
aromatic amino acids, tricarboxylic acid cycle, and pentose increased in the L group, vs. the other two groups, suggesting
high energy metabolism and enhanced glycolysis in the gut lumen in response to alcohol. We are currently analyzing the
results of a human gut microbiome and metabolome study.
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THE ROLE OF THE GUT MICROBIOTA IN FOOD AND ALCOHOL ADDICTION

SYMPOSIUM 38 - UNRAVELLING THE ROLE OF THE GUT MICROBIOME IN ADDICTION - CARINA CARBIA,
BENJAMIN BOUTREL, LORENZO LEGGIO, NATHALIE DELZENNE

Nathalie Delzenne
Université Catholique de Louvain, Louvain Drug Research Institute, Brussels, Belgium

Our recent data unravelled how the gut microbiome can participate to metabolic and behavioural disorders in obesity and
alcohol disorders. In a cohort of obese individuals supplemented with prebiotic dietary fibers (DF), that modulate the gut
microbiota, the presence of specific bacteria prior the nutritional intervention influenced both metabolic and behavioral
outcomes. The potential relevance of nutritional disorders and intervention have been evaluated in alcohol use disorders
(AUD). We have previously shown that depressive and social behavioural alterations of AUD patients was associated with gut
microbial dysbiosis (changes in gut microbiota composition and activity). Dysbiotic patients had a lower sociability score and
a smaller/less connected social network. Data obtained in mice transferred with the gut microbiome from AUD patients
allowed to show that gut microbiota from AUD may drive inflammatory processes and hepatic metabolism, leading to
decreased ketogenesis that may affect brain function. More recently, we found that among nutritional disorders that
characterize AUD patients, DF intake, which is associated with anxiety and sociability, was lower in AUD than in healthy
subjects. However, the supplementation with inulin as prebiotic DF versus placebo during a 3-weeks period of alcohol
detoxification program, had only minor effect on behavioral and biological alterations as compared to alcohol withdrawal itself.
Those data, obtained on a limited number of patients, could be extended to larger cohorts in order to unravel the multiple
systems biology involved in behaviour related to beverage and food addiction, that remains very difficult to treat and has a
tremendous consequence on health.
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HOW ATTENTION AND NEUROMODULATORS CONTROL SYNAPTIC PLASTICITY IN DEEP CORTICAL NETWORKS

SYMPOSIUM 39 - REVISITING SENSORY CORTICES: IMPLICATIONS FOR DIVERSE COGNITIVE PROCESSING -
PIETER ROELFSEMA, NATHALIE ROCHEFORT, ALEXANDRA LIBBY, ABHISHEK BANERJEE

Pieter Roelfsema
Netherlands Institute for Neuroscience, Department Of Vision & Cognition, Amsterdam, Netherlands

Humans and many other animals have an enormous capacity to learn about sensory stimuli and to master new skills.
However, many of the mechanisms that enable us to learn remain to be understood. One of the greatest challenges of
systems neuroscience is to explain how synaptic connections change to support maximally adaptive behaviour. | will provide
an overview of factors that determine the change in the strength of synapses, with a focus on synaptic plasticity in sensory
cortices. | will highlight the influence of neuromodulators and feedback connections in synaptic plasticity and suggest a
specific framework in which these factors can interact to improve the functioning of the entire network.
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HOW DOES FOOD AVAILABILITY IMPACT ENERGY USAGE AND CODING PRECISION IN VISUAL CORTEX?

SYMPOSIUM 39 - REVISITING SENSORY CORTICES: IMPLICATIONS FOR DIVERSE COGNITIVE PROCESSING -
PIETER ROELFSEMA, NATHALIE ROCHEFORT, ALEXANDRA LIBBY, ABHISHEK BANERJEE

Nathalie Rochefort, Zahid Padamsey, Danai Katsanevaki, Nathalie Dupuy
University of Edinburgh, School Of Biomedical Sciences, Centre For Discovery Brain Sciences, Edinburgh, United Kingdom

Information processing is energetically expensive. In the mammalian brain, it is unclear how information coding and energy
use are regulated during food scarcity. Using whole-cell recordings and two-photon imaging in layer 2/3 mouse visual cortex,
we found that food restriction reduced AMPA receptor conductance, reducing synaptic ATP use by 29%. Neuronal excitability
was nonetheless preserved by a compensatory increase in input resistance and a depolarized resting potential.
Consequently, neurons spiked at similar rates as controls but spent less ATP on underlying excitatory currents. This energy-
saving strategy had a cost because it amplified the variability of visually-evoked subthreshold responses, leading to a 32%
broadening of orientation tuning and impaired fine visual discrimination. This reduction in coding precision was associated
with reduced levels of the fat mass-regulated hormone leptin and was restored by exogenous leptin supplementation. Our
findings reveal that metabolic state dynamically regulates the energy spent on coding precision in neocortex.
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ROTATIONAL DYNAMICS REDUCE INTERFERENCE BETWEEN SENSORY AND MEMORY REPRESENTATIONS

SYMPOSIUM 39 - REVISITING SENSORY CORTICES: IMPLICATIONS FOR DIVERSE COGNITIVE PROCESSING -
PIETER ROELFSEMA, NATHALIE ROCHEFORT, ALEXANDRA LIBBY, ABHISHEK BANERJEE

Alexandra Libby
Princeton University, Department Of Neuroscience, Buschman Lab, Princeton, United States of America

Behavior relies on the ability to make predictions. To form predictions, the brain must associate sensory information with the
memory of recent stimuli. Because information is distributed within populations of neurons, interference can occur between
these sensory and memory representations. To study the neural dynamics that underlie sensory processing, memory
maintenance, and the formation of predictions, we recorded from the auditory cortex of mice, while they experienced
sequences with statistical regularities. Exposure to predictable sequences aligned the sensory codes in auditory cortex, such
that the first sensory event triggered the representation of later expected events. However, because predictions were
embedded in the sensory codes, they could not be used as reliable memory readouts; unexpected trials resulted in
overwriting of short-term memories. Interestingly, the memories were not lost; sensory information rotated over time into an
orthogonal representation, where memories were accurately maintained. Multiple mechanisms can support this kind of
orthogonal neural code. One mechanism simply keeps the sensory and memory representations in two separate populations
of neurons. Alternatively, both sensory and memory information could be represented orthogonally in a single neural
population. Our results support the latter hypothesis; we found the sensory representation rotated into an orthogonal
dimension within the same population, protecting the memory from interference when new stimuli were presented. This
rotation was supported by a combination of ‘stable’ and ‘switching’ neurons, which either maintained or inverted their
selectivity over time. Theoretical modeling showed that such structured rotational dynamics are efficient, compared against
alternative mechanisms for generating orthogonal representations.



QFENS 20,2022

PRESENTATION NUMBER: S152
BUILDING A FLEXIBLE SENSORY CORTEX

SYMPOSIUM 39 - REVISITING SENSORY CORTICES: IMPLICATIONS FOR DIVERSE COGNITIVE PROCESSING -
PIETER ROELFSEMA, NATHALIE ROCHEFORT, ALEXANDRA LIBBY, ABHISHEK BANERJEE

Abhishek Banerjee
Newcastle University, Adaptive Decisions Lab, Biosciences Institute, Newcastle upon Tyne, United Kingdom

Animals adapt their behaviour in response to variable changes in reward reinforcement. The prefrontal areas of the
mammalian neocortex, especially the orbitofrontal cortex (OFC), play an important role in invoking rule-based strategies to
enable flexible learning. However, the neural circuit mechanisms in OFC and its interactions with different hierarchical cortical
areas underlying such processes remain elusive. In my talk, | will discuss interactions between orbitofrontal and
somatosensory cortices that implement flexible decision-making in a tactile reversal-learning task in mice. The talk will shed
light on the circuit mechanisms underlying behavioural flexibility, indicating a crucial role of mouse OFC neurons in encoding
predictive ‘teaching signals’ that drive adaptive changes in sensory cortices and in behaviour.
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SPERM SMALL RNA-MEDIATED INTERGENERATIONAL INHERITANCE OF PATERNAL DIETARY EFFECTS

SYMPOSIUM 40 - TRANSGENERATIONAL EPIGENETIC INHERITANCE: IS THERE A CONNECTION BETWEEN THE
LEARNED AND THE INNATE? - UPASNA SHARMA, KEVIN MITCHELL, ISABELLE MANSUY, ODED RECHAVI

Upasna Sharma
University of California Santa Cruz, Department Of Molecular, Cell And Developmental Biology, Santa Cruz, United States of
America

Although there is mounting evidence from worms to humans suggesting that parental environment can influence phenotypes
in offspring, the mechanism of such transgenerational inheritance remains deeply mysterious. Male mice fed a low protein
diet sire offspring with altered lipid and cholesterol biosynthesis. We examined the mechanistic basis of epigenetic inheritance
of paternal dietary effects. We show that protein restriction affects small RNA levels in mature sperm, including specific tRNA-
derived small RNAs or tRNA fragments (tRFs). Specific tRFs can regulate early embryonic gene expression. These studies
suggest that sperm small RNAs potentially mediate epigenetic inheritance of paternal dietary effects. Intriguingly, our studies
revealed surprising dynamics of small RNA biogenesis during sperm maturation in the epididymis. We find that a subset of
sperm small RNAs are synthesized in the somatic epididymis epithelial cells and shipped to sperm via extracellular vesicles.
These studies revealed a role for soma-to-germline trafficking in shaping the RNA payload of mammalian sperm. Current
studies are focused on elucidating the mechanism of this RNA-mediated soma-germline communication and its
consequences on offspring development.
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THE TROUBLE WITH EPIGENETICS

SYMPOSIUM 40 - TRANSGENERATIONAL EPIGENETIC INHERITANCE: IS THERE A CONNECTION BETWEEN THE
LEARNED AND THE INNATE? - UPASNA SHARMA, KEVIN MITCHELL, ISABELLE MANSUY, ODED RECHAVI

Kevin Mitchell
Trinity College, Smurfit Institute Of Genetics, Dublin, Ireland

The concept of epigenetics - that gene expression can be modified by experience and that this provides a mechanism of
cellular memory - has entered the mainstream of public consciousness. Despite a lack of clarity on usage of the term, it
seems to offer a way to escape the perceived threat of genetic determinism, a means of rewriting our own psychological traits
through experience. Moreover, the idea that the effects of such experiences might be transmitted across generations has
truly gripped the public imagination, with studies of transgenerational psychological effects of famine or trauma — even the
Holocaust — making headlines in newspapers across the world. There is strong evidence for transgenerational epigenetic
inheritance in plants and simple animals like nematodes, with an understandable rationale for why such phenomena would
exist and well worked out mechanisms. Neither the evidence nor the rationale is as convincing in mammals, however. This
talk will explore methodological issues in seminal studies in rodents and humans, and examine the principles of genotype-
phenotype relations and behavioural adaptation and flexibility in larger, more complex organisms. In particular, it will examine
the idea that epigenetic mechanisms can provide a generational bridge between learning and instinct.
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NEUROEPIGENETICS: HOW CHILDHOOD TRAUMA IS PASSED TO DESCENDANTS VIA THE GERM LINE

SYMPOSIUM 40 - TRANSGENERATIONAL EPIGENETIC INHERITANCE: IS THERE A CONNECTION BETWEEN THE
LEARNED AND THE INNATE? - UPASNA SHARMA, KEVIN MITCHELL, ISABELLE MANSUY, ODED RECHAVI

Isabelle Mansuy
University & ETH Zurich, Laboratory Of Neuroepigenetics, Zurich, Switzerland

Behavior and physiology in mammals are strongly influenced by the environment and life experiences, particularly in
childhood. While positive factors can favor proper development and good mental and physical health later in life, childhood
adversity and traumatic events increase the risk for cancer and psychiatric, metabolic and autoimmune diseases. Such
disorders can affect exposed individuals directly and in some cases, impact the offspring across generations. The biological
mechanisms underlying transmission are thought to involve epigenetic factors. We developed a transgenerational mouse
model of postnhatal stress that recapitulates trauma symptoms including increased risk-taking, depressive behaviors, cognitive
and social deficits, and metabolic and cardiovascular dysregulation in adulthood. The symptoms persist throughout life and
are transmitted to the offspring, in some cases, up to the 51" generation. Comparable symptoms affect traumatized children,
indicating conserved effects in mouse and human. Symptoms are associated with molecular changes involving RNA in germ
cells, that in mice, are causally linked to symptoms transmission. MiRNAs are also affected in extracellular vesicles in the
reproductive tract. Circulating factors were identified as mediators of alterations in germ cells. Chronic injection of serum from
trauma-exposed mouse males into controls recapitulates metabolic phenotypes in the offspring, suggesting information
transfer from serum to germ cells. Circulating factors involving peroxisome proliferator-activated receptor (PPAR) pathways
are causally involved, and pharmacological PPAR activation in vivo affects sperm transcriptome and metabolic functions in
the offspring and grand-offspring. These results suggest an ensemble of mechanisms from the periphery to germ cells for the
inheritance of acquired traits.
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CHALLENGING THE BASIC DOGMAS OF EVOLUTION: HERITABLE SMALL RNA

SYMPOSIUM 40 - TRANSGENERATIONAL EPIGENETIC INHERITANCE: IS THERE A CONNECTION BETWEEN THE
LEARNED AND THE INNATE? - UPASNA SHARMA, KEVIN MITCHELL, ISABELLE MANSUY, ODED RECHAVI

Oded Rechavi
Tel Aviv University, Department Of Neurobiology, Wise Faculty Of Life Sciences & Sagol School Of Neuroscience, Tel Aviv
University, Tel Aviv, Israel

In C. elegans nematodes, small RNAs enable transmission of epigenetic responses across multiple generations,
independently of changes to the DNA sequence. Different environmental challenges, including exposure to viruses,
starvation, and heat stress generate heritable small RNA responses, that in certain cases could be adaptive. Recently we
have shown that neuronal activity can also produce small RNA-mediate heritable responses, and that the decisions that the
progeny makes are affected by whether their ancestors' experienced stress or not. Our results indicate that specific
processing of small RNAs in the parents leads to marked differences in the physiology of the progeny. | will discuss the
underlying mechanisms, and the potential of small RNA inheritance to affect the worm’s fate and perhaps even evolution.



QFENS 20,2022

PRESENTATION NUMBER: S157
STRUCTURAL AND FUNCTIONAL ANNOTATION OF THE MOUSE PREFRONTAL CORTEX

SYMPOSIUM 41 - DECODING THE PREFRONTAL CIRCUITS OF COGNITIVE FLEXIBILITY - MARIE CARLEN,
KATHLEEN CHO, JULIO MARTINEZ, DANIEL DURSTEWITZ

Marie Carlen
Karolinska Institutet, Neuroscience, Stockholm, Sweden

The structure and function of the prefrontal cortex (PFC) across species remain unresolved. Taking advantage of the
technological toolbox available to studies in rodents, our studies aim to outline the mouse PFC through integration of
structural, molecular, and functional characteristics. Whole-brain tracing of connectivity and spatial transcriptomics give a
novel and unbiased view of the structure of the mouse PFC. The connectivity tracing outlines the mouse PFC as a module
with dense intraconnectivity, questioning independent processing in discrete prefrontal subregions. In line with this, higher
cognitive functions are considered to be integrative rather than localized. Non-localized functions of the PFC can only be
revealed by studies focusing on the PFC as a whole, and high-density Neuropixels recordings have opened up for massive
and concurrent sampling of neuronal activities across the subregions of the PFC. | will in my talk present our current work
focused on large-scale recording of neuronal activities across the PFC subregions and what our investigations reveal about
functional hierarchy and local versus non-local functions in prefrontal subterritories.
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PREFRONTAL PARVALBUMIN INTERNEURON FUNCTION IN COGNITIVE CONTROL

SYMPOSIUM 41 - DECODING THE PREFRONTAL CIRCUITS OF COGNITIVE FLEXIBILITY - MARIE CARLEN,
KATHLEEN CHO, JULIO MARTINEZ, DANIEL DURSTEWITZ

Kathleen Cho
Paris Brain Institute (ICM), INSERM, -, Paris, France

Changes in patterns of activity within the medial prefrontal cortex enable rodents, non-human primates, and humans to
update their behavior to adapt to changes in the environment, e.qg., during cognitive tasks. Within medial prefrontal cortex,
inhibitory neurons expressing parvalbumin are important for updating strategies in a rule shift task. Nevertheless, causal
mechanisms through which parvalbumin neurons recruit specific circuits to produce prefrontal network dynamics that switch
from maintaining to updating task-related patterns of activity remain unknown. Here, | will discuss the role of gamma
synchrony in cognitive flexibility, specifically cross-hemispheric gamma synchrony of prefrontal parvalbumin interneurons, and
how long-range GABAergic projections support and affect synchrony in prefrontal cortex-dependent cognitive tasks.
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MENTAL REPRESENTATIONS FOR COGNITIVE CONTROL IN THE MACAQUE LATERAL PREFRONTAL CORTEX

SYMPOSIUM 41 - DECODING THE PREFRONTAL CIRCUITS OF COGNITIVE FLEXIBILITY - MARIE CARLEN,
KATHLEEN CHO, JULIO MARTINEZ, DANIEL DURSTEWITZ

Julio Martinez-Truijillo
Western University, Schulich School of Medicine and Dentistry, Physiology, Pharmacology And Psychiatry, London, Canada

Humans and other anthropoid primates can represent and manipulate complex information in the mind. A brain area that has
been deemed critical to such cognitive ability is the lateral prefrontal cortex. We study the neural substrates of mental
representations and learning in the lateral prefrontal cortex of non-human primates using naturalistic virtual reality associative
learning and working memory tasks. During the tasks the animals are required to maintain and manipulate information about
spatial and no spatial features of objects and their associations while navigating through virtual environments using a joystick.
We used multielectrode arrays and pharmacological manipulations to record the activity of neurons and neuronal populations
in the lateral prefrontal cortex (areas 9/46 of Brodmann). We found that single neurons and populations encode complex
combinations of space and features (e.g., context-stimulus response associations) while animals navigate through the virtual
environments. When the task contingencies change (e.g., introduction of new associations), neuronal populations become
tuned for the new contingencies over a few trials reflecting changes in the animals’ behavioral performance. Tuning was
robust to changes in visual scenes produced by exploratory saccades during navigation but was disrupted by administration
of the NMDA antagonist Ketamine. We conclude that the lateral prefrontal cortex flexibly encodes complex mental
representations and their associations during naturalistic behavior providing a neural substrate for primates’ remarkable
adaptability to changes in the environment.
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USING RECURRENT NEURAL NETWORKS FOR RESOLVING THE COMPUTATIONAL DYNAMICS UNDERLYING
MULTIPLE SINGLE-UNIT RECORDINGS FROM PREFRONTAL CORTEX

SYMPOSIUM 41 - DECODING THE PREFRONTAL CIRCUITS OF COGNITIVE FLEXIBILITY - MARIE CARLEN,
KATHLEEN CHO, JULIO MARTINEZ, DANIEL DURSTEWITZ

Daniel Durstewitz
Central Institute of Mental Health (CIMH), Theoretical Neuroscience, Mannheim, Germany

Recurrent Neural Networks (RNNs) are deep learning tools for processing and predicting time series data. They can also be
used to identify, or reconstruct, the nonlinear dynamical system that underlies observed data, thus providing mechanistic
insight into the system dynamics. In fact, RNNs are known to be computationally and dynamically universal, i.e., in theory
they can represent and emulate any other computational or dynamical system, like the brain. By directly training RNNs on
neural recordings and behavioral observations we can therefore formally examine the computational processes behind these
experimental observations, thus linking cellular ensembles and behavior to computation. In my talk, | will first discuss recent
advances in RNN models and training algorithms that were designed for the specific purpose of dynamical systems
reconstruction, including the identification of limit sets like attractors and their geometrical or topological structure. Such
techniques enable not only out-of-sample, but also out-of-distribution generalization to novel experimental settings. | will
particularly focus on methodological approaches for identifying dynamical systems from multiple data modalities
simultaneously. This enables, for instance, to link simultaneously recorded neurophysiological and behavioral observations to
the same underlying latent dynamical process model, and thereby to elucidate their functional relationships. It will be
illustrated on multiple-single-unit recordings from the rodent prefrontal cortex and behavioral responses during rule learning
tasks how these techniques can be applied to faithfully reconstruct the underlying system with its observed physiological and
behavioral properties, to decipher prefrontal computations, to detect cell assemblies, and to quantify inter-regional information
transfer.
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CE-PUNCTIN SETS RECEPTOR CONTENT AT EXCITATORY AND INHIBITORY SYNAPSES BY DUAL CONTROL OF
EXTRA- AND INTRACELLULAR SCAFFOLDS

SYMPOSIUM 42 - SPECIFYING NEURONAL CONNECTIVITY ACROSS SPECIES - JEAN-LUIS BESSEREAU, THOMAS
BIEDERER, MICHELA MATTEOLI, CAMIN DEAN

Jean-Louis Bessereau
University of Lyon, Melis - Inmg, Lyon, France

The molecular mechanisms involved in the organization and regulation of chemical synapses are central questions in
neuroscience. Apart from synaptic adhesion molecules that engage trans-synaptic interactions in the synaptic cleft, some
secreted proteins behave as 'synaptic scaffolders’, i. e. proteins that interact with pre- or postsynaptic components within the
synaptic cleft and organize the synapse without necessarily triggering a signal transduction cascade. Some extracellular
scaffolders can position neurotransmitter receptors at the synapse by interacting with receptor-associated scaffolds in the
synaptic cleft. Others bridge presynaptic adhesion molecules with the extracellular domains of neurotransmitter receptors or
with adhesion receptors. Ce-Punctin/MADD-4 was initially identified in the nematode C. elegans as an extracellular matrix
protein secreted by neuronal boutons and controlling the excitatory vs inhibitory identity of postsynaptic domains (Nature,
2014, 511, 466-70). Its vertebrate ortholog, ADAMTSL3/Punctin-2, is expressed in the central nervous system but its function
has not been characterized so far. Specific combinations of Ce-Punctin isoforms are expressed by cholinergic and
GABAergic motoneurons and trigger the clustering of acetylcholine- or GABA-gated ion channels at C. elegans excitatory and
inhibitory neuromuscular junctions, respectively. This involves the postsynaptic positioning of transmembrane scaffolding
molecules and the activation of the netrin receptor DCC. In turn, these proteins recruit intracellular scaffolding molecules that
interact with the receptors. In addition, we recently discovered that Ce-Punctin is processed into discrete proteolytic
fragments with distinct localization and function. These results shed light on novel mechanisms controlling the molecular
organization of chemical synapses, with potential implications for neuropsychiatric diseases.
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CONCERTED ROLES OF SYNAPTIC ADHESION MOLECULES IN ORGANIZING PREFRONTAL CORTEX
CONNECTIVITY AND COGNITIVE FUNCTIONS

SYMPOSIUM 42 - SPECIFYING NEURONAL CONNECTIVITY ACROSS SPECIES - JEAN-LUIS BESSEREAU, THOMAS
BIEDERER, MICHELA MATTEOLI, CAMIN DEAN

Thomas Biederer
Yale School of Medicine, Neurology, New Haven, United States of America

Trans-synaptic adhesion complexes organize synapse development. Their molecular diversity offers a profound cooperative
potential to guide neuronal connectivity. Yet, it is only known for a few of these proteins whether they act in concert. We
investigated the prefrontal cortex, a region impacted in multiple brain disorders, and analyzed the postsynaptic adhesion
molecule LRRTM1 that is associated with schizophrenia and forms a complex with presynaptic Neurexins. Biochemical
studies determined that loss of LRRTM1 elevates the synaptic amounts of the immunoglobulin adhesion molecule SynCAM
1, which promotes excitatory synapse number similar to LRRTM1 but does not bind it. To abrogate possible redundancy, we
generated double knock-out mice lacking LRRTM1 and SynCAM 1. Their combined KO reduced the number of dendritic
spines more than the sum of single KO losses and impacted presynaptic sites, making Neurexin puncta less spatially
restricted. On a functional level, we used in vivo recordings and fMRI to determine that LRRTM1 and SynCAM 1 jointly
control neuronal firing in the prefrontal cortex and synchronized brain activity. Moreover, behavioral tasks involving the
prefrontal cortex were impacted in double but not single KO mice. We obtained no evidence in the hippocampus for a
synaptic cooperation of these molecules. Our results provide evidence that LRRTM1 and SynCAM 1 act together in the
prefrontal cortex to organize synapses and together modulate neuronal firing and cognition-relevant functions. These findings
support that molecularly distinct trans-synaptic complexes can cooperate in a brain region-selective manner.
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ROLE OF MICROGLIAL TREM2 IN SYNAPSE ELIMINATION AND CIRCUIT FORMATION

SYMPOSIUM 42 - SPECIFYING NEURONAL CONNECTIVITY ACROSS SPECIES - JEAN-LUIS BESSEREAU, THOMAS
BIEDERER, MICHELA MATTEOLI, CAMIN DEAN

Raffaella Morini!, Alessandra Folci?, Matteo Bizzotto®, Fabio Perrucci®, Erica Tagliatti®, Michela Matteolil?

1IRCCS, Humanitas Clinical and Research Center and CNR, Neuroscience Institute, Neuroscience, Rozzano (Milano),
Italy, 2National Research Council, Neuroscience Institute, Vedano al Lambro, Italy, 3Humanitas University, Department Of
Biomedical Sciences, Pieve Emanuele, Italy

Triggering Receptor Expressed on Myeloid cells 2 (Trem2), is an immunoglobulin superfamily transmembrane receptor,
expressed exclusively by microglia in the brain. Trem2 engages with membrane-bound or soluble ligands and interacts with
the adaptor proteins DAP10 and DAP12, which recruit the intracellular signal transduction machineries. The known ligands of
Trem2 comprise a large spectrum of anionic molecules, such as phospholipids, lipoproteins, DNA, and bacterial products.
Further, membrane-bound Trem2 can be cleaved into its soluble form by the a-secretases ADAM10 and ADAM17, leading to
the release into the extracellular environment of soluble Trem2 (sTrem2), which maintains its biological activity. We have
found that Trem2 controls the process of synapse elimination during development. When this process is defective due to the
lack of the trem2 gene, altered functional brain connectivity and defective behavioral phenotype emerge in the adult (Filipello,
Morini et al., Immunity 2018). We also showed that externalized phosphatidylserine (PS) represents a neuronal “eat-me”
signal recognized by Trem2 (Scott-Hewitt, Perrucci et al., EMBO J 2020). Using a fusion protein between the extracellular
domain of Trem2 and the 1gG Fc fragment, immobilized onto a solid support, we identified Trem2 ligands from brain
synaptosomes. We are in the process of characterizing these receptors and defining whether they can be bound also by
sTrem2. These data will shed a light on the mechanisms which control glia-mediated circuit sculpting.
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REGULATION OF SYNAPSE CONNECTIVITY AND STABILITY

SYMPOSIUM 42 - SPECIFYING NEURONAL CONNECTIVITY ACROSS SPECIES - JEAN-LUIS BESSEREAU, THOMAS
BIEDERER, MICHELA MATTEOLI, CAMIN DEAN

Camin Dean
German Center for Neurodegenerative Disease / Charité University of Medicine, Synaptic Dysfunction, Berlin, Germany

Synapses form, strengthen, weaken, and dissociate not only for proper development of the nervous system, but also to
modulate circuit function. Synaptic dynamics are especially important during learning, remembering, and forgetting, for
example, since memories are encoded by adjusting strength of specific synapses. The impairment of these dynamics can
lead to neurodegenerative and psychiatric diseases. To follow synapse formation and dissociation from the initial point of
contact between a pre and postsynaptic neuron, we are using GRASP (GFP Reconstitution Across Synaptic Partners),
initially developed for circuit mapping. GRASP consists of two non-fluorescent parts of GFP, each fused extracellularly to a
pre or postsynaptic membrane-targeted molecule. When a cell expressing the presynaptic split GFP forms a synapse with a
cell expressing the postsynaptic split GFP, the GFP parts become close enough to reconstitute and produce a fluorescent
signal indicating contact. Using this technique, we can detect synapse formation and dissociation in primary neuronal cultures
transduced with pre and postsynaptic GRASPs by time-lapse imaging. In addition, synapse stability can be assessed by
fluctuations in fluorescence over time. Fluorescence intensity, and magnitude of fluctuations, is increased or decreased by
compounds that strengthen or weaken synapses to affect learning or forgetting. In addition, GRASP expression does not
affect neuronal health and synaptogenesis, making it a powerful tool to investigate synaptic dynamics. We aim to apply this
technique to human induced pluripotent stem cell (hIPSC)-derived neuronal networks to assay synapse formation, stability,
and dissociation upon addition of compounds that influence synapse strength and memory.
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PROCESSING OF FEEDFORWARD AND FEEDBACK SIGNALS IN MOUSE VISUAL THALAMUS

SYMPOSIUM 43 - MORE THAN A RELAY: NEURONAL CIRCUIT DYNAMICS IN THE VISUAL THALAMUS ACROSS
INTERNAL STATES - LAURA BUSSE, JUDITH HIRSCH, MARK ANDERMANN, SANTIAGO ROMPANI

Laura Busse
Ludwig-Maximilians-Universitat Miinchen, Division Of Neurobiology, Faculty Of Biology, Planegg-Martinsried, Germany

Traditionally, the dorsolateral geniculate nucleus (dLGN) of the thalamus has been considered a feedforward relay station for
retinal signals to reach primary visual cortex. The local and long-range circuits of dLGN, however, have long suggested that
this view is not correct. Indeed, besides the thalamo-cortical relay cells, dLGN contains local inhibitory interneurons, and
receives not only feedforward input from the retina, but also anatomically massive direct and indirect feedback from primary
visual cortex. Furthermore, it is one of the earliest processing stages in the visual system that integrates visual information
with neuromodulatory signals.

In my talk, | will present recent findings from the mouse visual system regarding the impact of corticothalamic (CT) feedback
on visual processing of synthetic and naturalistic visual stimuli. Here, 1 will focus on the role and circuits of CT feedback in
modulating contextual spatial integration. In addition, | will consider the impact of behavioral state on dLGN activity across
several temporal scales. Together, the results will highlight that dLGN is more than just a simple relay, offering opportunities
for feedforward convergence of retinal inputs and being modulated by feedback and behavioral state.
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COMPARATIVE ANALYSIS OF INHIBITORY CIRCUITS IN THE VISUAL THALAMUS

SYMPOSIUM 43 - MORE THAN A RELAY: NEURONAL CIRCUIT DYNAMICS IN THE VISUAL THALAMUS ACROSS
INTERNAL STATES - LAURA BUSSE, JUDITH HIRSCH, MARK ANDERMANN, SANTIAGO ROMPANI

Judith Hirsch
University of Southern California, Department Of Biological Sciences/neurobiology, Los Angeles, United States of America

The sensory thalamus was once viewed as a relay, serving to communicate information from the periphery to cortex during
waking and halting this downstream flow during sleep. It has become increasing clear, however, that thalamus actively
integrates sensory information and, most recently, that inhibitory circuits are central to this process. Indeed, inhibitory cells
dominate intrinsic circuits in thalamus. Specifically, thalamocortical cells make few local connections but are embedded in two
dense inhibitory networks. First, local interneurons supply feedforward inhibition; second, neurons in the adjacent thalamic
reticular nucleus provide feedback inhibition. Our work focuses on visual components of the sensory thalamus, including the
dorsal lateral geniculate nucleus and the visual compartment of the thalamic reticular nucleus. We use anatomical
approaches to explore the structure of inhibitory networks in concert with with physiological, optogenetic, and computational
tools to learn how intrathalamic inhibition might influence vision. Moreover, we compare results across species to resolve
evolutionarily conserved aspects of thalamic circuitry and function.
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STATE-DEPENDENT CONVERGENCE AND TRANSMISSION OF RETINAL INFORMATION CHANNELS IN THALAMUS

SYMPOSIUM 43 - MORE THAN A RELAY: NEURONAL CIRCUIT DYNAMICS IN THE VISUAL THALAMUS ACROSS
INTERNAL STATES - LAURA BUSSE, JUDITH HIRSCH, MARK ANDERMANN, SANTIAGO ROMPANI

Mark Andermann?-2
1Harvard Medical School, Beth Israel Deaconess Medical Center, E/cls701, Boston, United States of America, 2Harvard
Medical School, Beth Israel Deaconess Medical Center, Boston, United States of America

Throughout the brain, the processing of sensory information is modulated to guide adaptive behaviors. Here, we investigate
how serotonergic axons may specifically gate visual inputs at the level of retinal ganglion cell (RGC) axon terminals, prior to
further integration and processing of sensory information in the thalamus. Bulk recordings of RGC axons showed that
baseline and visually evoked calcium activity and glutamate release were suppressed by serotonin axon stimulation. Two-
photon calcium imaging revealed that retinal axons preferring fullfield changes in luminance were more suppressed than
those driven selectively by spatially localized stimuli, even when accounting for differences in each axon’s baseline activity.
Slice electrophysiology confirmed that serotonergic axon-evoked suppression of retinal glutamate release depends on
presynaptic 5-HT1B receptors. Using single-cell sequencing, whole-mount electrophysiology and immunohistochemistry, we
demonstrate differences in 5-HT1B receptor gene expression and axonal protein expression between RGCs that prefer
fullfield changes in luminance vs. local stimuli. These data suggest a mechanism by which serotonin axons selectively gate
specific visual information channels.
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INTEGRATION AND MODULATION OF VISUAL INFORMATION IN THE THALAMUS

SYMPOSIUM 43 - MORE THAN A RELAY: NEURONAL CIRCUIT DYNAMICS IN THE VISUAL THALAMUS ACROSS
INTERNAL STATES - LAURA BUSSE, JUDITH HIRSCH, MARK ANDERMANN, SANTIAGO ROMPANI

Santiago Rompani
EMBL Rome, Neurosciene, Monterotondo, Italy

Image-forming visual information is transmitted from the retina to the lateral geniculate nucleus (LGN) of the thalamus, which
is the principal driver of the primary visual cortex and thus conscious vision. The retina encodes the visual scene an organism
sees into over 40 different features, such as motion in a particular direction or sharp edges. Previously, it was thought that
these simple features were relayed by the LGN to the cortex without substantial combination or modulation. In this seminar, |
will talk about recent work using single-cell initiated transsynaptic rabies in the mouse showing that LGN cells receive far
more types of retinal input than was previously appreciated. Furthermore, | will present the more recent efforts from our lab in
understanding the functional and structural convergence of different visual features in the thalamus using a combination of in
vivo calcium imaging, optogenetics, and 3D electron microscopy, among other tools. Altogether, we hope to elucidate not
only the early circuits of vision, but the mechanisms whereby simple neuronal features are combined to form complex
representations.



“QFENS [0 2022

PRESENTATION NUMBER: S169
SOCIAL DECISION-MAKING IN FORAGING CONTEXTS

SYMPOSIUM 44 - SOCIAL COGNITION... BEYOND SOCIAL INTERACTIONS - CRISTINA MARQUEZ, CHRISTIAN
KEYSERS, EWELINA KNAPSKA, FRANCESCO PAPALEO

Cristina Marquez
Instituto de Neurociencias de Alicante (CSIC-UMH), Neural Circuits Of Social Behavior Lab, Alicante, Spain

Prosocial behaviours are actions that benefit others. They are thought to be evolutionary conserved across different mammal
species however, the behavioural and neural mechanisms that explain this type of actions are yet poorly understood. In this
talk we will focus on how animals perceive rewarding states from others and incorporate these into social decision-making.
Using novel behavioural paradigms that allow for deep analysis of social behaviour, calcium imaging, closed-loop optogenetic
experiments and computational modelling, we will explore how social hierarchy and the perception of the well-being of others
guide the decision to help or not to help others.
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FROM EMOTIONAL CONTAGION TO DECISION MAKING IN THE RODENT CINGULATE CORTEX

SYMPOSIUM 44 - SOCIAL COGNITION... BEYOND SOCIAL INTERACTIONS - CRISTINA MARQUEZ, CHRISTIAN
KEYSERS, EWELINA KNAPSKA, FRANCESCO PAPALEO

Christian Keysers
Netherlands Institute for Neuroscience, Social Brain Lab, Amsterdam, Netherlands

In humans, the mid/anterior cingulate cortex (Brodmann Area 24) is one of the most consistently activated in neuroimaging
studies while witnessing the distress of others. Many have speculated that this region plays a causal role in empathy and,
because it is also recruited during pain experience, that it does so by mapping the pain of others onto the witness’ own via
mirror neurons. Testing these speculations in humans is difficult, and we therefore developed rat models. Recording from
cingulate area 24 in rats, we showed that it indeed contains neurons that respond both while the animal experiences pain and
witnessing others receive footshocks, demonstrating the presence of pain mirror neurons. Rats typically freeze while
witnessing a conspecific receive footshocks, deactivating area 24 dramatically reduces this sign of emotional contagion and
establishes the causal role of this region in emotional contagion. To assess whether it also contributes to social harm
aversion, we developed a paradigm in which a rat can choose between two levers delivering food, one of which also delivers
a footshock to an adjacent conspecific. Rats were found to avoid using this shock lever, even if the alternative lever provided
less food or required more effort, confirming the presence of a prosocial motivation to avoid harming others. Deactivating
area 24 abolished that harm aversion. Together, these rodent paradigms therefore allow us to gain insights into the cellular
and causal mechanisms linking cingulate area 24 to emotional contagion and harm aversion.
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SOCIAL LEARNING ABOUT REWARDS AND THREATS — HOW INFORMATION FROM OTHERS HELPS TO ADAPT TO
CHANGING ENVIRONMENT.

SYMPOSIUM 44 - SOCIAL COGNITION... BEYOND SOCIAL INTERACTIONS - CRISTINA MARQUEZ, CHRISTIAN
KEYSERS, EWELINA KNAPSKA, FRANCESCO PAPALEO

Ewelina Knapska
Nencki Institute of Experimental Biology, Centre Of Excellence For Neural Plasticity And Brain Disorders (braincity), Warsaw,
Poland

In social species, emotions displayed by others influence the cognition and behavior of the interacting individuals. The
capacity to be affected by or share emotional states is observed both in humans and rodents. It is believed that this capacity
facilitates building relationships because it fosters emotional synchrony between individuals. However, the utility of sharing
emotion surpasses a purely social function. Since to survive, an animal must continuously learn about challenges and
opportunities in its environment, the emotions of other individuals can also be a source of valuable information. Thus, our
rodent studies focus on the neuronal circuits underlying socially perceived emotions and their role in adaptation to the
environment. In particular, we show that social cues convey information about the imminence of threat and that socially
triggered responses recruit different neuronal circuits in the central amygdala. Further, we show that rodents socially transfer
information about a distant food source through direct interaction with an individual who encountered the food reward or with
a scent thereof. We also show that socially acquired knowledge modifies the exploration patterns of familiar and novel
environments. Thereby, perceiving affective states of others evoked by a threat or a reward helps the individual adapt its
behavior and thus avoid harm and maximize rewards. Perceiving others' emotions carries informational value, which offers a
new perspective on the evolutionary origins of socially shared emotions.
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CIRCUITS OF EMOTION DISCRIMINATION

SYMPOSIUM 44 - SOCIAL COGNITION... BEYOND SOCIAL INTERACTIONS - CRISTINA MARQUEZ, CHRISTIAN
KEYSERS, EWELINA KNAPSKA, FRANCESCO PAPALEO

Francesco Papaleo
Istituto Italiano di Tecnologia, Neuroscience Area, Genova, Italy

Emotion recognition and consequent social reaction are important for a wealthy animal life. These socio-cognitive processes
are supposed to rely on evolutionary conserved long-range brain networks, regulated by an inhibitory/excitatory balance. We
found that inhibitory somatostatin (SOM) neurons within the medial prefrontal cortex (mPFC) are a fundamental biological
substrate of emotion discrimination. However, it is unclear how cell-specific long-range circuits might process socially derived
information for reliable emotion recognition. Here, we show the specific involvement of atypical long-range SOM projections
from the mPFC to the retrosplenial cortex (RSC), and an excitatory feedback loop from the RSC to mPFC in emotion
discrimination. Using human imaging and rodent anatomical tracing, we highlight the involvement of the mPFC-RSC network
in emotion recognition and the existence of a subpopulation of SOM GABAergic neurons projecting from the mPFC to the
RSC. Our findings demonstrate a specific cortico-cortical inhibitory/excitatory circuit subtending emotion recognition.
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EARLY PATTERNS OF ACTIVITY IN CEREBRAL CORTEX OF NEONATAL RATS

SYMPOSIUM 45 - THE NEWBORN BRAIN: UNRAVELING THE INTERPLAY BETWEEN EARLY ACTIVITY AND
NETWORK DEVELOPMENT - ROUSTEM KHAZIPOV, CHARLIE DEMENé, REBECCAH SLATER, PETRA HUPPI

Roustem Khazipov?!?
1Kazan Federal University, Laboratory Of Neurobiology, Kazan, Russian Federation, 2Inserm, Aix-Marseille University, Inmed,
Marseille, France

Development of thalamocortical sensory maps during the neonatal period in rodents is characterized by particular
intermittent network activity patterns, which are implicated in the activity-dependent formation of the topographic
thalamocortical circuits. Several developmental rules determine cortical functions during these stages. Firstly, thalamocortical
maps develop from a crude protomap and refine through the competition between sensory inputs for the cortical territories.
Temporal binding of thalamic and cortical neurons by virtue of the early thalamocortical oscillations is instrumental for the
enforcement and stabilization of the topographic synapses and elimination of the non-topographic synapses. Secondly, early
operation of the immature cortex is fundamentally reflexological and it is largely driven by the thalamic input. Intracortical
circuits at these stages are yet poorly developed to support internally organized activities. The ability of cortical networks to
generate internally organized activities and a transition to the adult-like mode of cortical function emerges only with
acquisition of sustained neuronal firing patterns by cortical neurons and the formation of the intracortical excitatory and
inhibitory circuits. Thirdly, natural stimulus to the thalamocortical circuits is provided by spontaneous activity at the sensory
periphery (retinal waves in visual system, cochlear bursts in auditory system and sensory feedback from twitches in
somatosensory system). Thus, both rodents possess the internal mechanisms driving activity within the developing sensory
systems independently on external inputs.
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DYNAMIC, BEDSIDE ASSESSMENT OF NEONATAL BRAIN CONNECTIVITY USING FUNCTIONAL ULTRASOUND
IMAGING

SYMPOSIUM 45 - THE NEWBORN BRAIN: UNRAVELING THE INTERPLAY BETWEEN EARLY ACTIVITY AND
NETWORK DEVELOPMENT - ROUSTEM KHAZIPOV, CHARLIE DEMENé, REBECCAH SLATER, PETRA HUPPI

Charlie Demené?, Jérdme Baranger?, Flora Faure?, Alice Frérot?, Catherine Delanoé&3, Olivier Baud?, Valérie Biran?, Mickael
Tanter!

1ESPCI Paris, PSL Research University, Physics For Medicine Paris, Inserm U1273, Cnrs, Paris, France, 2Assistance
Publigue-Hopitaux de Paris, Robert Debré children’s hospital, Neonatal Intensive Care Unit, Paris, France, 3Assistance
Publique-Hoépitaux de Paris, Robert Debré children’s hospital, Neurophysiology Unit, Paris, France, “Children’s University
Hospital of Geneva and University of Geneva, Division Of Neonatology And Pediatric Intensive Care, Geneva, Switzerland

Neonatologists have long been interested in functional brain monitoring, as reversible functional losses often precedes the
observable irreversible structural insults. By characterizing neonatal functional cerebral networks, resting-state functional
connectivity is envisioned to provide early markers of cognitive impairments. Here we present a pioneering deep brain
resting-state functional connectivity imaging on human neonates using functional ultrasound (fUS). fUS leverages in-depth
cerebral blood volume high sensitivity, beside portability, 250um spatial resolution and <1s temporal resolution, making it
unique in the landscape of neonatal brain imaging. Using a micro-motorized and miniaturized probe facing the anterior
fontanel, it enables to acquire 3D images of the neonate’s brain that can be registered with an MRI neonate atlas. Signal
correlations between cerebral regions revealed interhemispheric connectivity at an early stage in very preterm newborns.
Furthermore, fUS high spatial resolution enabled to build fine-grain homotopic connectivity maps, based on correlations
between mirror pixels, which revealed underlying structures, such as the white/grey matter boundary in the cortex. Finally,
resting-state connectivity could be assessed dynamically showing a significant occurrence decrease of thalamo-cortical
networks for very preterm neonates (N=6) as compared to control term newborns (N=4), a subtle difference that would have
staid concealed with a more classical static connectivity analysis. The same method also showed abnormal patterns in a
congenital seizure disorder case compared with the control group. We hope fUS can help to quickly identify and quantify
atypical connectivity patterns at bedside and to study the emergence of functional networks in the early days of life.
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NEONATAL PAIN PERCEPTION: BEHAVIORAL AND BRAIN EXPLORATIONS BY ELECTROENCEPHALOGRAPHY
AND MAGNETIC RESONANCE IMAGING

SYMPOSIUM 45 - THE NEWBORN BRAIN: UNRAVELING THE INTERPLAY BETWEEN EARLY ACTIVITY AND
NETWORK DEVELOPMENT - ROUSTEM KHAZIPOV, CHARLIE DEMENé, REBECCAH SLATER, PETRA HUPPI

Rebeccah Slater
University of Oxford, Department Of Paediatrics, Oxford, United Kingdom

The human brain has a central role in pain perception, and individual differences in brain structure and function underpin
differences in pain sensitivity and pain tolerance. Humans display wide variation in their response to painful events, and even
infants of a few days old differ dramatically in their evoked pain-related behavioural, physiological and cerebral activity. In
adults, the emergence of pain experience is considered to arise when a set of brain networks, that are not individually unique
to pain, become active together, and there is a high degree of correspondence between brain activity patterns observed at
rest and patterns of activity evoked by salient events or tasks. Although the newborn infant brain is highly immature, it has
many functional properties that are similar to that observed in adults. A key question is how does the structural and functional
organisation of the infant brain give rise to the individual variability that is observed between infants during pain experience? |
will describe a series of studies conducted in newborn infants that will show how resting-state brain activity recorded in the
first few days of life can be used to predict individual differences in pain-related cerebral activity evoked by a controlled
experimental noxious stimuli. | will also discuss underlying differences in white matter microstructural complexity that can
explain between-subject differences in pain-related brain activity and discuss how responses to noxious stimulation mature
during early development. This work provides insight into the structural and functional differences that underpin normal
variability in response to noxious input in newborn infants.
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THE INFLUENCE OF PRETERM BIRTH AND EARLY ENVIRONMENT ON STRUCTURAL AND FUNCTIONAL BRAIN
DEVELOPMENT EXPLORED BY MAGNETIC RESONANCE IMAGING

SYMPOSIUM 45 - THE NEWBORN BRAIN: UNRAVELING THE INTERPLAY BETWEEN EARLY ACTIVITY AND
NETWORK DEVELOPMENT - ROUSTEM KHAZIPOV, CHARLIE DEMENé, REBECCAH SLATER, PETRA HuUPPI

Petra HUppi
University of Geneva, Department Of Pediatrics Obstetrics And Gynecology, Geneva, Switzerland

Preterm birth is one of the leading causes for neurodevelopmental delay in surviving infants, and has been associated with a
wide range of behavioural and cognitive problems from childhood to adult life. Studies by us and others have helped to
uncover the underlying neural mechanisms of these difficulties, which is paramount to identify potential avenues for
interventions to improve outcome. MR imaging studies have allowed to identify altered global brain tissue growth rates in
preterm infants and have identified microstructurally altered brain white matter networks in the associative and limbic cortico-
basal ganglia-thalamocortical circuits, involving the dorsolateral prefrontal cortex, the orbitofrontal cortex and the amygdala
(Sa de Almeida et al., 2021). Recently we we have further evidence for altered salience (anterior insula to anterior cingulate)
network functionality already in the newborn period, a network that allows to adapt behavior according to the predictive value
of stimuli, positive (reward) or negative (punishment)(Lordier et al., 2019). Predictive relations between stimuli and outcome
are learned through experience and preterm infants clearly have very different early life experiences with extreme situations
of non-predictability. These findings raise the question of how to induce resilience through more predictable stimuli in the
newborn period. Our recent research has engaged in introducing interventions, in the newborn period by maternal voice and
music (Adam-Darque et al., 2020; Lordier et al., 2019; Loukas et al., 2021). The combination of fMRI and high density EEG
are shown to be valid methods to study early functional competence of the developing brain.
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GENETIC AND EXPERIENCE DEPENDENT MOLECULAR PATTERNING OF NEURAL DIVERSITY

SYMPOSIUM 46 - BARRIERS AND HOPES FOR FUNCTIONAL RESTORATION AFTER TRAUMATIC CNS INJURY -
FRANK BRADKE, KARTHIK SHEKHAR, JESSICA WHITED, AYA TAKEOKA

Karthik Shekhar!23

IUniversity of California, Berkeley, Department Of Chemical And Biomolecular Engineering, Berkeley, United States of
America, 2University of California, Berkeley, Helen Wills Neuroscience Institute, Berkeley, United States of America, SUC
Berkeley, Center For Computational Biology, Berkeley, United States of America

Restoration of CNS tissue function and neuronal death following traumatic injury requires the regeneration of hundreds of
diverse neuronal types interconnected via orderly and specific synapses. Moreover, different neuronal types can exhibit a
wide range of susceptibility to injury, and differ in their capacity to respond to interventions. A systematic investigation of this
diversity is necessary to identify viable strategies to promote the functional restoration of disrupted circuits. | will describe our
efforts to use single-cell genomic approaches to study the diversity, development and response to injury of the projection
neurons of the retina, the retinal ganglion cells (RGCs). Using single-cell transcriptomic profiling, we identified 46 types of
RGCs in mice, which collectively parcellate visual input. We have also now unified molecular definitions with morphology and
physiology (rgctypes.org). We then used this molecular atlas as a foundation for three lines of investigation: (1) ldentifying
selectively resilient RGC types following axotomy as a screen to identify molecular factors that may promote
neuroprotection/regeneration, (2) Studying the natural developmental process of diversification of RGC types, and (3)
Studying the impact of early activity on molecular aspects of RGC development and maturation. Together, these studies are
providing us new insights into the developmental processes that guide the establishment and maintenance of a diverse
neuronal class in the CNS.
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LOCAL AND SYSTEMIC RESPONSES TO INJURY IN AXOLOTL

SYMPOSIUM 46 - BARRIERS AND HOPES FOR FUNCTIONAL RESTORATION AFTER TRAUMATIC CNS INJURY -
FRANK BRADKE, KARTHIK SHEKHAR, JESSICA WHITED, AYA TAKEOKA

Jessica Whited
Harvard University, Department Of Stem Cell And Regenerative Biology, Cambridge, United States of America

Regenerative abilities vary dramatically across animal lineages. Yet, how systems-level injury responses in individual
species shape ultimate regenerative outcomes is not well understood. We recently discovered a body-wide stem cell
activation response that occurs following amputation in the highly-regenerative axolotl salamander. Here, we present
evidence that this systemic activation primes appendages distant to the original injury for their own future regeneration
events. We hypothesize that stem cell priming may have evolved due to cannibalism faced by juvenile salamanders. We
investigated the mechanism of systemic activation in axolotls and found the process requires innervation by the peripheral
nervous system at distant responding sites. Using transcriptomic studies, we identified gene expression changes in nerve
processes and responding tissues underlying systemic activation, which led us to consider adrenergic signaling. We found
inhibiting adrenergic signaling is sufficient to block systemic activation. Inspired by previous reports of mMTOR activity being
required for systemic stem cell activation following injury in both highly-regenerative species and species with modest
regenerative abilities, we also tested mTOR signaling in axolotl. Our studies also implicate mTOR signaling as required for
axolotl systemic activation following amputation. Together, these results demonstrate a direct link between systemic stem cell
responses and localized regeneration of an appendage, and they also highlight roles for peripheral nerves, adrenergic
signaling, and the mTOR pathway in systemic injury responses in axolotls. They also suggest a model whereby common
initial injury responses are used as a foundation across species, while species-specific life history constraints shape differing
downstream responses that ultimately drive the regenerative outcome.
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NEUROTRANSMITTER SWITCH BY SPINAL EXCITATORY INTERNEURONS DEFINES AGE OF INJURY-DEPENDENT
LOCOMOTOR CIRCUIT PLASTICITY AFTER SPINAL CORD INJURY

SYMPOSIUM 46 - BARRIERS AND HOPES FOR FUNCTIONAL RESTORATION AFTER TRAUMATIC CNS INJURY -
FRANK BRADKE, KARTHIK SHEKHAR, JESSICA WHITED, AYA TAKEOKA

Aya Takeoka
VIB, Neuroelectronics Research Flanders, Leuven, Belgium

Age is one of the defining factors for functional outcomes after a traumatic injury to the central nervous system. Both
neuronal intrinsic and extrinsic factors contribute to age of injury-dependent plasticity. Immature neurons are more resilient to
trauma and exhibit robust regeneration capabilities than mature neurons. In addition, the scar environment of juvenile animals
is more permissive to growth than that of adults, supporting the sprouting and regeneration of neurons to establish novel
connections. While these findings highlight the regenerative ability of injured cells themselves, our recent work reveals that
circuits located at a distance from the injury site also undergo reorganization depending on the age of injury. Severe spinal
cord injury to the mature nervous system leads to irreversible paralysis below the lesion. In contrast, a complete thoracic
lesion just after birth leads to proficient hindlimb locomotion without brain input as an adult. How the spinal cord achieves
such striking functionality remains unknown. We uncover age of injury-dependent divergent synaptic connectivity from
interneurons to motor neurons. Adult injury prompts neurotransmitter switching of spatially defined excitatory interneurons to
inhibitory phenotype, promoting inhibition at synapses interfacing motor neurons. In contrast, neonatal injury causes synaptic
sprouting of identical populations to facilitate excitation. Furthermore, genetic manipulation to mimic inhibitory phenotype
observed after adult injury by excitatory interneurons abrogates autonomous locomotor functionality in neonatally injured
mice. In comparison, attenuating inhibitory phenotype improves locomotor recovery after adult injury. Together, our study
demonstrates that flexible neurotransmitter phenotype of defined excitatory interneurons steers locomotor capacity after
injury.
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THE INVOLVEMENT OF ASTROCYTE CALCIUM-DEPENDENT SIGNALING IN BEHAVIOR

SYMPOSIUM 47 - ASTROCYTES CONTROL BRAIN CIRCUITS UNDERLYING BEHAVIOR - JO&O FILIPE OLIVEIRA,
MARTA NAVARRETE, ALFONSO ARAQUE, INBAL GOSHEN

Joao Filipe Oliveiral?3

1ICVS/3B’s - PT Government Associate Laboratory, Neuroscience, Braga, Portugal, 2IPCA-EST-2Ai, Polytechnic Institute of
Cavado and Ave, Applied Atrtificial Intelligence Laboratory, -, Barcelos, Portugal, 3ICVS, School of Medicine - University of
Minho, Neuroscience, Braga, Portugal

Astrocytes are critical players in the regulation of brain development and function. They sense and respond to neuronal
activity by elevating intracellular calcium levels, which derive from different sources and display complex spatiotemporal
properties. Calcium elevations appear spatially distributed in global (soma and main processes) and focal regions
(microdomains). Such astrocytic calcium activity is expected to underlie the astrocyte involvement in synaptic transmission,
metabolism, and brain homeostasis. In this work, we studied the IP3 receptor type 2 knockout (IP3R2 KO) mouse model that
lacks global calcium elevations in astrocytes to disclose its implications in cognitive function. We found an influence of global
astrocyte calcium long-term memory performance. Thus, we performed a structural and molecular analysis of cortico-limbic
regions that revealed a shift to immature spines in pyramidal neurons of the dorsal hippocampus that could support the
changes in synaptic plasticity underlying our behavioral observations. The characterization of the IP3R2 KO mouse model
provided new insights into the importance of astrocytic calcium-dependent signaling in the modulation of neural activity.
These findings broaden the scope of astrocytic modulation of brain circuits.
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ASTROCYTIC NETWORK HETEROGENEITY IN THE NUCLEUS ACCUMBENS: IMPLICATIONS FOR BEHAVIOR

SYMPOSIUM 47 - ASTROCYTES CONTROL BRAIN CIRCUITS UNDERLYING BEHAVIOR - JO&O FILIPE OLIVEIRA,
MARTA NAVARRETE, ALFONSO ARAQUE, INBAL GOSHEN

Marta Navarrete
Instituto Cajal, CSIC, Functional And Systems Neurobiology Department, Madrid, Spain

Unraveling the principles of information processing in complex cellular circuits requires techniques capable of specifically
targeting and modulating the activity of the elements involved. Neuro-astrocyte networks display a surprising degree of
complexity and state-of-the-art complementary tools are required to understand astrocyte involvement in circuit modulation
and behavior. Although the evolution of genetic tools to study and control these circuits has focused mainly on neuronal
activity, in this talk, | will show newly developed techniques to specifically dissect the active astrocyte circuits with spatio-
temporal precision, i.e. CaMPARIgrap (calcium-modulated photoactivatable ratiometric integrator under GFAP promoter)
and Astro-Light (calcium- and light-gated switch to induce gene expression in activated astrocytes). Furthermore, | will
discuss our recent data about mapping the functional astrocytic-circuitries within the Nucleus Accumbens (NAc) that reveal
the existence of specific-astrocyte circuits in the NAc. In short, | will present data, acquired using cutting-edge tools, which
supports the idea that NAc astrocytic networks are critical players in understanding the way that the NAc integrates
information. Supported by: RYC-2016-20414, MINECO (RTI2018-094887-B-100)
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SYMPOSIUM 47 - ASTROCYTES CONTROL BRAIN CIRCUITS UNDERLYING BEHAVIOR - JO&O FILIPE OLIVEIRA,
MARTA NAVARRETE, ALFONSO ARAQUE, INBAL GOSHEN

Alfonso Arague
University of Minnesota, Neuroscience, Minneapolis, United States of America

Astrocytes, a major type of glial cells, are recognized as key supportive elements in neuronal function, providing structural
and metabolic support for neurons, and controlling brain homeostasis mechanisms. Historically, they were ignored as being
active players in cellular processes underlying brain function. However, accumulating evidence indicate that astrocytes and
neurons establish bidirectional communication. Astrocytes respond to synaptically-released neurotransmitters and, in turn,
release gliotransmitters that influence neuronal and synaptic activity. This evidence has led to the establishment of the
tripartite synapse concept, a novel view of synaptic physiology in which astrocytes are integral elements involved in synaptic
function. | will present and discuss current evidence revealing the specific mechanisms of astrocyte-neuron signaling in
different brain areas. | will also present the functional consequences of astrocyte-neuron signaling at different levels of
analysis, from cellular and synaptic levels to network and behavioral levels. Finally, | will discuss how this evidence supports
a paradigm shift in our understanding of the cellular basis of brain function, which would result not solely from the neuronal
activity, but from the coordinated activity of astrocytes and neurons.
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NAVIGATING BY THE STARS

SYMPOSIUM 47 - ASTROCYTES CONTROL BRAIN CIRCUITS UNDERLYING BEHAVIOR - JO&O FILIPE OLIVEIRA,
MARTA NAVARRETE, ALFONSO ARAQUE, INBAL GOSHEN

Inbal Goshen, Adi Doron
The Hebrew University, Edmond And Lily Safra Center For Brain Sciences (elsc), Jerusalem, Israel

Recent studies, including ours, have implicated hippocampal astrocytes in memory processes; e.g. they can improve
memory when activated, and have a projection specific effect on the acquisition of remote memory. Astrocytic calcium
dynamics are involved in sensory information encoding, but their real-time calcium activity in awake mice has not been
investigated as of yet. We chronically imaged dozens of CA1 astrocytes using 2-photon microscopy when head-fixed mice
run on a linear treadmill and proceed in a virtual environment to obtain water rewards. We find that astrocytic activity
persistently ramps towards the reward location in a familiar environment. However, when mice were introduced to a novel
context, the ramping was not apparent. Following additional training, as the mice were familiarized with the novel context, the
ramping was reestablished, suggesting that spatial modulation of astrocytic activity is experience dependent. Similarly, when
mice were tested in the familiar environment, and the reward location was changed (in the same environment), the ramping
was no longer apparent. When, after learning, the mice learned the new reward location, the ramping reappeared, suggesting
again that astrocytic activity is learning dependent. This is the first indication that astrocytes can encode position related
information in learnt spatial contexts, thus broadening their known computational abilities, and their role in cognitive functions.
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PERINEURONAL NET MODULATION, EXCITATORY/INHIBITORY BALANCE, AND ANTIDEPRESSANT EFFICACY

SYMPOSIUM 48 - HIPPOCAMPAL PERINEURONAL NETS IN SCHIZOPHRENIA AND DEPRESSION: OPPOSING OR
COMPLEMENTARY ROLES? - KATHERINE CONANT, ANDREAS FAISSNER, VIVIEN CHEVALEYRE, HANNAH
CLARKE

Katherine Conant?, Seham Alaiyed?
1Georgetown University, * department Of Neuroscience, Washington, United States of America, 2Georgetown U Med Center,
Pharmacology, washington DC, Saudi Arabia

Emerging evidence suggests that there is a relative reduction in glutamatergic neurotransmission in major depressive
disorder (MDD), which afflicts approximately 14-20% of individuals. Pyramidal arborization and dendritic spine abundance are
reduced with this disorder. Of interest, functional changes in parvalbumin-expressing interneurons have also been observed
in rodent models of MDD. In particular, enhanced deposition of perineuronal net (PNN) components occurs with social defeat-
inducing persistent stress. Since parvalbumin-expressing interneurons are the predominant cell population that is enveloped
by PNNs, which enhances their ability to release GABA, excess PNN deposition likely increases pyramidal cell inhibition. In
the present study we investigate the potential for matrix metalloprotease-9 (MMP-9), an endopeptidase secreted in response
to neuronal activity, to contribute to the antidepressant efficacy of venlafaxine, a serotonin/norepinephrine reuptake inhibitor.
Herein we observe that PNN expression is increased in a corticosterone-induced stress model of disease and reduced by
venlafaxine in wild type but not MMP-9 null animals. Corticosterone treated mice also display reduced ex vivo gamma power
and impaired working memory, with normalization by venlafaxine. This is a relevant endpoint because gamma power is
increased with pyramidal cell disinhibition and with remission from MDD. Consistent with our murine studies, autopsy-derived
prefrontal cortex samples show elevated MMP-9 levels in anti-depressant treated MDD patients as compared to controls.
These preclinical and postmortem findings highlight a link between extracellular matrix regulation and MDD.
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REGULATION OF NEURONAL NETWORKS BY PERINEURONAL NETS AND MATERNAL IMMUNE ACTIVATION (MIA)

SYMPOSIUM 48 - HIPPOCAMPAL PERINEURONAL NETS IN SCHIZOPHRENIA AND DEPRESSION: OPPOSING OR
COMPLEMENTARY ROLES? - KATHERINE CONANT, ANDREAS FAISSNER, VIVIEN CHEVALEYRE, HANNAH
CLARKE

Andreas Faissner
Ruhr-Universitat Bochum, Cell Morphology And Molecular Neurobiology, Bochum, Germany

Synapses are surrounded by extracellular matrix (ECM) molecules composed of glycoproteins of the tenascin gene family
and the lectican chondroitinsulfate proteoglycans (CSPGs) aggrecan, heurocan and brevican. Around a subpopulation of
inhibitory CNS interneurons the ECM condenses to superstructures termed perineuronal nets (PNNs). PNNs regulate
synaptic plasticity, are implicated in several forms of memory formation and modified in the context of addiction and
neuropsychiatric disease. We have developed a system that allows to cultivate embryonic hippocampal neurons in the
presence of primary astrocytes of distinct genetic backgrounds. We could show that the elimination of tenascins and lecticans
shifts the balance of excitatory and inhibitory synapses. Activation of the maternal immune system (MIA) during gestation is
linked to neuropsychiatric diseases like schizophrenia. Pregnant mice were treated with polyinosinic-polycytidylic acid (Poly
I:C), embryonic hippocampal neurons were cultivated and a significant reduction of PNN area, aggrecan staining intensity
and neuronal soma size could be documented. Applying multielectrode array analysis (MEA) a remarkable increase of the
spontaneous network activity in neuronal networks was detected. Activated microglia can cause the loss of PNNs. We
analyzed the impact of Poly I.C stimulated activated microglia on hippocampal neuronal networks. Immunocytochemistry of
the PNN component Aggrecan revealed a clear disruption of PNNs accompanied by an increase of glutamatergic synapse
numbers and a significantly increased spontaneous network activity using MEA. In conclusion, we could demonstrate a
strong impact of microglial secreted factors on PNN integrity, synaptic plasticity, and electrophysiological properties of
cultured hippocampal neurons. Funded by DFG
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PNN MATURATION IN HIPPOCAMPAL AREA CA2 DURING ADOLESCENCE AND ROLE IN SOCIAL MEMORY

SYMPOSIUM 48 - HIPPOCAMPAL PERINEURONAL NETS IN SCHIZOPHRENIA AND DEPRESSION: OPPOSING OR
COMPLEMENTARY ROLES? - KATHERINE CONANT, ANDREAS FAISSNER, VIVIEN CHEVALEYRE, HANNAH
CLARKE

Vivien Chevaleyre
INSERM UMR 1266, Institute Of Psychiatry And Neuroscience Of Paris, Paris, France

In the hippocampus, the highest density of perineuronal net (PNN) is observed in area CA2. In addition to surrounding PV+
interneurons, as seen in other hippocampal areas, the PNN also encompasses CA2 pyramidal neurons. As reported in other
brain regions, maturation of the PNN in CA2 prevents the induction of long-term potentiation at CA3-CA2 excitatory
synapses. However, we have found that the PNN is also permissive for the plasticity induction at inhibitory synapses between
parvalbumin-expressing (PV+) interneurons and CA2 pyramidal neurons. This plasticity of inhibitory transmission emerges
during adolescence in parallel with an increase in PNN density, the control of PV transmission by Neuregulin/ErbB4 signaling
and the maturation of social recognition memory. Degradation of the PNN or blockade of PV-CA2 synaptic plasticity in vivo
impairs social memory. Interestingly, these changes occur during the same age as PV+ interneuron loss and plasticity
reduction in area CA2 in a mouse model of the 22q11 deletion syndrome, suggesting that adolescence is a period of high
susceptibility for PV+ interneurons. We also found that the PNN density is reduced and PV+ interneuron physiology is altered
in the Tg2576 mouse model of Alzheimer’s disease. By injecting neuregulin 1 injection in CA2, we were able to restore PV
and PNN expression as well as social memory. These data indicate that area CA2 plays a critical role in the social cognition
impairments observed during neurodegenerative and psychiatric diseases and the peculiar PNN expression in this region
may be a key component in this process.



% FENS Foun 202

PRESENTATION NUMBER: S187

REGULATION OF PREFRONTAL NEUROCHEMISTRY BY HIPPOCAMPAL PNN LOSS IN THE MARMOSET MONKEY,
AND THE CONSEQUENCES FOR COGNITION

SYMPOSIUM 48 - HIPPOCAMPAL PERINEURONAL NETS IN SCHIZOPHRENIA AND DEPRESSION: OPPOSING OR
COMPLEMENTARY ROLES? - KATHERINE CONANT, ANDREAS FAISSNER, VIVIEN CHEVALEYRE, HANNAH
CLARKE

Sebastian Axelsson?, Miriam Gwilt?, Emilia Pivek?, Lauren Mciver?, Colin Mckenzie!, Amy Hodgson?, Gemma

Cockcroft?, Hannah Clarke?

1University of Cambridge, Psychology, Cambridge, United Kingdom, 2University of Cambridge, Physiology, Development And
Neuroscience, Cambridge, United Kingdom

Schizophrenia is a devastating psychiatric disorder that is associated with three main symptom clusters: positive symptoms
that are well treated with antipsychotic drugs, and emotional and cognitive disruptions that are harder to treat, and represent
an urgent clinical need (Green and Nuechterlein, 2004). Clinical neuroimaging studies and rodent models of schizophrenia
have implicated dysfunction in the prefrontal cortex (PFC), and glutamatergic overactivity within the anterior hippocampus
(aHipp) in the mechanisms underlying schizophrenia symptoms (Schobel et al., 2013). In addition, disruption of hippocampal
parvalbumin-positive inhibitory GABAergic interneurons, and their surrounding perineuronal net (PNN), induce schizophrenia-
like changes in rodent models (Shah and Lodge, 2013). However, while the role of aHipp hyperfunction has been considered
in the positive symptoms, aHipp-PFC projections may also underlie the cognitive symptoms. We therefore evaluated how
selective PNN degradation within the aHipp of marmoset monkeys altered performance of a probabilistic discrimination
learning task known to depend on orbitofrontal-striatal circuitry. We also investigated how aHipp PNN degradation altered
stereotypy in a marmoset version of the amphetamine-induced hyperlocomotion test. Probabilistic discrimination learning was
impaired by aHipp PNN degradation, with animals more likely to respond to misleading, probabilistic feedback. Compared to
pre-aHipp PNN degradation behaviour, amphetamine increased the amount of stereotypical behaviours, while microdialysis
indicates these behavioural changes were accompanied by increased tonic catecholamine levels in the orbitofrontal cortex.
Thus aHipp PNN degradation not only alters PFC neurochemistry, but also alters behaviours of relevance to both the positive
and cognitive symptoms of schizophrenia, and links such deficits to aberrant aHipp-PFC circuitry.
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DISSECTING THE MOLECULAR CONNECTOME IN DEVELOPING NEURAL CIRCUITS

SYMPOSIUM 49 - BUILDING CORTICAL NETWORKS FROM DEVELOPMENT TO ADULTHOOD - JORIS DE WIT,
BEATRIZ RICO, SIMON BUTT, CéCILE CHARRIER

Joris De Wit
VIB Center for Brain & Disease Research, Ku Leuven, Department Of Neurosciences, Leuven, Belgium

Neural circuits are composed of distinct neuronal cell types connected in highly specific patterns. Unraveling how neurons
form appropriate synaptic connections during development is a key challenge in neuroscience and is essential to understand
brain function and disease. Neural circuit formation critically relies on cell-cell recognition and communication mediated by
cell-surface ligands and receptors. The complexity of the cell-surface interactions that pattern precise synaptic connectivity is
only beginning to emerge. In this talk, | will discuss our recent work dissecting the cell-surface interaction networks that
control connectivity, structure and function of specific synapses in the hippocampal circuit.
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MECHANISMS ORCHESTRATING THE ASSEMBLY OF INTERNEURON-PYRAMIDAL CELL NETWORKS

SYMPOSIUM 49 - BUILDING CORTICAL NETWORKS FROM DEVELOPMENT TO ADULTHOOD - JORIS DE WIT,
BEATRIZ RICO, SIMON BUTT, CéCILE CHARRIER

Beatriz Rico
King's College London, Centre For Developmental Neurobiology, Centre For Neurodevelopmental Disorders, London, United
Kingdom

The function of neural networks in the mammalian cerebral cortex relies on the interaction between two main classes of
neurons, excitatory projection neurons (pyramidal cells) and inhibitory neurons (interneurons). In these circuits, the output of
excitatory neurons is fine-tuned and synchronised by the activity of interneurons. Recent work suggests that distinct classes
of interneurons preferentially target pyramidal cells with specific projection patterns to gate information flows in cortical
circuits, but the mechanisms controlling this sophisticated form of interneuron specialisation are unknown. Furthermore,
integration between pyramidal cells and interneurons requires independent control at multiple subcellular compartments. The
local translation is ubiquitous in neuronal pre- and postsynaptic compartments. However, to what extent local translation is
differentially regulated at the level of specific synapses during wiring or in mature neural circuits is unknown. In my talk, I will
discuss our last findings on synaptic specificity, what are the cellular rules and molecular codes that interneurons use to make
synapses into pyramidal cells. Our work deciphers a molecular mechanism by which these synapses are formed, segregate
into different pyramidal cell types and some have synapse-specific control of local translation.
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CONTRIBUTION OF TRANSIENT GABAERGIC NETWORKS TO EMERGENT SENSORY PROCESSING ACROSS
NEONATAL SENSORY CORTICES

SYMPOSIUM 49 - BUILDING CORTICAL NETWORKS FROM DEVELOPMENT TO ADULTHOOD - JORIS DE WIT,
BEATRIZ RICO, SIMON BUTT, CéCILE CHARRIER

Simon Butt
Oxford University, Physiology, Anatomy And Genetics, Oxford, United Kingdom

GABAergic interneurons (INs) are necessary for normal information transfer in both the developing and adult mammalian
neocortex. Somatostatin-expressing (SST+) INs are ideally placed to be the main source of GABAergic signalling during
postnatal development as they integrate early into cortical networks. In mouse somatosensory barrel cortex (S1BF), thalamo-
recipient layer (L)5b SST+ INs establish a transient, translaminar, reciprocal circuit with L4 spiny stellate neurons during the
critical period for plasticity. This network plays a role in timing the emergence of sensory-driven, feed-forward architecture in
L4. Despite this critical role, the L5b-L4 circuit is not present in primary visual cortex (V1) through postnatal life. Moreover,
layer 5 SST+ INs in V1 do not receive monosynaptic thalamic input. Comparison of known markers of layer 5 SST+
interneurons revealed similar transcriptomic subtypes across both areas, with the exception of those defined by expression
of Lparl-EGFP transgene which were found in reduced numbers in V1. In vivo optogenetic spike-tagging of either SST+ INs
alone or Nkx2-1-derived INs, that capture both SST+ and parvalbumin-expressing (PV+) IN subtypes, allowed us to
investigate the contribution of both SST+ and putative PV+ INs to emergent sensory processing. We observed distinct
recruitment of SST+ INs in S1BF versus V1 over early ages. We conclude that local GABAergic circuits differ across these
two primary sensory areas and that the function of GABAergic INs — and resultant control of information transfer, is tuned to
modality-specific needs early in life, with consequences for understanding of both normal and dysfunctional circuit
development.
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MOLECULAR CROSSROAD IN SYNAPSE DEVELOPMENT AND DEGENERATION

SYMPOSIUM 49 - BUILDING CORTICAL NETWORKS FROM DEVELOPMENT TO ADULTHOOD - JORIS DE WIT,
BEATRIZ RICO, SIMON BUTT, CéCILE CHARRIER

Cécile Charrier
Ecole Normale Supérieure, CNRS, INSERM, Université PSL, Institut De Biologie De L'ens (ibens), Paris, France

Synaptic connections of the human neocortex present species-specific features often altered in brain disorders. Yet, little is
known about the molecular pathways that link human brain evolution and diseases. Here, we identify catenin delta-2
(CTNND?2) as a binding partner of the human-specific protein and synapse regulator SRGAP2C. CTNND?2 is a cadherin-
binding protein whose mutations cause intellectual disability in the Cri-du-Chat syndrome and severe autism. We
demonstrate that CTNND2 deficiency in sparse layer 2/3 cortical pyramidal neurons disrupts excitation/inhibition coordination
and increases intrinsic excitability in juvenile mice. These effects are followed by premature loss of dendritic spines in adults.
We further show that (1) CTNND2 forms a postsynaptic protein complex that acts as a brake on excitatory activity and
synaptic maturation, and (2) human-specific SRGAP2C enhances CTNND2 synaptic accumulation. Thus, while CTNND?2 loss
of function causes failure of neuronal homeostasis, its regulation by SRGAP2C may contribute to synaptic neoteny and long-
term maintenance in humans.
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CEREBELLAR CONTROL OF LOCOMOTOR COORDINATION

SYMPOSIUM 50 - CIRCUITS FOR MOTOR CONTROL: MOVING FROM THE CORTEX TO THE SPINAL CORD AND
BACK - MEGAN CAREY, IAN DUGUID, ARIEL LEVINE, GRAZIANA GATTO

Megan Carey
Champalimaud Centre for the Unknown, Neuroscience, Lisbon, Portugal

Whole-body movements require precise coordination across the body. The cerebellum is critical for coordinating movement;
during locomotion it is particularly important for interlimb coordination. Decades of recordings have consistently shown that
cerebellar Purkinje cell output is broadly correlated with the locomotor stride cycle. However, much of the firing rate variability
has remained unexplained; moreover, previous analyses do not provide a clear model for how Purkinje cell activity could be
read out to control coordination. | will describe our recent work demonstrating that a substantial proportion of Purkinje cells
simultaneously encode movements of multiple body parts to provide precise representations of temporal coordination across
diverse combinations of behavioral events. These findings resolve long-standing controversies surrounding the role of
Purkinje cells in locomotor control and could allow for efficient readouts of whole-body coordination by a simple linear
decoder.
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NEURAL CIRCUITS FOR SKILLED BEHAVIOR

lan Charles Duguid
Hugh Robson Building, University of Edinburgh, Edinburgh, United Kingdom

SYMPOSIUM 50 - CIRCUITS FOR MOTOR CONTROL: MOVING FROM THE CORTEX TO THE SPINAL CORD AND
BACK - MEGAN CAREY, IAN DUGUID, ARIEL LEVINE, GRAZIANA GATTO

Dexterous movements serve the major functions of the brain, perception and manipulation of the world. Considering the
range of possible actions and the complexity of musculoskeletal arrangements, control of the hand is an amazing
achievement of the nervous system. Dexterous behavior involves understanding objects in the world, developing appropriate
plans, converting those plans into appropriate motor commands, and adaptively reacting to feedback. The myriad of these
underlying operations is likely performed by a diverse set of neural circuits. By combining anatomy, physiology, and specific
(genetic and temporal) manipulations, we are identifying the neural elements responsible for dexterous motor control.
Currently, we focus on the role of the cortico-cerebellar loop in a skilled reach-grab-eat task in the rodent.
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SYMPOSIUM 50 - CIRCUITS FOR MOTOR CONTROL: MOVING FROM THE CORTEX TO THE SPINAL CORD AND
BACK - MEGAN CAREY, IAN DUGUID, ARIEL LEVINE, GRAZIANA GATTO

Avriel Levine
NIH, Ninds, Bethesda, United States of America

The mammalian spinal cord links the brain and the body to enable voluntary movements and disruption of this critical role
through spinal cord injury or neurodegeneration can lead to paralysis and death. My lab seeks to understand how spinal
neurons encode simple movements and how they are integrated into larger networks throughout the nervous system to
execute, refine, and learn broad motor behaviors. Here, | will focus on the direct descending and ascending pathways that
connect the spinal cord and the cerebellum. First, | will present our recent work characterizing the structure and function of
the CerebelloSpinal Tract (CeST), which we found is required for aspects of online motor control and motor learning. Second,
I will present our new work on Spinocerebellar Tract (SCT) neurons and how they undergo structural plasticity and
remodeling after spinal cord injury, raising the hope that these cells could support re-learning of motor skills and recovery.
Together, these findings highlight the importance and bidirectional nature of communication between the spinal cord and
cerebellum.
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SYMPOSIUM 50 - CIRCUITS FOR MOTOR CONTROL: MOVING FROM THE CORTEX TO THE SPINAL CORD AND
BACK - MEGAN CAREY, IAN DUGUID, ARIEL LEVINE, GRAZIANA GATTO

Graziana Gatto
Uniklinik KéIn, Department Of Neurology, Kéln, Germany

The spinal cord comprises networks of interconnected neuron types, dedicated to the generation of movement and the
processing of sensory input. Despite the great advances in identifying the molecular identity of the heterogeneous
populations making up the spinal networks, we are still far from understanding the role of the distinct cell types and their
synergistic or antagonistic interactions in the execution of sensorimotor behaviors. Therefore, even the spinal neural circuits
that underlie simpler movements, like reflex responses, remain poorly characterized. To dissect the neural circuit that
patterns the coordination of flexor and extensor muscles, we undertook an intersectional genetic approach to modulate the
activity of distinct neuron types during the execution of the scratch reflex. We identified a core circuit composed of excitatory
and inhibitory interneurons that synergistically cooperate