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MYST Family Histone Acetyltransferases in Brain Development 
and Cognitive Disorders
Anne K. Voss* and Tim Thomas

Walter and Eliza Hall Institute of Medical Research, Melbourne, Victoria, Australia.
* E-mail:  avoss@wehi.edu.au

Embryonic development is the process of one cell proliferating and differentiating into the diverse cell types of the body. 
The different cell types possess identical genetic material, but differ in their gene expression. DNA-binding transcrip-
tion factors regulate cellular phenotype, but they typically act in more than one cell lineage, such that changes to the 
chromatin are essential in restricting their function to the appropriate subsets of their target genes. The organisation of 
DNA and histones into chromatin governs the conformation of DNA and the transcriptional status of genes. Post-trans-
lational modifications of histones regulate chromatin conformation. Histone acetylation correlates with the euchromatin 
state and active transcription. The MYST (MOZ, Ybf2/Sas3, Sas2, TIP60) family histone acetyltransferases have important 
functions in human and mouse brain development. The five MYST family members comprise about one third of all his-
tone lysine (K) acetyltransferases (KAT) in the mammalian genome.

Our work on MYST family histone acetyltransferases has elucidated their molecular functions.1-5 We reported the 
role of KAT6B (QKF) in brain in 20006 and, in 2011, showed that the loss of one allele of the human KAT6B gene causes 
cognitive disorders.7,8 Similarly, mutations of the human KAT6A (MOZ) gene were identified as the cause of a cognitive 
disorder.9,10 New data on three MYST family members in brain development will be presented.
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The Role of Protein Kinases (MARK1, ADCK1, HUNK1) in Cortical 
Development
V. Krut1*, E. Borisova1, A. Rusanova1, M. Ambrozkiewicz2, V. Tarabykin1,2

1 Lobachevsky State University of Nizhni Novgorod, Russia; 
2 Charité Universitätsmedizin Berlin, Institute for Cell and Neurobiology, Germany.
* E-mail:  krut@neuro.nnov.ru

The neocortex is a highly organized structure, responsible for the integration of sensory signals, the processing of motor 
coordination and determining personality. Disruption to cortical layer formation may be an underlying factor behind 
various neurodevelopmental disorders, including intellectual disability, schizophrenia and ataxia disorders. There are a 
lot of transcription factors, that involve in signaling, that can influence to the post-mitotic fate acquisition, cortical posi-
tioning and neuronal efferents in neurons of the cerebral cortex. Mutations in genes encoding for proteins that regulate 
neuronal cell fate can lead to aberrances in neuronal connectivity.  Protein phosphorylation affects 30% of the human 
proteome and has effects on protein function, structure, localization and activity. Therefore, we have investigated the 
role of protein kinases (MARK1, ADCK1, HUNK1) in establishment of neuronal cell fate during corticogenesis. Our 
preliminary data shows that down-regulation effects of MARK1, ADCK1, HUNK1 in the mouse brain results in delay in 
cortical neuronal migration, disruption in positioning and strange neuronal morphology.  
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Post-Transcriptional Regulators Controling Cortical Neuron 
Migration, Outgrowth and Connectivity
Frederick Rehfeld1, Eleonora Franzoni1, Daniel Maticzka2, Sabine Grosser3, Sam A Booker3, Pina Knauff1, 
Imre Vida3, Rolf Backofen2 and F. Gregory Wulczyn1*

1 Charité Universitätsmedizin Berlin, Institute for Cell and Neurobiology, Berlin, Germany;
2 Department of Computer Science, Albert-Ludwigs-Universität Freiburg, Georges-Köhler-Allee 106, 79110 Freiburg im 
Breisgau, Germany;
3 Charité Universitätsmedizin Berlin, Institute for Integrative Neuroanatomy, Berlin, Germany.
* E-mail:  gregory.wulczyn@charite.de

miRNAs intervene between the transcriptome and the proteome at all stages of brain development. Many essential 
miRNAs are themselves subject to post-transcriptional regulation. For example, in the developing mouse cerebral cortex 
the RNA precursor for miR-128 is present in progenitor cells and in migrating neurons even though accumulation of 22 
nt mature miR-128 is restricted to postmitotic neurons in the cortical plate. Precise temporal control of miR-128 activity 
is essential for its functions in the regulation of dendritic outgrowth and excitability of upper layer neurons in the cortex.

Using in utero electroporation, we showed that inhibition of miR-128 in nascent upper layer neurons leads to over-
migration with inappropriate bunching near the marginal zone. Premature miR-128 expression has the opposite effect: 
migrating neurons display aberrant morphology and impaired migration. The affected neurons also display reduced 
dendritic complexity and altered electrophysiological properties. Phf6, a gene mutated in the cognitive disorder Börje-
son-Forssman-Lehmann syndrome, is an important regulatory target for miR-128. Restoring Phf6 expression counteracts 
the deleterious effect of miR-128 on neuronal migration, outgrowth and activity. These results place miR-128 upstream 
of Phf6 in a pathway vital for cortical lamination as well as for the development of neuronal morphology and intrinsic 
excitability.

We now show that posttranscriptional mechanisms leverage miR-128 activity at a second level, the regulation of 
select miR-128 mRNA targets by the miR-128 host gene product ARPP21. We used iCLIP to show that ARPP21 is an 
RNA-binding protein that recognizes uridine-rich sequences with exquisite sensitivity for 3’UTRs. Surprisingly, ARPP21 
antagonizes miR-128 activity by co-regulating a subset of miR-128 target mRNAs enriched for neurodevelopmental 
functions, including Phf6. In contrast to miR-128, we show that ARPP21 acts as a positive post-transcriptional regulator, 
at least in part through interaction with the eukaryotic translation initiation complex eIF4F. This molecular antagonism 
is also reflected in inverse activities during dendritogenesis: miR-128 overexpression or knockdown of ARPP21 reduces 
dendritic complexity; ectopic ARPP21 leads to an increase. The regulatory interaction between ARPP21 and miR-128 is a 
unique example of convergent function by two products of a single gene. 

Sip1 Loss Affects Cortical Neurons Migration
Epifanova E.A., Salina V.A., Naumann T., Zhidkova N.*, Tarabykin V., Rosario M.

Lobachevsky State University of Nizhni Novgorod,Russia.
* E-mail:  zhidkowa@neuro.nnov.ru

Sip1 is a transcription factor that plays essential role in neocortex development. It controls expression of a wide number 
of genes that regulate various aspects of neuronal development. Heterozygous mutations of Sip1 gene in humans was 
shown to cause Mowat-Wilson syndrome, which is characterized by multiple severe neurodevelopmental defects such 
as intellectual disability, microcephaly, epilepsy, Hirschsprung’s disease, delayed growth and motor development, agen-
esis of corpus callosum and craniofacial abnormalities. Previous studies have addressed the cellular defects underlying 
the agenesis of the corpus callosum present in a proportion of patients and the characteristic craniofacial defects. Intellec-
tual disability, however, is usually associated with defects in the formation and maturation of the dendritic tree. We have 
therefore analyzed the role of Sip1 during this process in the mouse using floxed Sip1 mice and in utero electroporation of 
a Cre expressing construct. Our preliminary data shows that loss of Sip1 in the mouse results in delay in cortical neuronal 
migration, abnormal dendritic arbor formation and maturation. We are currently addressing the cellular and signaling 
defects underlying this defect.
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The Activity of the Infragranular Layers Modulates the Immature 
Patterns of Activity in the Developing Barrel Cortex
Dmitrii Suchkov1*, Marat Minlebaev1,2,3

1 Laboratory of Neurobiology, Kazan Federal University, Kazan, Russia;
2 INMED - INSERM U901, Marseille, France;
3 University Aix-Marseille II, Marseille, France.
* E-mail:  suchkov.dmitriy.ksu@gmail.com

The first postnatal week of somatosensory cortex development is characterized by the expression of the unique imma-
ture patterns of activity - early gamma oscillations (EGOs) and spindle-bursts (SBs). Besides the difference in dominant 
frequency (gamma frequency for EGO and alpha/beta frequency range for SB), those immature oscillations are also 
characterized by different types of sensory stimulation and functional properties. While single sensory input stimulation 
evokes EGO, that synchronizes the activity in topographically aligned thalamic and cortical neurons, the SB is resulted 
from the simultaneous activation of the multiple sensory inputs and supports the horizontal synchronization between 
cortical columns in the developing barrel cortex. Here, we demonstrate that beta frequency component, characterizing 
SBs, is also observed during EGOs. We have found irregular skipping of the EGOs cycles that resulted in the dropping 
of the dominant frequency from gamma to the beta frequency band. Moreover, those episodes of skipped gamma cycles 
were associated with an increase in the infragranular layer activity. Blockade of the infragranular layer activity by the 
local injection of the GABAa agonist resulted in recovering of the gamma rhythmicity and disappearance of the dropping 
out of gamma cycles in the granular layer of active cortical column. Evoked SB activity was also modified by the local in-
hibition of the infragranular layer activity. While multiple sensory stimulations evoked SB in multiple barrels, EGO was 
also observed in the barrel with suppressed infragranular layer activity. Altogether, these observations demonstrated the 
infragranular layer modulation of the EGO and SB. Moreover, the present result suggested the hypothesis of the cortical 
origin of the SB pattern of activity observed during the early postnatal period of barrel system development.

Structural Plasticity of Neural Stem Cells in Mammalian Brain 
Development
Fumio Matsuzaki*

RIKEN Center for Biosystems Dynamics Research, Japan.
* E-mail:  fumio.matsuzaki@riken.jp

Neural stem cells called radial glia maintain epithelial structure during cortical development. The prevailing view claims 
that during the proliferative stage in early development, 
symmetric divisions of radial glia require tight regulation of 
spindle orientation, the perturbation of which causes preco-
cious neurogenesis and apoptosis. By contrast, in the subse-
quent neurogenesis, oblique spindle orientation induces the 
translocation of radial glia by loss of the apical endfoot to 
form outer radial glia, a hallmark of gyrencephalic develop-
ment. Here, we show a high regenerative ability of prolifer-
ative radial glia, which confer epithelial robustness against 
perturbations such as spindle misorientation, despite the 
conventional view. Regenerating endfeet bear ectopic adhe-
rens junctions at their leading edge. This ability, however, 
declines during neurogenesis and allows the formation of 
outer radial glia. Our study reveals thus a temporally chang-
ing cryptic property, which initially ensures symmetric di-
visions of radial glia and subsequently provides a basis for 
brain size expansion in mammals.
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Transcriptional Control of Neuronal Differentiation in the 
Telencephalon
John Rubenstein*

University of California, San Francisco,USA.
* E-mail:  john.rubenstein@ucsf.edu

I will discuss a project that addresses the transcriptional mechanisms that control cell fate and/or differentiation of tel-
encephalic neurons – either cortical projection neurons or cortical interneurons. The talk will include in vivo genetic ev-
idence for the function of a transcription factor, and potentially will include epigenetic investigations that address how 
the transcription factor functions at the genomic level.

Axo-Axonic Synapses at the Axon Initial Segment: a Homeostatic 
Plasticity Hub
Alejandro Pan-Vazquez, Winnie Wefelmeyer*, Victoria Gonzalez Sabater and Juan Burrone*

King’s College London.
* E-mail:  juan.burrone@kcl.ac.uk

GABAergic interneurons are chiefly responsible for controlling the activity of local circuits in the cortex. However, the 
rules that govern the wiring of GABAergic interneurons are not well understood. Chandelier cells (ChCs) are a type of 
GABAergic interneuron that control the output of hundreds of neighbouring pyramidal cells through axo-axonic syn-
apses which target the axon initial segment (AIS). Despite their importance in modulating circuit activity, our knowledge 
of the development and function of axo-axonic synapses remains elusive. Here, we investigated the role of activity in the 
formation and plasticity of ChC synapses. In vivo imaging of ChCs during development uncovered a narrow window 
(P12-P18) over which axons arborized and formed connections. We found that increases in the activity of either pyram-
idal cells or individual ChCs during this temporal window resulted in a reversible decrease in axo-axonic connections. 
Voltage imaging of GABAergic transmission at the AIS showed that axo-axonic synapses were depolarising during this 
period. In parallel, we also saw changes in the structure of the AIS, which matched a decrease in pyramidal cell excitabili-
ty. Identical manipulations of network activity in older mice (P40-P46), when ChC synapses are inhibitory, resulted in an 
increase in axo-axonic synapses. We propose that the direction of ChC plasticity follows homeostatic rules that depend 
on the polarity of axo-axonic synapses.

Sensory-Evoked Movements Shape Cortical Responses in Neonatal 
Rats
M. Sintsov1*, L. Fabrizi2, G. Valeeva1, R. Khazipov1,3

1 IAL Developmental Neurobiology, Kazan Federal University, Kazan, Russia;
2 Department of Neuroscience, Physiology and Pharmacology, University College London, London, UK; 
3 INMED, Aix-Marseille University, INSERM, Marseille, France. 
* E-mail:  mjsincov@kpfu.ru

The behavior of neonatal rodents is characterized by spontaneous and sensory-evoked twitches and generalized startles. 
These movements in neonatal rodent share similar features with physiological reflexes in fetuses and neonatal human ba-
bies. Given that tactile stimulus evokes startle-response, we hypothesized that global reafferentation from startle would 
activate large areas in S1 cortex resulting in apparently non-topographic maps. Another relevant to this issue question 
addressed in the present study was how the motor response affects cortical response at the topographic location. We pro-
vide evidence that S1 maps in neonates are topographic and that sensory-evoked startle produces widespread delayed 
S1 activation. This startle-mediated activation by reafferentation is characterized by a significantly longer latency than the 
direct sensory-evoked topographic response. While the direct sensory-evoked topographic responses persisted during 
repetitive stimulation, startle-induced late response disappeared in an all-or-none manner upon habituation to repetitive 
stimuli. Surprisingly, we also found that at the topographic location, startles reduced the late part of the ongoing senso-
ry-evoked response. Thus, motor responses significantly shape cortical sensory responses in neonatal rats resulting in an 
apparent loss of topography but also inhibiting the response at the topographic location.
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Flurothyl-Induced Seizure and Spreading Depression in a 
Cortical Barrel Column
Chernova K.1*, Burkhanova G.1, Zakharov A.1, Holmes G.L.2, Khazipov R.1,3

1 Laboratory of Neurobiology, Kazan Federal University, Kazan, 420008, Russia 
2 Department of Neurological Sciences, Larner College of Medicine, University of Vermont, Burlington, VT, USA
3 INMED, Aix-Marseille University, INSERM, Marseille, 13273, France.
* E-mail:  aksinia.92@mail.ru

Spreading depression (SD) is a slowly propagating wave of collective neuronal depolarization, which causes depolari-
zation block of action potentials and transient suppression of cortical activity. SD often accompanies epileptic discharge 
and terminates it. While SD slowly spreads in cortex not only horizontally but also vertically, how vertical spread of SD 
affects seizures across cortical layers remains unknown. The purpose of this work was to study the spatial and temporal 
dynamics of SD and epileptic activity in all layers of the barrel cortex of the rat Wistar. 

Wistar rats from postnatal days P40–60 were used in electrophysiological experiments. We used 16-channel linear 
silicone probes to record LFP in DC mode and MUA from all layers of a cortical barrel column in urethane-anaesthesized 
head restrained rats. Position of electrodes in different layers was identified from depth-profile of the PW-evoked senso-
ry response, short latency MUA and SD profile. Concomitant piezo-recordings of the hindlimb movements were used 
to monitor motor seizure manifestations. To induce seizure activity, 0.1 ml of flurothyl in a plastic muzzle was placed on 
the nose of an animal for 90 s.

Inhalation of flurothyl evoked generalized tonic-clonic seizures lasting for 1-2 min. In a half of seizures, SD was ob-
served. SD started in L2/3 or L4 at variable time points during seizure, and spread vertically at a velocity of 2-3 mm/min. 
In a half of seizures with SD, SD propagated through the entire cortical depth terminating in white matter. In another 
half of cases with SD, SD propagated only partially terminating at the L4 /5 border. In the cases without SD, seizures 
were characterized by synchronized population firing across all cortical layers through the entire time course of seizure. 
When SD occurred, epileptic activity in layers recruited by SD was transiently silenced during SD. Vertical spread of SD 
and recovery from SD were characterized by dynamic states, during which epileptic activity was entirely restricted to 
the layers below SD front, whereas layers recruited by SD were silent and only displayed passive sources of population 
spikes in deep layers.

Thus, SD often occurs and strongly impacts population cross-layer dynamics during flurothyl-induced seizures in 
the cortical barrel column. On a technical note, we also found that slow negative LFP shifts during SD are eliminated 
during highpass filtering using conventional EEG filter settings.

Regulation of Neural Development Genes by Histone Acetylation
Tim Thomas*, Maria I Bergamasco, Garnham AL, Hu Y, Wilcox S, Gordon K Smyth, and Anne K Voss

Walter and Eliza Hall Institute of Medical Research, 1G Royal Parade, Parkville, Melbourne, Victoria 3052, Australia.
* E-mail:  tthomas@wehi.edu.au

During development, neural progenitors give rise to the cellular diversity of the brain and nervous system. These cells 
persist into adulthood in certain areas as neural stem cells (NSCs), capable of contributing to neural networks in adults. 
Despite their requirement for development and continued replenishment of the cells that comprise certain adult neural 
networks, the factors and mechanisms that regulate progenitors and NSCs in vivo, remain poorly understood.

The MYST family histone acetyltransferase, KAT6B (MYST4, QKF) plays essential roles in the developing cortex, as 
well as in maintaining self-renewal and cell fate specification in adult NSCs of the subventricular zone (SVZ), with a pro-
gressive decrease in Kat6b gene activity observed as NSCs undergo differentiation. Accordingly, mutations in KAT6B are 
seen to underlie at least two distinct but related intellectual disability disorders in humans. Genitopatellar syndrome and 
the Say-Barber-Biesecker-Young-Simpson variant of Ohdo syndrome result from heterozygous mutations in KAT6B. 
However, the mechanisms by which KAT6B impairment results in intellectual disability remain unknown. 

Here, we demonstrate that KAT6B directs NSC proliferation and differentiation in vivo and in vitro. Cultured Kat6b-/- 
NSCs show impaired proliferation and reduced neurogenesis and neurite outgrowth. Conversely, Kat6b overexpression 
enhances NSC proliferation and neuronal differentiation in vitro. We show that KAT6B regulates key NSC pluripotency 
and neurogenesis pathways and identify KAT6B as a novel regulator of a discreet set of transcription factors family pro-
teins, both during corticogenesis and in adult NSCs.
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Genetic Interaction of Neurod1/2/6 and WWP1/2/Mir140 Pathways
Svetlana Tutukova*, Theres Schaub, Mateusz C. Ambrozkiewicz, Ingo Bormuth, Kuo Yan, Olga Bormuth, 
Victor Tarabykin

Institute of Cell Biology and Neurobiology, Charite´-Universitatsmedizin Berlin.
* E-mail:  svetlana.tutukova@charite.de

Cortical expansion during evolution involved a significant increase in neuron number and the generation of new neuron 
types that formed new layers, extending the three-layered reptilian paleocortex into the six-layered mammalian neocor-
tex (Dugas-Ford and Ragsdale, 2015). The developmental mechanisms that regulate such an evolutionary expansion and 
complexification of the cerebral cortex remain not fully uncharted.

Differences in cerebral cortex size and composition are thought to result from variations in the lineage of neural 
progenitor cells during development (De Juan Romero and Borrell, 2015, Fish et al., 2008, Kriegstein et al., 2006). In devel-
oping cortex neurons can be generated from radial glial cells (Pax6+) directly and indirectly via intermediate progenitor 
cells (Tbr2+). In humans and other primates with a very large cerebral cortex, their abundant neurogenesis involves the 
massive generation of intermediate progenitor cells (IPs) (Tbr2+) forming an exceptionally sized subventricular Zone 
(SVZ) (Hansen et al., 2010, Smart et al., 2002). Neuronal development is a multistep process, regulated by a myriad of sig-
naling cascades involving protein ubiquitination and regulation of gene expression using transcription factors. Recently, 
we have reported that ubiquitin ligases Wwp1/2 are necessary for correct laminar positioning of developing neurons. 
Additionally, we demonstrated that NeuroD1/2/6 transcription factor family is indispensable for neuronal development.

Interestingly, both mouse models exhibit defects to Tbr2 expression during neurogenesis. 
In NeuroD1/2/6 TKO we discovered excessive numbers of Tbr2-positive cells and SVZ expansion. The IPs residing in 

the SVZ transiently express Tbr2 which in consumptive divisions give rise to immature neurons. NeuroD genes which 
inactivate Tbr2 in young neurons. Another process that requires NeuroD factors is neuronal radial migration of young 
neurons. We discovered that NeuroD TKO neurons display severe migration arrest, fail to initiate radial migration and 
reside in the SVZ.

In Wwp1/2/miR140 TKD  neurons we observe similar prolonged Tbr2 retention and migration initiation failure. 
Additionally, we noted a marked decrease in the fraction of TKD neurons positive for upper-layer neuron markers, 
indicative of neuronal differentiation defects (Ambrozkiewicz et al., 2018). 

These data indicate that Tbr2 expression might contribute to regulation of neuronal migration and differentiation. For 
this reason, to mimic the prolonged defective Tbr2 expression in TKO and TKD neurons, we expressed Tbr2 in cortical 
progenitors by means of in utero electroporation (IUE). We observed a striking arrest of cells in the intermediate zone that 
were not capable to migrate into the cortical plate (CP) anymore.

To then investigate if the effects of increased Tbr2 dosage prevail until adulthood or are transient, we also fixed the 
electroporated brains at P9. Again, we observed a croup of cells arrested, not entering into the CP. 

Further, to study if restoring Tbr2 level in TKO, we rescued Tbr2 expression using sh-RNA in TKO neurons. Striking-
ly, cells migrated into the CP correctly without any signs of arrest. 

These data indicates that NeuroD1/2/6 and WWP1/2/miR140 are necessary for correct neuronal differentiation and 
migration during developing. Tbr2 is a potential common downstream target in both cascades that control migration.  

Mechanisms of Neuronal Subtype Specification and Integration 
in the Cerebral Cortex
Carina Hanashima*

Department of Biology, Center for Advanced Biomedical Sciences, Waseda University,Japan .
* E-mail:  hanashima@waseda.jp

The cerebral cortex holds a remarkable capacity to integrate multimodal sensory information and generate coordinated 
outputs that underlies higher cognitive functions. While the localization of cortical areas responsible for modality-specific 
information processing has been mapped over a century ago, how each area is assembled to serve its unique function 
remains largely elusive. We recently identified the earliest molecular program that preselects projection neuron types in 
the neocortex to confer their unique hodological properties, an initial step in the formation of modality-specific circuits. 
We further established a genetic labeling system to assess the integration dynamics of temporal cohorts of newborn neu-
rons. In vitro culture of these temporal precursors recapitulated in vivo cortical development, implying the critical impact 
of intrinsic regulation in regional identity establishment. I will further discuss the underlying mechanisms involved in 
these processes.
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Transient Switching of NMDA-Dependent Long-Term Synaptic 
Potentiation in CA3-CA1 Hippocampal Synapses to 
mGluR1-Dependent Potentiation after Pentylenetetrazole-
Induced Acute Seizures in Young Rats
Aleksey V. Zaitsev, Tatyana Y. Postnikova, Alina M. Trofimova,  Julia L. Ergina, Olga E. Zubareva, 
Sergey V. Kalemenev 

Sechenov Institute of Evolutionary Physiology and Biochemistry of RAS (IEPhB), 44, Toreza pr., St Petersburg 194223, 
Russia.
* E-mail:  aleksey_zaitsev@mail.ru

The mechanisms of impairment in long-term potentiation after status epilepticus (SE) remain unclear. We investigated the 
properties of LTP induced by theta-burst stimulation in hippocampal slices of rats 3 h and 1, 3, and 7 d after SE. Seizures 
were induced in 3-wk old rats by a single injection of pentylenetetrazole (PTZ). Only animals with generalized seizures 
lasting more than 30 min were included in the experiments. The results revealed that LTP was strongly attenuated in the 
CA1 hippocampal area after PTZ-induced SE as compared with that in control animals. Saturation of synaptic responses 
following epileptic activity does not explain weakening of LTP because neither the quantal size of the excitatory respons-
es nor the slopes of the input-output curves for field excitatory postsynaptic potentials changed in the post-SE rats. Af-
ter PTZ-induced SE, NMDA-dependent LTP was suppressed, and LTP transiently switched to the mGluR1-dependent 
form. This finding does not appear to have been reported previously in the literature.  An antagonist of NMDA receptors, 
D-2-amino-5-phosphonovalerate, did not block LTP induction in 3-h and 1-d post-SE slices. An antagonist of mGluR1, 
FTIDS, completely prevented LTP in 1-d post-SE slices, whereas it did not affect LTP induction in control and post-SE 
slices at the other studied times. mGluR1-dependent LTP was postsynaptically expressed and did not require NMDA 
receptor activation. Recovery of NMDA-dependent LTP occurred 7 d after SE. Transient switching between NMDA-de-
pendent LTP and mGluR1-dependent LTP could play a role in the pathogenesis of acquired epilepsy.

This work was supported by the Russian Science Foundation (project 16-15-10202) and the experiments shown in 
Figure 4 by the Russian Foundation for Basic Research (project 17-00-00408)

FUNCTION AND PLASTICITY OF SYNAPSES

Natural Toxins Inhibit Gating Pore Currents Underlying Rare 
Channelopathies
Roope Männikkö1, Antonina A. Berkut2, Daniil K. Lukyanov2, Dimitri M. Kullmann1 and Alexander 
A. Vassilevski2*

1 UCL Institute of Neurology, London, United Kingdom;
2 Shemyakin-Ovchinnikov Institute of Bioorganic Chemistry of the Russian Academy of Sciences, Moscow, Russia.
* E-mail:  avas@ibch.ru

Neurotoxins produced by venomous animals such as spiders or snakes are well-known selective ligands of ion channels 
and neuroreceptors. The specificity and potency of some neurotoxins with respect to particular ion channel isoforms 
exceeds that of available antibodies. This is why these substances are used routinely in molecular neurobiology to char-
acterize their targets. We make a step forward by identifying toxins that modify selective properties of not just native ion 
channels but their mutant forms characteristic of genetic diseases.

Hypokalemic and hyperkalemic periodic paralyses are orphan diseases with symptoms of muscle weakness and 
paralysis exuberated by changes in serum potassium levels. The identified molecular pathomechanism is muscle mem-
brane depolarization that leads to inactivation of voltage-gated ion channels and irresponsiveness to nerve stimuli. The 
depolarization is due to so-called gating pore currents in mutant ion channels such as the muscle-type sodium channel 
Nav1.4. We found that gating modifier toxins from spider venom inhibit gating pore currents through the mutant chan-
nels. Interestingly, toxins present differential activity and inhibit selectively gating pore currents through different do-
mains of the channels. We conclude that spider neurotoxins represent the long sought for hits for development of drugs 
to treat hypokalemic and hyperkalemic periodic paralysis.

This work was funded by the Molecular and Cell Biology Program of the Russian Academy of Sciences.
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Asynchronous Neurotransmitter Release at the Mouse Hippocampal 
Synapses between CCK+ Interneurons and CA1 Pyramidal Cells
Alina Vazetdinova1*,Fliza Rakhmatullina1,Andrei Rozov1,2 

1 Kazan Federal University, Department of Human and Animal Physiology, Kazan, Russia
2 University of Heidelberg, Department of Physiology and Pathophysiology, Heidelberg, Germany.
* E-mail:  alina-vazetdinov@mail.ru

Asynchronous release (AR) of neurotransmitter is characteristic feature for the number of synapses in the CNS and in 
neuromuscular junctions. However, it is more pronounced during neurodegenerative disorders. Thus detailed study 
of the mechanisms underlying AR is necessary for better understanding of normal and pathological brain functioning. 
Although the molecular machinery involved in AR generation is relatively well studied, the Ca2+ source allowing pro-
longed vesicle fusion remains unclear. Therefore, the main goal of this project was to test the possible contribution of the 
different sources to the presynaptic Ca2+ elevation and generation of AR at synapses between CCK+ interneurons and 
CA1 pyramidal cells. All experiments conducted on acute mice hippocampal slices (P14-21) using simultaneous pair re-
cordings from connected neurons. We found that AR at synapses between CCK+ interneurons and CA1 pyramidal cells 
does not require activation of calcium permeable NMDA receptor, channels, presynaptic vanilloid receptors (TRPV-1) or 
Ca2+ release from internal stores.

Our data suggest that the long lasting Ca2+elevation results from reduction of Ca2+ extrusion rate due to low expres-
sion of Ca2+-ATPase at this synapses. Remaining Ca2+ clearing presynaptic complex, Na+/Ca2+ exchanger, fails to reduce 
intraterminal Ca2+ concentration to the values insufficient to trigger vesicle fission. Moreover high frequency stimulation 
leading to robust Na+ entry to the terminal might switch exchanger to the reverse mode which could prolong AR dura-
tion.

This work was supported by RSF (№17-75-10061) and performed in the framework of the Program of Competitive 
Growth of Kazan Federal University.

Novel Cannabinoid Receptor-Mediated Synaptic Plasticity in 
the Hippocampus
Andrew J Irving1*, Adham Farah2 and Jenni Harvey2

1 SBBS, University College Dublin, Ireland; 
2 Ninewells Hospital, Dundee University, UK.
* E-mail:  andrew.irving@ucd.ie

The endocannabinoid system plays a key role in regulating brain function and can modulate neurotransmitter release in 
various brain regions, including the hippocampus, where cannabinoids are known to affect memory function and have 
well-established presynaptic actions on both excitatory and inhibitory hippocampal synaptic transmission.   Numerous 
studies have examined the modulatory effects of cannabinoids at hippocampal Schaffer collateral (SC)-CA1 synapses. 
However the effect of cannabinoids on the anatomically-distinct temporoammonic (TA) input to hippocampal CA1 neu-
rons remains to be established.

Standard extracellular recordings were used to examine the effects of different selective agonists for CB1 receptors 
on excitatory synaptic transmission at juvenile TA-CA1 synapses. Recordings were made from transverse hippocampal 
slices (350µM) prepared from 12-18 day old rats, perfused with oxygenated aCSF.

Application of methanandamide (100nM; 15min) induced a long-term increase (LTP; to 148± 5% of baseline; n=4; 
p<0.001) in excitatory synaptic transmission via activation of CB1 receptors, as  the CB1R- antagonist AM251 (10nM) 
blocked this effect (102 ± 1.1% of baseline; n=4; p>0.05). This CB1R-induced LTP had a postsynaptic locus of expression 
and was NMDA receptor-dependent. Furthermore, the PI3-kinase signaling pathway underlies this effect as treatment 
with the inhibitor of PI3-kinase, wortmannin (50 nM) blocked CB1R-induced LTP (100 ± 1.3% of baseline; n=4; p>0.05). 
These findings suggest that CBR1 activation can have marked, postsynaptic actions on hippocampal plasticity and that 
these effects are pathway-specific.
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Multiplex Imaging Relates Quantal Glutamate Release to Presynaptic 
Calcium Homeostasis In Situ
Thomas P. Jensen1, Kaiyu Zheng1, Nicholas Cole1, Jonathan S. Marvin2, Loren L. Looger2, Dmitri A. Rusakov1*

1 UCL Institute of Neurology, University College London, Queen Square, London WC1N 3BG, UK;
2 Janelia Research Campus, Howard Hughes Medical Institute, Ashburn, Virginia, USA.
* E-mail:  d.rusakov@ucl.ac.uk

Information processing by brain circuits depends on Ca2+-dependent, stochastic release of the excitatory neurotransmit-
ter glutamate. Whilst optical glutamate sensors have enabled detection of synaptic discharges, understanding presyn-
aptic machinery requires simultaneous readout of glutamate release and nanomolar presynaptic Ca2+ in situ. Here, we 
find that the fluorescence lifetime of the red-shifted Ca2+ indicator Cal-590 is Ca2+-sensitive in the nanomolar range, and 
employ it in combination with green glutamate sensors to relate quantal neurotransmission to presynaptic Ca2+ kinetics. 
Multiplexed imaging of individual and multiple synapses in identified axonal circuits reveals that glutamate release 
efficacy, but not its short-term plasticity, varies with time-dependent fluctuations in presynaptic resting Ca2+ or spike-
evoked Ca2+ entry. Within individual presynaptic boutons, we find no nanoscopic co-localisation of evoked presynaptic 
Ca2+ entry with the prevalent glutamate release site, suggesting loose coupling between the two. The approach opens a 
new horizon in our understanding of release machinery at central synapses. 

Neurotoxicity of Prenatal Hyperhomocysteinemia: Neuroprotective 
Effects of Hydrogen Sulfide
G. Sitdikova* 

Kazan Federal University, Russia.
* E-mail:  sitdikovaguzel@gamil.com

Homocysteine is a sulfhydryl-containing amino acid derived from methionine. The cellular concentration of homocyst-
eine is regulated by two key pathways: remethylation back to methionine or transsulfuration to cysteine with simulta-
neous production of hydrogen sulfide (H2S). Homocysteine levels increased in different conditions including genetic 
factors, diet, life style or miscellaneous medication. Elevated levels of the homocysteine, called hyperhomocysteinemia 
(hHcy), are associated with higher risk of neurovascular diseases, dementia, developmental impairments or epilepsy. 
Oxidative stress is one of the common mechanisms of homocysteine induced disorders. H2S as an established gasotrans-
mitter, implicated in the regulation of numerous physiological functions is also well known for its neuroprotective poten-
tial. Recent data indicate that the level of H2S decreased in hHcy conditions which may mediate homocysteine induced 
neurotoxicity. In our study we analyzed the early behavioral impairment and the level of oxidative stress in brain of 
offspring with prenatal hHcy and the protective role of H2S. At the same time we elucidated some cellular mechanisms 
of acute and chronic application of homocysteine and possible mechanisms of H2S mediating neuroprotection. The ob-
tained data may underlie the new therapeutic approaches to prevent homocysteine-induced neurotoxicity.

This work is supported by Russian Science Foundation.
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Activity of Fast-Spiking GABAergic Interneurons During Human 
Neocortex Complex Events
Karri Pentti Pietari Lamsa*

University of Szeged, Hungary.
* E-mail:  klamsa@bio.u-szeged.hu

Rodents, which are most commonly used experimental animals in the cellular neuroscience research show some dif-
ferences to the human in operation of neocortical microcircuits. Supragranular layer of the human neocortex contains a 
subpopulation of glutamatergic pyramidal cells (PCs), which form strong multivesicular excitatory synapses specifically 
to GABAergic inhibitory interneurons. Similar connections have not been reported in the rodent supragranular neocor-
tex. These synapses in the human comprise approximately 10% of excitatory connections between the layer 2/3 PCs and 
the interneurons in the frontal and temporal cortices. The pyramidal cells are called “master PCs”, because they evoke 
suprathreshold excitatory postsynaptic potential in the interneurons. Consequently, a single master PC spike elicits tem-
porally-structured firing of local GABAergic inhibitory cells. In this talk I will present data on the human neocortex 
master pyramidal cell circuits. In addition, I will demonstrate how the master PCs generate neuronal network activity by 
unitary spike, and how synaptic long-term plasticity controls the activity. Finally, I will present results showing robust 
self-inhibition in human fast-spiking basket cells through GABAergic autaptic connections and I will demonstrate how 
this contributes to the neuronal activity in the supragranular layer.

Calcium Dynamics and Information Coding at Hippocampal Mossy 
Fibre Terminals
Katalin Toth*

Universite Laval, Canada.
* E-mail:  katalin.tot@fmed.ulaval.ca

Mossy fiber terminals in the hippocampus form large complex terminals innervating pyramidal cells and interneurons. 
Presynaptic terminals are composed of several active zones, each supported by assigned pools of vesicles. The properties 
of synaptic transmission strongly depend on the location of the calcium sensors in relation to the source of calcium influx 
in the terminals. Spatial dynamics of calcium in individual presynaptic terminals will dictate the release of vesicles at 
specific release sites. However, the spatial compartmentalization of calcium signaling and its consequences on short-term 
synaptic facilitation remain largely unexplored. 

We performed whole-cell patch-clamp recordings from visually-identified CA3 pyramidal cells in acute mouse hip-
pocampal slices. Mossy fiber (MF)-mediated EPSCs were evoked by electrical minimal stimulation. The spatial dynamics 
of calcium elevations in mossy fiber boutons was probed using random-access two-photon microscopy in combination 
with single granule cell recordings. 

Previously we unveiled a counting logic used mossy-fiber-pyramidal cell synapses that largely responsible for burst 
detection. We investigated whether mossy fiber-interneuron synapses behave similarly. We found two distinct interneu-
ron populations, one that was insensitive to the presynaptic frequency and one that showed rate coding. The presented 
work will investigate the contribution of several factors to these coding strategies including receptor function and the 
molecular architecture of the synapses.  

In addition to synchronously released neurotransmitters, action potentials also trigger delayed asynchronous release. 
Asynchronous release contribute to information transfer at synapses, including at the hippocampal mossy fiber to CA3 
pyramidal cell synapse where it controls the timing of postsynaptic firing. Here, we investigated how different patterns 
of presynaptic firing control asynchronous release. We find that asynchronous release at MF-CA3 synapses is biphasic 
and lasts on the order of seconds following repetitive stimulation. While the first phase is limited to a few hundred 
milliseconds and demonstrates a high release rate, the second phase lasts on the order of seconds and demonstrates a 
much lower release rate. Elevating the stimulation frequency or the external Ca2+ concentration increased the total rate 
of asynchronous release, but had no impact on the biphasic nature of asynchronous release, suggesting the dependency 
of asynchronous release on presynaptic Ca2+ dynamics. Direct MFBs Ca2+ imaging revealed slow Ca2+ decay kinetics and 
that the peak amplitude of Ca2+ transients was invariant during trains of action potentials. Last, we observed that asyn-
chronous release was preferentially mediated by P/Q-type voltage-gated Ca2+ channels and that increasing presynaptic 
Ca2+ buffering with EGTA-AM selectively reduced the rate but lengthened the total asynchronous release. 
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Non-Canonical Role of Glutamatergic NMDA Receptor: from 
Physiology to Pathology
Laurent Groc*

Interdisciplinary Institute for Neuroscience, CNRS, Université de Bordeaux, Bordeaux, France.
* E-mail:  laurent.groc@u-bordeaux.fr

Understanding cell communication in the brain is a major challenge in fundamental biology as well as in medicine since 
a deficit in transmission between neurons is likely at the origin of major neuropsychiatric disorders. Over the last decade, 
our understanding of the synapse, the main site of communication between neurons, has been expanded thanks to the 
development of super-resolution and single molecule imaging approaches. Indeed, the visualization in live brain cells of 
the synaptic material such as the neurotransmitter receptors revealed that these molecules are highly dynamic and are 
constantly diffusing within the plasma membrane. Here, I will first describe the non-canonical role of NMDA receptor, 
which play key roles in several physiological (e.g. learning and memory) and pathological (e.g. schizophrenia), using 
single molecule-based imaging approaches in hippocampal neuronal networks. Then, I will discuss how such a new 
level of regulation of the receptor trafficking is affected in models of psychosis. 

Prenatal Hyperhomocysteinemia Induces Aging of Neuromuscular 
Synapses Mouse
Olga Yakovleva2*, Venera Khuzakhmetova1,2, Svetlana Dmitrieva1, Ellya Bukharaeva1,2, Guzel Sitdikova2 

1 Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center of RAS, Kazan, Russia.
2 Kazan Federal University, Kazan, Russia.
* E-mail:  a-olay@yandex.ru

Homocysteine (НСY) is a sulfur containing amino acid synthesized from methionine (Veeranki and Tyagi, 2013). The 
impairments of the HCY metabolism induce an increase of HCY plasma level called hyperhomocysteinemia (hHCY). 
hHCY is often followed by skeletal muscle dysfunctions, evidenced by muscle weakness, less fatigue resistance due to 
oxidative stress, inflammation and endoplasmic reticulum stress in mice (Veeranki and Tyagi, 2015; Majumder et al., 
2017; 2018a,b). Oxidative stress is one of the mechanisms of the damaging action of HCY known as a powerful oxidant, 
producing reactive oxygen species (ROS) such as superoxide anion (O2-) and hydrogen peroxide (H2O2) (Petras, 2014), 
which affect synaptic transmission at the central and peripheral nervous systems (Giniatullin et al., 2006). Recently it was 
shown that HCY sensitizes neuromuscular junction to the inhibitory effect of H2O2 via activation of NMDA receptors 
and nitric oxide (Bukharaeva et al., 2015).

Elevated levels of HCY during pregnancy (prenatal hHCY) impair fetus development, resulted in functional disa-
bilities, learning deficits and skeletal muscle myopathy of the offspring (Gerasimova et al., 2017; Yakovlev et al., 2018; 
Yakovelva et al., 2018). Newborns are particularly vulnerable to oxidative stress due to high ability of ROS production 
and decreased antioxidant protection (Marseglia et al., 2014).

The aim of the present study was to analyze the processes of synaptic transmission in neonatal and adult rats with 
maternal hHCY. 

Enhanced levels of homocysteine during pregnancy induce oxidative stress and contribute to many age-related dis-
eases. In this study, we analyzed age-dependent synaptic changes in the developing neuromuscular synapses of rats 
with prenatal hyperhomocysteinemia (hHCY). One of the main findings is that the intensity and the timing of transmit-
ter release in synapses of neonatal (P6 and P10) hHCY rats acquired features of matured synaptic transmission of adult 
rats. Thus, the amplitude and frequency of miniature end-plate currents (MEPCs) and evoked transmitter release ana-
lyzed by the quantal content of EPCs were higher in neonatal animals with hHCY compared to the control group. The 
morphology and the intensity of endocytosis of synaptic vesicles in motor nerve endings was assessed using the fluores-
cence dye FM1-43. Adult-like synapses were found in neonates with hHCY which were characterized by larger area of 
presynaptic terminals compared to controls. No difference in the intensity of FM1-43 fluorescence was observed between 
the two groups of animals. Prenatal hHCY resulted in reduced muscle strength assessed by the Paw Grip Endurance 
test. Using biochemical assays we found an increased level of H2O2 and lipid peroxidation products in the diaphragm 
muscles of hHCY rats. This was associated with a lowered activity of superoxide dismutase and glutathione peroxidase. 

Our data indicate that prenatal hHCY induces oxidative stress and apparent faster functional and morphological 
“maturation” of motor synapses. 

The work was supported by RSF 19-15-00174.



12    Opera Med Physiol 2019 Vol. 5 (S1)  

Section CORTICAL CIRCUITS IN HEALTH AND DISEASE

The Imbalance of Homocysteine Induces Seizure-Likes Events 
in Rat Hippocampus
Yakovlev A.*, Gerasimova E., Gataulina E., Shakhmatova V., Sitdikova G.  

Kazan Federal University, Kazan, Russia.
* E-mail:  alv.yakovlev@gmail.com

Homocysteine, a thiol-containing amino acid derived from dietary methionine through demethylation. The breakage of 
metabolism due to genetic alteration in metabolic enzymes or deficiency in cofactors may lead to hyperhomocysteine-
mia. Abnormal accumulation of homocysteine during pregnancy induces learning deficits in offspring at early postnatal 
development. It was shown, that HHCy can contribute to seizures in patients with Down syndrome, depression and in 
alcohol withdrawal. The goal of this study was to estimate the sensitivity of hippocampal slices of newborn rats with pre-
natal hyperhomocysteinemia (pHHCy) to 4-aminopyridine–induced seizure-likes events (SLE) and the effects of homo-
cysteine derivatives - homocysteine-thiolactone on the neuronal activity in rat hippocampus in vivo. Experiments were 
performed on slices of Wistar rats during second and third postnatal weeks (P9-19, P0-day of birth) using extracellular 
field electrodes in the CA3 pyramidal cell layer of hippocampus. To determinate the threshold of 4-aminopiridine for 
generation of SLE the convulsant was added by increasing doses. Pups with pHHCy were born from females received 
daily methionine with food. In vivo experiments Wistar rats of three age groups P5-7, P10-15 and P35–60 were used. 
Extracellular neuronal activities were recorded from hippocampus using 16-site linear silicon probes. D,L-homocyst-
eine-thiolactone was administrated by intrahippocampal injection using glass pipette. Multiunit activity (MUA), local 
field potential (LFP) were detected and analyzed using MATLAB environment. Differences were considered as statisti-
cally significant at p < 0.05 in at least four independent experiments. 

In control group application of 15-35 µM 4-aminopyridine induced a gradual increase of the frequency of multiunit 
activity of hippocampus neurons. In concentration of 50-75 µM 4-aminopyridine induced SLE in 52% cases (n=35) after 
7.6±1.1 min of perfusion. In slices prepared from the hippocampus of rats with pHHCy the application of 15-35 µM 
4-aminopyridine induced SLE in 40% of the cases with 7.1±1.2 min of seizure onset (n=31). Our findings indicate that 
pHHCy significantly lowers the threshold of 4-aminopyridine–induced SLE. It is known that homocysteine and its me-
tabolites are potent agonists of NMDA-receptor, which are linked with epileptogenesis. The lowest dose of homocyst-
eine-thiolactone used (0.03mg/2µl) produced seizures in 75% of immature rats. The spectral power of LFP increased up to 
1331±662%, frequency of MUA - up to 1155±598% compared with basal neuronal activity in CA1 region of hippocampus. 
In P10 and P35 animals that 0.03mg/2µl of homocysteine-thiolactone increased only MUA frequency and SLE appeared 
only at 0.06mg/2µl (in 100% of animals). The spectral power of LFP increased up to 668±79% and 254±32%, frequency of 
MUA up to 358±45% and 396±126% compared to control in P10 and P35 animals correspondingly. The spectral analysis 
of LFP indicated that homocysteine-thiolactone increased the power of SLE in theta and alfa band frequency. Our data 
suggest that hippocampal neurons of immature rats have higher sensitivity to homocysteine-thiolactone which may un-
derlie a high risk of seizure appearance in postnatal life in case of maternal hHCY. It is possible that pHHCy can induce 
the hyperexci\tability of neuronal network of immature hippocampus by stimulating NMDA-receptors and changing 
the electrophysiology property of neurons.  This work was supported by RFBR № 18-015-00423

CORTICAL CIRCUITS IN HEALTH AND 
DISEASE
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Consequences of Hippocampal Cholinergic Deficit Induced 
by 192igG-Saporin
Bolshakov A.P.*, Dobryakova Y.V., Zaichenko M.I., Manolova A.O., Stepanichev M.Y., Markevich V.A.  

Institute of Higher Nervous Activity and Neurophysiology, Moscow, Russia.
* E-mail: al230679@yandex.ru

Alzheimer’s disease (AD) is associated with degeneration of cholinergic neurons in the basal forebrain. Intracerebroven-
tricular administration of the immunotoxin 192IgG-saporin to rats, an animal model of AD, leads to degeneration of 
cholinergic neurons in the medial septal area. 1.5 months after injection, we studied effects of the immunotoxin on the 
behavior of rats, gene expression in the dorsal and ventral hippocampus using RNA-seq approach, responses of mi-
croglia and astrocytes using immunohistochemistry, and histopathology of the hippocampus. 192IgG-saporin-induced 
degeneration of cholinergic septal neurons impaired memory retention in Morris water maze. RNA-seq analysis showed 
that 192IgG-saporin strongly upregulated expression of microglia-specific genes only in the dorsal hippocampus. The 
following immunohistochemical examination showed that the number of microglial cells increased in the dentate gyrus 
of the dorsal hippocampus. In addition, treatment with 192IgG-saporin resulted in neuronal loss in the CA3 field of 
the hippocampus. Taken together, our data suggest that cholinergic degeneration in the medial septal area induced by 
intracerebroventricular administration of 192IgG-saporin results in an increase in the number of microglial cells and 
neuronal degeneration in the dorsal hippocampus.

Computing Hubs in the Hippocampus and Cortex
Wesley Clawson, Ana F. Vicente, Christophe Bernard*, Demian Battaglia, Pascale P Quilichini 

Aix Marseille Univ, Inserm, INS, Institut de Neurosciences des Systèmes, Marseille, France.
* E-mail: christophe.bernard@inserm.fr

Neural computation, which relies on the active storage and sharing of information, occurs within large neuron networks 
in the highly dynamic context of varying brain states. Whether such functions are performed by specific subsets of neu-
rons and whether they occur in specific dynamical regimes remain poorly understood. Using high density recordings in 
the hippocampus, medial entorhinal and medial prefrontal cortex of the rat, we identify computing microstates, or dis-
creet epochs, in which specific computing hub neurons perform well defined storage and sharing operations in a brain 
state-dependent manner. We retrieve a multiplicity of distinct computing microstates within each global brain state, such 
as REM and nonREM sleep. Half of recorded neurons act as computing hubs in at least one microstate, suggesting that 
functional roles are not firmly hardwired but dynamically reassigned at the second timescale. We identify sequences of 
microstates whose temporal organization is dynamic and stands between order and disorder. We propose that global 
brain states constrain the language of neuronal computations by regulating the syntactic complexity of these microstate 
sequences.



14    Opera Med Physiol 2019 Vol. 5 (S1)  

Section CORTICAL CIRCUITS IN HEALTH AND DISEASE

Intracellular Dynamics of CA3 Pyramidal Cells In Vivo Across 
Brain States
Meryl Malezieux, Ashley L. Kees and Christophe Mulle*

Interdisciplinary Institute for Neuroscience, CNRS UMR 5297, University of Bordeaux, F-33000 Bordeaux, France.
* E-mail: christophe.mulle@u-bordeaux.fr

During quiet wakefulness, the hippocampal local field potential (LFP) displays large irregular activity (LIA) punctuated 
by sharp-wave ripples, which play a role in memory consolidation, whereas during exploratory behaviors, hippocampal 
LFP oscillates at both theta and gamma frequencies. Monitoring the intracellular dynamics of individual neurons in vivo 
such as membrane potential, intrinsic excitability, and synaptic efficacy is essential to understand how single-cell prop-
erties contribute to network processing across these different brain states. We have explored the intracellular dynamics 
of pyramidal cells (PCs) in the area CA3 of the hippocampus in awake mice. CA3 is important for rapid encoding of 
memory and integrates multimodal information from the entorhinal cortex, dentate gyrus, and CA3 itself before output 
to CA1. We have used whole-cell patch-clamp recordings from CA3 PCs in awake head-fixed mice combined with 
measurements of pupil diameter, treadmill running speed and LFP recordings of oscillatory activity. Our findings show 
that a large proportion of CA3 PCs are prone to intracellular modulation during changes in brain states. During theta 
states, most CA3 PCs hyperpolarized, reduced their firing, and had lower Vm variance as compared to LIA states. These 
results demonstrate a specific role for CA3 PCs during theta as compared to CA1 and DG cells which do not show any 
intracellular modulation. During periods of hyper-arousal such as theta states, a small subpopulation of CA3 PCs is 
however selectively active while most CA3 PCs are silenced. This modulation at the single-cell level in CA3 could play 
a role in the emergence of oscillations, and underlie the ability of CA3 to perform different memory functions during 
different brain states.

Acute Changes in Cortical Network Functions During Endothelin-1 
Induced Local Brain Ischemia
Daria Vinokurova*, Andrey Zakharov, Nailya Lotfullina, Kseniya Chernova, Gulshat Burkhanova, 
Julia Lebedeva, Roustem Khazipov

Kazan Federal University, Kazan, Russian Federation.
* E-mail: dariavinokurova.kfu@gmail.com

Subarachnoid hemorrhage (SAH) is often complicated by cerebral vasospasm and delayed ischemic damage. Key play-
er in this process is a potent vasoconstrictor endothelin-1 (ET-1). In the present study, we explored the effects of epipial 
application of ET-1 on spontaneous and sensory-evoked activity at different depths of the cortical column of rat bar-
rel cortex (BCx - whiskers representation area) using linear 16-channel silicon probes. ET-1 was delivered epipially for 
1 hour and then washed by ACSF during 3 hours. ET-1 application first caused several minutes long suppression of 
both spontaneous and evoked activity in all cortical layers, followed by a short burst of multiunit activity organized in 
gamma oscillation in layers 5 and 6 and then by cortical spreading depression (CSD). In most cases spontaneous and 
sensory-evoked activity was fully blocked after CSD episode and remained severely depressed during ET-1 application. 
In some cases, activity partially recovered in deep layers after the first CSD and several recurrent CSDs restricted to the 
deep layers were observed. In all cases slow large negative shift of the extracellular potential developed through the time 
course of ET-1 application attaining maximal values of up -80mV in deep layers. Washing of ET-1 resulted in recovery of 
the DC potential, but only weak recovery of spontaneous and evoked activity was observed. Histological examination 
of brain sections revealed focal ischemic damage in the barrel cortex at the site of ET-1 application. Thus, ET-1 induced 
focal ischemia induces sequential cortical layer specific changes in spontaneous and sensory-evoked activity in cortex 
that could be useful for the rapid detection of the onset of cerebral vasospasm and ischemia and for the prevention of the 
delayed ischemic damage in patients with subarachnoid hemorrhage.

This work was supported by RSF (17-15-01271) and performed in the framework of the Program of Competitive 
Growth of Kazan Federal University.
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Gene Therapy for Refractory Epilepsy
Dimitri Kullmann*

UCL, Institute of Neurology, London,United Kingdom.
* E-mail: d.kullmann@ucl.ac.uk

Epilepsy is common and 25-30% of affected individuals continue to experience seizures despite optimal medication. 
Conventional anti-seizure drugs mainly work by reducing excitation or promoting inhibition, but have a limited ther-
apeutic index. First, the entire brain is exposed, and not only the epileptogenic zone. Second, drugs generally act indis-
criminately on excitatory and inhibitory neurons. Gene therapy offers the opportunity for treatment to be targeted to a 
specific region of the brain, and, by use of cell-type specific promoters, to bias expression of therapeutic transgenes to 
specific cell types. I shall summarise work showing successful suppression of seizures in rodent models of epilepsy by 
overexpressing the potassium channel Kv1.1 in excitatory neurons, and by using optogenetics and chemogenetics. I shall 
also describe an autoregulatory strategy that uses a glutamate-gated chloride channel to suppress seizures in response to 
pathological elevations of glutamate. Some of these strategies are ready for clinical translation.  

Mathematical Modeling of Brain Logistics: The Meeting Point 
Dmitry Postnov*

Saratov State University, Russia.
* E-mail: postnovdmitry@googlemail.com

Recent advances in the understanding of complex interactions between the processes that maintain and control the phys-
iological state of brain parenchyma provide new challenges for modeling studies on the topic. Indeed, any considerable 
alteration of neural activity is accompanied by measurable changes in physiological parameters.  Intercellular interac-
tions within the so-called “neuro-glial-vascular unit” not only coordinate local responses to changes in neural activity, 
and also lead to the formation of spatially extended patterns within functional subsystems of brain “logistics”, such as 
the activity of astrocyte networks, transfer of substances in the intercellular space, or the propagated vascular responses. 
Being usually subtle, these physiological mechanisms become dominant during the extreme states of the cerebral cortex, 
such as spreading cortical depression, migraine with aura, and also the propagation of depolarization waves during 
stroke or as a result of brain injury.

New impuls to research in this area has been given by discussion of the mechanisms that provide drainage of the 
brain parenchyma. The brain is the only organ in whose parenchyma no lymphatic system has been found to date. In 
2012,  research group leaded by M. Nedergaard proposed a hypothesis about the so-called   “glymphatic”  drainage sys-
tem, in which the key role is played by the flow of water through the pores of the astrocyte membrane and the process of 
“pumping” the cerebrospinal fluid into the parenchyma due to pulsations of arterial walls. The latter has caused a heated 
debate, continuing at the present time. Note that a reliable understanding of these mechanisms is extremely important 
for a wide range of medical problems, such as   Alzheimer’s disease, or the delivery of drugs through the blood-brain 
barrier. Currently, there are a number of attempts to simulate the process of “pumping” the cerebrospinal fluid into the 
intercellular space, mainly related to the criticism of the propulsive mechanism.

Thus, a whole range of actual problems in the physiology of the brain urgently requires an understanding of how the 
cellular “machine” of the brain parenchyma (neurons, astrocytes, vascular smooth muscle cells, and  endothelial cells) 
functions as a whole, including coordinating changes in cell activity with modulation of the volume space and intensity 
of transport of substances in it. This large-scale task is simultaneously a promising prospect and a serious challenge for 
model-theoretical research in this area. One may say, in this focus point different physiological and medical problems 
meet in demand the adequate and self-consistent mathematical modeling.  
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Absence epilepsy is a generalized form of epilepsy characterized by short-term loss of consciousness without convulsive 
manifestations. This form of epilepsy is usually observed in children and adolescents [1]; it may either remit [2] or turn 
into other convulsive forms [3] with time. Electroencephalography is the main method to register manifestations of ab-
sence epilepsy, since EEG recordings show the typical spike-wave discharges (SWDs) during absence seizures.

To understand the mechanisms of absence epilepsy occurrence it is important to build computational models that 
would reproduce main features of SWDs. Such models are known at various levels of organization: from models of an 
individual neuron excitation due to pathological changes in the concentration of neurotransmitters [4], to a large phe-
nomenological model in the form of an ensemble of Kuramoto phase oscillators [5].

The importance of the neural network structure for the occurrence of spike-wave discharges remains an open ques-
tion. Therefore, the aim of this work is to create such a model, which will take into account the hierarchy of the functional 
units organization of neural connections that are involved in the initiation and maintenance of absence discharges.

We used a two level mesoscale model. The first level consists of four structures: the nervus
trigeminus serving as an input, the the ventro-posterior medial nucleus of the thalamus (VPM), reticular nucleus of 

the thalamus (RTN) and the somatosensory cortex; the second level is represented by nearby situated neurons belonging 
to one of four modeled structures. The dynamics of an individual element was presented by FitzHugh–Nagumo equa-
tions [6]. The model reproduces the main features of the transition from normal to epileptiformic activity (an increase in 
the oscillation amplitude, the emergence of the main frequency and its higher harmonics) and its spontaneous abortion.

The work was supported by Russian Foundation for Basic Research,  Grant No. 18-015-00418.
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Astroglial Control of The Respiratory Rhythm-Generating Circuits
Alexander V. Gourine*
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Astrocytes are implicated in modulation of neuronal excitability and synaptic function, but it remains largely unknown 
if these glial cells can directly control activities of motor circuits to influence complex behaviours in vivo. Our studies 
conducted in collaboration with Prof Sergey Kasparov (University of Bristol) and Dr Jeffrey C. Smith (National Institutes 
of Health) focused on the vital respiratory rhythm-generating circuits of the preBötzinger complex (preBötC) located in 
the lower brainstem and determined how compromised function of the preBotC astrocytes affects breathing in conscious 
experimental animals (rats). It was found that blockade of vesicular release in preBötC astrocytes reduces the resting 
breathing rate and frequency of periodic sighs, decreases rhythm variability, impairs respiratory responses to hypoxia 
and hypercapnia, and dramatically reduces the exercise capacity. These findings indicate that astrocytes modulate the 
activity of CNS circuits generating the respiratory rhythm, critically contribute to adaptive respiratory responses in con-
ditions of increased metabolic demand and determine the exercise capacity.
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Theta-rhythm appears is epochs that contribute to encoding of spatial and behavioral Information in the hippocam-
pus. Here we sought to study a mechanism responsible for occurrence of these second-order oscillations. We recorded 
hippocampal theta rhythms with extracellular electrode through a wireless system in freely moving mice. Rhythmic 
modulation of hippocampal theta power was studied using wavelet analysis. 1 µM picrotoxin was injected through 
cannula into the mice hippocampus to selectively block tonic GABAA conductance. The concentration significantly in-
creased the length of theta rhythm epochs and decreased inter-epoch interval. Larger concentrations of picrotoxin (10 
µM and 100 µM), which are known to block both tonic GABAA currents and IPSCs, made theta rhythm epochs shorter 
and inter-epoch intervals longer. This finding is consistent with important role of synaptic GABAergic connections in 
rhythm generation. Then we facilitated activity dependent tonic GABAA conductance by blocking GABA uptake.  Both 
the GAT-3 inhibitor SNAP-5114 (100 µM) and GAT-1 inhibitor NNC-711 (10 µM) significantly shortened the epochs and 
increased inter-epoch intervals. 100 nM allopregnanolone shortened the epochs and increased inter-epoch intervals in 
the same manner. 

We suggest that accumulation of extracellular GABA during synchronized neuronal activity inhibits neurons and 
stop their firing, hence rhythmic activity. When neuronal activity is reduced, ambient GABA concentration also decreas-
es. Such fluctuations in ambient GABA are responsible for rhythmic modulation of theta oscillations. GABA uptake or 
enhancement of tonic GABAA current with allopregnanolone modulate the epochs of the theta rhythms. 
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Interpreting Ca Activity in Astrocytes: from Raw Data to Events 
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Analyzing spontaneous or evoked astrocytic Ca activity is different from that of neuronal activity. In astrocytes, there are 
no fixed spatial sources of signals, as Ca transients can originate in many places and tend to spread in different directions. 

We present some open-source solutions for motion correction, estimation of dynamic baseline fluorescence level and 
detection of Ca2+ events. In many steps we rely on dimensionality reduction techniques to extract meaningful dynamics. 
We also follow patch-oriented localized analysis with selective grouping of time signals to keep details of the dynamics. 

We further discuss approaches to interpret the observed spatiotemporal patterns of Ca2+ events by converting the dy-
namics into symbolic form or fitting simplified data-driven models for modal description of the spatiotemporal patterns.

Astroglia-Controlled Activity of Cells Within The Neurovascular 
Unit
Alla B. Salmina, Yulia K. Komleva, Yana V. Gorina, Elena D. Osipova, Anton S. Yakimov, Vladimir V. Salmin, 
Anton N. Shuvaev, Elena A. Pozhilenkova, Yulia A. Panina, Olga L. Lopatina, Andrey V. Morgun, 
Natalia A. Malinovskaya*

Research Institute of Molecular Medicine & Pathobiochemistry, Department of Biochemistry, Medical, Pharmaceutical & 
Pharmacological Chemistry, Krasnoyarsk State Medical University named after Professor V.F. Voino-Yasenetsky, 
Krasnoyarsk, Russia.
* E-mail:  malinovskaya-na@mail.ru

Neurovascular unit (NVU) consists of brain microvessel endothelial cells (BMECs), pericytes, astrocytes, neurons, and 
microglia. Structural and functional integrity of blood-brain barrier (BBB) which is a part of NVU is coordinated by var-
ious types of intercellular communication within the NVU. It is generally accepted that functioning of NVU/BBB is dra-
matically compromised in almost all the types of brain pathology (neurodevelopmental disorders, neurodegeneration, 
trauma, ischemia, neuroinflammation, neuroinfection etc.), therefore deciphering intercellular communications in NVU 
might shed light on novel approaches to manipulating NVU activity and recovery.

Perivascular astroglial cells may have central regulatory position within this multicellular ensemble. Contribution 
of astrocytes to the regulation of neuroplasticity or BBB integrity is based on the secretion of gliotransmitters, cytokines, 
release and uptake of metabolites. Thus, atrsoglia coordinates neuron-astrocyte metabolic coupling, establishment and 
functioning of the astroglial networks, and astrocyte-endothelial interactions, thereby resulting in adjustment of local 
blood flow to actual neuronal needs. 

Such regulatory role of astroglia is important in neurogenic niches where vascular scaffold controls all the stages of 
neural stem cells (NSCs) and neuronal progenitor cells (NPCs) development. Actually, neurogenic niches represent the 
well-coordinated platform for tight integration of neurogenesis, vascular support, and angiogenesis based on specific 
properties of BMECs and perivascular cells critical for adjusting the local microenvironment to current metabolic needs 
of NSCs/NPCs. 

We used original static and dynamic NVU/BBB in vitro models to study regulatory potential of astroglial cells on 
NSCs/NPCs development and BMECs activity in normal conditions and in the Alzheimer’s type of neurodegeneration. 
We found that intercellular interactions within the NVU/BBB are partially controlled by perivasculr astroglia, and these 
mechanisms are compromised in cerebral amyloid angiopathy. Thus, astrocytes could be considered as target cells for 
controlling neurogenesis and endothelial-driven mechanisms of neuroplasticity.

The work is supported by the grant given by the President of Russian Federation for the Leading Scientific Teams (N 
6240.2018.7, microvascular dynamics in neurodegeneration) and the State Assignment for Research given by the Min-
istry of Public Health of the Russian Federation (2018-2020, modeling BBB/NVU in vitro and control of neurogenesis).
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Role of Inorganic Polyphosphate in Neuron-Glia Interaction
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Inorganic polyphosphate (polyP) is present in every cell and is highly conserved from primeval times. In mammals, pol-
yP plays multiple roles in including control of cell bioenergetics and signal transduction. In the brain, polyP mediates sig-
nalling between astrocytes via activation of purinergic receptors. Recently we identified of polyP-containing vesicles and 
the main triggers for polyP release from these vesicles in cortical astrocytes. In cultured astrocytes, polyP was found to be 
localized predominantly within the intracellular vesicular compartments which express vesicular nucleotide transporter 
VNUT (putative ATP-containing vesicles), but not within the compartments expressing vesicular glutamate transporter 
2 (VGLUT2). Release of glutamate reduces glutamate- and AMPA- but not a NMDA- induced calcium signal. Effect of 
polyP on glutamate and specifically AMPA receptor was dependent on the presence of P2Y but not P2X receptor inhib-
itors. Pre-incubation cortical neurons with polyP reduced as initial calcium peak and reduced the number of neurons 
with delayed calcium deregulation in response to high concentrations of glutamate that results to protection of neurons 
against glutamate-induced excitotoxicity. Thus, activation of P2Y receptors by polyP reduced calcium signal in AMPA 
receptors that protecting neurons against glutamate excitotoxicity.

Homeostatic Control of Hippocampal Excitatory Transmission 
by Astrocytes
John P McCauley1, Maurice A Petroccione1, Lianna Y D’Brant1, Gabrielle Todd1, Tyler A Mitchell, 
Nurat Affinnih1, Shergil Zahid1, Justin Wisnoski1, Swasti Shree, Alioscka Sousa2, Alexey Brazhe3, 
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The circadian rhythmicity with which mammals sleep, feed, regulate their body temperature and engage in reproductive 
behaviors is controlled by the main circadian master clock, the supra-chiasmatic nucleus SCN of the hypothalamus, and 
by the coordinated activity of other oscillators distributed throughout the brain. Astrocytes are thought to be compe-
tent circadian oscillators, because they are capable of changing the expression level of different clock genes. What it not 
known is how these phenomena affect the structural and functional properties of these cells, including their ability to 
modulate excitatory synaptic transmission among neurons. By combining electrophysiology recordings with 3D axial 
STEM tomography and protein retention expansion microscopy, we show that astrocytes undergo daily changes in their 
morphology which alter their glutamate uptake capacity. This has profound consequences for modulation of synaptic 
integration and plasticity in neurons. Together, these findings indicate that the brain undergo regular remodeling pro-
cesses largely mediated by astrocytes.  
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Dendrites of hippocampal CA1 pyramidal cells (PCs) integrate local synaptic input. Supra-linear integration of spatial-
ly clustered CA3-CA1 input depends on amplification by voltage-gated sodium channels and N-methyl-D-aspartate 
receptors (NMDARs). Our previous work demonstrated that NMDAR function depends on astroglial supply of the 
NMDAR co-agonist D-serine. This observation implies that NMDAR-dependent supra-linear integration is also con-
trolled by NMDAR co-agonist supply. We used whole-cell patch clamp recordings combined with micro-iontophoretic 
glutamate application and two-photon excitation fluorescence microscopy to test this hypothesis in acute hippocampal 
slices. We found that, indeed, application of exogenous D-serine reduces the threshold of dendritic spikes and increases 
their amplitude. Endogenous D-serine supply depends on astrocyte Ca2+ signaling, which can be triggered by activation 
of astrocyte endocannabinoid receptors (CB1R). As expected, application of a CB1R agonist induced prominent Ca2+ 
transients in astrocytes and boosted supra-linear integration. Also, endogenous release of endocannabinoids triggered 
by stimulation of CA1 PCs axons resulted in an enhanced dendritic integration. This effect was not seen in the presence 
of saturating concentrations of D-serine, DAAO (D-serine degrading enzyme) or when CB1Rs were inhibited. Moreo-
ver, an astrocyte-specific knockout of CB1Rs prevented the effect. Interestingly, the boost of integration could only be 
observed when CA1 PC axons were stimulated at 10Hz and 20Hz, but not at 4Hz or 40Hz. In summary, we reveal a 
novel signaling pathway that creates a frequency-dependent positive feedback of CA1 PC population activity on their 
supra-linear dendritic integration involving astrocyte and CB1R-dependent NMDAR co-agonist supply.

Cellular Mechanisms of Neuropsychiatric Symptoms Induced by 
Thyroid Dysfunction
Mami Noda*
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* E-mail:  noda@phar.kyushu-u.ac.jp

Thyroid hormones (THs) are essential not only for the development of the central nervous system (CNS) but also for 
matured brain function. In the CNS, circulating thyroxine (T4) crosses blood-brain barrier via specific transporters and 
is taken up to astrocytes, becomes L-tri-iodothyronine (3, 3’, 5–triiodothyronine; T3), an active form of TH, by type 2 
de-iodinase (D2). T3 is released to the brain parenchyma from astrocytes (glioendocrine system). In adult CNS, both 
hypo- and hyper-thyroidism, the prevalence in female being >10 times higher than that in male, may affect psycholog-
ical condition and potentially increase the risk of cognitive impairment and neurodegeneration including Alzheimer’s 
disease (AD). We have reported that non-genomic effects of T3 on microglial functions and its signaling [1] and sex- and 
age-dependent effects of THs on glial morphology in the mouse brains of hyperthyroidism [2, 3]. Behavioral changes and 
spine density in hippocampus also showed sex-dependence. Recently we analyzed the opposite thyroid dysfunction, 
hypothyroidism, and found sex- and age-dependent changes in glial morphology and animal behavior as well. These 
results may help to understand physiological and/or pathophysiological functions of THs in the CNS and how hyper- 
and hypothyroidism affect psychological condition and cognition.
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The Role of Astrocytes in Seizure Generation: Insights from a 
Novel In Vitro Seizure Model Based on Mitochondrial Dysfunction
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Approximately one-quarter of patients with mitochondrial disease experience epilepsy. Their epilepsy is often severe 
and resistant towards conventional antiepileptic drugs. Despite the severity of this epilepsy, there are currently no animal 
models available to provide a mechanistic understanding of mitochondrial epilepsy. We conducted neuropathological 
studies on patients with mitochondrial epilepsy and found the involvement of the astrocytic compartment. As a proof of 
concept, we developed a novel brain slice model of mitochondrial epilepsy by the application of an astrocytic-specific ac-
onitase inhibitor, fluorocitrate, concomitant with mitochondrial respiratory inhibitors, rotenone and potassium cyanide. 
The model was robust and exhibited both face and predictive validity. We then utilized the model to assess the role that 
astrocytes play in seizure generation and demonstrated the involvement of the GABA-glutamate-glutamine cycle. Nota-
bly, glutamine appears to be an important intermediary molecule between the neuronal and astrocytic compartment in 
the regulation of GABAergic inhibitory tone. Finally, we found that a deficiency in glutamine synthetase is an important 
pathogenic process for seizure generation in both the brain slice model and the human neuropathological study. Our 
study describes the first model for mitochondrial epilepsy and provides a mechanistic insight into how astrocytes drive 
seizure generation in mitochondrial epilepsy. 

Effect of High-Fat Diet to Morphofunctional Characteristics 
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Over 1.9 billion adults over 18 years of age are overweight. Of these, over 650 million were obese. But how chronic 
high-fat diet (HFD) effects to brain function is unclear. We studied 3 months age animals after one month of HFD. 
Astrocytes were recorded in whole-cell voltage-clamp mode for electrophysiological analysis and simultaneously 
loaded with Alexa Fluor 594 for two-photon microscopy morphological study. HFD induced significant remodeling 
in astrocytic distal branches as well as an increase in volume fraction of perisynaptic astrocytic leaflets unresolved with 
diffraction limited optical microscopy. No significant difference after HFD in the number of cells coupled through the 
gap-junctions in the astrocytic syncytium and in the length constant of coupling were found. The activity-dependent 
facilitation of glutamate transporter current and facilitation of synaptically-induced K+ current were not different in 
control and astrocytes after HFD. However, the activity-dependent increase in transporter current decay time was 
abolished after HFD. These findings suggest that enhanced astrocytic coverage of synapses may prevent glutamate 
spillover after HFD. Then we performed confocal Ca2+ imaging in astrocytes in CA1 str. radiatum. Spontaneous Ca2+ 

event size decreased in the astrocytic network after HFD. However, the events duration was increased, as well as Ca2+ 

event integral. The long-term potentiation was significantly enhanced in CA3-CA1 synapses after HFD. Thus, along 
with astrocyte remodeling and enhanced Ca2+ signaling, temporary HFD promotes synaptic plasticity in young mice. 
Our results are consistent with the beneficial effects of high fat intake in young age.
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Caloric restriction (CR), without deficiency of essential nutrients, increases average and maximal lifespan. But, how 
it affects to morphofunctional characteristics of astrocytes is not completely clear. In this study, one month of calori-
cally restricted diet (CR) induced morphological plasticity of astrocytes in the stratum (str.) radiatum of hippocampal 
CA1 area in three-months old mice. The volume fraction of distal perisynaptic astrocytic leaflets increased whereas 
the number of coupled astrocytes through gap-junction decreased. Reduced astrocyte coupling found in CR was not 
associated with changes in the expression of connexin 43. Uncoupling and morphological remodeling may affect 
spontaneous Ca2+  activity in the astrocytic network. Indeed, Ca2+ events were longer, whereas their spread was re-
duced in CR compared with control mice.  Such change in the pattern of astrocytic Ca2+ activity may increase spatial 
resolution of the information encoding in the astroglial network. Consistent with expanded synaptic enwrapping by 
the astroglial processes, spillover of synaptically released K+ and glutamate was diminished after CR. However, no 
significant changes in the expression of astrocytic glutamate transporter (GLT-1/EAAT2) were observed, although the 
level of glutamine synthetase was decreased. Glutamate uptake is known to regulate the synaptic plasticity. Indeed, 
the magnitude of long-term potentiation (LTP) in the glutamatergic CA3-CA1 synapses was significantly enhanced 
after CR diet. Our findings highlight an astroglial basis for improved learning and memory reported in various species 
exposed to CR.
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Impairment of the main noradrenergic nucleus of the human brain, the Locus coeruleus (LC), which has been discovered 
in 1784 by Félix Vicq-d’Azyr (1748–1794), a French physician and neuroanatomist, represents one of defining factors of 
neurodegenerative diseases progression. Projections of LC neurons release noradrenaline, which stimulates astrocytes, 
heterogeneous, homeostatic  neuroglial cells enriched with adrenergic receptors. There is a direct correlation between 
the reduction of noradrenergic innervations and cognitive decline associated with ageing and neurodegenerative dis-
eases. It is, therefore, hypothesised that the resilience of LC neurons to degeneration influences the neural reserve that in 
turn determines cognitive decline. Deficits in the noradrenergic innervation of the brain might be reversed or restrained 
by increasing the activity of existing LC neurons, transplanting noradrenergic neurons, and/or using drugs that mimic 
the activity of noradrenaline on astroglia. In this lecture these strategies will be discussed along with presenting how 
the activation of adrenergic receptors modulate the morphology (cytotoxic edema), aerobic glycolysis and vesicle-based 
signaling in astrocytes. In particular we will address how fingolimod and ketamine, two established drugs used to treat 
neuroinflammation in multiple sclerosis and major depression, respectively, affect astrocytes.
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Previously we demonstrated that rat Li+/Pilocarpine-induced status epilepticus (SE) induces atrophy of astrocytic branch-
es and astrocyte uncoupling in the hippocampus. However, the volume fraction (VF) of perisynaptic astrocytic leaflets 
(PALs) does not change. This finding does not rule out re-arrangement of PALs within synaptic microenvironment. 
Here we analyzed 3D reconstructions of astrocytic processes and dendritic spines obtained from serial section electron 
microscopy images of CA1 hippocampal neuropil in 3 weeks old Sprague-Dawley rats in 3 months after SE induction. 
We found a significant reduction in the density of dendritic spines compared with controls. Astrocytic branches had a 
similar surface-to-volume ratio (SVR) after SE, while SVR of PALs was significantly decreased. This suggests that PALs 
became thicker, which may reflect their retraction from the synapses. Indeed, although overall VF of the PALs did not 
change, it significantly decreased in the immediate vicinity of dendritic spines. The overall surface of the direct contact 
of PALs with a spine also significantly decreased after SE. In agreement with astrocytic branches atrophy, the integral 
VF of astrocytic branches became smaller. The reduction of astrocytic coverage of synapses correlated with enhanced 
glutamate spillover, which was detected as activity-dependent prolongation of glutamate transporter currents measured 
in whole-cell voltage-clamped CA1 astrocytes in response to extracellular stimulation of Shaffer collaterals. In addition 
to retraction of PALs, enhanced spillover may occur due to impaired glutamate uptake or glutamate-glutamine shuttle. 
Thus, we analyzed the subcellular distribution of astrocytic glutamate transporter (GLT-1) and glutamine synthetase 
(GS) with immunocytochemical staining. Our results suggest that SE induces retraction of PALs and promotes glutamate 
spillover which may make the tissue prone to epileptiform activity. 
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