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Programme 

Monday, June 6th 

 
 

 

 

 

13:00-13:45 Registration 
13:45-14:00 Welcome address: Christian Lohmann & Guillermina López-Bendito 
Session 1. Spontaneous activity in early development 

Chairperson: Guillermina Lopez-Benito 
14:00-14:30 Geoffrey Goodhill. The development of spontaneous activity in dunnarts 

and zebrafish. 
14:30-15:00 Ed Ruthazer. Glial signaling in retinotectal map developmental plasticity. 
15:00-15:30 Short talk: Arjun Bharioke & Martin Munz. Embryonic development of 

nascent layer 5 pyramidal neurons: formation of a functional circuit & 
correlated spontaneous activity 

15:30-16:00 Coffee Break 
16:00-16:20 Linda Richards. Cortical activity emerges in region-specific patterns during 

early brain development 
16:20-16:40 Short talk: Anne Sinning. Patterned electrical activity in immature cortical 

neurons and networks regulates neuronal apoptosis 
16:40-17:10 Evelyn Sernagor. Early spontaneous activity and angiogenesis: a case study 

from the neonatal retina 
17:10-17:25 Break 
17:25-17:55 Filippo Rijli. Neuronal Activity Dependent Chromatin and Transcriptional 

Regulation of Whisker-to-Barrel Circuit Development 
17:55-18:25 Haruki Takeuchi. Cell-type-specific patterned activities specify gene 

expression patterns for olfactory circuit formation 
18:40 Walk to Altea 
19:30 Guided tour to Altea 
20:30 Possibilities for dinner in Altea 
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Tuesday, June 7th 

Session 2. Spontaneous activity in sensory circuits I 
Chairperson: Michael Crair 

9:00-9:30 Kenichi Ohki. Modular strategy for the development of hierarchical 
networks in the mouse visual system 

9:30-9:50 Short talk: Gordon Smith. Universality of modular correlated networks 
across the developing neocortex. 

9:50-10:10 Short talk: Susanne Falkner. Linking patterned activity, developmental 
molecular programs and adult visual processing spontaneous activity as a 
regulator of cortical neuron diversification? 

10:10-10:30 Short talk: Eloisa Herrera. Perinatal correlated retinal activity is required for 
the wiring of visual axons in non-image forming nuclei. 

10:30-11:00 Coffee Break 
11:00-11:20 Short talk: Alexandre Tiriac. The influence of retinal waves and visual 

activity on the development of the retinal direction selectivity map 
11:20-11:40 Short talk: Teresa Guillamón-Vivancos. Perinatal retinal waves regulate the 

early functional segregation of sensory modalities via the superior colliculus 
11:40-12:00 Short talk: Yasunobu Murata. Cortical feedback regulates developing 

thalamic activity and circuit refinement in the mouse visual system 
12:00-12:15 Break 
Session 3. Spontaneous activity in health and disease 

Chairperson: Matthias Kaschube 
12:15-12:45 Nael Nadif Kasri. Leveraging human neuronal networks on micro-electrode 

arrays to study disease-specific genotype-phenotype correlations 
12:45-13:15 Ileana Hanganu-Opatz. Development of fast cortical rhythms in health and 

mental disease 
13:15-15:00 Lunch 
Session 4. Spontaneous activity in sensory circuits II 

Chairperson: Julijana Gjorgjieva 
15:00-15:30 Natalia de Marco Garcia. Mechanisms of GABAergic circuit assembly in the 

somatosensory cortex 
15:30-16:00 Lisa Goodrich. Runx1 controls the maturation of functionally diverse spiral 

ganglion neurons 
16:00-16:20 Short talk: Calvin Kersbergen. Developmental Spontaneous Activity 

Establishes Sensory Domains and Proper Gain in Central Auditory Circuits 
 

16:20-16:50 Coffee Break 
16:50-19:30 Poster Session + drinks 
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Wednesday, June 8th 

Session 5. Spontaneous activity in synapse development  
Chairperson: Michael Crair 

9:00-9:30 Juan Burrone. Chandelier cells shine a light on the emergence of GABAergic 
circuits in the cortex 

9:30-10:00 Hisashi Umemori. Molecular determinants of activity-dependent synapse 
refinement 

10:00-10:20 Short talk: Marcus Leiwe. Lateral inhibition signals for synaptic competition 
10:20-10:40 Short talk: Tamara Buijs. Development of dendritic domains in the visual 

cortex before eye opening 
10:40-11:10 Coffee Break 

11:10 Poster & Short Talk awards 
11:40 Concluding remarks 
12:00 Light lunch 
13:00 Departure 
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Spontaneous activity in early development 
Chairperson: Guillermina Lopez-Benito 
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INVITED SPEAKER 

The development of spontaneous activity in dunnarts and zebrafish 

Goodhill, Geoffrey(1) 

(1)Washington University in St Louis 

The statistical properties of early spontaneous activity are critical for the development of brain 
function. I will discuss our recent work from two model systems on how these properties change 
over development. First, in a collaboration with Linda Richards, we have examined early cortical 
development in the fat-tailed dunnart, an Australian mouse-sized marsupial which is born into the 
pouch at the equivalent of embryonic day 10 in mouse. We expressed GCaMP6s in pyramidal 
neurons via in-pouch electroporation and then performed in vivo two-photon microscopy of the 
unanaesthetized cortex through the transparent skull at multiple stages of development. At later 
stages patterns of activity were region-specific and similar to those reported in rodents, i.e. 
patchwork activity in somatosensory cortex and traveling waves in visual cortex, indicating that 
these patterns may be general features of cortical development across all therian mammals. We 
then investigated earlier stages, corresponding to in utero ages in rodents, and found that 
patterned activity emerged earlier in somatosensory cortex than visual cortex, and these patterns 
were statistically distinct between the two regions from their very first emergence. 

Second, we examined the development of neural criticality in early spontaneous activity in the 
larval zebrafish. The criticality hypothesis proposes that the brain maintains a functional state 
near the transition between order and disorder, as measured by particular activity statistics, in 
principal conferring many computational advantages. Recent data have provided evidence for 
criticality in zebrafish whole-brain recordings at 6 days post-fertilization. However numerous 
questions remain, including how criticality of spontaneous activity first emerges and whether its 
developmental trajectory is region-specific. I will present the results of our ongoing work 
addressing these questions. 

cortical development; zebrafish; neural criticality 
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INVITED SPEAKER 

Glial signaling in retinotectal map developmental plasticity 

Ruthazer, Edward S(1) 

(1)McGill University 

The developing albino Xenopus laevis tadpole is highly translucent during the period when retinal 
ganglion cell axons first innervate and ramify within their primary central target, the optic 
tectum.  Over the subsequent week the retinotopic map within the optic tectum undergoes 
significant growth and refinement. Patterned neuronal activity, evoked by sensory experience, 
participates in this refinement process.  Astrocytes and microglial cells in the tectum are also 
believed to be active participants in fine tuning of the circuit.  Using in vivo calcium and structural 
imaging, we examined how sensory experience activates glial cells in the tectum, and how glial 
cells in turn influence neuronal remodeling and synaptic development. 

Xenopus laevis, calcium imaging, astrocyte, radial glia, microglia, axons, topographic map 
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SHORT TALK 

Embryonic development of nascent layer 5 pyramidal neurons: formation of a functional 
circuit 

Bharioke, Arjun(1); Munz, Martin(1); Cowan, Cameron S(1); Kosche, Georg(1) ;Brignall, 
Alexandra(1); Graff Meyer, Alexandra(2); Ulmer, Talia(1); Rodrigues, Tiago M(1); Haeuselmann, 
Stephanie(1); Pavlinic, Dinko(1); Ledergeber, Nicole(1); Rózsa, Balázs(3); Krol, Jacek(1); Picelli, 
Simone(1); Roska, Botond(1) 

(1)Institute of Molecular and Clinical Ophthalmology Basel; (2)Friedrich Miescher Institute for 
Biomedical Research; (3)Institute of Experimental Medicine, Hungarian Academy of Sciences 

To understand the development of a neuronal circuit, it is essential to reveal both its underlying 
cellular components and the way in which these components assemble. In adult mice, layer 5 
pyramidal neurons form a highly recurrent network, begging the question of how such a circuit 
develops. Here, we used the Rbp4-Cre mouse line, which labels a defined subset of embryonic 
cells, starting at E13.5. Single cell transcriptomic sequencing demonstrates that these labeled 
cells express markers of adult layer 5 pyramidal neurons, on all embryonic days. Further, 
embryonic Rbp4-Cre cells divide into 3 transcriptomic clusters, each similar to a different subtype 
of adult layer 5 neuron. Hence, by analogy to the adult, we termed these clusters embryonic near 
projecting (NP), embryonic pyramidal tract (PT) and embryonic intertelencephalic (IT) neurons. 
At E14.5, we find that all labeled Rbp4-Cre neurons are of embryonic NP type. In contrast, 
embryonic IT and PT neurons only appear from E15.5 onwards. Therefore, the genetic 
composition of the developing layer 5 circuitry divides into two phases. Similarly, Rbp4-cre cells 
organize morphologically into two phases. During the first phase, from E13.5 to E15.5, embryonic 
layer 5 neurons form two layers, one in the subplate and the other in the marginal zone. This two-
layered organization is transient, and during the second phase, from E16.5 to E18.5, the upper 
layer disappears while the nascent layer 5 forms, in the lower half of the cortical plate. 
Interestingly, in all three transcriptomic types, we observe expression of genes associated with 
synaptic function and active neuronal membrane properties, on all embryonic days. Given this, 
we performed immuno-electron-microscopy (immuno-EM) of Rbp4-Cre neurons and identified 
chemical synapses, with vesicles and postsynaptic specializations. Additionally, through in vivo 
para-uterine imaging (introduced in combined work, by Martin Munz), embryonic layer 5 neurons 
showed increased calcium activity in response to combined NMDA and AMPA application. This 
suggests that these synapses are functional. At E14.5, through immuno-EM, we also observed 
recurrent synapses between pairs of embryonic layer 5 neurons. Indeed, pairs of Rbp4-Cre 
neurons both within and across layers demonstrated high temporal correlations, as measured 
through acousto-optic in vivo para-uterine two photon imaging. Our work demonstrates that a 
circuit composed of cortical plate neurons with layer 5 markers forms early in corticogenesis, in 
two distinct phases. These phases are composed of distinct cell types, and show different 
morphological organizations, but both contain active chemical synapses. 

layer 5, embryonic, cortex, pyramidal neurons, circuit, synapses, correlation 
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SHORT TALK 

Cortical activity emerges in region-specific patterns during early brain development 

Richards, Linda J.(1); Suárez, Rodrigo(1); Bluett, Tobias(2); McCullough, Michael H.;Avitan, 
Lilach(1); Paolino, Annalisa;Fenlon, Laura R.(1); Goodhill, Geoffrey 
J.;(3);(1);;(1);(2);;(1);(4);(5);(1);(6) 

(1)The University of Queensland, Queensland Brain Institute; (2)Brisbane, Australia. The 
University of Queensland, School of Biomedical Sciences; (3)Brisbane, Australia. The Edmond 
and Lily Safra Center for Brain Sciences, The Hebrew University Jerusalem, Israel; (4)Brisbane, 
Australia.The University of Queensland, School of Mathematics and Physics; (5)Brisbane, 
AustraliaWashington University in St Louis School of Medicine, St Louis, USA; (6)Brisbane, 
Australia. Washington University in St Louis School of Medicine, St Louis, USA 

Patterned activity in the cortex is thought to refine and sculpt neural connections postnatally in 
rodents.  In addition to refining circuits, patterned activity may be required to initiate the formation 
of cortical circuits but at present exactly how spontaneous activity arises in the cortex and what 
specific circuit properties control how circuits develop into functional networks are unknown. 
Addressing this question requires studying cortical activity at much earlier stages of development. 
The marsupial fat-tailed dunnart, Sminthopsis crassicaudata, is an ideal animal model to 
investigate the emergence of early patterned activity. We expressed the sensitive calcium 
indicator GCaMP6S in dunnart cortex and observed various patterns of activity including 
asynchronous bursts, synchronous bursts, and long-lasting events, as well as specific broader 
patterns of activity. Activity emerged into waves in visual cortex and patchwork-type activity in 
somatosensory cortex in dunnarts, similar to mouse postnatal cortex. Patchwork-type activity 
arose at stage 23/24 and wave-like activity in visual cortex arose at stage 25/26 from the outset 
(around E15 and E17 equivalent respectively, in mice), even before all layers of the cortex were 
formed.  This data indicates that patterned cortical activity is highly evolutionarily conserved and 
arises much earlier than previously observed in vivo and could play a role in the establishment of 
neural circuits before its function in refining connections. 

cerebral cortex, early activity, visual, somatosensory, calcium imaging 
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SHORT TALK 

Patterned electrical activity in immature cortical neurons and networks regulates 
neuronal apoptosis 

Sinning , Anne(1); Warm , Davide(1); Sang , I Emeline(1);  Rose, Renata(1); Schroer , Jonas(1); 
Kilb , Werner(1); Luhmann , Heiko J(1) 

(1)Institute of Physiology, University Medical Center of the Johannes Gutenberg University 

During early brain development a substantial proportion of neurons is eliminated through 
programmed cell death. This process is attenuated by increased levels of neuronal activity and 
enhanced by suppression of activity. Yet, it remains unclear whether the mere level of activity or 
also the temporal structure of electrical activity affects overall neuronal death rates and how single 
neurons within developing networks are selected for cell death or survival. With longitudinal 
imaging and electrophysiological approaches, we correlate activity and apoptosis on different 
scales from single neurons in primary cortical cultures to cortical regions in the intact mouse brain. 
Furthermore, we apply optogenetic and pharmacological approaches to modulate network-wide 
activity states and single neuron activity and test casuality of relationships between neuronal 
activity patterns and cell fate in developing neurons.  

Our results on the level of single neurons demonstrate that action potential firing promotes 
neuronal survival throughout development. Chronic patterned optogenetic stimulation allowed us 
to effectively modulate the firing pattern of single neurons in the absence of synaptic inputs while 
maintaining stable overall activity levels. Replacing the physiological burst firing pattern with a 
non-physiological, single pulse pattern significantly increased cell death rates. Mechanistically, 
physiological burst stimulation led to an elevated peak in intracellular calcium and an increase in 
the expression level of classical activity-dependent targets but also decreased Bax/BCL-2 
expression ratio and reduced caspase 3/7 activity.  

In summary, these results demonstrate at the single-cell level that the temporal pattern of action 
potentials is critical for neuronal survival versus cell death fate during cortical development and 
support a pro-survival effect of action potential firing per se on a single neuron level. Future results 
will show how much neuronal survival rates correlate with neuronal activity patterns on the 
network level and how much we can predict a prospective cell fate based on activity patterns in 
immature neurons.  

cortex development apoptosis activity 
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INVITED SPEAKER 

Early spontaneous activity and angiogenesis: a case study from the neonatal retina 

Sernagor, Evelyne(1); De Montigny, Jean(1); Thorne, Courtney(1); Rozenblit, Fernando(2); 
Krishnamoorthy, Vidhyasankar(1); Gollisch, Tim(2) 

(1)Biosciences Institute, Newcastle University; (2)Bernstein Center for Computational 
Neuroscience, Göttingen 

By continuously producing electrical signals, neurones are amongst the most energy-demanding 
cells in the organism. Resting ionic levels are restored via metabolic pumps that receive the 
necessary energy from oxygen supplied by blood vessels. Intense spontaneous neural activity is 
omnipresent in the developing CNS. It occurs during short, well-defined periods that coincide 
precisely with the timing of angiogenesis. Such coincidence cannot be random; there must be a 
universal mechanism triggering spontaneous activity concurrently with blood vessels invading 
neural territories for the first time. However, surprisingly little is known about the role of neural 
activity per se in guiding angiogenesis. Part of the reason is that it is challenging to study 
developing neurovascular networks in tri-dimensional space in the brain. 

We investigate these questions in the neonatal mouse retina, where blood vessels are much 
easier to visualise because they initially grow in a plane, while waves of spontaneous neural 
activity (spreading via cholinergic starburst amacrine cells) sweep across the retinal ganglion cell 
layer, in close juxtaposition with the growing vasculature. Blood vessels reach the periphery by 
postnatal day (P) 7-8, shortly before the cholinergic waves disappear (at P10). 

We discovered transient clusters of auto-fluorescent cells that form an annulus around the optic 
disc, gradually expanding to the periphery, which they reach at the same time as the growing 
blood vessels. Remarkably, these cells appear locked to the frontline of the growing vasculature. 
Moreover, by recording waves with a large-scale multielectrode array that enables us to visualise 
them at pan-retinal level, we found that their initiation points are not random; they follow a 
developmental centre-to-periphery pattern similar to the clusters and blood vessels. The density 
of growing blood vessels is higher in cluster areas than in-between clusters at matching 
eccentricity. The cluster cells appear to be phagocytosed by microglia. Blocking Pannexin1 
(PANX1) hemichannels activity with probenecid completely blocks the spontaneous waves and 
results in the disappearance of the fluorescent cell clusters. 

We suggest that these transient cells are specialised, hyperactive neurones that form 
spontaneous activity hotspots, thereby triggering retinal waves through the release of ATP via 
PANX1 hemichannels. These activity hotspots attract new blood vessels to enhance local oxygen 
supply. Signalling through PANX1 attracts microglia that establish contact with these cells, 
eventually eliminating them once blood vessels have reached their vicinity. The auto-fluorescence 
that characterises the cell clusters may develop only once the process of microglial phagocytosis 
is initiated. 

retina spontaneous activity waves angiogenesis microglia pannexin1 
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INVITED SPEAKER 

Neuronal Activity Dependent Chromatin and Transcriptional Regulation of Whisker-to-
Barrel Circuit Development 

Filippo M. Rijli(1); Taro Kitazawa(1); Gabriele Pumo(1) 

(1)Friedrich Miescher Institute for Biomedical Research, Basel, Switzerland 

Throughout the development of sensory systems, the interplay between gene programs and 
neuronal activity has been shown to orchestrate the various steps of circuit wiring – from initial 
neuronal specification and migration, to axonal pathfinding decisions, to refinement and synaptic 
plasticity. In particular, two types of neuronal activity – sensory-evoked activity and patterned 
spontaneous activity – have been implicated in instructing these processes. While refinement and 
maturation of synaptic connectivity is often dependent on sensory transduction, patterned 
spontaneous activity is instrumental in laying down the foundation of circuit assembly before 
sensory transduction begins.  

Activity-dependent regulation of gene expression has emerged as one important mechanism to 
explain how activity is implemented at the molecular level to generate functional outputs relevant 
for connectivity. The response to sensory activity involves the rapid induction of the activity-
dependent immediate early genes (IEGs), which encode transcription factors in turn regulating 
secondary response genes involved in neuronal and synaptic maturation. In contrast, little is 
known about the molecular program in response to spontaneous activity, particularly at the level 
of genome-wide regulation.   

The rodent whiskers are topographically mapped in the brainstem sensory nuclei as neuronal 
modules known as barrelettes. I will review recent work from my laboratory showing that, at pre-
natal stages, the sensory experience-dependent molecular program is epigenetically repressed 
by a novel chromatin mechanism to prevent premature activation of IEGs and precocious 
maturation of developing barrelette neurons. I will also discuss preliminary findings indicating that 
spontaneous and sensory-evoked activities may employ distinct transcriptional mechanisms to 
exert their instructive roles. 
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INVITED SPEAKER 

Cell-type-specific patterned activities specify gene expression patterns for olfactory 
circuit formation 

Takeuchi, Haruki(1) 

(1)The University of Tokyo 

The development of precise neural circuits is initially directed by genetic programming and 
subsequently refined by electrical neural activity. The most prevailing model for the activity-
dependent development of neural circuits postulates the interaction between pre- and post-
synaptic neurons. In Hebbian plasticity, the correlated activity of pre- and post-synaptic neurons 
strengthens synaptic connections, whereas uncorrelated or lack of activity weakens them. 
However, the olfactory map develops even in mutant mice lacking synaptic partners, suggesting 
another mechanism for the olfactory map formation. In this meeting, we would like to propose a 
novel activity-dependent mechanism in which cell-type-specific patterned activity contributes to 
the olfactory map refinement through orchestrating gene expression of various axon-sorting 
molecules.  

olfactory glomerular map formation, neural activity, gene expression, development 
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INVITED SPEAKER 

Modular strategy for the development of hierarchical networks in the mouse visual 
system 

Ohki, Kenichi(1) 

(1)The University of Tokyo 

Hierarchical and parallel networks are fundamental structures of the mammalian brain. During 
development, lower- and higher-order thalamic nuclei and many cortical areas in the visual 
system form interareal connections and build hierarchical dorsal and ventral streams. The classic 
hypothesis for development of visual network wiring involves the sequential theory wherein neural 
connections are sequentially formed alongside hierarchical structures from the lower to higher 
areas. However, this sequential strategy is inefficient for building the entire visual network 
comprising numerous interareal connections. We show that neural pathways from the mouse 
retina to V1 or dorsal/ventral higher visual areas (HVAs) via lower- or higher-order thalamic nuclei 
form as parallel modules before corticocortical connections, inconsistent with the sequential 
strategy. Subsequently, corticocortical connections among V1 and HVAs emerge to combine 
these modules. Retina-derived activity propagating initial parallel modules is necessary to 
establish retinotopic inter-module connections. Thus, the visual network develops in a modular 
manner—initial establishment of parallel modules and their subsequent concatenation. This study 
shows the possibility that parallel modules from the higher-order thalamic nuclei to HVAs act as 
templates for cortical ventral and dorsal streams, and suggests that brain has an efficient strategy 
for the development of a hierarchical network comprising numerous areas. 
 

spontaneous activity, visual cortex, higher visual area, development, connection 
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SHORT TALK 

Universality of modular correlated networks across the developing neocortex 

Smith, Gordon(1); Powell, Nathaniel(1); Hein, Bettina(2); Kong, Deyue(3); Elpelt, Jonas(3); 
Mulholland, Haleigh(1); Kaschube, Matthias(3) 

(1)University of Minnesota; (2)Columbia University; (3)Frankfurt Institute for Advanced Studies 

   Columnar organization is a hallmark of mature visual cortex (V1) in primates and carnivores, 
and is often assumed to be unique to those areas. Such an organization is readily evident in 
patterns of ongoing spontaneous activity, which are highly modular and exhibit millimeter-scale 
correlations reflecting sensory-evoked networks. Moreover, such modular correlated structure of 
spontaneous activity is already evident in developing V1 well before eye-opening (EO), and this 
correlated spontaneous activity predicts future sensory representations. Multiple computational 
models have been proposed to account for this activity, suggesting several biologically plausible 
regimes that can produce modular activity and long-range correlations. Notably, these potential 
mechanisms may not be specific to V1 in early development, raising the question of whether such 
modular and long-range correlated networks exist elsewhere in the cerebral cortex. 

   Here we demonstrate that highly organized, modular, and long-range correlated network 
structure is a universal feature of the early developing cortex in a species with a columnar V1. 
Using a combination of wide-field and multi-photon calcium imaging of spontaneous activity in the 
ferret approximately 7-10 days prior to EO, we find that similar to V1, the primary sensory cortices 
A1 and S1 both exhibit similar modular patterns of low dimensional spontaneous neural activity 
with robust correlations across millimeters. Moreover, we find that at this early developmental 
age, higher-order association cortices, specifically the prefrontal cortex (PFC) and the posterior 
parietal cortex (PPC), also share a highly similar modular and long-range correlated structure of 
spontaneous activity. Furthermore, at later ages (near EO, and 8-10 days after EO), we find that 
while both the degree of modularity and the strength of long-range correlations declines with age, 
spontaneous activity remains modular at the cellular level across areas. Over the same time, and 
across all areas, activity becomes increasingly sparse and higher dimensional, suggesting an 
improved representational capacity with increasing maturity. Furthermore, similar to published 
reports in V1, sensory evoked activity in A1 exhibits strongly modular responses with significant 
statistical similarity to spontaneous activity, suggesting that early spontaneous networks seed 
developing cortical representations in sensory areas and raising the possibility of a similar 
relationship in higher association areas such as PFC. Together, our results demonstrate that 
modular networks with long-range correlations in spontaneous activity are not unique to columnar 
V1, but rather are a universal feature during development. These findings further suggest that the 
diverse representations found across neocortex may arise from a common developmental origin. 

Cortex, imaging, V1, A1, PFC 

 

 

 

 

 



 

18 
 

 

SHORT TALK 

Linking patterned activity, developmental molecular programs and adult visual 
processing – spontaneous activity as a regulator of cortical neuron diversification? 

Falkner, Susanne(1); Scheiffele, Peter(1) 

(1)University of Basel, Biozentrum 

The formation of sensory cortical circuits in the early postnatal mammalian brain is largely 
complete at the onset of sensation and takes place in the absence of evoked sensory experience. 
By the time neonatal mice open their eyes at the end of the second postnatal week, cortical 
pyramidal neurons in the primary visual cortex (V1) exhibit almost adult-like responses to visual 
stimuli with only minor refinement thereafter. Since early visual circuits form in the absence of 
sensory experience, they are generally thought to be instructed by genetic programs. However, 
both excitatory and inhibitory neurons in V1 exhibit spontaneous activity of high spatio-temporal 
correlation, i.e. patterned activity, during the peak phase of circuit assembly in the first and second 
postnatal week. Since spiking activity is a known regulator of gene expression in the adult, we 
hypothesize that activity-dependent gene expression interacts with genetically predetermined 
developmental programs to instruct and/ or time circuit formation in V1. 

Using RNAi we manipulate the cholinergic system in the retina of neonatal mice and characterize 
altered spontaneous activity patterns in upper-layer V1 excitatory neurons with in vivo 2-photon 
calcium imaging. We are able to shift spontaneous V1 activity into a de-correlated, low-frequency 
and a hyper-correlated, high-frequency state. 

We subsequently performed RiboTrap RNA isolation and deep sequencing from upper-layer 
excitatory neurons from a total of 74 samples of naïve and de-/ hyper-correlated, micro-dissected 
V1 at P4, 7, 10, 13, 15 and 35. This detailed developmental molecular atlas reveals almost 8000 
differentially regulated genes across all timepoints, and a surprising 3200+ regulated splicing 
events – indicating that alternative splicing plays a major role in early postnatal maturation of V1 
excitatory neurons. 

In addition, we explore the possibility that early spontaneous activity of individual V1 excitatory 
neurons might be indicative of their adult feature selectivity. Specifically, we investigate whether 
shared features of adult visual processing associate with similarly shared spontaneous activity 
patterns during their pre-vision functional development. 

To this end we performed chronic in-vivo 2-photon calcium imaging of individual, identified upper-
layer pyramidal neurons at several timepoints pre- and post vision onset between P8 and P35. In 
addition to each neurons pattern of spontaneous activity, we determine its preference for 
orientation, direction, spatio-temporal frequency and ocular dominance, and test whether early 
spontaneous activity is predictive for aspects of adult feature preference. 

Together, we will link structural features in patterned activity to both, specific molecular 
developmental programs and sensory driven response properties. 

chronic in vivo 2-photon calcium imaging, activity-dependent gene expression, alternative 
splicing, primary visual cortex 
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SHORT TALK 

Perinatal correlated retinal activity is required for the wiring of visual axons in non-image 
forming nuclei 

Herrera, Eloisa(1); Negueruela, Santiago(1); Morenilla-Palao, Cruz(1); López-Cascales, Maria 
Teresa(1); Florez-Paz, Danny(1); Gomis, Ana(1) 

(1)Instituto de Neurociencias 

The formation of the visual system is a complex multistep process that includes the establishment 
of proper connectivity of retinal ganglion cell (RGC) axon terminals with their relay neurons 
located in the brain. In mammals, the assembly of the different components of the visual circuit 
occurs at perinatal stages before eye opening. Upon reaching the target nuclei RGC axons 
extensively arborize and subsequently refine to establish the final connections. Spontaneous 
activity generated in the immature retina plays an essential role in the refinement of visual 
terminals at the main image-forming nuclei (IFN) that follow an eye-specific and retinotopic 
organization. However, the molecular mechanisms underlying spontaneous activity-dependent 
axon remodeling, and the influence of this activity in the connectivity of non-image forming nuclei 
(NIFN) that lack precise retinotopic maps and/or eye-specific segregation, are not well known. 
Here, by generating conditional mice with disturbed spontaneous retinal activity and analyzing 
their retinal transcriptomic profiles, we identified novel players involved in axon refinement at the 
visual nuclei (e. g. Syt13). The analysis of visual projections in the NIFN of these mice revealed 
that correlated-retinal activity shapes final connectivity in non-retinotopic or eye-specific 
segregating visual nuclei.  

correlated retinal activity, non-image forming nuclei, axonal remodeling 
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SHORT TALK 

The influence of retinal waves and visual activity on the development of the retinal 
direction selectivity map 

Tiriac, Alexandre(1); Bistrong, Karina(2); Pitcher, Miah(2); Tworig, Joshua(1); Feller, Marla(1) 

(1)Department of Molecular and Cell Biology, University of California, Berkeley, Berkeley, CA 
94720, USA; (2)Helen Wills Neuroscience Institute, University of California, Berkeley, Berkeley, 
CA, 94720, USA 

Identifying the direction of motion is a critical computation that mediates visually-guided 
behaviors, from reflexively moving our eyes to interacting with moving objects. In many animals, 
including mice, the detection of the direction of motion begins in the retina. There, a subset of 
retinal ganglion cells fire more action potentials in response to visual stimuli moving in one 
direction, called the preferred direction, than to visual stimuli moving in the opposite direction, 
called the null direction. In adult mice, the preferred directions of all direction-selective ganglion 
cells do not randomly span a circle but rather form an organized map that aligns to the axes of 
optic flow. We used two-photon calcium imaging to assess whether activity, elicited by visual 
experience or retinal waves, is involved in the development of the retinal direction selectivity map. 
We find that the map is already mostly organized when mice first open their eyes and that dark-
rearing mice from conception to adulthood does not impact this organization. Remarkably, in mice 
lacking the beta2 subunit of neuronal nicotinic acetylcholine receptors (ß2-nAChR-KO), which 
exhibit drastically reduced cholinergic retinal waves in the first postnatal week, selectivity to 
horizontal motion is absent while selectivity to vertical motion remains. Using transgenic mice, we 
find that genetically identified horizontal direction-selective cells are still present in ß2-nAChR-KO 
mice but now respond symmetrically to moving stimuli. During the second postnatal week, when 
glutamatergic waves are dominant, these mice exhibit a normal propagation bias, arguing that a 
spatiotemporal feature of retinal waves other than propagation bias could be important for the 
development of direction selectivity. Furthermore, these mice exhibit relatively normal expression 
of FRMD7, a gene that is strongly linked to the formation of horizontal direction selectivity, and 
normal starburst amacrine cell morphology, an interneuron of the retina whose symmetric 
morphology is critical to the direction-selectivity computation. In summary, these findings 
demonstrate that the retinal direction selectivity map develops prior to vision in a manner 
dependent on the presence of cholinergic waves via a mechanism yet to be discovered.  

Development, retina, spontaneous activity, direction selectivity 
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SHORT TALK 

Perinatal retinal waves regulate the early functional segregation of sensory modalities 
via the superior colliculus 

Guillamón Vivancos, Teresa(1); Martini, Francisco J.(1); Aníbal, Mar(1); Moreno-Bravo, Juan 
Antonio(1); Torres, Daniel(1); Valdeolmillos, Miguel(1); López-Bendito, Guillermina(1) 

(1)Instituto de Neurociencias 

A functional map of the periphery is already present at birth and at late embryonic stages in the 
mouse somatosensory cortex, as demonstrated by whisker pad stimulations and in vivo calcium 
imaging (Anton-Bolaños et al., 2019). However, at embryonic stages we observed that, in addition 
to the activation of the somatosensory cortex, one third of the stimulations also triggered a 
bilateral response in left and right visual cortices. This multimodal response was potentiated and 
extended into postnatal stages by early removal of retinal input (embryonic bilateral enucleation, 
embBE), thus indicating that the functional segregation of the visual circuits occurs perinatally 
upon arrival of retinal input. We demonstrate that the superior colliculus plays a fundamental role 
in this process as it segregates visual from somatosensory circuits intra-collicularly. This 
segregation is triggered by the arrival of the retinal axons and specifically by stage I retinal waves. 
Blocking this retinal activity was enough to trigger a fast multimodal response and therefore a 
bilateral visual cortex activation upon unilateral whisker pad stimulation. This functional 
reorganization mimicked the one found in the embBE mice and and caused long-term effects in 
the wiring of visual circuits. 

retinal waves, visual cortex, superior colliculus, spontaneous activity, in vivo 
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SHORT TALK 

Cortical feedback regulates developing thalamic activity and circuit refinement in the 
mouse visual system 

Murata, Yasunobu(1); Colonnese, Matthew(1) 

(1)George Washington University 

Spontaneous retinal activity plays a foundational role in the establishment and refinement of 
connectivity during the development of the visual system. However, it remains poorly understood 
how the information from the retina is represented in the developing thalamus and cortex and how 
it guides circuit formation. 

Here, we investigate the characteristics and generative mechanisms of thalamocortical activity in 
the mouse visual system in vivo throughout the early postnatal period. We focus on the role of 
cortical feedback because recent work shows that reciprocal thalamocortical interactions are 
critical for the generation of activity in the developing thalamus. Using high-density multi-electrode 
arrays in the visual thalamus and cortex of un-anesthetized neonatal mice, we find that early 
thalamic firing is correlated in an eye-specific and spatial manner, presumably reflecting the 
spontaneous retinal wave activity from both eyes. Such correlated thalamic activity is prevalent 
only until postnatal day (P) 11, one to two days before eye opening. Chemogenetic reduction of 
cortical activity before P11 revealed that cortical feedback not only amplifies thalamic activity but 
also coordinates thalamic neuronal firing by increasing correlated activity among same-eye 
responsive thalamic neurons, thus enhancing their differences from opposite-eye responsive 
neurons.   Furthermore, chronic reduction of cortical activity during the second postnatal week 
impaired eye-specific segregation of retinal axons in the visual thalamus, consistent with the role 
of cortical feedback in synchronizing eye-specific thalamic regions.  

This study shows a crucial role for the unique developmental properties of reciprocal 
thalamocortical interactions in the transmission of retinal activity and the formation of visual 
circuits.  

Visual cortex, thalamus, dLGN, retinal wave, electrophysiology, EEG 
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INVITED SPEAKER 

Leveraging human neuronal networks on micro-electrode arrays to study disease-
specific genotype-phenotype correlations 

Nadif Kasri, Nael(1) 

(1)Radboudumc 

Recent progress in human genetics has led to the identification of hundreds of genes associated 
with neurodevelopmental disorders (NDDs). Despite considerable progress in elucidating the 
genetic architecture of NDDs, a major gap exists between the genetic findings and deciphering 
the pathophysiology of NDDs.  

We generated neuronal networks from multiple patient-derived neurons with mutations in 
different NDD genes, 
including CDH13, ARID1B, EHMT1, CHD8, CHD2, KANSL1, KMT2D and ANK2. In addition, we 
generated genome-edited isogenic lines with heterozygous loss-of-function for each of these 
genes. We monitored the spontaneousactivity of neuronal networks coupled to micro-electrode 
arrays (MEAs) over time and compared their activity to healthy controls and between ASD 
syndromes. We first benchmarked the robustness of MEA-derived neuronal activity patterns from 
ten healthy individual control lines, and uncover comparable network phenotypes. Using 
independent clustering analysis, encompassing 15 independent MEA parameters, we then show 
that all patient lines deviated from healthy control lines and their respective isogenic lines. 
Furthermore, we show that neuronal networks with mutations in the same gene, including the 
isogenic lines, functionally clustered together. At the same time, we show that subtypes 
of NDDs sharply segregated from each other with distinguishable network patterns. The most 
pronounced differences between NDDs were observed at the level of spontaneous network 
activity, either at the level of network burst frequency, or network burst length. Finally, by 
combining MEA recordings with transcriptomics within the same experiment (MEA-Seq) we 
identified molecular pathways that underlie specific neuronal network phenotypes observed in 
ASD subtypes. 

Our data indicate that MEASeq is a robust and sensitive method to perform genotype-phenotype 
analyses, which can serve as a powerful platform to identify functional points of convergence 
between ASD genes and be used for high-throughput drug screening assays. 

spontaneous netwrok activity, micro electrode array, induced pluripotent stem cells, 
neurodevelopmental disorders 
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INVITED SPEAKER 

Development of fast cortical rhythms in health and mental disease 

Hanganu-Opatz, Ileana(1) 

(1)Inst. Dev. Neurophysiol., UKE Hamburg, Germany 

Synchronization of neuronal activity in fast oscillatory rhythms is a commonly observed feature in 
the adult cerebral cortex. While its exact functions are still a matter of debate, oscillatory activity 
in gamma frequency range (20-100 Hz) has been proposed to organize neuronal ensembles and 
to shape information processing in cortical networks. Gamma activity emerges from reciprocal 
interactions between excitatory and inhibitory neurons. A fine-tuned balance between excitatory 
drive and inhibitory feedback is mandatory for circuit function underlying cognitive performance, 
whereas imbalance between excitation and inhibition and resulting gamma disruption have been 
proposed to cause cognitive disabilities in psychiatric disorders. Despite extensive investigation 
of gamma activity in adult brain, its development and function early in life are still poorly 
understood. The talk will highlight recent experimental findings that uncover the mechanisms and 
role of fast oscillatory activity throughout development. We will uncover how different neuronal 
populations interact to generate gamma oscillations. Moreover, we will show that these early 
oscillations are necessary for the adult cognitive abilities. On the flip side, poorer mnemonic and 
social abilities that have been characterized in several psychiatric disorders, such as 
schizophrenia and autism, might result from developmental miswiring of the brain. Our data 
support this hypothesis by demonstrating that weaker fast oscillatory rhythms, sparser 
connectivity and lower communication are present in the core circuit of cognitive processing, 
including the prefrontal cortex, hippocampus and entorhinal cortex, in mouse models of these 
disorders. Together, these findings highlight the relevance of fast cortical rhythms early in life for 
the adult brain function. 

gamma oscillations, prefrontal cortex, memory, excitation-inhibition 
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INVITED SPEAKER 

Mechanisms of GABAergic circuit assembly in the somatosensory cortex 

De Marco García, Natalia(1) 

(1)Weill Cornell Medical College 

During neonatal development, sensory cortices generate spontaneous activity patterns shaped 
by both sensory experience and intrinsic influences. How these patterns contribute to the 
assembly of neuronal circuits is not clearly understood. Using in vivo calcium imaging in young 
mouse pups, we show that spatially segregated assemblies of interneuron and pyramidal cells 
are already evident at neonatal stages. In this talk, I will cover recent work from my lab indicating 
that GABAergic inputs shape cortical network patterns that balance the number of interneurons 
integrating into maturing cortical networks during a critical window of development. In addition, I 
will discuss how imaging approaches including longitudinal 2-photon and widefield calcium 
imaging can be used to study the link between genetic predispositions for  neurodevelopmental 
disorders and their impact on early network dynamics, and functional connectivity. 
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INVITED SPEAKER 

Runx1 controls the maturation of functionally diverse spiral ganglion neurons 

Goodrich, Lisa(1); Shrestha, Brikha(1);Wu, Lorna(1); Diuba, Artem(2); Puel, Jean-Luc(2); 
Bourien, Jerome(2) 

(1)Harvard Medical School; (2)University of Montpellier 

Everything we hear is encoded by the activity of spiral ganglion neurons (SGNs), which transmit 
sound information from the cochlea to the brain. The ability to encode complex sounds over a 
wide dynamic range is predicted to rely on three molecularly distinct subtypes of SGNs (Ia, Ib, 
and Ic), which differ in their spontaneous firing rates, as well as the location and nature of their 
synapses on the hair cell. Previously, we showed that the final maturation of Ib and Ic SGNs 
occurs during the first postnatal week in mice in an activity-dependent manner. Towards 
understanding how this maturation unfolds at the molecular level, we focused on the transcription 
factor Runx1, which is restricted to developing Ib/c SGNs from late embryogenesis and 
maintained in adults. Upon deletion of Runx1 from all SGNs, there is a significant reduction of 
Ib/c SGNs and concomitant expansion of Ia SGNs, as assessed by single cell RNA-sequencing. 
Closer examination of the molecular phenotype showed that the converted SGNs produce Ia-
specific cohorts of physiologically relevant molecules, such as ion channels and synaptic proteins. 
However, many also express Ib/c-specific cell adhesion molecules, consistent with the idea that 
Ib/c SGN identities are established earlier, for instance during initial wiring events, and that 
Runx1’s role is to guide their final maturation. Consistent with this idea, loss of Runx1 during the 
first postnatal week also shifted Ib/c SGNs towards a Ia identity. Additionally, Runx1 mutant Ib 
and Ic SGNs still target their peripheral processes to Ib/c locations on the hair cells. However, the 
nature of their synaptic contacts changed, such that synapses with Ia features now appear in Ib/c 
locations. Finally, we assessed the physiological impact of this change in SGN functional diversity 
by recording compound action potentials (CAPs) and auditory brainstem responses. Both 
measures revealed significantly enhanced SGN responses, as should occur if there are more Ia 
SGNs, which normally fire more synchronously than the Ib and Ic SGNs. Indeed, the CAP 
responses closely matched predictions from a computational model in which all SGNs exhibit high 
spontaneous firing rates, which are typical of Ia SGNs. Together, these findings demonstrate that 
Runx1 acts during activity-dependent periods of cochlear maturation to create functional diversity 
among SGNs that influences how sounds are encoded. 

Runx1, spiral ganglion neuron, cochlea, hearing 
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SHORT TALK 

Developmental Spontaneous Activity Establishes Sensory Domains and Proper Gain in 
Central Auditory Circuits 

Kersbergen, Calvin(1); Babola, Travis(1); Rock, Jason(2); Bergles, Dwight(1) 

(1)Johns Hopkins University; (2)Genentech 

Neurons in the developing auditory system fire periodic bursts of action potentials that are 
generated in the cochlea in the absence of sound. This spontaneous activity is thought to promote 
maturation of sound processing circuitry; however, the precise roles of stereotyped, correlated 
firing of auditory neurons during development remain poorly understood. Addressing this question 
requires a means to selectively disrupt the correlated burst firing of auditory neurons prior to 
hearing onset, while preserving the later ability of the inner ear to transduce sound. Our previous 
studies indicate that inner supporting cells (ISCs) within the cochlea initiate neuronal burst firing 
by spontaneously releasing ATP, initiating a cascade of events that culminates in activation of 
ISC calcium-activated chloride channels (TMEM16A/ANO-1). Chloride efflux through these 
channels provides the ionic force necessary to draw potassium out of ISCs, triggering coordinated 
depolarization of nearby inner hair cells. Here, we genetically inactivated Tmem16a within the 
cochlea and assessed the consequences for both developmental spontaneous activity and 
subsequent response patterns of neurons to sound. 

Whole cell recordings from ISCs in cochleae isolated from Tecta-Cre;Tmem16afl/fl (Tmem16a 
cKO) mice indicated that loss of TMEM16A abolished spontaneous inward currents in ISCs 
throughout postnatal development. Consistent with the critical role of ISCs in triggering burst 
firing, in vivo widefield Ca2+ imaging of the inferior colliculus (IC) in neonatal mice revealed that 
spontaneous neuronal activity was dramatically reduced and less spatially restricted in Tmem16a 
cKO mice; however, cochlear structure was preserved and no hair cell or neuronal loss was 
detected, and these mice retained normal auditory brainstem response (ABR) thresholds after 
hearing onset. Nevertheless, neurons in Tmem16a cKO mice were more sensitive to pure tones, 
responding with larger Ca2+ increases elicited to a given sound stimulus, and the area activated 
within the IC to tonal stimuli was broader, indicating that response gain in the central auditory 
pathway was enhanced. Two-photon imaging confirmed that individual neurons in the IC of these 
mice were more broadly tuned, responding to a wider frequency range. In addition, imaging of 
neuronal responses to a range of sound frequencies revealed that the tonotopic map in IC was 
profoundly compressed in Tmem16a cKO mice, with sound-responsive neurons restricted to a 
smaller portion of the midbrain. These results indicate that intrinsically driven, correlated firing of 
auditory neurons within sensory domains is necessary to both establish isofrequency domains 
and set the proper sensitivity of auditory circuitry within the brain. 

Cochlea, neural development, inferior colliculus, auditory cortex, supporting cells 
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INVITED SPEAKER 

Chandelier cells shine a light on the emergence of GABAergic circuits in the cortex 

Juan Burrone(1) 

(1)Kings College, UK 

GABAergic interneurons are chiefly responsible for controlling the activity of local circuits in the 
cortex. Chandelier cells (ChCs) are a type of GABAergic interneuron that control the output of 
hundreds of neighbouring pyramidal cells through axo-axonic synapses 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. We have investigated the 
emergence and plasticity of axo-axonic synapses in layer 2/3 of the somatosensory cortex (S1) 
and found that ChCs follow what appear to be homeostatic rules when forming synapses with 
pyramidal neurons. We are currently implementing in vivo techniques to image the process of 
axo-axonic synapse formation during development and uncover the dynamics of synaptogenesis 
and pruning at the AIS. In addition, we are using an all-optical approach to both activate and 
measure the activity of chandelier cells and their postsynaptic partners in the primary visual cortex 
(V1) and somatosensory cortex (S1) in mice, also during development. We aim to provide a 
structural and functional description of the emergence and plasticity of a GABAergic synapse type 
in the cortex.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

32 
 

 

INVITED SPEAKER 

Molecular determinants of activity-dependent synapse refinement 

Umemori, Hisashi(1) 

(1)Harvard Medical School 

The formation of appropriate synaptic connections is critical for the proper functioning of the brain. 
Initially, neurons form a surplus of immature synapses. To establish efficient, functional neural 
networks, neurons selectively stabilize active synapses and eliminate less active ones. This 
process is known as activity-dependent synapse refinement. However, the manner and molecules 
by which synapse refinement is regulated remain to be elucidated. We have established mouse 
in vivo systems and showed that inactive synaptic connections are eliminated only when there 
are other active connections to compete with. Thus, when a subset of inputs is inactive, the 
inactive inputs are eliminated; contrarily, when all inputs are inactive, elimination does not occur. 
This suggests that active connections send a "punishment" signal to inactive ones and instruct 
them to leave by triggering "elimination" signals within the inactive synapses. At active synapses, 
connections are kept by the presence of "stabilization" signals. I will discuss the identification of 
these signals and how they interact with each other to determine whether to eliminate or stabilize 
the synaptic connections. 

synapse refinement, molecular determinants 
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SHORT TALK 

Lateral inhibition signals for synaptic competition 

Leiwe, Marcus(1); Fujimoto, Satoshi(1); Aihara, Shuhei(1); , Richi(2); Muroyama, Yuko(3); 
Kobayakawa, Reiko(4); Kobayakawa, Ko(4); Saito, Tetsuichiro(3); Imai, Takeshi(1) 

(1)Kyushu University; (2)Kyushu University, Kyoto University; (3)Chiba University; (4)Kansai 
Medical University 

In developing brains, neurons initially form excessive connections, then remodel them to form 
functional neuronal circuitry. It is known that synaptic competition facilitates synapse elimination 
to establish specific connectivity; however, it has remained unknown how a postsynaptic cell 
eliminates all but one type of synaptic inputs. 

Here we investigate how a mitral cell in the olfactory bulb prunes all but one primary dendrite 
during the developmental remodeling process. We find that glutamatergic spontaneous activity 
generated within the olfactory bulb is essential for dendrite pruning. We demonstrate that 
glutamatergic inputs to a stronger dendrite trigger branch-specific changes in RhoA activity to 
selectively prune weaker dendrites: NMDAR-dependent local signals suppress RhoA to protect 
the stronger dendrite; however, the subsequent neuronal depolarization induces neuron-wide 
activation of RhoA to selectively prune weaker dendrites. 

Our results suggest a general mechanism in which activity-dependent lateral inhibition across 
synapses establishes a discrete receptive field of a neuron. 

Development, Pruning, Olfaction, Lateral Inhibition 
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SHORT TALK 

Development of Dendritic Domains in the Visual Cortex Before Eye Opening 

Buijs, Tamara J.(1); Leighton, Alexandra H.(1); Cheyne, Juliette E.(1); Lohmann, Christian(1) 

(1)Netherlands Institute for Neuroscience 

Dendrites have long been compared to passive cables that integrate synapse activity in a linear 
fashion. However, it has recently become clear that dendrites have impressive local processing 
capacity. This is partially made possible by the precise spatial organization of synapses into 
computational domains on the dendrite during brain development. Using an in vivo imaging 
approach, we found previously that the location in which synapses develop on the dendrite is not 
random. Synapses preferentially end up on 10-50µm long stretches of dendrite that we have 
termed dendritic domains. Driven by spontaneous network activity, synapses inside of these 
domains have higher activity levels. Synapses become organized in dendritic domains during the 
second postnatal week in mouse visual cortex, before eye opening. 

Whether this functional organization into dendritic domains is mirrored by a structural 
compartmentalization of the dendrite remains unknown. To answer this question, we use an in 
vitro approach, combining voltage-clamp recordings and calcium imaging across populations of 
individual synapses in organotypic slice cultures of neonatal (P5) mouse visual cortex. First, we 
asked whether the in vitro development of dendritic domains matches the in vivo situation. Results 
show that cultured neuronal networks are spontaneously active and synaptic density and activity 
increased between 3 to 7 days-in-vitro, similar to the in vivo condition. 

Having established an organotypic slice culture system that allows for the in vitro observation of 
dendritic domain development, we will now be able to use this system to identify their underlying 
molecular structure. Acquiring this fundamental knowledge will shed light on the biological 
mechanisms that evolved to optimize our brains for high-level computations. 

Dendritic Integration, Synapse Clustering, Development, Mouse, Visual Cortex 
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P- 1 | Activity-dependent dendrite growth through formation and removal of synapses 

 

Euler, Lucas(1); Kirchner, Jan H.(2); Gjorgjieva, Julijana(2) 

(1)Max Planck Institute for Brain Research; (2)Max Planck Institute for Brain Research, 
Technical University of Munich 

Neurons execute diverse computations that are constrained by the branching of their dendrites 
and the synapses they form with other neurons. During brain development, many dendrites grow 
simultaneously and become integrated into multiple networks. Extensive experimental data has 
demonstrated the role of synapse formation and neural activity on dendrite growth. Yet, 
computational models of dendrite growth mostly assume random branching, implement activity-
independent growth cones or generate dendrite morphologies based on abstract mathematical 
constraints. While these approaches achieve highly accurate dendritic morphologies and capture 
the dendrite’s developmental stages, they lack mechanistic insight into how changes in 
morphology influence and constrain the emergence of function and vice versa. Consequently, 
they fail to elucidate the link between morphological variability and electrophysiological or 
functional properties. 

 

Here, we propose a model in which dendrite growth and retraction stem from combining activity-
dependent and -independent cues from potential synaptic partners. A newly formed synaptic 
contact is either stabilized or removed according to a local plasticity rule for synaptic organization. 
Consistent with experiments, three sequential phases (overshoot, pruning, and stabilization) 
emerge naturally in this model. Furthermore, growth is perturbed in a biologically-plausible 
fashion when the local plasticity is perturbed. Since input correlations determine synaptic stability, 
dendrites achieve selectivity to correlated inputs by pruning uncorrelated inputs. In our model, 
this selectivity of individual dendrites leads to competition for appropriate synaptic input between 
nearby dendrites and affects dendrite morphology in an experimentally-testable way. 
Furthermore, dendrites acquire diverse morphologies despite nearly identical initial conditions, 
highlighting how early developmental variability affects mature morphology. Since proximity to 
potential synaptic partners controls dendritic outgrowth in the model, dendrites approximate 
optimal wiring length but overshoot it slightly. In summary, our mechanistic model captures 
diverse phenomena related to dendrite growth and suggests specific ways in which synaptic 
formation and removal control both form and function. 

dendrites, synaptic plasticity, dendrite morphology, development, cortex 
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P-2 | Activity-dependent regulation of cell death in a caspase3 overexpression model 

 

Schroer, Jonas(1); Warm, Davide(1); Luhmann, Heiko(1); Sinning, Anne(1) 

(1)Institute for Physiology, Unimedical Center University Mainz 

During early brain development the mammalian cortex is formed with an excess number of 
neurons, but a substantial proportion of these cells then undergoes programmed cell death. This 
homeostatic regulation of neuronal survival is fundamental for proper structural and functional 
development of the brain. A key player in the regulation of this process is neuronal activity in a 
way that blockade of neuronal activity leads to a significant increase in cell death, while an 
increase in activity is associated with higher survival rates. 

To investigate the mechanisms that are involved in the pro-survival effect of neuronal activity, we 
work with an AAV-based overexpression model of the activated form of caspase3 (aCasp3) in 
primary cortical cultures which significantly increases cell death rates. In the genetic context of 
elevated caspase3 activity, disinhibition of the neuronal network by application of the GABAA-
receptor antagonist gabazine yet results in a significant increase in cell survival. To investigate 
how disinhibition mitigates cell death in neurons overexpressing aCasp3, we assess network and 
single neuron activity using MEA recordings combined with Ca2+-imaging. In doing so, we 
demonstrate that aCasp3 overexpressing cells further participate in synchronous network activity. 
Important regulators of apoptosis are members of the BCL-2 protein family, in particular Bax as a 
pro-apoptotic factor and its pro-survival counterpart BCL-2. Interestingly, Bax/BCL-2 ratio is 
lowered and thus shifts toward the pro-survival side when the network is disinhibited. Remarkably, 
in the mouse cortex this ratio peaks at the end of the first postnatal week in vivo and thus coincides 
with the peak in apoptosis and the appearance of high frequency synchronized activity patterns. 
Intriguingly, in our overexpression the activity level of caspase-3 does not change with increased 
activity, excluding that neuronal activation alters caspase expression or activation directly. We 
further investigate the mechanisms underlying the survival-promoting effect of neuronal activity 
by inhibiting outer mitochondrial membrane permeabilization by applying the Bax inhibitor 
peptide-V5. Suppression of Bax activity results in cell survival rates similar to that observed in 
disinhibited cultures. 

Activation of caspase3 was considered the point of no return in apoptosis. However, in recent 
years it has been shown that caspase3 is also involved in neuronal processes such as axon 
pathfinding and synaptic pruning. Along this line, our data indicate that neurons with a high level 
of activity show a higher tolerance to aCasp3 and are more likely to survive. 

Apoptosis, Neuronal Activity, BCL-2, Bax, Caspase3 
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P-3 | Activity-dependent regulation of thalamic and cortical interneurons and microglia in 
the visual system 

Huerga-Gomez, Irene(1); Lopez-Bendito, Guillermina(1) 

(1)CSIC 

GABAergic interneurons (INs) are inhibitory cells necessary to balance excitation and inhibition 
in the brain. During development, INs migrate from their site of origin towards their final 
destination, where they build stable neural circuits together with the excitatory cells. Thus, our 
aim is to unravel the mechanisms that direct IN migration and circuit assembly in the mouse 
thalamus. We specifically investigate, first, the role of thalamic activity on INs migration and 
integration, and second, to what extent the abnormal embryonic thalamic activity affects the 
distribution of cortical interneurons. We have seen changes in the number of dLGN INs in mice 
lacking embryonic thalamic spontaneous activity, and strikingly, changes also in the density and 
morphology of microglia. In addition, in primary sensory cortices, the proportion of Somatostin 
positive and Parvalbumin-positive INs varies between mice lacking thalamic spontaneous activity 
and control littermates. Thus, normal patterns of thalamic spontaneous activity appear to 
contribute to the circuit assembly both in the thalamus and in the cortex. 

thalamus, interneuron, dLGN, microglia, visual cortex 
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P-4 | Activity-dependent regulation of thalamic and cortical interneurons and microglia in 
the visual system 

 

Huerga-Gomez, Irene(1); Lopez-Bendito, Guillermina(1) 

(1)CSIC 

GABAergic interneurons (INs) are inhibitory cells necessary to balance excitation and inhibition 
in the brain. During development, INs migrate from their site of origin towards their final 
destination, where they build stable neural circuits together with the excitatory cells. Thus, our 
aim is to unravel the mechanisms that direct IN migration and circuit assembly in the mouse 
thalamus. We specifically investigate, first, the role of thalamic activity on INs migration and 
integration, and second, to what extent the abnormal embryonic thalamic activity affects the 
distribution of cortical interneurons. We have seen changes in the number of dLGN INs in mice 
lacking embryonic thalamic spontaneous activity, and strikingly, changes also in the density and 
morphology of microglia. In addition, in primary sensory cortices, the proportion of Somatostin 
positive and Parvalbumin-positive INs varies between mice lacking thalamic spontaneous activity 
and control littermates. Thus, normal patterns of thalamic spontaneous activity appear to 
contribute to the circuit assembly both in the thalamus and in the cortex. 

thalamus, interneuron, dLGN, microglia, visual cortex 
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P-5 | Asynchronous development of deviance detection in the mouse central auditory 

 

Valerio, Patricia(1); Rechenmann, Julien(2); Joshi, Suyash(1); De Franceschi, Gioia(1); Barkat, 
Tania(1) 

(1)Basel University; (2)Rechenmann Data Consultant Services 

An essential task for our brain is to separate rare from common sensory inputs, defined as 
deviance detection. Previously characterized in adult humans and animals, deviance detection 
has most commonly been studied using an oddball paradigm, comprising sequences of common 
- standard - and rare - deviant - stimuli. These studies associated two mechanisms with deviance 
detection: stimulus-specific adaptation (SSA) and ‘true’ deviance detection or prediction error 
(PE). It is, however, still unknown whether deviance detection changes during postnatal 
development and what neuronal circuits might be involved. Using in vivo awake 
electrophysiological recordings, we studied this process in the central auditory areas – inferior 
colliculus (IC), medial geniculate body (MGB), and primary auditory cortex (A1) of adolescent 
mice (postnatal day 20 (P20) to P50). We observed an asynchronous development of deviance 
detection across the central auditory system: although already stable at P20 in the IC, deviance 
detection develops until P30 in the MGB and even later in the A1. These developmental changes 
do not depend on the number of preceding standards and seem to relate to PE maturation, as 
our oddball paradigm does not show SSA. By continuously exposing the adolescent mice to white 
noise, known to delay brain maturation, we observed that the deviance detection changes are 
experience-dependent in A1 but not in MGB. We identified the observed alterations in A1 related 
to a later maturation of deep layers across cell types. By coupling optogenetics with 
electrophysiological recordings, we found corticothalamic projections implicated in the maturation 
of deviance detection in MGB. Overall, our results show distinct deviance detection development 
across the central auditory areas during adolescence and a later maturation of the A1 deep layer 
circuitry underlying it. Together, they support the importance of adolescence plasticity for the 
refinement of sensory processing. More generally, they will help understand prediction errors and 
surprise across sensory systems.  

Postnatal development, adolescence, inferior colliculus, medial geniculate body, auditory cortex, 
deviance detection, oddball, neuronal circuits, electrophysiology, optogenetics, mouse 
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P-6 | Cellular Mechanisms and Spatiotemporal Properties Underlying Embryonic Retinal 
Waves 

 

Voufo, Christiane(1); Feller, Marla(1); Tiriac, Alex(1) 

(1)University of California, Berkeley 

Correlated spontaneous activity is a hallmark of developing neural circuits. In the retina, 
spontaneous activity comes in the form of retinal waves and persists from embryonic day 16 to 
postnatal day 14, when eye opening occurs. Though much is known about the mechanisms that 
mediate retinal waves during postnatal stages of development, little is known about the circuits 
that mediate embryonic retinal waves, with the predominant model suggesting that these waves 
are mediated by gap junctions between retinal ganglion cells. To determine the circuits that 
mediate these waves, we used a combination of two-photon calcium imaging and pharmacology. 
We found that embryonic retinal waves are mediated by cholinergic neural circuits at an age prior 
to the presence of structural cholinergic synapses. Moreover, we show that blocking gap junctions 
reduces but does not abolish embryonic waves. To characterize the spatiotemporal properties of 
embryonic retinal waves, we used a custom built macroscope to record waves from whole 
embryonic retinas and are currently measuring the frequency, speed, area of propagation, 
refractory period, and distribution of wave initiation sites. These insights open new avenues for 
studying the function of embryonic spontaneous activity on the development of retinal and other 
visual circuits. 

Development, retinal waves, ipRGCs 
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P-7 | Development of Topographic Maps in Neural Field Theory with Short Time Scale 
Dependent Plasticity 

 

Gale, Nicholas(1); Rodger, Jennifer(2); Small, Michael(2); Eglen, Stephen(1) 

(1)University of Cambridge; (2)University of Western Australia 

Topographic development is dependent on spontaneous patterns of neural activity generated in 
the pre-synaptic regions working together with plasticity mechanisms to refine existing 
connections. Studies performed in mouse have shown that these spontaneous patterns can 
exhibit complex spatial-temporal structures which are not completely captured in existing 
modelling frameworks. Neural field theories are appropriate modelling paradigms for topographic 
systems due to the dense nature of the connections between regions and can be augmented with 
a plasticity rule general enough to capture complex time-varying structures. In this work we 
propose a theoretical framework for studying topographic development and refinement via spatial-
temporal activity fed-forward from the pre-synaptic to post-synaptic regions. We show that the 
model can be analytically solved with the solution demonstrating the refinement properties of 
spontaneous activity, and that noise can be a stabilising factor in the dynamics. We also use the 
model to understand the perturbed refinement in the Beta2 knock-out mice by carrying out MCMC 
simulations. These simulations allow us to estimate the time scale of the plasticity window at 0.56 
seconds and offer a good explanation of the data with a model fit of R2 = 0.81. 

STDP, Plasticity, Spontaneous Activity, Topography, Retinotopy, Refinement, Beta2 
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P-8 | Developmental increase of inhibition drives decorrelation of neural activity 

Chini, Mattia(1); Pfeffer, Thomas(2); Ileana, Hanganu-Opatz(1) 

(1)University Medical Center Hamburg-Eppendorf; (2)Universitat Pompeu Fabra, Barcelona 

Throughout development, the brain transits from early highly synchronous activity patterns to a 
mature state with sparse and decorrelated neural activity, yet the mechanisms underlying this 
process are unknown. The developmental 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 mouse medial prefrontal cortex (mPFC), neural activity during the first two 
postnatal weeks decorrelates following specific spatial patterns. This process is accompanied by 
a concomitant tilting of excitationinhibition (E-I) ratio towards inhibition. Using optogenetic 
manipulations and neural network modeling, we show that the two phenomena are 
mechanistically linked, and that a relative increase of inhibition drives the decorrelation of neural 
activity. Accordingly, in mice mimicking the etiology of neurodevelopmental disorders, subtle 
alterations in E-I ratio are associated with specific impairments in the correlational structure of 
spike trains. Finally, capitalizing on EEG data from newborn babies, we show that an analogous 
developmental transition takes place also in the human brain. Thus, changes in E-I ratio control 
the (de)correlation of neural activity and, by these means, its developmental imbalance might 
contribute to the pathogenesis of neurodevelopmental disorders 

E-I ratio, decorrelation, spike trains, EEG, neural networks modeling, optogenetics 
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P-9 | Divergent patterns of spontaneous activity in distinct sensory cortices during early 
development 

Torres, Daniel(1); Guillamón-Vivancos, Teresa(1); Martini, Francisco J.(1); Valdeolmillos, 
Miguel(1); López-Bendito, Guillermina(1) 

(1)Instituto de Neurociencias 

Patterns of neuronal activity emerge spontaneously in the developing brain and play a pivotal role 
in the maturation of sensory circuits. However, the role of these patterns of activity in endowing 
cortical territories with specific sensory modalities remains unclear. Using meso-scale functional 
imaging in embryonic and early postnatal mice and classification algorithms for the data analysis, 
we show that distinct sensory cortical territories exhibit specific patterns of spontaneous activity. 
These patterns of spontaneous activity are somehow influenced by the pattern of activity from 
peripheral structures. We showed that embryonic removal of the eyes modifies the normal pattern 
of activity in V1 activity with the appearance of larger and more correlated waves of activity in this 
territory and between both hemispheres. These changes in spontaneous activity in V1 were 
evident at later postnatal life as shown by multielectrode recordings in this sensory area and 
strongly predict a perturbed sensory visual processing in the adult. 

spontaneous activity, cortex development, funcional mesoscopic calcium imaging 
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P-10 | Early spontaneous activity predicts survival of developing cortical neurons 

Warm, Davide(1); Bassetti, Davide(1); , Jonas(1); Luhmann, Heiko J.(1);  Sinning, Anne(1) 

(1)Institute of Physiology, University Medical Center of the Johannes Gutenberg University, 
Mainz, Germany 

Spontaneous activity plays an instrumental role in the developing brain by coordinating the 
integration of immature neurons into the cortex. During early stages of development, cortical 
neurons display different patterns of electrical activity, which evolve from sparse and uncorrelated 
action potentials to synchronous oscillations in local neuronal assemblies. Concomitantly, high 
levels and complex patterns of spontaneous activity across different cortical networks are 
generally associated with low rates of apoptosis. However, it remains an open question whether 
spontaneous activity patterns encode for survival of individual cortical neurons during 
development.  

Here, we longitudinally investigated spontaneous activity and apoptosis in developing cortical 
cultures and assessed how different activity features contribute to the survival of individual 
neurons. The transgenic expression of a genetically encoded calcium indicator and a fluorescent 
nuclear tag allowed the direct observation of single neurons while preserving stereotypical 
features of network development. By combining microelectrode array recordings with live-cell 
imaging, we characterized spontaneous firing patterns of cortical neurons from day in vitro (DIV) 
9 to 15, taking into account structural and functional properties of the network.  

These experiments demonstrated cell death rates in culture were higher between DIV 9 and 12, 
when network activity was still low and emerging. At this immature stage, the spontaneous 
occurrence of calcium transients was strongly linked to neuronal survival. Indeed, silent neurons 
exhibited a higher probability of cell death, whereas high frequency spiking and burst behavior 
were almost exclusively detected in surviving neurons. In local neuronal clusters, activity of 
neighboring neurons exerted a pro-survival effect, whereas the absolute number of neighboring 
neurons was not associated with a preferred cell fate. On the functional level, stronger 
connectivity between neurons and high modular network topology were associated with lower cell 
death rates. Through the integration of early spontaneous activity features from network down to 
the single neuron level, cell fate of individual neurons was predictable using machine learning 
algorithms. In particular, intracellular calcium rises, integration in strongly interconnected neuronal 
modules, and neuronal firing rates were informative for survival of cortical neurons.  

In conclusion, our results indicate that high frequency spiking activity constrains apoptosis in 
single neurons through sustained calcium elevations and thereby consolidates networks in which 
a high modular topology is reached during early development. 

development, spontaneous activity, cortical neurons, apoptosis, machine learning, MEA, calcium 
imaging 

 

 

 

 

 

 



 

46 
 

 

P-11 | Embryonic Neuronal Activity and the Formation of Recurrent Intracortical Circuits 
in Mouse Piriform Cortex 

 

Wang, David(1); Luo, Liqun(1) 

(1)Stanford University Depart of Biology 

Neuronal activity plays a vital role in the assembly of neuronal circuits throughout development. 
While this has been explored in many afferent sensory circuits, the role of activity in shaping 
recurrent intracortical networks remains largely unexplored. The maturing architecture of 
intracortical circuits likely plays a role in how both sensory and spontaneous inputs are processed 
in young animals, which could influence not only early behavioral output but also shape how 
activity drives developmental processes in these circuits. 

The mouse olfactory system is highly ethologically important in neonatal life, and the primary 
olfactory (piriform) cortex has a high degree of recurrent connectivity, making this circuit ideal for 
examining of activity-dependent development of recurrent intracortical circuits. Previous studies 
in the adult piriform cortex have provided evidence for an ensemble coding of odorants, and 
neurons responding to similar odors may be preferentially connected to other intra-ensemble 
neurons. However, it remains an open question when and through what mechanisms this intra-
ensemble connectivity may form, and what role this kind of circuitry plays throughout 
development. 

Using Targeted Recombination in Active Populations (TRAP), a technique to non-invasively gain 
genetic access to highly active neurons, we found that the piriform cortex is robustly active in late 
embryogenesis. We hypothesized that the active neurons here may form the basis of neuronal 
ensembles involved in neonatal olfaction, such as sensing maternal odors. One possibility is that 
in utero activity of these populations may strengthen their ensemble connectivity through Hebbian 
plasticity, and well-connected neurons may promote robust pattern completion to facilitate 
neonatal olfactory learning. 

Preliminarily, slice physiology experiments in neonatal piriform neurons have shown that indeed 
embryonically TRAPed neurons are more likely to be connected to other TRAPed neurons than 
nonTRAPed neurons of similar cell type. However, immediate-early gene labeling shows that 
exposure to maternal odorants or in utero odorants does not preferentially activate embryonically 
TRAPed neurons. Instead, embryonically TRAPed neurons are more likely to be active than 
nonTRAPed neurons under all conditions, and spatial distribution of these neurons corresponds 
to that of cell types known to have high connectivity. We are currently conducting in vivo single 
unit recordings to further examine the role of these neurons in spontaneous and odor-evoked 
network activity in piriform, and how this may affect development of this recurrent intracortical 
circuit. 

embryonic spontaneous activity mouse piriform olfaction recurrent intracortical associational 
sensory memory ensembles assemblies engrams imprinting 
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P-12 | Emergence of modular patterned activity in developing cortex through intracortical 
network interactions 

 

Smith, Gordon(1); Mulholland, Haleigh(2); Kaschube, Matthias(3) 

(1)Optical Imaging and Brain Sciences Medical Discovery Team, University of Minnesota, 
Minneapolis, MN, USA;(2)Department of Neuroscience, University of Minnesota, Minneapolis, 
MN, USA;(3)Frankfurt Institute for Advanced Studies, Frankfurt am Main, Germany 

Modular and columnar activity is a fundamental mode of neural activity in the cortex of primates 
and carnivores. Prior work in ferret visual cortex has shown that already prior to visual experience, 
early spontaneous activity is modular, revealing large-scale correlated networks that are 
predictive of future functional representations of stimulus orientation. However, the origin of 
modular spontaneous activity in the early cortex is unclear at present. Computational models 
predict a striking ability of developing intracortical circuits to self-organize into modular, 
coordinated patterns of activity which reflect the spatial statistics of in vivo spontaneous activity. 
However, this prediction has not yet been tested in vivo during early development. Here, we 
combine widefield epifluorescence calcium imaging with excitatory optogenetics to 
simultaneously image and stimulate pyramidal neurons in layer 2/3 of developing ferret visual 
cortex (postnatal day 24-29, approximately 3-7 days before eye opening). We found that 
optogenetic stimulation of the cortex with a large (~3 mm) spatially uniform stimulus led to the 
rapid emergence of highly non-uniform, modular neural activity. The proportion of strongly 
modular patterns increased with optogenetic light intensity, suggesting a network activity 
threshold to generate structured activity from this spatially uniform input. Repeated stimulations 
led to a variety of evoked spatial patterns, and opto-evoked activity resided in a moderately low-
dimensional subspace that it shares with ongoing spontaneous activity. In contrast, activity 
patterns elicited with visual stimulation are highly stereotyped and strongly low dimensional. 
Notably, these modular opto-evoked events resembled spontaneous activity in their spatial 
structure and revealed highly similar large-scale correlated networks. To test whether modular 
activity arises via intracortical network interactions, we pharmacologically blocked glutamatergic 
synaptic activity in the cortex. As predicted by the computational model, we found that opto-
evoked events required activity propagating through local intracortical synapses in order to 
become modular. Additionally, after pharmacological silencing of the LGN, modularity in both 
opto-evoked and spontaneous activity persisted even in the absence of feedforward input, 
indicating that cortical circuits are both necessary and sufficient to produce modular activity 
patterns. Together, this provides strong evidence that the modular structure of ongoing 
spontaneous activity in the developing cortex is an emergent property of intracortical interactions 
through a self-organizing network.  

Visual system, development, optogenetics, ferret 
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P-13 | Experience drives the development of novel cortical sensory representations from 
endogenous networks 

 

Trägenap, Sigrid(1); Fitzpatrick, David(2); Kaschube, Matthias(1) 

(1)Frankfurt Institute for Advanced Studies; (2)Max Planck Florida Institute for Neuroscience 

Cortical circuits embody remarkably reliable neural representations of sensory stimuli that are 
critical for perception and action.  Building these network representations is a complex 
developmental process beginning prior to the onset of sensory experience with endogenous 
mechanisms generating an initial framework that is subsequently refined with experience.  What 
we lack is a fundamental understanding of this nature-nurture transform: how endogenous 
networks respond to the onset of sensory experience, and the extent to which experience 
reorganizes these initial networks to generate a mature representation.   

Using longitudinal in vivo calcium imaging in ferret visual cortex we find that the initial presentation 
of moving grating stimuli to endogenous networks generates robust modular patterns of activity, 
but these patterns are diverse and highly variable both across and within individual trials. Next, 
we compare these initial evoked patterns to the spontaneous activity prior to eye opening, which 
we assume reflects the endogenous network structure. We find that while sharing attributes of 
their overall organization [1], the two depart systematically from one another, indicating that the 
initial visual responses are not identical to the endogenous activity patterns. After the onset of 
visual experience, within a few days after eye opening, the responses to moving gratings become 
highly reliable both across and within individual trials. Moreover, the responses become tightly 
aligned with spontaneous activity, such that its leading principal components capture most of the 
grating evoked variance. However, this tightly aligned state that is reached several days after eye 
opening is not well predicted by the spontaneous activity prior to eye opening, arguing against 
the possibility that the endogenous network structure provides a scaffold for the developing visual 
representations. Instead, the highly reliable visual responses emerge via an experience-
dependent process that involves substantial reorganization of both evoked and spontaneous 
activity patterns to achieve a stable aligned network structure. Circuit models with strong recurrent 
connections that reorganize to align to a stable feedforward evoked input are sufficient to explain 
the emergence of these highly reliable and novel sensory representations.   

Our results are incompatible with the view that the endogenous networks act as a rigid framework 
for the early developing visual representations; instead they suggest that these networks provide 
a precursor to the initial visually evoked activity patterns, and that visual experience aligns these 
networks to the visual input, thereby transforming these initial responses into faithful sensory 
representations.  

  

[1] Smith, Hein, Whitney, Fitzpatrick and Kaschube. (2018). “Distributed network interactions and 
their emergence in developing neocortex.” Nature neuroscience  

visual system, experience, circuit models, endogenous networks 

 

 

 



 

49 
 

 

P-14 | Gabrb3 is required for the functional integration of pyramidal neuron subtypes in 
the somatosensory cortex 

 

Ferrer, Camilo(1); Babij, Rachel(1); Donatelle, Alexander(1); Wacks, Sam(1); Buch, Amanda(1); 
Niemeyer, James(1); Ma, Hongtao(1); Duan, Zhe(1); Fetcho, Robert(1); Che, Alicia(2); Otsuka, 
Takumi(1); Schwartz, Theodore(1); Huang, Ben(1); Liston, Connor(1); De Marco Garcia, 
Natalia(1) 

(1)Weill Cornell Medicine; (2)Yale School of Medicine 

GABAergic dysfunction is heavily associated with neurodevelopmental disorders. However, the 
role of specific GABAA receptor (GABAAR) subunits in early neuronal function and circuit 
formation is not clearly understood. Here we study the function of the gene encoding the 
GABAARsubunit ß3 (Gabrb3), associated to Autism Spectrum Disorders (ASD) and Angelman 
Syndrome (AS), in cortical neurodevelopment. Using genetic strategies, we ablated Gabrb3 
selectively from pyramidal neurons and assessed the effect of this manipulation in neuronal 
activity and development of the primary somatosensory cortex (S1) in developing postnatal mice. 
Using in vivo two photon imaging, we found that Gabrb3 removal increases local network 
synchrony and impairs the sparsification of neuronal activity, observed in control mice by the 
second postnatal week. Simultaneously, using in utero electroporation and rabies tracing, we 
found a selective increase in S1 contralateral axonal projections and connectivity, but not in well-
established ipsilateral targets in Gabrb3 mutants compared to controls. These anatomical 
changes led to an increase in functional interhemispheric connectivity assessed by widefield 
imaging. This pathway-specific effect is mediated by a selective requirement of Gabrb3 for 
inhibitory synaptic function in contralateral-projecting pyramidal neurons, revealed by 
electrophysiological experiments. This evidence indicates an early role of Gabrb3 in regulating 
network synchrony and that dysfunction of this gene can lead to long-term aberrant 
interhemispheric connectivity. 

Barrel Cortex, Inhibition, Development, Gabrb3, Callosal Projection, Hyperconnectivity 
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P-15 | Impact of single gene mutation on circuit structure and spontaneous activity in the 
developing cortex 

 

Liu, Zhuoshi(1); Kirchner, Jan H.(2); Cheyne, Juliette(3); Lohmann, Christian(4); Gjorgjieva, 
Julijana(2) 

(1)University of Oldenburg, Oldenburg, Germany, Max Planck Institute for Brain Research, 
Frankfurt, Germany; (2)Max Planck Institute for Brain Research, Frankfurt, Germany, School of 
Life Sciences Weihenstephan, Technical University of Munich, Freising, Germany; (3)Physiology 
Department and Centre for Brain Research, University of Auckland, 85 Park Road, Grafton, 
Auckland 1023, New Zealand; (4)Synapse and Network Development, Netherlands Institute for 
Neuroscience, Meibergdreef 47, 1105 BA Amsterdam, Netherlands 

Understanding how neural circuits in the brain wire up during development is important for the 
implementation of numerous functions in adulthood, but also for the prevention and treatment of 
many neurological disorders that result from bad wiring. Before the onset of sensory experience, 
spontaneous activity in the developing brain organizes and refines circuits. Hence, alterations in 
spontaneous activity can lead to severe deficits in wiring. One such alteration occurs in the Fragile 
X mouse model, where a single genetic mutation reduces cortical inhibition and increases the 
number of neurons recruited in spontaneous activity. The mechanisms behind the generation of 
spontaneous activity remain unclear, especially regarding how genetic mutations affect 
spontaneous activity. 

To address this, we investigated how biologically realistic spontaneous activity can emerge in 
recurrent networks with excitatory and inhibitory neurons and background input representing the 
sensory periphery. We find that our model successfully captures two distinct types of spontaneous 
activity, local (L-) and global (H-) events, that match experimentally characterized activity 
originating in the sensory periphery or the cortex. During local events strong inputs from the 
sensory periphery result in dominant inhibition which limits lateral spread of activity. Conversely, 
during global events intrinsically triggered inputs produce dominant excitation which spreads 
laterally without restriction. We next analyzed calcium imaging data from the developing cortex of 
Fragile X mice revealing spontaneous activity with an increase of global and decrease in local 
events. Finally, we explored two plausible mechanisms that lead to this altered activity: weakened 
feedforward connectivity vs. reduced inhibitory recurrent connectivity. These alternatives make 
different experimentally-testable predictions for the relative ratio between local and global events. 
Our model allows us to investigate the role of connectivity profiles, intrinsic excitability, and 
correlations in shaping normal and genetically-altered spontaneous activity, and the implications 
for receptive field refinements in development. 

visual cortex, developmental disorder, computational modeling, feedforward/recurrent circuit 
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P-16 | Interplay between excitatory and GABAergic cortex-wide activity patterns across 
early postnatal development 

 

Mediavilla, Laura(1); Cross, Christine M.(1); Whiteley, Nick(1); Ashby, Michael C.(1) 

(1)University of Bristol 

Before the onset of sensory experience during early postnatal development, developing circuits 
spontaneously generate synchronised activity that will not only influence and guide its wiring, but 
ultimately contribute to behaviour. These complex functions are thought to rely on widely 
distributed cortical networks that simultaneously operate in multiple spatial and temporal scales. 
Particularly, the timing of GABAergic maturation seems to be aligned to the different 
developmental trajectories of each cortical region, playing a key role in development of function 
within individual brain areas. Although various studies have looked at the of local connectivity of 
these cortical microcircuits, the dynamics of the functional maturation of GABAergic cortical 
networks at the large-scale level have rarely been investigated. Moreover, a small but important 
population of GABAergic neurons are long-range, which leaves open the question of how and 
when the maturation of GABAergic signalling contributes to the inter-regional interactions that 
form the basis of cortex-wide functional networks. Given the importance of GABAergic maturation 
on local circuit function, we hypothesised that it will also shape development of coordinated 
activity across the cortex-wide network. In order to study this phenomenon, we used widefield 
calcium imaging to chronically and simultaneously examine the cortex-wide dynamics of cortical 
GABAergic interneurons, as well as excitatory neurons, across early postnatal development. We 
focused on the interplay between the spatial and temporal activity dynamics of these two neuronal 
populations, before and after active sensing. This study provides a broad description of the 
inhibitory population activity across the developing cortex, and its cross-talk with excitatory 
dynamics. The activity maps of inhibitory networks observed across the first two postnatal weeks 
show a complex mixture of small events, generally confined to a single brain region, and larger 
events, which include simultaneous patterns across distant cortical areas. These activity patterns 
vary with age and cortical region, becoming rapidly more complex at later stages of development. 
We found dynamic spatiotemporal fluctuations in the relative activation of excitatory and 
GABAergic neuronal populations during bouts of spontaneous cortical activity. In vivo 
manipulation of inhibition disrupts these fluctuations, affecting not only the local activity, but also 
the wider cortical functional network. The study of cortex-wide dynamics, and particularly the role 
of local and long-range GABAergic signalling in the control of cortex-wide neural activity 
maturation, is key to understand normal brain development and subsequently, potential 
dysfunctions associated with neurodevelopmental disorders. 

widefield calcium imaging, early postnatal development, GABAergic dynamics, chronic imaging 
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P-17 | Intramodal functional plasticity in the developing somatosensory system 

 

Aníbal-Martínez, Mar(1); Martini, Francisco José(1); -Malmierca, Luis(1); López-Bendito, 
Guillermina(1) 

(1)Instituto de Neurociencias de Alicante. Universidad Miguel Hernández-CSIC, Alicante, Spain 

Sensory systems are represented in the primary sensory areas of the brain, organized in 
anatomical and functional maps. Understanding how the brain adapts to the sensory loss might 
help us to better decipher the role of intrinsic and extrinsic mechanisms involved in cortical maps 
development. A paradigm extensively used to unravel the role of the afferent input during the 
development of the cortex is the deprivation of one sensory modality, which leads to an adaptive 
reorganization of the deprived and non-deprived sensory circuits. We are interested in 
understanding the mechanisms that trigger the establishment of territories during sensory 
systems development. To this end, we developed a mouse model in which whisker pad is 
cauterized unilaterally at the embryo stage (embWPC) to induce changes in the territories 
representing the distinct body sensory maps. These mice showed an intra-modal enlargement of 
the antero-lateral barrel subfield (ALBSF) area both in the thalamus and primary somatosensory 
cortex (S1) before the onset of sensory experience. Furthermore, dye tracing studies and in vivo 
calcium imaging in the embWPC mice showed severe structural changes of the somatosensory 
point-to-point axonal topography from embryonical stages suggesting that prenatal whiskers 
deprivation, before experience-dependent activity, induces functional rearrangements within a 
critical window. Finally, blockade of the patterned spontaneous activity in the thalamus of the 
embWPC mice revealed that these reorganizations of sensory territories are independent of 
thalamic activity. In sum, our results showed that the territories and sensory maps designated to 
distinct peripheral representations within a sensory system rely on prenatal mechanisms that are 
mainly based on axonal competition rules while patterns of spontaneous activity would play a 
crucial role in their later refinement. 

  

Somatosensory, development, intramodal, plasticity, thalamus, cortex 
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P-18 | Investigating activity-dependent processes during cortical neuronal assembly in 
development and diseases 

 

Mancinelli, Sara(1); Tambalo, Monica(1); Giuliano, Desirée(1); Demenego, Giulia(1); Mirabella, 
Filippo(1); Depienne, Christel(2); Rusconi, Roberto(1); Pozzi, Davide(1); Lodato, Simona(1) 

(1)Humanitas University; (2)University Hospital Essen 

The cerebral cortex contains an extraordinary diversity of excitatory projection neuron (PN) and 
inhibitory interneurons (IN), wired together to form complex circuits. Spatiotemporally coordinated 
execution of intrinsic molecular programs by PNs and INs and activity-dependent processes, 
contribute to cortical development and cortical microcircuits formation. Alterations of these 
delicate processes have often been associated to neurological/neurodevelopmental disorders. 
However, despite the groundbreaking discovery that spontaneous activity in the embryonic brain 
can shape regional identities of distinct territories, it is still unclear whether this early activity 
contributes to define subtype-specific neuronal fate. In this study, we combined in utero genetic 
perturbations via CRISPR/Cas9 system and pharmacological inhibition of selected ion channels 
(i.e HCN1) with RNA-sequencing and live imaging technologies to identify the activity-regulated 
processes controlling the development of different cortical PN classes, their wiring and the 
acquisition of subtype specific features. Moreover, we generated human induced pluripotent stem 
cells (iPSCs) form patients affected by a severe, rare and untreatable form of developmental 
epileptic encephalopathy caused by single point mutations in HCN1 channel. By differentiating 
cortical organoids form patient-derived iPSCs we create human models of early electrical 
alterations for studying HCN1 mutation-derived molecular, structural and functional 
consequences during cortical development. Our preliminary results point out at HCN1 channel as 
possible modulator of spontaneous electrical activity in developing cerebral cortex and propose 
HCN-current as a potential pacemaker signal to initiate cortical wave propagation during 
development.  

cerebral cortex, projection neurons, Hcn1, ion channel, early activity 
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P-19 | Lateral inhibition regulates Long Term Plasticity and functional specialization 

Rubisch, Patricia(1); Hennig, Matthias(1) 

(1)University of Edinburgh, Institute for Adaptive and Neural Computation 

The Voltage-Dependent Pathway Plasticity Model (VDP) is a new multiplicative Hebbian learning 
rule emphasizing the temporal nature of postsynaptic long-term plasticity processes. It builds a 
middle ground between conventional voltage or calcium dependent learning rules and more 
complex biochemical models. Compared to previous models, it switches the order in which 
dynamical and thresholding operations are applied. The VDP uses thresholds to determine the 
onset and maximal amplitude of dynamically modeled Long Term Potentiation (LTP) and Long 
Term Depression (LTD) pathway activation. As a consequence, the overall weight update is a 
competition between the duration and magnitude of two independent variables, the LTP and LTD 
activation. It can be combined with a variety of neuron models and is computationally efficient and 
suitable for network simulations. We first show that the VDP reproduces central experimental 
findings: the shape of the voltage dependency, different Spike-Timing Dependent Plasticity 
(STDP) kernels, triplet stimulation protocols, and frequency effects. In related work, we showed 
that the VDP is sensitive to subthreshold membrane potential dynamics and fluctuations, which 
allows for a mechanistic study of the effect of inhibition on the LTP and LTD pathway activity. 
Experimental evidence suggests that inhibitory input enhances LTD in single synapses. We 
simulated a network model of ocular dominance plasticity, where plastic synapses transmit activity 
that is correlated within, but uncorrelated between eyes, onto cortical neurons. In contrast to the 
uniformly increasing weights in the excitatory feed-forward network, the postsynaptic neurons 
receiving lateral inhibitory input show competitive learning between them. The lateral inhibition 
reduces the LTP-LTD ratio of the STDP kernel for successive input-output spike pairs of the 
targeted neuron. Strong inhibitory currents eliminate the LTP part for positive pairs, while negative 
spike pairs continue to induce depression. Therefore, only synapses between the input and a 
strongly activated excitatory neuron driving its inhibitory subpopulation will be potentiated, while 
synapses connecting the input to the remaining neurons either undergo no change or depression. 
The network self stabilizes without the need to add a further homeostatic learning rule despite 
minimal and maximal weight limits. Furthermore, the final weight distribution shows 
characteristics previously described for cortical neurons in the literature: a unimodal distribution 
with a high percentage of small synaptic weights and few strong synapses. Taken together, VDP 
is a biologically plausible learning rule where the voltage dependence combined with recurrent 
inhibition yields non-linear input separation and sparse encoding as seen in developing circuits. 

Long Term Plasticity, lateral inhibition, ocular dominance, Spiking Neural Network 
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P-20 | Learning to see with closed eyes: Retinal waves tune cortical neurons before eye-
opening 

Hamodi, Ali(1); Lipiec, Marcin(1); Akinwunmi, Jummie(1); Wang, Yixiang(1); Ge, Xinxin(2); 
Barson, Daniel(1); Crair, Michael(1) 

(1)Yale University; (2)Univsersity of California San Francisco 

Development of neural circuits depends on a combination of molecular and activity-dependent 
mechanisms. The activity can be spontaneous—such as retinal waves that course across the 
mammalian perinatal retina—or sensory-evoked. Spontaneous waves provide essential 
instructions for the development and refinement of visual circuits, and disruption of early 
spontaneous activity has been implicated in numerous neuropsychiatric disorders, such as autism 
and schizophrenia. Although much is known about the retinal circuitry responsible for retinal wave 
generation, it is unclear how retinal waves shape the development of functional cortical 
architecture. It is also completely unknown which subtypes of neurons participate in waves in 
visual cortex and when they are recruited during development. Here we determine the roles and 
dynamics of excitatory and inhibitory neuron activity in visual cortex during the period of retinal 
waves (before eye-opening). To do this, we use simultaneous cellular-resolution calcium imaging 
of genetically defined neurons within a local circuit and mesoscopic imaging of neuronal activity 
across cortex to assess the function of retinal waves in cortical circuit formation in vivo. In addition, 
we developed a novel method for whole-brain vector-driven gene delivery, known as n-SIM 
(neonatal sinus injection method) to enable pan-neuronal expression of GCaMP6s before eye-
opening. Using a combination of n-SIM and simultaneous 2-photon and widefield calcium 
imaging, we can link retinal wave properties to the identity of cortical neurons recruited. 
Remarkably, we observe that cortical neurons are tuned to retinal wave directions before eye-
opening. This wave-tuning is dependent on cell-type, cortical layer, and developmental age. 
Retinal wave direction- and orientation-tuning in cortical neurons is reminiscent of direction- and 
orientation-tuning present after eye-opening. This suggests that retinal waves could be instructing 
cortical neurons to be direction- or orientation-selective before the onset of vision. To test this 
idea, we performed chronic calcium imaging of the same developing cortical neurons across the 
first two postnatal weeks. The goal of these experiments is to link the response properties of 
cortical neurons to retinal waves before eye-opening to their responses to visual stimuli after eye-
opening. We have found that wave-tuning in cortical neurons corresponds to their orientation- and 
direction-tuning after eye-opening. We are currently examining the role of cortical interneuron 
subtypes in shaping wave-tuning and emergence of direction- and orientation-tuning after eye-
opening. Our work enables the generation of novel insights into the role of specific populations of 
individual neurons in the development of functional organization of brain circuits in health and 
disease. 

Retinal waves, visual cortex, development 
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P-21 | Modulation of state-dependent brain activity by maternal odor 

 

Maldonado, Paloma(1); Kirchner, Jan(2); Royo-Letelier, Jimena(3); Gjorgjieva, Julijana(2); 
Lohmann, Christian(1) 

(1)Department of Synapse and Network Development, Netherlands Institute for Neuroscience, 
Amsterdam, the Netherlands; (2)Max Planck Institute for Brain Research, Frankfurt, Germany; 
(3)Universidad de Santiago, Santiago, Chile 

Spontaneous network activity occurs before birth and during early postnatal brain development. 
Specific patterns of spontaneous activity control the establishment and refinement of central 
sensory pathways that enable the brain to experience the environment. While it has been 
proposed that state-dependent brain activity starts with the onset of sensory experience, maternal 
caregiver behavior is predominant during the two first weeks of life and it is unclear how this 
behavior influences the pup’s state and in turn modulates spontaneous activity patterns. By 
combining in vivo Ca2+ imaging recordings, measurement of body movement and vocalization 
emission of non-anesthetized mice, we investigated the effect of maternal odor on the modulation 
of state-dependent brain activity. 

In our experimental conditions, pups (PN9-12) emitted ultrasonic vocalizations (USVs) and 
vocalizations in the audible spectra. The latter have been described as wriggling calls (WCs) and 
they are produced by pups struggling for the mother’s nipples. Both USVs and WCs were 
correlated with body movement, however, stronger movements were associated with WCs. 
Interestingly, female pups emitted USVs that incremented over time and more than male pups, 
while the number of WCs were the same for both sexes. Exposure to the maternal odor prevented 
the increment of USVs and increased the number of WCs in female, but not male, pups. We next 
used a Hidden Markov model to determine the pup’s behavioral states. We found three distinct 
states characterized by: 1) low movement rate – low USVs and WC rate. 2) high movement rate 
and high WC rate and 3) intermediate movement rate and increased USV rate. Transitions 
between these states changed during the experiment, such that the prevalence of state 1 
decreased and the prevalence of state 3 increased with time. Exposure to maternal odor reversed 
this trend and again increased the prevalence of state 1. Finally, there was a decorrelation 
between brain activity and movement, where stronger movements were associated with lower 
Ca+2 event amplitude. In addition, during periods of USV ramp up Ca+2 amplitude was 
decreased accordingly and further maternal odor exposure prevented it.  

We show here that the combination of different approaches allows to characterize behavioral 
states in the neonatal mouse and how the presence of the mother signaled by her odor can 
modulate these states. Further analysis will shed light on the exact cortical network dynamics 
associated with these behavioral states and the transitions between them. 

maternal care, development, sensory cortices 
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P-22 | Neural activity is acutely depressed following hypoxia-ischemia in human 
neonates, even when the injury is behaviourally silent 
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BACKGROUND 

In young mammals, hypoxia-ischemia depresses neural activity, which disrupts experience-
dependent synaptic plasticity. In humans, suboptimal school-age outcomes have been reported 
after perinatal hypoxia-ischemia, even when it occurred in the absence of abnormal behaviour 
such as hypotonia. In light of the animal work, this association could be mediated by depressed 
cerebral activity following the insult. 

METHODS 

We recruited infants who underwent 9-channel scalp EEG monitoring (occipital, temporal, central 
and frontal coverage) following perinatal hypoxia-ischemia (median blood pH: 6.91, median Apgar 
score (clinical condition at birth on scale of 0-10): 3 at 1 min. Infants were divided into i) ≥moderate 
clinical encephalopathy (abnormal behaviour after resuscitation completed sufficient to qualify for 
72 hours of therapeutic hypothermia) (n = 15), and ii) borderline or mild clinical encephalopathy 
(n = 14). 

We selected the first 11 minutes of artefact-free EEG during the 14 hours post birth, excluding 
any segments within 6 hours after anti-epileptic drug administration or during seizures. We 
compared 0-35Hz overall power of the EEG to that of the EEG mean 20 hours post birth in a 
control group matched by gestational age, intensive care nursing, and EEG recording system (n 
= 8, median blood pH: 7.28, median Apgar 9 at 1 min). 

RESULTS 

Infants with ≥moderate clinical encephalopathy had lower EEG power relative to controls (p < .05 
all regions). Infants with borderline clinical encephalopathy also had lower EEG power relative to 
controls (p < .05 all regions except frontal), but higher EEG power than the group with ≥moderate 
clinical encephalopathy (p < .05 all regions). 

CONCLUSION 

Hypoxia-ischemia acutely depresses cortical activity even when the brain insult is no longer 
behaviourally expressed. Future work will examine how cerebral activity becomes organised by 
sleep-wake state across the days following the injury, which is necessary for normative 
experience-dependent synaptic plasticity in animal models. 

human; hypoxia-ischemia; EEG; sleep 
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P-23 | Ocular necessities: A neuroethological perspective on vertebrate visual 
development 
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By examining species-specific innate behaviours, neuroethologists have characterized unique 
neural strategies and specializations from throughout the animal kingdom. Simultaneously, the 
field of evolutionary developmental biology (informally, “evo-devo”) seeks to make inferences 
about animals’ evolutionary histories through careful comparison of developmental processes 
between species. Since adult organisms do not transform into other adult organisms, evolution is 
the evolution of development. By comparing development between species, evo-devo seeks to 
learn about both shared and divergent evolutionary histories. Yet despite the shared focus on 
cross-species comparisons, there is surprisingly little cross-talk between neuroethology and evo-
devo. 

 

Insights can be gleaned at the intersection of these two fields. Every animal develops within an 
environment, wherein ecological pressures advantage some behaviours and disadvantage 
others. For instance, an embryonic tadpole developing in open water faces a far greater threat of 
predation than an embryonic turtle developing in an egg buried in the sand. Thus, turtles can 
generally afford a more protracted development of sensory systems than frogs. The ecological 
pressures faced by different animals are thereby reflected in the neurodevelopmental strategies 
these animals employ. 

 

The visual system enables vertebrates from across the animal kingdom to interact with their 
environments, presenting a fantastic opportunity to examine how ecological pressures have 
shaped these animals’ behaviours and their developmental strategies. Thus, by examining cross-
species differences in visual system development, we convey the value that neuroethology and 
evo-devo may offer to one another. Specifically, we examine specialisations in visual 
development exhibited by mice, rats, ferrets, zebrafish, and African clawed frogs. We compare 
photoreceptor development, spontaneous retinal waves, and the emergence of visually-evoked 
neural activity to establish the importance of ethological considerations for the field of evo-devo. 

 

 

This work is supported by a Wellcome Trust Doctoral Studentship in Neuroscience 
(222368/Z/21/Z), awarded to JEH.  

neuroethology, ecology, evolution, development, retinal waves, photoreceptors, visual system, 
systems neuroscience 
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P-24 | Olfactory-driven beta band entrainment of cortical-hippocampal networks during 
neonatal development 
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(1)Institute of Developmental Neurophysiology, Center for Molecular Neurobiology, University 
Medical Center Hamburg-Eppendorf, 20251 Hamburg, Germany 

Cognitive processing relies on the functional refinement of the limbic circuitry during the first two 
weeks of life. During this developmental period, when most sensory systems are still immature, 
the sense of olfaction acts as “door to the world”, providing the main source of environmental 
inputs. However, it is unknown whether early olfactory processing shapes the activity in cortical-
hippocampal networks during neonatal development. Here, we address this question by 
combining simultaneous in vivo recordings from the olfactory bulb (OB), lateral entorhinal cortex 
(LEC), hippocampus (HP), and prefrontal cortex (PFC) with olfactory stimulation and opto- and 
chemogenetic manipulations of mitral/tufted cells (M/TCs) in the OB of non-anesthetized neonatal 
mice. We show that the neonatal OB synchronizes the LEC-HP-PFC circuity in beta frequency 
range. Moreover, M/TC activity drives neuronal and network activity in LEC, as well as 
subsequently, HP and PFC via long-range projections from mitral cells (MCs) to HP-projecting 
LEC neurons. Thus, OB activity shapes the communications within cortical-hippocampal networks 
during neonatal development. 

olfaction, entorhinal cortex, hippocampus, development, olfactory bulb 
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P-25 | Reorganization of adolescent prefrontal circuitry is required for the functional 
maturation of cognitive abilities 
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Medical Center Hamburg-Eppendorf, Hamburg, Germany 

Brain development is not a linear process. Instead, it is paced in an age-dependent manner with 
experience-sensitive phases of rapid changes and augmented plasticity. The relevance of critical 
time windows of development for brain function and behavior has been extensively documented 
for sensory systems, yet it is still a matter of debate, whether similar processes occur in brain 
areas accounting for cognitive behavior, such as the prefrontal cortex (PFC). Our recent data 
demonstrate that during a short neonatal time window perturbation of prefrontal activity 
dramatically disrupts network functions and memory of adults. However, the protracted timeline 
of prefrontal development extending until adolescence in parallel with the late maturation of 
higher-order cognitive abilities leads to the hypothesis that the adolescent time window might be 
critical for adult prefrontal functioning and cognitive behavior as well. Here, we aim to understand 
how structural and functional changes in PFC during adolescence are linked to the emergence of 
cognitive abilities and whether time windows of particular vulnerability exist. For this, we combine 
chronic extracellular recordings and optogenetic manipulations with in-depth morphological and 
behavioral assessments of mice from early pre-juvenile age until adulthood. First, we show that 
neuronal firing and oscillatory phase-amplitude synchrony, as well as excitation/inhibition ratio of 
prefrontal network activity, increase almost linearly with age. On the other hand, oscillatory power 
within gamma frequency ranges and firing rates of regular spiking neurons deviate from a linear 
transition and peak during early adolescence. Subsequently, these parameters undergo a U-
shaped development until reaching stable values at young adult age. The timeline of these 
functional changes relates to a temporal augmentation of dendritic complexity of layer 2/3 
pyramidal neurons, which we previously identified as main drivers of prefrontal gamma 
development. As previously shown, microglia are key mediators of this structural remodeling. We 
identify a peak in their activity profile and increased pruning of excitatory postsynaptic 
compartments of layer 2/3 pyramidal neurons during adolescence. Next, we assessed whether 
microglial activity during defined developmental periods is necessary for the functional maturation 
of prefrontal circuitry and cognitive abilities. Pharmacological inactivation of microglia cells during 
adolescence but not adult age leads to a lasting increase in broadband gamma power and shifts 
the excitation/inhibition ratio towards excitation, causing ultimately poorer performance in a PFC-
dependent spatial working memory task. These results support the presence of critical time 
windows during prefrontal development and uncover mechanisms by which neuronal-microglial 
interactions shape circuitry and cognitive behavior. 

prefrontal cortex, adolescence, plasticity, microglia, critical periods 
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P-26 | Shaping Circuit Connectivity by Inhibition 

 

Festa, Dylan(1); Gjorgjieva, Julijana(1) 

(1)Techinical University of Munich 

It is widely accepted that activity-dependent plasticity plays a fundamental role in determining and 
reshaping connectivity structures in the brain. In the early stages of neural development, external 
inputs lack structure or are absent, yet neurons are capable of forming assembly-like structures 
that can later be refined and that serve functional roles (Romano et al., Neuron, 2015, Pietri et 
al., Cell Reports, 2017). 

Different modeling studies considered the mechanisms of assembly formation, either in the 
presence of external correlated input  (Ocker et al., PLOS Comp. Bio. 2015; Ocker and Doiron, 
Cerebral Cortex, 2019) or from purely spontaneous activity (Montangie et al., PLOS Comp. Bio. 
2020; Tannenbaum and Burak, PLOS Comp.~Bio.~2016). Most of these studies focus on the 
excitatory neural populations, and include an inhibitory component for the sole purpose of 
stabilizing the excitatory activity.  However structured inhibitory interactions can change the 
correlation statistics of the excitatory activity, which in turn determines the effect of spike-timing 
dependent plasticity (STDP) on the circuit. 

Here we use both analytic and numerical approaches to account for the role of inhibition in 
shaping connectivity through STPD rules. We consider small-scale circuit motifs that include 
topographically localized inhibitory components, and we show how the presence of inhibitory 
interactions, besides stabilizing the dynamics, influences the correlation structure of the excitatory 
population. This in turn, favors the spontaneous formation and refinement of assembly structure 
through STDP mechanisms. By including inhibitory interactions, and topographical elements, we 
open the path to better models for spontaneous structure formation in neural circuits  

stdp,assembly formation,recurrent neural network model 
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P-27 | Spontaneous Activity in the Whisker-Innervating Region of Neonatal Mouse 
Trigeminal Ganglion 
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Genetics, Japan 

Correlated spontaneous activity occurs in certain systems of the developing mammalian brain 
during the early postnatal period and is thought to be crucial for the establishment of precise and 
mature neural circuits following Hebbian principles of plasticity. In the mouse somatosensory 
system, the barrel cortex shows patchwork-type spontaneous activity during the first postnatal 
week (Mizuno et al., 2018, Nakazawa et al., 2020). Previous studies demonstrated that this 
spontaneous activity in the cortex is blocked by administration of a local anesthetic to the whisker 
pad, but not by transection of the infra-orbital nerve (Mizuno et al., 2018). Based on these results, 
we hypothesized that the trigeminal ganglion (TG) is the source of spontaneous activity in the 
neonatal barrel cortex. To examine whether the neonatal TG shows spontaneous activity or not, 
we established a system for imaging activity in the TG ex vivo. We identified the whisker-
innervating region in the TG by application of DiI to the whisker pad. Using a transgenic mouse 
line expressing a genetically encoded calcium indicator (GCaMP6s) in the TG neurons and the 
ex vivo calcium imaging system, we found that the neurons in the whisker-innervating region of 
TG generate sporadic spontaneous activity during the early postnatal period. A small percentage 
of neurons showed some evident correlated activity, and these neurons were mostly located close 
to one-another. The spontaneous activity in TG was majorly exhibited by the large-diameter 
neurons and inhibited by chelation of extracellular calcium. Moreover, it was largely diminished 
by adulthood. This spontaneous activity during the first postnatal week may contribute to 
thalamocortical circuit refinement by acting as the source of patchwork-type spontaneous activity 
in the barrel cortex. 

Trigeminal Ganglion, Calcium Imaging, Barrel Cortex, Ex vivo, Mouse 
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P-28 | Spontaneous activity shares attributes of sensory evoked activity in the early 
developing ferret visual and auditory cortex 
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Spontaneous activity in the early developing cortex plays an essential role in the establishment 
and refinement of cortical circuits, preparing the cortex for processing the incoming sensory 
stimuli at the onset of sensory experience. Thus, understanding the relationship between 
spontaneous and evoked activity during development could provide insights into the maturation 
of key cortical functional properties, such as sensory coding capacity and precision. Unlike in the 
mature visual cortex of rodents where spontaneous activity shares little similarity with visually 
evoked activity (Stringer, 2019), in primate(Omer, 2019) and juvenile ferrets (Smith,2019) 
spontaneous activity correlations show overlap with orientation preference map on the level of 
columns. However, it remains unclear whether this similarity exists also at a cellular level, whether 
spontaneous activity overlaps with naturalistic stimuli, and whether this holds in other sensory 
areas. 

Here, using wide-field epi-fluorescence and 2-photon calcium imaging, we investigated the 
relationship between spontaneous and evoked activity in the primary visual (V1) and auditory (A1) 
cortex in young, developing ferrets prior to and following the onset of sensory experience 
(postnatal day 21 -41). We found that at the epi- and cellular level, individual spontaneous activity 
patterns in V1 share a similar modular, spatially coherent organisation with grating and natural 
scene evoked responses. Surprisingly, also in A1 spontaneous activity and evoked responses by 
pure tones and complex sounds showed a similar spatial structure. 

To assess the overlap between activity spaces, we computed the fraction of spontaneous 
variance explained by the evoked responses. At the epi-level, we found a significant overlap of 
complex and grating evoked activity with the space of spontaneous activity in V1. Interestingly, 
similar levels of overlap were also present for the evoked responses in A1 – both pure tones and 
complex sounds – suggesting a correspondence between spontaneous and evoked activity is a 
general phenomenon in the developing cortex . At the cellular level, responses were more 
variable, but a similar trend was evident in both V1 and A1. 

Throughout development, while the dimensionality of grating evoked responses decreased, the 
dimensionality of natural scene, pure tone and complex sounds evoked responses and 
spontaneous activity increased with age. The evoked responses in V1 became increasingly 
similar to spontaneous activity several days after eye opening, while the overlap in A1 appeared 
to be largest closer to the time of ear canal opening. 

These findings suggest that spontaneous activity plays an important role in the initial 
establishment of sensory cortical representations. 

Development, Ferret, Auditory cortex, Visual cortex, Sensory representation 
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The development of neural circuits in the cortex depends on numerous factors, including non-
random patterns of neural activity and changes in the strength of synaptic connections. One of 
the earliest sources of cortical neural activity in mammals is the subplate, a layer of neurons that 
disappears after early postnatal days. Subplate neurons receive spontaneous activity from 
thalamic input and respond to sensory stimuli earlier than cortical neurons (Wess et al., 2017). 
Cortical neurons receive input from both subplate and thalamus. Therefore, it is likely that 
subplate neurons can relay information from thalamus to sensory cortex and support the 
refinement of receptive fields between thalamus and cortex during development. As subplate, 
thalamus, and cortex form a transient circuit with rich dynamics and substantial plasticity, there is 
surprisingly little computational work to help disentangle these complex interactions. We set out 
to answer the following three questions: 1) Can subplate input facilitate the refinement of 
thalamocortical connections? 2) How will spontaneous activity from the thalamus change when 
passing through subplate? 3) What is the effect of modified spontaneous activity on connections 
between subplate and cortex? 

To address these questions, we developed computational models of three networks: thalamus, 
subplate, and cortex. We applied synaptic plasticity in connections from thalamus to cortex. We 
compared two models: one without subplate and another with subplate, conveying additional 
information from thalamus to cortex through non-plastic connections. In both models, 
spontaneous activity in the thalamus refines connections to the cortex based on Hebbian plasticity 
(Wosniack et al., 2021). Spontaneous activity manifests in the cortex as local L-events, generated 
in sensory periphery, and global H-events, generated within cortex. We drove our network with L-
events and studied the formation of topographic receptive fields between thalamus and cortex in 
both models. We observed that L-events passing through the subplate are more specific in size 
and variability than L-events going directly from thalamus to cortex. As a result, topographic 
receptive fields between thalamus and cortex form faster when the subplate is present than 
absent. Therefore, we find that the subplate can indeed facilitate the refinement of thalamocortical 
connections. In our future work, we continue to investigate the parameters that determine these 
refinements, including the properties of subplate neurons and the nature of connectivity between 
subplate and cortex. This approach promises to provide insight into how transient circuits set the 
stage for the developing brain and help the cortex acquire its adult computational properties. 

subplate, transient circuits, thalamocortical refinement 
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GABA signaling shifts from depolarizing to hyperpolarizing during the second postnatal week in 
rodents. The GABA shift results from a reduction in intracellular chloride concentration mediated 
by increased activity of the chloride exporter KCC2 relative to the chloride importer NKCC1. A 
delayed GABA shift has been observed in patients with autism spectrum disorder and in several 
mouse models for neurodevelopmental disorders. It is currently unclear whether a delayed GABA 
shift is cause or consequence for alterations in synaptic transmission observed in these mouse 
models.  

Here we assessed the consequences of mistimed GABA shift on synapse development in 
hippocampal slice cultures. We first verified that in our slices GABA shifts between day in vitro 
(DIV) 2 and 22. We then set out to delay the GABA shift by blocking KCC2 with VU 0463271 or 
furosemide during DIV2-8 and assessed the consequences for inhibitory and excitatory 
postsynaptic currents (IPSCs and EPSCs) at DIV9 and DIV21. We used perforated patch clamp 
and the chloride indicator SuperClomeleon to assess GABA function and intracellular chloride 
levels. Blocking KCC2 with VU 0463271 resulted in a depolarizing GABA reversal potential at 
DIV8, which normalized at DIV20. Inhibitory and excitatory signaling were not affected at DIV9. 
However, at DIV21, when chloride levels were restored, the frequency of spontaneous IPSCs 
was increased, while amplitudes were unaffected.  

Unexpectedly, GABA became strongly hyperpolarizing at DIV 8 after DIV2-8 furosemide 
treatment. We observed a decrease in the frequency of spontaneous IPSCs at DIV9, which 
appears to be due to an activity dependent suppression of inhibitory transmission. We found that 
this suppression was independent of BDNF or endocannabinoids. When chloride levels were 
restored at DIV 21, the frequency of spontaneous IPSCs and the amplitude of miniature IPSCs 
were increased. Our results indicate that the timing of the GABA shift affects postnatal 
development and maturation of inhibitory synapses.  

GABA, shift, NKCC1, KCC2 

 

 

 

 


