Resilience of local microcircuitry firing dynamics to selective connectivity

degeneration

Simachew Mengiste!, Ad Aertsen®, Demian Battaglia!, Arvind Kumar’

'FunSy - University of Strasbourg; “ BCF - University of Freiburg; ° KTH - Royal Institute of Technology

Introduction Characterization of neural dynamics
» | ocal cortical microcircuits shape spiking dynamics which To describe network activity and its changes with neurodegeneration, we used some key features:
determine the circuit’s information bandwidth. » firing rate (\) and its variability in the population (o))
» While traditionally modeled as random (Erd6s—Rényi) or » synchronization index (SI) of subthreshold membrane potential
structured (small-world, scale-free), real connectomic » fano-factor (FF) of the PSTH
data reveal dense, non-random clustering. » coefficient of variation (CV) of the ISls, as it is a necessary condition for information bandwidth.
» Neurodegenerative diseases like Alzheimer's disrupt these We tried then understanding which network or network dynamics more strongly determine activity features.
networks through neuronal and synaptic loss. Specifically we focus on:

» effective synaptic weights (esw), i.e. various combinations of total E input conductances and total | conductances, and
' Questions: | their variance over nodes

® Which local circuit connectivity is the most resilient?
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® Can suitable wiring provide a "neuroprotective effect™ | Figure: Distributions at baseline, variation with neurodegeneration
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» Different random ensembles present similarly large activity variations as an effect of degeneration

Local Microcircuit Computational Model » Empirically reconstructed microconnectome display higher resilience of firing rate and CV
» Despite these differences, we can still identify shared principles explaining the different behaviors

» LIF model and NEST simulator were used.
» N —3611. NI = 630. NE = 2931 Figure: Example correlations: variations of firing rate correlate with average inhibitory in-strength for all the ensembles
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» Parameter scaling compliant with empirical data (Landau
et al., Neuron 2016):
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Figure: A sample of parent network categories
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> connection probability ~ 10% » The resilience of the empirical microconnectome could depend on its extreme level of inhibitory stabilization

» Could such a non-random microconnectivity have evolved because of the resilience it confers?
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