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Introduction

We develop a model of mouse somatosensory (barrel) cortex incorporating three
major classes of interneurons (PV, SOM and VIP cells) as a tool to study cortical
network dynamics and sensory signal processing.

Model Overview
e [ he simulation software NEST 2.16.0

background input

[1] is used to create a multi-layer cor-  |-?3 ‘
tical microcircuit model adapted from —— @ -
Potjans & Diesmann [2]. r Q&;\
e The neuron model is the leaky 4] J N |
integrate-and-fire neuron model.
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e External input is provided by Poisson
spike trains and two hundred thalamic — (/ < =
cells.
e Synaptic  short-term  plasticities N %r i
(STPs) are included in the recurrent —

connections.

Figure 1: Model overview. Excitatory
(black) and inhibitory (gray) recurrent con-
nections with probabilities > 3% are shown
(widths indicate probabilities).

Network Ground State

e The ground-state firing rates of the populations in the optimized model are
comparable to those of in vivo data from [3].
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Figure 2: Raster plot (left) and firing rates (right) of the optimized model. Filled and
hatched bars show simulation and in vivo data, respectively. Error bars show SEMs.
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e Over a range of external input and relative inhibitory strengths, the model
is able to fulfill the criteria on firing rates, spiking irregularity, and pairwise
correlations of spike counts derived in [4].
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Figure 3:  Ground states
""""""" 45678910  over different parameters. Firing
rates of each population (rge,
| rev, 'som. T"VIP, spikes/s) over
T 2 different levels of relative in-
hibitory strength (g) and ex-
ternal input (rg, spikes/s) are
------------- ' shown by blue color. Dots in the
"""" first column show where the sim-
ulations fulfill the criteria in [4]
_ (gray: fit in single layer, black:
Beyeseraganes - fit in all layers). The red dots
45678910 456780910 45678910 . . .
indicate the parameters used in

Figure 2.
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Network Dynamics

e The changes of firing rates in L2/3 in response to activation of PV, SOM, and
VIP cells show their respective roles of inhibition and disinhibition.
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Figure 4: 1 2/3 network responses (normalized firing rates) to activation of different cell
classes. Dashed lines represent stimulated populations. rgim: firing rate of stimulus.
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e The model with STPs shows clearer multi-layer spiking responses to simulated
transient thalamic input (100 spike/s, 10 ms) as compared to a version without

STPs.
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Figure 5: Multi-layer responses of Exc cells to the thalamic input, showing the distribution
of cells in terms of mean spike latency (n of repetitions=10, bin=1 ms).

Outlook

o Further analysis of the model aided by mean-field theory [5] may reveal the
mechanisms behind these results and explore the specific roles of different
interneuron types in state-dependent modulation of sensory signal processing.

e As a model of barrel cortex, it is particularly suited to studying whisker sen-
sation, but it may also provide insights into the contributions of the distinct
Interneuron types to other sensory processes, such as visual discrimination learn-

ing [6].

References

[1] Linssen, C., Leppergd, M. E., Mitchell, J., Pronold, J., Ep- cruitment of GABAergic interneurons in the barrel cortex
pler, J. M., Keup, C., Peyser, A., Kunkel, S., Weidel, P., during active tactile behavior. Neuron, 104(2), 412-427.
Nodem, Y., Terhorst, D., Deepu, R., Deger, M., Hahne, [4] Maksimov, A., Diesmann, M., & van Albada, S. J. (2018).
J., Sinha, A., Antonietti, A., Schmidt, M., Paz, L., Gar- Criteria on balance, stability, and excitability in cortical net-

rido, J., Ippen, T., Riquelme, L., Serenko, A., Kiihn, T., works for constraining computational models. Frontiers in
Kitayama, |., Mgrk, H., Spreizer, S., Jordan, J., Krishnan, Computational Neuroscience, 12, 44.

J., Ser_1den, M., H:agen, E., Shusharin, A., Vennemo, S._B., [5] Romani, S., Amit, D. J., & Mongillo, G. (2006). Mean-
Rodarie, D., Morrison, A., Graber, S., Schuecker, J., Diaz, field analysis of selective persistent activity in presence of

S., Zajzon, B., & Plesser, H. E. (2018). NEST 2.16.0. doi: short-term synaptic depression. Journal of Computational
10.5281/zenodo.1400175 Neuroscience, 20(2), 201.

2] Potjans, T. C. & Diesmann, M. (2014). The cell-type spe-  [6] Khan, A. G., Poort, J., Chadwick, A., Blot, A., Sahani,

cific cortical microcircuit: Relating structure and activity in M., Mrsic-Flogel, T. D., & Hofer, S. B. (2018). Distinct
a full-scale spiking network model. Cerebral Cortex 24(3), learning-induced changes in stimulus selectivity and inter-

785-806. actions of GABAergic interneuron classes in visual cortex.
[3] Yu, J., Hu, H., Agmon, A., & Svoboda, K. (2019). Re- Nature neuroscience, 21(6), 851-859.

Acknowledgments: This project has received funding from the European Union’s Horizon 2020 Framework Programme for Research
and Innovation under Specific Grant Agreement No. 945539 (Human Brain Project SGA3). We thank Guanxiao Qi, Alexander van

Meegen, Aitor Morales-Gregorio, Renato Duarte, and Dirk Feldmeyer for helpful discussions.



