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Recurrent circuits of simple model neurons can provide
the substrate for cognitive functions such as perception,
memory, association, classification or prediction of
dynamical systems [1-3]. In Alzheimer’s disease (AD),
the impairment of such functions is clearly correlated to
synapse loss [4]. So far, the mechanisms underlying this
correlation are only poorly understood. Here, we investi-
gate how the loss of excitatory synapses in sparsely con-
nected random networks of spiking excitatory and
inhibitory neurons [5] alters their dynamical and com-
putational characteristics. By means of simulations, we
study the network response to noisy variations of multi-
dimensional spike-train patterns.

We find that the loss of excitatory synapses on excita-
tory neurons (decrease in excitatory-excitatory indegree;
vertical arrow in Figure 1) lowers the network’s sensitiv-
ity to small perturbations of time-varying inputs,
reduces its ability to discriminate and improves its gen-
eralization capability [6].
A full recovery of the network performance can be

achieved by firing-rate homeostasis, implemented by
scaling up the remaining excitatory-excitatory synapses
(horizontal arrow in Figure 1). Homeostasis may there-
fore explain the absence of clinical symptoms in early
AD, despite cortical damage. The onset of clinical symp-
toms may result from an exhaustion of homeostatic
resources.

Acknowledgements
Supported by the Helmholtz Alliance on Systems Biology, the Helmholtz
Association in the Portfolio theme “Supercomputing and Modeling for the
Human Brain”, the Jülich Aachen Research Alliance (JARA), EU Grant 269921
(BrainScaleS), the Junior Professor Program of Baden-Württemberg and the
Initiative and Networking Fund of the Helmholtz Association.

Author details
1Inst. of Neuroscience and Medicine (INM-6) and Inst. for Advanced
Simulation (IAS-6), Jülich Research Centre and JARA, Germany. 2Simulation
Laboratory Neuroscience - Bernstein Facility Simulation and Database
Technology, Institute for Advanced Simulation, Jülich Aachen Research
Alliance, Jülich Research Centre, Germany. 3Inst. of Cognitive Neuroscience,
Faculty of Psychology, Ruhr University Bochum, Germany. 4Bernstein Center
Freiburg, Albert-Ludwigs University, Freiburg, Germany.

Published: 8 July 2013

* Correspondence: c.bachmann@fz-juelich.de
1Inst. of Neuroscience and Medicine (INM-6) and Inst. for Advanced
Simulation (IAS-6), Jülich Research Centre and JARA, Germany
Full list of author information is available at the end of the article

Figure 1 Loss of excitatory-excitatory synapses (vertical arrow)
impairs discrimination capability (gray coded). Recovery of
discrimination capability by firing-rate homeostasis (scaling up
remaining excitatory-excitatory synapses; horizontal arrow).
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