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We have recently described a computational neuroscience approach to understanding the symptoms and
neural bases of schizophrenia . In the stochastic neurodynamical approach, we consider the stability of
neural systems in different cortical areas, and how different factors affect the stability in the face of the noise
or randomness introduced into the system by the almost random spiking times of neurons for a given mean
firing rate. We postulate that the cognitive symptoms, including impaired short-term memory especially in
the presence of distracting events, which in turn impairs attention due to instability of the short-term memory
systems that provide the source of the bias for top-down attentional control >®, are related to instability in
attractor networks in the prefrontal cortex that implement short-term memory and control attention. The
stability of the attractors is reduced by factors that reduce the firing rates of the neurons when they are in
the high firing rate state that normally maintains the attractor-based short-term memory. The factors in
schizophrenia that may produce these effects include reductions in the efficacy of cortical glutamate
systems®, of dopamine systems acting through the D1 receptors * '°, and a reduced synaptic spine density
*. (The loss of excitatory synapses in the prefrontal cortex at adolescence is especially great in those
diagnosed with schizophrenia, amounting to 60% ***%). We postulate that the negative symptoms including
the reduced affect are produced by decreased firing rates (produced by similar mechanisms) in the
orbitofrontal and anterior cingulate cortex *, which are involved in emotion and motivation ***°. We
postulate that the positive symptoms are related not only to instability of the high firing rate attractor states,
but also to instability of the low firing rate spontaneous states, which even in the absence of input may jump
into a high firing rate state which might represent a hallucination or intrusive thought when occurring in
semantic and long-term memory systems in for example the temporal lobes ** " ’. This instability of the
low firing rate states we ascribe for example to the reduced inhibitory GABAergic functionality, especially of
the cortical parvalbumin-containing neurons, in schizophrenia * ' *°,

It is important that computational theories, and their predictions, should be tested. We therefore welcome a
recent investigation of working memory representations in chronic patients with schizophrenia who were



mostly treated with clozapine . In line with what might be predicted from our computational approach, a
reduced capacity (in terms of the number of items that could be correctly remembered) was found in a
working memory task. We interpret this as less stable and more noisy attractors of the recurrent networks
that implement short-term memory, making different attractors susceptible to interference, and thereby
reducing the working memory capacity ‘. Although these investigators did not find a greater difference
between performance at a 1 s and 4 s short-term memory interval for patients, we note that at both delays
the schizophrenic patients were impaired relative to controls, and that the controls themselves did not show
an effect of this change in the delay. Whether one obtains an effect of different delays does of course
depend on a number of factors, such as the design of the task, the task difficulty, the duration of the delay,
and, importantly, whether distracting stimuli are present, for attractor neural networks with reduced firing
rates become more susceptible to distracting stimuli *, and under these conditions especially short-term
memory may be impaired. We therefore believe that future studies with distracting stimuli present would be
of interest, and indeed note that the same research group have reported that, as predicted, schizophrenia
patients fail to overcome distractors during a working memory task, showing a deficit of top-down attentional
control 2%, In future studies we believe that it would also be useful to combine behavioral studies of this kind
with signal to noise measures of brain function %2°, and to select clinically homogenous patient groups or
subjects who are unmedicated or subjects at risk for schizophrenia.

References
1. Loh M, Rolls ET, Deco G. A dynamical systems hypothesis of schizophrenia. PLoS Computational
Biology. 2007;3(11):e228. doi:210.1371/journal.pchi.0030228.
2. Loh M, Rolls ET, Deco G. Statistical fluctuations in attractor networks related to schizophrenia.
Pharmacopsychiatry. 2007;40:S78-S84.
3. Rolls ET, Loh M, Deco G, Winterer G. Computational models of schizophrenia and dopamine
modulation in the prefrontal cortex. Nature Reviews Neuroscience. 2008;9:696-709.
4, Rolls ET, Deco G. A computational neuroscience approach to schizophrenia and its onset. Neurosci
Biobehav Rev. Sep 17 2010.
5. Deco G, Rolls ET, Romo R. Stochastic dynamics as a principle of brain function. Progress in
Neurobiology. 2009;88:1-16.
6. Rolls ET, Deco G. Computational Neuroscience of Vision. Oxford: Oxford University Press; 2002.
7. Rolls ET. Memory, Attention, and Decision-Making: A Unifying Computational Neuroscience
Approach. Oxford: Oxford University Press; 2008.
8. Grabenhorst F, Rolls ET. Attentional modulation of affective vs sensory processing: functional

connectivity and a top-down biased activation theory of selective attention. Journal of Neurophysiology.
2010;104:1649-1660.

9. Coyle JT, Balu D, Benneyworth M, Basu A, Roseman A. Beyond the dopamine receptor: novel
therapeutic targets for treating schizophrenia. Dialogues Clin Neurosci. 2010;12(3):359-382.
10. Durstewitz D, Seamans JK. The dual-state theory of prefrontal cortex dopamine function with

relevance to COMT genotypes and schizophrenia. Biological Psychiatry. Jul 10 2008;64:739-749.

11. Glantz LA, Lewis DA. Decreased dendritic spine density on prefrontal cortical pyramidal neurons in
schizophrenia. Arch Gen Psychiatry. Jan 2000;57(1):65-73.

12. Glantz LA, Gilmore JH, Hamer RM, Lieberman JA, Jarskog LF. Synaptophysin and postsynaptic
density protein 95 in the human prefrontal cortex from mid-gestation into early adulthood. Neuroscience.
Nov 9 2007;149(3):582-591.

13. Bennett MR. Synapse formation and regression in the cortex during adolescence and in
schizophrenia. Med J Aust. Feb 16 2009;190(4 Suppl):S14-16.

14. Rolls ET. Emotion Explained. Oxford: Oxford University Press; 2005.

15. Grabenhorst F, Rolls ET. Value, pleasure, and choice systems in the prefrontal cortex. Trends in
Cognitive Sciences. 2011.

16. Rolls ET, Grabenhorst F. The orbitofrontal cortex and beyond: from affect to decision-making.
Progress in Neurobiology. 2008;86:216-244.
17. Rolls ET, Deco G. The Noisy Brain: Stochastic Dynamics as a Principle of Brain Function. Oxford:

Oxford University Press; 2010.
18. Lewis DA, Hashimoto T, Volk DW. Cortical inhibitory neurons and schizophrenia. Nat Rev Neurosci.



Apr 2005;6(4):312-324.

19. Benes FM. Amygdalocortical circuitry in schizophrenia: from circuits to molecules.
Neuropsychopharmacology. Jan 2010;35(1):239-257.

20. Gold JM, Hahn B, Zhang WW, et al. Reduced capacity but spared precision and maintenance of
working memory representations in schizophrenia. Arch Gen Psychiatry. Jun 2010;67(6):570-577.

21. Hahn B, Robinson BM, Kaiser ST, et al. Failure of schizophrenia patients to overcome salient
distractors during working memory encoding. Biol Psychiatry. Oct 1 2010;68(7):603-609.

22. Winterer G, Coppola R, Goldberg TE, et al. Prefrontal broadband noise, working memory, and
genetic risk for schizophrenia. Am J Psychiatry. Mar 2004;161(3):490-500.

23. Winterer G, Musso F, Beckmann C, et al. Instability of prefrontal signal processing in schizophrenia:
an event-related fMRI study. Am J Psychiatry. Nov 2006;163(11):1960-1968.

24, Winterer G, Weinberger DR. Genes, dopamine and cortical signal-to-noise ratio in schizophrenia.
Trends Neurosci. Nov 2004;27(11):683-690.

25. Winterer G, Ziller M, Dorn H, et al. Schizophrenia: reduced signal-to-noise ratio and impaired phase-
locking during information processing. Clin Neurophysiol. May 2000;111(5):837-849.



