Cortically-controlled population stochastic facilitation as a plausible substrate for guiding sensory transfer across the thalamic gateway
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Focused attention: a synaptic bombardment decorrelation hypothesis

A number of experimental observations indicate that the level of correlation of neuronal activity in the thalamus and cortex changes during focused attention. On the one hand, some studies report increased level of correlation, in particular in the alpha-beta (8–30 Hz) and gamma (30–80 Hz) bands [1–4]. On the other hand, other studies report decreased correlations in LFP signals during attentive tasks [5,6] (see also [3] for alpha-beta decrease). Our hypothesis might reconcile these opposing findings via a unique mechanism: focusing —by decreasing correlations— the appropriate circuitry onto the attended stimulus feature as suggested by [7], but also by imposing increased correlations in the subnetworks involved in the coding of other features, irrelevant to the task. The originality of our proposal is that, for a given attentional task, antagonist effects can be observed: our prediction is that the retinotopic region of the thalamocortical circuitry being the focus of attention will present a low level of correlations, while regions to be neglected outside of the focus will present a high level of correlations. LFP recordings which primarily reflect synaptic activity local coherence pick up signals from restricted cell populations and at this scale the increase or decrease of correlation will entirely depend upon the location of the electrode, like for the classical orientation or ocular dominance maps in V1. We predict the existence of dynamic functional maps for correlation and decorrelation in V1 and in the thalamus. These maps differ from the classical maps cited above in that they should vary according to the stimuli and the attentional context, and their distribution should vary from moment to moment.

We illustrate this concept with a visual stimulus composed of bars of random orientation chosen among four with a 45° angle difference (Fig. S6A). When we focus our attention on a single bar (for instance vertical), then all other bars of same orientation become segregated from the context made of other bars of dissimilar orientation. This effect is rather slow and demands an attentional effort, unlike the classical pop-out that is automatic and fast [8]. This slower process could depend on a feedback from high-level cortical areas [8], and on horizontal synaptic connections in V1. Note that the color of the bar is not an issue here, the effect is the same when bars are all of the same color.

We describe a phenomenological model for this visual effect in several steps illustrated in Figure S6B:

1 – Initial decorrelation of activity in cortical area V1: In the retinotopic stream activated by the attended vertical bar, retinal ganglion cells discharge in synchrony due to the spatiotemporal coincidence of the stimulus. In the dLGN, thalamocortical relay cells are activated by the synchronous retinal inputs and in turn they activate their target cortical cell of same orientation selectivity in V1. These synchronous discharges can generate decorrelation in the cortex via mechanisms described in [9,10]. A likely source of decorrelation could be due to the attentional feedback from high-level visual areas [8]. Outside of the focused area, correlated activities are essentially generated by an intracortical recurrent activity and horizontal activity. The increased synchronization of cortical networks in the gamma frequency may stem from elevated oscillatory retinal frequencies [11], intracortical mechanisms including high-frequency bursting [12] and interneurons activity [13]. Similarly, increased synchronization in the alpha-beta frequency range may stem from cortex and intrinsic oscillatory activities in the thalamus (see below). In contrast, within the target region of the focused attention, we predict that a LFP electrode precisely located within the tiny focused area in V1 would reveal decreased correlation levels in the alpha-beta and/or gamma frequency ranges.

2 – Propagating waves of decorrelation in V1: The initial decorrelation propagates to other columns of vertical orientation via connections between columns of same orientation [14–16]. In this situation, an LFP electrode placed in one such column of same orientation in V1 would detect a decreased level of of alpha-beta and/or gamma activity correlation. In contrast the correlation would be higher in other columns of different orientation preference, an effect which could be further amplified by the lack of thalamocortical input resulting from the filtering of the sensory information. This notion of sensory filtering is explicated below.

3 – Foci of corticothalamic decorrelation: Areas of decorrelated activity in V1 send a decorrelated corticothalamic synaptic activity to their target neurons in the dLGN and in the NRT. We infer from the retinotopic organization of the top-down projections that the target neurons in the dLGN are specifically tuned to detect features matching a bar similar to the one being focused. In all other target areas of the thalamus corresponding to the feedback of cortical columns of different orientation selectivity, the global activity pattern of the descending cortical input remains correlated, and imposes a reduction in the efficiency of the sensory information transfer.

4 – Oscillatory activity in the thalamus: Oscillations in the thalamus are generated by various known mechanisms such as intrinsic properties, gap junctions and synaptic interactions with NRT [17,18]. Oscillations in the alpha-beta range are synchronized in V1 and dLGN during attention [4], an effect which may rely on corticothalamic projections [19]. Therefore, outside of the corticothalamic foci of decorrelation, thalamic oscillations in the alpha-beta range might be initiated or reinforced by the synchronizing action of the descending inputs. In turn, thalamic oscillations might further contribute to the correlation of the cortical activity in the alpha-beta and/or gamma range. According to our hypothesis, such a correlated activity carried within the thalamocortical loop would result in a filtering of the sensory information which is unrelated to the focused vertical bar or other bars of same orientation.

As we have shown in this paper, the occurrence of synchronized oscillations in the thalamus reduces sensory transfer (see Fig. 7C; [20]) while decorrelated cortical input boosts sensory transfer (see Fig. 4E,F and 5B,D).

In summary, we envision a mechanism of selective sensory attention by which top-down cortical inputs could create an ever changing landscape of islands of highly efficient sensory spike transfer in a network otherwise functionally decoupled from its inputs (Fig. S6C).
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