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Elevated systemic expression of interleukin-6 modulates resting state functional connectivity in hippocampal and cortical areas
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Introduction: Interleukin-6 (IL6) has been shown to directly regulate neuronal firing and hippocampal synaptic plasticity (D'Arcangelo et al., 2000; Tancredi et al., 2000). Several of these studies suggest an inhibitory effect of IL6 on synaptic transmission. Thus, systemic inflammation, which leads to increased expression of this pro-inflammatory cytokine, can potentially dampen neuronal activity in the hippocampus, as well as its extended functional circuitry, and affect cognitive function. Using adenoviral vector (AAV)-mediated expression of IL6 in rats, we tested whether increased systemic, low-grade, but sustained expression of IL6 affects functional connectivity within hippocampal networks and between hippocampus and other downstream cortical brain regions involved in learning and memory. We hypothesized that IL6 would reduce intrinsic hippocampal functional connectivity, as well as its synchronous activity with prefrontal/temporal/parietal cortical regions.
Experimental: Adult male Fisher 344 brown Norway rats (375-400g) were injected intramuscularly with either AAV-IL6 or AAV-EGFP as a control condition (n=8/group). Animals were imaged at 8 and 16 weeks following injection to allow expression and to monitor progressive functional brain changes over the course of expression. Scanning was carried out on a 4.7 Tesla MRI in rats under a combination of 0.02 mg/kg dexmedetomidine/0.5% isoflurane. We used the following parameters for functional imaging: 2-segment spin echo-EPI sequence with repetition time = 1sec, echo time = 50ms, field of view = 3.2cm2, data matrix = 64 x 64. We analyzed functional connectivity between 75 regions of interest in the rat brain using a fully segmented and annotated atlas. 

Results and Discussion: Control rats showed robust intrinsic functional connectivity in the hippocampus and intriguingly showed activity that was anticorrelated with the visual cortex. IL6 caused a slight increase in this connectivity and suppressed the anticorrelated activity. Additional analysis indicated that hippocampal functional connectivity with the temporal cortex and visual cortex was reduced by IL6. Interestingly, the rostral retrosplenial cortex, which is part of the default mode network as measured in rats, showed a greater connectivity with the anterior cingulate.
Conclusions: Consistent with previous studies demonstrating a modulatory role of IL6 on synaptic transmission, we find that it also affects network level functional interactions, as measured by functional MRI.
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Figure 1. Functional connectivity maps with dorsal hippocampus as the seed region. The effects of IL6 on ventral hippocampal functional connectivity was most pronounced at 16 weeks. 




















