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Impaired synaptic pruning produces long-range functional connectivity deficits in the mouse brain 
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Introduction  
Human fMRI studies have consistently revealed impaired long-range functional connectivity in neuro-developmental disorders such as schizophrenia and autism (1, 2). 
However, the neuronal origin and patho-physiological significance of these alterations remain unclear. Recent genetic and molecular evidence have highlighted a 
possible contribution of deficits in synaptic maturation to the etio-pathology of schizophrenia and autism  (3, 4). This hypothesis is supported by genetic association 
studies that link variation in synaptic scaffolding proteins to autism and by post-mortem studies that identified decreased expression of genes associated with synaptic 
transmission across cortical regions (3, 5).  
The implementation of functional connectivity methods in transgenic rodent models could be instrumental in establishing causative links between synaptic deficits and 
connectional alterations. We recently described a protocol for the robust detection of distributed and reproducible resting-state fMRI (rsfMRI) networks in the mouse 
brain (6).Here we capitalised on this approach to test whether impaired synaptic maturation is sufficient to induce functional connectivity deficits. We applied rsfMRI to 
fractalkine receptor knockout mice (Cx3cr1KO) and control littermates. Cx3cr1KO mice have a transient reduction of microglia in the brain, and an excess of weak 
excitatory synapses during early development (7). The imaging results were corroborated by local field potential (LFP) coherence measurements performed in freely-
moving animals. 
 

Methods 
All experiments were carried out in accordance with Italian regulations governing animal welfare and protection. Animals: MRI experiments were performed on male 
Cx3cr1KO (n=7) mice and wild-type (WT) littermates (n=9; 20-30 g). Animal preparation: The procedure employed for rsfMRI has been recently described (6, 8). 
Briefly, mice were anaesthetized with isoflurane (5%), intubated, and artificially ventilated. The left femoral artery was cannulated for blood pressure monitoring, 
infusion of paralyzing agent and blood gas sampling. To avoid induction of burst-suppression (9) rsfMRI timeseries were acquired using controlled halothane anesthesia 
(0.7%). rsfMRI: All experiments were performed using a 7.0 Tesla MRI scanner using a single-shot EPI sequence with TR/TE 1000/15 ms, matrix 100 × 87, field of 
view 2.3 × 2 cm2, 16 coronal slices, slice thickness 0.75 mm an NT=360. rsMRI data analysis: rsfMRI time series data were pre-processed (registered, motion 
regressed band-pass filtered; 0.1-0.001 Hz and smoothed) as recently described (6). Small seed regions (3×3×1 voxels) were chosen based on anatomical structures 
belonging to networks of interest. Seed map correlations were generated as previously described (6). Group maps were thresholded at |Z| > 2, and cluster-corrected at p 
< 0.001. One-sample T-statistic matrices were computed for each group, thresholded at P = 0.05 and FDR corrected (q=0.05). A graph representation of the 
connectivity matrices was generated by thresholding correlation coefficients at |r| > 0.1. In vivo electrophysiology: Wild-type (n=7) and Cx3cr1 (n=9) knockout 
littermates were implanted with depth electrodes and local field potentials recorded via a wireless Neurologger 2A device as previously described (5). Data were 
acquired at 1600 Hz and analyzed offline using multi-taper spectral analysis (TW = 3, K = 5 tapers). Time-dependent coherence was calculated with TW = 4, K = 6, 
moving window length 2 seconds with 50 ms steps.  
 
 

  Figure 1 Cx3cx-KO mice 
showed impaired long-
range rsfMRI connectivity. 
(a, top) Transverse brain 
section showing rsfMRI 
signal correlated with 
prefrontal cortex (PFC; 
HPC:ventral hippocampus) 
in control (WT) subjects 
.Cx3cr1KO mice (b, top) 
showed less extensive PFC 
correlations than control 
littermates, with a 
significant decreased in 
BOLD synchronization in 
PFC-HPC. Correlation 

matrices derived from 
global fMRI BOLD signal 

analysis in regions of interest revealed widespread reductions in functional connectivity across brain regions in knockout (b) compared to wild-type mice 
(a).Superposition of the most prominent fMRI BOLD correlations between brain regions on the mouse brain highlights the preferential reduction in connectivity 
between distant brain regions and PFC (prelimbic cortex, Pr1). (c) Coherence between LFP signals recorded from PFC and right HPC (c, top) was reduced in 
Cx3cr1KO mice compared to WT littermates, with a significant decrease measured in (c, bottom) theta, beta and gamma bands in PFC-HPC (*P < 0.05, **P < 0.01). 
 

Results and discussion  
Figure 1 summarises the main findings of this study. rsfMRI results highlighted a clear deficit in long-range antero-posterio connectivity in Cx3cr1KO mice, an effect 
that was particularly prominent in fronto-hippocampal regions. The effect did not affect inter-hemispheric homotopic rsfMRI correlations. The imaging findings were 
corroborated by local field potential (LFP) coherence analyses between dorsal hippocampus and prefrontal cortex in awake behaving Cx3cr1KO and control mice. LFP 
coherence (but not power) spectra indicated a significant decrease in functional connectivity between PFC and HPC across a wide frequency range. Interestingly, 
rsfMRI analyses revealed a gradient of stronger desynchronization across the dorsal-ventral hippocampal axis, a finding that was confirmed by LFP coherence 
measurements obtained with electrodes placed simultaneously in dorsal and ventral hippocampus. These data corroborate the hypothesis that the two methodologies 
reflect a common underlying functional connectivity deficit in knockout mice, and rule out the hypothesis of a differential sensitivity of the two genotypes to the light 
anaesthesia employed for rsfMRI imaging. Collectively, our findings demonstrate that disruption in synaptic pruning is sufficient to produce connectional deficits 
reminiscent of those observed in human neuro-developmental disorders. They also support the use of MRI-based measures of brain connectivity in mouse models as a 
powerful platform for the investigation of the neuropathological significance of connectional alterations observed in clinical populations.  
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