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In vivo Imaging Reveals Impaired Connectivity Across Cortical and Subcortical Networks in a Mouse Model of DYT1 Dystonia
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Introduction

Early-onset general torsion dystonia (DYT1) is an autosomal dominant movement disorder that typically presents during early childhood through adolescence as motor impairments characterized by involuntary and sustained hyperactive muscle contractions and disabling postures [1, 2]. In humans, DYT1 is caused by a trinucleotide (ΔGAG) deletion in one allele of the DYT1 gene [3]. Developing in vivo functional and structural neuroimaging assays in Dyt1 ΔGAG heterozygous knock-in (Dyt1 KI) mice provide insight into the pathophysiology underlying DYT1 dystonia. We test the hypothesis that the sensorimotor cortex, basal ganglia, and cerebellum have altered functional connectivity patterns in Dyt1 KI mice compared to wild-type (WT) mice. Additionally, a secondary goal of the study is to determine how changes in structural integrity in the basal ganglia and cerebellum relate to functional connectivity.
Experimental
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The study examined in vivo functional connectivity of large scale-cortical and subcortical networks in Dyt 1 KI mice and WT controls using resting-state functional magnetic resonance imaging (fMRI) and an independent component analysis. In addition, using diffusion MRI we examined how structural integrity across the basal ganglia and cerebellum directly relates to impairments in functional connectivity. To disentangle diffusion properties of water in brain tissue from that of free-water (FW) measurement in the extracellular space, we use a bi-tensor model. Imaging data was collected on the 11T Magnex Scientific horizontal magnet system at the McKnight Brain Institute at the University of Florida. 
Results and Discussion


Compared to WT mice, Dyt1 KI mice revealed increased functional connectivity across the striatum, thalamus, and somatosensory cortex; and reduced functional connectivity in the motor and cerebellar cortices. Further, Dyt1 KI mice demonstrated elevated FW in the striatum and cerebellum compared to WT mice (Figure 1), and increased FW was correlated with impairments in functional connectivity across basal ganglia, cerebellum, and sensorimotor cortex. The present study provides the first high-field in vivo fMRI- and dMRI-based assays of functional connectivity and structural integrity of cortical, basal ganglia, and cerebellar regions in a mouse model of DYT1 dystonia. 
Conclusions

The current study provides MRI-based evidence in support of the hypothesis that the deletion of a 3-base pair (ΔGAG) sequence in the Dyt1 gene encoding torsinA has network level effects on in vivo functional connectivity and microstructural integrity across the sensorimotor cortex, basal ganglia, and cerebellum.
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Fig.1 shows between-group FW comparisons. Warm (red) colors denote a significant increase in FW values in Dyt1 mice compared to WT in (A) dorsal striatum, STR, and (B) cerebellar lobules II/III.








