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Canonical Interferon-( Signaling Promotes Nigrostriatal Degeneration and Increases In Vivo Brain Free Water
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 Detecting the clinical pathological course of neurodegenerative diseases involving early onset of neuroinflammation is challenged by the lack of reliable biomarkers for progression. Using an rAAV2/1-IFN-g mouse model of selective nigrostriatal degeneration and midbrain calcinosis, we assessed the relationship between neurodegenerative/neuroinflammation and diffusion magnetic resonance imaging (dMRI) signals at 11.1 Tesla. Specifically, we explored a direct link between IFN-g mediated neurodegeneration and neuroinflammation and in vivo free water (FW) signal, previously implicated in Parkinson’s disease (PD) progression. The rAAV2/1-IFN-g mouse phenocopies an atypical PD syndrome, with early onset of motor symptoms, profound neuroinflammatory activation with selective and specific degeneration of nigral dopaminergic neurons.
Results and Discussion


T1 anatomical scans conclusively demonstrated age-progressive appearance of lesions in midbrain and dorsal striatum, consistent with dystrophic calcinosis. Free water corrected fractional anisotropy (FA) and mean diffusivity (MD) indices were modestly affected in forebrain and midbrain areas. However, FW was significantly increased, particularly in aged animals, in midbrain and forebrain white and grey matter regions involved in motor control and cognitive functions. Interestingly, in spite of a detectable loss of dopamine neurons in substantia nigra (SN), this region showed no changes in FW signal. Thus, FW signals might reflect neuroinflammation events in regions downstream of SN dopamine neurons. In further support of a direct link between IFN-g signaling and FW, mice lacking the IFN-g receptor 1 (IFNGR1) or the STAT1 transcription factor did not show any changes in FW (or T1 lesions) at any age. Neuropathological analyses confirmed that disruption of IFNGR1 or STAT1 reversed midbrain calcinosis phenotype, inflammation and nigral loss. Collectively, our results point to canonical IFN-g signaling as a major driver of in vivo FW and T1 changes reflecting degenerative pathology in these mice. Our findings establish a direct and novel link between FW and canonical inflammatory signal, supporting the use of FW signal from dMRI as a surrogate biomarker of neuroinflammation and neurodegeneration.
Conclusions

Using 11T diffusion MRI imaging of a mouse model of atypical Parkinsonism, we have characterized progressive changes in free water diffusion in relation to neuropathological alterations induced by IFN-g expression in the brain. We further show that canonical IFN-g signaling drives this neurodegenerative phenotype as disrupting either IFNGR1 or its downstream effector, STAT1, prevents IFN-g mediated nigrostriatal pathology.
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Figure 3. Brain IFN-γ overexpression increases free water (FW), astrocytosis, and promotes midbrain dopaminergic degeneration. A) Representative structural, FA and free water maps at several ages for wildtype controls and mice overexpressing IFN-(.








