Mapping alpha-synuclein-induced brain pathology in a mouse model of
Parkinson’s Disease
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Introduction

A

While the mechanism underlying Parkinson’s Disease (PD)
pathology has not yet been elucidated, recent evidence suggests
aggregated misfolded alpha-synuclein (a primary component of
intraneuronal inclusions, Lewy bodies, [aSyn]), may propagate in
a prion-like manner, mediating the spread of pathology and
contributing to PD progression. Using an aSyn mouse model of
PD, with a known locus of pathology, we examined aSyn-induced
magnetic resonance imaging (MRI)-derived brain atrophy.
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PFF > PBS

Methods
PFF < PBS

M83 aSynA53T
transgenic mice (hemizygous)
(Giasson et al., 2002)

Figure 1. [A] At FDR 10%, smaller volumes for the PFF injected mice were observed
for some key structures known to be implicated in PD: the medulla [B], midbrain [C],
primary motor cortex, primary somatosensory cortex, substantia nigra, pars compacta
[D] and pars reticulata, subthalamic nucleus and thalamus [E] (in order of significance)
(t>2.27).

n=8 mice/group; 4 males and 4 females
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Injection site: Right Dorsal neostriatum Inoculum:
1) aSyn preformed fibrils (PFFs)

2) or phosphate buffered saline (PBS)

Data Acquisition: ex-vivo T1-weighted images (Bruker 7T MRI; 70 μm
isotropic voxels)

Volumetric Analysis:
● Whole structure volume differences between the groups were
examined using atlas-based segmentation, MAGeT-Brain
(Chakravarty et al., 2013).
● General linear model, modelling sex as a covariate.
○ False discovery rate (FDR) to correct for multiple
comparisons.

Network Analysis:
● Brain atrophy was assessed using deformation-based
morphometry (Kong et al., 2018).
● Orthogonal projective non negative matrix factorization (NMF)
(Sotiras et al. 2015; Yang & Oja 2010).
○ NMF of the relative jacobians at each voxel for each
subject gives two matrices describing voxel-wise and
subject-wise component weightings.
● The spatial pattern of voxel scores for each component was
plotted onto the mouse brain.
● Group differences of subject weights, describing how each
subject loads onto each atrophy network, were assessed using
a general linear model, with sex modelled as a covariate.
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Study Design:

Figure 2. NMF decomposition of voxel-based deformation in M83 aSynA53T transgenic mice. Significance for aSyn PFF-induced network level pathology assessed using a general
linear model. [C&D]. Group differences of NMF component weightings, which describe how each subject loads onto the identified atrophy pattern, were assessed using a general
linear model and covarying for sex. [A&B]. The spatial pattern of voxel scores for two significant components (Component 4 [A] and 2 [B]) plotted onto the mouse brain, depicting
networks of voxels sharing a similar variance pattern. [A] Component 4 revealed a striatal-nigral-hypothalamic pattern. [C] Component 2 revealed a midbrain-pons-medulla pattern.

Summary
1. The inoculation of aSyn PFF in the striatum showed widespread effects on brain morphology:
a. particularly in regions that project to, or receive input from the injection site (thalamus, pons, midbrain, periaqueductal gray, and regions of the frontal cortex)
b. gives rise to widespread network patterns of PFF-induced brain morphological changes
i. striatal-nigral-hypothalamic pattern
ii. midbrain-pons-medulla pattern
2. These results are in accordance with PD studies in which show prominent aSyn pathology in the neurons of these structures, functional impairment, and atrophy
of these structures in patients with PD (Luk et al., 2012a; Luk et al., 2012b; Politis et al., 2008; Zeighami et al. 2015).
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