Gadolinium-enhanced magnetic susceptibility contrast is reduced in the corpus callosum of a mouse model of Tauopathy
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Target Audience Researchers with an interest in neurodegenerative diseases and neuroimaging of the mouse brain.
Purpose Tauopathy is an umbrella term used to describe a group of neurodegenerative diseases linked by the presence of aggregated tau protein in the brains
of sufferers. In a subset of these diseases, abnormalities in the white matter, including proteinaceous inclusions and reductions in myelin, have been found in
patients [1, 2]. Myelin has been identified as the main source of contrast between grey and white matter in MRI magnetic susceptibility maps of the mouse
brain[3, 4]. Furthermore, this effect has been shown to be amplified through the use of gadolinium contrast agents[5]. The rTG4510 mouse model exhibits
selective tau pathology[6] and compared to wild type littermates, differences have been shown in Diffusion Tensor Imaging measures in the corpus callosum[7]
Unmyelinated processes are visible in this model through electron microscopy from four months of age[7]. We have developed a novel methodology by
combining gadolinium-enhanced magnetic susceptibility mapping with atlas based statistical parametric mapping to investigate white matter pathology in the
rTG4510 mice at high resolution. Maps were generated for ex vivo mouse brains which were then registered into a common space where a voxel-wise
comparison of magnetic susceptibility values was carried out in a mouse model of tauopathy for the first time.
Methods Imaging: 10 rTG4510 mice and 8 wild-type
littermates were culled at 7.5 months and perfuse-fixed with
0.9% saline (15 – 20 mL) followed by 10% Buffered Formalin (50
mL) doped with Magnevist (8 mM). High resolution ex vivo
images of three brains were acquired simultaneously at 9.4T
(Agilent Inc. Palo Alto, CA, USA) by securing brains in a purpose
built holder. A 35 mm diameter birdcage RF coil was used for
RF transmission and signal detection using a gradient echo
sequence with the following parameters: FOV = 32 mm x 25
mm x 25 mm; resolution = 40 μm x 40 μm x 40 μm; TR = 17 ms;
TE = 4.54 ms; flip angle = 51o; NSA= 6. Total imaging time was
approx. 11 h.
Magnetic susceptibility mapping: Phase images were
reconstructed and brains were separated automatically using a
fully automated software pipeline developed in house before
spatial unwrapping using FSL Prelude(fsl.fmrib.ox.ac.uk/fsl/fsl4.1.9/fugue/prelude.html). Background field effects were
removed using the Projection on to Dipole Fields method
(PDF.m, MEDI toolbox, Cornell MRI Research Lab) [8, 9].
Susceptibility maps were calculated (Fig. 1c-f) by thresholded kspace division (t=1) [10]. The mean susceptibility in the grey
matter of each mouse brain was used as a reference value for its susceptibility map. A grey matter mask (Figure 2) was generated automatically for this purpose
by intensity thresholding in the magnitude atlas image.
Image Registration and Statistical Parametric Mapping:
A group-wise registration was performed on the reconstructed magnitude images using a fully automated software pipeline.
The brains were separated and oriented before affine and then non-rigid registration using NiftyReg[11].
The affine matrices and deformation fields from the group-wise registration were then applied to the corresponding magnetic
susceptibility maps to transform them into the same space for voxel-wise analysis.
Statistical Parametric Mapping (SPM, http://www.fil.ion.ucl.ac.uk/spm/) was used to investigate susceptibility differences
between the wild-type and transgenic groups. Images were smoothed to remove any registration errors using a gaussian
kernel (0.1mm FWHM). This was followed by a two sample t-test for statistical significance (P<0.05, False Discovery Rate
corrected for multiple comparisons).
Results Marked, region-specific, increases in susceptibility were observed in the corpus callosum as shown in the Statistical
Parametric Map in Figure 1 (a and b). Mean images of the registered susceptibility maps were calculated for the wild-type
(Figure 1 c,d) and rTG4510 mice (Figure 1, e,f). In both the coronal and axial slices presented in Figure 1, a reduction of white
matter contrast is observed in the rTG4510 susceptibility maps in regions that correspond to increases in the SPM. This appears
to be due to an increase in the mean susceptibility in these white matter regions in the rTG4510.
Discussion Magnetic susceptibility maps of the ex vivo mouse brain were registered using the transformations from the non-rigid registration of the magnitude
data. Significant increases in susceptibility in the white matter of the rTG4510 mouse were observed using a voxel-wise group comparison. This technique may
provide improved sensitivity to group differences in magnetic susceptibility in the mouse brain when compared to regional estimates used previously[12, 13].
Refinement of the thresholded k-space division protocol should improve estimates of magnetic susceptibility and will be accomplished through both
optimization of the threshold used and application of a correction for systematic underestimation[14].
In this study, we have shown that contrast enhanced magnetic susceptibility mapping is sensitive to white matter changes in the rTG4510. The increases
observed in these regions may be due decreased levels of myelin, known to be diamagnetic relative to grey matter, or alternatively the increased uptake of
paramagnetic Gadolinium caused by a breakdown of the biological membranes in the white matter. Further work to detect the root cause will involve
histological staining for myelin in the implicated regions and imaging of samples that have not been doped with Gadolinium.
Conclusions This work highlights the potential of atlas based magnetic susceptibility mapping as an imaging biomarker sensitive to white matter changes
driven by Tau pathology in neurodegenerative diseases.
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