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Introduction: Imaging of beta amyloid beta-amyloid (Aβ) plaques in human Alzheimer ’s disease (AD) and the
APP/PS1 mouse model has been of great interest for AD research. However, the histo-pathological basis of the image
contrast associated with Aβ plaques and the connected relaxation mechanism has not been well-understood. With the aid
of the previously developed histological coil, T2*-weighted images and R2* parametric maps were directly compared to
histology stains acquired from the same set of Alzheimer’s and APP/PS1 tissue slices. The goal of the current study is to
use this novel technology to a) establish the relationship between MR image contrast associated with Aβ plaques and
their histology and b) compare such relationships in human and transgenic APP/PS1 mouse tissues. Examination of the
relationship between MR contrast due to beta-amyloid plaque morphology and iron deposition both in human AD and the
APP/PS1 model is described.
Methods: Entorhinal cortex brain tissue samples from clinically and histologically determined AD subjects (n=5) and
age-matched controls (n=4) as well as tissue from transgenic mice (n=5) inserted with chimeric amyloid precursor
protein (APP) and a mutant human presenilin 1 and age matched cage mate C57BL/6 control mice (n=3) were used.
Tissue sections were cut at 60µ m and prepared for MR micro-imaging using a 7.0 T magnet with the histological coil (1).
A T2* MGE sequence was utilized with a matrix of 5122 and a final pixel resolution of 45µm x 45µm in the through –
plane direction. After histological MR imaging, the 60µm tissue sections were co-stained with Thioflavin-S for Aβ
plaque detection and both a traditional and modified Perl’s stain to stain for ferric iron. Samples were also prepared for
transmission electron microscopy for high magnification histological
imaging of plaques. R2* parameter maps were created and detailed
relaxation measurements of individual plaques in both human AD and
APP/PS1 tissue were evaluated.
Results: Figure 1 (left) shows a T2* weighted MR image and histological
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most noticeable in the TEM magnifications (Fig. 2). The human AD plaques consist of fragmented patches with random
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human AD plaques while rarely found in the transgenic mouse plaques. R2* for human regions with plaques were
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significantly higher (p<0.0001) then both the controls and regions without plaques (Fig. 3a). Regions with plaques in the
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APP/PS1 animals had a significantly higher R2* compared
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(p<0.0001).
Discussion: Imaging of thin slices of tissue samples with the aid of the histological coil allows the
one-to-one comparison of tissue pathology as seen in histological stains and different MRI
methodologies. With this technique, the relaxation mechanisms for Aβ plaques in human Alzheimer’s
disease and the APP/PS1 mouse model were investigated with respect to their morphology and
relationship with iron deposition. Thioflavin-S staining for Aβ plaque detection and a Perl’s – DAB
stain for iron exposure demonstrate a consistent high iron concentration in and around the plaques in
human AD samples. The Aβ plaques in human brain samples coincide with the dark spots seen in MRI
Figure 3: Bar graphs of average R2* rates from ROI’s with
T2*-weighted images demonstrating that elevated iron in and around the Aβ plaques deposits plays a
plaques, without plaques and control tissue within human
part in generating Aβ plaque MRI contrast. Transgenic APP/PS1 brain samples also demonstrate a
(a) and mouse tissue (b). The R2* relaxation of plaque
similar T2* – weighted MRI contrast associated with Aβ plaque distribution. However, the
ROI’s in the AD tissue have a significantly higher R2* than
corresponding iron and Aβ staining morphology appear to differ from the human AD tissue. The
regions without plaques and control tissue sections. A
iron concentration in the transgenic Aβ plaques is consistently less than that of the human AD
similar trend is found in mouse data.
plaques. The mean R2* time for the selected amyloid plaques in the Alzheimer’s tissues (Fig. 3) is
on average 90% greater than that from the ROI’s without plaques and control tissue, while mean R2* for the selected amyloid plaques is on average 56% higher than in
the ROI’s without plaques and in the control tissue. The data suggest that iron load alone does not account for the hypo-intensities that are observed in the T2*weighted images of the animal pathology. Faster T2* relaxation resulting in signal drop could be attributable to the dense fibrillar nature of the amyloid beta deposits.
The dense formation of the animal plaques would prohibit free water from accessing the core of the plaque as indicated with the TEM data. Thus, our data suggests a
dual relaxation mechanism in the generation of T2* contrast due to Aβ plaques. The focal iron concentration is the dominant cause for rapid T2* relaxation in human
AD plaques while the increased fibrillar density and compacted morphology becomes a major factor for T2* shortening in the APP/PS1 transgenic plaques.
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