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The Model Organism Development and Evaluation for Late-
Onset Alzheimer’s Disease (MODEL-AD) Consortium has 
been established to develop the next generation of 
Alzheimer’s disease (AD) models based on human data. We 
undertook lifespan diffusion magnetic resonance imaging 
(dMRI) to fully characterize the temporal alterations in brain 
structure and circuits in 5xFAD mice.
 All 5xFAD mice are compared to age-matched litter-mates 
(C57BL/6J, WT) at 4, 6, 8, and 12mo. Mice underwent high 
resolution diffusion tensor imaging (DTI) magnetic 
resonance imaging (MRI) at 9.4T (5 B0, 30 directions 
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b=3000 mm /sec) to assess regional white and gray matter. 
Regional tissue features were extracted from fractional 
anisotropy (FA), radial (RD), axial (AD) and mean (MD) 
diffusivity parametric maps using the AMBMC mouse atlas. 
18F-AV45 PET was performed to quantitate amyloid β (Aβ) 
load.
 Our preliminary results focused on the CA1 and the 
subiculum of the hippocampus and revealed tract 
differences between WT and 5xFAD females at age 8 
months. DTI metrics in these tracts were sex and genotype 
dependent. AV45-PET experiments were able to detect 
increasing Aβ plaque load with age in 8-12mo old 5xFAD 
mice when compared to WT.
 Phenotyping of AD mouse models using dMRI can identify 
altered brain connectivity and regional tissue features. The 
data support that increasing Aβ deposition results in altered 
dMRI metrics that can be readily translated to the clinic.
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Along tract metrics from CA1 to subiculum

Fractional anisotropy in CA1Ÿ Male and female 5xFAD hemi mice at 4, 6, 8 and 12 month-
old, and their littermate controls (8-9 per group).

Ÿ High resolution ex vivo MRI (9.4T):
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Ÿ F-AV45 PET used to detect Ab
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Figure 1. Connectivity between WT and 5xFAD females 
at 8 mo of age from the subiculum to the CA1 are 
modified. Along tract metrics (Subiclum to CA1) are  sex 
and genotype dependent. (*p<0.05, **p<0.01, ***p<0.001)

Figure 2. Increased FA within hippocampal CA1 was observed 
12 mo old 5xFAD mice. Interestingly, there was a sex-specific 
hemispheric difference with both males and female 5xFAD mice 
exhibiting increased FA (**p<0.01).

 18Figure 3. F-AV45 PET/MRI images represent an average of 5 randomly selected subjects; autoradiography images 
are representative males or females. In all cases, images are presented as SUVR to the cerebellum. Each bregma 
image panel is an average MRI (left), PET (center-left), Fused (center-right), and autoradiography (right) for 3  
bregma levels (0.38, -1.94, -3.80). Quantification of regional accumulation of Ab revealed significantly increased 
plaque load in most regions at 12 mo. (*=p<0.05 genotypes within an age, z=p<0.05 comparing 12mo to 4mo).

Ÿ Tissue features, similarly, can be assessed using dMRI 
metrics from a wide range of brain regions, including the 
hippocampus.

Ÿ Phenotyping mouse models of AD with diffusion MRI 
reveals age and sex alterations.
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Ÿ Phenotyping mouse models of AD with F-AV45 PET 

can identify age related deposition of Ab.
Ÿ Regional connectivity can be assessed using 

tractogrophy and along tract metrics provide genotype, 
age and sex dependent data.

Ÿ Clinical translation: all imaging modalities herein can 
and have been utilized in human studies. 

Ÿ Future directions, will correlate Ab load to DTI derived 
metrics to provide a more complete description of AD 
progression.
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-DTI: water diffusion and regional connectivity 
-T2: used for atlas registration

-Atlas-based analysis 
performed using 
AMBMC Mouse Atlas
-DTI and tractography 
analysis performed 
using DSI studio.

Imaging sequences T2 DTI

TR (ms) 4000 8000

TE (ms) 10 36

averages 6 4

FOV (cm) 1.5 1.5

matrix 256 256

slices 30 30

slice thickness (mm) 0.5 0.5

slice interval (mm) 0.5 0.5
2B value (s/mm ) & directions 3000 & 30
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