
2-3-4-6 month timepoints for 13 major brain regions

Validation of STP+ plaque detection with ELISA.

A. Example plots of the total brain area per serial section

(upper) and plaque density (lower). Red lines correspond

to sections collected for ELISA analysis. B. Images of the

sections highlighted in (A) labeled with Methoxy-X04. C.

Example brain section with segmented plaques. Zoom

inset depicts (left to right) raw signal, segmentation (red),

raw signal with segmentation overlay. D. Plot of the

correlations between Methoxy-X04 and ELISA-Aß42

density across animal. E. Bar plots of the detected

Methoxy-X04 (upper) and ELISA-Aß42 densities.
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DECREASED CHOLESTEROL, LIPOPROTEINS AND 

GLUCOSE IN 5XFAD MICE

HYPERACTIVITY AND CHANGES IN FRAILITY IN 

5XFAD MICE WITH AGING

INCREASED UPTAKE OF 18F-FDG AND 18F-AV45 IN 

5XFAD

GENOTYPE AND SEX ARE MAJOR SOURCE OF 

VARIATION IN 5XFAD TRANSCRIPTOMICS

5XFAD MICE ARE POSITIVELY CORRELATED 

WITH AMP-AD MODULES

CONCLUSIONS

• We utilized the well characterized 5XFAD model of AD to develop an 

integrated pipeline for deep phenotyping of novel mouse models of AD. This 

pipeline combines novel functional and anatomical assays across sites to 

track the ontology of AD progression, and targeted understanding of the 

molecular, biochemical and functional progression of AD pathology.  

Together, this pipeline provides a novel platform for greater understanding of 

LOAD mouse models and potential therapeutic approaches for AD.

METHODS
At designated time points (4, 6, 12 months), animals were

subjected to the following assays: Functional - behavioral

testing paradigms, and in vivo MRI and PET scanning

followed by secondary validation with autoradiography.

Biochemistry/Histology - mice were sacrificed, perfused, and

tissue harvested, with half of the brain frozen and the other

half fixed. On frozen tissue samples we performed bulk RNA-

seq. On fixed tissue samples, we assessed AD relevant

changes using the following stains and antibodies: X34

(plaques and NFTs), Lamp1 (dystrophic neurites), Iba1

(microglia). Serial Two-Photon (STP+) Whole Brain Imaging -

on additional fixed tissue samples we performed whole brain

imaging and regional analysis of Methoxy-X04 labeled

plaques using the TissueCyte® imaging platform.

BACKGROUND
Alzheimer’s disease (AD) is the most common form of

dementia without an effective treatment. Animal models of AD

have been valuable tools to understand familial or early onset

AD, but to date have not been predictive for translational

research. The Model Organism Development and Evaluation

for Late-onset AD (MODEL-AD) Center is developing,

validating, and distributing novel mouse models of late-onset

AD (LOAD) that can be used to develop novel therapeutics.

Using the 5XFAD model of early onset AD, we have

established pipelines to characterize models across multiple

sites using biochemistry, histology, functional assays, in vivo

MRI and PET imaging, and Serial Two-Photon (STP)

tomography whole brain imaging.

For further information, please see

• MODEL AD: www.modelad.org

• AMP-AD Knowledge portal: https://adknowledgeportal.synapse.org/

• Jax AD models:  https://www.jax.org/alzheimers

• AlzForum research models: http://www.alzforum.org/research-models

• TissueVision Inc: https://www.tissuevision.com
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ANIMAL MODEL
The 5XFAD transgenic mice overexpress both mutant human

APP(695) with the Swedish (K670N, M671L), Florida (I716V),

and London (V717I) Familial Alzheimer's Disease (FAD)

mutations and human PS1 harboring two FAD mutations,

M146L and L286V. This study utilized the 5XFAD strain on a

congenic C57BL/6J genetic background (34848-JAX).

Decreased total cholesterol and lipoproteins in 5XFAD males compared to wild-type males and decreased glucose

levels in 5XFAD females compared wild-type females. Non-fasted plasma was collected at termination of the study and

measures of total cholesterol, low density lipoproteins, high density lipoproteins, triglycerides, non-essential fatty acids and

glucose were measured. Females 5xFAD mice had significantly lower total cholesterol at 12 months compared to 4 months.

Soluble A𝛽40 and A𝛽42 and cytokines are significantly increased in brain homogenate and plasma of 5XFAD mice at 4, 6, and 12 months of 

age. Ab and proinflammatory cytokines were measured in hemibrains using Mesoscale Discovery. Levels of Ab 40 and Ab42 were measured 

in the soluble fraction of hemibrain and demonstrated age related increases in the level of both Ab 40 and 42 in 5XFAD mice. 

Proinflammatory cytokines Il-1b and TNF-a were significantly elevated in 5XFAD mice in hemibrains. 

INCREASED Ab40, Ab42 AND CYTOKINES in 5XFAD 

MICE

Functional assessment reveals hyperactivity associated with changes in frailty score in 5XFAD mice. An increase in

frailty score was observed in female 5XFAD mice compared to controls at 6 and 12 mos. No differences were observed in

males. Hyperactivity was observed in 5XFAD mice compared with controls was determined using open field and rotarod. There

was no differences in percent alternation or increased arm entries in spontaneous alternation Y-maze task.

5XFAD model showed a significant uptake of FDG and AV45 in several brain region at 4, 6, and 12 months of age.

Average MRI (left), PET (center-left), Fused (center-right), and Autoradiography (right) images at three bregma targets (0.38, -

1.94, -3.80) as a function of time (top to bottom). 18F-AV45 PET/MRI labeling amyloid beta. Images represent an average of

5 randomly selected male and females, while Autoradiography images are representative males or females. Standard uptake

value ratio (SUVR) was calculated as a ratio compared to the cerebellum.

Principal component analysis identified genotype and sex being major source of variation in brain transcriptomic

data from the 5XFAD and WT mice. The first principal component accounted for 23% of total variance and separated

5XFAD samples from WT animals. Female and male samples clustered distinctly at all ages in the second principal

component (11% of total variance), suggesting the presence of sex-biased molecular changes in animals. Female and male

samples are shown in red and green colors respectively. 5XFAD and WT controls are represented as circles and triangles,

respectively. Increasing size of points represent increasing age of mice (4, 6, and 12 months respectively).

5xFAD Effects are Stronger in Female Mice. KEGG enrichment analysis for genes significantly associated with sex

(female), genotype(5XFAD) and sex by genotype interaction (5XFAD female) relative to age-matched male B6 mice.

The 5XFAD mouse models showed a significant positive correlation with most of the functionally distinct AMP-AD modules.

Pearson correlation coefficients for gene expression changes in mice (log fold change of the 5XFAD mice minus age-

matched B6 mice) and human disease (log fold change for cases minus controls). AMP-AD modules are grouped into five

previously-identified consensus clusters describing the major functional groups of AD-related alterations. Positive

correlations are shown in blue and negative correlations in red. Color intensity and size of the circles are proportional to the

correlation coefficient. Correlations with adjusted p-value > 0.05 are considered insignificant and are left blank.

WHOLE BRAIN STP+ MAPPING OF Ab

DEPOSITION WITH TISSUEVISION

Brain region mapping of plaque densities.

Left: Visualization of average cohort plaque density heat maps

across the entire Allen Mouse Brain Reference Atlas, © 2004

Allen Institute for Brain Science. Plaque densities were

quantified for all brain regions depicted as sections (top) and

3D model (bottom). Middle: Box plots of the plaque densities

for the 13 major brain regions from 6 month female (top) and

male (bottom) cohorts demonstrate the regional variance in

plaque distribution. Right: The 13 major brain regions color

coded and rendered as 3D models

Development of plaque deposition across brain regions. Plaque density (y-axis:log scale) plotted for each major brain

region (color coded) and grouped (x-axis), reveal variations in plaque deposition across time points (2,3,4 and 6 months).
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