Comparative characterization of 5XFAD and hAβ

SAA

mouse models of familial AD mutations
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INTRODUCTION

hAβ

SAA

hAβ

HOMs develop Aβ plaques to a lesser extent than 5xFAD HEMIs

SAA

HOMs develop an age-dependent transcriptional signature correlated with AD

• The failure of most clinical Alzheimer’s disease (AD) trials has been partially attributed to the lack of
translatability of current AD mouse models to human patients.

• RNA-Seq of brain hemispheres show few differentiallyexpressed genes between HOM and WT mice at 4 months but
show many at 12 months of age (a), indicating that
transcriptional changes in homozygotes are driven by age.
• At both 4 and 12 months, there exist little to no transcriptional
differences between hAβSAA heterozygotes and wildtype animals.
• Many genes are upregulated in 12mo hAβSAA HOMs, including
hallmark CNS immune genes such as Trem2 and Clec7a (b).
• Transcriptomes of 12-month hAβSAA HOMs exhibit similar
normalized enrichment scores (NES) of established KEGG
database pathways when compared with age-matched 5xFAD
(c). NES scores reveal clear sex differences between male and
female mice of both strains.
• Mouse transcriptomes were compared with transcriptomic data
from AD patients as collected from ROSMAP, MSBB and Mayo
brain banks. Correlation with AMP-AD gene modules are shown
in d, where blue represents positive correlation, red negative
correlation, and squares indicate statistical significance (α =
0.05).
• At 4 months of age, 5xFAD mice exhibit strong correlation to AD
patients in Cluster B (immune) modules, where hAβSAA HOM mice
show little to no correlation at this age.
• By 12 months, hAβSAA HOM exhibit similar correlation to age
matched 5xFAD in Clusters A and B, and show increased positive
correlation in Clusters C, D, and E in relation to 5xFAD
counterparts.

• Transgenic mouse models have been crucial to our understanding of AD pathology, but artifacts related to
artificial spatial and temporal overexpression (such as stark hyperactivity) have confounded results and severely
limited the translatability of these models to the clinic1.
• A recently developed knock-in model of familial AD (fAD), expressing 3 humanizing mutations as well as
Swedish, Arctic and Austrian mutations in mouse APP (hAβSAA JAX strain #:034711; Xia et. al, 20222), has been
shown to be a useful amyloidogenic model which recapitulates many aspects of human AD, including plaque
distribution and microglial transcriptional changes.
• We here use standard transcriptomics (RNA-Seq) and novel techniques in neuropathology and behavior to further
characterize the hAβSAA model and compare it to the widely used 5xFAD transgenic model (JAX strain #034848).

METHODS

• Serial two-photon imaging revealed distribution of
dense-core amyloid plaques (Methoxy-X04, blue) and
vasculature (Dylight® Lectin 594, red) throughout
whole brain samples (a).
• Registration of images to the Allen Mouse Brain
Atlas3 allows determination of plaque density by
brain region in each section (b), and subsequent
visualization of global plaque density in 3D space (c).
• In hAβSAA homozygotes (3/sex/age, sexes
combined), plaques first appear in the isocortex at 4
months, in the hippocampus and cortical subplate by
6 months, and appear in most major brain regions by
12 months of age (d).
• 5xFAD hemizygotes (HEMIs) have a much higher
concentration of plaques than hAβSAA homozygotes
(HOMs) in most brain regions at 19 months, most
notably the hippocampus and thalamus (e).
• 5xFAD HEMIs develop plaques far earlier than
HOMs , beginning hippocampal Aβ deposition by 2
months and surpassing most 19-month hAβSAA HOM
regional densities by 4 months (data not shown)4.

TissueVision Workflow

Cohorts (n=6/sex/genotype) of hAβSAA and 5xFAD mice were injected with a fluorophore-conjugated amyloid antibody
(Methoxy-X04) prior to harvest at various ages. Whole brains were sectioned/imaged using Serial Two-Photon Tomography on
the TissueCyte (TissueVision Inc.), creating indexed tissue sections and high-resolution 3D models of each brain. Registration
to the Allen CCF average template brain3 allowed for quantification of plaques by brain region as well as 3D reconstruction.

Motion Seqeuncing (MoSeq) Workflow

• Motion Sequencing (MoSeq) combines 3D imaging and unsupervised machine learning to parse open field mouse behavior
into a set of reused and stereotyped subsecond 3D behavioral motifs, called "syllables."
• Significant differences in syllable usage between two groups, as well as standard scalar measures such as position and
velocity, indicate specific behavioral differences.
• Cohorts (n≥10/sex/genotype) of hAβSAA and 5xFAD mice were assayed at 2-month intervals from 10 to 18 months of age.
Figure adapted from Markowitz et al., The Striatum Organizes 3D Behavior via Moment-to-Moment Action Selection. 2018, Cell 174, 44–58.

Finally, standard RNA-Seq was performed on brain hemispheres from 4- and 12-month 5xFAD and hAβSAA animals.
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FUTURE DIRECTIONS
• Imaged sections are saved and can be used for
secondary staining using IHC, images of which can be
reregistered and analyzed (see Iba1-stained tissue and
resulting segmentation analysis in a). This allows for the
development of targeted questions based on gathered
data, potentially on a brain-by-brain basis.
• A vascular stain allows for an analysis of vascular
phenotypes in AD mouse models and quantification of
cerebral amyloid angiopathy (CAA), both of which are
often seen in AD patients.
• With the wealth of data generated from all three
featured methods, questions that arise from these data,
concerning sex differences or the phenotype of hAβSAA
heterozygotes, can continue to be investigated.
• Both TissueVision and MoSeq techniques have been
used in forms of preclinical testing and offer novel
methods of determining the effectiveness of treatments.

HOMs are not hyperactive and show mild behavioral phenotype with age

• MoSeq analysis of 3D open field behavior identified the "syllables" that comprise
the behavior of assayed 5xFAD (a) and hAβSAA (b) cohorts.
• There is a stark behavioral difference between 5xFAD HEMI and 5xFAD WT
(sexes combined) at both 10 months (significant difference in syllable usage for
43 of 71 identified syllables, α=0.05) and 18 months (significant usage difference
for 45 of 71; a).
• In contrast, we see no evidence of a behavioral phenotype in hAβSAA HOM vs WT
at 10 months (0 significant syllables) and only a mild phenotype at 18 months (3
significant syllables; b). In both models it seems the genotype effect increases
with age.
• During the assay 5xFAD HEMI animals also moved with significantly higher
velocity than their WT littermates at both 10 (p=1.21e-06) and 18 months
(p=0.00225; c), consistent with the well-established hyperactivity behavioral
phenotype that exists in this model, which is thought to be an artifact of transgene
overexpression4.
• Again in contrast, there exist no significant differences in exhibited velocity
between hAβSAA HOMs and WTs at 10 or 18 months of age. This supports the
assertion that the severe hyperactivity of 5xFAD transgenics is in fact an artifact,
as it is not recapitulated in a knock-in fAD mouse model.

CONCLUSION
• 5xFAD is an extremely useful model for studies of plaque biology and microglial activation, but transgenic artifacts such as hyperactivity and the unrealistic disease progression of
such an agressive genotype hinders the model's ability to translate to the clinic.
• Using novel measurement techniques in behavior and neuropathology, we have here presented a new knock-in model of familial AD (hAβSAA) which lacks a transgenic artifact and
shows increased transcriptional correlation to AD patients in relation to the canonical 5xFAD model.
Additionally, we exhibit TissueVision and MoSeq workflows as useful tools for evaluating and comparing AD mouse models, an important task as we continue to work towards better
treatments for Alzheimer's.
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