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Optimizing the relevance to human biology and
disease

Creation of a polygenic model of human aging and AD

* Traditional models (single inbred strain) not well validated models of the human
disease

Characterization of cognitive and pathological variation
* Optimal study design and application of statistical analyses

Validation of the resource as a model of human late-onset AD
* Genotype-phenotype validation of a complex disease: PRS

The quantitation of genetic and environmental interactions
* Reporting the residual unexplained variance



Aging is complex and different for everyone

Aging is a leading risk factor for many
diseases, particularly dementia
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Even among FAD patients, AAO varies widely
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Variation not explained by sex or
APOE genotype

Protective genetic factors exist in
humans that delay onset of FAD

Asymptomatic AD/resilience
difficult to study in human
populations



The solution: Build a pre-clinical model of AD that
better alighs with human disease

Human diversity

Hypothesis: The creation of a genetically diverse panel of mice that carry
human mutations that cause AD would better model complex genetics in
human AD, and enable identification of modifiers of AD dementia



AD-BXD panel to identify modifiers of AD

* Combines two well-established resources: C57BL/6J (B6) DBA/2J (D2)
 bBXFAD transgenic mouse A
 BXD genetic reference panel is a ‘3 " EU
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AD-BXD panel to identify modifiers of AD

e Panel of ‘high-risk’ carriers and nontransgenic (Ntg) age-matched littermates
* Replicable across time and laboratories

AD-BXD Schematic
AD model BXD Strains
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Phenotyping pipeline to identify modifiers of AD

AD-BXD Progeny Ntg-BXD Progeny
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Detailed phenotyping (all)
Sensorimotor Testing

- Narrow beam
detailed - Geotaxis

phenotyping - Grip strength
Elevated Plus Maze

*2 weeks
Terminal testing (subset)

CFC Training
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Genetic background modifies age at onset
(AAO) of working memory deficits

Y-maze test
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Genetic background modifies age at onset
(AAO) of working memory deficits
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Is susceptibility to AD across our panel sensitive to
variation in known human AD risk loci?
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Cognitive function in AD-BXDs is sensitive to
variation in Apoe

human position 11|8 1?3 1‘:38
Apoe €2 | RLGADMEDVCGRLVQYRGEVQAMLGQSTEELRVRLASHLRKLRKRLLRDADDLQKCLAVY
Apoe €3 | RLGADMEDVCGRLVQYRGEVQAMLGQSTEELRVRLASHLRKLRKRLLRDADDLQKRLAVY
Apoe ¢4 | RLGADMEDVRGRLVQYRGEVQAMLGQSTEELRVRLASHLRKLRKRLLRDADDLQKRLAVY
Apoe B6 | RLGADMEDLRNRLGQYRNEVHTMLGQSTEEIRARLSTHLRKMRKRLMRDAEDLQKRLAVY
Apoe D2 | RLGADMEDLRNRLGQYRNEVHTMLGQSTEEIRARLSTHLRKMRKRLMRDADDLQKRLAVY
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Naturally occurring genetic variants at Apoe locus in
mice protect against cognitive decline in FAD
mutation carriers

Apoe B6 | RLGADMEDLRNRLGQYRNEVHTMLGQSTEEIRARLSTHLRKMRKRLMRDAEDLQKRLAVY
Apoe D2 | RLGADMEDLRNRLGQYRNEVHTMLGQSTEEIRARLSTHLRKMRKRLMRDADDLQKRLAVY
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Is susceptibility to AD across our panel sensitive to
variation in known human AD risk loci?
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Definition of a genetic risk score to assess
sensitivity to variation in AD risk loci

« Stratify ‘impaired’ vs ‘unimpaired’
based on 6m CFM

* Determine each strain’s genotype at
21 loci known to confer risk for LOAD

» Designate risk allele & calculate
odds ratio

* Combine into overall genetic risk
score

Neuner et al., Neuron, 2019
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Genetic risk score predicts AD-related cognitive
decline
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Conclusions

Naturally occurring mouse genetic diversity can be utilized to understand susceptibility
to age- and AD-related cognitive decline.

Use of genetic diversity across model systems is likely to greatly enhance translational
relevance of preclinical findings

Reproducible nature of the BXDs and CCs (with or without the 5XFAD transgene)
facilitates future studies to investigate hypotheses regarding mechanism

Wide array of mouse models of polygenetic diseases will likely be improved by inclusion
of genetic diversity and translationally relevant environmental exposures.
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Genetic background modifies human amyloid-

beta 1-42 accumulation

=
A £
= o
) o
w a)
o &
-~ @)
< <C
(o}
<
0 O o o o O
o O O O O O
N O 00 O <t (N
uiejold |e10}
buwyzy-| dy Bu
rsod
95
cc
L
g9
05
5 69
L 18
n S 3
© 9 5
W 9l %
001
< e %
o vl <
< /8
19
9
89
44
cd
]
QO Q0 Q0 0 0 9 O
o Q0 0O o 0O QO
42I m W O T N
uiejoid |e10)
bw/zy-1L gy Bu

6 months

14 months

6 months

1mm

89axg-bIN

ryaxg-tiN

001LaxXg-av

coaxga-av

Neuner et al., Neuron, 2019



Genetic background does not modify the
expression of human or endogenous mouse APP
MRNA (or Psenl, *not shown)

Human APP Expression
EmNtg-BXDF ®mAD-BXDF
ONtg-BXDM O0AD-BXD M

5

4
o 3
o
2
o 2
o
1
0

leg mApp

Age AD-BXD Strain

Neuner et al., Neuron, 2019



Ntg-based GRS is not associated with cognitive
outcomes

A B.
Contextual Fear Memory (6 m) Distribution of Genetic Risk Scores
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Ntg-based GRS is not associated with cognitive
outcomes
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