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Transcriptomic analysis
Age related correlation between expression in APOE4 and Trem2*R47H mouse 
models and 30 human co-expression modules using the NanoString nCounter® 

Mouse AD Panel

Human co-expression modules are subdivided into five previously identified consensus 

clusters describing major sources of AD-related alterations in transcriptional states 

across independent studies and brain regions. 

Linear regression was used to estimate the effects of three factors: APOE4; the 

Trem2*R47H variant; and sex.

The same samples were analyzed by RNA-seq with similar results

Note that human modules were developed from late-stage disease (autopsy) samples, 

so this approach attempts to find 

For more information on the nanoString Mouse AD Panel, see poster #286 

Characterization of mouse models based on candidate genes associated with late 
onset Alzheimer’s disease and Logsdon et al Meta-analysis of the human brain 
transcriptome identifies heterogeneity across human AD coexpression modules 
robust to sample collection and methodological approach (bioRxiv).

PET/MR in vivo imaging
Cerebral perfusion (64Cu-PTSM PET/MRI): No significant changes 

were detected across 27 brain regions at 4 and 8 months of age comparing among 

genotypes:

• B6J

• APOE4 homozygotes

• Trem2*R47H homozygotes

• APOE4/Trem2*R47H homozygotes

At 12 months of age, preliminary data (only males have been analyzed to date) 

demonstrates a significant decrease in cerebral perfusion (P<.0001, 1 way ANOVA) in 

mice homozygous for the APOE4 allele, as compared to aged-matched wild-type 

mice.

Conclusions

• As the first step toward creating a genetic model of late-

onset Alzheimer’s disease, we have created a mouse 

model that expresses humanized Ab, APOE4, and a risk 

variant in Trem2.

• Further LOAD-related alleles, as well as humanized 

Tau, are being combined into this model.

• The APOE4/Trem2 model exhibits some AD-like age-

dependent transcriptional, metabolic, and vascular 

phenotypes.

• All models, protocols, and data are being made 

available without restriction.

Abstract
Objective: Animal models for Alzheimer’s disease (AD) do not fully recapitulate the

human disease and as such have been ineffective in drug development pipelines. The

MODEL-AD consortium is tasked with generating the next generation of late-onset AD

(LOAD) mouse models. As a baseline for new models to be generated, MODEL-AD has

developed the B6J.APOE4/Trem2*R47H strain homozygous for both the humanized

APOE4 and the Trem2*R47H mutation, which are two of the strongest genetic risk

factors for LOAD. Additional alleles are being added onto this sensitized genetic

background.

Methods: To use this as a baseline strain for new models of LOAD, first we must

understand what the baseline phenotype is in these mice. To do this, we have developed

a robust phenotyping pipeline. Mice were characterized using: in vivo imaging;

functional, biochemical, and histological assays; and transcriptomics, proteomics, and

metabolomics. Functional assays were carried out at 2, 6 and 12mo of age with the

battery of tests lasting approximately 6-8 weeks, after which tissues were harvested.

Results: Mice carrying the APOE4 allele show differences in their various baseline

cholesterols compared to C57BL/6J and neurovascular integrity was compromised.

Analysis by –omics showed age-dependent changes in modules that correspond to

those seen in clinical samples. Further assays are being carried out on a cohort aged

over 18 months.

Conclusions: MODEL-AD has developed a novel mouse model that can be used as a

platform to further understand LOAD, and be further stressed with additional genetic risk

factors. For further information see www.model-ad.org.

FURTHER INFORMATION

• MODEL AD: modelad.org

• AMP-AD knowledge portal: ampadportal.org

• AlzForum research models: 

alzforum.org/research-models
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Metabolic characterization

Body weight-Mice homozygous for the APOE4 allele did not gain weight between 4 

to 14 months as the other genotypes did.

MODEL-AD phenotyping pipeline
Here we present initial characterization of the APOE4/Trem2 model. These assays

have been chosen to closely model clinical assays, so that results from mouse models

are clinically relevant, and ideally different models can be matched to stratified patient

populations. Our aim is to provide characterized models at various disease states to

define a therapeutic window, along with protocols and comprehensive data sets.
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Modeling strategy
Two of the strongest genetic risk factors for late-onset AD are APOE4 and rare variants

in the TREM2 locus. Therefore we have combined these factors in a novel mouse

model:

• APOE4/Trem2*R47H KI (JAX # 28709)

APOE allelic series

We have generated a novel humanized APOE allelic series that is available without legal

restriction. This was generated by humanizing the genomic locus with the APOE4

version. We then used CRISPR to engineer the single base pair change to generate the

APOE3 version, and likewise CRISPR-ed into the APOE3 to generate the APOE2

model.

• APOE4 KI (JAX # 278794)
• APOE3 KI (JAX # 29018)
• APOE2 KI (JAX # 29017)

Splicing in the Trem2*R47H model

Mouse models that express Trem2 with the R47H mutation have been shown to exhibit

an aberrant splice variant and decreased levels of expression. For details, please see

adjacent poster Trem2*R47H MICE SHOW A TWO-FOLD REDUCTION IN
EXPRESSION AND PROTEIN LEVELS OF TREM2.

We are currently working to alter the mouse genomic sequence in this model to avoid

the aberrant splice form. Other Trem2 variants (e.g. Y38C, KO, conditional KO) are

currently available and additional models expressing Trem2 risk variants are under

development.

• Trem2*R47H KI (JAX # 27918)
• Trem2*Y38C KI (JAX #29725)
• Trem2 KO (JAX #27197)
• Floxed Trem2 KO (JAX #29853)

Humanization of the Ab1-42 region

In recognition of the fact that mouse Ab may not be as amyloidogenic as human Ab, we

then mutated the three amino acids that differ between human and mouse in the Ab1-42

region. This “hAbeta KI” model is currently being analyzed in our deep phenotyping

pipeline and the humanized Ab1-42 sequence will be incorporated into future models.

This triple-allele model is being aged for deep phenotypic characterization. It is currently

available. A similar humanized Ab that also includes loxP sites to enable conditional,

cre-based deletion is also available.

• hAbeta KI/APOE4/Trem2*R47H (JAX # 30670)
• hAbeta-loxP-KI (JAX # 32013)

Alignment of 

human to mouse 

APP sequence 

shows three amino 

acid differences in 

the Ab1-42 region 

(top). Sequence 

trace validates 

hAPP (“KI”) as 

compared to wild-

type (bottom).

Behavioral Characterization 
Locomotor activity-As expected, there were age-dependent reductions in 

total distance traveled in the open field assay (60 minutes); however, there was 

no difference between genotypes or sexes.

Hippocampal working memory-No significant genotype effects as 

measured by % spontaneous alternations in a Y-maze task were detected.

http://www.model-ad.org/
http://www.modelad.org
http://www.modelad.org
http://www.alzforum.org/research-models

