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ABSTRACT
Late-onset Alzheimer’s disease (LOAD) is the leading cause of dementia
in the elderly. However, most transgenic animal models are based on
rare, early-onset AD genes which have not been great preclinical models
as they may not sufficiently capture the full transcriptomic signatures and
complete neuropathology of disease. Animal models based on LOADassociated genes are necessary to connect common genetic variation
with LOAD transcriptomes. We performed transcriptomic analysis at 4,
8, 12 and 24 months of age on whole brain samples from APOE4 KI
mouse, carrying a humanized version of the prominent APOE4 genetic
risk factor for LOAD, and the Trem2*R47H mouse, carrying a rare
deleterious variant R47H allele of Trem2. In addition, a mouse model
expressing both human APOE4 and the Trem2*R47H mutation was
used to compare the transcriptional effects in mice carrying both variants
to mice carrying only a single risk allele and B6 controls. We compared
mouse modules with human postmortem brain modules from the
Accelerating Medicine’s Partnership for AD (AMP-AD) to determine the
AD relevance of risk genes. Differentially expressed genes in these mice
were significantly enriched in multiple AD-related pathways, including
immune response, osteoclast differentiation, metabolism, and
mRNA/protein processing. We also observed age related changes,
specifically in Trem2*R47H mice, such as more differentially expressed
genes and significant differential splicing events compare to the APOE4
mouse models. Further, these mouse models overlapped with immune,
myelination, neuronal, and DNA repair related AMP-AD modules. We
have characterized three novel mouse models of LOAD at young and
advanced ages and observed sex as well as age-specific transcriptional
changes. These mouse models exhibited similar transcriptional changes
as seen in clinical samples. Hence, this double mutant mouse model will
be used as a sensitized genetic background for further addition of
human AD risk variants to model late-onset Alzheimer’s disease in mice.

Overview of Brain Transcriptomic data from
APOE4 KI/Trem2*R47H Cohort

Differential Splicing genes (DEU) in Trem2*R47H
mice are Enriched for neuronal signatures

Differentially expressed genes in Exercised mice
are Enriched for Oxidative Phosphorylation
Pathway

Multiple members of Oxidative Phosphorylation
linked genes have reduced expression in AD
cases across multiple brain regions

LOAD Mouse Models are Enriched in Distinct
AD-related Pathways with Age

INTRODUCTION
Alzheimer’s disease (AD) is the leading cause of dementia, disability and
death in the elderly. Clinically, Alzheimer’s disease can be divided into
early-onset (i.e., patients younger than 65 years) and late-onset (i.e.,
those older than 65 years). Transgenic animal models based on rare,
early-onset AD genes have been widely used, but have been not
completely successful to manifest the biological mechanism underlying
AD. This necessitated the characterization of mouse models based on
LOAD-associated genes. We have characterized MODEL-AD
homozygous mouse models expressing humanized APOE4 risk allele; the
R47H allele of the TREM2 gene, and mouse models harboring both
common and rare AD risk variants (APOE4/Trem2R47H). In addition, we
also characterized transcriptomic signatures from 24 months old
APOE4.TREM2R47H male running mice.

METHODS
RNA-seq data were obtained from whole brain samples from a panel of 4,
8 12, and 24 months old male and female mice carrying APOE4 and
TREM2R47H AD risk variant. APOE was humanized by replacing mouse
ApoE exons 2, 3 and most of exon 4, with human APOE4 sequence
including exons 2, 3, 4 and a portions of the 3’ UTR sequence.
CRISPER/Cas9 was used to introduce the R47H point mutation and two
silent mutations into the mouse Trem2 gene. APOE4.Trem2R47H double
mutant was generated by crossing the humanized APOE4 knock in mice
to Trem2R47H mice. There were 6 biological replicates for each late-onset
models. All RNA-seq samples were mapped to the mouse genome
(GRCm38.p6) using ultrafast RNA-seq aligner STAR. Differential
expressions were assessed using Bioconductor package DESeq2.
Pathway enrichment analysis was performed using enrichKEGG function
from R-package clusterProfiler. We performed correlation analysis
between control versus AD logFC in human-derived modules and logFC in
the mouse models compared to control model. Differential splicing
analysis was performed using DEXSeq package which measures
differential exon usage (DEU) as a surrogate to infer differential splicing
event in RNA-Seq data. Fisher exact test was used to test enrichment of
cell type signatures selected from a RNA-Sequencing database. RNA-Seq
data of multiple brain regions were obtained from the AMP-AD cohort.

TREM2 KO Mouse Models exhibit differential
splicing patterns similar to Trem2*R47H

APOE4 and Trem2*R47H Mouse Models Overlap
With Distinct Human AD Disease Processes at
Different Ages

CONCLUSIONS
• We identified age-dependent molecular changes associated with LOAD
pathologies in mouse models.
• Multiple immune related processes were disrupted in 24 months old
Trem2*R47H and APOE4.Trem2*R47H mice, supporting the profound
relationship between aging, Trem2 and AD.
• Distinct mouse models showed concordance with distinct human coexpression modules reflecting a different transcriptional response driven
by the human APOE4 and Trem2*R47H risk variants.
• Differentially spliced genes were enriched for neuronal cell signatures
and neuronal system associated pathways.
• Some of these genes: Eno2, Kif21a, Macf1, Ppp3ca were reported to
differentially spliced in AD cases across multiple human studies.
• Splicing analysis implicates the possible role of Trem2 gene in
disrupting AD associated neuronal signaling process through alternative
splicing mechanism.
• Exercise may reduce the progression of AD by increasing the activity of
key enzymes required to counteract the effects induced by oxidative
stress.
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