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ABSTRACT
Objective: Progress in development of efficacious therapies for Alzheimer’s
disease (AD) is halted limited understanding of underlying pathological
mechanisms. Increasing evidence suggests that metabolic impairments
prior to symptom development can contribute to disease mechanisms and
subsequent dementia. Signals in conserved metabolomic pathways could
provide a method to translate experimental findings in preclinical mouse
models to humans.
Methods: In this study, we systematically investigated the sex-stratified
associations of serum and brain metabolites with the same
APOE4.Trem2R47H and the 5xFAD mouse models at six months of age.
Metabolites were measured with the targeted metabolomics platform
AbsoluteIDQ®-p180 (Biocrates AG, Innsbruck, Austria).
Results: We identified a sex-specific increase of glycerophospholipids
levels in male mice, while levels of sphingolipids were more abundant in
females. Further, we identified that serum levels of glycerophospholipids
were reduced in APOE4.Trem2R47H mice compared to C57BL/6J
controls, while levels of these metabolites in the same animals were
greater in both male and female brains of APOE4.Trem2R47H and 5XFAD
mice. Several of these findings were consistent with recent results from the
ADNI cohort, which suggested a similar decrease in the same metabolites
in serum of APOE4 carriers compared to non-carriers and indicates a
serum-based effect of APOE genotype.
Conclusions: Metabolomic signatures were notably different between brain
and serum in mouse models. The 5xFAD mice exhibited stronger effects in
brain, whereas the APOE4.Trem2R47H mouse showed more pronounced
effects in serum. These findings are consistent with high levels of amyloid
pathology in 5xFAD mouse brains and the modifications of serum
biomarkers in APOE4.Trem2R47H mice.
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Progress toward the development of efficacious therapies for
Alzheimer’s disease (AD) is halted by a lack of understanding early
underlying pathological mechanisms. Furthermore, several Aβindependent mechanisms including impaired calcium and lipid
homeostasis, mitochondrial dysfunction, altered cell signaling,
synaptic transmission, oxidative stress, and inflammation have been
shown to contribute to AD pathogenesis. Data suggests that
pathophysiological changes associated with AD begin decades
before the emergence of clinical symptoms. Metabolic decline is
one of the earliest symptoms detected using fluorodeoxyglucose
positron emission tomography (FDG-PET) in patients with mild
cognitive impairment (MCI), an early stage of AD. This suggests that
metabolism could play an essential role in early AD mechanisms.
Moreover, since metabolic pathways are largely conserved between
species, application of metabolomics could provide a strong tool to
translate experimental findings in preclinical mouse models to
humans

METHODS

Cohorts of 12-14 male and female APOE4.Trem2R47H (hAT),
5xFAD and B6 (WT) controls mice were assayed for serum and
brain metabolomics at six months of age. A total of 75 mouse
samples from the APOE4.Trem2*R47H and the 5xFAD familial
model were analyzed. Metabolites were measured with the targeted
AbsoluteIDQ-p180 metabolomics kit (BIOCRATES Life Science AG,
Innsbruck, Austria), which provides measurements of up to 186
endogenous
metabolites.
Sample
extraction,
metabolite
measurement, identification, quantification, and primary quality
control (QC) followed standard procedures [1]. Association analyses
of AD risk factors with metabolite levels were conducted using
standard multivariable linear regression. The stratification variable
sex was excluded as covariates in the sex-stratified analyses. Next,
associations between metabolites and AD risk factors are classified
into homogeneous, heterogeneous and sex-specific effects
following procedures in Arnold et al.[2]
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• Equal number of PCs are abundant in both sexes.
• Amino acids and acylcarnitines are abundant in females, while SMs
are abundant in males.
• Different metabolites are associated with sex in 5xFAD mice
compared to control (B6) mice.

CONCLUSIONS
• Metabolomic signatures were notably different between brain and
serum in mouse models.
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Sex-metabolite associations in brain
metabolomes of mouse models

Serum metabolomes
83 significant associations with hAT

7 significant associations WITH 5xFAD

• The 5xFAD mice exhibited stronger effects in brain, whereas the
APOE4.Trem2R47H mouse showed more pronounced effects in
serum.
• These findings are consistent with the high levels of
neuropathology in 5xFAD mouse brains and the modifications of
serum biomarkers in APOE4.Trem2R47H mice.
• This suggests a correspondence between brain and serum
metabolite levels, but a negative rather than positive correlation.
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Overall, serum levels of these significant metabolites were
reduced in APOE4.Trem2R47H mice compared to C57BL/6J
controls, except for the four amino acids.
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• AMP-AD Knowledge portal:
https://adknowledgeportal.synapse.org/
• JAX AD models: https://www.jax.org/alzheimers
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• All glycerophospholipids (PCs) are more abundant in males.
• Majority of sphingolipids (SMs) are more abundant in females.
• Different metabolites are associated with sex in mice harboring
APOE4.Trem2R47H variant compared to control (B6) mice:
comparisons of beta estimates for sex between APOE4.Trem2R47H
and B6 groups showed significant effect heterogeneity for 31
metabolites (PHET < 0.05).

• MODEL AD: www.modelad.org
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Brain metabolomes
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• AlzForum research models: http://www.alzforum.org/researchmodels
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In brain, levels of these significant metabolites in were higher
in the 5xFAD mice compared to C57BL/6J controls
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