Characterising brain lipid droplets as a therapeutic target for Alzheimer’s disease
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Introduction. Alzheimer’s disease (AD) is characterised by a build-up of amyloid plaques and neurofibrillary tangles (NFTs) in the brain. At present, there are no disease modifying therapies for AD and therapies targeting amyloid plaques have had mixed success in the clinic. Lipid dysregulation is well documented in AD and emerging evidence suggests that lipid droplets (LD), lipid-filled organelles, accumulate in AD and precede amyloid plaques and NFTs. Recently, our team has shown LD accumulation promotes disease during pathogen infection and is an important therapeutic target. 
Aims. Here, we use our developed dual-omics technique to characterise the lipidome and proteome of LDs for the first time in a mouse model of AD with the aim to identify lipid and protein therapeutic targets. 
Methods. Female and male 5xFAD mice (n=29) and WT controls (n=26) were used at 3 and 6 months of age. Cognition was assessed using the Y-maze test. Brain LDs were extracted, and the lipidome and proteome studied using dual-omics. 
Results. 6-month-old female but not male 5xFAD mice demonstrated impaired short-term spatial and reference working memory. Amyloid plaques increased in 5xFAD brains between 3 and 6 months. 5xFAD brain homogenates had more extracted LDs than WT which was normalised for proteomic analyses. Proteomic analyses revealed changes in the LD compartment proteome as early as 3 months, with amyloid precursor protein (APP) upregulated on LDs in female 5xFAD. At 6 months, 9 proteins were upregulated across female and male 5xFAD including pro-inflammatory proteins and members of the APP family, with APP being the most upregulated. Lipidomic analyses revealed that LDs are completely remodelled in 5xFAD mice, with large changes in cholesterol esters at 6 months (males and females) and trending increases at 3 months (females only). Small increases were also observed in spingomyelin (SM 34:1;O2).
Discussion. Our data suggests that changes in LDs precede cognitive impairment in the 5xFAD mouse model of AD. Excitingly, APP is upregulated on  LD early in disease development, identifying a correlation between LD accumulation and amyloid plaque development. Furthermore, several lipid targets with links to AD pathology were also upregulated on LDs.  Females show earlier changes in LDs which may contribute to sex differences observed in AD. Our findings suggest that LDs could be used as both an early diagnostic biomarker and therapeutic target for AD.
