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Abstract. Background: The Apolipoprotein E (ApoE) alleles 2, 3, and 4 are known to differentially modulate cerebral glucose metabolism and the risk for Alzheimer’s disease (AD) via both amyloid-␤ (A␤)-dependent and independent mechanisms. Objective: We investigated the influence of ApoE on cerebral glucose metabolism in humanized APOE Targeted Replacement (TR) mice at ages that precede the comparison of A␤ parenchymal deposits in APOE4-TR mice. Methods: Fludeoxyglucose ([18 F]FDG) positron emission tomography (PET) measures were performed longitudinally in homozygous APOE-TR mice (APOE2, APOE3, APOE4; n = 10 for each group) at 3, 5, 11, and 15 months. Results were quantified using standard uptake values and analyzed statistically using a linear mixed effects model. Levels of the A␤40 and A␤42 peptides were quantified ex vivo using enzyme-linked immunosorbent assay (ELISA) at 15 months in the same animals. Results: APOE2 mice (versus APOE3) showed a significant increase in glucose metabolism starting at 6 months, peaking at 9 months. No evidence of hypometabolism was apparent in any region or time point for APOE4 mice, which instead displayed a hypermetabolism at 15 months. Whole brain soluble A␤40 and A␤42 levels were not significantly different between genotypes at 15 months. Conclusions: Introduction of human APOE alleles 2 and 4 is sufficient to produce alterations in brain glucose metabolism in comparison to the control allele 3, without a concomitant alteration in A␤40 and A␤42 levels. These results suggest novel A␤-independent metabolic phenotypes conferred by 2 and 4 alleles and have important implications for preclinical studies using TR-mice. Keywords: Alzheimer’s disease, amyloid-␤, APOE, [18 F]FDG, glucose, mice, PET, preclinical
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APOE, a glycoprotein widely expressed throughout the periphery and the central nervous system (CNS), has a pivotal role in the transport and metabolism of cholesterol and lipids [1, 2].
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In humans, the ApoE gene is polymorphic with three common isoforms (ApoE2, ApoE3, and ApoE4). The three alleles have a skewed distribution in most human populations with a frequency of 5–10% for the 2 allele, 50–70% for 3 allele, and 10–15% for the 4 allele [3, 4]. Although the three isoforms only differ in one to two amino acids, these substitutions have a profound effect on APOE structure and function, affecting, for instance, cholesterol and triglyceride plasma levels in humans [5, 6]. In clinical neuroscience research a strong interest for ApoE has arisen from the finding that the 4 allele is an established risk factor for Alzheimer’s disease (AD) [7] while the 2 allele, at least in some human samples, appears to be protective against AD in comparison to 3 [8, 9]. The radiotracer [18 F]FDG has been used in a number of PET studies to demonstrate a pattern of decrease in glucose metabolism in distinct brain regions in AD patients. On the basis of this observation it has been suggested that [18 F]FDG imaging could be used as a biomarker for AD [10–13]. Interestingly, more recently it has been shown that, in patients populations with a history of AD and healthy adults, carriers of the 4 allele have lower brain glucose metabolism compared to non-carriers [14–17]. Several rodent and cell culture studies have demonstrated that APOE status also has a direct impact on A␤ aggregation and clearance (reviewed in [18–20]). However, it is debated whether APOE4 is a risk factor for AD solely because of its role in amyloid deposition. An alternative hypothesis is that other physiological roles of APOE may contribute to the pathophysiology of AD independently of A␤ [21, 22]. For instance, a reduction in brain metabolism measured with [18 F]FDG in 4 carriers has also been reported at an age that normally precede amyloid deposition (i.e., 20–39 years [23]). A line of evidence for A␤-independent effects of APOE on brain metabolism has also come from preclinical studies using APOE targeted replacement (TR) mice [24–26], which express human apoE (hApoE) isoforms under the control of the murine ApoE (mApoE) promoter. APOE4-TR have limited parenchymal amyloid deposits which are only evident at 18 months [27]. At ages preceding the formation of amyloid deposits it has been reported that APOE4-TR (in comparison to APOE3-TR mice) display deficits in long term potentiation in the hippocampus [28], dendritic length and spine density [29], insulin signaling [30], as well as in the function and axonal transport of mitochondria [31, 32]. All



these factors may concur in producing the metabolic deficits associated with the 4 allele in a way that is independent from effects on A␤ aggregation [22, 33]. To our knowledge, a crucial aspect of APOETR mice has not been investigated to date, namely, do APOE4-TR mice display the hypometabolism phenotype identified in humans? In addition, no human [18 F]FDG study has so far concentrated on the metabolic profile of carriers of the protective 2 allele, probably because of its low frequency in human populations [33]. The aim of the present [18 F]FDG PET study was to examine longitudinally alterations in glucose metabolism in adult APOE2/3/4-TR mice up to an age ( 
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