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A B S T R A C T   

Human apolipoprotein E (APOE) is the greatest determinant of genetic risk for memory deficits 
and Alzheimer’s disease (AD). While APOE4 drives memory loss and high AD risk, APOE2 leads to 
healthy brain aging and reduced AD risk compared to the common APOE3 variant. We examined 
brain APOE protein levels in humanized mice homozygous for these alleles and found baseline 
levels to be age- and isoform-dependent: APOE2 levels were greater than APOE3, which were 
greater than APOE4. Despite the understanding that APOE lipoparticles do not traverse the 
blood–brain barrier, we show that brain APOE levels are responsive to dietary fat intake. Chal-
lenging mice for 6 months on a Western diet high in fat and cholesterol increased APOE protein 
levels in an allele-dependent fashion with a much greater increase within blood plasma than 
within the brain. In the brain, APOE2 levels responded most to the Western diet challenge, 
increasing by 20 % to 30 %. While increased lipoparticles are generally deleterious in the pe-
riphery, we propose that higher brain APOE2 levels may represent a readily available pool of 
beneficial lipid particles for neurons.   

1. Introduction 

The apolipoprotein E (APOE) protein plays an important role in the delivery of cholesterol and other lipids to various cells and 
tissues throughout the body, including within the brain [37]. Peripheral APOE exists within blood plasma lipoprotein particles and is 
mainly produced by liver hepatocytes, with small contributions from monocytes and macrophages [2,6,39]. The blood–brain barrier 
(BBB), which regulates the passage of materials between the peripheral bloodstream and the central nervous system (CNS), does not 
allow the passage of APOE lipoparticles into the brain [32,34], rendering the brain dependent on in situ APOE production. Brain APOE 
is a product of local synthesis by astrocytes, but also by microglia, and to a lesser degree by neurons during stress or injury [7,38,65]. 
The primary function of astrocytic APOE is to transfer lipids to neurons for receptor-mediated uptake into the endolysosomal system to 
meet the brain’s substantial demands for cholesterol and cholesterol metabolites. Most cholesterol in the CNS exists in the myelin 
sheaths of oligodendrocytes [51], although the more dynamic cholesterol pool within neuronal membranes is critical for synaptic 
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transmission, receptor localization, and endolysosomal function [5,13,31]. While there is a limited exchange of cholesterol between 
the brain and the periphery, diffusion-mediated efflux of the brain cholesterol metabolite 24S-hydroxycholesterol across the BBB helps 
regulate brain cholesterol levels by offering a pathway for its removal [4]. Conversely, the elevation of dietary cholesterol levels in the 
plasma is not thought to robustly alter intracerebral cholesterol levels [5,13,48], although flux of the peripheral cholesterol metabolite 
27-hydroxycholesterol into the brain has been suggested to be a mechanism of CNS lipid changes that are relevant to AD pathobiology 
[4,24]. 

The human APOE gene occurs in three alleles: ε2, ε3 and ε4 [37], and the respective protein isoforms APOE2, APOE3, and APOE4 
differ structurally from each other due to amino acid substitutions at residues 112 and 158. These differences impact APOE receptor- 
and lipid-binding affinities, as well as their associated risk for neurodegenerative and cardiovascular disease during aging 
[7,31,33,37,38]. APOE2 is protective against Alzheimer’s disease (AD), the common APOE3 isoform is risk-neutral, and APOE4 in-
creases the risk of developing sporadic AD while decreasing the age of disease onset in a gene-dose dependent manner [3,11,17,31,38]. 
APOE4 also perturbs memory in humans and knock-in mice independent of AD pathology when compared to the APOE3 and APOE2 
alleles [8,18,38]. These include effects on olfactory perception and habituation prior to other forms of cognitive impairment, including 
those associated with AD-related amyloid β and tau pathology [1,14,20,22,29,41,45,46]. 

Diet can modulate cognition in aged individuals, including those with AD [30], with many studies showing a correlation between a 
higher-fat Western diet and cognitive impairment (reviewed in [12,64]). Modeling in rodents has consistently shown that a Western- 
diet compromises learning and memory in a range of tasks, including when the dietary challenge is for a period of weeks (reviewed in 
[16,64]). In rodent models expressing familial-AD mutations, Western diets have been shown to increase cognitive deficits and AD-like 
pathologies [16,27,58,62], a process that has been linked to increased neuroinflammatory markers [40,61,66] as well as synaptic 
changes [16], although some studies have not found these effects [21]. Given that APOE plays an integral role in lipid homeostasis and 
hyperlipidemia, that high-fat diets are risk factors for AD [12], and that APOE genotype has been shown to interact with dietary risk 
([10,44], reviewed in [54]), we asked whether a high-fat Western diet affects APOE levels in the brain. Additionally, we investigated 
whether this effect is isoform-specific, a reasonable assumption given that baseline APOE levels in targeted-replacement mice are 
isoform-dependent [50,55,59]. Extending these prior studies, we show in targeted-replacement APOE mice that brain APOE levels are 
isoform-dependent across a broad age range, with APOE2 > APOE3 > APOE4. Additionally, our findings demonstrate that a Western- 
diet impacts brain APOE levels, with the greatest increase seen in APOE2 mice and a smaller increase in APOE4. Thus, while APOE does 
not cross the BBB [34], a diet high in lipids increases APOE protein levels in the brain in an isoform-specific manner. 

2. Materials and methods 

2.1. Animals and brain homogenate preparation 

All experimental procedures involving animals were approved by the Institutional Animal Care and Use Committee of the Nathan S. 
Kline Institute. Mice were group-housed under controlled temperature and lighting conditions with same-sex littermates and given free 
access to food and water. The APOE targeted-replacement mice used in this study are on a C57BL/6 background and express human 
APOE in place of the mouse Apoe gene under the control of the endogenous murine promoter [56], allowing for the expression of 
human APOE at physiologically regulated levels in the same temporal and spatial pattern as endogenous murine Apoe. These animals 
do not develop brain Aβ plaques or tau pathology [56,57]. Mice homozygous for either the human APOE2, APOE3, or APOE4 genes are 
referred to in the text as APOE2, APOE3, and APOE4 mice, respectively. A total of 42 APOE2 (28 males, 14 females), 41 APOE3 (21 
males, 20 females) and 42 APOE4 (27 male, 15 female) mice were used in this study. The experimental n for each study is given in the 
figure legend. Both males and females were examined as indicated in the figures; analysis of data by sex in this study did not reveal 
significant differences, and the results were pooled. The APOE genotypes of the mice were confirmed by restriction fragment length 
polymorphism analysis as previously described [25]. Hemibrains lacking the cerebellum and olfactory bulbs were dissected and snap- 
frozen on dry ice and later homogenized as previously described [42]. Briefly, 10 % (weight/volume) homogenates were prepared on 
ice using a dounce homogenizer in a buffer containing 8.5 % sucrose, 20 mM Tris (pH 7.4), 1 mM EDTA, 1 mM EGTA and a protease 
inhibitor cocktail (phenylmethylsulfonyl fluoride (PMSF), leupeptin, antipain, pepstatin) [53]. Homogenates were aliquoted and 
stored at − 80 ◦C prior to use. 

2.2. Diet 

APOE mice were maintained on a normal chow diet (Purina LabDiet, Prolab RMH 3000, St. Louis, MO, US) containing 26 % of 
calories as protein, 60 % as carbohydrate, and 14 % as fat. These control-diet fed mice of both sexes were analyzed at 6, 12, and 18 
months of age. For the dietary challenge, mice were placed on a Western diet (Purina Test Diet #18110842, Somerville, NJ, US) 
containing 39.1 % of calories from fat, 45.1 % from carbohydrate, and 15.8 % from protein beginning at 6 months of age until 12 
months of age, when they were analyzed. 

2.3. Western blot analysis 

Freshly thawed homogentate containing equal protein amounts (Pierce BCA Protein Assay Kit, Thermo Scientific, Rockford, IL) 
were diluted into reducing Laemmli SDS sample buffer containing β-mercaptoethanol as we have previously described [42]. Proteins 
were separated by electrophoresis using Criterion 4–20 % Tris-HCl electrophoresis gels (Bio-Rad, Hercules, CA, US) and transferred 
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onto polyvinylidene difluoride (PVDF) membranes (Millipore Sigma, Burlington, MA, US). Anti-human APOE monoclonal antibodies 
(HJ15.3 and HJ15.7), used for Western blot analysis and ELISA, were the kind gift of Dr. David Holzman (Washington University, St. 
Louis, MO) [26,63]. Membranes were incubated with primary antibodies overnight followed by incubation with horseradish perox-
idase (HRP)-conjugated secondary antibodies (Jackson Immuno Research, West Grove, PA, US) for one hour. Chemiluminescence 
(Pierce, Rockford, IL, US) was detected on Reflection Autoradiography films. Band intensity was analyzed with the open-source 
software ImageJ (National Institute of Health (NIH), Bethesda, MD, US) and normalized to β-Actin levels (Abcam #ab8227, Cam-
bridge, UK). 

2.4. APOE ELISA 

Human APOE protein levels in diethylamine (DEA) extracted murine brain homogenate [43] and blood plasma were determined by 
sandwich ELISA using mouse monoclonal antibodies HJ15.3 as the capture antibody and HJ15.7 for detection, as has been previously 
described [26,63]. The ELISA was performed using a protocol modified from the laboratory’s extensively characterized ELISAs to 
detect brain Aβ [52]. These antibodies recognize the three human APOE alleles, and do not react with murine apoE ([26,63]; additional 
data not shown). Briefly, Nunc-Immuno Plates (MaxiSorp surface, Nunc A/S, Roskilde, Denmark) were coated with 100 µL/well of 
HJ15.3 (2.5 µg/mL) in bicarbonate buffer (30 mM NaHCO3, 70 mM Na2CO3, 0.05 % NaN3, pH 9.6) overnight at 4̊C with rocking. 
Recombinant human APOE (Abcam ab55210; APOE2 sequence) standards were serially diluted in phosphate buffer (20 mM sodium 
phosphate, 2 mM EDTA, 140 mM NaCl, 0.2 % BSA, 0.05 % CHAPS, 0.4 % Block Ace, 0.05 % NaN3, pH 7.0) from 0 ng to 400 ng. DEA 
extracted murine brain homogenate and blood plasma were diluted in phosphate buffer (1:10 and 1:100, respectively) prior to loading 
in triplicate. Dilutions were determined in preliminary experiments to insure that both standards and samples were within the linear- 

Fig. 1. APOE genotype determines brain APOE protein levels during aging. (A) A representative Western blot analysis of homogenates prepared 
from APOE2, APOE3 and APOE4 mice hemibrains probed with anti-human APOE monoclonal antibody (HJ15.3). β-actin is shown as a loading 
control. (B) Quantification of APOE band intensity at 6, 12 and 18 months of age normalized to β-actin. Data are expressed as the mean ± SEM 
normalized to APOE3 at each age. n(6 months) = 12 APOE2, 10 APOE3, 12 APOE4; n(12 months) = 17 APOE2, 14 APOE3, 15 APOE4; n(18 months) 
= 10 each genotype; throughout data from individual male mice are graphed with a blue circle and from female with a red square. Post-hoc t-tests at 
12 months of age: APOE2 = 142.6 ± 13.0 % of APOE3; t(29) = 3.279, p = 0.0027; APOE3 vs. APOE4 not significantly different (p = 0.066); and 
APOE2 = 183.0 ± 17.1 % of APOE4 t(30) = 4.835, p < 0.0001. At 18 months of age, APOE2 = 126.5 ± 5.7 % of APOE3; t(18) = 4.662, p = 0.0002); 
APOE3 = 117.1 ± 7.1 % of APOE4; t(18) = 2.405, p = 0.027; and APOE2 = 148.6 ± 8.4 % of APOE4 t(18) = 5.803, p = 0.0001. Throughout: *p <
0.05, **p < 0.01, ***p < 0.001. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of 
this article.) 
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detection range of the ELISA. Wells were washed twice with PBS and non-specific binding was blocked by loading 200 µL/well of Block 
Ace Solution (1 % Block Ace; Sumitomo Dainippon Pharma Co., Osaka, Japan, 0.05 % NaN3, PBS, pH 7.4) and incubating for 4 h at 
room temperature with rocking. Immediately after removal of the blocking solution, 100 µL of standards, blanks, and samples in 
triplicate were added to the wells for overnight incubation at 4̊C with rocking. Wells were then washed twice with PBS-0.2 % Tween 
and once with PBS before the addition of 100 µL HRP-conjugated HJ15.7 detection antibody diluted 1:4000 in Buffer C (20 mM sodium 
phosphate, 2 mM EDTA, 140 mM NaCl, 1 % BSA, pH 7.0) and incubated for 4 h at room temperature with rocking. Wells were then 
washed twice in PBS-0.2 % Tween and once in PBS. Development of the ELISA was completed by adding 100 µL/well of TMB Sub-
strate/H2O2 Solution (TMB Microwell Peroxidase Substrate System, Kirkegaard & Perry Laboratories, Maryland, USA) until sufficient 
color change was observed, and the reaction was stopped by the addition of 100 µL/well of 5.7 % O-Phosphoric Acid. Samples were 
read with a microplate reader at OD450. Brain ELISA results are reported as the mean ± SEM in µg APOE normalized to brain weight, 

Fig. 2. Plasma APOE protein levels are increased in APOE mice following 6 months on a Western diet. (A) A representative Western blot is shown of 
blood plasma from 12-month-old APOE2, APOE3 and APOE4 mice on a regular diet (RD) or a Western high-fat diet (WD; also marked by an asterisk) 
probed with the anti-human APOE monoclonal antibody HJ15.3. Western blot analysis of blood plasma from a wild-type mouse (right panel) is used 
as a negative control to show non-specific reactivity. The molecular weight of monomeric APOE protein is indicated, as are apparent higher mo-
lecular weight allele-dependent APOE homo- and/or heterdimers. (B) Quantification by sandwich ELISA showing APOE protein levels in blood 
plasma samples from APOE mice treated with regular diet (RD) or Western diet (WD). Data are expressed as the mean ± SEM. n(APOE2) = 7 RD, 5 
WD; n(APOE3) = 7 RD, 8 WD; n(APOE4) = 5 RD, 11 WD. 
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based on standard curves using the recombinant human APOE. 

2.5. Statistical analysis 

NIH ImageJ (http://rsb.info.nih.gov) was used to quantify Western blots. Images were converted to grayscale (8-bit) and contrast 
was adjusted for background subtraction. A rectangular box was drawn across the row containing the bands of interest and the lanes 
were plotted. The base of each peak was enclosed using the straight-line tool to threshold the signal intensity over background. The 
resulting area under each peak was quantified as the signal intensity. Genotype and diet differences were analyzed with a two-tailed t- 
test as well as a two-way ANOVA using GraphPad Prism 8.4.2. Results are expressed as the mean ± standard error of the mean. 
Statistically significant findings are indicated as follows: *p < 0.05, **p < 0.01, and ***p < 0.001. The value of n represents the 
number of animals and is given in the main text. Comparison of male and female results showed no significant differences between the 
sexes and the results were pooled. 

3. Results and discussion 

3.1. APOE genotype determines brain APOE levels independent of age 

Previous mouse studies have suggested that brain APOE levels are determined by the specific APOE allele expressed [50]. We 
extended these findings to determine if genotype-dependent variability in brain APOE levels is modified by aging, given that APOE 
genotype modifies age-associated brain disease risk [3,11,17]. To this end, we examined brain APOE levels in targeted replacement 
APOE2, APOE3 and APOE4 mice at 6, 12 and 18 months of age by Western blot analysis (Fig. 1A, B shows quantitative data including 
additional Western blot analyses). Repeated measures 3 x 3 ANOVA (genotype x age) on Western blot analyses of APOE protein levels 
revealed a main effect of genotype (F(2,87) = 25.23, p < 0.0001), but not age independent of genotype. Post-hoc t-tests revealed higher 
APOE levels in APOE2 vs APOE3 mice beginning at 6 months of age (APOE2 = 129.6 ± 4.7 % of APOE3; t(20) = 5.138, p < 0.0001; 
Fig. 1B). Differences in APOE3 vs APOE4 levels at 6 months of age were smaller, with APOE4 levels significantly lower than APOE3 
(APOE3 = 111.7 ± 3.1 % of APOE4; t(20) = 2.703, p = 0.0137; APOE2 compared to APOE4: APOE2 = 143.4 ± 5.2 % of APOE4; t(22) 
= 7.569, p < 0.0001; Fig. 1B). The same pattern of APOE2 > APOE3 > APOE4 brain protein level was observed at 12 and 18 months of 
age (see the legend for Fig. 1B for details regarding 12- and 18-month-old comparisons; see also ELISA data in Fig. 3 for control mice at 
12 months of age). Thus, brain APOE2 levels were found to be significantly greater than APOE3 or APOE4 levels across all ages with 
consistently lower brain APOE levels in APOE4 compared with APOE3 mice. Thus, we show that APOE protein levels in the brain are 
allele-specific and constant across adult ages. While APOE genotype-effects in the brain are often linked with aging [33,38], including 
by our group in these mouse models [47], differences in APOE protein levels occur early and remain consistent throughout adulthood 
in targeted-replacement APOE mice. 

3.2. Western diet effects on plasma APOE levels are determined by APOE genotype 

An individual’s risk for AD can be impacted by lipid dysmetabolism and a high fat diet [12], as well as by low plasma levels of APOE 
[19,49]. We expected that APOE protein levels in this model would change in the periphery in response to dietary fat, as dietary fat is 
known to increase lipoparticle levels in the blood [23]. To determine if APOE genotype affects the response of APOE levels to dietary 
lipid intake, we placed APOE2, APOE3, and APOE4 mice on a Western diet high in fat and cholesterol from 6 months to 12 months of 
age in parallel with age-matched mice fed a standard rodent chow. Plasma levels of APOE protein by Western blot analysis appeared 
higher after a Western diet across all genotypes when compared with mice given a control diet, with the greatest differences in APOE2 
mice (Fig. 2A). The Western diet, however, led to multiple higher molecular weight bands resolution by SDS-PAGE under reducing 
conditions that were genotype-dependent, appearing most prominently in APOE2 mice (Fig. 2A). APOE forms homo- and heterodimers 
[36], and, while unexpected, the preservation of such interactions following resolution by SDS-PAGE likely explains the genotype and 
diet-specific banding patterns seen. Interestingly, brain APOE subjected to the same detergents and resolved under the same conditions 
did not show any complex banding pattern indicative of dimers (see Fig. 1A and 3B), although APOE2 and APOE3 dimers in the brain 
have been reported [15]; reviewed in [18]. Given the complexity of quantifying within a linear range the multiple APOE bands of 
differing intensity detected by Western blot analysis, we used a human APOE sandwich ELISA that would allow for better quantifi-
cation of blood plasma APOE levels. One-way ANOVA of ELISA on 12-month-old mice that were fed a standard diet (control mice) 
revealed a gradient in blood plasma levels that was determined by genotype, with APOE2 highest as in brain (APOE2 > APOE3 =
APOE4; Fig. 2B). However, the magnitude of these differences was much greater in the blood plasma than in the brain. In particular, 
plasma APOE2 levels were an order of magnitude greater than in APOE3 (APOE2 = 1071.3 ± 181.7 % of APOE3 mice; t(12) = 5.345, p 
= 0.0002; APOE3 compared to APOE4 was not significantly different, p = 0.200; Fig. 2B). When mice fed a Western diet were added 
into the analysis, repeated measures 2 x 3 ANOVA (diet x genotype) revealed a main effect of both genotype (F(2,38) = 97.16, p <
0.0001) and diet (F (1, 38) = 56.91, p < 0.0001), as well as interaction between diet and genotype (F (2, 38) = 23.10, p < 0.0001). Post- 
hoc t-tests revealed a substantial increase in plasma APOE2 levels in response to a Western diet (WD = 303.0 ± 21.4 % of RD; t(10) =
9.483, p < 0.0001; Fig. 2B). APOE4 mice similarly showed an increase that was significant (WD = 360.9 ± 84.6 % of RD; t(15) = 3.084, 
p = 0.0076), while increased APOE levels in APOE3 mice with the Western diet did not reach significance (p = 0.086; Fig. 2B). 
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3.3. Brain APOE protein levels are altered in a genotype-dependent manner following a Western diet 

Given that APOE is the primary lipid carrier in the brain parenchyma, we hypothesized that diet-driven changes to brain lipid 
metabolism would affect brain APOE protein levels in a genotype-specific fashion, as in the periphery, if increased dietary fat and 
cholesterol impacted brain lipids. Mice fed the Western diet for 6 months gained on average 14 g relative to mice maintained on a 
standard diet (Fig. 3A). APOE genotype had no effect on weight at baseline or following the dietary challenge. As in plasma, we 
examined brain APOE protein levels using both Western blot analysis and ELISA in mice that were fed 6 months of a Western diet 

Fig. 3. Brain APOE protein levels are altered in a genotype-dependent manner following a Western diet. (A) Body weight of APOE2, APOE3, and 
APOE4 mice at 12 months of age challenged with a regular diet (RD) or a Western high-fat diet (WD) for 6 months. No statistical difference in body 
weight by genotype was seen when comparing mice within each of the diet groups. (B) A representative Western blot analysis is shown of hemibrain 
homogenates from 12-month-old APOE2, APOE3 and APOE4 mice following RD or WD for 6 months. β-actin is shown as a loading control. Western 
blotting quantification of APOE band intensity normalized to β-actin is shown in the graph. n(APOE2) = 17RD, 8WD; n(APOE3) = 14 RD, 7WD; n 
(APOE4) = 15RD, 10WD (C) Quantification of human-APOE levels detected by sandwich ELISA from DEA-extracted hemibrain homogenates of 
APOE mice is shown. Data are expressed as the mean ± SEM normalized to APOE3 (RD); n = 6 for each genotype, each diet. 
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compared with a standard chow (Fig. 3B and C). In contrast to the Western blot analysis of APOE in blood plasma (Fig. 2), APOE 
protein in the brain was detected as a single band by Western blot analysis regardless of diet, consistent with reduced interactions with 
other apolipoproteins in the brain [18], interactions that form heterodimers with APOE in the periphery [60]. This finding is consistent 
with previous determinations that APOE in the blood and in the brain are distinct pools separated by the BBB [32,34]. Consistent with 
the findings in Fig. 1, repeated measures 2 x 3 ANOVA (diet x genotype) on Western blot analyses revealed a main effect of genotype (F 
(2, 65) = 35.61, p < 0.0001) on brain APOE levels. 

When challenged with a Western diet, posthoc t-test showed brain APOE levels that were significantly higher only in APOE2 mice 
(WD = 129.74 ± 12.96 % of RD; t(23) = 2.294, p = 0.031) (Fig. 3A). ELISA results yielded a repeated measures 2 × 3 ANOVA (diet x 
genotype) that revealed a main effect of both genotype (F (2, 30) = 22.50, p < 0.0001) and diet (F (1, 30) = 11.78, p = 0.0018). As by 
Western blot analysis, baseline APOE levels were higher in APOE2 compared with APOE3 mice fed a standard diet (APOE2 = 119.74 
± 8.23 % of APOE3; t(10) = 2.239, p = 0.049; Fig. 3B). ELISA in this cohort also showed significantly lower baseline APOE levels in 
APOE4 compared with APOE3 mice (APOE3 = 124.6 ± 10.0 % of APOE4; t(10) = 2.543, p = 0.029; with E2 = 149.3 ± 8.7 % of 
APOE4; t(10) = 5.680, p = 0.0002; Fig. 3B). Furthermore, ELISA revealed that a Western diet challenge significantly increases APOE 
levels in both APOE2 (WD = 128.2 ± 12.4 % of RD; t(10) = 2.268, p = 0.047) and APOE4 mice (WD = 114.9 ± 5.7 % of RD; t(10) =
2.637, p = 0.025; Fig. 3B), while APOE3 mice did not reach significance (p = 0.11). Previous work has shown that neither peripheral 
APOE nor dietary cholesterol crosses into the CNS through the BBB [5,13,32,34,48]. Nevertheless, our findings demonstrate that brain 
APOE levels respond in the same fashion as peripheral APOE levels to the Western diet, albeit to a lesser magnitude. Thus, while it 
appears that the BBB can dampen the effects of dietary lipids on the CNS, the brain is not fully protected from responding to peripheral 
dietary challenges. 

Our findings are consistent with APOE lipoparticles not crossing the BBB: the magnitude of changes in the periphery are vastly 
different than in the brain, and the APOE banding patterns by Western blot analysis in the periphery compared with the brain are also 
distinct. Studies have shown that the BBB is compromised specifically in APOE4 individuals [9]. As such, we would anticipate APOE 
levels in the brain to be most affected in APOE4 mice where APOE lipoparticles may “leak” across the BBB. In contrast, our findings 
showed that the greatest responses to a dietary challenge were found in APOE2 mice. While free cholesterol cannot cross the BBB, 
oxidative metabolism of cholesterol forms oxysterols (27-OHC in the periphery and 24-OHC in the brain) that can traverse biological 
membranes by diffusion [4]. Considering that a high-fat diet and hypercholesterolemia are often associated with elevated levels of 27- 
OHC, and that numerous studies have associated high levels of 27-OHC in the brain with memory deficits, AD, and other neurode-
generative processes [12,35], we suggest that oxysterols may be the bridge between peripheral cholesterol and brain APOE levels, one 
that warrants further investigation. 

Consistent with our study, prior work has shown that APOE2 is more abundant in humanized mouse brain than APOE3 [50,55], and 
that APOE3 is more abundant than APOE4 [59]. Riddell and colleagues [50] showed in these mouse models that, independent of 
genotype, APOE levels were greater in the hippocampus than frontal cortex, and future studies examining whether “high-risk” brain 
regions such as the hippocampus respond differently to a Western diet in terms of APOE protein levels may be informative. That APOE2 
is the AD-protective allele and our findings that APOE2 levels increased the most in the brain in response to a high-fat dietary challenge 
raises the possibility that higher levels of APOE lipoparticles in the brain parenchyma are not damaging. Rather, APOE lipoparticles in 
the brain represent a lipid pool available to neurons when needed for biosynthetic processes. While genotype-mediated differences in 
receptor binding and neuronal uptake may impact the ability of neurons to utilize APOE lipoparticles [28], the abundance of APOE 
lipoparticles within the brain is also likely to determine their availability for neuronal biosynthetic processes. Indeed, in contrast to the 
periphery where abundant circulating lipoparticles can lead to vascular disease, an increased pool of available lipoparticles in the brain 
may be beneficial by offering neurons lipids as needed. While studies have shown that humans expressing an APOE4 allele are likely to 
show greater neurocognitive vulnerability to a Western, high-fat diet than APOE3 individuals [16], data on APOE2 carriers is limited 
by the relatively rarity of this allele in the population. Having shown that APOE2 in the brain is more responsive to a Western diet than 
the other alleles emphasizes the importance of studying in greater detail the unique brain properties of the protective APOE2 in the 
context of life-style and metabolic challenges that are thought to increase AD risk for individuals expressing APOE3 and, particularly, 
APOE4. 
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