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Is Apolipoprotein E Required for Cognitive Function in
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More than twenty years ago, a polymorphism in the Apolipoprotein E (apoE) gene was
identified as the primary risk factor for late-onset Alzheimer disease (AD).! Individuals
carrying the e4 isoform of apoE (apoE4) are at significantly greater risk for AD compared to
apoE3 carriers, whereas the apoE2 allele is associated with reduced AD risk.2 Despite two
decades of research into the mechanisms by which apoE4 contributes to disease
pathogenesis, a seemingly simple question remains unresolved: Is apoE good or bad for
brain health? The answer to this question is essential for the future development of apoE-
directed therapeutics.

In JAMA Neurology, Mak et al. describe a patient who has undetectable levels of apoE in
plasma and cerebrospinal fluid.3 The patient, a 40-year-old African American man, is
homozygous for a rare loss-of-function mutation in apoE. Despite severe
dysbetalipoproteinemia and xanthomatosis, the patient is cognitively normal and shows no
signs of neurodegeneration. In light of apoE as the primary risk factor for AD, the lack of
neurological findings in this patient would appear to answer the question of whether apoE is
necessary for brain function with a resounding no.

In the plasma, apoE is a carrier of chylomicron remnants and very-low-density lipoprotein
particles and binds to members of the low-density lipoprotein receptor family for uptake into
cells. These lipoprotein particles cannot cross the blood-brain barrier; thus, apoE-containing
particles released by astrocytes are the main source of brain apoE.*® The importance of
circulating apoE is highlighted by the greatly elevated total cholesterol levels, contained
mostly in the very low-density lipoprotein fraction, in the apoE-deficient patient described
by Mak and colleagues, leading to prominent xanthomatosis3 and, as had been reported in
other rare cases of apoE deficiency, a concomitant increase in cardiovascular disease risk.®
However, the previous case studies did not investigate potential neurological sequelae of
apoE deficiency.

Several mouse apoE knockouts have been generated to investigate the effect of apoE loss on
atherosclerosis and cognition, sometimes with conflicting results. Consistently, apoE
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knockout mice have elevated cholesterol levels, similar to apoE-deficient patients.’
Neurological findings in these mice have been less clear, however. Some groups have
reported that while apoE knockout mice develop normally, they begin to lose neurons
around 5 months of age accompanied by a reduction in working memory,8° which is
ameliorated by infusion with recombinant apoE3 or apoE4.10 These findings have been
challenged by other studies that found no age-related neurodegeneration in apoE knockout
mice.11.12

Alzheimer disease is characterized by the progressive buildup of neuritic plaques comprising
fibrillar amyloid beta (Ap; a cleavage product of the amyloid precursor protein), followed by
the appearance of neurofibrillary tangles of hyperphosphorylated tau. These toxic particles
affect a variety of processes, including inflammation, synaptic plasticity, and cell
viability.13:14 Apolipoprotein E4 promotes disease pathogenesis through both AB-dependent
and AB-independent pathways. Carriers of apoE4 have earlier and more rapid deposition of
plagques, which is thought to stem from impaired clearance of A from the interstitial
fluid1516 and from fibrillogenesis-promoting properties of apoE4.17 Also, apoE4 modifies
brain function independent of AB, as apoE4 carriers show altered connectivity patterns by
magnetic resonance imaging in AD-related brain regions as early as infancy.1®

Because murine apoE differs from the 3 human apoE isoforms at numerous amino acid
residues, human apoE knock-in mice have been developed to study the roles of the isoforms
in vivo in the mouse. These apoE knock-in mice have been crossed with mouse models of
AD that carry familial AD mutations in APP or PSEN1, which cause high levels of Ap and
age-related plaque deposition and cognitive decline. Consistent with findings in human
populations, the presence of apoE4 accelerates the development of plaques and cognitive
dysfunction in AD mice over apoE3 and apoE2.1° Intriguingly, gene transfer by adeno-
associated virus of the 3 human apoE isoforms into AD mice on a normal mouse apoE
background showed that while apoE4 increased plaques, apoE2 actually decelerated plaque
growth. However, adeno-associated virus transfer of human apoE also reduced endogenous
murine apoE levels by approximately 15%.2° It is important to point out in this context that
the reduction of endogenous mouse apoE alone — or its replacement with any human apoE
allele — by itself reduces plaque deposition and ameliorates cognitive deficits in the
animals.21:22

Several apoE-directed AD therapeutics are currently in development. Some seek to increase
apoE levels and lipidation by upregulating expression of adenosince triphosphate-binding
cassette transporter Al protein (ABCAL), eg, through liver X receptor and retinoid X
receptor agonists.2324 Conversely, other approaches aim at lowering apoE levels.
Specifically, passive immunotherapy with anti-apoE antibodies is currently being tested in
animal models and has been shown to reduce Ap deposition in mouse models of AD.2°

One caveat for the development of systemic apoE-directed therapeutics is the effect of apoE
loss on plasma lipoproteins. Both the patient described by Mak and colleagues and apoE
knockout mice have impaired clearance of lipoproteins, resulting in massively elevated
cholesterol levels in the circulation that could lead to accelerated atherosclerosis®. To
prevent the disruption of lipid metabolism in AD patients, apoE-directed drugs will need to
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be brain-specific. This could take the form of specifically targeting the drug to the central
nervous system or targeting apoE-specific interactions in the central nervous system (eg, AB
binding). Promisingly, systemic administration of anti-apoE antibodies does not alter
cholesterol levels in a mouse model of AD, while still modestly reducing levels of Ap and
improving cognition.2®

The grossly normal cognitive status of the apoE-deficient patient described by Mak and
colleagues suggests that therapeutics that reduce cerebral apoE levels will likely not
adversely affect cognition in at-risk patients. Because the described patient is only 40 years
old, close clinical follow-up is needed to determine if he is at increased risk for age-
dependent cognitive decline; however, his grossly elevated lipid profile may confound this
because increased plasma cholesterol is independently associated with increased AD risk.26
Overall, the patient’s normal cognitive function together with the earlier mouse work
suggest that interventions that reduce cerebral apoE levels may hold promise as a potential
therapeutic approach to AD.
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