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Abstract

Disturbance of the production and clearance of AB in the brain is the main cause of memory and cognition
decline and contributes strongly to the development of AD. In human, ApoE gene has three isoforms, €2, €3 and €4,
with ApoE €4 as the most risk gene among them. In the development of AD pathophysiology, ApoE4 is positively
associated with Ap plague formation, but the mechanisms are not clear. In this review, we proposed a hypothesis that
the effect of ApoE4 on AB possibly involves three processes: 1) ApoE4 can directly interact with A and interferes AB
clearance. 2) ApoE4 can compete with AB for the same receptor, that hinds the cellular uptake pathways of AB. 3)
ApoE4 also modulates other AR degrading proteases like IDE to downregulate AB degradation, but the mechanisms
needs to be further investigated. These findings suggest that the effect of ApoE in AD pathogenesis is complicated
and modulation of ApoE is an attractive strategy for AD therapy.
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Introduction

Alzheimer’s disease (AD) is a common neuro degenerative disease
associated with cognitive decline and cannot be cured. AD presently
affects approximately 13% of people over the age of 65 and 45% over the
age of 85 [1], with least 30 million AD patients around the world [2].
Due to an increasing elder population, AD becomes one of the greatest
health issues of this century [3]. In 2016, the total health care payments
for people age > 65 years with dementia, including long-term care and
hospice services, are estimated to be $236 billion [4].

It is widely accepted that neurofibrillary tangles and senile plaques
are two hallmarks of AD pathology [5]. Neurofibrillary tangles is
associated with Tau hyper phosphorylation while senile plaque involves
depositions of aggregated amyloid-p peptides (AP) in the gray matter
of the brain, mainly in the hippocampus and neocortex [6]. However,
the mechanisms of AD occurrence have not been fully elucidated, due
to the complex genetic, epigenetic, and environmental factors that
may influence of the development of AD. There are two types of AD:
Early-onset AD (EOAD) is often familial, with autosomal dominant
inheritance, while the vast majority is late-onset Alzheimer’s disease
(LOAD) [7]. It is indisputable that the strongest genetic risk factor
for LOAD known so far is the human apolipoprotein E (ApoE) gene.
Among the three isoforms: ApoE €2, ApoE &3, and ApoE &4, ApoE &4
increases AD risk about ~3- and 15-fold with a single and double allele
respectively [8-10].

Role of Ap in AD

Normal physiological levels of AP is essential to learning and
memory as demonstrated by the studies of Morley’s group [11], and
low concentration of AP has presynaptic enhance effect [12]. Genetic,
pathological, and functional researches have provided abundance of
evidences that disturbance of the production and clearance of AP
in the brain is the main cause of AP accumulation, aggregation and
plague formation, therefor leading to the decline of memory and
cognition during the development of AD [13]. Thus, it is not Ap itself,
but the aberrant accumulation of AP that is harmful to cognition
function.

Amyloid Cascade Hypothesis

Amyloid cascade hypothesis (ACH) has been proposed for almost
25 years. The hypothesis suggests that the deposition of A, which is
the major component of the amyloid plaques in AD patients’ brains, is
the upstream mediator of AD pathology. AP deposition finally leads to
neurofibrillary tangles, neuronal loss, cell death, and dementia [14,15].
Currently, a new modified ACH has been proposed by Karran E [16].
The modified ACH considers other hypotheses, such as mitochondrial
cascade hypothesis (MCH), vascular hypothesis and A oligomer
hypothesis, suggesting that the aggregation of AP and tau dysfunction
may run in parallel, but the key event in AD pathology is still AR
deposition.

AP Production

AP is composed of either 40 or 42 amino acids (A, ,, or AP, )
[17] that generated by amyloid precursor protein (APP). APP is an
integral membrane protein of 695-770 AA that is sequentially cleaved
by either B-secretase or a-secretase to C-terminal fragment § (CTEp,
99 AA) or C-terminal fragment (CTFa, 83 AA), then y-secretase, an
intramembrane protease, cleaves CTFP to AR (4 kDa) and CTFa to
a fragment named P3 (3 kDa) [18,19]. However, the former pathway
brings about the AP production is only a small part of APP and the
majority (>90%) is the a-secretase pathway [20].

AP Degradation and Clearance

Several reviews have elaborated the main mechanisms of AP
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degradation and clearance [21-23]. Two categories of protease are
involved in this process: AP degrading proteases, which are enzymes
that degrade or cleave AP into smaller fragments; Extracellular
chaperones, which facilitates the transportation of AP across the
blood brain barrier (BBB) into the blood circulation [24] or astrocyte/
microglia cells [25].

AP Degrading Proteases

Metalloendopeptidases, angiotensin-converting enzyme (ACE),
matrix metalloproteinases (MMPs) and lysosomal peptidases are
all AP degrading protease [26]. Metalloendopeptidases, including
neprilysin (NEP), insulin degrading enzyme (IDE) and endothelin-
convertingenzymes-land-2 (ECEl and ECE2), play important roles
in the degradation of monomeric AP species. Deletion of NEP or
treatment with an NEP inhibitor leads to increased levels of AP [27].
IDE appears to participate in both insulin and A degradation and is
mainly expressed in hypothalamic neurons, hippocampus, cerebellum,
and brain stem in human [28], and is coinciding with the location of
insulin receptors in the brain. Overexpression of NEP and/or IDE
declines A level by around 90% and relieves amyloid pathology [29].

AP Clearance by Extracellular Chaperones

Extracellular chaperones are proteins@which can bind with AP
in plasma and cerebrospinal fluid (CSF), and are essential because
to regulate the formation of AP fibrils [30]. These proteins include
albumin, a -antichymotrypsin (ACT), serum amyloid P component
(SAP), complement proteins, apoferritin, transthyretin, lipoproteins,
and apolipoproteins which includes ApoE.

Role of ApoE in Ap Metabolism

ApoE is a glycoprotein of 299 AA (34 kDa) that was originally
identified as one of the main apolipoproteins which transport lipid
from one tissue or cell type to another to regulate lipid homeostasis
[31]. In human, ApoE gene exists as three polymorphic alleles-£2, €3
and &4, with the ApoE €3 allele being the most common (77.9%), €2
allele the least common (8.4%), and &4 in the medium (13.7%) [32].
ApoE is an important cholesterol metabolism regulator in the brain. It
serves as a cholesterol carrier and mediates the uptake of lipoprotein
particles [33]. ApoE is produced by astrocyte or glia cells in brain
[34], while it is primarily produced by the liver and macrophages
in peripheral tissues, both in humans and animals. ApoE mediates

Astrocyte / Microglia Cell

Figure 1: ApoE and AB metabolism in the brain.
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1) Amyloid precursor protein (APP) is cleaved by a-secretase and then by y-secretase to produce P3 and APP intracellular domain (AICD) in the physiological way; 2)
APP is cleaved by B-secretase and then by y-secretase to produce AICD and amyloid-f peptide (AB) in the pathological way; 3) AR degradation by insulin degrading
enzyme (IDE) and neprilysin (NEP). 4) The major AB clearance pathways include receptor-mediated uptake into astrocyte/microglia cell and through the blood brain
barrier (BBB). 5) Disturbed clearance of AR can cause AB accumulation and aggregation, promoting AR oligomers and AB plaque formation which leads to AD. 6)
Apolipoprotein E (ApoE) is mainly produced by astrocyte and microgila cell in the brain. 7) ApoE directly interacts with A and interfere AB clearance. 8) ApoE competes
with AB for the same receptor, that hinds the cellular uptake pathways of AB. 9) ApoE4 modulates AR degrading enzymes to down regulate A degradation
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cholesterol metabolism in an isoform-dependent manner [5] because
the isoforms have different abilities in binding to ApoE receptors and
lipoproteins. It was demonstrated that ApoE4 has greater affinity to
very low density lipoproteins (VLDL), while ApoE3 and ApoE2 have
a preference for small high-density lipoproteins (HDLs) [35,36]. In
addition, ApoE isoforms also affect synaptic plasticity in an isoform-
dependent manner. ApoE3 promotes neurite outgrowth and increase
neuronal sprouting [37]. However the studies of the effect of ApoE4 on
synaptic plasticity was controversial. Teter’s study reported that ApoE4
had prejudicial effects on neurite outgrowth [38], while Puttfarcken’
study suggested ApoE4 even had stimulating effects in the absence of
AB [39].

Furthermore, ApoE also related to Af metabolism in AD in
isoform-dependent manner. In AD patients, compared to €2 and €3,
the presence of 4 is associated with increased risk for both EOAD and
LOAD, especially LOAD. Studies have demonstrated that there is a
strong link between ApoE &4 and the pathology of neural disorders in
AD [40]. Genetic studies have found that the risk of suffering from AD
by 85 years of age among persons who inherit double €4 alleles is 50-
90%, and the probability among persons with one &4 allele is 45% [41].

Although the linkage between ApoE €4 gene and the increased risk
of AD is obvious, the mechanism for effect of ApoE in AD is complex,
since ApokE is associated with many aspects of AD, including AP plaque
formation, inflammation, oxidative stress, synaptic plasticity loss,
cholinergic dysfunction, and lipid homeostasis deregulation [42]. There
are evidences to indicate that levels of soluble AP are increased with
ApoE4, providing a potential mechanism of ApoE4-induced AD risk
[43]. However, the pathway(s) by which ApoE4 may increase Ap levels
are unclear.

Role of ApoE in AB Accumulation

It is clear that ApoE can directly interact with AP. Histological
analyses of AD patients’ brains show that ApoE is co-deposited with AP
in amyloid plaques [44]. Epitope mapping demonstrates that residues
13-17 in AP and residues 144-148 in the ApoE N-terminal region
are interacting with each other, forming the ApoE/AP complexes [5].
Purified ApoE4 binds AP with a higher affinity than ApoE3, but this
affinity is reversed when using lipidated ApoE [45,46]. Researches have
shown that ApoE increases the level of AP oligomers in an isoform-
dependent manner (ApoE4 > ApoE3 >ApoE2) [47,48]. Moreover,
blocking the ApoE/Ap interaction, Ap-related pathology is mitigated:
reduced brain AB- accumulation, co-accumulation of ApoE within Af
plaques and neuritic degeneration in both APP/E2 and APP/E4 mice
[49].

Role of ApoE in A Clearance and Degradation

It has been proposed that ApoE can indirectly modulate A(
clearance. All three isoforms of ApoE present obstructing effect on AP
cellular uptake pathway, by competing with AP for the same receptors
such as low density lipoproteins (LDL) receptor-related protein (LRP)
in astrocytes [50].

Our previous report has shown that ApoE also regulates Af
degradation by IDE extracellularly. ApoE4 significantly reduces the
expression of IDE, while ApoE3 could rescue this down-regulation
in ApoE knockout (apoe—/— mice). These effects on IDE expression
by ApoE can be prevented by receptor - associated protein (RAP),
which blocked the interaction between ApoE and members of the
LDL receptor family [51], suggesting that various ApoE isoforms
could exert different effect on IDE via membrane receptor. Keeney’

research demonstrated that ApoE4 mice exhibited downregulated
IDE and peroxisome proliferator-activated receptor (PPARYy) levels
[52]. In another paper from our lab, we showed that PPARy could
transcriptionally activate IDE gene expression [53]. These results
indicate that ApoE4 may reduce IDE expression by inhibiting PPARY.
Meanwhile, when compared to ApoE2 mice brain, both ApoE3 and
ApoE4 mice brain showed significantly decreased insulin /insulin-like
growth factor 1 (Igfl), insulin receptor substrates (Irs) and facilitated
glucose transporter 4 (Glut4) expression, suggesting that ApoE isoforms
differentially modulate the expression of major players involved in Igfl
signaling and glucose and AP metabolism [52]. Other research proved
that ApoE4 was significantly less efficient in promoting the degradation
of soluble AP compared to ApoE2. In addition, lipidated ApoE showed
stronger effects on degrading AP than non-lipidated ApoE by affecting
the capacities of IDE [54].
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