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Amyloid-p pathology in
Alzheimer’s disease

Alzheimer’s disease (AD) is character-
ized by the aggregation and accumulation
of amyloid-B (AB) and t proteins, which
are ultimately associated with dementia
and neurodegeneration. Af pathology is
characterized by the accumulation of Af
into diffuse and neuritic plaques, as well
as cerebral amyloid angiopathy, which
begins to accumulate 15 to 20 years before
the onset of symptoms (1). This rise in AB
pathology plateaus near the onset of symp-
toms and is followed by aggregation and
spreading of 1 from the medial temporal
lobe to the neocortex, which is correlated
with cognitive decline and neurodegener-
ation. As AP aggregation is likely to be the
initiating event in the pathogenesis of AD
(2), understanding the initiation and pro-
gression of AB pathology continues to be of
interest for developing therapeutics.

AP pathology is driven by the initial
seeding of AB into oligomeric and insoluble
species, which accumulate in extracellular
AR plaques. Seeding involves the process by
which a misfolded protein is able to induce
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Alzheimer’s disease (AD) is the leading cause of dementia, and its
pathogenesis is initiated by the accumulation of amyloid-p (AB) into
extracellular plaques. Apolipoprotein E4 (ApoE4) is the largest genetic risk
factor for sporadic AD and contributes to AD pathogenesis by influencing
clearance and seeding of the initial aggregation of Ap. In this issue of the
JCl, Tachibana et al. investigated the relationship between neuronal LRP1
expression and ApoE4-mediated seeding of Ap and showed that knockout
of neuronal LRP1 prevents the increase in Ap pathology caused by ApoE4
expression. These findings give insight into potential therapeutic targets for
the preclinical phase of AD and the pathogenesis of Af pathology.

the misfolding of other molecules of the
same protein. Ap has been shown to have
prion-like properties: individuals treated
with cadaver-derived growth hormone
containing AB seeds have accelerated AB
pathology (3), and injection of AB fibrils into
a mouse model of A amyloidosis acceler-
ates AB pathology (4). In sporadic cases,
seeding of AB has been hypothesized to be
due to a variety of causes, including accu-
mulation of AB in early endosomes, slowed
or altered soluble AB clearance, and somat-
ic gene replication, resulting in overexpres-
sion of AB (5-7). Apolipoprotein E (ApoE),
specifically the ApoE4 allele, contributes to
the seeding process in vivo (8, 9). Human
ApoE has three major isoforms: ApoE2
(Cys112, Cys158), ApoE3 (Cysl112, Argl58),
and ApoE4 (Argl12, Argl58). ApoE4 is the
largest risk factor for AD; one copy of the
allele increases AD risk about 4-fold and
two copies about 15-fold (10).

Through complementary methods,
it was shown that ApoE4 affects the ear-
ly seeding of AP pathology. In one study,
lowering ApoE levels with antisense oligo-
nucleotides (ASOs) resulted in a reduction
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of AP pathology only when used prior to
the onset of AB aggregation (8). Treating
mice with ASOs at later time points had no
effect on AB pathology. Another study used
a cell-specific and inducible tet-off Cre sys-
tem (9) to turn on ApoE4 expression prior
to plaque deposition, leading to a signifi-
cant increase in AP pathology. However,
turning on ApoE4 expression later had no
significant effect. Together, these studies
demonstrate that ApoE4 exerts its deleteri-
ous effects by promoting the seeding of Af.
Another important factor that con-
tributes to AP pathology is the rate of Ap
clearance from the extracellular space.
This clearance occurs by (a) enzymes
such as neprilysin; (b) cellular internal-
ization via receptors such as LDL receptor
(LDLR), LDLR-related protein 1 (LRP1),
and heparin sulfate proteoglycans (HSPGs)
and being degraded by glial or neuronal
cells; (c) being trancytosed by endothelial
cells across the blood-brain barrier, and
(d) being transported by interstitial fluid
(ISF) /cerebrospinal fluid (CSF) flow into
the meningeal lymphatic system. ApoE
can compete with Ap for binding to recep-
tors and affect the clearance of Af from
the extracellular space (11). ApoE can also
affect the trafficking and degradation of Ap
through the endolysosomal pathway (12).

ApoE4-mediated seeding of Ap
is dependent on neuronal LRP1

In this issue of the JCI, Tachibana et al.
provide evidence that neuronal LRP1 is
an essential player in mediating ApoE4’s
effect on AB and thus AD risk (13). The
authors first investigated the relationship
between LRP1 expression and insoluble
AP levels in human postmortem samples
from the temporal cortex. In individuals
with an ApoE3/ApoE3 genotype, there
was a negative correlation between insolu-
ble AB levels and LRP1 expression. In con-
trast, in ApoE3/ApoE4 and ApoE4/ApoE4
individuals, there was a positive correla-
tion between insoluble AP levels and LRP1
expression. These contrasting findings can
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Figure 1. ApoE4 seeding of Af. (A) ApoE4 seeds AP aggregation in the presence of LRP1. (i) ApoE4 and Ap compete for binding to HSPGs. (ii) LRP1
binds lipidated ApoE4, which is then endocytosed. (iii) Recycling endosomes are sites of AB production. ApoE4 may interact with AB to seed its
aggregation. (iv) AB and lipidated ApoE4 are degraded in lysosomes. (v) Delipidated ApoE4 seeds the aggregation of Ap. (vi) Aggregated ApoE4 and
AB are released into the extracellular space. (B) Neuronal LRP1 knockout prevents ApoE4 seeding of AB. In the absence of LRP1 (i), ApoE4 asso-
ciates with HSPGs and blocks binding of AB. (ii) Less ApoE4 is endocytosed (iii). ApoE4 contributes less to AB seeding, and more Ap is degraded

through the lysosomal pathway.

be best understood as a result of LRP1 con-
tributing more to the clearance of Ap in the
context of the ApoE3/ApoE3 genotype and
seeding in the presence of ApoE4.

To further explore this finding, the
authors utilized mice that had human
ApoE3 or ApoE4 knocked in to the
endogenous murine ApoE locus. These
mice were crossed with APP/PS1 mice,
which express familial AD mutations
that lead to AP deposition, thus acting
as a model of AP amyloidosis. In these
mice, the authors confirmed the known
effect of ApoE4 expression, where mice
expressing the ApoE4 allele have a more
severe AP pathology compared with mice
expressing ApoE3 (8, 9). In order to assess
the impact of neuronal LRP1 expression
on AP pathology in the context of ApoE3
and ApoE4, APP/PS1; ApoE3 and APP/
PS1; ApoE4 mice were crossed to neuro-
nal LRP1 knockout (nLrpI7-) mice. In both
the cortex and hippocampus, the authors
found that nLRP17/, in the presence of
ApoE4, decreased AP plaque burden to
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the levels seen in APP/PS1; ApoE3 and
APP/PS1; ApoE3; nLrpl”/- mice. This is a
significant finding, as it suggests that the
early seeding of AB as a result of ApoE4
expression depends on neuronal LRP1.
The mechanism of how ApoE4 con-
tributes to the seeding of AB is still not fully
understood, but this study provides some
intriguing results that help to potentially
illuminate this mechanism (see Figure 1).
LRP1 is a major neuronal ApoE receptor
and is responsible for the majority of ApoE
flux through neurons (14). ApoE binds
LRP1, is endocytosed, and is degraded
or recycled through the endolysosomal
pathway. Since the addition of ApoE to
neuronal cell cultures increases the rate
of AP degradation, ApoE has been impli-
cated in the degradation of AB by acting
as a chaperone for Af through the endo-
lysosomal pathway (12). It is known that
ApoE4 leads to disruption of the endo-
lysosomal pathway (15), which may lead
to the accumulation of AP within early
endosomes where the Ap is produced by

March 2019

the cleavage of endocytosed APP by -
and y-secretase (5, 16). The accumulation
of AB, and potentially its interaction with
nonlipidated ApoE4, could promote its
aggregation. These aggregates could then
be released into the extracellular space
through recycling endosomes. This would
initiate the seeding process and contribute
to the aberrant aggregation of Af in early
A pathogenesis.

An alternate, perhaps complementary,
explanation is suggested by the authors. The
authors show that nLrpl7- leads to a greater
proportion of ApoE4 in the detergent-sol-
uble fraction. This could suggest greater
association of ApoE4 with the cell surface,
particularly HSPGs. It has been previously
shown that HSPGs play an important role
in ApoE-mediated degradation of A, as
adding heparin to neuronal cultures pre-
vents the increase in Ap degradation seen
by adding ApoE to the cultures (12). Howev-
er, further research is needed to define the
mechanism by which ApoE4 interacts with
neuronal LRP1 to induce A seeding.
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Therapeutic strategies for Ap
and ApoE genotype

The therapeutic implications of this study
point to neuronal LRP1 as a potential
therapeutic target. Lowering ApoE levels
or blocking neuronal LRP1 in early stag-
es of AP pathogenesis could be a measure
for reducing Ap seeding and allowing for
clearance of AP from the extracellular
space. However, this treatment may be
beneficial primarily in ApoE4 carriers
in which AP seeding is exacerbated by
ApoE4. In the case of ApoE3 homozy-
gotes, the treatment may be ineffective,
or even deleterious, as it would interfere
with neuronal clearance of AB through
the LRP1 receptor (14). For these individ-
uals, boosting neuronal LRP1 expression
may actually be beneficial, as it would
increase the degradation of Ap.

This also highlights the importance of
biomarkers in order to identify preclinical
AD patients for whom this intervention
would be most successful. As clinical signs
typically arise after AB pathology has pla-
teaued, the impact of treatment targeting
ApoE or LRP1 might be limited in affecting
further AP accumulation. Rather, at this
stage, treatments might need to target t
pathology or the innate immune response in
order to slow disease progression. Advanc-
es in personalized medicine will also be
important, as the treatment for AD will
likely need to be tailored to the ApoE gen-
otype of the individual. Treatments target-
ing ApoE and LRP1 to influence AB-related
pathogenesis would seem to be most appro-
priate in the preclinical stage of AD.

Conclusion

This study provides greater mechanistic
insight into how ApoE4 contributes to Af
pathogenesis. The results strongly suggest
that ApoE4 promotes the seeding of A in
early stages of the disease through specific
interaction with neuronal LRP1. This finding
suggests avenues for further research and
therapeutic strategies. Further studies focus-
ing on understanding how ApoE4 modulates
LRP1 activity and the contributions of the
endolysosomal pathway on AB seeding may
be fruitful. It also suggests the potential for
LRP1 as a therapeutic target in intervening in
preclinical AD and halting the progression of
AB pathology before the onset of preclinical
symptoms. Research into these mechanisms
will help advance the goal of finding an
effective therapeutic for AD by 2025.
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