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Summary

Alzheimer's disease (AD) is a devastating neurodegenerative disease with progressive
loss of memory and cognitive function, pathologically hallmarked by aggregates of the
amyloid-beta (AP) peptide and hyperphosphorylated tau in the brain. Aggregation of Af
under the form of amyloid fibrils has long been considered central to the pathogenesis
of AD. However, recent evidence has indicated that soluble AP oligomers, rather than
insoluble fibrils, are the main neurotoxic species in AD. The cellular prion protein (PrP)
has newly been identified as a cell surface receptor for Ap oligomers. PrP is a cell surface
glycoprotein that plays a key role in the propagation of prions, proteinaceous infectious
agents that replicate by imposing their abnormal conformation to PrP molecules. In
AD, PrP€ acts to transduce the neurotoxic signals arising from Ap oligomers, leading to
synaptic failure and cognitive impairment. Interestingly, accumulating evidence has also
shown that aggregated AP or tau possesses prion-like activity, a property that would allow
them to spread throughout the brain. In this article, we review recent findings regarding
the function of PrP® and its role in AD, and discuss potential therapeutic implications of
PrP -based approaches in the treatment of AD.
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1. Introduction

Alzheimer's disease (AD) is one of the most common
neurodegenerative diseases, characterized clinically by
progressive loss of memory and decline in cognitive
function and pathologically by cerebral accumulation of
amyloid-beta (AP) peptides in extracellular senile plaques
and formation of intracellular neurofibrillary tangles
constituted by hyperphosphorylated tau protein. The
two pathological events are thought to be sequentially
associated (/,2). AD is named after the German
psychiatrist and neuropathologist Alois Alzheimer who
first described the disease in 1907 (3-5). It is the most
common form of dementia, while being a leading cause
of death or disability. AD occurs most often in people
over 65 years of age, although a less-prevalent early-onset
type can occur much earlier. Around 35 million people
are estimated to be afflicted with AD worldwide, and the
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incidence rises exponentially with advancing age, posing
a huge challenge for society and health care (6). There
are no treatments so far to cure, delay or stop the disease
progression. Although the etiology of AD is not fully
understood, accumulation of amyloid-beta (AB) peptides
in the brain is considered the causative component of AD
pathogenesis (amyloid hypothesis) (7-10). AP peptides
of varying length are produced by sequential cleavage of
amyloid precursor protein (APP) by B-secretase (mostly
pB-site APP-cleaving enzyme 1, BACEI) and gamma-
secretase (//-14). Compared to AP 40 (peptide with 40
amino acid residues), the longer form AP 42 (peptide
with 42 amino acid residues) has an increased propensity
to oligomerize and aggregate to form fibrillar amyloid
plaques in the brain, and is widely regarded as the main
pathogenic species causing AD. Genetic mutations in
APP or preselinin-1 (PS-1) or PS-2 (catalytic subunits of
gamma-secretase) lead to overproduction of AB 42, and
cause early onset AD (15).

Upon failure of all the AB-centric approaches that
reached Phase III clinical trials, scientists began to
question the pathogenic role of amyloid aggregates (senile
plaques) that comprise AP fibrils, which is the main
theme of the amyloid hypothesis (/0), and speculate that
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the soluble pre-fibrillar AP oligomers are most likely the
principal toxic forms of AP peptide (/6-20). Soluble Ap
oligomers are found to be elevated in AD brains, and
their levels are strongly correlated with disease onset
and severity (2/-23). The cellular mechanisms of AP
oligomer-mediated neurotoxicity are poorly understood.
Recent evidence indicate that the AP oligomers, also
referred to as amyloid-derived diffusible ligands
(ADDLs) (22,24,25), may bind to a surface receptor
on neurons, thereby initiating signaling transduction
pathways that lead to synaptic dysfunction and neuronal
death (26-29). One interesting receptor for AP oligomers
so far identified is the cellular prion protein (PrP®) (30),
which is a cell membrane glycoprotein ubiquitously
expressed but enriched in the brain.

The discovery of PrP® as a cell surface receptor for
AP oligomers has sparked a major interest in research
focusing on identification of downstream effectors that
mediate the neuronal toxicity and synaptic dysfunction
in AD. This subject will be discussed in details later.

2. Cellular prion protein (PrP®)

Prion diseases are a group of fatal infectious
neurodegenerative diseases comprising Creutzfeldt-
Jacob disease (CJD), variant Creutzfeldt-Jacob disease
(vCID), Gerstmann-Straussler-Scheinker disease (GSS),
fatal familial insomnia (FFI), and Kuru in humans,
as well as bovine spongiform encephalopathy (BSE)
(otherwise known as mad cow disease) and scrapie
in animals (37,32). In prion diseases, the normal PrP®
is converted into the B-sheet rich, protease-resistant
pathogenic form — scrapie prion protein (PrP*), which
is infectious and spreads throughout the brain (33).
Stanley Prusiner at the University of California San
Francisco (UCSF), USA, first described in 1982 that
novel proteinaceous infectious particles (prions) could
replicate and propagate without nucleic acids and cause
scrapie (32).

PrP¢ is encoded by the PRNP gene (PRioN Protein)
on chromosome 20 in human and the corresponding
chromosome 2 in mouse (34,35). PrP® is synthesized in
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the endoplasmic reticulum (ER) and transits the Golgi
on its way to the cell surface. The structure of mouse
PrP¢ is illustrated in Figure 1 (36). Post-translational
modifications of PrP® include removal of the N-terminal
signal peptide (residues 1-22), N-linked glycosylation
at Asn-180 and Asn-196, formation of a disulfide bond
between residues 178 and 231, and attachment of a
glycosylphosphatidylinositol (GPI) anchor following
removal of the C-terminal hydrophobic peptide
(residues 231-254) (36-39), rendering a mature PrP®
with about 210 amino acid residues and a molecular
weight of 33-35 kDa. PrP¢ is almost ubiquitously
expressed across tissues, with an enrichment in synaptic
membranes and astrocytes in the brain.

The precise physiological function of PrP¢ is still
unknown. Several pieces of evidence have shown
that PrP® plays a role in metal ion trafficking (40,41),
cell adhesion (42-44), cell survival (36,45), immune
regulation (46,47) and signal transduction (26,48,49).
PRNP gene knockout mice are developmentally normal
and have no signs of neurodegeneration (50,57),
indicating that the prion pathology is unlikely to be
the result of a loss of PrP function. On the contrary,
depletion of neuronal PrP® is protective and reverses
the disease pathology in scrapie-infected mice (52),
presumably due to depletion of the substrate for
generation of PrP* (53). Scrapie infection of transgenic
mice expressing PrP¢ lacking the GPI anchor causes
efficient prion replication, but no pathology (54).
Therefore, normal GPI-anchored PrP¢ is required for
the neurotoxicity of PrP* (55,56).

3. PrP€: a receptor to mediate Ap toxicity

It is now widely accepted that the soluble AP oligomers
are the toxic species that leads to synaptic and cognitive
dysfunction as well as neurodegeneration in AD (/7,25).
This concept is supported by studies showing the strong
correlation of the synaptic loss with cortical levels of
soluble AP species rather than with plaque distribution
in AD patients (20,21,24), and the inhibitory effect of
soluble AP oligomers on long-term potentiation (LTP)
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Figure 1. Scheme of PrP primary structure. The N-terminal part includes (from left to right): a signal peptide (SP, residues
1-22) (removed during PrP biosynthesis in the endoplasmic retlculum) a polybasic region (residues 23-27, green), five histidine-
containing octapeptide repeats (residues 51-90, gray) (bind Cu’” and other bivalent metal ions), a central region (CR) (residues
95-111, cyan, positively charged), and a hydrophoblc domain (HD, residues 111-130, highly conserved region). The C-terminal
part includes (from left to right): two short B-strands (residues 127-129, yellow; and 166-168, purple), three a-helices (residues
143-152, blue; 171-191, orange; and 199-221, red), and a C-terminal peptide (residues 231-254, black), which is removed during
blosynthes1s followed by covalent attachment of a glycosylphosphatidylinositol (GPI) anchor, which attaches the protein to the

outer leaflet of the plasma membrane. PrP® also contains two N-linked oligosaccharide chains (at Asn-180 and Asn-196, black
lollipops) and a disulfide bond between residues 178 and 231 (indicated by a dashed line). Residues correspond to the mouse
sequence. This figure is adapted from Biasini ez al. Trends in Neurosciences (2012) with permission.
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(19,22,57-59).

The mechanism of AP oligomer toxicity remained
largely unknown until the Strittmatter's group at Yale
University identified PrP® as a receptor capable of
mediating the neurotoxic effect of AP oligomers (30).
To identify candidates for this receptor, they conducted
an unbiased expression-cloning screen of a brain cDNA
library for binding sites with an oligomeric preparation
of synthetic biotinylated AP 42 peptides. From more
than 225,000 expressed clones, two independent
positive clones were isolated and both were found to
encode full-length mouse PrP. They found that Ap 42
oligomers bound to PrP with high affinity and specificity.
They then tested the function of this interaction in
cultured hippocampal slices, and found that nanomolar
concentration of AB 42 oligomers potently suppressed
CA1 hippocampal LTP and this suppression was not
observed in slices generically lacking PrP° or in presence
of an anti-PrP antibody that blocks the binding of A 42
oligomers to PrP, indicating that the suppression of LTP
is specifically mediated by binding of A} 42 oligomers
to PrP® (30). Therefore, they have provided compelling
evidence that PrP is a specific binding partner for A 42
oligomers and mediates the inhibitory effect of Ap 42 on
synaptic plasticity.

The Strittmatter's group then sought to test in vivo
whether PrP¢ is essential for the ability of brain-derived
AP to suppress cognitive function. They crossed familial
AD transgenes encoding APPswe and PSenlDeltaE9
into Prnp”” mice, and found that mice lacking PrP¢,
but containing AP plaques derived from APPswe/
PSenl1DeltaE9 transgenes, showed no detectable
impairment of spatial learning and memory, while the
AD transgenic mice with intact PrP¢ exhibited dramatic
deficits in spatial learning and memory, indicating
that PrP® is selectively required for the toxicity of the
naturally occurring AP in the brain that leads to the
cognitive phenotypes in these AD transgenic mice (60),
which is in consistency with previous reports that A}
oligomers isolated from the brain of Alzheimer's patients
(20,23,59,61) requires PrP° to suppress LTP (62,63).

The Strittmatter's group further found that soluble
AP assemblies derived from the brains of individuals
with Alzheimer's disease interacted with PrP¢ at the
postsynaptic density to activate the Src kinase Fyn,
which phosphorylates the NR2B subunit of NMDA
receptor and causes transient increase of NR2B on
the cell surface with consequent excitotoxicity, while
rendering destabilization of dendritic spines. Both
NR2B phosphorylation and spine destabilization
incurred by AP oligomers were eliminated in Prup”
and Fyn” neurons, indicating a specific association of
AB-PrP-Fyn-mediated toxic signaling (26,64). This
study sheds new light on the molecular mechanism of
PrP“-mediated AP toxicity, while indicating a prion
connection of AP and Fyn (22,49). Another group further
demonstrated that soluble AB binds to PrP® at neuronal

dendritic spines, where it forms a complex with Fyn,
and results in the activation of the kinase and subsequent
Fyn-dependent tau hyperphosphorylation in a PRNP
gene dose-dependent manner (2), making another
prion connection that links together the two hallmark
pathological events in AD — amyloid accumulation
and tau hyperphosphorylation (22,65,66). However,
how binding of AP oligomers to PrP activates Fyn
still remains enigmatic. PrP® is an extracellular protein
attached to the outer surface of the cell membrane by a
GPI anchor, and Fyn is located in the cytoplasm. Current
evidence indicates that factors like caveolin-1 or the
neural cell adhesion molecule (NCAM) could potentially
connect PrP® and Fyn from the two opposite sides of the
cell membrane (48,67-69).

Two distinct binding sites for AP oligomers have been
identified on PrP® by deletion analysis, antibody binding
(30), and biophysical techniques such as site-directed
spin labeling and surface plasmon resonance (70). Both
sites are rich in positively charged basic residues: one is
immediately adjacent to the central region (residues 95-
110) and the other is at the extreme N-terminus (residues
23-27) (Refer to Figure 1). It is very likely that the two
sites act in concert to render high affinity binding for A
oligomers, and deletion of either region results in a major
loss of the binding capacity (36,70).

4. PrP¢: a tale of an "evil angel"

As we know, PrP¢ is converted into an aggregated,
B-sheet-rich neurotoxic isoform called PrP®* in
prion diseases (33,71). PrP serves not only as the
substrate for PrP* conversion and propagation, but
also as a transducer of PrP*-associated neuronal death
(52,56,72). Another noxious function of PrP€ is to
serve as a cell surface receptor for AP oligomers to
mediate signal transduction leading to neuronal toxicity
(26,30,60), which we have already discussed above.

However, this "evil" protein has been found to have
numerous beneficial "angel" functions. One notable
function is that PrP® suppresses glutamate-mediated
neuronal excitatoxicity by inhibiting NMDA receptor
(36,73). Another function is that PrP® physically
interacts with the APP cleaving enzyme BACEI1
through its N-terminal polybasic domain (residues
23-26) and inhibits its enzyme activity, resulting in a
reduction of AP production (74-76), which indicates
a preventive role against AD. In both cell and animal
models, PrP has been shown to lower AB production
by inhibiting BACEL (75,76).This function is thought
to be modulated by PRNP polymorphism at codon 129
(M129V), which may be associated with increased risk
of AD (77-81). Interestingly, binding of AP oligomers
to PrP® impairs the inhibitory effect of PrP® on BACE]
activity (64), which may indicate another mechanism of
AP oligomer toxicity.

A physiological process that makes PrP¢ a "double-
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faced gem" is that PrP® undergoes constitutive
proteolytic cleavage between residues 111/112, yielding
a soluble N-terminal fragment (N1) and a membrane-
bound C-terminal fragment (C1), which have a
protective role in AD and prion disease, respectively.
N1 binds to AP oligomers with high affinity, and blocks
the neurotoxicity of Ap oligomers through neutralizing
toxic assemblies of AP. Therefore, N1 may serve as a
potent inhibitor of AP oligomer toxicity and represent
an entirely new class of therapeutic agents for the
treatment of AD (82). N1 is a naturally occurring
soluble fragment that is generated by endogenous
proteolytic processing of PrP® at the o-site (residues
111 and 112) (83), presumably by ADAM (a disintegrin
and metalloprotease) proteases (84-87). Blocking
ADAMI10 synaptic trafficking has been shown to
be able to generate a model of sporadic Alzheimer's
disease (88). Agents that could stimulate a-cleavage
of PrP® should be good drug candidates. On the
other hand, the C1 fragment of PrP® can inhibit PrP*
formation and accumulation of neurotoxic forms of
PrP. The C1 transgenic mice inoculated with PrP* were
found healthy and did not exhibit PrP* accumulation,
indicating that C1 is not a substrate for conversion
to PrP*. Manipulating C1 fragment may thus have
therapeutic value for prion diseases (89).

PrP¢ homodimerization has been found to be an
important regulator of PrP® a-cleavage and stimulate
the production of N1 and C1 fragments. The increase
of N1 is protective against the toxicity of Ap oligomers.
Thus, manipulation of PrP® homodimerization may
represent a potential therapeutic avenue against A}
toxicity in Alzheimer's disease (90). Interestingly, the
APP processing enzyme a-secretase (belongs to ADAM
family of zinc metalloproteases), which precludes AB
production by cleaving APP within the A domain (97),
also cleaves PrP® at the o-site (residues 111 and 112),
releasing N1 from the membrane. Therefore, enhancing
the activity of a-secretase may represent a novel
therapeutic strategy by reducing the toxic AB production
and increasing the protective N1 production (92).

5. AD: a story of two prions

The misfolding and aggregation of AP and tau proteins
were traditionally thought to contribute in parallel to
pathogenesis of AD. Accumulating evidence indicated
that misfolded, toxic oligomers of AP and tau spread
through the brain in a way much like misfolded PrP
(93-95). The misfolded forms of AP or tau have a
seeding effect, and can induce normal AP or tau in
the cells to misfold, spread and become toxic (96-
102). Therefore, AD can be regarded as a disease that
harbors two proteins with prion-like behavior: AB and
tau (/03,104). The prion-like propagation of additional
proteins whose misfolding into B-sheet-rich structures
underlies other well-known neurodegenerative diseases

has also been indicated (/05-107). Thus, a prion-
based mechanism is proposed to unite a wide array
of neurodegenerative diseases, all of which may stem
from misfolded proteins self-propagating through the
brain (103,108). Local injection of misfolded AP in the
brains of AD transgenic mice has been found to trigger
the misfolding and spreading of otherwise normal Af
throughout the brain, indicating the prion-like activity
of AP (108-114). Injection of AD brain extracts into the
hippocampus of mice expressing human wild-type APP
induces A deposition, which progressively increases
over time after inoculation and spreads to brain areas
far from the injection site, where other AfB-related
pathology is also observed (//4). It is believed that
certain AP conformations tend to self-propagate, and
targeting those specific Ap assemblies may interrupt
the spread of AP deposition, hence exerting therapeutic
effect on AD (109).

Intracerebral injection of aggregation-prone
mutant tau in mice has also been demonstrated to
induce wild-type tau to form neurofibrillary tangles
and spread throughout the brain (99). Accumulating
evidence indicates that A works upstream of tau in
AD pathogenesis (65,115-121). AP can bind to tau and
induce formation of tau oligomers, which can then self-
propagate without additional A, indicating a cross talk
between the two prions (/04).

6. PrP¢: a novel therapeutic target for AD

PrP® has been identified as a major player in mediating
the toxicity of AP oligomers that leads to synaptic loss
and cognitive impairment in AD. Therefore, targeting
PrP¢, its interaction with AP oligomers, or downstream
mediators can be considered the new line of choice for
therapeutic development for treatment of Alzheimer's
disease.

Genetic ablation of PrP® in mice rescues the
neurotoxic phenotypes of AP oligomers (30,60). It
might be reasonable to speculate that using shRNA
or siRNA to knock down the expression of PrP® may
represent a therapeutic approach for AD, though little
has been done in this regard. Nevertheless, knocking
down PrP€ will also affect other functions of PrP¢,
causing various complications. For example, PrP¢
reduces AP production by inhibiting BACEI activity,
and has a protective role in AD (74,75). This can be
jeopardized by PrP® knockdown.

Attempts have been made to seek antibodies that
could efficiently bind to PrP® and block the binding
site(s) of AP oligomers, which may have therapeutic
effect on AD by preventing the AP oligomer/PrP‘-
initiated noxious signaling. Michael Rowan group
at University College Dublin in the U.K. found that
antibodies against the epitopes at the PrP principal Ap-
binding site and helix-1 were able to block A binding
and block the AB-mediated disruption of synaptic
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plasticity (63). Chung et al. from New York University
School of Medicine intraperitoneally injected the
monoclonal anti-PrP antibody, 6D11, in APP/PS1
transgenic mice, and found that the treatment with
6D11 antibody completely rescue the cognitive and
behavioral deficits of the transgenic animals (/22). The
6D11 antibody is directed against the epitope (residues
93-109), which is the region suggested to be involved
in AP oligomer binding.

Screening for small molecules that could efficiently
target either the AP oligomer/PrP® interaction or the
downstream mediators may represent a promising
avenue for therapeutic development.

The Fyn kinase has been found to be activated
upon binding of AB oligomers with PrP®, which
then initiate downstream signaling to mediate A
toxicity, for example, activation of Fyn kinase lead
to hyperphosphorylation of tau (2,66). Targeting Fyn
kinase or other AP/PrP¢ downstream mediators, for
example by genetic engineering, RNAIi, or small
molecule modulators, may also be of therapeutic value.

Synthetic N1 fragment, equivalent of that released by
a-cleavage of endogenous PrP®, has been found to bind
AP oligomers with high affinity, sequester A} oligomers
in the extracellular space, and hence block the AP
oligomer-mediated synaptic toxicity (82). Therefore,
exogenous administration of N1 or enhancement of
endogenous a-cleavage of PrP¢ represents a brand-new
class of therapeutic approaches for AD. Among others,
seeking modulators that prevent Ap oligomerization or

BACE1\/
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inhibit the prion-like activity of AP or tau may represent
another category of therapeutic development strategies
for the treatment of AD.

The 'PrP¢ axis' of therapeutic development strategies
for AD is illustrated in Figure 2.

7. Discrepancies

The Strittmatter group's discovery of PrP® as an
AP oligomer receptor to mediate synaptotoxicity
has created an exciting hot spot, which has greatly
stimulated research in the field. However, studies from
different groups around the world showed discrepancies
and some groups came to a completely opposite
conclusion to the Strittmatter group's, which made
scientists begin to question the role of PrP® in mediating
the toxic effects of AP oligomeric assemblies.

The work published in Nature a year later from
Roberto Malinow's group at the University of
California at San Diego in the USA reported that PrP°
is not required for AB-induced synaptic toxicity, having
raised a conflicting concern that AB-mediated synaptic
defects do not require PrP“. The Ap-induced depression
of synaptic transmission was observed in both wild-
type and Prnp "~ mouse slices (123).

Gianluigi Forloni and his team at the Mario Negri
Institute for Pharmacological Research in Italy injected
AP 42 oligomers into the lateral ventricle of C56BL/6
mice and found that PrP-expressing and PrP knock-out
mice were equally susceptible to cognitive impairment,

—— > Prion-like activity
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C aveol in-1
or NCAM‘?
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Synaptic «

Dysfunction

p-Tau > Prion-like activity
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Figure 2. Therapeutic development strategies for AD (The 'PrP¢ ax1s') The green color portion of PrP® indicates the
protective function of PrP® (left-hand side), and the red color portion of PrP€ indicates PrP as the receptor of AB oligomers (right-
hand side) to medlate the AP toxicity. The left-hand side of the figure indicates therapeutic strategies by enhancing the normal
function of PrP® (enhancing the inhibitory effect on BACEL, which reduces AP production, and enhancing the a-cleavage, which
increases production of the protectlve N1 fragment of PrP"). The right-hand side of the figure indicates therapeutic strategies

by targeting the Af ohgomer/PrP -mediated toxic signaling b
AP prion-like activity, interaction of Ap oligomers with PrP

athway, which encompass measures to inhibit AP oligomerization,
, AB oligomer/PrP“-mediated disinhibition of BACEI, intermediate

mediators (such as caveolin-1 and NCAM) Fyn kinase, and prion-like activity of hyperphosphorylated Tau. (Abbrev1at10ns APo:
AP oligomers; N1: N1 fragment of PrP®; p-Tau: hyperphosphorylated Tau.)
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suggesting that PrP® is not required for AB 42 oligomer-
mediated cognitive impairment, although they in the
meantime confirmed that AP 42 oligomers do interact
with PrP® with nanomolar affinity (724).

Andriano Aguzzi and his group at the University
Hospital Zurich in Switzerland have also reported
findings that challenge the role of PrP® as an AP toxicity
mediator. They found that deletion or overexpression of
PrP¢ had no effect on the impairment of hippocampal
synaptic plasticity, while having also confirmed the
efficient binding of AP 42 oligomers to PrP® (125),
once again showing contradictory results to those of
Strittmatter and his team (30,60).

However, those conflicting reports do not necessarily
negate the findings of Strittmatter and his team.
They might arise from differences in animal models,
experimental settings, and preparations of AP} oligomers
(method of preparation, material source, and size and
conformation of AP oligomeric assemblies may all
matter) (/26).

A recent study from Michael Rowan group at
University College Dublin in the U.K., which we have
mentioned previously, clearly shows that PrP is required
for the plasticity-impairing effects of toxic AP species
from human AD brain and that standardized ADDL
preparations disrupt hippocampal synaptic plasticity in
a PrP-dependent manner (63). They further found that
antibodies that block AP binding to PrP® block the toxic
effect on synaptic plasticity.

Sylvain Lesne group at the University of Minnesota
in the USA has recently demonstrated that soluble Ap
binds to PrP® at neuronal dendritic spines, where PrP®
is enriched, and causes hyperphosphorylation of tau
by activation of the Fyn kinase. The PrP® antibody
6D11 prevents AP oligomers from binding to PrP, and
abolishes subsequent Fyn activation and Fyn-dependent
tau hyperphosphorylation.

There are also other studies that have indicated a
role of PrP in mediating the toxicity of AP oligomers,
supporting the findings of the Strittmatter group
(64,127). Therefore, the argument is far from conclusive.

8. Concluding remarks and perspectives

Although there are conflicting reports regarding the
function of PrP® as a cell surface receptor to mediate
the deleterious effects of AP oligomers in AD, there
are no ambiguities for two end points: high affinity
binding of AP oligomers to PrP® (30,70,124,125), and
high synaptic toxicity of Ap oligomers (23,59-67). The
challenge remaining for scientists is to 'make the two
ends meet'.

Strittmatter group's finding that PrP® acts as the
receptor for mediating AP oligomer neurotoxicity
(30) has at least opened a new direction towards
understanding the molecular mechanism that connect
AP oligomers and their toxic effects. The research

discoveries of his team have apparently been supported
by multiple studies from other groups, though there
have been conflicting results reported. Sophisticated
studies using advanced animal models and optimized
experimental conditions are needed to elucidate
the precise role of PrP® in mediating AP oligomer
neurotoxicity, or to identify other potential cell surface
receptors and signaling networks that make the two
ends — toxin and toxicity — meet.

If the role of PrP® in AP oligomer-mediated
pathogenic process turns out to be substantial, it would
be of interest to seek potential co-receptors or to examine
whether other AB-mediated signaling pathways are also
PrP-dependent, making a complete prion connection
network of AD.

To conclude, endeavors to gain precise understanding
of the AP oligomer-mediated neurotoxic signaling
pathways will greatly facilitate the development of
novel therapies that would be able to target specific AP
oligomeric assemblies and their downstream associates,
and offer new hope to AD patients and families.
Identification of the biophysical features of naturally
occurring toxic A species in human AD brain would be
of critical reference to clinically relevant translational
research.
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