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Is PrPC a Mediator of A␤ Toxicity in Alzheimer’s Disease?
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Review of Gimbel et al.

The amyloid hypothesis proposes that the
abnormal accumulation of amyloid ␤
peptide (A␤) in the brain is a direct cause
of neurodegeneration and cognitive decline in Alzheimer’s disease (AD). This
hypothesis is supported by the occurrence
of pathogenic mutations in amyloid precursor protein (APP) and presenilin proteins in autosomal-dominant AD that
increase A␤ generation, especially the
toxic A␤42 form (for review, see Hardy
and Selkoe, 2002). More recently, soluble
A␤ oligomeric species have been linked to
synaptic dysfunction and learning and
memory deficits, including long-term potentiation (LTP), in vitro and in vivo (for
review, see Haass and Selkoe, 2007). Indeed, synaptic loss is an early event and
the major structural correlate of cognitive
impairment in patients with AD. Hence,
major efforts have been directed to elucidate the pathways involved in A␤ toxicity.
Recently, an expression cloning screen
for proteins that interact with A␤ oligomers identified the cellular prion protein, PrP C, as binding synthetic A␤
oligomers with high affinity in vitro. Further, this interaction was necessary for the
inhibitory effects of A␤ oligomers on LTP
in vitro (Laurén et al., 2009). Thus, in the
absence of PrP C, A␤ oligomers did not
impair LTP, suggesting a role for PrP C in
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mediating memory impairment in AD.
PrP C is an interesting candidate. It is a
highly conserved protein, with high levels
of expression in neurons, but of unclear
function. PrP-null mice are essentially
phenotypically normal, but misfolded
PrP C is central to the pathogenesis of
prion disorders, which are also neurodegenerative diseases. If PrP C is a major
player in memory impairment in AD, it
could become a therapeutic target.
The role of the PrP C–A␤ interaction in
vivo is the subject of a recent paper in The
Journal of Neuroscience. Gimbel and colleagues (2010) address the role of PrP C in
mediating the effects of brain-derived A␤
oligomers on memory in vivo, using a
mouse model of AD. They tested the toxicity
of A␤ oligomers in the presence and absence
of PrP C in APP/PSen mice, which express
two AD causal mutations, the Swedish mutation in APP and an exon-9-deleted variant
of presenilin 1. APP/PSen mice have both
elevated steady-state levels of A␤42, which
directly correlates to the rate of amyloid
deposition, and age-dependent episodicmemory deficits without concurrent LTP
impairment (Jankowsky et al., 2004;
Volianskis et al., 2010). The mice also have
some neuropathological changes, including
degeneration of forebrain monoaminergic
neurons (Liu et al., 2008) and a marked
incidence of unexplained sudden death
(Halford and Russell, 2009). The authors
addressed the role of PrP C in these processes by crossing the APP/PSen mice to
homozygous PrP-null mice of matched
genetic background, thus generating
APP/PSen mice with and without PrP C
expression.

First, the authors analyzed whether
PrP C affected the levels of APP and its
products. They found no major differences with or without PrP C. These results
are in contrast to reported negative regulation of ␤-secretase (which cleaves APP
to form A␤) by PrP C, which resulted in
increased A␤ levels in PrP-null mice (Parkin
et al., 2007). But APP/PSen mice express
two- to fourfold more APP than wild-type
mice, so this might obscure any effect of
PrP C on ␤-secretase regulation (Jankowsky
et al., 2004). What it is not clear, however,
is whether APP/PSen/PrP-null crosses in
this paper produce a progeny indeed devoid of all PrP C. The authors presented no
data showing absence of PrP C in APP/
PSen ⫹/PrP ⫺ mice (PrP-deficient APP/
PSen mice). This appears to be a critical
omission. Nonetheless, even if the animals are in fact hemizygous for wild-type
PrP C, the reduced PrP C levels may still
give relevant functional readout for A␤
toxicity.
Next, the authors analyzed degeneration of the forebrain monoaminergic neuron afferents, an early symptom of AD
that occurs in this mouse model. They
found that reduced length of serotonin fibers was rescued in PrP-deficient APP/
PSen mice compared with APP/PSen
controls at 12 months. There were also
slight but significant increases in the presynaptic and postsynaptic markers synaptophysin and PSD-95 in PrP-deficient
APP/PSen mice compared with APP/PSen
controls. Thus, PrP C deficiency appears
to be neuroprotective in this model.
Another parameter analyzed was survival during the first year of age. APP/
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PSen mice showed a 60% survival rate at
12 months. This result is consistent with
previous findings in the same model
(Halford and Russell, 2009). The reason
for this is not understood, but it also occurs with other APP mutations in transgenic mice and it is highly dependent on
genetic background (Carlson et al., 1997).
The phenotype was dramatically reduced
in PrP-deficient APP/PSen mice, which
had a survival rate of ⬎96% at one year.
This rescue is so striking that it is surprising the authors did not explore it further.
It would have been interesting to analyze
whether the effect on survival depends on
the level of PrP C.
Next, the authors examined spatial
learning and memory using the Morris
water maze test. Here, mice rely on distant visual cues to navigate from a start
location at the perimeter of an open
swimming arena to reach a submerged
(hidden) escape platform. After a set of
trials, the platform location was reversed
for a second set of trials, a procedure
called reversal learning. The test was performed at 3 and 12 months of age. No
differences were observed in control conditions of cued learning across all groups
of mice. A deficit was detected in APP/
PSen animals at 12 months at the end of
the spatial learning (trials 5 and 6) and in
reversal learning. Loss of reversal learning
suggests that the animals cannot efficiently extinguish their initial learning
and acquire a path to the new goal position. The deficits observed were rescued in
PrP-deficient APP/PSen mice. In addition, memory was tested in the absence of
a hidden platform 2 d after the last learning trial and the 12-month-old APP/PSen
mice showed no preference for the location of previously learned hidden platform. The preference was rescued in
PrP-deficient APP/PSen mice. PrP C deficiency also rescued the latency of APP/
PSen mice to enter a dark compartment in
which an aversive stimulus was delivered
during a training session in the passive
avoidance paradigm, based on associative
emotional learning.
This work therefore appears to show a
significant rescue of learning/memory
deficits in APP/PSen mice in the absence
of PrP C, as well as subtle neuropathological rescue and striking effects on survival.
Interestingly, putting A␤ oligomers into
wild-type and PrP-null mice produced an
apparent impairment of memory independent of PrP C (Balducci et al., 2010).

The age of the mice and the tests used here
were different, but any interaction of A␤
and PrP C might be more complex than
suggested.
Thus, the central hypothesis proposed
by Gimbel et al. (2010) is that A␤ toxicity,
not just in memory but also in sudden
death and neuropathology, is mediated
through PrP C. The APP and PS1 mutations in the mice used here are both under
the control of prion promoter. This generates an experimental condition of A␤
production, which perfectly matches with
endogenous PrP C expression. Thus, the
role of PrP C as a downstream effector in
the A␤-dependent pathological cascade
might be overestimated. Testing other AD
transgenic mouse models in which mutations are expressed under the control of
promoters not related to PrP C would be
important to exclude this possibility. Further, PrP C knock-out would be predicted
to rescue the phenotypes in all AD (A␤based) transgenic models, if indeed A␤
acts via PrP C as the authors propose. A
systematic analysis of several of the other
mouse models would be needed before
PrP C blockade could be supported as a
therapy in AD, as the authors suggest. Another approach would be to test whether
expressing mutant PrP C that lacks the A␤
binding site prevents A␤ toxicity.
In conclusion, the authors showed a
role for PrP C in A␤-mediated memory
impairment in this specific model. However, further studies will be required to
understand the precise role of PrP C in a
more realistic in vivo scenario of multiple
target mediators of A␤ oligomers toxicity.
Another interesting course to explore
would be the understanding of common
pathways among neurodegenerative disorders. Future work should screen for
common downstream pathways activated. An important, unanswered question in prion disease is the identification
of PrP C intermediate toxic elements and
the pathways activated by them. Do the
events induced by A␤ through PrP C depend on generation of a toxic PrP element? Are the pathways activated by A␤
oligomers through PrP C binding similar
to those induced by PrP C binding to infectious isoform PrP Sc? In a broader view,
these findings and others open a window
for searching for common underlying
processes required for synaptic function
that might be at the core of many neurodegenerative diseases with a synaptic dysfunction component.
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