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Abstract

Understanding the signaling cascade that leads to the rapid memory and cognitive breakdown in
Alzheimer’s disease is the key to finding a potential treatment method for the disease. Recently,
Larson et al. connect the roles of major proteins implicated in the disease progression and pro-
pose targeting of cellular prion protein (PrPc) as a way of someday rescuing synaptic plasticity in
humans with Alzheimer’s, as it has been done on mice.
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1. Introduction

Alzheimer’s disease (AD), an often times-fatal form of dementia, is among the most prevalent neurodegenera-
tive disorders alongside Parkinson’s disease and Amyotrophic Lateral Sclerosis. Two of the most prominent
characteristics that define Alzheimer’s disease are amyloid plaques, which are solid deposits of beta-amyloid
(AB) protein, and neurofibrillary tangles, comprised of insoluble aggregates of tau protein along with collapsed
microtubules. For the past few decades, many have sought to understand the biological mechanisms underlying
Alzheimer’s disease, and although much research has gone into deciphering the roles of the key players at work,
up until recently, a detailed molecular pathway leading to Alzheimer’s disease had not yet been mapped out.
Some of these key players in AD include Ag oligomers, cellular prion protein (PrP°), tau protein, and Fyn ki-
nase. Working in conjunction with cellular prion protein (PrP°), Ag dimmers are largely responsible for inhibit-
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ing long-term potentiation (LTP) and inducing dendritic spine loss in hippocampal neurons [1], thus causing
synaptic plasticity impairment in AD patients [2]. In other AD studies, hyperphosphorylation of tau (a microtu-
bule-associated protein) caused tau mislocalization in dendritic spines, which disrupts synaptic plasticity and
cognitive function [3]. Furthermore, cognitive impairment is not only associated with heightened levels of
phosphorylated tau, but it is also linked to overexpression of the protein Fyn [4], a postsynaptic protein kinase
implicated in the integrin signaling pathway [5]. Therefore, evidence from previous studies suggests that Ap,
PrP¢, tau, and Fyn somehow all contribute to the synaptic impairment and cognitive decline in AD patients.
However, the link between the AB-PrP°-Fyn complex and tau hyperphosphorylation and how it leads to dementia
in AD remains unclear.

2. Role of PrP¢-Dimeric Ap Signaling

A primary goal of this paper by Larson et al. is to elucidate the molecular mechanism (Figure 1) by which oli
gomeric ApB, coupled with PrP® receptor, phosphorylates the tyrosine kinase Fyn and produces neurofibrillary
tangles in AD [5]. Through confocal immunofluorescence, Larson et al. observed that colocalization of PrP® and
Ap occurred predominantly on synaptic sites, providing evidence that PrP° serves as a membrane receptor for
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Figure 1. A schematic of the signaling cascade described by Larson et al. (2012),
starting with Ag dimer- PrPc binding to the disruption of tau function. (From top to
bottom): (I) Endogenous Ag dimers bind to PrP°® receptors on cell surface; (1) Once
ApB binds PrP¢, a signaling cascade is triggered in which Pyk2 (an integrin subunit)
phosphorylates Fyn at the Y416 site (a tyrosine protein kinase to which PrP° is
coupled) and activates Fyn; (I11) Phosphorylated Fyn moves to the dendritic spine
where microtubules are mediated by the protein tau; (I\VV) Fyn acts on tau to hyper-
phosphorylate it, leading to tau dysfunction, microtubule destabilization, and impair-

ment of synaptic plasticity.
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the AB ligand (Figure 1(I)). Ultimately, Larson et al. characterize a signaling cascade in AD, through which
dimeric Ap acts as a ligand for the PrP° receptor and activates intracellular Fyn through phosphorylation (Figure
1(I1)). Fyn activation in turn hyperphosphorylates and mislocalizes tau protein in the dendritic spines, leading to
destabilized microtubules, which produce neurofibrillary tangles and the cognitive impairment characteristic of
AD patients (Figures 1(I11) and (1V)). The authors found that AD brain tissue contained greater levels of cellu-
lar prion protein (PrP°) expression, which was positively correlated with Fyn phosphorylation. These observa-
tions support previous studies pointing to Fyn’s role in mediating cognitive defects associated with AD [5]. But
here, Larson et al. draws a novel connection between PrP® and Fyn, suggesting that their interaction in conjunc-
tion with the presence of Af oligomers may be bringing about the neurological impairments in AD.

3. Discussion

However, in opposition to Larson et al.’s findings asserting the necessity of PrP® in mediating synaptic toxicity,
several other studies produced results that are not consistent to this claim. Notably, in two studies done in 2010,
APP-expressing transgenic mice displayed no significant difference in cognitive performance regardless of PrP®
overexpression or ablation [6] [7]. These studies that failed to show synaptic impairment in AD as dependent
upon PrP°overexpression [7] stand in direct opposition to Larson et al.’s findings.

Yet, in defense of Larson et al.’s conclusion, we must consider that, whereas the research conflicting with
Larson et al.’s results experimented with 2-to-4-month-old Prnp transgenic mice, the age at which amyloid pla-
ques actually begin forming in mice brains is no earlier than 10 - 14 months old [5]. Since these beta-amyloid
plaques found only in older mice comprise AB dimers, and since Af dimers are the only beta-amyloid species to
bind PrP° receptors, only in the AD mice older than 10 months can we see the effect that PrP°® receptor exerts on
synaptic plasticity impairment once it binds dimeric AB [5]. Therefore, these studies [6] [7] failed to observe
PrP®s effects on LTP impairment as reported by Larson et al., not because PrP° is not implicated in the signal-
ing pathway, but rather because the mice they experimented with were too young to have actually developed the
Ap dimers that bind PrP° to initiate the signaling cascade.

3.1. Significance of Tau Mislocalization in Alzheimer’s Disease

The paper by Larson et al. is essentially the first to characterize the signaling cascade linking endogenous AS
dimer with the mislocalization and hyperphosphorylation of tau in Alzheimer’s disease [5]. It consolidates evi-
dence from previous papers illustrating the roles that various molecules play to produce neuronal dysfunction in
AD. This paper pieces together the bits of information gathered from research over the decades so that this pro-
posed pathway has logical flow throughout.

Previous studies have documented the consequences of PrP® and Ap interaction on LTP impairment [1], re-
versal of synaptotoxic effects by Ag due to genetic ablation of Fyn [4], and neurofibrillary tangles resulting from
tau hyperphosphorylation [3]. But prior to this paper, it was unclear how these phenomena were related to pro-
duce Alzheimer’s disease. Therefore, Larson et al. were the first to draw a link among these findings and prove
a logical signaling cascade in which Ag dimer binds to the PrP° receptor to activate Fyn, which then goes on to
phosphorylate tau and cause tau missorting in the dendritic spine, and this tau mislocalization eventually leads to
synaptic plasticity inhibition.

3.2. Potential Treatment Methods Targeting PrPc<-Af Dimer Binding

In addition, Larson et al. cites PrP° targeting as a potentially viable method for slowing down the progression of
Alzheimer’s disease in humans, since blocking PrP°-Ap dimer binding using the antibody 6D11 in AD mice re-
sulted in the reversal of LTP impairment [5], or LTP rescue. Furthermore, the authors add that since PrP° recep-
tors located on the cell membranes are readily accessible, targeting them as a possible treatment method is en-
tirely feasible to do in the near future. Finally, this paper allows us to see why neurofibrillary tangles and amy-
loid-beta plaques appear simultaneously in AD brain tissue: the AB dimers that comprise plaques directly influ-
ence phoshporylated tau aggregation into neurofibrillary tangles.

3.3. Future Directions

To build upon the knowledge that Larson et al. have presented, future research may strive to find a safe and ef-
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fective way to block PrP®-Ap dimer binding in humans so as to potentially rescue LTP in Alzheimer’s patients.
Furthermore, one may try to find any link between the integrin signaling cascade and the proposed pathway,
both of which involve the Fyn kinase, as such knowledge may allow us to gain a broader perspective of how in-
terconnected the various molecules and pathways are in the AD neuron.
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