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Abstract
Pathophysiologic hypotheses for Alzheimer’s disease (AD) are centered on the role of the amyloid
plaque Aβ peptide and the mechanism of its derivation from the amyloid precursor protein (APP).
As part of the disease process, an aberrant axonai sprouting response is known to occur near Aβ
deposits. A Nogo to Nogo-66 receptor (NgR) pathway contributes to determining the ability of adult
CNS axons to extend after traumatic injuries. Here, we consider the potential role of NgR mechanisms
in AD. Both Nogo and NgR are mislocalized in AD brain samples. APP physically associates with
the NgR. Overexpression of NgR decreases Aβ production in neuroblastoma culture, and targeted
disruption of NgR expression increases transgenic mouse brain Aβ levels, plaque deposition, and
dystrophic neurites. Infusion of a soluble NgR fragment reduces Aβ levels, amyloid plaque deposits,
and dystrophic neurites in a mouse transgenic AD model. Changes in NgR level produce parallel
changes in secreted APP and AB, implicating NgR as a blocker of secretase processing of APP. The
NgR provides a novel site for modifying the course of AD and highlights the role of axonal
dysfunction in the disease.

The molecular pathophysiology of Alzheimer’s Disease (AD) has centered on the β-cleavage
of amyloid precursor protein and n the deposition of Aβ in plaques [1]. Disruption of synaptic
activity by Aβ oligomers are thought to be central in the disease [2,3]. Chonic alterations of
synaptic function may in turn lead to the aberrant sprouting which surrounds amyloid plaques
as “dystrophic neurites”, one of the neuroanatomical hallmarks of AD [4].

We have studied the role of Nogo to Nogo-66 Receptor (NgR) signaling pathway in limiting
neuronal plasticity after trauma to the adult central nervous system [5]. We have reported that
disruption of the NgR pathway alleviates central nervous system myelin inhibition and
promotes neuronal outgrowth and plasticity [6,7]. Because the molecular mechanisms for
sprouting after mechanical trauma and in Alzheimer’s disease may overlap, we have examined
the role of NgR in AD [8]. We highlight NgR’s role as a surface neuronal molecule that
modulates APP/Aβ metabolism, and that may participate in Aβ pathology.

Previous work has identified several cell surface molecules that might mediate Aβ effects on
the neuron. Aβ-binding proteins include the receptor for advanced glycation end products
(RAGE) [9], the low-affinity NGF receptor (p75-NTR)[10] and nicotinic acetylcholine
receptors [11–13]. These Aβ binding partners have been implicated in certain Aβ cellular
effects including cell death, altered synaptic transmission, stimulation of neurite outgrowth
and inhibition of neurite outgrowth [14,15]. However, signal transduction from these cell
surface receptors to Alzheimer’s pathology requires further study with respect to ligand binding
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characteristics (each study measured Aβ affinities differently), in vivo loss of function
outcomes (only a dominant negative RAGE model has been reported in [16]) and relevance to
synaptic transmission.

To explore NgR’s ability to act as a cellular binding site for Aβ, we employed the alkaline-
fusion phosphatase (AP) method that has been successfully employed to identify receptors
such as Eph, Neuropilin, Neogenin and NgR [5,17–20]. The sensitivity and ease of the alkaline
phosphatase method make it an attractive technique for characterizing cell surface interactions.
We assayed the binding of AP-Aβ and AP-APP fusion proteins to transfected COS-7 cells by
methods employed for other ligands [5,18–22]. We demonstrated substantial affinity of AP-
Aβ for NgR-expressing COS-7 cells, but not for cells expressing RAGE, p75 or NgR3 [8].

Since both AP-ecto-APP and AP-Aβ bind to NgR, we assessed APP and NgR co-
immunprecipitation [8]. In rat brain, APP physically associates with the NgR. Since NgR is a
GPI-linked protein and enriched in lipid rafts, it is appropriate to note that APP processing has
been reported to occur in lipid rafts [23]. The data suggest that the presence of NgR in lipid
rafts may limit BACE cleavage of APP. In neuroblastoma cell culture, overexpression of NgR
decreases Aβ production [8], an effect that may occur by sequestering APP from secretase
activity.

To examine the significance of the NgR/APP interaction on processing in vivo, Alzheimer
transgenic mice [24,25] were bred onto a NgR null background. Compared to control, the
absence of NgR increases the accumulation of both Aβ plaque and immunoreactive Aβ about
two-fold [8]. Both Aβ(1–40) and Aβ(1–42) increase, suggesting that γ-secretase preference is
not altered by NgR. There is a parallel two-fold increase in neuritic dystrophy in the NgR −/−
animals. The data show that endogenous NgR has a role in restricting brain Aβ accumulation.

To enhance NgR/APP interactions in brain, soluble NgRecto-Fc protein was infused
intracerebroventricularly into Alzheimer transgenic mice from 6–8 months of age mice [8]. In
the NgRecto-Fc treated mice, the deposition of Aβ into plaque is reduced by 50% in the brain.
The Aβ40 to Aβ42 ratio is not altered in the treated group. The prevalence of dystrophic neurites
was also reduced by half in the treated mice. Thus, excess NgR protein reduces pathology in
FAD transgenic mice.

There are several sites in APP/Aβ metabolism at which NgR binding might regulate APP
trafficking or APP proteolysis or Aβ metabolism or Aβ deposition or Aβ toxic effects, as
illustrated in Figure 1. Overall, our in vivo data indicate that there is an inverse relationship
between NgR levels and Aβ levels. To the extent that NgR is acting upstream in these cascades,
secreted APP fragments are expected to change in parallel with Aβ levels. Since we found that
sAPPα and sAPPs levels in brain changed in the same direction as Aβ levels [8], there is some
evidence for uptstream effects of NgR on APP metabolism to peptide derivatives.

Anatomical examination was employed to assess the potential relevance of NgR for human
AD pathophysiology. In one recent study, Nogo-A is overexpressed by hippocampal neurons
in AD and is associated with β-amyloid deposits in senile plaques [26]. In AD brain sections,
we found that both Nogo and NgR are mislocalized [8]. In all of the AD cases, Nogo-A is
shifted to a neuronal perikaryal localization. While control cases exhibit the highest
concentration of the NgR protein in neuronal cell bodies, NgR is shifted to the neuropil of AD
brain. A fraction of NgR is also concentrated in amyloid plaques. The altered distribution of
Nogo and NgR in AD brain are consistent with either a primary or a secondary role in the
pathology. Although no studies have yet reported an association of Nogo or NgR genetic
variation with AD, the current data provide a rationale to consider these loci.
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In conclusion, NgR provides a novel site for modifying the course of AD. The infusion of
soluble NgR fragment reduces Aβ levels, amyloid plaque deposits and dystrophic neurites in
a mouse transgenic AD model [8]. Endogenous NgR interacts with APP and Aβ to limit Aβ
accumulation in vivo. It remains to be determined whether NgR may also play a role in
mediating some of the deleterious actions of Aβ peptide. These studies on NgR highlight the
role of axonal function and dysfunction in AD.
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Figure 1. Mechanism of NgR interaction with APP/Aβ metabolism in AD
A schematic illustrates the interaction of GPI-anchored endogenous NgR and exogenous
soluble NgR(310)ecto-Fc with APP, with β-CTF fragments of APP and with Aβ. NgR
association with APP appears to reduce access of α- and β-secretases to APP, as indicated in
red thick arrow. Additional steps that may be altered by NgR are listed in black letters and
indicated with thin black arrows. [8].
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