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PERSPECTIVE

Can we switch production of toxic 
Aβ oligomers to neuroprotective 
Aβ monomers to allow synapse 
regeneration? 

Alzheimer’s disease (AD) is a complex neurological disor-
der characterized by a progressive dementia. The amyloid 
hypothesis states that pathogenesis is driven by the accumu-
lation of amyloid β (Aβ) peptides within the brain (Hardy 
and Higgins, 1992), which have multiple effects including 
activation of glial cells and synapse degeneration. For many 
years therapeutic strategies were based upon the discovery of 
compounds that reduced the production of Aβ in vitro and 
in vivo. However, the amyloid hypothesis is not universally 
accepted; critics pointed out poor correlations between con-
centrations of Aβ in the brain and clinical disease and that, 
although numerous compounds reduced the production of 
Aβ in animal models, few had any clinical benefit in AD pa-
tients. The failure of Aβ-lowering therapies in translational 
research has resulted in important modifications of the amy-
loid hypothesis.

Aβ self-associates and is found in multiple forms ranging 
from monomers and small soluble oligomers to much larger 
aggregates seen as fibrils or plaques. It is apparent that not 
all forms of Aβ have equal biological significance; neuronal 
toxicity is dependent upon the nature of Aβ, whether that is 
the length of peptide, the state of aggregation, homogeneity 
of aggregates or specific Aβ conformations. The key to un-
derstanding the amyloid hypothesis is the realization that 
there exist toxic forms of Aβ, while other forms are less tox-
ic, biologically inert and may even play a role in normal syn-
apse function (Yang et al., 2017). Thus, while many studies 
reported the effects of compounds on total Aβ, this approach 
does not distinguish between the toxic and non-toxic forms 
of Aβ. In our recent paper we argued that the biologically 
active forms of Aβ could be measured by their effects upon 
neuronal cultures (Nolan et al., 2017). The pathogenesis of 
AD is intimately linked with the loss of synapses and many 
studies have demonstrated close correlations between the 
loss of synaptic proteins such as synaptophysin and the de-
gree of dementia in AD (Sze et al., 1997). Our paper mea-
sured the loss of synaptic proteins including synaptophysin 
and cysteine string protein from neurons as an in vitro mod-
el to detect toxic forms of Aβ. 

The production of Aβ was investigated in 7PA2 cells 
(Chinese hamster ovary cells stably transfected with hu-
man amyloid precursor protein (APP)751). These cell re-
lease soluble forms of Aβ that are similar to those found 
in the brains of AD patients and which are considered to 
be key mediators of synapse damage in AD (Cleary et al., 
2005). A key observation was that while conditioned me-
dia (CM) from control 7PA2 cells was added to cultured 
neurons it caused extensive synapse damage, the CM from 
7PA2 cells treated with specific sialylated glycosylphospha-

tidylinositols (GPIs) did not. The surprising observation 
that CM from treated and control 7PA2 cells contained 
similar amounts of Aβ emphasized the idea that simply 
measuring Aβ concentrations alone is insufficient in in-
forming us about the biological effects of those Aβ pep-
tides.

Our observations suggested that treatment affected the 
forms of Aβ produced, the loss of toxicity in CM from 
treated cells was associated with 2 phenomena. Firstly, GPI 
treatment reduced the concentrations of Aβ oligomers 
in CM; an observation that is consistent with numerous 
observations that it is the small soluble Aβ oligomers that 
cause synapse damage (Yang et al., 2017). However, since 
CM from treated cells still contained Aβ oligomers we 
postulated the presence of neuroprotective factors also 
released by treated cells. Notably, GPI treatment increased 
the concentrations of Aβ monomers, previously reported 
to have a neuroprotective function (Giuffrida et al., 2009), 
released into the CM. These results are consistent with 
the hypothesis that it is the ratio of Aβ monomers to Aβ 
oligomers that is a critical factor in determining synapse 
damage.

Opinion is divided on the subject of how Aβ oligomers in 
the CM form; one theory is that Aβ oligomers are formed in-
tracellularly and released by cells while another suggests that 
they are formed by the oligomerization of Aβ monomers 
in the CM. In these studies the Aβ monomers in CM from 
7PA2 cells were stable and there was no evidence that they 
formed Aβ oligomers in a cell-free system. There was a high-
ly significant inverse correlation between the concentrations 
of Aβ oligomers and Aβ monomers in CM from cells treated 
with 0.125 to 10 nM sialylated GPIs (Figure 1). To explain 
this correlation we first excluded the possibility that GPIs 
had a direct effect on Aβ oligomers by showing that in a cell-
free system the GPIs did not cause the dissociation of Aβ 
oligomers into Aβ monomers. We concluded that the GPIs 
affected the production of Aβ oligomers and Aβ monomers. 
Currently we can only speculate how sialylated GPIs might 
alter the production of Aβ. GPI-anchored proteins triggered 
the formation, structure and function of lipid rafts (Suzuki 
et al., 2012). APP and many of the enzymes involved in the 
generation of Aβ are found in lipid rafts. Treatment with 
GPIs reduced the % of APP that was found within lipid rafts, 
an observation consistent with reports that GPIs sequester 
cholesterol and consequently affect lipid raft composition. 
The finding that there was a significant positive correla-
tion between the concentrations of Aβ oligomers and the 
amounts of APP within lipid rafts suggests that membrane 
targeting of APP is a key factor in production of Aβ oligo-
mers. Since proteins in lipid rafts traffic via different intra-
cellular pathways to those in the normal cell membrane, 
then APP in lipid rafts may be targeted to different cell 
compartments (and consequently interacts with a differ-
ent range of enzymes) than APP found in the normal cell 
membrane. 

How is this work relevant to neural regeneration? Synapse 
degeneration occurs in the early stages of AD and in vitro is 
reversible when toxic Aβ is removed (Bate, 2015). Drugs that 
pass the blood-brain barrier and reduce toxic Aβ oligomers 
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could allow the regeneration of synapses by neurons. Like all 
in vitro work there are a number of important caveats that 
should be considered. It should be stressed that our paper 
examined the production of small soluble Aβ monomers and 
oligomers and that other factors involved in synapse damage 
were not considered. In addition, neurons from different 
parts of the brain may have different sensitivities to the neu-
rons used in our assays.

Last year saw the publication of a clinical trial demon-
strating that a mAb that bound to Aβ (aducanumab) 
altered the progression of AD (Sevigny et al., 2016). This 
report raised important questions as to why many of the 
preceding trials with other Aβ-binding mAbs, that had re-
duced Aβ within the brain, had failed to show clinical ben-
efit. One explanation may be the forms of Aβ that these 
mAbs react with; it was noteworthy that aducanumab did 
not bind to Aβ monomers. If the current paradigm that 
Aβ oligomers are highly synaptotoxic, while Aβ mono-
mers are not and may even be neuroprotective is correct, 
then a mAb that binds and removes only Aβ oligomers 
would have more impact than a mAb that binds to both 
Aβ monomers and Aβ oligomers. It remains a possibili-
ty that compounds that reduce Aβ may increase clinical 
symptoms by removing neuroprotective Aβ monomers. 
Conversely, treatments that may not affect total Aβ con-
centrations may have clinical relevance if they selectively 
reduce or remove Aβ oligomers. 

In summary, our study demonstrated two key findings. 
Firstly, it is possible to switch production of Aβ away from 
toxic Aβ oligomers to generate neuroprotective Aβ mono-
mers. Secondly, the release of toxic Aβ from 7PA2 cells is 
controlled by a pathway sensitive to the presence of sialylated 
GPIs. While the mechanism(s) of this switch remain elusive, 
the discovery of brain-penetrant compounds that affect this 
aspect of Aβ production is an interesting new therapeutic 
approach. 
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Figure 1 Glycosylphosphatidylinositol (GPI) treatment altered the release 
of amyloid β (Aβ) oligomers and Aβ monomers.
Treatment with GPIs caused dose-dependent reductions in the concentra-
tions of Aβ oligomers and increases in Aβ monomers in conditioned media. 
There was a significant inverse correlation between the concentrations of Aβ 
oligomers and Aβ monomers in conditioned media from 7PA2 cells treated 
with sialylated GPIs (0.125 to 10 nM), Pearson’s coefficient = –0.68, P < 0.01.
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