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Synaptic dysfunction in Alzheimer’s disease: the 
effects of amyloid beta on synaptic vesicle dynamics as 
a novel target for therapeutic intervention

Introduction
It was more than a hundred years ago when Alois Alzhei-
mer described the pathology of a type of dementia that we 
now know as Alzheimer’s disease (AD). AD accounts for 
almost 70% of dementia cases and is characterised by pro-
gressive memory loss and in advanced stages, impairments 
in language and behaviour (McKhann et al., 1984). The key 
phenotypic hallmarks of AD in post-mortem brain tissue 
were found to be extracellular deposits (or amyloid plaques) 
of a small peptide called amyloid beta (Aβ) and intracellular 
deposits (or neurofibrilliary tangles) of a hyperphosphor-
ylated microtubule associated protein called tau. There are 
two forms of AD, the rare familial or early onset AD (EOAD) 
where the disease is diagnosed before the age of 65, and the 
common sporadic or late onset AD (LOAD) with the age 
of onset after 65 years of age. Even though there are specif-
ic genetic mutations that have been identified as causative 
factors for EOAD, the actual cause of the most common 
LOAD is still unknown, although there are several genetic 
risk factors associated with it. Despite the differences in 
prevalence and age of onset, it was realised that the dom-
inant genetic mutations associated with EOAD shared a 
similar phenotype with LOAD: the accumulation of a small 
hydrophobic peptide called Aβ. Aβ peptides are small hy-
drophobic peptides composed of 39–43 amino acids that are 
generated by a physiological cellular process, the sequential 
proteolytic cleavage of the amyloid precursor protein (APP). 
APP is a type I, single-pass transmembrane protein with a 
large extracellular domain, a short cytoplasmic tail and is 
encoded by a single gene (Goldgaber et al., 1987; Kang et al., 
1987; Tanzi et al., 1987). A conventional model describing 

the proteolytic processing of APP proposes that it can be 
processed by two distinct proteolytic pathways, the amyloi-
dogenic and the non-amyloidogenic pathway (Andrew et al., 
2016). In the non-amyloidogenic pathway, APP is cleaved 
at the cell surface within the Aβ domain by α-secretase, 
producing a secreted fragment (sAPPα) and a membrane 
bound C-terminal fragment (CTFα). Several members of 
the ADAM family of metalloproteases have been reported to 
possess α-secretase activity with ADAM10 being the major 
α-secretase that cleaves APP in the brain (Lammich et al., 
1999; Kuhn et al., 2010; Prox et al., 2013). In the amyloi-
dogenic pathway, APP proteolysis is initiated by β-secretase 
(BACE1), which cleaves APP in the endosome at the amino 
terminus of the Aβ domain (Vassar et al., 1999), producing a 
soluble secreted fragment (sAPPβ) and a membrane bound 
C-terminal fragment (CTFβ). CTFα and β are subsequently 
cleaved by the γ-secretase complex releasing the APP in-
tracellular domain (AICD). In addition to the generation 
of AICD, cleavage of CTFα produces a small P3 fragment, 
whereas cleavage of CTFβ produces several Aβ peptides with 
the most prominent being Aβ40 and the longer, more hy-
drophobic Aβ42 (Takami et al., 2009). However, the discov-
ery of additional proteins that also cleave APP to produce a 
multitude of biologically active fragments suggests that this 
view of APP processing is rather simplistic and that there is 
still a lot to learn (Andrew et al., 2016).

Aβ and the Pathophysiology of AD
The realisation that the overproduction of Aβ peptides is a 
causative factor for EOAD alongside the discovery that the 
amyloid plaques in patients with LOAD contained aggre-
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gates of Aβ peptides prompted the formation of the “amyloid 
cascade hypothesis”. According to this hypothesis, the for-
mation of plaques generated by the accumulation and aggre-
gation of Aβ peptides induce neurodegeneration, neuronal 
death and cognitive decline, and was initially considered 
the underlying cause of all types of AD (Hardy and Higgins, 
1992). For many years the amyloid cascade hypothesis was 
central to AD research. However, it was realised that plaque 
densities correlate poorly with cognitive impairment, where-
as increased levels of soluble Aβ oligomers correlate strongly 
with the severity of the disease and the extent of synaptic 
loss (Lue et al., 1999; McLean et al., 1999; Wang et al., 1999). 
These findings shifted the attention from amyloid plaques 
to soluble Aβ oligomers and their contribution to the pa-
thology of AD. Thus the initial hypothesis evolved, retain-
ing the core element of a link between Aβ peptides and the 
progression of the disease. Since then, the biggest challenge 
in dementia research has been to understand the physio-
logical role of Aβ oligomers and to discover their impact on 
the progression of AD. A search in the literature shows that 
several cellular processes are thought to be affected by Aβ. 
For example, it has been shown that Aβ peptides promote 
the generation of free radicals inducing cellular stress and 
loss of Ca2+ homeostasis, and accumulate in the mitochon-
dria triggering dysfunction and cell death. Furthermore, 
it has also been shown that Aβ peptides interfere with the 
proteasome activity in neuronal cells, affect the regulation of 
cell signalling kinases or phosphatases and modify the cyto-
skeletal organisation of the cell (Selkoe and Hardy, 2016). In 
addition to these effects, oligomeric Aβ has also been shown 
to trigger synapse dysfunction and induce loss of synapses 
that characterise AD (Selkoe, 2002).

Current Available Therapies for AD
The prevalence of AD is increasing at an alarming rate, but 
unfortunately there is no available cure, and the few ap-
proved drugs so far can only be used for symptomatic treat-
ment of the disease. To date, research for new drugs is pre-
dominately focused on four major neuropathological themes 
of AD: accumulation of Aβ as a result of its overproduction 
or defective clearance, synaptic dysfunction mediated either 
by acetylcholine (ACh) deficiency or glutamate excitotoxici-
ty, neuroinflammation and finally, formation of NFTs. 

A key target area for the development of new drugs for 
AD patients has been to regulate the levels of Aβ peptides. 
Various attempts have been made to develop agents that ei-
ther interfere with the production or enhance the clearance 
of Aβ, reducing their load in the brain. For instance, several 
inhibitors for β or γ secretase have been developed in an 
effort to reduce the generation of Aβ peptides. Although not 
all clinical trials of β-secretase inhibitors have been com-
pleted, the clinical data so far are not encouraging either be-
cause the side effects and the toxicity of the compounds are 
severe, or because the compounds fail to meet the desired 
endpoints (Khan et al., 2017). Similarly, compounds target-
ing γ-secretase have also failed in clinical trials. Blocking 
its function has several side effects, most likely because of 

the many substrates that are cleaved by γ-secretase, but also 
due to the complexity of its activity. Nevertheless, new com-
pounds with different specificities are still being examined in 
ongoing clinical trials (Khan et al., 2017). 

In addition, immunotherapeutic approaches have also 
been attempted to remove the burden of Aβ from the brain. 
These approaches aim to either stimulate the immune 
system to produce antibodies to clear Aβ peptides (active 
immunotherapy), or to use Aβ-specific antibodies that are 
injected directly into the patient to stimulate clearing of Aβ 
peptides (passive immunotherapy). On the positive side, 
some of these efforts have been effective in reducing the lev-
els of Aβ from the brain. Unfortunately, the primary clinical 
endpoint in slowing down the cognitive decline has not been 
met yet. Most recently, results were published from clinical 
trials for Solanezumab, one of the two major monoclonal 
antibodies currently tested in patients with Alzheimer’s de-
mentia. The results showed that the antibody did not meet 
its primary outcome of significantly slowing the cognitive 
decline in patients with advanced or mild AD (Honig et al., 
2018). 

Although these failures are disheartening, they can be 
used to obtain information for guidance in fine tuning the 
efforts to develop a successful approach. For example, to 
design antibodies, it might be important to consider that the 
hydrophobic Aβ peptides adopt several configurations that 
appear to have different physiological roles. For instance, 
Aβ oligomers are considered to be the toxic species of the 
peptide (Sevigny et al., 2016), whereas the monomeric form 
of Aβ is considered to be neutral or even neuroprotective 
(Giuffrida et al., 2009). If this is indeed the case, then an 
antibody that would selectively bind and remove only Aβ 
oligomers may be more beneficial than one that binds to 
both Aβ monomers and oligomers. Thus, a possible reason 
for the failure of Solanezumab in clinical trials could be its 
preference to bind to monomeric Aβ (Zhao et al., 2017) 
rather than the more toxic oligomeric forms. Interestingly, 
an antibody called Aducanumab has been reported to show 
selective binding to oligomeric rather than the monomeric 
forms of the peptide. This antibody is still undergoing phase 
III trials on patients displaying moderate to mild AD with 
the results expected in 2022.

Alternatively, significant efforts have been made to devel-
op drugs targeting deficiencies in ACh neurotransmission 
and glutamate induced excitotoxicity. It is now evident that 
disruption in synaptic activity and loss of synapses is the 
earliest event in AD preceding the clinical manifestation of 
the disease or the accumulation of Aβ deposits in the brain 
and is induced, at least in part, by increased levels of Aβ 
oligomers (Lambert et al., 1998). According to the cholin-
ergic hypothesis, a key contributor to the pathophysiology 
of AD is the loss of cholinergic neurons (Davies and Malo-
ney, 1976). It has been proposed that this loss results in de-
creased levels of ACh in the hippocampus and in the cortex, 
resulting in cognitive deficits (Francis et al., 1999). Clinical 
data showed that enhancing cholinergic transmission in 
the brain of affected individuals can be effective in treating 
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the symptoms of mild to moderate AD. To date, three such 
drugs (donepezil, rivastigmine and galanthamine) have been 
licenced to treat the symptoms of dementia but unfortu-
nately, they are limited in scope. These drugs enhance ACh 
neurotransmission either by reducing the degradation of 
ACh through acting as inhibitors of acetylcholinesterase, or 
by enhancing the response to ACh (Hung and Fu, 2017). It 
is encouraging that these compounds have shown some ef-
ficacy in improving cognitive function and slowing the pro-
gression of the symptoms of mild to moderate AD (and oc-
casionally of moderate to severe AD), but unfortunately the 
benefits are not long lasting. In addition, glutamate induced 
excitotoxicity has also been linked with the progression of 
AD. Glutamate induced excitotoxicity is the result of aber-
rant NMDA receptor activation due to increased levels of 
glutamate. Memantine (an NMDAR antagonist) is the first 
and only approved drug that targets NMDAR and prevents 
its activation. Memantine has shown good tolerability in pa-
tients and there is also substantial evidence that it delays the 
decline in cognitive functions but again, the effects are not 
long lasting (Graham et al., 2017; Khan et al., 2017). Other 
than that, there has been no significant drug approved for 
AD in more than a decade. 

The failure of therapeutic approaches to display long-
term beneficial results in patients with severe to moderate 
AD may also be an indication that a different, more focused 
approach might be needed. Since the only approved drugs 
target defects in cholinergic or glutamatergic synaptic activ-
ity, it is likely that a better understanding of the mechanisms 
that link oligomeric Aβ to synaptic dysfunction will be vital 
in uncovering novel and more specific targets that could be 
used to generate new therapeutic approaches.

Intraneuronal Aβ Peptides and Synaptic 
Dysfunction
The controversial results from clinical trials of candidate 
drugs targeting Aβ over the past years has prompted an on-
going re-evaluation of the importance of Aβ as a causative 
factor for AD (Herrup, 2015; Amanatkar et al., 2017). Even 
so, the neuronal dysfunction induced by Aβ is still consid-
ered a significant contributing factor of AD (Morris et al., 
2014; Herrup, 2015; Selkoe and Hardy, 2016; Forner et al., 
2017) and a lot of effort is still being put into understanding 
how it contributes to the progression of the disease. It is es-
tablished that elevated levels of Aβ oligomers disrupt synap-
tic plasticity, triggering memory loss and cognitive deficits. 
One of the key events that shifted the attention from amy-
loid plaques to Aβ oligomers as contributors to AD was a re-
port by Lambert et al who demonstrated that soluble oligo-
mers of Aβ, rather than monomers or fibrils, triggered the 
loss of dendritic spines and that these oligomers could also 
interfere with synaptic function, disrupting NMDAR depen-
dent long term potentiation (LTP) (Lambert et al., 1998). 
Since then, many groups have confirmed that Aβ oligomers 
disrupt NMDA dependent LTP and facilitate NMDA depen-
dent long term depression (LTD) (Hsia et al., 1999; Walsh et 
al., 2002, 2005; Wang et al., 2002; Cleary et al., 2005; Hsieh et 

al., 2006; Klein, 2006; Shankar et al., 2007). Hence, a consid-
erable amount of research over the past decade has focused 
on unravelling the mechanisms responsible for the defects 
in synaptic function that are mediated by Aβ oligomers. 

Although these mechanisms are still not fully understood, 
it is now becoming apparent that at high concentrations, 
Aβ peptides interfere with glutamatergic neurotransmission 
affecting both, pre- and post-synaptic mechanisms. The dis-
covery of Aβ peptides localised in spines of dissociated hip-
pocampal neurons initially suggested it might directly affect 
post synaptic processes (Lacor et al., 2004). This led to the 
hypothesis that the effects of Aβ peptides in synaptic dys-
function could be a result of an agonist action on NMDARs 
(Molnar et al., 2004). This hypothesis was further supported 
by findings showing that Aβ was indeed localised at the post 
synaptic ends in brains of AD patients (Koffie et al., 2009). 
Further to being considered as an agonist for NMDARs, Aβ 
peptides were also detected inside neurons of AD patients 
but also in individuals without AD neuropathology (Grund-
ke-Iqbal et al., 1989). Subsequently, it became clear that the 
intraneuronal accumulation of Aβ peptides preceded NFT 
or plaque formation and was closely linked to the pathogen-
esis of AD (Hartmann, 1999; Wilson et al., 1999; Gouras et 
al., 2000). Moreover, immunolabelling studies using anti-
bodies specific for Aβ40 and Aβ42 showed that the majority 
of intraneuronal Aβ peptides (iAβ) in brain regions vulner-
able to AD were the more toxic Aβ42 species rather than the 
less toxic Aβ40 (Gouras et al., 2000). The use of transgenic 
animal models for AD further established the presence of 
Aβ peptides inside neurons and in addition, revealed that 
levels of iAβ were at a dynamic equilibrium with extracel-
lular pools, and that they contributed to the early memory 
deficits that characterise AD (Oddo et al., 2003, 2006; Bill-
ings et al., 2005). The discovery that iAβ oligomers were also 
present at the presynaptic nerve terminals of glutamatergic 
neurons in AD patients (Kokubo et al., 2005; Sokolow et al., 
2012) put forward the idea that the synaptic deficits induced 
by Aβ could be triggered by presynaptic deficits. Further 
research revealed more intriguing details of the time and 
concentration dependent effects of Aβ peptides (Puzzo et al., 
2008; Abramov et al., 2009; Parodi et al., 2010; Russell et al., 
2012). It was shown that brief exposure of neurons to low 
concentrations of Aβ peptides could increase LTP as well as 
basic transmission, whereas higher concentrations and/or 
longer exposure times of neurons to Aβ decreased excitatory 
postsynaptic potential and inhibited NMDAR-dependent 
LTP (Puzzo et al., 2008). A possible explanation of these 
rather surprising findings, supported by a growing body 
of evidence, is that soluble Aβ oligomers affect the activity 
of NMDARs by gradually increasing the amount of gluta-
mate at the synaptic cleft, in addition to exerting a direct 
agonist effect on NMDARs (Arias et al., 1995; Harris et al., 
1995; Kabogo et al., 2008; Puzzo et al., 2008; Li et al., 2009, 
2011). This hypothesis is supported by findings confirming 
that acute exposure of neurons to low concentrations of Aβ 
initially induced a presynaptic deficit, whereas prolonged 
exposure to higher concentrations was required to induce 
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postsynaptic alterations (Parodi et al., 2010). Furthermore, 
it was also shown that the increase of glutamate release at 
synapses was specifically induced by iAβ (Parodi et al., 2010; 
Ripoli et al., 2014). We have also provided evidence that Aβ 
oligomers can be readily internalised and accumulate at the 
presynaptic terminals of glutamatergic neurons (Russell et 
al., 2012). Our results also showed that the enhancement of 
NT release in mature neurons exposed to low concentra-
tions of Aβ oligomers correlated with the internalisation of 
the peptides and their localisation to the presynaptic com-
partment (Russell et al., 2012). Taken together, these data 
support the notion that neurotransmission may initially 
be affected through defects at the presynapse that are trig-
gered by the gradual accumulation of iAβ. The subsequent 
aberrant release of glutamate may well be a significant con-
tributing factor to the widespread synaptic dysfunction in 
AD that is characterised by excitotoxicity, desensitisation 
of glutamate receptors, inhibition of LTP and triggering of 
LTD. Interestingly, this bell-shaped effect of Aβ on synaptic 
function is also supported by fMRI scans on patients with 
high plaque load that either display symptoms of AD or are 
non-symptomatic. These scans showed enhanced synaptic 
activity at the hippocampus on non-symptomatic patients, 
whereas in patients with more advanced symptoms, fMRI 
scans revealed reduced synaptic activity as a result of synap-
tic depression (Sperling et al., 2010). Collectively, these data 
provide a link between accumulation of iAβ oligomers and 
early presynaptic defects in the mechanisms of NT release.

The Effect of Aβ Oligomers on Synaptic 
Vesicle (SV) Dynamics
In support of the hypothesis that Aβ peptides enhance neu-
rotransmitter (NT) release, several reports demonstrated 
that key proteins which regulate either the interaction of SVs 
with the presynaptic membrane or the availability of SVs to 
participate in NT release are affected by Aβ peptides. For in-
stance, it was shown that Aβ42 oligomers can directly inter-
act either with proteins involved in SV docking and fusion 
that regulate NT release such as Syntaxin 1a (Stx1a) (Yang 
et al., 2015) and Synaptophysin (Syp1) (Russell et al., 2012), 
or can interfere with signalling mechanism that regulate the 
recovery and availability of SVs such as the regulation of 
dynamin (Kelly et al., 2005; Kelly and Ferreira, 2006, 2007) 
and of Synapsin1 (Snp1) (Liu et al., 2017; Marsh et al., 2017; 
Park et al., 2017). 

Stx1a belongs to the family of soluble N-ethylmaleim-
ide-sensitive factor attachment protein receptor (SNARE) 
proteins. SNARE proteins are present on SVs and the target 
membrane, and form a tight complex whose primary func-
tion is to mediate SV docking and fusion at the presynaptic 
active zone. Using an in vitro vesicle mixing assay to mon-
itor SNARE-mediated fusion of single vesicles, Yang and 
co-workers showed that binding of Aβ oligomers to the 
SNARE motif of Stx1a disrupts the formation of the SNARE 
complex and the fusion of vesicles (Yang et al., 2015). Sur-
prisingly though, it did not affect the ability of the vesicles 
to dock to the target membrane. These results suggest that 

the interaction between Aβ oligomers and Stx1a affect the 
“zippering” of the SNARE complex rather than its initial 
formation. Moreover, these results also suggest that this in-
teraction would reduce NT release. Since a reduction in NT 
release has been associated to chronic exposure of elevated 
Aβ levels, it would be interesting to further explore this in-
teraction and examine how the docking and fusion of SVs is 
affected by Aβ over time in the context of a functional syn-
apse containing all the regulatory components.

Another SV associated protein that was shown to directly 
interact with Aβ peptides is Syp1 (Russell et al., 2012). Syp1 
is a glycoprotein localised on SVs, and although its precise 
function is still not fully understood, it has been shown 
to interact with a SNARE protein called Synaptobrevin 2 
(VAMP2). The interaction between Syp1 and VAMP2 at the 
cell soma regulates the transport of VAMP2 containing SVs 
from the Golgi to the synapse. At the presynaptic compart-
ment though, this interaction regulates the availability of 
VAMP2 to participate in the assembly of the SNARE com-
plex during the formation of the fusion pore complex (Pen-
nuto et al., 2003). The results from Russell et al demonstrat-
ed that a brief exposure of neurons to Aβ peptides results in 
their internalisation and binding to Syp1 at the presynapse, 
disrupting its interaction with VAMP2. Disruption of this 
interaction at the presynapse increases the availability of 
VAMP2 to participate in the formation of the SNARE com-
plex and consequently, enhance NT release (Russell et al., 
2012). In addition to VAMP2, Syp1 interacts with dynamin, 
regulating the endocytosis and recovery of SVs (Daly et al., 
2000). Dynamin is a presynaptic protein involved in SV en-
docytosis, promoting the fission, pinching off and recycling 
of SVs (Yamashita et al., 2005). The levels and function of 
dynamin are regulated by its cleavage by calpain, and reduc-
tion of dynamin levels inhibits SV endocytosis and conse-
quently their refill with NT (Kelly et al., 2005). Interestingly, 
prolonged exposure of neurons to high concentration of Aβ 
oligomers induces a reduction of dynamin by increasing its 
cleavage by calpain, resulting in the depletion of the readily 
releasable pool of SVs (Kelly et al., 2005; Kelly and Ferreira, 
2006, 2007). 

Further to the direct interactions between Aβ peptides 
and proteins on SVs, we recently showed that Aβ oligomers 
disrupt the regulation of SnpI (Marsh et al., 2017), which 
was also confirmed by a later independent study (Park et al., 
2017). Snp1 belongs to a family of pre-synaptic phosphopro-
teins that are involved in synaptic fine-tuning and remodel-
ling. Their main role is to regulate the availability of SVs to 
participate in NT release during neuronal activity through 
direct association/dissociation cycles (Cesca et al., 2010). 
Under resting conditions, they tether SVs to the cytoskeletal 
network, clustering them in the resting pool by interacting 
with SVs as well as the actin cytoskeleton (Cesca et al., 2010; 
Orenbuch et al., 2012). However, activity-dependent phos-
phorylation/dephosphorylation cycles at key residues of 
Snps induce their transient disassembly from the SVs (Jova-
novic et al., 2001), releasing them from the resting pool and 
enabling their participation in NT release (Benfenati et al., 
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Figure 1 The early effects of amyloid beta (Aβ) on neurotransmission.
(A) Under physiological conditions, the amount of synaptic vesicles 
(SVs) participating in neurotransmitter (NT) release is tightly regu-
lated. Upon neuronal activity, SVs are released from the reserve pool 
to participate in NT release via CAMKIV-induced Synapsin1 (Snp1) 
phosphorylation at Ser9. Released SVs dock via soluble N-ethylma-
leimide-sensitive factor attachment protein receptor (SNARE) complex 
assembly and then fuse with the membrane following calcium influx, 
releasing NT. SVs are pinched of the presynaptic membrane and en-
docytosed by dynamin1 and are either recycled or tethered back to the 
reserve pool after protein phosphatase 2A (PP2A)-mediated dephos-
phorylation of Snp1. (B) Aβ disrupts SV recycling and enhances NT 
release. Aβ increases the number of SVs available for docking due to 
sustained calcium/calmodulin kinase IV (CaMKIV)/Snp1 phosphor-
ylation. SV docking is also enhanced due to Aβ-induced disruption of 
the synaptophysin (Syp1)/VAMP2 complex, enabling Synaptobrevin 
2 (VAMP2) to participate in the formation of the SNARE complex. 
The increased number of docked SVs combined with an Aβ-mediated 
increase in calcium influx results in abberant NT release. Furthermore, 
deregulation of endocytosis due to a reduction of dynamin1 levels will 
eventually deplete the reserve pool of SVs. Notably, the deregulation of 
activity dependent phosphorylation of Snp1 can be restored by valproic 
acid (VPA).

1989, 1991, 1992; Shupliakov et al., 2011). Neurons exposed 
to Aβ42 showed sustained levels of SnpI phosphorylation 
on Ser9 after neuronal activity due to increased calcium in-
flux and calcium/calmodulin kinase IV (CaMKIV) activity 
(Marsh et al., 2017; Park et al., 2017), suggesting that the 
availability of SVs for NT release after neuronal activity is 

increased. 
Collectively, the interaction of Aβ42 with proteins partic-

ipating in the regulation of the SV life cycle and the dereg-
ulation of key molecules that orchestrate their availability, 
sheds some light into the cellular mechanisms underpinning 
the reported aberrant glutamate release in the early stages of 
AD (summarised in Figure 1). 

A Hypothesis for the Progressive Synaptic 
Defects Induced by Aβ Peptides
The emerging data on the targets of Aβ at the presynapse, as 
well as the reported concentration and time dependent vari-
ations of the effects of Aβ peptides on NT release, allow us 
to put forward a working model to explain the progressive 
decline in synaptic function and cognitive deficits of AD pa-
tients. 

If the synaptic defects during the early phase of AD is 
equivalent to the synaptic defects observed in neurons brief-
ly exposed to low concentrations of Aβ peptides in vitro, 
then the early phase of AD would also be characterised by 
enhanced neurotransmission. The prolonged phosphor-
ylation of Snp1 would contribute to the enhancement of 
neurotransmission by increasing the availability of SVs 
that would be able to dock to the active zone. Furthermore, 
disruption of the Syp1/VAMP2 complex on these vesicles 
would increase the accessibility of VAMP2 to the other 
SNARE proteins, promoting the formation of SNARE com-
plexes and enhancing the probability of NT release. Finally, 
an Aβ-mediated increase of Ca2+ levels inside the presynapse 
would also enhance SV fusion and the release of glutamate. 
This aberrant release of glutamate would initially activate 
NMDARs, but the sustained levels of glutamate would even-
tually induce excitotoxicity. In the long term, the extensive 
use of SVs combined with defects in their endocytosis and 
recovery due to the inactivation of dynamin and sustained 
phosphorylation of SnpI, would gradually deplete these vesi-
cles from the synapse, reducing synaptic activity. Indeed, de-
pletion of the SV reserve pools after prolonged exposure to 
Aβ in neuronal cultures has been reported (Kelly et al., 2005; 
Parodi et al., 2010). Notably, a key mechanism to replenish 
SV pools is the transport of functional SVs from the Golgi 
to the presynapse. This transport is regulated at least in part, 
by the interaction between Syp1 and VAMP2 (Pennuto et 
al., 2003). Since binding of Aβ oligomers to Syp1 disrupts 
the Syp/VAMP2 complex, it is likely that sustained expo-
sure to Aβ peptides would also compromise the trafficking 
and redistribution of SVs back to the presynaptic terminal, 
depleting the synapse of SVs. Although this hypothesis is 
yet to be conclusively addressed, there is evidence that SV 
mobility is affected by Aβ peptides. Park et al showed that 
exposure of neurons to Aβ reduces the activity dependent 
lateral dispersion of SVs, providing significant evidence that 
Aβ reduces SV mobility (Park et al., 2017). Although the au-
thors suggested that the sustained phosphorylation of Snp1 
might be the underlying cause for the inhibition of intersyn-
aptic vesicular movements, we would like to propose that 
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the disruption of the Syp1/VAMP2 complex by Aβ could 
well be a contributing factor to this inhibition. Collectively, 
the chronic combination of these effects would have a sub-
stantial impact on the gradual progression of synaptic dys-
function and ultimately loss of synapses, a key sign of AD 
pathology.

Targeting Presynaptic Defects for Therapeutic 
Interventions
Although there is an increasing body of evidence high-
lighting the significant contribution of Aβ peptides to the 
deregulation of NT release and to the dysfunction of SV 
dynamics, this area as a prospective therapeutic target has 
been largely overlooked. This is particularly surprising since 
defects in SV dynamics may be one of the earliest patholo-
gies in AD and could serve as a target for crucial early inter-
vention.

In support of such an alternative therapeutic approach, 
we recently showed that valproic acid (VPA) could be used 
to abrogate some of these early presynaptic defects (Marsh 
et al., 2017). VPA is a short-branched chain fatty acid and 
although its most common use is to treat epilepsy and bipo-
lar disorder, several additional beneficial effects in the CNS 
have been reported. Studies on animal models suggest that 
VPA affects LTP and LTD and has therapeutic potential to 
combat AD (Zhang et al., 2003; Leng et al., 2008; Qing et al., 
2008; Chang et al., 2010; Hu et al., 2011). Moreover, it has 
also been shown that it prevents Aβ42 induced reduction 
in SV recycling (Williams and Bate, 2016) and that it can 
induce clustering of Snp1 in developing neurons (Hall et al., 
2002). We provided evidence showing that a possible mech-
anism by which VPA could be beneficial for AD patients, is 
by reversing the effects of Aβ on Snp1 phosphorylation in a 
concentration dependent manner (Marsh et al., 2017). Even 
though these data are based on an in vitro system, we believe 
they are promising. Indeed, the results from our in vitro 
study correlate well with in vivo data suggesting that VPA 
can improve cognition (Wu et al., 2016). Currently, we can 
only speculate how VPA abrogates the effects of Aβ and fur-
ther research is needed to understand the details of how and 
where Aβ and VPA pathways intercept at the presynapse. 
Nevertheless, we believe this example highlights that a de-
tailed understanding of the cellular mechanisms affected by 
Aβ can serve as the starting point in designing new therapies 
or adopting existing ones. 

Conclusion
Despite AD being the focus of intense research, a treatment 
that will significantly benefit the people affected by the dis-
ease is not yet in sight. The inability of several approaches 
targeting Aβ peptides to demonstrate the expected effec-
tiveness has sparked a debate in the scientific community 
regarding the validity of the amyloid cascade hypothesis. 
Although the contribution of Aβ peptides to the progression 
of the disease cannot be discounted, the failure to design 
an effective therapy by simply targeting Aβ peptides sug-

gests that a different approach is needed. We believe that 
a detailed comprehension of the physiological role of Aβ 
peptides and their cumulative effect on the ageing brain will 
significantly aid the design of novel therapeutic approaches 
that target specific cellular mechanisms. For instance, recent 
research focused on understanding the mechanisms under-
lying Aβ effects on NT release has provided new insights 
into how this remarkable peptide affects synaptic function 
and neuronal communication. Based on this evidence, we 
have proposed that the synaptic dysfunction occurring in 
the early stages of AD involves a gradual, additive disruption 
of key aspects of SV dynamics due to the presence of iAβ at 
the presynapse, which also reveals new drug targets for ther-
apeutic intervention. There is still a lot to learn, but increas-
ing our knowledge of the different aspects of the biology 
of Aβ peptides will facilitate a more targeted and hopefully 
more efficient therapeutic approach. 
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