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Abstract Many lines of evidence support that (3-amyloid (Af3)
peptides play an important role in Alzheimer’s disease (AD), the
most common cause of dementia. But despite much effort the
molecular mechanisms of how A contributes to AD remain
unclear. While A3 is generated from its precursor protein
throughout life, the peptide is best known as the main compo-
nent of amyloid plaques, the neuropathological hallmark of AD.
Reduction in A3 has been the major target of recent experimen-
tal therapies against AD. Unfortunately, human clinical trials
targeting A3 have not shown the hoped-for benefits. Thus,
doubts have been growing about the role of A{3 as a therapeutic
target. Here we review evidence supporting the involvement of
AP in AD, highlight the importance of differentiating between
various forms of A3, and suggest that a better understanding of
Af’s precise pathophysiological role in the disease is important
for correctly targeting it for potential future therapy.
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Evidence for the Role of 3-amyloid in Alzheimer’s Disease

Pathologic, genetic, biologic, and biomarker evidence have
supported an important role for the 3-amyloid peptide (A3) in
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the development of Alzheimer’s disease (AD). Amyloid
plaques composed primarily of aggregated A3 and neurofi-
brillary tangles composed of microtubule-associated protein
tau are neuropathological diagnostic criteria for AD. But, in
contrast, to amyloid plaques, neurofibrillary tangles are less
specific for AD, and are seen in a greater variety of neurode-
generative diseases, such as progressive supranuclear palsy,
corticobasal degeneration, and subtypes of frontotemporal
dementia. Mutations of the amyloid precursor protein (APP)
occur in familial forms of AD. Moreover, mutations in
presenilin 1 and 2, which are important proteases in the
cleavage of A3 from APP, are causes of familial AD. In
contrast, familial mutations in tau are associated with symp-
toms and neurodegeneration that resemble frontotemporal
dementia rather than AD. Biologic studies have shown that
mutations in APP and presenilins lead to higher amounts of
the disease-linked A 342 and/or other more aggregation prone
forms of A [1, 2]. Finally, biomarker studies on cerebrospi-
nal fluid (CSF) show that the disease-associated A[342 pep-
tides decline 1-2 decades prior to onset of symptoms in AD
[3, 4]. For these reasons Af3 has become the prime suspect in
the pathogenesis of AD.

Distinction Between A3 and Amyloid

A is a normal peptide generated throughout life, while
amyloid plaques are a neuropathological hallmark of AD. It
is remarkable that the normal function of APP, among the
most studied proteins in science, remains unclear. A possible
normal function of A3 is even more uncertain. Nevertheless,
Af3 production and secretion is stimulated by synaptic activ-
ity, the most unique and normal function of the nervous
system. Thus, generation of the small A3 peptide (up to 42
or 43 amino acids long) is not inherently toxic and might even
have a physiological function, while amyloid plaques,
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composed of a multitude of highly aggregated A3 fibrils,
represents an abnormal pathological lesion. Electron micros-
copy analysis of postmortem brain shows that all forms of
plaques, including diffuse plaques, are associated with neuro-
pathology, particularly characterized by neuritic and synaptic
dystrophies [5, 6]. Preplaque increased levels of A3 correlate
with AD-characteristic alterations in synapses, particularly
evident on microscopy labeling the presynaptic protein
synaptophysin in brain [7]. Preplaque aggregation of Af3
using an aggregation-specific antibody is directly associated
with ultrastructural evidence of subcellular pathology [5].
However, it remains unclear what conformation soluble Af3
has in normal brain and what precise conformation(s) of A3
aggregates are pathogenic. It is exceedingly difficult to define
protein conformation in brain, as biochemical extraction from
the brain and subsequent analysis can affect protein confor-
mation. Current evidence suggests that A3 in biological fluids
is mainly monomeric [8], while nondenaturing studies to
define A3 in brain have shown it to run at a high molecular
weight, although in what conformation is not clear [9].

The distinction between amyloid plaques and A3 peptides
is important because there is evidence that amyloid plaques
are not a good measure of A3-induced brain damage in AD.
For example, the Arctic familial mutation in APP leads to
more aggregation-prone A3 and AD dementia but shows no
amyloid on positron emission tomography (PET) amyloid
ligand brain scans, although histopathologically diffuse amy-
loid plaques are present [10]. The Osaka familial mutation in
APP causes the generation of more aggregation-prone
nonfibrillar AP in the setting of AD-like dementia but
shows no amyloid plaques [11]. Transgenic mice harboring
this mutation develop no amyloid plaques but do show Af3
aggregation as oligomers within neurons, which is associ-
ated with neurodegeneration and progressive cognitive
decline [12].

Several lines of experimental evidence point to amyloid
plaque-independent A3 pathogenesis [6, 13, 14]. A compar-
ison between Swedish mutant and wildtype (WT) human APP
overexpressing transgenic mice with the same levels of APP
showed that both had reductions in brain synaptophysin com-
pared with WT mice, but only the Swedish mutant mice
developed plaques. However, the APP mutant mice showed
a greater loss of synaptophysin prior to plaques, which pointed
to A3- rather than APP-dependent synapse damage [7]. Fur-
thermore, induction of seizures leads to greater hippocampal
cell loss and A peptide elevation in preplaque APP mutant
transgenic mice than in WT mice [15]. Finally, just the reduc-
tion of normal sensory input to the barrel cortex by unilateral
whisker removal leads to synapse degeneration in APP mutant
transgenic mice despite a reduction (rather than an increase) in
amyloid plaques [16]. Thus, A3 in a form other than amyloid
plaques appears to be critical in inflicting damage to synapses
and neurons. Moreover, transgenic mice engineered to secrete
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directly high amounts of A3 not generated from APP readily
form extensive plaques but do not show behavioral decline,
arguing against plaque toxicity and also supporting that se-
creted A3 may not be the primary toxic form of A3 [17].

Experimental therapies further point to plaque-independent
effects on cognitive function, as certain antibodies against A3
can lead to improved behavioral function in AD transgenic
mice, even in the absence of amyloid plaque removal [18].
Along these lines, in the aborted active vaccine clinical trial by
ELAN/Wyeth patients studied at autopsy showed evidence
consistent with plaque removal, despite a history of continued
cognitive decline [19]. Thus, multiple lines of evidence indi-
cate that amyloid plaques are not the main toxic A3 entity.
Consequently, it is important to be careful with terms and, at
times, the terms amyloid and A3 are erroneously used inter-
changeably. This is particularly noticeable in human brain
imaging studies, where the introduction of PET ligand imag-
ing of amyloid now allows for the identification of amyloid
plaques in living people. The radioligands used for PET
amyloid detection are derivatives of thioflavin T, which reacts
to fibrillar aggregates of proteins, including fibrillar AB3. In
contrast, these thioflavin-based ligands do not detect soluble
A or even prefibrillar A3 aggregates, including diffuse
plaques. Nevertheless, negative PET amyloid scans are often
referred to as having no ‘A pathology’, whereas such nega-
tive scans should rather be described as having no ‘amyloid’
pathology.

Over the last decade prefibrillar oligomers of A3 have been
viewed as causative of Af-related damage in AD. A major
challenge in the study of A3 assemblies is that it is exceed-
ingly difficult to determine the actual native structure of Af3 in
the brain. A} aggregation can be studied in vitro using many
techniques, although it is uncertain how well the experimental
conditions of these studies can parallel those in the living
brain. The increasing evidence for early intracellular accumu-
lation and aggregation of Af3 within subcellular organelles
(reviewed in [6]) indicates that new methods will need to be
developed to model experimentally A3 aggregation in living
systems [20]. Endosomes are particularly prominent sites of
such A3 aggregation in neurons in AD [21]. These vesicles
provide an environment that, based on in vitro aggregation
studies, would be favorable for aggregation given their lower
pH and higher metal content. In addition, endosomes allow for
concentration of A3 peptides in a limited space, which further
favors aggregation. Recent work suggests that the major ge-
netic risk factor for AD, apolipoprotein E ¢4 (apoE4), which is
well known to impact on amyloid pathology [22], can influ-
ence uptake and toxicity of A3 [23]. Genetic evidence sup-
ports that vesicular trafficking components relating to endo-
cytosis and endosomes are particularly important in AD,
including sortilin-like receptor 1, bridging integrator 1, clus-
terin, CD2-associated protein, and phosphatidylinositol bind-
ing clathrin assembly protein, among others [24, 25]. In
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addition, genes related to lipid homeostasis, inflammation,
and synapses are increasingly being associated with AD.

Experimental Therapeutics Targeting A3

It is possible that targeting A3 will not turn out to be an
effective therapeutic strategy for AD. Nevertheless, the fail-
ures of past clinical trials targeting A3 do not mean that Af3 is
an incorrect target. We do not yet understand the pathophys-
iology of A3 in AD, while many arrows point to its
involvement.

Major Anti-A3 Therapeutic Directions
Secretase Inhibitors

A is generated from its precursor protein, APP, after cleav-
age first at the (3 and then the y cleavage sites (Fig. 1). (3-
Secretase 1 (BACE]) is viewed as the major [3-secretase,
while presenilin is the main component of y-secretase. Typi-
cally, the processing of APP is simplified in the literature, as a
remarkable variety of A peptides and other APP cleavage
products exist. In addition, there are several splice variants of
APP, with the 695 amino acid-long APP seen as the most
important in neurons. Problems in targeting secretases are
thought to hinge on these activities being important in a
variety of other cleavages besides APP, such as cleavage of

APP:

B-secretase a-secretase y-secretase
17 40 42

Deletion: Osaka
Missense: Arctic

Fig. 1 A schema of amyloid precursor protein (APP) with its major
cleavage sites and familial Alzheimer’s disease (AD) mutations men-
tioned in the text. Depicted are the amyloidgenic pathway of APP,
cleavage sites on the A3 peptide, and the Arctic and Osaka familial AD
mutations. Although other mutations in (3-amyloid (A3)/APP are not
shown, it is important to note that all mutations in APP linked to familial
AD are either within A3 or at the (3- or y-cleavage sites. In the
amyloidgenic pathway APP is cleaved by [3-secretase to generate C-
terminal fragment 3 (BCTF) and then further cleaved by y-secretase to
generate Af3. In the nonamyloidgenic pathway, Af3 production is pre-
cluded as it is cleaved in the middle by «-secretase. AICD = APP
intracellular domain

Notch by y-secretase. In fact, a clinical trial with a y-secretase
inhibitor by Lilly led to accelerated cognitive decline in the
treatment group (reviewed in [24]). It is now known that over
100 proteins are cleaved by y-secretase, including a signifi-
cant number of synaptic proteins [26]. Therapeutic strategies
that modulate rather than inhibit the y-secretase are under
investigation, with the hope of developing a selective modu-
lator targeting specifically APP y-cleavage. However, it was
shown that y-secretase inhibitors do not induce spine deficits
in APP knockout mice that are seen with such treatment in
WT mice [27]. This finding suggests that it is specifically
inhibition of APP y-cleavage that might be problematic, pos-
sibly limiting the therapeutic value of y-secretase inhibitors.
Aberrant build up of the 99 amino acid C-terminal fragment
(CTF) of APP (BCTF) as a result of inhibiting subsequent
cleavage to A3 may also be important for these detrimental
effects of y-secretase inhibition [28]. However, y-secretase
modulators that selectively reduce the A{342 to 40 ratio with-
out inhibiting overall APP cleavage or increasing FCTFs are
of particular therapeutic interest. While BACE]1 is not known
to cleave as many substrates, BACE1 knockout mice have
deficits in myelination during brain development and show
altered behavioral function [29, 30]. The first phase 2 clinical
trial of a 3-secretase inhibitor (LY2886721; Lilly) was halted
because of hepatotoxicity, while ongoing clinical trials with
other BACE inhibitors (MK-8931, Merck; AZD3293, Lilly/
AstraZeneca) have shown target engagement, evident by Af3
reduction in the CSF of patients, without obvious detrimental
effects noted.

Stimulation of the Nonamyloidogenic Pathway

As o-cleavage precludes the generation of A3, promotion of
this cleavage pathway is being explored as a therapy, with
favorable results reported in APP mutant transgenic mice [31].
The ADAM (a disintegrin and metalloprotease) family of
proteases is viewed as responsible for the shedding of APP
at the cell surface via o-cleavage. However, neurons have
relatively less o-cleavage compared with non-neuronal cells,
where it is the major cleavage pathway [32, 33]. ADAMI10
and ADAMI17 are considered to be particularly important
ADAMs for APP cleavage. Given the wide range and func-
tions of these ADAMs as shedases throughout the body [34,
35], and the need to stimulate rather than inhibit these prote-
ases, this line of therapy is challenging. In addition, despite oc-
cleavage precluding A3 generation, such modulation of the
a-pathway does not consistently reduce (3-cleavage [36].

Aggregation Inhibitors
Given the abnormal aggregation of A3 in AD there has been

an extensive effort to pharmacologically block this process.
This direction of therapy is most easily developed in in vitro
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systems where A3 aggregation can be closely monitored
using a variety of techniques. However, there have only been
2 aggregation inhibitors [3-amino-1-propanesulfonic acid
(Neurochem Inc.) and scyllo-inositol (Elan)] that have made
it to clinical trials, neither of which showed a clear benefit in
patients with AD [37, 38]. While both were developed as
aggregation inhibitors, their precise mechanisms of action
were not fully clear. In fact, based on the observation that it
lowers myoinositol in brain analogous to lithium, scyllo-
inositol is now in a new clinical trial for bipolar disorder. It
is difficult to model A3 aggregation inhibitors and also chal-
lenging to translate such mainly in vitro results to a disease of
the brain, which is further compounded by potentially having
to target these compounds to the correct cellular and subcel-
lular locations or by unanticipated side effects (e.g., with
scyllo-inositol). Another direction of therapy is to sequester
metal ions, which have been shown to enhance A3 aggrega-
tion. Interestingly, A3 contains a copper-binding site. Metal
chelation therapy showed benefits in AD transgenic mouse
models [39]. Thus, metal chelation (for copper and potentially
also zinc) has been tried (Clioquinol and PBT2; Prana Bio-
technology) in clinical trials for AD, although no obvious
benefits were evident with either of these compounds.

Immunotherapy

A immunotherapy emerged as an exciting new direction for
therapy when it was shown that injection of A3 into APP
mutant transgenic mice led to an antibody-mediated immune
response to the injected A3 that both cleared amyloid plaque
pathology and improved behavior [40]. Multiple subsequent
studies confirmed and extended these results, showing that
passive immunotherapy was also effective in AD transgenic
mouse models. The human AN1792 active vaccine trial pro-
vided the first significant setback to this promising therapeutic
direction [19]. The trial had to be halted when about 6 % of
patients developed brain inflammation evident on magnetic
resonance imaging, now termed amyloid-related imaging ab-
normalities. As noted above, postmortem examination of a
subset of patients who died showed that the treatment resulted
in the removal of amyloid plaques, although the patients had
shown continued cognitive decline [19]. Nevertheless, immu-
notherapy remains of considerable interest and closer analysis
of the data from one clinical trial after it was halted for lack of
efficacy (Solanezumab; Eli Lilly), suggested some stabiliza-
tion in those with milder cognitive deficits (see [24]). Conse-
quently, the A4 study will evaluate the effect of A3 immuno-
therapy in cognitively healthy elderly individuals exhibiting
amyloid pathology as evident by PET imaging.

The mechanism(s) of action of A} immunotherapy is not
clear. A leading possibility is A3 antibody-mediated microg-
lia induced phagocytosis and degradation of amyloid plaques
and Af3 oligomers, although the fact that Fab fragments alone
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were protective questions this most straightforward explana-
tion [41]. Another leading hypothesis was the “sink hypothe-
sis”, whereby higher levels of A3 antibodies in the peripheral
circulation drive A3 across the blood—brain barrier out of the
brain [42]. However, a study that treated mice with a
radiolabeled A antibody showed that the antibody preferen-
tially made its way into the brain, thereby also questioning this
hypothesis [43]. Moreover, A3 levels in blood are not consis-
tently seen to rise following A3 immunotherapy. An alterna-
tive hypothesis is that protection occurs by A3 antibodies
reducing intraneuronal A3, which might be hindered by se-
questration of antibodies by plaques in the setting of human
AD [44]. Finally, A3 antibodies are further hypothesized to
bind to A3 monomers or oligomers and thereby block subse-
quent aggregation and/or conformational change to the most
toxic form of A3 [45], which might, as in the preceding
hypothesis, be hindered by sequestration of antibodies to
plaques.

Promoting AB Degradation and Clearance

Several proteases are known to degrade Af3, including in
particular neprilysin and insulin degrading enzyme . Inhibition
of either of these augments amyloid pathology and worsens
behavior in mouse models of 3-amyloidosis [46]. Thus, aug-
mentation of A3 degrading proteases is a viable therapeutic
direction Interestingly, neprilysin levels fall in aging rodent
brains, particularly in synaptic terminals, and APP via the
APP intracellular domain regulates gene expression of
neprilysin [47-50]. Furthermore, increasing evidence indi-
cates that cellular degradation systems such as the endo-
some—lysosome, autophagy, and ubiquitin—proteasome sys-
tems are impaired in neurodegenerative diseases of aging
and the stimulation of these pathways is also under investiga-
tion for AD therapy [51].

Modulation of Synapses

It is increasingly becoming apparent that synapses are central
sites of pathogenesis in neurodegenerative diseases of aging
[52]. Many lines of evidence have shown that A3 targets
synapses [14, 21, 53] and that, in turn, synaptic stimulation
can modulate APP cleavage and levels of A3 [16, 54-56].
Synaptic stimulation has been shown to enhance A3 genera-
tion and secretion, while reducing intracellular A3. Chronic
synaptic activity is considered to promote AD pathology, as
areas of the default network of the brain that are most active at
rest, that is most of the time, are particularly prone to the
development of AD pathology [57]. However, experimental
evidence points to detrimental effects of both synaptic hyper-
and hypoactivity in the setting of elevated A[3. For example,
in APP mutant AD transgenic mice induction of seizures
(hyperactivity) leads to more loss of neurons, while reduced



[3-amyloid in Alzheimer’s disease

synaptic activity (hypoactivity) leads to greater loss of synapses
[15, 16]. These results are consistent with an altered biology as
a result of elevated A, which is detrimental when synaptic
activity is modulated either way. Use of benzodiazepines,
presumably by reducing synaptic activity, has been linked with
an increased incidence in developing AD and experimentally
damages synapses in AD transgenic models [16, 58].

Of note, both of the approved classes of medications for
AD, cholinesterase inhibitors and N-methyl-D-aspartate re-
ceptor modulators, target synapses, though these therapies
are generally considered not to affect the underlying disease
process. Recent developments in targeting synapses in therapy
include modulation of serotonin receptor subtypes [e.g., the
serotonin 6(5-HT6) receptor antagonist Lu AE58054
(Lundbeck)] or muscarinic glutamate receptors.

An ongoing effort has been made to determine how secret-
ed extracellular A3 interacts with synapses. Various potential
A receptors have been described (including lipoprotein re-
ceptors, prion protein, o7 nicotinic acetylcholine receptor, N-
methyl-D-aspartate receptor, metabotropic glutamate receptor
5, and neuroligin, among many others), although as yet no
consensus has developed in the field on which of these is most
specific and important. A considerable amount of evidence
points to the importance of APP, as neurons devoid of APP are
protected from extracellular A toxicity [59, 60]. A challenge
for studies on Af3 interactions is that A3 is hydrophobic and
prone to interaction with other proteins, and that the use of
biological methods to assess interactions, such as knockout of
a potential A3 receptor, can lead to other biological effects
(e.g., synapse dysfunction) that can have detrimental effects
which complicate interpretation. Nonetheless, if a specific
receptor(s) could be found, modulation of this interaction
would be a logical therapeutic direction.

Other AB-modifying Therapies

Above are major directions of ongoing experimental therapies
targeting A3, but there are many other directions. These
include pharmacological reduction of APP [61], modulating
signaling pathways involved in A3 pathogenesis, or targeting
tau, which has been shown to be important in A{3-induced
damage. Among signaling kinases being targeted, inhibition
of mammalian target of rapamycin (mTOR) by rapamycin has
been shown to be effective in prolonging life from lower
organisms up to rodents [62], and was further shown to
improve behavior and reduce Af3 in transgenic mouse models
of AD [63, 64]. This and other work have led to an increasing
interest in autophagy in the field of neurodegeneration, as
rapamycin is known to induce autophagy. However, accumu-
lation of multilamellar autophagic vacuoles in dystrophic
neurites is also a neuropathological hallmark of AD and other
neurodegenerative diseases, and it has been suggested that
autophagy is involved in AP production and secretion

[65-67]. Finally, mTOR is a central signaling kinase that plays
multiple important physiological roles, such as in synaptic
plasticity, which could make mTOR a challenging therapeutic
target in the elderly.

Caveats to Current A 3-directed Experimental Therapies
Potential Normal Function of A3

It has been generally presumed that A3 is an unfortunate toxic
byproduct of APP metabolism and thus that its therapeutic
reduction should not be harmful. Yet, this assumption may be
erroneous. Although there is no clear-cut proof for a physio-
logically normal function of Af3, experimental work is in-
creasingly suggesting this [68, 69]. However, a polymorphism
in APP present in up to 1 % of Scandinavians, which leads to a
reduction in A3 generation by 20 % in those with one allele,
was reported to not only protect against AD, but also against
normal age-related cognitive decline [70]. This polymorphism
could suggest that A3 is not essential, although, without
information on a potential polymorphism or mutation that
precludes A3 production, there remains insufficient evidence
to rule out a physiological role for Af3.

Oversimplification in Dementia Diagnosis

Another important caveat for A3-directed therapies for AD is
that clinical diagnosis of dementia is often simplified in order
to provide a diagnostic label of the patient and to be able to
start symptomatic treatment. The high proportion of patients
subsequently determined not to have AD enrolled in AD
clinical trials has been a topic of major interest. Ongoing and
future studies can limit this issue by incorporating CSF bio-
marker and/or amyloid imaging. Moreover, while AD pathol-
ogy is the leading cause of dementia, the border between AD
pathology and normal aging is not clear-cut. To varying
extents, AD pathology accompanies normal aging. Further-
more, patients with dementia rarely only have a single pathol-
ogy. Atherosclerosis accompanies normal aging and affects
the cerebral vasculature to varying degrees. «-Synuclein pa-
thology, which develops most prominently in Parkinson’s
disease and Lewy body dementia, also occurs with aging.
Clinical diagnosis in dementia usually leads to 1 major disease
diagnosis, while typically there is mixed pathology. For ex-
ample, up to 50 % of patients with Parkinson’s disease with
dementia have sufficient plaques and tangles for a secondary
diagnosis of AD [71]. It is important to keep in mind that
elderly patients with such mixed pathologies might not fare as
well when targeting only one such pathology. Thus, treat-
ments that show benefit in genetically homogenous and rela-
tively young experimental mice that are mostly designed to
develop a single pathology may not translate well to elderly
patients with mixed pathologies.
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Experimental Animals

The use of experimental mice is often blamed as a reason for
lack of translation of experimental therapies to humans, and it
is important to understand the limitations of transgenic rodent
models, although several clinical trials for AD therapy never
provided animal data, such as in the case of latrepirdine
(Dimebon; Medivation, Inc.). Transgenic models of AD typ-
ically overexpress mutant human AD-linked genes. In con-
trast, humans with AD (even those with triplication of APP or
in Down syndrome with trisomy of chromosome 21) do not
overexpress APP to the extent of common transgenic mouse
models of AD. Thus, therapies that inhibit APP transcription
or translation might be particularly effective in the setting of
APP overexpression in transgenic mice but less so in typical
human AD. Further, it is possible that a therapy directed at
familial AD mutations does not extend to those without the
mutation, that is cases with “sporadic” AD.

Defining the AB/APP Pathogenic Species

Although evidence points strongly to A342, there remains the
possibility that other APP fragments, such as APP CTFs, may
be of importance in AD. Mutations in APP that elevate (3-
cleavage also raise levels of 3CTFs. Moreover, APP muta-
tions that increase Af3 aggregation, such as the Arctic and
Osaka mutations, could also lead to a greater propensity
for the aggregation of BCTFs. In addition, presenilin
mutations that raise the ratio of A342 to A340 are also known
to have reduced y-cleavage activity, which would elevate
BCTFs.

There has been a major debate in the field on the relative
roles of intra- versus extracellular A [52]. Increasing evi-
dence points to a complex prion-like relationship between
these different pools of Af. The term “prion-like” should
not imply infectivity [72], but rather the ability of toxic protein
conformations to be passed from one cell to another, some-
thing that is becoming a common theme among aggregation-
prone proteins and peptides linked to neurodegenerative dis-
eases [73—75]. If there is a prion-like intercellular spread of
A3 then blocking that transmission is a possible therapeutic
target. Recently, evidence for different “strains” of A3 have
received increasing attention. For example, Af3-containing
brain tissue derived from postmortem tissue from 2 different
patients with AD were shown to aggregate differently in vitro
[76].

Our insufficient understanding of APP might also hinder
our approach to A3/APP-mediated therapy for AD. APP is
evolutionarily conserved across species, abundantly
expressed throughout the body, and has, as yet, still poorly
defined physiological functions [77, 78], including at synap-
ses, a better understanding of which might have a major effect
on A directed therapies.
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AB Treatments Fail Because They are Started too Late

This is currently a common view in the field that
mostly lacks specific evidence. While the pathological
cascade for AD is now thought to begin much earlier
than had been considered in the past, there is no clear
reason why a slowly progressive disease that gradually
spreads through the brain could not be halted if the
pathogenic process was interrupted. Certainly, no one
would argue that way regarding atherosclerosis or dia-
betes. In fact, inducible mouse models of mutant APP
overexpression have shown marked improvement in be-
havior upon turning off of the APP mutant transgene
[79, 80]. This supports that A3 pathology can be halted
and even, at least partially, reversed, although neurode-
generation that has already taken place would, of
course, not be corrected. For A3 immunotherapy there
is even a specific rationale for why early intervention
might be better. If, indeed, amyloid plaques are more
tombstones than a source of toxic Af3, then sequestra-
tion of therapeutic antibodies to Af-containing plaques
could lessen the amount of antibody available for the more
toxic soluble species of A342. Early A3 immunotherapy that
precedes plaques should then be more efficacious.

Future Therapeutic Directions

Aging is the most important risk factor for AD and
related neurodegenerative disecases of aging. Progress
in the biology of aging is leading to experimental ther-
apies for AD that target molecular changes that occur
during aging, such as modulation of the insulin/
phosphoinositide 3-kinase/protein kinase B/mTOR-
related pathways [81]. Mitochondrial dysfunction and
oxidative stress are considered to be particularly impor-
tant in aging [82], and remain targets for AD therapy.
Research is gradually elucidating how the most important
genetic risk factor, apoE4, is involved in AD pathogenesis,
which should lead to more experimental therapies
targeting apoE4. Tau is a growing target for experimental
AD therapy and, increasingly, tau is being shown to be im-
portant for the pathogenic effects of A3 [83]. Rather than
prematurely rejecting the involvement of A3 that has been
linked by multiple lines of evidence to AD, the AD research
field needs to unravel the complex biochemical pathways
involved in the disease, as well as focusing more effort on
understanding the normal role of APP, Af3, and the many
other proteins linked genetically and pathologically to
AD. For example, the interactions between apoE and
AP or tau and A3 could be particularly important
therapeutic targets. Personalized combination therapies that
take into account individual aspects of disease in a given
patient may be the therapy for dementia in the future.
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