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Abstract

Alzheimer's disease (AD) is a progressive, age-related neurodegenerative disorder characterized by extracellular and
intracellular deposition of the amyloid 3-protein (AR). The study of rare, familial forms of AD has shown that
sustained elevations in the production of AR (either all forms or specific pathogenic variants thereof) are sufficient
to trigger the full spectrum of cognitive and histopathological features of the disease. Although the exact cause or
causes remain unknown, emerging evidence suggests that impairments in the clearance of AR, after it is produced,
may underlie the vast majority of sporadic AD cases. This review focuses on ABR-degrading proteases (ABDPs), which
have emerged as particularly important mediators of AR clearance. A wide variety of proteases that — by virtue of

their particular regional and subcellular localization profiles — define distinct pools of AR have been identified.
Different pools of AB, in turn, may contribute differentially to the pathogenesis of the disease. The study of
individual ABDPs, therefore, promises to offer new insights into the mechanistic basis of AD pathogenesis and,
ultimately, may facilitate the development of effective methods for its prevention or treatment or both.

Review

Introduction

A defining feature of Alzheimer’s disease (AD) is the
pathological accumulation of proteinaceous deposits,
known as amyloid ‘plaques; in brain regions important
for learning, memory, and cognition [1]. The primary
constituent of amyloid plaques is the amyloid
B-protein (AP), a complex mixture of peptides ranging
from 37 to 43 amino acids in length [1]. AP is a frag-
ment of the amyloid precursor protein (APP) derived by
the successive action of two proteolytic activities known
as - and y-secretase [2]. B-secretase, which effects the
first step in AP production, cleaves primarily at a single
site, thereby determining the N-terminus of Af [3].
y-secretase, by contrast, can cleave at many possible po-
sitions, resulting in AP peptides of varying length be-
cause of heterogeneity at their C-termini [2].

Because excessive AP deposition is a strict require-
ment for a definitive diagnosis of AD, AP has quite
naturally been proposed to play a causal role in the
disease. In formal terms, the ‘amyloid cascade hypoth-
esis’ postulates that AP accumulation is sufficient to

* Correspondence: leissring@mayo.edu

'Department of Neuroscience, Mayo Clinic, Birdsall Building, Room 117,
Jacksonwville, FL 32224, USA

Full list of author information is available at the end of the article

( BiolMed Central  © 2013 BioMed Central Ltd.

trigger the full spectrum of neuropathological and
cognitive sequelae characterizing AD [4]. The main
contours of this hypothesis have been validated by a
large body of evidence. However, over time, the amyl-
oid cascade hypothesis has undergone several salient
refinements. For example, initially, amyloid plaques
per se were considered to be the primary culprits in
the pathogenesis of AD. As experimental data accu-
mulated, however, the focus began to shift to other
forms of aggregated AP, including AP fibrils, AP
protofibrils, and, finally, AP oligomers [5]. Likewise,
findings from human molecular genetics showed that
the relative abundance of longer forms of A (that is,
AP42), rather than merely the total amount of Ap,
was another critical determinant of AD pathogenesis
[6,7].

In this review, we focus on a further, relatively unex-
plored refinement of the amyloid cascade hypothesis —
namely, the idea that certain pools of AP are more rele-
vant than others to the pathogenesis of AD. As we dis-
cuss, different pools of AP are determined to a large
extent by different AB-degrading proteases (ABDPs) [8].
Hence, the study of ABDPs offers a unique window into
a poorly understood aspect of AD pathogenesis.
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Pools of amyloid B-protein are determined by multiple
factors

Broadly speaking, a ‘pool’ of AP can be defined as a
spatially distinct subset of the total population of Afp
molecules [8]. In conceptualizing the factors contrib-
uting to a given pool of AP, it is instructive to con-
sider the ‘life history’ of individual Af molecules.
Each will be characterized by a unique time and loca-
tion of initial production (that is, ‘birth’) and of ultim-
ate destruction or deposition (that is, ‘death’). The
time between these two events (that is, ‘life span’) is
another key factor, as it is a principal determinant of
the extent to which a given AP molecule can translo-
cate [8].

Extending this analogy, a pool of A can be likened to
the population of a country. Some individuals will be
born in the country, some will immigrate from else-
where. Some individuals will die in the country, others
will emigrate and die elsewhere. The country’s total
population is thus determined by multiple factors: the
relative rates of birth and death, the average life span of
individuals who are born and die in the country, the im-
migration and emigration rates, and the duration of stay
of migrants. By analogy, a given pool of Ap is defined by
the rates of production and catabolism (or deposition) of
AB, by the average life span of resident AB molecules,
and by the rates of trafficking of AP into and out of the
pool. Each of these factors is considered, in turn, below.

Amyloid B-protein production

The production of A is arguably the most stable factor
contributing to different pools of AP. The sites of Ap
production are, by necessity, determined by the
colocalization of APP and B- and y-secretase. As con-
firmed by a recent study [9], the levels of APP, B-
secretase (BACE1), and y-secretase (presenilin 1) differ
only modestly between different brain regions. APP (spe-
cifically the amyloidogenic 695 isoform [10]) and
BACE], however, are expressed predominantly in neu-
rons, making neurons the principal locus of AP gener-
ation [11].

The vast majority of AP is produced intracellularly,
primarily within early and late endosomes [11-14]. Al-
though there is some evidence that AP can be produced
at the cell surface [15], B- and y-secretase are both
aspartyl proteases with acidic pH optima [2]; thus, the
activity of these proteases in non-acidified compart-
ments is likely to be low.

In sum, AP production takes place within a limited
subset of subcellular compartments, primarily within
neurons. As such, the production of AP represents an
important, albeit relatively homogeneous, determinant of
different pools of Ap.
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Trafficking of amyloid B-protein

Whereas the sites of AP production are relatively lim-
ited, AP deposition is known to occur in multiple, di-
verse loci, including the extracellular space, endosomes,
lysosomes, and multivesicular bodies and even within
mitochondria and cytosol [16,17]. A is well established
to be secreted into the extracellular space constitutively,
via recycling endosomes and, to a lesser extent, via pro-
duction at the cell surface [14]. A portion of endosomes
are normally trafficked to lysosomes, suggesting that a
significant fraction of newly generated AP is likely di-
rected to this compartment [18].

Accruing evidence suggests that A can also accumu-
late within mitochondria [19]. Although the exact path-
way or pathways taken to reach mitochondria have not
been delineated with certainty, it is notable that all
components of the presenilin/y-secretase complex have
been detected within mitochondria [20], and recent evi-
dence suggests that some de novo production may
occur there [21].

Accumulation of AP in the cytosol is another widely
reported yet counterintuitive finding [17,18]. Transloca-
tion of AP into the cytosol has been proposed to take
place via passive leakage from intracellular compart-
ments such as lysosomes [22] or endoplasmic reticulum
(ER) vesicles [23]. Although AP that reaches the cytosol
is expected to be rapidly degraded by insulin-degrading
enzyme (IDE) or the proteasome or both [23], this path-
way might account for a small but important pool of AP
that may arise under certain pathological conditions.
Supporting this view, several studies in cultured cells in-
dicate that cytosolic AP is particularly cytotoxic [24,25].

Transcellular transport of AP is another important
topic that is only partially understood. Here, it is import-
ant to recognize that very little ‘free’ AP exists outside
the cell and that most is bound to various AP-binding
proteins [26]. Among the more important of these are
apolipoproteins E and ] (ApoE and Apo]) [26]. ApoE is
the strongest known genetic risk factor for AD [27], and
a human molecular genetic study recently identified
Apo] as an important factor as well [28], suggesting that
transcellular trafficking of AP is particularly relevant to
AD pathogenesis. Although there are numerous hypoth-
eses about the physiological function or functions of
ApoE and Apo], there is general agreement that they are
involved in the clearance of Ap, likely by mediating the
delivery of extracellular AP to intracellular compart-
ments responsible for AP degradation (that is, lyso-
somes) [27].

In conclusion, although the sites of AP production are
relatively fixed, the peptide can be transported to a wide
range of intra- and trans-cellular destinations, both by
simple diffusion and by specific trafficking pathways,
usually mediated by AB-binding molecules.
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Amyloid B-protein degradation

Ultimately, all Ap peptides undergo one of only two pos-
sible fates: proteolytic degradation or permanent depos-
ition into plaques or other insoluble aggregates. Since
only a tiny fraction of all AR becomes permanently de-
posited, the overwhelming majority is degraded by one
protease or another [29]. Proteolytic degradation, there-
fore, directly determines the life span of most Ap mole-
cules and, by extension, also determines the extent to
which they can be trafficked away from sites of
production.

AP can be degraded by a large number of proteases,
each of which exhibits distinctive regional, cellular, and
subcellular localization profiles [8]. The complete list of
ABDPs has been reviewed elsewhere [8,29,30], but for il-
lustrative purposes, we provide examples of proteases
with particularly divergent subcellular localizations in
Table 1. In general, more than one APDP is present
within each subcellular compartment [8]. This is par-
ticularly evident in the case of the extracellular space,
where numerous ABDPs are known to exist [8]. Thus,
for a given subcellular compartment, the relative contri-
bution of each protease to the overall level of AP will de-
pend on additional factors, such as the relative
abundance and specific catalytic efficiencies of each
protease.

Certain APDPs also have the potential to impact the
relative abundance of more pathogenic forms of A (for
example, AP42) relative to more inert forms (for ex-
ample, AP40). For example, cathepsin B (CatB) exhibits
carboxypeptidase activity that enables it to convert AB42
to AP40 [31], as has also been reported for angiotensin-
converting enzyme [32]. Similarly, cathepsin D (CatD)
has been shown to degrade AP42 and Ap40 with mark-
edly different kinetics, resulting in elevated cerebral
AP42/40 ratios in CatD-null mice [33].

When the above factors are taken together, a picture
emerges wherein different pools of AP are defined by
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spatially distinct subcellular compartments containing
multiple ABDPs acting in concert to regulate the local
concentration of AP. Diffusion and active transport be-
tween compartments also play important roles, such that
local levels of AP are defined primarily by the joint ac-
tion of transport and degradation (as opposed to
production).

Evidence that specific pools of amyloid B-protein
differentially impact the pathogenesis of Alzheimer’s

disease

Despite several decades of intensive study of the molecu-
lar pathogenesis of AD, remarkably little work has inves-
tigated which pools of A are most pathogenic. Several
factors appear to have contributed to the relative dearth
of information on this topic. The first is the technical
matter of detecting distinct pools of AP, particularly
within distinct intracellular compartments. It is excep-
tionally difficult to unambiguously detect intracellular
pools of AP with antibodies, given the problem of
cross-reactivity with intracellular APP, the C-terminal
fragments of APP, and catabolites of AB [17]. Second,
extracellular pools of AP tend to be so overwhelmingly
dominant, particularly when plaques are present, that it
complicates the reliable detection of changes in intra-
cellular pools of AP. Finally, most studies of AD have
been performed either in post-mortem human brain
tissue or in mouse models that overexpress full-length
APP harboring AD-causing mutations, yet neither of
these experimental paradigms involves the selective
manipulation of individual pools of Af.

Evidence from post-mortem tissues

Notwithstanding the many caveats that apply, the ana-
lysis of post-mortem tissues has yielded several insights
into the possible relevance of different pools of AP to
AD pathogenesis. Perhaps the most remarkable is the
observation that there are many cognitively normal

Table 1 Examples of amyloid B-protein-degrading proteases with distinct localization profiles

ABDP Cytosol Nucleus Mitochondria Peroxisomes Endosomes Lysosomes ER/Golgi Extracellular
Plasmin - +

NEP + +

ECET + (+) - -

ECE2 + +

IDE + + + + +

PreP +

CatB + + + +

CatD - ) + _ _

Plus sign indicates present and proteolytically active, and minus sign indicates present but not active (inactivity is due to pH or other factors); (+) indicates mixed
evidence for activity. ABDP, amyloid B-protein-degrading protease; CatB, cathepsin B; CatD, cathepsin D; ECE, endothelin-converting enzyme; ER, endoplasmic
reticulum; IDE, insulin-degrading enzyme; NEP, neprilysin; PreP, presequence protease.
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individuals whose brains are nonetheless replete with
extracellular deposits of AB [34]. It is difficult to fully as-
similate this finding with evidence from animal models
showing that extracellular, soluble forms of AP (particu-
larly oligomers) can contribute directly to memory defi-
cits that, notably, can be rapidly reversed by antibodies
or other Ap-lowering treatments [35]. Along similar
lines, immunotherapies that can be presumed to reduce
the extracellular pool of free Ap have shown little or no
evidence of efficacy on cognitive outcomes in clinical tri-
als. These results do not preclude the idea that the
extracellular pool of AP plays some role in the etiology
of AD, but they do cast doubt on the popular notion
that elevations in extracellular AB are sufficient to pro-
duce mnemonic deficits in real time in humans.

Beyond these negative results, a considerable body of
work has implicated intracellular pools of AP in the
pathogenesis of AD-type pathology in post-mortem tis-
sue [17]. For example, intracellular AP has been shown
to correlate with neurofibrillary tangle-bearing neurons
[16,36]. Accumulation of intracellular A has also been
shown to precede extracellular plaque formation in pa-
tients with Down syndrome [37], suggesting that it is an
early event. Despite extensive evidence for intraneuronal
AP accumulation in AD and related disorders from post-
mortem tissues [17], these studies suffer from several
shortcomings. First, there is considerable uncertainty
about whether AP can be distinguished from APP and
AP catabolites by immunohistochemical methods. Sec-
ond, in general, they fail to define the precise sub cellu-
lar location of the intracellular Ap.

Evidence from animal models over expressing different
pools of amyloid B-protein

Some of the most compelling evidence supporting the
view that particular pools of AP can be especially patho-
genic comes from comparison of the relatively few ani-
mal models that have explicitly directed AP exclusively
to one compartment. For example, LaFerla and col-
leagues [38] developed multiple transgenic mouse lines
over expressing human AB42 exclusively in the cytosol
of neurons. The resulting mice exhibited extensive neur-
onal degeneration, apoptosis, reactive gliosis, and prema-
ture lethality. Neurodegeneration and apoptosis have
been noticeably absent in most other animal models
over expressing APP.

The striking phenotype triggered by over expression of
cytosolic AP is in contradistinction to other models that
have directed AP expression to other compartments.
McGowan and colleagues [39] developed novel lines of
mice capable of selectively producing either AB40 or
AB42 principally in the extracellular space. This was
achieved by expressing a fusion protein composed of the
British familial dementia-associated BRI gene with the
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AP sequence fused in frame at its C-terminus [40]. The
BRI-Ap fusion protein is then cleaved by furin-like pro-
teases, resulting in the production of AP principally
within the secretory pathway [40]. These mice show
ample amyloid plaque pathology and plaque-associated
gliosis [39] but, like most animal models over expressing
holo-APP, exhibit no evidence of neurodegeneration.
Taken together, the findings emerging from animal models
expressing AP in distinct compartments strongly support
the hypothesis that distinct pools of AB differ markedly in
their ability to trigger the full complement of pathological
features characterizing AD. In general, these finding sug-
gest that intracellular pools of A are more pathogenic
than the extracellular pool. However, additional clarity
about which intracellular pools of AP are pathophysio-
logically meaningful to AD pathogenesis is needed.

Evidence from animal models targeting spatially distinct
amyloid B-protein-degrading proteases

A complementary approach to investigating different
pools of AP is manipulating ABDPs that are normally lo-
calized to or artificially targeted to distinct cellular com-
partments. For this approach, as for the approach of
overexpressing different pools of AP, only a limited
amount of data are currently available. In addition, the
extent to which different compartments — and specific
brain regions — can be selectively manipulated depends
in large part on the exact localization profiles of the pro-
teases under investigation. A further caveat stems from
the fact that all proteases regulate many different sub-
strates besides AP, so interpretation of results is not al-
ways straightforward. Nevertheless, the few studies
taking this approach have already generated several sig-
nificant findings, and there is strong reason to believe
that additional studies of this type will yield additional
insights into the role of specific pools of AP in the
pathogenesis of AD.

Cellular studies

Studies in cultured cells cannot model all or even most
features of AD pathology, but they do provide a readily
manipulated, reductionistic system with which to study
the impact of different ABDPs on distinct pools of Af.
For example, over expression of either of two spatially
distinct ABDPs — IDE or neprilysin (NEP) (Table 1) — in
APP-overexpressing cells was found to differentially im-
pact biochemically distinct pools of AB [41]. Over ex-
pression of IDE resulted in a marked reduction in
detergent-soluble pools of intracellular and extracellular
AP as well as detergent-insoluble (formic acid-extracted)
intracellular pools of AP [41]. By contrast, expression of
NEP reduced the detergent-insoluble pool of AB mark-
edly, but only partially reduced extracellular A, and did
not affect intracellular soluble AP [41]. These results
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show not only that different pools of AB can indeed be
selectively targeted by different ABDPs but also that there
is some degree of correspondence between traditional bio-
chemical A fractionation methods and different pools of
AP - even in the absence of amyloid plaque formation.

In another cell-based study, chimeric forms of NEP
were engineered to be selectively targeted to different
compartments, including ER, trans-Golgi network, early/
recycling endosomes, or lipid rafts. Then, after viral in-
fection of primary neurons, the relative impact on extra-
cellular AP and on guanidinium-extractable intracellular
AP was assessed [42]. Wild-type NEP was found to be
the most effective at reducing both pools, suggesting
that NEP is normally operative in multiple cellular com-
partments [42]. The ER-targeted NEP chimera was the
least effective at degrading the extracellular pool of Af,
but intracellular pools of AB40 were reduced with equal
efficiency by all the NEP chimeras. Interestingly, only
marginal reductions were observed on intracellular
AB42 [42]. In light of more recent work showing that
NEP is localized primarily at the plasma membrane [43],
it may be that extracellular NEP activity can influence
intracellular A levels to a certain degree, perhaps dur-
ing the process of internalization of extracellular Ap.

Animal models over expressing spatially distinct amyloid (-
protein-degrading proteases

As we have seen, in cultured cells, over expressing
spatially distinct proteases can result in differential ef-
fects on biochemically distinguishable pools of Ap.
What, then, is the impact in vivo? As with so many other
approaches we have considered thus far, only a limited
number of studies have been conducted to date. Trans-
genic mice over expressing either IDE or NEP under the
control of the same promoter were developed and subse-
quently crossed to the J20 line of APP transgenic mice
[44]. The IDE transgenic line expressed approximately
100% more IDE than wild-type mice, and the APPxIDE
double-transgenic line exhibited an approximately 50%
reduction in both soluble and insoluble AB40 and Ap42
at 8 to 10 months of age, together with reduced plaque
burden and associated microgliosis and astrocytosis. The
NEP line, by contrast, expressed approximately 700%
more NEP than wild-type mice, and the APPxNEP cross
exhibited essentially no amyloid pathology or associated
pathology up to 14 months of age, together with an 80%
to 95% reduction in soluble and insoluble pools of AP at
10 months of age [44]. So, does this study suggest that
the pools of AP regulated by NEP are more important
for AD-type pathology than those regulated by IDE? Un-
fortunately, the conclusions that can be drawn from this
study are complicated by the fact that very different
levels of expression of the different proteases were
obtained [44].
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Beyond this single study, we are aware of no studies
that explicitly compare and contrast the effect of
overexpressing different ABDPs in animal models of AD.
We believe that such studies are warranted and, properly
implemented, are likely to yield important insights into
the relative impact of different pools of AP to AD patho-
genesis. However, a lesson to be learned from the afore-
mentioned study is that there is a ‘ceiling’ of protease
overexpression beyond which no AP deposition will
occur; thus, it may be more informative to assess the
relative impact of different proteases at lower levels of
overexpression.

Animal models with genetic deletion of spatially distinct
amyloid B-protein-degrading proteases

The study of animal models with genetic deletion of dif-
ferent APDPs provides important insights that cannot be
derived from overexpression paradigms. Genetic deletion
of a protease normally involved in AP catabolism can
provide relatively quantitative information about the de-
gree to which a protease normally contributes to the
overall economy of AP [45]. At the same time, the study
of knockout mice can also be constrained by such fac-
tors as premature lethality, compensatory changes, and/
or peripheral consequences that can indirectly impact
AP metabolism independently of direct effects on A ca-
tabolism [45]. Nevertheless, several important lessons
have emerged from this category of investigation. The
first lesson is that deletion of specific ABDPs can result
not only in quantitative effects on the overall economy
of AP, as would be expected, but also in qualitative dif-
ferences, both in the kinds of amyloid aggregates that
are impacted and in the specific types of pathology that
are observed. For example, deletion of NEP in the J9 line
of APP transgenic mice resulted not only in a doubling
of steady-state AP levels, as expected, but also in the
emergence of cerebral amyloid angiopathy [46], a patho-
logical feature that was not present in the same line ex-
pressing normal levels of NEP. Deletion of NEP in a
different APP transgenic line (APP23) resulted in the
same doubling of overall A levels, but in this case olig-
omeric forms of AP were found to be increased signifi-
cantly [47].

Two other ABDPs present in lysosomes —CatB and
CatD — have been genetically deleted in animal models of
AD and serve as illustrative points of comparison with the
latter studies. For example, deletion of CatB in APP trans-
genic mice resulted in no significant changes in steady-
state AP levels but nevertheless triggered increased
thioflavin-positive plaque formation [31]. It is important
to recognize that, although CatB is a lysosomal protease, it
is also secreted into the extracellular space and is known
to accumulate in amyloid deposits [31].
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CatD, by contrast, is perhaps the best example of an
ABDP that exclusively regulates a single pool of AP. This
is so because CatD is an aspartyl protease and therefore
active only within the acidic environment present in ly-
sosomes. CatD is the principal acidic ABDP in brain
homogenates [48], and genetic deletion of CatD reduces
AP degradation in soluble brain extracts by more than 95%
at pH 4.5 [33]. In the absence of APP over expression,
genetic deletion of CatD results in a number of novel
consequences. First, whereas diethylamine-extractable
(‘soluble’) pools of endogenous AP are relatively un-
changed, CatD-null mice exhibit large increases in
guanidinium-extractable (‘insoluble’) AB [33]. The ab-
solute magnitude of the latter increases exceeds those
obtained following deletion of IDE, NEP, or even both
proteases simultaneously [33]. Deletion of CatD also re-
sults in highly consistent increases in the cerebral AB42/40
ratio, an effect that is attributable to (aggregation-independ-
ent) differential degradation of Ap42 and AP40 monomers
[33]. CatD-null mice die prematurely [49], thus limit-
ing the extent to which its role can be studied in ani-
mal models of AD. However, deletion of CatD in the
Tg2576 line of APP transgenic mice leads to pro-
nounced intracellular deposition of AP by 3 weeks of
age (MA Leissring, unpublished observations). Moreover,
deletion of just one copy of CatD results in a signifi-
cantly earlier onset of amyloid deposits in Tg2576 mice
(MA Leissring, unpublished observations).

Conclusions

We have reviewed multiple lines of evidence that, col-
lectively, strongly support the view that AD pathogenesis
is differentially impacted by distinct pools of AP. Differ-
ent pools of AP, in turn, are regulated to a substantial
extent by proteolytic degradation. Given that a wide
array of different APDPs exist, each with distinctive
localization profiles, there is a compelling reason to be-
lieve that additional insights into the relative importance
of different pools of AR will be gained by continued
study of specific ABDPs.

Based on the strengths and weaknesses of the studies
we have reviewed, several recommendations can be
made to help future progress in this area become max-
imally impactful. First, although studies of individual
proteases are helpful, significantly greater insight can be
gained from the comparison of different proteases within
the same animal model. In the absence of side-by-side
comparisons, there will always be ambiguity as to whether
observed effects are generalizable. Along these lines, there
would appear to be particular value in investigating the
consequences of targeting of the same protease to dif-
ferent subcellular compartments in vivo, as was done,
for example, in cultured neurons with NEP [47].
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A second recommendation is to extend the study of
spatially distinct APDPs to animal models featuring as-
pects of AD pathology besides amyloid deposition. It
seems likely that some pools of Ap might be differentially
important for tau pathology, for instance. Therefore, it
would be especially helpful to investigate the consequences
of different ABDPs in animal models that develop both
amyloid and tau pathology.

Our final recommendation is simply to encourage re-
searchers to continue work in this important area. The
proteases involved in AP production have been inten-
sively investigated for almost two decades, yet no effect-
ive therapeutic agents have emerged from these studies.
By contrast, ABDPs have not been investigated to any-
where near the same extent, even though they appear to
be far more relevant to the more common, late-onset
forms of AD. As we hope this review has made clear,
there is abundant evidence that specific pools of Ap are,
indeed, differentially involved in AD pathogenesis; differ-
ent pools, in turn, are regulated to a large extent by dif-
ferent APDPs. Future work in this area not only
promises to provide further insight into the fundamental
mechanisms of AD pathogenesis — an important enough
goal to warrant further research — but also is anticipated
to directly inform the relative probability of success of
future therapies and, furthermore, to identify important
factors (for example, protease inhibitors in clinical use)
that may modulate risk for AD.
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