PERSPECTIVE

Alzheimer’s Disease: The Amyloid
Cascade Hypothesis

John A. Hardy and Gerald A. Higgins

Alzheimer’s disease causes dementia in
many elderly people and in some individu-
als with Down syndrome who survive to age
50. Alzheimer’s is characterized by various
pathological markers in the brain—large
numbers of amyloid plaques surrounded by
neurons containing neurofibrillary tangles
(1), vascular damage from extensive plaque
deposition (2), and neuronal cell loss (1).
Because it is not known if the amyloid
plaques or the neurofibrillary tangles are the
earliest lesion in the disease process, the
role of these markers in the etiology of the
disease is controversial.

Our hypothesis is that deposition of
amyloid B protein (ABP), the main com-
ponent of the (3) plaques, is the causative
agent of Alzheimer’s pathology and that the
neurofibrillary tangles, cell loss, vascular
damage, and dementia follow as a direct
result of this deposition. ABP is a peptide
product of the larger amyloid precursor
protein (APP) (4). Because Down syn-
drome is caused by trisomy of the region of
chromosome 21 that contains the APP
gene, deposition of ABP is likely to be an
early event in the disease (5). The ABP
molecule is a 39— to 42—-amino acid peptide
(4, 6), part of which forms the hydrophobic
transmembrane domain in the COOH-ter-
minal portion of APP (Fig. 1). ABP is one
of a diverse group of “amyloid” (starch-like)
proteins that forms insoluble extracellular
deposits. The APP gene undergoes alterna-
tive RNA splicing to produce several pro-
tein isoforms; the predominant variant in
brain lacks a serine protease inhibitor do-
main that is present in APP molecules in
other tissues (7).

We now know something about how
APP proteolysis leads to ABP deposition.
APP is inserted into the cytoplasmic mem-
brane and then cleaved at residues 15 to 17
within the ABP sequence by the APP
“secretase” (8) (Fig. 1). This cleavage
event therefore produces fragments that do
not contain intact ABP and so cannot
result in amyloid deposition. These frag-
ments include secreted NH,-terminal de-
rivatives that can be detected in brain and
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cerebrospinal fluid (9). The APP secretase
that cuts within the ABP region has an
extraordinarily broad sequence specificity
and recognizes the secondary structure of
APP, cleaving at a defined distance from the
membrane (10). Several recent studies sug-
gest that APP can also be processed by the
endosomal-lysosomal pathway, after recy-
cling of membrane-bound APP and possibly
via an intracellular metabolic route (11-13).
Carboxyl-terminal fragments containing the
entire ABP sequence can be derived from
this alternate normal processing of APP (12,
14) and may eventually lead to amyloid
deposition (12, 14) (Fig. 1).

Fig. 1. The amyloid cas-
cade hypothesis. Pro-
cessing of APP can oc-
cur via two pathways: (i)

Alzheimer’s disease. These mutations all oc-
cur at codon 717 of the protein (15, 16) and
change the native valine, located three resi-
dues from the COOH-terminal end of ABP,
to isoleucine, phenylalanine, or glycine (Fig.
1). It is unclear how these mutations cause
amyloid deposition, but they may inhibit the
breakdown of a COOH-terminal fragment of
APP that contains ABP (15), alter the an-
choring of APP in the cell membrane, or
stabilize ABP-containing amyloidogenic frag-
ments within lysosomes (12, 15).

Our cascade hypothesis states that ABP
itself, or APP cleavage products containing
ABP, are neurotoxic and lead to neu-
rofibrillary tangle formation and cell death.
Thus, two successive events are needed to
produce Alzheimer’s pathology. First, ABP
must be generated as an intact entity, either
by accumulation of ABP or as an ABP-
containing fragment of APP.”Second, this
molecule must facilitate or cause neuronal
death and neurofibrillary tangle formation.
Neve and her colleagues have reported that
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Mutations in the COOH-terminal por-
tion of APP cause hereditary, early onset
Alzheimer’s disease (15, 16) and hereditary
cerebral hemorrhage with amyloidosis
(Dutch-type) (17). The APP mutation that
causes massive APP deposition in the
Dutch amyloidopathy is a glutamic acid to
glutamine substitution at codon 693 [with
reference to the longest form of APP, APP-
770 (7)] (Fig. 1), located only six residues
away from the cleavage site within the ABP
sequence (17). It has been speculated that
this mutation might cause ABP deposition
by inhibiting secretase cleavage of APP,
although this now seems less likely because
of the apparent lack of sequence specificity
of the enzyme (10).

Three mutations have been described
within the APP gene that cause familial
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the ABP-containing COOH-terminal frag-
ment is toxic to cultured neurons (18), and
Kowall and co-workers (19) have suggested
that ABP alone exerts toxic effects on
neurons, an effect possibly mediated
through the serpin receptor (20). Other
investigators, however, have reported that
APP itself is not neurotoxic, but that it
renders neurons more sensitive to excito-
toxic damage (21). Although it is not clear
exactly how ABP causes neuronal loss and
tangle formation, the peptide is known to
disrupt calcium homeostasis and increase
intraneuronal calcium concentrations (Fig.
1). This observation could explain how
neurofibrillary tangles form. The tangles are
largely composed of paired helical filaments
formed from a hyperphosphorylated form of
the microtubule associated protein, tau (6),



and tau phosphorylation can be controlled
by intracellular calcium (22). Thus, ABP
may induce neurofibrillary tangle formation
as a consequence of its ability to increase
the concentration of intracellular calcium,
leading to phosphorylation of tau and the
formation of paired helical filaments (6).
The intervening steps by which ABP affects
calcium homeostasis still remain to be elu-
cidated. However, the overall mechanism
is consistent with what we know about
calcium-mediated neuronal death.

The mutations in APP so far described
are responsible only for a small proportion
of cases of Alzheimer’s disease (23). Indeed,
most cases of Alzheimer’s seem to occur in
a sporadic fashion, suggesting that there
must be other causes of the disease. The
cascade hypothesis suggests that other caus-
es of Alzheimer’s act by initially triggering
ABP deposition. For example, there is an
association between head trauma and
Alzheimer’s (24). Dementia pugilistica, ex-
hibited by boxers, may be thought of as a
variant of Alzheimer’s disease because these
individuals exhibit both ABP deposits and
neurofibrillary tangles (25). Furthermore,
amyloid deposition occurs as an acute re-
sponse to neuronal injury in both man and
animals (26). This deposition could be
caused by an induction of the APP gene
through an interleukin-mediated stress re-
sponse (27) because APP increases in re-
sponse to a number of neuronal stresses
(28). Although acute effects may only lead
to transitory disruption of APP metabolism,
it is possible that in some individuals the
entire pathological cascade leading to
Alzheimer’s would be initiated.

The evidence we have described sup-
ports the hypothesis that the ABP molecule
initiates the pathological cascade of Alzhei-
mer’s disease. ABP-containing COOH-ter-
minal derivatives of APP seem the most
likely molecular .candidates for initiation of
the .cascade, with the process presumably

taking several decades to produce the full-
blown pathology of the disease. The ongo-
ing development of transgenic animals that
express APP or ABP and exhibit Alzhei-
mer’s-like pathology should provide good
models for experimental testing of key ele-
ments in the cascade. The identification of
additional mutations in APP and other
genes that cause Alzheimer’s pathology will
allow refinement of the amyloid cascade
hypothesis and point to targets for thera-
peutic intervention.
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