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Isua BIF, which spans a factor of 20 in
Cr/Th and a factor of 60 in Th/Sc, these ra-
tios overlap average Early and Late Archean
basalt, Early and Late Archean andesite,
Early Archean graywacke, and Early
Archean cratonic shale (3) and
therefore cannot be used to con-
strain a unique BIF protolith. In
TiO, versus P,O5 space (Fig. 3C),
our samples do not lie in the field
of Isua BIFs, as Palin claims. Fur-
thermore, Y/Ho and Zr/Hf ratios
for all samples of the quartz-pyroxene
rock show no affinity for sediments crys-
tallized in equilibrium with seawater (4)
but instead have values similar to ultra-
mafic samples from Akilia. Palin rejects
structural geologic, mineralogic, and geo-
chemical data indicating that sample AK
38, a thick pyroxenite band not invaded by
metasomatic quartz, is integral to the
lithology, preferring instead to call it an
“exception” relative to other quartz-pyrox-
ene rocks. We categorically reject Palin’s
claim that the thin banding has an “equiv-
ocal” origin, for we clearly demonstrated
that it is mineralogically similar to and as-
sociated with the boudinage of thicker py-
roxenite bands (Fig. 2, B to D).

A BIF origin for the quartz-pyroxene

The Fedo and Whitehouse report
is also under disussion in this
week’s Technical Comments
(www.sciencemag.org/cgi/full/
298/5595/917a).
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rock was hypothesized on the basis of mag-
netite layering and “comparison” with other
units, such as BIF at Isua (2). We reiterate,
there is little magnetite in the quartz-pyrox-
ene rock, some enclosing ultramafic rocks
contain magnetite,
and all pertinent
rocks on Akilia
possess a penetra-
tive tectonic layer-
ing (foliation).
Banding in the
quartz-pyroxene rocks does not result from
quartz-magnetite alternations, as is common
at Isua. Consequently, the initial BIF hy-
pothesis has little intrinsic merit and cannot
be vindicated by a few, non—source-specific
geochemical ratios.
CHRISTOPHER M. FEDO! AND
MARTIN J. WHITEHOUSE?
'Department of Earth and Environmental Sci-
ences, George Washington University, Washing-
ton, DC 20052, USA. Laboratory for Isotope Geol-
ogy, Swedish Museum of Natural History, Box
50007, SE 104 05 Stockholm, Sweden.
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The Search for an
Amyloid Solution

THE AMYLOID HYPOTHESIS HAS GUIDED
research on Alzheimer’s disease (AD) for
the past decade. The central tenet of the
hypothesis has been that aggregation of
fibrillar amyloid B (AP) into insoluble
plaques directly causes neurodegeneration.
This viewpoint has been challenged by ob-
servations from in vitro models, transgenic
mice, and human studies, which suggest
that AP plaques do not cause neuronal
loss, dementia, or tau-positive tangles [for
review, see (1); c.f. (2)].

J. Hardy and D. J. Selkoe had previously
championed the neurotoxic role of AP from
slightly different perspectives (3, 4), but their
recent Review (“The amyloid hypothesis of
Alzheimer’s disease: progress and problems
on the road to therapeutics,” Science’s Com-
pass, 19 July, p. 353) provides a unified
view. This reformulation is a departure from
the original hypothesis [c.f. (5)] and aban-
dons the postulate that fibrillar AR plaques
are directly neurotoxic. Instead, they propose
that soluble oligomers of AB42 are neurotox-
ic. This new view makes predictions about
neurotoxic mechanisms and sites of action of
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AP that have not been addressed by existing
data. It remains to be shown that Ap42
oligomers do cause “widespread
neuronal/neuritic dysfunction and cell
death” in vivo and that such neurodegenera-
tion leads to cognitive impairment. The rele-
vance to AD of the “oligomeric amyloid hy-
pothesis™ needs to be established by demon-
strating that soluble oligomers of AB42 are
significantly elevated in the interstitial fluid
of brains from patients with familial and
sporadic AD and with Down syndrome. Un-
til such fundamental issues have been ad-
dressed, it would be premature to attempt
therapeutic approaches on the basis of the
oligomeric amyloid hypothesis. It is ironic
that the first test of the new hypothesis in
humans will come from therapeutic ap-
proaches being developed on the basis of the
original amyloid hypothesis. Dissolution of
AP plaques by immunization therapies or
metal chelators will increase the concentra-
tion of soluble AP oligomers, and if these
are toxic, such treatments will hasten the
progress of AD.
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Response

ROBINSON AND BISHOP SEEK TO SIMPLIFY EARLY
formulations of the amyloid cascade hypoth-
esis of Alzheimer’s disease (AD) in order to
claim that the recent inclusion of a potential
neurotoxic role for oligomers of the amyloid
B protein (AP) represents a radical depar-
ture—a “new hypothesis” However, a main-
stay of the original hypothesis was the evi-
dence that alterations in the amyloid  pro-
tein precursor (APP) gene, namely, duplica-
tion in trisomy 21 (Down syndrome) and
coding mutations in early-onset familial AD,
lead invariably to the pathological and clini-
cal features of AD (/, 2). The contemporane-
ous discovery that AP is a normal product of
cellular metabolism (3-5) quickly revealed
that inherited APP mutations and trisomy 21
increase the cellular production of soluble
AP throughout life (6-9). Early formulations
of the amyloid hypothesis were based on this
emerging knowledge and began the cascade
with genetic alterations that enhance Af pro-
duction (/, 2). Progressive accumulation of

www.sciencemag.org SCIENCE

the overproduced peptide in the brain was in-
cluded as an early step in the hypothetical
cascade. A gradual modification of the accu-
mulating AP to induce progressive fibrilloge-
nesis was explicitly proposed (/). This slow
formation of large polymers (i.e., amyloid
fibrils) implied that intermediate species
larger than monomers would occur. Progres-
sive neurotoxic effects on some local neurites
were attributed to the accumulating AB. To
link the defined genetic causes of AD (e.g.,
trisomy 21, APP mutations, and, later, prese-
nilin mutations) to
the observed neu-
ropathology of the
disease, the hypothe-
sis postulated that
diffuse plaques of A
(the earliest micro-
scopically detectable
form of aggregated
AP) and then mature,
fibrillar (amyloid)
plaques were up-
stream of other cy-
topathological and
biochemical features
of AD, such as neu-
ritic alteration, neu-
rofibrillary tangles, and inflammatory
changes (microgliosis and astrocytosis), and
that AR accumulation, in turn, was upstream
of the diffuse plaques (7).

It is certainly true that those originally
favoring the amyloid cascade hypothesis
postulated a neurotoxic role for fibrillar
AP polymers (i.e., amyloid) in the cy-
topathology of the syndrome, and it re-
mains likely today that amyloid fibrils con-
tribute to local neurotoxicity, perhaps di-
rectly but certainly as reservoirs of smaller,
more biologically active oligomeric
species. That the hypothesis has gradually
evolved to include new experimental ob-
servations does not obviate the fact that
early formal versions of the hypothesis fo-
cused on the concept that a rise in brain AB
levels and subsequent accumulation and
gradual fibrillization of the peptide were
the initiating factors in AD. Any scientific
theory that cannot accommodate new evi-
dence will soon become obsolete, but this
is not the case so far for the amyloid hy-
pothesis, now more appropriately thought
of as the AP hypothesis of AD. Our latest
review of the hypothesis does not neces-
sarily “abandon the postulate that fibrillar
AP plaques are directly neurotoxic,” as
Robinson and Bishop state, but rather ac-
knowledges that early AP aggregates,
which were always placed upstream of fib-
rillar plaques, may have the more impor-
tant role in early neurotoxicity.

We disagree with two other statements
made by Robinson and Bishop. First, it

Senile (neuritic)
plaques showing
amyloid core.
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has already been reported that oligomers
of AP42 are elevated in AD brain tissue
(10, 11-14). This was to be expected from
the large elevations of both A monomers
and AP polymers (amyloid fibrils) ob-
served in AD brains. Second, emerging
therapeutic approaches based on the amy-
loid hypothesis, such as secretase in-
hibitors and anti-Af antibodies, are likely
to lower brain levels of all forms of AP,
including monomers and oligomers, at
least based on preclinical data in mouse
models (/5-17). We previously empha-
sized that any therapy that depolymerized
large AP assemblies but enhanced dimers
and oligomers could prove disadvanta-
geous (/8); however, most currently con-
templated anti-A approaches are unlikely
to do this.

Although the amyloid cascade hypothesis
of AD has undergone refinement during the
last decade to reflect new discoveries, it re-
mains similar to its original form. Only hu-
man trials can now show whether chronic A}
accumulation in the brain accounts for first
subtle and later profound impairment of
memory and cognition.

DENNIS }. SELKOE! AND JOHN HARDY?

'Center for Neurologic Diseases, Harvard Medical
School, Brigham and Women's Hospital, Boston,
MA 02115, USA. ®Laboratories of Neurogenetics,
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