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Amyloid Fibril Toxicity Still Unresolved
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In this issue of Journal of Alzheimer’s Dis-
ease, Yatin et al. (1) show that presence of the
predominant form of Aβ deposited in senile
plaques of AD brain, full-length Aβ(1-42), in-
duces markers of oxidative stress including pro-
tein carbonyl formation, ROS production and
membrane lipid peroxidation and that the en-
dogenous antioxidant vitamin E attenuates this
oxidative stress.  However, Yatin et al. also dem-
onstrate qualitatively that vitamin E does not pre-
vent Aβ(1-42) fibril formation in contradiction to
the current hypothesis that the amyloid in its fi-
bril form is not only the source of, but also neces-
sary for free radical production in AD (2).  Over
the last ten years, fibril formation and protein ag-
gregation have been associated with many neuro-
degenerative disorders including Alzheimer’s
disease (AD) (3–5).  Amyloid-β (Aβ) is the ma-
jor proteinaceous constituent of senile (neuritic)
plaques found in AD brain.  Aβ(25-35) and
Aβ(1-40) peptides have previously been shown
to induce oxidative stress in neuronal culture
(2,6,7) and to be inextricably linked using an in
vivo transgenic mouse model (8,10).

Aβ(1-42) is deposited early and selectively in
senile plaques of AD patients suggesting that it is
a major determinant of AD pathology (9).  Mis-
sense mutations, developed in transgenic mouse
models of AD, that lead to amino acid substitu-

tions at residue 717 in βPP produce high levels of
larger Aβ species (10).  Also, in studies of early
onset cases of AD, mutations in the presenilin
genes result in higher levels of Aβ(1-42) (11).
Exposure of neurons in culture to Aβ(1-42) has
shown the formation of calcium-permeable
membrane channels which can disrupt intracel-
lular ion homeostasis (12–14).  Changes in ion
homeostasis can lead to the induction of oxida-
tive stress by free radical production.  The in-
crease in free radical levels can be either gener-
ated by amyloid peptides and fibrils or, con-
versely, lead to an increase in the stability of
amyloid fibrils in neuritic plaques.

Aβ(1-42) is produced in the endoplasmic re-
ticulum by recently characterized γ-secretase
which cleaves the amyloid precursor protein.
Many Aβ peptide fragments generate beta-sheets
but Aβ(1-42), possibly due to the two extra hy-
drophobic amino acids on its carboxyl terminus
(15,16), forms the β-sheet structure more read-
ily.  Aβ(1-42), therefore, becomes more insoluble
than the shorter Aβ peptides (17).  Soto and col-
leagues hypothesize that the initiation of beta-
sheet conformation is thermodynamically unfa-
vorable in all Aβ and that an intermediate step
between the random coil/α-helix and beta-sheet
state may exist (17).  Metal ions (such as alumi-
num and zinc) and pH changes (possibly caused
by reactive oxygen species) may stabilize this
uncharacterized intermediate as well as nucleate
the production of more beta-sheet fibrils (18–21),
supporting the hypothesis that AD pathology in-
volving Aβ and metal ions depends on the fibril
formation.  On the other hand, methionine in Aβ
may be a major contributor to the generation of
free radicals without a requirement for a specific
fibril type.  If the latter is correct, then the
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amount of free radical formation should not be
correlated with the quantity of fibrils.

Berlett and Stadtman (22) have pointed out the
generality that the accumulation of oxidized pro-
tein (protein carbonyls) is associated with not
only AD but with many other neurodegenerative
diseases including progenia and Werner’s syn-
drome.  Yatin et al.’s (1) demonstration of a re-
duction in oxidative damage as well as a reduc-
tion in cell death by the addition of vitamin E
suggests that fibril formation might not be a
cause of oxidative damage but an associated ef-
fect.  In this JAD paper, Yatin et al. (1) have
taken an important first step in resolving the role
of fibrils in the mechanism of amyloid toxicity.
However, until a quantitative evaluation of the
number of fibrils can be correlated with free radi-
cal production or oxidative damage, an uncer-
tainty about the role of fibrils in AD will remain.

The acknowledgment of our lack of under-
standing of the exact mechanism of amyloidosis
is very important when considering alternative
therapies.  For example, one therapeutic approach
to AD has been the development of small “beta-
breaker” peptides (peptides involving proline
residues), capable of disrupting and/or preventing
the Aβ beta-sheet conformation by stabilizing the
random coil/α-helix conformation (17).  How-
ever, if the exact mechanism is not known, this
should not be the only avenue pursued.  Also,
these peptides must be exogenously injected into
brain and thus, it would be advantageous to find
endogenous molecules that not only inhibit Aβ
aggregation but also reduce free radicals, no
matter what their original source.  Since aggre-
gation may involve oxidative stress, it may be
likely that some natural or synthetic antioxidants
could prevent amyloid formation and oxidative
stress while others such as vitamin E do not and
thus only act as radical scavengers.

Studies have shown that the endogenous anti-
oxidants melatonin and estrogen prevent fibrillo-
gensis (23,24).  How these antioxidants inhibit
fibril formation has not been determined but it is
likely that they bind to sites on amyloid peptide
monomers, preventing interactions necessary for
fibril formation.  Melatonin has also been re-
ported to scavenge free radicals and cross the

blood brain barrier (25).
The discovery by Yatin et al. (1) in this issue

of JAD that vitamin E cannot inhibit Aβ fibril
formation may indicate that the structure of the
fibril is not as important as the free radical scav-
enging capability of the antioxidant.  Because
this paper casts doubt on previous assumptions, it
is an important finding in the search for a mecha-
nism of Aβ toxicity.  Once the mechanism is
clearly identified, therapeutic approaches to AD
should directly follow.  Lastly, as Berlett and
Stadtman (22) point out, since ROS formation is
involved in many other diseases, a successful
therapy for AD will have an impact on neurode-
generation in general.
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