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fter many years of intense research

on the etiology and pathogenesis of
Alzheimer’s disease (AD), the amyloid 8
(AB) peptide, the major component of
senile plaques, has become a realistic tar-
get for developing effective therapies for
AD. A recent study showing that simple
immunization with the more amyloido-
genic 42-aa-long AB peptide (AB42) can
reduce Ap levels, inhibit the deposition of
amyloid onto existing plaques, and clear
established senile plaques that are present
in brain of a mouse model of AD amy-
loidosis has raised hopes for a potentially
important new therapeutic approach to
treat AD (1). This observation surprised
the AD community, and the significance
of this finding has already resulted in a
request for applications of grants initiated
by former President Clinton from the Na-
tional Institute on Aging targeted specif-
ically at providing an understanding of
how and why this approach may work as
potential therapy for AD. Thus, although
the underlying mechanism(s) of AB im-
munotherapy remain unclear, it has al-
ready opened up a whole new area of
research to gain insight into why such an
approach can lead to the elimination of
amyloid deposits in the brains of trans-
genic mice that develop AD amyloidosis.
In a recent PNAS issue, DeMattos et al.
(2) provide mechanistic insights on this
remarkable effect. These authors periph-
erally administered an anti-AB8 monoclo-
nal antibody m266 by i.v. injection into
transgenic mice (PDAPP) that overex-
pressed a mutant amyloid precursor pro-
tein (APP) in which valine, the normal
amino acid residue at position 717, is
mutated to phenylalanine, and they
showed a dramatic 1,000-fold increase in
plasma AR level. Because the plasma lev-
els of AB in the untreated animals were
very low and because A is produced only
in the brains of these mice, the authors
proposed that m266 in the plasma acts as
a “peripheral AB sink” to facilitate the
efflux of AB from brain to plasma in the
PDAPP mice. They then went on to show
that long-term peripheral administration
of m266 to PDAPP mice markedly re-
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duces AB burden without the antibody
actually crossing the blood brain barrier
and binding to AB deposits in the brain.
Because recent studies have shown that
exogenous 40-aa-long AB peptides (AB40)
can be transported rapidly from cerebral
spinal fluid (CSF) to plasma (3-5), the
authors conclude that the likely mecha-
nism to explain why peripherally admin-
istered m266 can remove A deposits
from brain is by altering the dynamic
equilibrium of AB between brain, CSF,
and plasma such that a reduction of
plasma A can lead to an efflux of brain
Ap to the CSF and into the circulation.
However, this conclusion differs signif-
icantly from several recently published
studies proposing other possible mecha-
nisms to explain the basis of Ap immuno-
therapy. For example, Bard et al., also
used peripherally administered anti-Af
antibodies in the PDAPP mice, but they
showed that the antibodies cross the
blood-brain barrier (BBB), enter the cen-
tral nervous system (CNS), bind to amy-
loid plaques, activate microglial cells, and
induce the clearance of preexisting amy-
loid (6). Indeed, these authors went on to
demonstrate that, in an ex vivo assay using
brain sections from PDAPP mice or AD
cases, exogenously added anti-AB anti-
bodies triggered exogenously added mi-
croglial cells to clear plaques through Fc
receptor-mediated phagocytosis and sub-
sequent peptide degradation. Signifi-
cantly, another study also showed that the
direct application of anti-AB antibodies
on the surface of the cortex of living
PDAPP mice also resulted in a decrease in
AP deposits in the immediate vicinity of
the application (7). Because microglial
activation was also observed, these au-
thors concluded that the direct binding of
anti-AB antibodies to senile plaques is an
essential first step leading to their clear-
ance. Based on the foregoing, there is little
doubt that, once anti-Af antibodies gain
entry into the brain and bind to amyloid,
microglia would clear them. However, the
big question here is whether or not suffi-
cient anti-A antibodies cross the blood-
brain barrier and enter the CNS. Although
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the endogenous immunoglobulins in brain
parenchyma of mice represent about 0.1%
of the antibody concentration in serum,
DeMattos et al. were not able to detect any
anti-ApB antibodies bound to senile
plaques after peripheral administration,
whereas Bard er al. did detect plaque-
bound antibodies. The only difference be-
tween these two studies is the route of this
peripheral administration. Whereas De-
Mattos et al. injected the antibodies i.v.,
Bard et al. administered the antibodies via
i.p. injection. It is conceivable that the
different routes of administration account
for the ability of anti-Af antibodies to
cross the BBB in one study but not in the
other. However, based on published re-
ports and the data presented in DeMattos
et al., it is likely that circulating anti-Af
antibodies did not cross the BBB, but
instead acted as a “peripheral AB sink™ to
remove AB from the brain. The reasons
for making such conclusions are as follows.

First, as stated before, soluble AB can
be transported from the brain to plasma
because direct injection of radiolabeled
AP into brain results in recovery of la-
beled AB in plasma (5). This transport
appears to be bidirectional because AfB
can be transported from the plasma to
CNS and vice versa (3-5). The mechanism
whereby A moves in and out of the brain
and across the BBB is through a receptor-
mediated transport mechanism. Thus,
these results support the existence of a
dynamic equilibrium between soluble A
in the CNS and various peripheral com-
partments. Accordingly, alteration of A
levels in one compartment perturbs this
equilibrium, resulting in the transport of
ApB from one compartment to the other
until a new equilibrium is reached. Indeed,
the results of DeMattos et al. are consis-
tent with the ability of AB to move from
one compartment to another because they
demonstrated that the accumulation and
sequestration of AB by m266 in the plasma
resulted in the massive efflux of brain AB
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into the circulation. Second, AB immune
therapy appears to be much more effica-
cious in younger transgenic mice without
amyloid deposition than older mice that
contain extensive brain amyloid plaques
(1, 6, 8, 9). This observation is more
consistent with the peripheral AB sink
hypothesis because, in the absence of AB
deposits, the sequestration of soluble AB
by anti-Af antibodies in the plasma of
young PDAPP mice effectively reduces
soluble brain A levels such that there
would be insufficient AB left in the brain
of these mice to aggregate into insoluble
deposits. On the other hand, the reduced
effectiveness of AB immunotherapy in
older mice could be explained by the
inability of aggregated insoluble AB to
convert into freely diffusible soluble Ap.
In this scenario, although circulating an-
ti-AB antibodies can still sequester newly
synthesized soluble AB and limit further
amyloid deposition, the highly insoluble
amyloid plaques could only be elimi-
nated slowly by a normal turnover pro-
cess. Other examples of a process for
plaque turnover have been shown previ-
ously in a transgenic mouse model of
amyloidosis (10). By contrast, if AB im-
munotherapy is working by the antibod-
ies crossing the BBB, gaining entry into
brain, binding to existing amyloid
plaques resulting in AB being eliminated
by microglial cells, then the reversal of
plaque formation should be as efficient
in older mice with plaques as in younger
mice without plaques, but this phenom-
enon was not observed in several pub-
lished studies (6, 8, 9). Thus, additional
work is required still to resolve how AR
immunotherapy occur.

However, irrespective of the exact
mechanism of A vaccination therapy for
AD, the most important question is
whether or not it will work in patients.
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Preventing and reducing plaques in trans-
genic mice and reversing the course of AD
in humans are two very different prob-
lems. In transgenic mouse models of amy-
loidosis, very high levels of AB are already
present in the plasma and CSF before
amyloid deposition, compared with non-
transgenic animals and their levels remain
very high even after plaque formation
(11). By contrast, only
very low levels of AB
are found in the
plasma and CSF of
control and AD pa-
tients with the excep-
tion of those with fa-
milial AD bearing the
Swedish mutation
(12). The high circu-
lating levels of AB in
transgenic mice might explain the tremen-
dous immune response when these mice
were injected with aggregated AB42 pep-
tide, but it is unclear whether or not
similar immunization in AD patients will
elicit strong immune responses. Further-
more, if the peripheral AB sink hypothesis
is indeed correct in explaining plaque
clearance in mice, removal of extensive
plaque burdens from AD patients’ brains
may not be feasible or it might be a very
slow process. Therefore, for AB vaccine to
work in humans, it may be necessary to
select AD patients with low plaque bur-
dens. On the other hand, if AB vaccination
in AD patients works by crossing the BBB
and binding to amyloid plaques and facil-
itating clearance by microglial cells, AD
patients with abundant amyloid plaques
should be responsive to this treatment.
Finally, Hyman et al. demonstrated in a
recent study the presence of autoanti-
bodies to AB in individuals with or with-
out AD, but these authors were unable to
correlate the presence or the levels of

7. Backsai, B. J., Kajdasz, S. T., Christie, R. H.,,
Carter, C., Games, D., Seubert, P., Schenk, D. &
Hyman, B. T. (2001) Nat. Med. 7, 369-372.

. Janus, C., Pearson, J., McLaurin, J., Mathews,
P. M,, Jiang, Y., Schmidt, S. D., Chlshti, M. A,
Horne, P., Hestlin, D., French, J., et al. (2000)
Nature (London) 408, 979-982.

. Morgan, D., Diamond, D. M., Gottschali, P. E.,
Ugen, K. E., Dickey, C., Hardy, J., Duff, K.,
Jantzen, P., DiCarlo, G., Wilcock, D., et al. (2000)
Nature (London) 408, 982-985.

10. Nakagawa, Y., Reed, L., Nakamura, M., McIn-
tosh, T. K., Smith, D. H., Saatman, K. E., Raghu-
pathi, R., Clemens, J., Saido, T. C., Schmidt, M. L.,
et al. (2000) Exp. Neurol. 163, 244-252.

. Kawarabayashi, T., Younkin, L. H., Saido, T. C,,
Shoji, M., Ashe, K. H. & Younkin, S. G. (2001)
J. Neurosci. 21, 372-381.

12. Scheuner, D., Eckman, C., Jensen, M., Song, X.,
Citron, M., Suzuki, N., Bird, T. D., Hardy, J.,
Hutton, M., Kukull, W., et al. (1995) Nat. Med. 2,
864-870.

13. Hyman, B. T., Smith, C., Buldyrev, I., Whelan, C.,

joel

Nel

1

-

| www.pnas.org/cgi/doi/10.1073/pnas.171311798

Whether or not A immune
therapy will work in AD patients
awaits the results of the ongoing

vaccination trials.

these AB autoantibodies with the likeli-
hood of developing dementia or with
plasma levels of AB peptide. This obser-
vation suggests that low levels of Af
autoantibodies, although frequent in the
elderly population, do not confer protec-
tion against developing dementia
(13). Thus, whether or not AB immune
therapy will work in AD patients
awaits the results of
the ongoing vaccina-
tion trials.

Significantly, AR
vaccine is but one
of several emerg-
ing therapeutic ap-
proaches targeting
the production, clear-
ance, and aggrega-
tion of the AB pep-
tide. For example, the identification of
the two crucial enzymes responsible for
ApB production (i.e., BACE as the
B-secretase and the presenilins as possi-
ble y-secretase) provide therapeutic tar-
gets for their inhibition (14, 15). Further-
more, recent studies have shown that
commonly used cholesterol-lowering
drugs can reduce A levels in cell culture
and animal models (16) thereby provid-
ing yet another therapeutic approach to
reduce AB levels and amyloid deposition.
Other approaches, including the use of
soluble AB derivatives and small com-
pounds that bind to and inhibit A fibril-
lization, are also becoming available (17,
18). Thus, these and other therapeutic
strategies should allow us to address the
fundamental question regarding the im-
portance of amyloid deposition in AD
patients. More important, one or an-
other of these avenues could be the
beginning of the long hoped for road to
a world without AD.
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