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There is presently no effective treatment
for Alzheimer’s disease (AD). The deposi-
tion of amyloid � (A�), a cardinal patho-
logical lesion of AD, suggests that reduc-
ing A� production could be a promising
treatment. A� peptides are liberated from
amyloid precursor proteins (APP) by se-
quential cleavage, first by BACE 1 (�-site
APP-cleaving enzyme 1), an aspartyl pro-
tease, and then by �-secretase (Sisodia and
St George-Hyslop, 2002), a macromolec-
ular complex consisting of presenilin
(PS), nicastrin (Nct), anterior pharynx
defective-1 (Aph-1), and PS enhancer-2
(Pen-2). Hence, �-secretase has been con-
sidered a plausible molecular target as a
means to interfere with the production of
A�. However, strong inhibition of
�-secretase leads to severe adverse effects
(Milano et al., 2004), mediated by im-
paired processing of its multiple in vivo
targets. For instance, the �-secretase
substrate, Notch, plays an important
role in cell fate signaling and specifica-
tion during development, in the differ-
entiation of the intestinal epithelium,
and in lymphopoiesis in the adult
(Guidos, 2002). Notch also appears to
play a role in tumor suppression (Nico-
las et al., 2003). Although complete in-

hibition of �-secretase is predictably
toxic, it is not known whether moderate
inhibition could achieve a therapeutic
benefit without the side effects. A recent
study by Li et al. (2007) in The Journal of
Neuroscience addressed this question in
vivo using transgenic mice.

The authors first examined mouse
lines that expressed varying levels of
�-secretase complex components. For
lines heterozygous for one or more com-
ponents of �-secretase, enzymatic activi-
ties ranged from 75 to 36% of wild-type
levels as assayed in embryonic fibroblasts
and brain extracts from PS1�/�, Aph-
1a�/�, Nct�/�, and Nct�/�;PS1�/� mice
(Fig. 1A) [Li et al. (2007), their Fig. 1A,B
(http://www.jneurosci.org/cgi/content/
full/27/40/10849/F1)]. To explore the im-
pact of chronically reduced �-secretase
activity on A� levels and deposition in
vivo, Nct�/� mice (50% �-secretase activ-
ity) or Aph-1a �/� mice (70% activity)
were crossed with APPswe;PS1�E9 mice.
The latter are a well characterized AD
mouse model that expresses transgenes
encoding familial AD-linked APPswe and
PS1�E9. The authors examined A� depo-
sition and brain A� aggregates using im-
munohistochemical analyses and filter
trap assays. Interestingly, A� deposition
in APPswe;PS1�E9;Nct �/� mice and
APPswe;PS1�E9;Aph-1a�/� mice was re-
duced by amounts that approximated the
level of �-secretase reduction (Fig. 1B). By
ELISA, soluble and insoluble A� peptides
from brain extracts of APPswe;PS1�E9;

Nct �/� mice and APPswe;PS1�E9;Aph-
1a �/� mice were lower because of re-
duced �-secretase activity, compared with
APPswe;PS1�E9;Nct�/� mice and APPswe;
PS1�E9;Aph-1a�/� mice. Thus, a modest
chronic decrement of �-secretase activity
of 30 (Aph-1a�/�) to 50% (Nct�/�) was
sufficient to attenuate A� accumulation.
It would be interesting to see the lines with
reduced �-secretase crossed with an A�-
producing line that does not use PS1�E9.
This would ensure that there were normal
levels of wild-type PS1. Moreover, if
crossed to lines that accumulate A� de-
posits at a slower rate, the moderate re-
duction of �-secretase may be even more
efficacious at reducing plaque load. Inter-
estingly, even with overexpression of
PS1�E9, A� levels were reduced, suggest-
ing that assembly of functionally active
�-secretase is still limited by endogenous
components.

Next, the authors examined the side ef-
fects associated with chronic reduction of
�-secretase (Fig. 1C). Previous work dem-
onstrated that Notch is involved in skin
tumors, gastrointestinal abnormalities,
and lymphopoiesis. Although most
Nct�/� and Nct�/�;PS1�/� mice devel-
oped skin abnormalities, squamous cell
carcinoma, and showed shorter lifespan at
least in part because of their increased tu-
mor burden, PS1�/� and Aph-1a�/�

mice did not develop skin cancer. Squa-
mous cell hyperproliferation was rarely
observed in PS1�/� and Aph-1a�/� mice
and their life expectancies were similar to
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wild-type mice [Li et al. (2007), their Fig. 3
(http://www.jneurosci.org/cgi/content/
full/27/40/10849/F3)]. Splenomegaly
caused by myeloid hyperproliferation and
suppression of T-cell proliferation was
observed in old Nct �/� and Nct �/�;
PS1�/� mice [Li et al. (2007), their Fig. 4
(http://www.jneurosci.org/cgi/content/
full/27/40/10849/F4)]. Although a small
percentage of old Aph-1a �/� mice
showed enlargement of the spleen,
splenomegaly was rarely observed in
PS1�/� mice. These data indicate that a
critical level of �-secretase activity is re-
quired to protect epithelia from tumori-
genesis: Inhibition of �-secretase by up to
30% did not increase tumorigenesis in
these mice, whereas �50% reduction did.
�-secretase also was critical for myeloid
and lymphocyte development because
�30% reduction of �-secretase activity
increased abnormal proliferation of gran-
ulocytes. The authors do not report
whether similar findings were apparent in
the lines crossed with APPswe;PS1�E9, but
comparisons would be difficult to resolve
because of overexpression of PS1�E9 and
compounded toxicity of the transgenic
milieu. Moreover, because Notch is a poor
substrate for PS1�E9 (Zhang et al., 2005),
interpretation of the results would be
problematic.

Thus, Li et al. (2007) conclude that a
�-secretase reduction of �30% is suffi-
cient to lower amyloid accumulation
without compromising the processing of
alternative substrates responsible for ad-
verse side effects (Fig. 1A–C), suggesting
the existence of an optimal window of
therapeutic �-secretase inhibition. Where
does this strategy fit into possible AD
treatments? Jankowsky et al. (2005) re-
ported that when APP expression is con-
ditionally reduced by 95% in mice after
amyloid deposits have already formed, pro-
gression of amyloid pathology is halted, but
the in situ load persists for months with little
noticeable reduction (Jankowsky et al.,
2005). Thus, �-secretase inhibition may not
be sufficient to reverse AD once the disease
has fully manifested. However, partial in-
hibition of �-secretase may reduce A�
production sufficiently to prevent the
progression of AD in late life, an idea also
posited for statins, cholesterol-lowering
agents that have been (controversially)

linked to a lower risk for acquiring AD.
Moreover, because steady-state amyloid
load is a function of both the accumula-
tion and clearance of A�, �-secretase in-
hibition might be most efficacious when
combined with other approaches such as
A�-based immunization or antibody
strategies (Schenk et al., 1999). Last, be-
cause the factor responsible for cognitive
decline in AD may not be the plaques
themselves but rather smaller oligomeric
species of A� (Lesne et al., 2006), it is pos-
sible that a cognitively therapeutic benefit
may be apparent with low levels of
�-secretase inhibition. Clearly, additional
work is required to understand the long
term implications of �-secretase inhibi-
tion in animal models using titrated doses
of small molecule inhibitors. As work on
AD progresses on many fronts, Li et al.
(2007) bring fresh hope to an old strategy.
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Figure 1. Moderate reduction (30%) of �-secretase activity attenuated A� deposition with little or no side effects. A, Mouse
models with different levels of �-secretase activity. B, Reduction of Nct or Aph-1a expression attenuated A� burden in APPswe;
PS1�E9 mice. C, Moderate reduction of �-secretase activity in Aph-1a�/� mice did not induce skin tumors or splenomegaly.
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