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The amyloid-� (A�) peptide, a major pathological hallmark of
Alzheimer’s disease (AD), undergoes a cascade of interactions
resulting in the formation of soluble aggregates and their conver-
sion in the brain to insoluble deposits and mature senile plaques.
Furthermore, the apoE4 isoform of apolipoprotein E (apoE), which
is the major genetic risk factor of AD, is associated with increased
A� deposition. It is not known how the different A� aggregates in
the amyloid cascade are formed, contribute to the pathogenesis of
AD, or are affected by apoE4. To investigate the initial aggregation
stages underlying the amyloid cascade in vivo and how apoE
affects them, we examined the effects of prolonged inhibition and
subsequent reactivation of the A�-degrading protease neprilysin
on deposition, disaggregation, and fibrillization of A� in apoE-
transgenic and control mice. In control mice, intracerebroventric-
ular infusion of thiorphan, which inhibits neprilysin, induced A�42
and A�40 deposition and fibrillization. On termination of thior-
phan treatment, the number of A� deposits decreased, whereas
the fibrillar A� deposits were unaffected. Similar treatments in
apoE-deficient mice and mice transgenic for human apoE4 or apoE3
revealed that apoE4 enhances specifically the nucleation and
aggregation of immunopositive A� deposits and that reversible
disaggregation of these deposits and their irreversible conversion
to fibrillar deposits are stimulated similarly by the different apoE
isoforms. Deposition of A� and its enhancement by apoE4 were
accompanied by increased astrogliosis both far from and near the
A� deposits, suggesting that astrogliosis might be triggered by
both insoluble and soluble A� aggregates.

Converging genetic and histopathological observations led to the
formulation of the amyloid hypothesis, which proposes that

accumulation of amyloid-� (A�) peptide, a major constituent of the
brain plaques characteristic of Alzheimer’s disease (AD), is the
primary event in AD pathogenesis (1, 2). Recent findings suggest
that brains of individuals with AD also contain soluble and neu-
rotoxic A� oligomers, which seem to be an intermediate state in the
A�-aggregation cascade, whose downstream product is the senile
plaque (3–10). There is poor correlation between the severity of
dementia and the density of amyloid plaques in AD (11–13);
furthermore, in mice transgenic for the human A� precursor
protein (APP), synaptic degeneration and cognitive decline are
observed even before amyloid is deposited (14–16). This finding
suggests that the pathological effects of A� in AD are mediated by
A� aggregates that precede the formation of the senile plaque. The
relative contributions of the different soluble and insoluble A�
aggregates to the pathology of AD and the mechanisms underlying
their formation in vivo are not yet known.

Apolipoprotein E (apoE), the major brain lipid-binding protein,
is expressed in humans as three isoforms (apoE2, apoE3, and
apoE4), which differ in one or two amino acids (17). The apoE4
genotype is the major genetic risk factor for AD, and the age at
disease onset is inversely related to its gene dosage (18–20).
Furthermore, senile plaques contain apoE, and the gene dose of the
apoE4 allele in AD correlates positively with increased A� depo-
sition (21). Studies using APP- and apoE-transgenic mice indicated
that apoE enhances A� deposition and is required for fibrillization

(22–24) and that these effects are significantly more pronounced in
aged apoE4 transgenic mice than in their counterparts that express
the AD-benign allele apoE3 (23–25). These observations point to
direct isoform-specific involvement of apoE in the A� cascade.
However, the usefulness of APP- and apoE-transgenic mice in
studying the A�-aggregation cascade and how apoE4 affects it are
limited by the slow and asynchronous deposition of A� that evolves
in these mice over many months.

Neprilysin, insulin-degrading enzyme, and endothelin-convert-
ing enzyme all play a role in the catabolism of A� in vivo, and mice
deficient in these proteases exhibit elevated A� levels (26–29).
Furthermore, overexpression of neprilysin in APP-transgenic mice
reduces A� deposition (30, 31). Synthetic A� injected into the
mouse brain undergoes rapid degradation, which is blocked by the
neprilysin inhibitor thiorphan (26). Moreover, most of the A�
remains intact when injected into neprilysin-deficient mice (27),
suggesting that steady-state levels of A� are strongly affected by
neprilysin and that this enzyme degrades extracellular A�.

Here, we studied the mechanisms underlying the deposition of
A� in vivo and the isoform-specific effects thereon of apoE. We
conducted this study by inducing prolonged inhibition of neprilysin
in the brains of apoE-transgenic and control mice and determining
the effects on A� deposition. The results indicated that apoE4
stimulates, in an isoform-specific fashion, the nucleation and ag-
gregation of A� deposits and that reversible disaggregation of these
deposits and their irreversible conversion to fibrillar deposits are
stimulated by apoE and are affected similarly by the different apoE
isoforms.

Materials and Methods
Transgenic Mice. Human apoE3- and apoE4-transgenic mice, gen-
erated on an apoE-deficient C57BL�6J background by using human
apoE3- and apoE4-transgenic constructs (32), were obtained from
A. Roses (Duke University, Durham, NC). The mice used in our
experiments were from lineages apoE3-453 and apoE4-81, which
express similar levels of brain apoE (33). ApoE-transgenic mice
were backbred with genetically homogeneous apoE-deficient mice
(The Jackson Laboratory, catalog no. N10 JAX) for �10 genera-
tions and were heterozygous for the human apoE transgene and
homozygous for mouse apoE deficiency. The apoE genotype of the
mice was confirmed by PCR analysis, as described in ref. 34.

Mice (5-month-old males) were divided into groups bearing
either the human apoE3 or apoE4 transgene. A third and fourth
group comprised, respectively, apoE-deficient mice that were
pooled siblings of these transgenic mice (35) and C57BL�65
controls. All experiments were approved by the Tel Aviv University
Animal Care Committee, and every effort was made to reduce
animal stress and to minimize animal usage.
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Implantation of Alzet Miniosmotic Pumps. Alzet miniosmotic pumps
(model 2004, Alzet, Palo Alto, CA), which deliver their contents at
a rate of 0.25 �l�h for up to 1 month, were each connected by means
of a polyethylene catheter to a stainless steel cannula (Brain
Infusion kit, Alzet) and loaded either with 0.5 mM thiorphan
(Sigma) in artificial cerebrospinal fluid containing 1 mM ascorbic
acid (26) or with a similar solution without thiorphan. Mice were
anesthetized by i.p. injection of ketamine (120 mg�kg), their skulls
were carefully exposed, and a small hole was drilled with a 25-gauge
needle above the lateral ventricle (1 mm posterior and 1.5 mm
lateral to the bregma). The tip of the brain infusion cannula was
inserted into the hole, and the cannula was glued to the skull
(Luctite 454). To complete the procedure, the pump was inserted
s.c. on the mouse’s back, and the cut skin over the skull was sutured.
An antibiotic (1% oxytetracycline) was added to the drinking water
for 1 week. For A�-deposition experiments, mice were kept for up
to 4 weeks after the pumps were implanted. To assess the revers-
ibility of A� deposits, pumps were retained in the mice for 4 weeks
and then removed, and the tubing connecting them to the cannula
was disconnected and sealed. The mice were then kept for an
additional 8 weeks before being examined.

Immunohistochemistry and Histochemistry. ApoE3-transgenic,
apoE4-transgenic, apoE-deficient, and control mice, all treated
with thiorphan for the indicated periods, and corresponding sham-
treated and naı̈ve mice were anesthetized with ketamine (120
mg�kg i.p.), perfused transcardially with PBS, and fixed with 4%
formaldehyde in PBS. Brains were removed and postfixed over-
night in fixative solution, immersed for cryoprotection in 30%
sucrose for 24 h at 4°C, and frozen in tissue-freezing medium (Jung,
Leica, Deerfield, IL). Frozen brain coronal sections (10 �m) were
cut and stained immunohistochemically as described in ref. 34.
Sections were viewed and photographed at �40 magnification by
using a Supercam camera (Applitec, Holon, Israel). The following
primary antibodies were used: mAbs G211 and G210 (dilution
1:1,000) specific to A�42 and A�40, respectively (36), a gift from T.
Hartmann (Heidelberg University, Heidelberg); mAb 4G8 (dilu-
tion 1:2,000; Chemicon), which binds to both A�40 and A�42;
FC3340 rabbit anti-A�40 and FC3542 rabbit anti-A�42 antisera
(dilution 1:1,000), gifts from F. Checler (Centre National de la
Recherche Scientifique, Valbonne, France); mAb22C11 (dilution
1:1,000; Chemicon) specific to APP; goat anti-human apoE (dilu-
tion 1:5,000; Chemicon); rabbit anti-neprilysin (dilution 1:2,000;
Chemicon); and anti-glial fibrillary acidic protein mAb (dilution
1:50; DAKO). Sections were double-labeled in the same way,
except that the primary antibodies used were from different hosts,
and their corresponding second antibodies were tagged with dis-
tinct fluorescent labels.

Fibrillar A� depositions were visualized by fluorescence imaging
using thioflavin-S. To this end, staining with Mayer’s hematoxylin
was followed by incubation with 1% thioflavin-S (Sigma) in water
for 4 min. Slides were then immersed in 1% acetic acid for 20 min
and covered with antifade mounting medium (ImmunoGlo).

Numbers and sizes of the A� deposits were determined by using
coded sections and the IMAGE-PRO PLUS program (Media Cyber-
netics, Silver Spring, MD). The program was set to detect objects
with an intensity at least 3-fold higher than background and a size
�150 �m and �6 �m. Some sections also were counted directly,
and results obtained by the two methods deviated by �10%. The
total number of A� deposits corresponds to the immunopositive
A�40 or A�42 deposits, whereas the number of fibrillar deposits
corresponds to the thioflavin-S positive deposits. The size of a
deposit was determined by delineating its perimeter manually and
by using the program to calculate the engulfed area.

Immunoblot Assays. Brain slices from the area enriched in A�
deposits (�1.5 to �3.5 mm from bregma) were homogenized in 100
mM sodium carbonate buffer (pH 11.5). The homogenate was

centrifuged (100,000 � g for 30 min), and the insoluble A�-
containing pellet was extracted with guanidine�HCl and sonicated
for 10 min as described in ref. 37. The soluble and the resuspended
insoluble A� were blotted and immunoreacted with mAb 4G8,
which recognizes both A�40 and A�42 (37), after which they were
quantified by using mouse A�40 standards and computerized
densitometry (33).

Statistical Analysis. Numbers and sizes of A� deposits are expressed
as means � SD. Differences among means of the experimental
groups and their distinct parameter interactions were analyzed
either by repeated-measures ANOVA (Fig. 2), with genotype and
brain sections as independent factors, or by one-way and two-way
ANOVA (Figs. 3, 4, and 6) with genotype and treatment as
independent factors. When ANOVA indicated a significant differ-
ence between groups, Tukey’s test was used for post hoc compar-
isons of results.

Results
Intracerebroventricular (i.c.v.) infusion of the neprilysin inhibitor
thiorphan into apoE3- and apoE4-transgenic, control, and apoE-
deficient mice, by an Alzet miniosmotic pump for 1 month, resulted
in formation of A�42 and A�40 deposits that were most dense in
apoE4-transgenic mice (Fig. 1A). Both apoE3- and apoE4-
containing transgenic mice, as well as the control group, also had
thioflavin-S-positive fibrillar A� deposits, which were most dense in
apoE4-transgenic mice, whereas no fibrillar A� deposits were
detectable in apoE-deficient mice (Fig. 1A). No fibrillar A� or
immunopositive deposits were observed in any of the sham-injected
mice (data not shown).

The effects of apoE on formation of A�42, A�40, and fibrillar A�
deposits were determined quantitatively first by rostrocaudal mea-
surements of their numbers in coronal sections from bregma �4 to

Fig. 1. Effects of the apoE genotype on A� deposition after inhibition of
neprilysin. (A) Representative micrographs of cortical fields of coronal brain
sections (bregma �2.8 mm) from apoE4- (ApoE4-tg.) and apoE3- (ApoE3-tg.)
transgenic, apoE-deficient (ApoE-def.), and control mice infused i.c.v. for 1
month with the neprilysin inhibitor thiorphan (see Materials and Methods).
(B) Representative immunoblots of soluble (SA�) and insoluble (InA�) A� of
the same groups of three mice each. Immunohistochemistry (anti-A�42 mAb
G211 and anti A�40 mAb G210), histochemistry (thioflavin-S), and immuno-
blot analysis (anti-A� mAb 4G8) were performed as described in Materials and
Methods. (Scale bar, 50 �m.)
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�3 mm. In all brain sections examined, immunohistochemically
detectable and thioflavin-S-positive A� deposits in the apoE4 mice
were more abundant than the corresponding A� deposits in the
other groups, and the numbers of these deposits in each of the
groups were maximal at bregma �2.8 mm (Fig. 2). ANOVA plus
repeated-measurement analysis indicated a significant effect of
‘‘mouse group � brain area’’ on A�42, A�40, and fibrillar A�
deposition (P � 0.001). This rostrocaudal distribution of the density
of A� deposits is similar to that of the size of the surface area of the
lateral vesicle into which thiorphan was injected (38), suggesting
that the spatial distribution of A� deposits in the brain reflects the
diffusion and resulting distribution of i.c.v.-infused thiorphan in the
brain. The effects of apoE on A� deposition were compared
quantitatively on coronal sections, in which A� deposition was
maximal for all groups (bregma �2.8 mm). The comparison
indicated that the numbers of A�42, A�40, and fibrillar A� deposits
in apoE4 mice (respectively 58 � 8, 23 � 8, and 17 � 2 deposits per
section) were 3- to 4-fold higher than those of apoE3 mice (Fig. 3).
One-way ANOVA of these results revealed a significant effect of
group for the three measurements of A� deposition (P � 0.001),
which was associated with significantly larger numbers of A�42,
A�40, and fibrillar A� deposits in the apoE4-transgenic mice than

in the other groups (P � 0.05). Similar results were obtained with
the A�42 and A�40 antisera FC3542 and FC3340 and with mAb
4G8. Furthermore, the deposits did not react with anti-APP mAb
22C11 (data not shown). Control immunoblot experiments using
mAb 4G8 indicated that the amounts of insoluble A� in apoE4 mice
(25 � 4 pg�mg tissue) were larger than those of the apoE3, control,
and apoE-deficient mice (respectively 9 � 0.3, 10 � 0.8, and 7.5 �
0.3 pg�mg tissue) in the other groups and that this increase was
accompanied by a compensatory decrease in soluble A� of the
apoE4 (8 � 0.3 pg�mg tissue) relative to those of apoE3, control,
and apoE-deficient mice (respectively 10 � 1, 10 � 1, and 10 � 0.9
pg�mg tissue) (Fig. 1B). Additional immunohistochemical controls
indicated that the amounts of neprilysin in the four groups were
similar before and after thiorphan treatment (data not shown).

Kinetic analysis of A� deposition disclosed a progressive increase
in each of the groups for at least 4 weeks, except for the lack of
fibrillar A� deposition in apoE-deficient mice (Fig. 4). Two-way
ANOVA of these results revealed a significant effect of ‘‘mouse
group � time’’ for mouse A�42, A�40, and fibrillar A� deposits
(P � 0.001), which was associated with significantly larger numbers
of A�42 and A�40 deposits, at both 2 and 4 weeks of treatment, in
the apoE4 mice than in the other groups, with a corresponding

Fig. 2. Rostrocaudal distribution of A�42 (A), A�40 (B), and fibrillar A� (C)
deposits in brains of apoE-transgenic and control mice after inhibition of
neprilysin. ApoE4-transgenic (F), apoE3-transgenic (E), apoE-deficient (‚),
and control (Œ) mice were infused i.c.v. with thiorphan for 1 month (see
Materials and Methods). Brains were then cut coronally (�4 mm to �3 mm
from bregma), and consecutive coronal sections at the indicated positions
were stained for A�42 (mAb G211), A�40 (mAb G210), or fibrillar A� deposits
(thioflavin-S) (see Materials and Methods). Values (means � SD of four or five
mice per group) are for two sections per mouse at each of the indicated
bregma levels.

Fig. 3. Quantitative determination of the numbers of A�42 (A), A�40 (B),
and fibrillar A� (C) deposits in brains of apoE4-transgenic (ApoE4-tg), apoE3-
transgenic (ApoE3-tg), apoE-deficient (ApoE-def.), and control mice after i.c.v.
infusion of thiorphan for 1 month (see Materials and Methods). Coronal
sections at the level of maximal A� deposition (bregma �2.8) were stained
with anti-A�42 (mAb G211) or anti-A�40 (mAb G210) antibodies or with
thioflavin-S (see Materials and Methods). Values (means � SD of four or five
mice per group) for each of the A� deposition measurements are for two
sections per mouse. *, P � 0.001 for the total number of A�42, A�40, and
fibrillar A� deposits of apoE4 transgenic mice relative to those of the other
mouse groups.
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significant increase in the numbers of fibrillar A� deposits in apoE4
mice at 4 weeks (P � 0.05).

To determine the extent to which A� deposition is reversible, we
measured the deposits after termination of the thiorphan treatment
(Fig. 5). Deposits of A�42 were significantly decreased 8 weeks
after thiorphan was removed (P � 0.001 for ‘‘group � treatment’’;
two-way ANOVA); this effect was accompanied by a significant
decrease (�35%) in A�42 deposits of control, apoE4, and apoE3
mouse groups (P � 0.002), but with no significant change in the
corresponding A�42 deposits of apoE-deficient mice. In contrast,
numbers of fibrillar A� deposits did not change in any of the groups
during this period. These findings indicate that the deposition of
A�42 is reversible and suggest that its disaggregation is enhanced
by apoE, but not in an isoform-specific fashion. In contrast, within
the time scale of the experiment, the fibrillization of A� was found
to be irreversible.

Analysis of the size distribution of A�42 deposits disclosed the
presence of a major population (�85%) of small deposits whose

sizes were similar in the four groups (diameters of 8 � 1.7 �m) and
did not change between the 2- and 4-week time points, as well as a
subpopulation of larger A�42 deposits (see example in Fig. 1A Top
Left), whose diameters increased similarly in all of the groups, from
38 � 7 �m at 2 weeks to 56 � 3 �m at 4 weeks. Similar results were
obtained for A�40 deposits, except that they were �2-fold larger
than the corresponding A�42 deposits. These findings suggest that,
unlike the isoform-specific effects of apoE4 on nucleation and
deposition of A�42 and A�40, the effects of apoE4 on the size and
growth of these deposits are not specific to a particular isoform.
Double-labeling experiments indicated that �85% of the A�42-
and A�40-positive deposits of apoE-containing mice also stained
positively for apoE (data not shown).

The extent to which thiorphan-induced deposition of A� is
associated with brain neuropathology was investigated immunohis-
tochemically, by using the astrocytic marker glial fibrillary acidic
protein, 4 weeks after initiation of thiorphan treatment. This
investigation revealed that thiorphan induced astrocytic activation
in the vicinity of A� deposits and in A�-free areas. The former were
prominent in the cortex (Fig. 6 A and B), whereas astrogliosis
spatially dissociated from the A� deposits was particularly abun-
dant in the hippocampus (Fig. 6 C and D). Activated astrocytes
associated with A� deposits were more numerous in apoE4-
transgenic mice than in other groups, in accordance with the
demonstration of the largest numbers of A� deposits in these mice
(Fig. 3). In contrast, numbers of activated astrocytes that were
spatially dissociated from the A� deposits were similar in all
apoE-containing mice, but were lower in apoE-deficient mice.

Discussion
The results of this study indicated that deposition of A� in vivo is
initiated by reversible aggregation of A� that subsequently under-

Fig. 4. Kinetics of deposition of A�42 (A), A�40 (B), and fibrillar A� (C) in the
brains of apoE4-transgenic (F), apoE3-transgenic (E), apoE-deficient (‚), and
control (Œ) mice. Mice were infused i.c.v. with thiorphan (see Materials and
Methods) for the indicated times, after which their brains were excised, and
coronal sections (bregma �2.8 mm) were stained for A�42 (A), A�40 (B), or
fibrillar A� (C) (see Materials and Methods). Values (means � SD) for A�42,
A�40, and fibrillar A� deposition each correspond to two sections per mouse
of four or five mice per ‘‘group � time point.’’

Fig. 5. Effect of the apoE genotype on disaggregation of A�42 deposits (A)
and fibrillar A� deposits (B) after removal of thiorphan. ApoE4 (ApoE4-tg),
apoE3 (ApoE3-tg), apoE-deficient (ApoE-def.), and control mice were injected
i.c.v. with thiorphan (see Materials and Methods) for 1 month. The mice were
then killed either immediately or 8 weeks later. Values (means � SD) of A�42
and fibrillar A� deposits per coronal section (bregma �2.8) are for four or five
mice per ‘‘group � time.’’ White bars represent the percentage of A�42 and
fibrillar A� deposits observed in each group 8 weeks after termination of
thiorphan treatment, relative to their corresponding levels immediately after
termination of thiorphan treatment (black bars). *, P � 0.001.
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goes irreversible fibrillization and that these processes are affected
differentially and in an isoform-specific fashion by apoE (shown
schematically in Fig. 7). Immunopositive A� deposits were signif-
icantly more abundant in apoE4-transgenic mice than in apoE3-
transgenic, apoE-deficient, or control mice, in all of which the
corresponding numbers of A� deposits were similar (Figs. 1 and 2).
In contrast, both the extent of disaggregation of the A� deposits and
their fibrillization were similar in apoE4-transgenic mice and con-
trols and were insignificant in apoE-deficient mice. These findings
suggest that apoE4 stimulates the nucleation and aggregation of A�
in an isoform-specific fashion and that the reversible disaggregation
of these A� deposits, as well as their irreversible conversion to
fibrillar deposits, are similarly stimulated by different apoE iso-
forms. Deposition of A� was associated with increased astrogliosis,
both far from and near the A� deposits (Fig. 6), suggesting that it
might be triggered by both insoluble and soluble A� aggregates.

The present finding that i.c.v. infusion of thiorphan induced
abundant and widespread deposition of mouse A� in vivo extends
earlier studies in which thiorphan injected directly into the hip-
pocampus induced localized A� deposition (26). Preliminary re-
sults suggest that i.c.v. infusion of thiorphan into APP-transgenic
mice also enhances deposition of human A� (data not shown). A�
deposition in the thiorphan model occurs much more rapidly than
that observed in transgenic mice (24, 39). Moreover, the revers-
ibility of A� deposition can be more conveniently studied in this

model, probably because after neprilysin is inhibited, there is rapid
and reversible accumulation of A�, which cannot be readily offset
here by mechanisms such as degradation and clearance. This effect
renders the thiorphan model uniquely suitable for the study of early
and pathologically pertinent stages of the amyloid cascade and for
the development of compounds that affect its progression.

Mice deficient in neprilysin, unlike thiorphan-treated mice, do
not have A� deposits (27). This lack of deposits might be attrib-
utable to the presence of neprilysin-like peptidases in the brain that
are also sensitive to thiorphan (40) and whose activity is not
impaired in neprilysin-deficient mice. Moreover, because neprilysin
is externally oriented, the A� deposition resulting from thiorphan
treatment probably originates extracellularly. This hypothesis also
might explain why, after treatment with thiorphan, the increase in
A� and its subsequent deposition were not prevented by the
A�-degrading enzyme insulin-degrading enzyme, which is intracel-
lular (28, 41) and insensitive to thiorphan.

The findings that apoE4 stimulates deposition of A� and apoE
deficiency blocks formation of fibrillar A� deposits are in accor-
dance with and extend previous studies with APP � apoE double-
transgenic mice and with APP-transgenic mice on a null apoE
mouse background (24, 36, 39, 42, 43). Formation of A� deposits
did not require apoE, but it was accelerated significantly and in an
isoform-specific fashion by apoE4 (Figs. 2 and 3). Furthermore, A�
deposits in apoE-transgenic and control mice all contain apoE
(data not shown), suggesting that the isoform-specific effects of
apoE4 on A� deposition are related to isoform-specific structural
features of the apoE4–A� complex, which enhance nucleation and
deposition of A�. Because the size and growth of A� deposits were
not affected by apoE, we can conclude that growth of these deposits
is not greatly affected by this nucleation apoE4–A� complex.
Furthermore, because the A�42 deposits are smaller and more
numerous than the A�40 deposits (Figs. 1 and 3), and because A�40
codeposits with A�42 (data not shown), it seems that the specific
stimulation of A� deposition by apoE4 is mediated by apoE4–A�42
nucleation complexes.

Depending on experimental conditions, binding of apoE4 to A�
in vitro is either stronger or weaker than that of apoE3 (44–49). The
present results suggest that in vivo, apoE4–A� complexes are the
most effective nucleation centers. This finding might be a direct
result of structural differences between apoE3 and apoE4 and the
lipoproteins in which they are embedded, but it also might involve
a third component (50–52).

Several mechanisms might conceivably explain the non-isoform-
specific effects of apoE on disaggregation and dissolution of the A�
deposits. ApoE, which in the brain is associated with high-density-
lipoprotein-like lipoproteins, binds avidly to A� (44, 46, 53) and
thus can serve as a shuttle that promotes exchanges of A� between
soluble and deposited pools. Accordingly, conditions that accom-
pany reactivation of neprilysin (relatively small amounts of soluble
A� and relatively large numbers of insoluble A� deposits) will favor
transfer of A� by apoE from the soluble to the insoluble pool.
Because A� deposits of all mouse groups, except for apoE-deficient
mice, contain apoE, it is also possible that apoE destabilizes the
outer surface of the A� deposits. The ratio of fibrillar to nonfibrillar
A� deposits was similar in all apoE-containing groups (Fig. 3). This
finding is in accordance with the notion that fibrillar deposits evolve
from diffuse A� deposits and that stimulation of fibrillization by
apoE is a consequence of its effects on intrinsic properties of the A�
deposits. Taken together, our present findings suggest that nucle-
ation of A� deposition is enhanced in an isoform-specific fashion
by apoE4; that apoE does not significantly affect growth of the A�
deposits; and that both disaggregation of these deposits and their
irreversible conversion to fibrillar A� are accelerated, although not
in an isoform-specific fashion, by apoE.

Converging evidence suggests that both insoluble oligomers and
soluble A� deposits are pathological and that the effects of A� in
AD are mediated by early events in the A� aggregation cascade.

Fig. 6. Effects of inhibition of neprilysin on astrogliosis. Micrographs show
representative consecutive cortical (A and B) and hippocampal (C and D)
sections from an apoE4-transgenic mouse treated for 1 month with thiorphan
(see Materials and Methods) (A Inset) An activated astrocyte (�5 relative to A).
A and C were labeled with anti-glial fibrillary acidic protein mAbs, and B and
D were labeled with the anti-A�42 mAb G211. DG, dentate gyrus. (Scale bars,
50 �m.)

Fig. 7. Schematic presentation of differential and isoform-specific effects of
apoE on the deposition, disaggregation, and fibrillization of A�. Aggregation
of A� and formation of immunopositive nonfibrillar (diffuse) deposits (black
arrow) are enhanced in an isoform-specific fashion by apoE4, whereas both
disaggregation and the fibrillization of these deposits (white arrows) are
activated in a similar fashion by different apoE isoforms.
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The present findings in an animal model that apoE4 stimulates the
A� cascade and that such stimulation is associated with astrogliosis
suggest that the increased amyloid load observed in apoE4-positive
AD patients reflects early and pathologically important interactions
between A� and apoE4. Future studies of the correlation between
the extent of A� aggregation after inhibition of neprilysin and the
temporal and spatial distribution of the associated brain pathology
can be expected to facilitate evaluation of the relative pathological
effects of distinct soluble A� oligomers and insoluble polymeric
aggregates.
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