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of the circadian cycle in mammals. Mutational analyses of other
putative clock genes will be essential for unravelling the molecular
mechanisms underlying the mammalian circadian clock. These
mutants will also provide useful animal models for elucidating
the aetiology of and developing treatments for disorders in humans
related to the sleep±wake cycle. M
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Methods

Generation of mPer2Brdm1 mutant mice. We isolated a genomic clone from a

mouse 129S5/SvEvBrd genomic library using a mouse mPer2 complementary

DNA probe. A targeting vector was constructed with PGK-Neo as the positive

selection marker and HSVtk as the negative selection marker to delete a 2.1-

kilobase (kb) fragment. We used a 6.7-kb BglII fragment as the 59 homology

region and a 4.0-kb KpnI fragment as the 39 homology region. The HSVtk,

PGK-Neo and vector backbone were from pKO SelectTK, pKO SelectNeo V800

and pKO Scrambler V924 (Lexicon Genetics). Tissue culture, electroporation,

mini-Southern blot analysis on embryonic stem cell colonies, generation of

chimaeric and germline mice and tail DNA genotyping were done as

described27,28.

Locomotor activity monitoring and circadian phenotype analysis. Mice

were housed in individual cages equipped with a running wheel in ventilated,

light-tight chambers with controlled lighting. Wheel-running activity was

monitored by an on-line PC using the Chronobiology Kit (Stanford Software

Systems). In the LD cycle, the light was turned on at 7:00 (ZT 0) and off at 19:00

(ZT 12). The switch into constant darkness (DD) was effected by not turning

on the light at the usual time. The activity records are double plotted so that

each day/cycle's activity is shown both to the right and below that of the

previous day/cycle. Activity is plotted in density percentile distribution (Fig. 2)

or threshold (Fig. 3) format. For activity counting we used the ACTCNT

program of the Chronobiology Kit. To determine the period length, an interval

with a 10-day minimum during which the circadian period appeared to be

stable on the activity record was analysed with a x2 periodogram29 using the

Stanford Chronobiology Kit. We used Fourier periodogram analysis15 in the

Chronobiology Kit to assess the strength of circadian and/or ultradian

rhythmicity.

In situ hybridization. Mice were killed by cervical dislocation under ambient

light conditions at ZT 6 and ZT 12 and under a 15 W safety red light at ZT 18

and ZT 0/24. Specimen preparation and in situ hybridization with an mPer1

and an mPer2 probe were carried out as described4,30. The mPer2 probe is

outside the region deleted in the mutant. The mPer3 probe was made from an

RT±PCR product corresponding to nucleotides 480±824 (AF050182). The

Clock probe was made from an RT±PCR product corresponding to nucleotides

1352±2080 (AF000998). Tissue was visualized by ¯uorescence of Hoechst dye-

stained nuclei (blue in Fig. 4).

Northern blot and RT-PCR analysis. Tissues were collected and frozen in

liquid nitrogen and stored at -80 8C. RNA was prepared with the RNAzolTM B

RNA isolation kit (TEL-TEST). We performed northern blot analysis on total

tissue RNA using denaturing formaldehyde gel. For RT±PCR analysis, ®rst

strand cDNA was generated using Moloney reverse transcriptase (BRL-

GIBCO) and oligo dT-priming from total liver RNA. An aliquot of the ®rst

strand cDNA was then ampli®ed by PCR across the deletion region with the 59
primer CTA CCT GGT CAA GGT GCA AGA G and the 39 primer GGT TTG

AAT CTT GCC ACT GG. The RT±PCR products were then sequenced with an

internal primer AGG GTA CAC TCG GGC TAT GA.
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Amyloid-b peptide (Ab) seems to have a central role in the
neuropathology of Alzheimer's disease (AD)1. Familial forms of
the disease have been linked to mutations in the amyloid pre-
cursor protein (APP) and the presenilin genes2,3. Disease-linked
mutations in these genes result in increased production of the
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42-amino-acid form of the peptide (Ab42)4±8, which is the pre-
dominant form found in the amyloid plaques of Alzheimer's
disease9,10. The PDAPP transgenic mouse, which overexpresses
mutant human APP (in which the amino acid at position 717 is
phenylalanine instead of the normal valine), progressively
develops many of the neuropathological hallmarks of Alzheimer's
disease in an age- and brain-region-dependent manner11,12. In the
present study, transgenic animals were immunized with Ab42,
either before the onset of AD-type neuropathologies (at 6 weeks of
age) or at an older age (11 months), when amyloid-b deposition
and several of the subsequent neuropathological changes were
well established. We report that immunization of the young
animals essentially prevented the development of b-amyloid-
plaque formation, neuritic dystrophy and astrogliosis. Treatment
of the older animals also markedly reduced the extent and
progression of these AD-like neuropathologies. Our results raise
the possibility that immunization with amyloid-b may be effec-
tive in preventing and treating Alzheimer's disease.

Our initial experiments investigated the effects of immunization
against amyloid-plaque-related proteins on the development of
AD-like neuropathology in young PDAPP mice, in which treatment
had begun before the occurrence of signi®cant plaque pathology (6
weeks of age). The immunogens were either synthetic human Ab42,
the major component of b-amyloid plaques in AD and PDAPP
mice, or peptides derived from the primary amino-acid sequence of
serum amyloid-P component (SAP). SAP is a protein associated
with amyloid plaques in AD and other amyloid diseases13. Two
additional groups of PDAPP mice were immunized with PBS buffer
or were left untreated to serve as controls. Mice received 11
immunizations over an 11-month period. We found that eight of
nine PDAPP mice immunized with Ab42 developed and maintained
serum antibody titres against Ab42 of greater than 1:10,000. The
ninth mouse had a lower titre, of approximately 1:1,000. Cross-
reactivity of the antisera was also observed against mouse amyloid-b
peptide, although titres were generally an order of magnitude lower.
Mice immunized with SAP peptides had antibody titres against SAP
ranging from 1:1,000 to 1:10,000, with the exception of one mouse
which had a titre greater than 1:10,000 (data not shown). Control
animals receiving adjuvant alone had negligible titres to Ab42. At 13

months of age, quantitative immunohistochemical measures deter-
mined the extent of amyloid-b burden and the prevalence of
neuritic plaques, astrogliosis and microgliosis.

Immunization with Ab42 resulted in almost complete prevention
of amyloid-b deposition (Figs 1, 2). Seven of nine mice immunized
with Ab42, including the mouse with the lowest anti-Ab titre, had
no detectable amyloid-b deposits in their brains. One mouse from
this treatment group had a single isolated plaque in the six brain
sections examined, whereas a second animal had a greatly reduced
amyloid-b burden. Quantitative imaging of the amyloid-b burden
in the hippocampus veri®ed the near-total reduction achieved in
Ab42-treated animals (Fig. 1). The median values of the amyloid-b
burden for the PBS group (2.22%) and for the untreated control
group (2.65%) were signi®cantly greater than that of the Ab-
immunized group (0.00%, P � 0:0005). In contrast, the median
value of amyloid-b for the group immunized with SAP peptides
(5.74%), although increased, was not signi®cantly different from
that of control animals. Brain tissue from the PBS-treated control
mice contained numerous amyloid-b deposits in the hippocampus
(Fig. 2) and retrosplenial cortex (not shown). We observed a similar
pattern of amyloid-b deposition in mice immunized with SAP
peptides. Brain sections from Ab42-immunized mice were also
stained with thio¯avin S to rule out the possibility that the lack of
immunohistochemically detectable plaques was due to competition
by the de novo anti-Ab antibodies produced by these animals (see
below). Thio¯avin S detected no amyloid-b deposits in these Ab42-
immunized mice (not shown). In contrast, immunization with SAP
peptides did not affect amyloid-b deposition, suggesting that
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Figure 1 Reduction of Ab burden in the hippocampus at 13 months of age in mice

immunized with Ab42. PDAPP mice were immunized beginning at 6 weeks of age

as described in Methods. The percentage of the area of the hippocampal region

occupied by Ab deposits was determined by quantitative image analysis. Values

for individual mice are shown sorted by treatment group. Horizontal lines

represent the median values. The Ab42-immunized group had signi®cantly

fewer Ab deposits than any of the other three groups (P � 0:001), which are not

signi®cantly different from each other (P . 0:05). UTC, untreated controls; SAP,

mice immunized with serum amyloid P.

Figure 2 Hippocampal Ab deposition, neuritic plaque formation and cortical

astrocytosis in PBS- and Ab42-injected mice. Images from 13-month-old mice with

Ab burdens representative of the median values (see Fig. 1) of their respective

groups are shown.a, b, Hippocampal Ab plaques in PBS- (a) and Ab42-injected (b)

mice. a shows abundant Ab deposition in the outer molecular layer of the

hippocampal dentate gyrus of a PBS-treated animal. b shows no detectable Ab

in this region of an Ab42-immunized mouse, a pro®le observed in most animals

from this group. Scale bar in b corresponds to both a and b. c, d, Hippocampal

sections from PBS- (c) and Ab42-injected (d) mice. Typical dystrophic neurites

associated with neuritic plaques and labelled with the APP-speci®c monoclonal

antibody 8E5 (ref.16) were found in PBS- (c), but not Ab42-injected animals (d). e, f,

Abundant plaque-associated astrocytosis, as determined by GFAP immunohis-

tochemistry (Sigma), was evident in the retrosplenial cortex of PBS- (e) but not

Ab42-injected (f) mice. Scale bar in f corresponds to c±f.
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immune responses against plaque components per se are insuf®cient
to prevent or eliminate b-amyloid plaques and neuropathology.

The brains of Ab42-treated mice that contained no amyloid-b
deposits were also devoid of the dystrophic neurites that charac-
terize the neuritic plaques (Fig. 2: compare c and d). Small numbers
of dystrophic neurites were present in the two Ab42-treated mice
that had detectable Ab deposits. In contrast, all brains from SAP-
injected mice and the two control groups (PBS-injected and
untreated mice) had numerous neuritic plaques. Image analyses
of the hippocampus demonstrated the virtual elimination of dys-
trophic neurites in the Ab42-treated mice (median, 0.00%) com-
pared with the PBS recipients (median, 0.28%; P � 0:0005).

Astrocytosis, another hallmark of plaque-associated pathology in
both Alzheimer's disease and PDAPP mice, was dramatically
reduced in the brains of all of the Ab42-injected mice (Fig. 2).
Brains from mice in all other groups contained numerous clusters of
astrocytes that were immunoreactive to glial ®brillary acidic protein
(GFAP), a ®nding typical of Ab-plaque-associated gliosis (Fig. 2e).

Association of amyloid plaques and reactive astrocytes was veri®ed
in a subset of GFAP-reacted sections counterstained with thio¯avin
S. The results of image analyses for the retrosplenial cortex veri®ed
that the reduction in astrocytosis was signi®cant, with a median
value of 1.55% for mice immunized with Ab42 compared with
median values of greater than 6% for groups immunized with SAP
peptide or PBS, or untreated control mice (P � 0:0017).

Sections of the mouse brains were also reacted with a monoclonal
antibody speci®c for MAC-1 (CD11b; Chemicon), a cell-surface
marker that is upregulated on activated, plaque-associated micro-
glia. MAC-1 labelling was substantially lower in the brains of mice
treated with Ab42 compared with the PBS control group, a ®nding
consistent with the lack of a plaque-induced gliosis (not shown).

The almost complete absence of plaques in the brains of Ab42-
treated mice indicates that a fundamental mechanism of amyloid
plaque formation has been disrupted. Subsequent studies indicate
that Ab production itself was unaffected (data not shown). Ab42

immunization therefore either prevents deposition and/or enhances
the clearance of Ab from the brain. The absence of neuritic and
gliotic changes suggests that the Ab42-immunized mice never
developed the neurodegenerative lesions that typify the progression
of AD-like pathology in this model. The absence of enhanced
astrocytosis, in particular, suggests that the processes preventing
b-amyloidosis do not in themselves cause appreciable damage to
the neuropil.

The above results clearly indicate that Ab42 immunization essen-
tially prevents the development of AD-like neuropathology in the
PDAPP mouse. It was unclear whether Ab42 immunization would
improve the pathological outcome if treatment were initiated when
a substantial Ab plaque burden already existed. We therefore
undertook further experiments in which immunizations with
Ab42 began at an age when many b-amyloid plaques are already
present in the brains of the PDAPP mice. Immunizations were
continued during a period when the extent of Ab deposition reaches
levels comparable to those of established AD11,12. For this study,
approximately 11-month-old, heterozygotic female PDAPP mice
(n � 24) were immunized repeatedly with Ab42 plus adjuvant, with
an injection protocol and schedule equivalent to those used in the
young PDAPP mouse study (see Methods). Similar titre responses
against Ab42 to those seen in younger animals were generated in the
older animals. As a negative control, a parallel group of 24
transgenic littermates was immunized with PBS plus adjuvant.
One-half of each group was killed at 15 months of age after 4
months' treatment, and the remaining half was killed at 18 months
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Figure 3 Quantitative image analysis of the cortical Ab burden in older PBS- and

Ab-treated mice. Immunization of PDAPP mice was begun at 11 months of age.

Amyloid burden was signi®cantly reduced in the Ab42 group compared with the

PBS controls at both 15 (P � 0:003) and 18 (P � 0:0002) months of age. The

median value of the amyloid burden for each group is shown by the horizontal

lines.

Figure4Reduction of cortical Ab deposition in older PDAPP mice immunized with

Ab42. Ab deposits in the brains of 12-month-old untreated PDAPP mice and 18-

month-old PBS- and Ab42-injected mice with median Ab burdens representative

of their respective treatment groups (see Fig. 3). a, Distribution of amyloid plaques

in the frontal and retrosplenial cortices of a 12-month-old untreated PDAPP

mouse, typifying the plaque burden of both PBS- and Ab42-injected groups at

the start of the study. The plaques are shown at a high magni®cation in d.

Compared with the 18-month PBS controls (b, e), Ab deposits were signi®cantly

decreased in the 18-month Ab42-immunized group (c, f). Most of the cortical Ab in

brains of Ab42-injected mice was detected in small extracellular or cell-associated

deposits (f) compared with the large and numerous extracellular deposits in the PBS

group (e). Scale bar in c corresponds to a±c. Scale bar in f corresponds to d±f.
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of age after 7 months' treatment. Groups of untreated PDAPP mice
were also killed at ages 12, 15 and 18 months to serve as age-
matched, non-immunized controls. At each time point, brains were
examined by image analysis and enzyme-linked immunosorbent
assay (ELISA) to determine the magnitude of the amyloid-b burden
and the extent of neuritic dystrophy, astrocytosis and microgliosis.

Figure 3 shows the results of Ab42 treatment on cortical amyloid-b
burden, determined by quantitative image analysis. The median
value of cortical amyloid-b burden was 0.28% in untreated,
12-month-old PDAPP mice, a value representative of the plaque
load in the experimental mice at the start of the study. At 18 months,
the amyloid-b burden had increased by more than 17-fold to 4.87%
in PBS-treated mice, while Ab42-treated mice had a greatly reduced
amyloid burden of only 0.01%. The amyloid-b burden was
signi®cantly reduced in the Ab42 recipients at both 15 months
(96% reduction; P � 0:003) and 18 months (.99% reduction;
P � 0:0002). Figure 4 depicts the burden of amyloid-b in the
12-month-old PDAPP brain at the start of the experiment (Fig. 4a,
d). At 18 months of age, the progression of Ab-plaque pathology
was obvious in the PBS group (Fig. 4b, e), but greatly diminished in
the Ab42-injected mice (Fig. 4c, f). Compared with the 12-month-
old untreated mice, several brains from the Ab42 group had fewer
diffuse and mature amyloid-b deposits at 15 and 18 months,
suggesting that the treatment had resulted in the clearance of pre-
existing amyloid-b deposits (Fig. 4: compare a and d with c and f).
Immunohistochemistry with anti-mouse immunoglobulin anti-
bodies showed that the remaining plaques were often decorated

with IgG in Ab42-treated but not in PBS-treated mice at both 15 and
18 months of age (data not shown).

Cortical amyloid-b deposition in PDAPP brains begins in the
cingulate, frontal and retrosplenial cortices and progresses in a
lateral±ventral fashion to sequentially involve the temporal and
entorhinal cortices. After 3 months of treatment, amyloid-plaque
pathology was diminished in the retrosplenial cortex (Fig. 5a, c) and
completely absent in the entorhinal cortex (Fig. 5b, d) of the Ab42-
injected mice. The progressive b-amyloidosis that would normally
pervade the entorhinal cortex was thus halted by Ab42 immunization.

PDAPP mice also invariably develop heavy amyloid-b deposition
in the outer molecular layer of the hippocampal dentate gyrus11. In a
number of brains from Ab42-immunized mice, this pattern was
considerably altered; the hippocampal deposition no longer con-
tained diffuse amyloid-b deposits, and the banded pattern was
completely disrupted (Fig. 6). Instead, unusual punctate structures
were present that were reactive with anti-Ab antibodies, and several
appeared to be Ab-containing cells (Fig. 6b). The pattern of
apparent cellular labelling produced by the amyloid-b antibodies
was replicated in adjacent sections by immunolabelling with anti-
bodies directed at major histocompatibility complex (MHC) class II
molecules (Fig. 6c). Phenotypically, these cells resembled activated
microglia and monocytes and were occasionally found associated
with the wall or lumen of blood vessels. They were not immuno-
reactive with antibodies that recognize T-cell (CD43, CD3e) or B-
cell (CD45RA, CD45RB) surface markers (data not shown). No
such cells were found in any of the PBS-treated mice.

Amyloid-b ELISA analysis of the older PDAPP mice was con-
sistent with the immunohistochemical observations. In untreated
PDAPP mice, the median level of total Ab in the cortex at 12 months
was 1,600 ng per g (wet weight); this had increased to 8,700 ng per g
by 15 months12. At 18 months the value was 22,000 ng per g, an
increase of more than 10-fold during the course of the experiment12.
PBS-treated animals had comparable levels of total amyloid-b at 15
months (8,600 ng per g), and 19,000 ng per g at 18 months. In
contrast, Ab42-treated animals had 81% less total amyloid-b at 15
months (1,600 ng per g) than the PBS-immunized group. Sig-
ni®cantly less total amyloid-b (5,200 ng per g) was found at 18
months when the Ab42 and PBS groups were compared, represent-
ing a 72% reduction (P � 0:0001) in the amyloid-b that would have
otherwise been present. Similar results were obtained when cortical
levels of Ab42 were compared, namely that the Ab42-treated group
contained much less Ab42, and the differences between the Ab42 and
PBS groups were signi®cant at 15 months (P � 0:04) and 18
months (P � 0:0001). In contrast, cortical levels of APP decreased
by less than 10% of those in 12-month-old untreated animals (data
not shown)12. These ®ndings argue against the possibility that the
reduction in amyloid-b deposition seen in the treated mice is due to
an alteration in APP metabolism.

The progression of neuritic pathology was signi®cantly reduced
in the frontal cortex of Ab42-treated compared with PBS-treated
mice (Table 1). At 15 months of age, the neuritic plaque burden in

Figure5Reduction of Ab burden in theentorhinal and retrosplenial cortexof older

PDAPP mice following Ab injection. Ab deposition in the retrosplenial (RSC) and

entorhinal (EC) cortices of 15-month-old PBS- (a, b) and Ab42- (c, d) injected mice

with Ab burdens representative of the median values of their respective groups.

Ab deposition was greatly reduced in the RSC of Ab42-injected mice compared

with the PBS group (compare a and c). No Ab was detected in the EC of Ab42-

injected mice (d), in contrast to the PBS group (b). Scale bar in d corresponds to all

panels.

Figure 6 Altered Ab burden in the hippocampus of older Ab42-treated mice.

Distribution of hippocampal Ab in Ab42-injected brains (b), compared with the PBS

group (a) at 18 months of age. In the PBS group, the characteristic appearance of

diffuse (asterisk) and compacted (arrow) Ab deposits was evident (a). This

pattern was markedly altered in a number of Ab42-immunized mice (b), with the

absence of diffuse deposits and an unusual punctate pattern of Ab immuno-

reactivity associated with cells (b, arrow). The distribution of MHC II-labelled

(Pharmigen) cells in a near-adjacent section (c) corresponded to the pattern of

Ab-positive cellular labelling shown in b. No such obvious cell Ab staining was

found in the PBS group (compare a and b). Scale bar in c corresponds to all

panels.
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the Ab42-treated mice was reduced by 84% compared with the PBS
group (0.05% and 0.32%; P � 0:03). Reduction in the neuritic-
plaque pathology was similarly maintained between the two groups
at 18 months of age, where the degree of neuritic dystrophy was
reduced by 55% in the Ab42-treated mice (0.22% and 0.49%;
P � 0:01).

Reactive astrocytosis was also signi®cantly reduced in the retro-
splenial cortex of Ab42-treated mice compared with PBS-treated
mice at both 15 and 18 months of age. The per cent of astrocytosis in
the PBS group increased between 15 and 18 months from 4.29% to
5.21%. Ab42 treatment suppressed the development of astrocytosis
at both time points to 1.89% and 3.2%, respectively. These dif-
ferences represent a 56% reduction (P � 0:01) at 15 months of age
and a 34% decrease (P � 0:03) at 18 months of age in the Ab42-
treated group.

In summary, immunization with Ab42 greatly reduced the
development of the AD-like pathology that otherwise occurs in
the PDAPP mouse. Immunization preceding plaque development
profoundly affected the occurrence of new lesions, as the pro-
gression of b-amyloidosis and associated neuropathology was
essentially wholly blocked, as seen both in the entire brain of the
young animals and in at-risk brain regions of the older animals.
Amyloid-b immunization also signi®cantly retarded the pro-
gression of existing pathology in affected regions of the older
animals. Outcomes of Ab-plaque burden, neuritic dystrophy and
gliosis were all signi®cantly improved by Ab42 treatment in both
young and old animals. In addition, the mechanism resulting in
plaque reduction did not seem to produce any obvious signs of
damage to the neuropil of Ab42-immunized animals. Histological
examination of several organs, including brain and kidney, revealed
no signs of immune-mediated complications, despite the high levels
of human APP expressed in these tissues and the signi®cant anti-
body titre to endogenous mouse Ab peptide (data not shown).

To our knowledge, this is the ®rst report of a clinically relevant
treatment that reduces the progression of AD-like neuropathology
in a transgenic animal model of the disease. Although it remains
unproven, it is not unreasonable to expect that a similar reduction
of neuropathology in AD patients would be of clinical bene®t.
Although our understanding of the precise aspects of the immune
response that result in reduced pathology is incomplete, we have
shown that Ab42 immunization results in the generation of anti-Ab
antibodies and that Ab-immunoreactive monocytic/microglial cells
appear in the regions of remaining plaques. Thus, one possible
mechanism of action is that anti-Ab antibodies facilitate clearance
of amyloid-b either before deposition, or after plaque formation, by
triggering monocytic/microglial cells to clear amyloid-b using
signals mediated by Fc receptors.

It has been suggested that a chronic in¯ammatory state exists in
the brain of patients with Alzheimer's disease: speci®cally the levels
of complement, cytokines and acute-phase proteins are raised14.
These observations have led to the hypothesis that anti-in¯amma-
tory regimens might be of therapeutic value. The ®ndings presented
here argue that an alternative approach, one that augments a highly
speci®c immune response, can markedly reduce pathology in an
animal model of the disease. Collectively, the results suggest that

amyloid-b immunization may prove bene®cial for both the treat-
ment and prevention of Alzheimer's disease. M
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods

Immunization procedures. Ab peptide was freshly prepared from lyophilized

powder for each set of injections. For immunizations, 2 mg Ab42 (human

Ab1±42; US Peptides) was added to 0.9 ml deionized water and the mixture was

vortexed to generate a relatively uniform suspension. A 100-ml aliquot of

10 3 PBS (where 1 3 PBS is 0.15 M NaCl, 0.01 M sodium phosphate, pH 7.5)

was added. The suspension was vortexed again and incubated overnight at

37 8C for use the next day. Serum amyloid-P component immunogens were

prepared using mouse SAP amino acids 77±85 and 164±173, each conjugated

to sheep anti-mouse IgG (Jackson Immunochemicals) as described15. Ab42 or

SAP peptides (100 mg antigen per injection) were emulsi®ed 1:1 (v/v) with

complete Freund's adjuvant for the ®rst immunization, followed by a boost in

incomplete Freund's adjuvant at 2 weeks, and monthly thereafter. Ab42 or SAP

in PBS alone was injected from the ®fth immunization onward. Titres were

determined by serial dilutions of sera against either aggregated Ab42 or SAP

protein which had been coated onto microtitre wells. Detection used goat anti-

mouse immunoglobulin conjugated to horseradish peroxidase and slow-TMB

(3,30,5,59-tetramethyl benzidine; Pierce) substrate. Titres were de®ned as the

dilution yielding 50% of the maximal signal.

Neuropathology quanti®cation. To quantify amyloid burden, PDAPP mouse

brain tissue was ®xed in 4% paraformaldehyde, cut to 40-mm coronal sections

and reacted with an anti-Ab biotinylated antibody, 3D6, as described

previously11. Quantitative image analysis was performed using a Videometric

150 Image Analysis System (Oncor) linked to a Nikon Microphot-FX micro-

scope through a CCD video camera. The image of the immunoreacted section

was stored in a video buffer and a speci®c brain region (hippocampus or

cortex) was manually outlined and the total pixel area occupied by the structure

determined. A monochromatic-based threshold was set to select pixels corre-

sponding to immunolabelled structures. The per cent of the brain region

occupied by the labelled pixels was then calculated. For all image analyses, six

sections at the level of the dorsal hippocampus, each separated by consecutive

240-mm intervals, were evaluated for each animal. In all cases, the treatment

status of the animals was unknown to the observer. Mann±Whitney nonpara-

metric analysis was performed using Statview software (SAS Institute, Cary,

NC). Similar methodologies were used to quantify neuritic dystrophy and

gliosis. Speci®c reagents are indicated in the appropriate ®gures.
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Table 1 Image analysis of neuritic plaque and astrocytic burden in Ab42-
treated PDAPP mice

15 months 18 months

PBS Ab42-treated PBS Ab42-treated
.............................................................................................................................................................................

Neuritic plaque (%) 0.32 0.02 0.49 0.22
Astrocytosis (%) 4.26 1.89 5.21 3.20
.............................................................................................................................................................................

Quantitative image analysis of neuritic plaques and astrocytosis was performed using
antibody 8E5 to human APP and anti-GFAP, respectively. Methods are described in Fig. 1
legend. Reductionof neuritic plaque burdenat ages 15 and 18months byAb42 treatmentwas
statistically signi®cant (P � 0:03 and 0.01, respectively), as was reduction of astrocytosis at
the same time points (P � 0:01 and 0.03, respectively).


