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Blocking A�42 Accumulation Delays the Onset and
Progression of Tau Pathology via the C Terminus of Heat
Shock Protein70-Interacting Protein: A Mechanistic Link
between A� and Tau Pathology
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The molecular alterations that induce tau pathology in Alzheimer disease (AD) are not known, particularly whether this is an amyloid-�
(A�)-dependent or -independent event. We addressed this issue in the 3xTg-AD mice using both genetic and immunological approaches
and show that a selective decrease in A�42 markedly delays the progression of tau pathology. The mechanism underlying this effect
involves alterations in the levels of C terminus of heat shock protein70-interacting protein (CHIP) as we show that A� accumulation
decreases CHIP expression and increases tau levels. We show that the A�-induced effects on tau were rescued by restoring CHIP levels.
Our findings have profound clinical implications as they indicate that preventing A� accumulation will significantly alter AD progres-
sion. These data highlight the critical role CHIP plays as a link between A� and tau and identify CHIP as a new potential target not only for
AD but for other neurodegenerative disorders characterized by tau accumulation.
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Introduction
Alzheimer disease (AD) is the most common age-dependent neu-
rodegenerative disorder. Postmortem diagnosis of AD requires
the presence of two major lesions: amyloid plaques, mainly com-
prised of a small peptide called amyloid-� (A�) (Glenner and
Wong, 1984; Masters et al., 1985) and neurofibrillary tangles,
mainly comprised of hyperphosphorylated tau (Grundke-Iqbal
et al., 1986; Ihara et al., 1986; Kosik et al., 1986; Goedert et al.,
1988). A� is liberated via the proteolytic processing of the amy-
loid precursor protein (APP), predominantly generating two ma-
jor isoforms, A�40 and A�42, that are produced in a ratio of �9:1.
The A�42 species is more hydrophobic and more prone to form
plaques than A�40 (Jarrett et al., 1993).

Although most forms of AD are sporadic and of unknown
etiology, a small proportion of cases are linked to mutations in
three different genes: APP, presenilin 1, and presenilin 2
(Chartier-Harlin et al., 1991; Goate et al., 1991; Sherrington et al.,
1995). Mutations in these three genes affect A� metabolism or its
properties, leading to an increase in total A� levels, alteration of

the A�42/40 ratio, or its propensity to aggregate (Hardy, 1997;
Selkoe, 2001). This strong genetic evidence led to the formulation
of the amyloid cascade hypothesis, which stipulates that A� ac-
cumulation is the initiating step in a cascade of pathological
changes that lead to AD (Hardy and Selkoe, 2002). A key impli-
cation of the amyloid cascade hypothesis is that A� alters cellular
metabolism and triggers other downstream pathological features
of AD such as tau hyperphosphorylation/tangle formation.

Experimental support for the amyloid cascade hypothesis is
also derived from studies involving AD transgenic models (Götz
et al., 2001; Lewis et al., 2001; Oddo et al., 2003b; Bolmont et al.,
2007). For example, we developed a transgenic model of AD
(3xTg-AD) that harbors three mutant transgenes (PS1, APPswe,
TauP301L) that develops both amyloid plaques and neurofibril-
lary tangles. We previously showed that A� accumulation plays a
major role in the onset of cognitive decline and tau pathology in
the 3xTg-AD mice (Oddo et al., 2003b, 2004, 2006a,b; Billings et
al., 2005). A major unresolved question is whether all forms of A�
can induce these changes or whether a specific form of A�,
namely A�40 or A�42, may play a pivotal role. In addition, it
remains to be determined whether preventing A� accumulation
will suffice to stop the development of tau pathology.

Genetic and biochemical evidence suggest a link between the
ubiquitin proteasome system (UPS) and AD (Keller et al., 2000;
Bertram et al., 2005). This is particularly intriguing, because tau,
which is normally a member of the natively unfolded protein
family, seems to be degraded by the proteasome. In particular, it
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has been shown that the C terminus of heat shock protein70-
interacting protein (CHIP) plays a crucial role in the removal of
tau species that are abnormally hyperphosphorylated (Petrucelli
et al., 2004; Shimura et al., 2004; Dickey et al., 2006, 2007). On the
other end, there is strong evidence from different laboratories
suggesting that A� adversely alters UPS function (Gregori et al.,
1995; Oddo et al., 2004; Oh et al., 2005; Almeida et al., 2006;
Tseng et al., 2008). The molecular mechanisms underlying such
effects, however, remain to be determined.

Using a genetic and immunological approach, we show that
preventing A� accumulation markedly reduces the onset of tau
pathology, even though expression of the human tau transgene is
unchanged. This finding provides strong support for a pivotal
role for A� in facilitating the accumulation of tau pathology in
the mammalian brain. We further show that A�42, and not A�40,
plays a major role in the induction of tau pathology. One of the
molecular mechanisms underlying the effects of A� on tau is
mediated by CHIP, as we show that A� accumulation reduced
CHIP levels and, more importantly, we show that the A�-
induced tau pathology can be rescued by restoring CHIP levels.
These data suggest CHIP as a valid therapeutic target and increas-
ing its activity may reduce the A�-induced tau pathology.

Materials and Methods
Mice and behavioral tests. The derivation and characterization of the
3xTg-AD and the PS1/tau mice has been described previously (Oddo et
al., 2003b). Briefly, two independent transgenes encoding human APP-

Swe and the human tauP301L (both under control of the mouse Thy1.2
regulatory element) were comicroinjected into single-cell embryos har-
vested from homozygous mutant PS1M146V knock-in (PS1-KI) mice. All
mice were given ad libitum access to food and water. Morris water maze
tests were conducted in a circular tank of 1.5 m in diameter located in a
room with several cues on the walls. The water filling the tank was main-
tained at 25°C. The platform (14 cm in diameter) location was kept
constant for each mouse during training, and it was 1.5 cm beneath the
surface of the water. During training the mice received 4 trials/d alter-
nated among 4 pseudorandom starting points. If a mouse failed to find
the platform within 60 s, it was guided to the platform by the researcher
and kept there for 10 s. The intertrial interval was 25 s, during which each
mouse was returned in its home cage. This was repeated each day for as
many days it took for the mice to reach criterion (arbitrarily defined as
�20 s mean escape latency). Probe trials were conducted 1.5 and 24 h
after the last training trial. During the probe trials, the platform was
removed and mice were free to swim in the tank for 60 s. All the probe
trials were recorded by a video camera mounted on the ceiling. The
number of platform location crosses and the time spent in the target and
the opposite quadrant were recorded.

Surgical procedures. Male and female 3xTg-AD mice weighing 25– 49 g
at the time of surgery were group housed and kept on a 12 h light:12 h
dark schedule. Surgeries were performed during the light cycle. Twelve-
and eighteen-month-old 3xTg-AD mice were anesthetized with avertin
(1.3% tribromoethanol, 0.8% amyl alcohol, given 0.6 ml/25 g body
weight) and placed in a stereotactic apparatus (MyNeuroLab) with a
mouse adaptor. Each mouse received two injections, the CHIP express-
ing lentivirus (3 �l of a CHIP-expressing lentivirus, 1.2 � 10 6 transduc-
ing particles/ml) was injected into the left hippocampus through a 33-
gauge injector attached to a 5 �l Hamilton syringe. The coordinates, with
respect to bregma, were �2.7 mm posterior, �2.5 mm lateral, and �3.0
ventral to the skull. A control virus was injected into the right hippocam-
pus, the coordinates, with respect to bregma, were �2.7 mm posterior,
�2.5 mm lateral, and �3.0 ventral to the skull. Both viruses were pur-
chased from BioGenova. Injections occurred over the span of 5 min, after
which the cannula was left in place for an additional 5 min to allow for
diffusion. Animals were kept on a warming pad until they had fully
recovered from anesthesia, and were kept in individual cages until they
were killed for tissue processing to prevent damage to the scalp sutures.
All animal procedures were in accordance with the National Institute of

Health Guide for the Care and Use of Laboratory Animals, and all appro-
priate measures were taken to minimize pain and discomfort in experi-
mental animals.

Protein extraction, Western blot, and ELISA. Mice were killed by CO2

asphyxiation, and their brains were extracted and cut in half sagittally.
For immunohistochemical analysis, one half was dropped–fixed in 4%
paraformaldehyde in PBS for 48 h and then transferred in 0.02% sodium
azide in PBS until slicing. The other half was frozen in dry ice for bio-
chemical analysis. Frozen brains were homogenized in a solution of tis-
sue protein extraction reagent (T-PER; Pierce) containing 0.7 mg/ml
Pepstatin A supplemented with a complete Mini protease inhibitor tablet
(Roche) and phosphatase inhibitors (Invitrogen). The homogenized
mixes were briefly sonicated to sheer the DNA and centrifuged at 4°C for
1 h at 100,000 � g. The supernatant was stored as the soluble fraction.
The pellet was rehomogenized in 70% formic acid (FA) and centrifuged
as above. The supernatant was stored as the insoluble fraction. Western
blot analyses were conducted as described by Oddo et al. (2007). Briefly,
proteins from the soluble fraction were resolved by SDS/PAGE (10%
Bis-Tris from Invitrogen) under reducing conditions and transferred to a
nitrocellulose membrane. The membrane was incubated in a 5% solu-
tion of nonfat milk for 1 h at 20°C. After overnight incubation at 4°C with
primary antibody, the blots were washed in Tween 20-TBS (T-TBS)
(0.02% Tween 20, 100 mM Tris pH 7.5; 150 nM NaCl) for 20 min and
incubated at 20°C with secondary antibody. The blots were washed in
T-TBS for 20 min and incubated for 5 min with Super Signal (Pierce),
washed again, and exposed. A�40 and A�42 levels were measured from
the soluble and insoluble fractions using a sandwich ELISA protocol as
described by Oddo et al. (2005).

Immunohistochemistry. For immunohistochemical analysis, 50-�m-
thick sections were obtained using a vibratome slicing system, and sec-
tions were stored at 4°C in 0.02% sodium azide in PBS. To quench the
endogenous peroxidase activity, free-floating sections were incubated for
30 min in H2O2. For the A� staining, sections were subsequently incu-
bated in 90% formic acid for 7 min to expose the epitope. The appropri-
ate primary antibody was applied, and sections were incubated overnight
at 4°C. After removing the primary antibody in excess, sections were
incubated in the appropriate secondary antibody for 1 h at 20°C. After a
final wash of 20 min, sections were developed with diaminobenzidine
(DAB) substrate using the avidin-biotin horseradish peroxidase system
(Vector Laboratories). The primary antibodies were applied at the fol-
lowing dilutions: 1:1000 for 6E10, 8C11, and 16B6; 1:3000 for 1560;
1:1000 for HT7; 1:200 for AT8 and anti-A�42; and 1:500 for AT100.

Immunization. For active immunization, A�42 peptide was synthe-
sized at the University of California Core Facility, and fibrillar A�42

(fA�42) was prepared as previously described (Cribbs et al., 2003) and
delivered subcutaneously. Blood was collected before the first immuni-
zation and 10 d after each boost from the retro-orbital sinus into the
EDTA-coated tubes. Tubes were centrifuged for 10 min at 4°C, and the
sera were collected as a supernatant and stored at �80°C. Intracerebral
antibody injections were performed as previously described (Oddo et al.,
2004).

Cell culture experiments. Cell culture experiments were conducted as
described previously (Kitazawa et al., 2003). Briefly, human embryonic
kidney (HEK293) cells were maintained in DMEM supplemented with
10% fetal bovine serum (FBS), 50 U of penicillin, and 50 mg/ml strepto-
mycin. HEK cells stably overexpressing human wild-type APP695
(HEK263) were maintained in DMEM supplemented with 10% fetal
bovine serum (FBS), 0.2 mg/ml G418, 50 U of penicillin, and 50 mg/ml
streptomycin. All cells were incubated at 37°C in humidified atmosphere
with 5% CO2.

Statistical analysis. The data were subsequently analyzed by ANOVA or
t test comparison, using Graphpad Prism software.

Results
We previously reported the generation of a transgenic model of
AD (3xTg-AD) that progressively manifests accumulation of
plaques and tangles, which are associated with age-dependent
cognitive decline. To generate the 3xTg-AD mice, two indepen-
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dent transgenes encoding human APPSwe and human tauP301L

were injected into single-cell embryos harvested from homozy-
gous mutant PS1M146V knock-in (PS1-KI) mice (Oddo et al.,
2003b). The M146V mutation is known to significantly increase
A�42 levels (Guo et al., 1999). For these studies, we were inter-
ested in determining the impact of decreasing A�42 levels on the
onset and progression of the tau pathology and the subsequent
cognitive decline. We first used a genetic approach to replace the
mutant PS1 allele with its wild-type counterpart. Because of the
approach used to generate the 3xTg-AD mice, the APP and tau
transgenes cointegrated at the same locus, thus replacing the mu-
tant PS1 alleles with the wild-type version was readily facile and
was achieved by crossing homozygous 3xTg-AD mice (PS1M146V/
PS1M146V; APPSwe/APPSwe; TauP301L/TauP301L) with nontrans-
genic (NonTg) mice. The F1 progeny (PS1M146V/PS1WT; APP-

Swe/0; TauP301L/0) were intercrossed and 25% of the mice were
double transgenic homozygous for the mutant APP and tau
transgenes (PS1WT/PS1WT; APPSwe/APPSwe; TauP301L/TauP301L)
but now contain two wild-type PS1 alleles. These derivative dou-
ble transgenic will be referred to as APP/tau mice and are basically
the 3xTg-AD without the mutant PS1 allele (Table 1). Notably,
the genetic background of the mice (C57BL6/129sv) was not
altered.

A� pathology is reduced in APP/tau mice
The 3xTg-AD mice accumulate �10 times more A�42 than A�40

(Oddo et al., 2003a,b), which is attributable to the presence of the
M146V mutation in the PS1 gene (Guo et al., 1999). To define the

impact of replacing the mutant PS1 allele
with its wild-type counterpart on APP and
A� levels, we compared their levels be-
tween the 3xTg-AD and the APP/tau mice
at 6, 12, and 18 months of age (n � 10/
genotype/time point). We found that the
steady-state levels of APP were similar be-
tween the two groups of mice at each time
point analyzed as determined by Western
blot analysis (Fig. 1A–C). Using sandwich
ELISA, however, we found that soluble
A�42 levels were significantly and selec-
tively decreased, whereas A�40 levels re-
mained unaltered in the brains of the APP/
tau mice versus age- and gender-matched
3xTg-AD mice (Fig. 1D–F). In particular,
we found that A�42 levels were 38.92%
lower in the brains of 6-month-old APP/
tau mice compared with 3xTg-AD mice
(Fig. 1D). Notably, the reduction in A�42

levels in the APP/tau mice became greater
as the mice aged, and at 12 and 18 months
of age, levels were decreased by �75% and
136%, respectively (Fig. 1E,F). In addi-
tion, in the 3xTg-AD mice there is an age-
dependent accumulation of insoluble A�

levels, however, insoluble A� levels were below the limit of detec-
tion in the APP/tau mice (data not shown).

We next evaluated the effect this selective decrease in A�42 levels
on the onset and progression of A� deposition in the brains of 6-,
12-, and 18-month-old APP/tau and 3xTg-AD mice. As we previ-
ously reported, the A� deposition in 6-month-old 3xTg-AD mice is
predominantly intraneuronal (Fig. 2A,B). Notably, selective reduc-
tion in the A�42 levels caused a marked reduction in intraneuronal
A� immunoreactivity in the APP/tau mice (Fig. 2C,D). As the
3xTg-AD mice age, extracellular A� deposit starts to accumulate and
are readily apparent in the subiculum of 12-month-old mice (Fig.
2E,F) and throughout the brain in 18-month-old mice (Fig. 2I,J).
In contrast, no extracellular A� deposits were evident in age- and
gender-matched APP/tau mice (Fig. 2G,H,K,L). Notably, the levels
of intraneuronal A� deposits in 6-month-old 3xTg-AD mice were
higher than 18-month-old APP/tau mice (Fig. 2, compare B,L).
These results, together with the ELISA data, indicate that in addition
to delaying the onset of soluble A� accumulation, selectively de-
creasing A�42 prevents the development of insoluble A� aggregates.
In addition, these results indicate that A�40 is insufficient to trigger
plaques formation, which is consistent with the data showing that
A�42 is necessary for extracellular A� formation (McGowan et al.,
2005; Kim et al., 2007).

Selective reduction in A�42 levels markedly delays the onset of
tau pathology
A growing body of evidence suggests that A� and tau may be
mechanistically linked (for review, see Blurton-Jones and

Table 1. Genotypes and transgene expression levels among the various transgenic lines

Name PS1M146VKI hAPP htau Expression of hAPP over endogenous Expression of htau over endogenous

3xTg-AD �/� �/� �/� �6� �6�
APP/tau �/� �/� �/� �6� �6�
PS1/tau �/� �/� �/� N/A �6�
NonTg �/� �/� �/� N/A N/A

The table shows the genotype and the relative expression levels of all the mice used in this study. Notably, because of the way we derived the mice, all the groups are on the same genetic background (C57BL6/129sv). The characterization
of the 3xTg-AD, the PS1/tau, and the NonTg mice was previously described (Oddo et al., 2003b).

Figure 1. Selective reduction of A�42 levels in the APP/tau mice. A–C, To define the impact of replacing the mutant PS1 with
the wild-type allele on the APP levels, we measured the steady-state levels of APP by semiquantitative Western blot in the brains
of 3xTg-AD and APP/tau mice (n � 10 mice/group/time point). Panels A–C show representative Western blots for APP. �-Actin
was used as a loading control. Quantification analysis shows that the steady-state levels of APP were similar between 3xTg-AD and
APP/tau mice at all ages analyzed (data not shown). D–F, We next used sandwich ELISA to measure the A� levels in the brains of
the 3xTg-AD and the APP/tau mice. A�40 levels were similar between the two groups at all ages analyzed. In contrast, we found
that the levels of A�42 were selectively decreased in the brains of the APP/tau mice compared with age- and gender-matched
3xTg-AD mice. Notably, this difference is accentuated as the mice age.

Oddo et al. • CHIP Is a Key Molecular Link between A� and Tau J. Neurosci., November 19, 2008 • 28(47):12163–12175 • 12165



LaFerla, 2006). To better understand this
relationship, we next assessed whether the
onset and progression of tau pathology
was affected by genetically reducing A�42

levels. If these two pathologies are unre-
lated, we would expect that the tau pathol-
ogy would develop along the same time
course in the APP/tau mice as in the
3xTg-AD mice.

We first determined whether expres-
sion of tau steady-state levels was affected
by performing Western blot analysis on
brain homogenates from the 3xTg-AD
and APP/tau mice, and found that the lev-
els were similar at all ages analyzed (Fig. 3).
To determine whether selective reduction
of A�42 levels altered the onset and pro-
gression of the tau pathology, sections from 6-, 12-, and 18-
month-old APP/tau mice were immunostained for tau and com-
pared with age- and gender-matched 3xTg-AD mice and PS1/tau
mice. The PS1/tau mice are on the same genetic background as
the 3xTg-AD mice and expression levels of human tau are similar
to those in the 3xTg-AD mice (Oddo et al., 2003b). The use of the
PS1/tau mice is an important control as it has been shown that
mutant PS1 can directly alter tau pathology independently of A�
(Gómez-Isla et al., 1999; Boutajangout et al., 2002; Kang et al.,
2005; Tanemura et al., 2006). Using a human-specific anti-tau
antibody, robust accumulation of tau in the somatodendritic
compartment of pyramidal neurons of the 3xTg-AD mice was
evident, which progressively increased as a function of age (Fig.
4A–C). In contrast, tau accumulation in the somatodendritic
compartment of APP/tau mice was almost absent at 6 and 12
months of age (Fig. 4D,E), although it started to become appar-
ent at 18 months of age (Fig. 4F). To determine whether the
robust reduction in tau accumulation was attributable to the re-
duction of soluble A�42 levels or to a direct effect of replacing the
mutant PS1 with the wild-type allele, we stained sections from
age- and gender-matched PS1/tau mice (Table 1). Only baseline
levels of tau immunoreactivity were detected in the brains of
these mice at all ages analyzed (Fig. 4G–I), supporting the con-
clusion that the delay in the buildup of somatodendritic tau ac-
cumulation in the APP/tau mice is most likely caused by reduced

levels of soluble A�42 and not to a direct effect of mutant PS1 on
tau. In addition, the paucity of tau staining in the somatoden-
dritic compartment of neurons in the APP/tau and PS1/tau mice
with antibody HT7 was further substantiated by using additional
tau antibodies (Fig. 4 J–O).

Tau immunoreactivity begins to become apparent in the so-
matodendritic compartment of pyramidal CA1 neurons in 18-
month-old APP/tau mice (Fig. 4F). To determine whether these
tau deposits are phosphorylated, we used two different phospho-
tau-specific antibodies, AT8 (which recognizes tau phosphory-
lated at Ser202 and Thr205) and AT100 (which recognizes tau
phosphorylated at Thr212 and Ser214), and found that tau was
not hyperphosphorylated at these sites in the APP/tau mice,
whereas pronounced immunoreactivity was apparent in age-
matched 3xTg-AD mice (Fig. 4P–S). Although we cannot ex-
clude the possibility that tau may be phosphorylated at other
sites, these data indicate that selective reduction of A�42 drasti-
cally alter the onset and progression of tau pathology, therefore
further supporting an upstream role of A� and the pathogenesis
of tau pathology.

Age-dependent cognitive impairments are delayed by
replacing mutant with wild-type PS1
We next evaluated the onset and progression of the cognitive
decline in the APP/tau mice at 2, 6, 12, and 18 months of age (n �
10/genotype/time point), using a spatial reference version of the

Figure 2. Reduction in A� deposition in the APP/tau mice. To determine whether the onset and progression of A� deposition were altered by the selective reduction in A�42 levels, brain sections
from 6-, 12-, and 18-month-old APP/tau and 3xTg-AD mice (n � 10 mice/group/time point) were stained using different anti-A� antibodies. A–D, As expected, robust intraneuronal immunore-
activity was detected in the brains of 6-month-old 3xTg-AD mice, whereas we found that the selective reduction of A�42 levels led to a significant reduction of the intraneuronal A� staining. E–H,
Immunohistochemical analysis of sections from 12-month-old mice revealed several extracellular A� plaques in the CA1/subiculum region. In contrast, no plaques were detected in the brains of age-
and gender-matched APP/tau mice. I–L, We next evaluated the brains of 18-month-old mice. In the 3xTg-AD mice, A� plaques were evident throughout the brain, whereas no plaques were
detected in the APP/tau mice, and only a weak intraneuronal immunoreactivity was apparent.

Figure 3. Selective decrease in A�42 levels did not alter the steady-state levels of human tau. To assess the effect of reducing
A�42 levels on the levels of tau, proteins were extracted from the brains of 6-, 12-, and 18-month-old APP/tau and 3xTg-AD mice
(n � 10 mice/group/time point). A–C, Western blot analysis indicated that the steady-state levels of human tau were similar
between the APP/tau and the 3xTg-AD mice at all the time points analyzed.
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Morris water maze (MWM). The changes in cognition of the
APP/tau mice were compared with age- and gender-matched
3xTg-AD, NonTg, and PS1/tau (Table 1). Because the 3xTg-AD
mice harbor a disease-associated mutation in the tau gene, it is
possible that this by itself can further exacerbate the cognitive
decline in the 3xTg-AD mice. The use of the PS1/tau mice in these
experiments served as an important control to determine the role
of mutant tau on the cognitive impairments in the 3xTg-AD mice
and APP/tau mice.

At 2 months of age, A� and tau pathology are not apparent in
the 3xTg-AD mice, and indeed behavioral testing at this time
point indicates that the mice are unimpaired. Likewise, we found
that all the groups performed similarly in the spatial learning task
at this age (Fig. 5A), and their short- and long-term memory was
unaffected, as determined by the probe trials conducted at 1.5
and 24 h after the last training trial (Fig. 5A) ( p � 0.3315 for
overall learning for all the genotypes and p � 0.05 for all probe
trials measured). These data indicate that the 3xTg-AD, APP/tau,
and PS1/tau mice have no learning and memory deficits at 2

months as they performed as well as age- and gender-matched
NonTg mice.

At 6 months of age, the 3xTg-AD mice are characterized by
intraneuronal accumulation of A� in the cortex, hippocampus,
and amygdala, whereas no overt A� or tau pathology is detected
in the PS1/tau mice (Oddo et al., 2003a,b). At this age, all groups
were able to learn the task (as determined by an escape latency
�20 s), although the 3xTg-AD mice required 5 d of training
compared with the 3 d for the NonTg, PS1/tau, and APP/tau mice
(Fig. 5B). Post hoc analysis indicated that at days 3 and 4, the
escape latency of the 3xTg-AD was significantly higher than all
the other groups, nevertheless after 5 d of training the escape
latency for all the groups was �20 s (Fig. 5B). To measure short-
and long-term memory, probe trials were conducted at 1.5 and
24 h after the last training trial. We found that replacing the PS1
mutant allele with its wild-type counterpart rescued the memory
deficit present in the 3xTg-AD mice as indicated by the signifi-
cantly reduced time the APP/tau mice spent in the opposite quad-
rant and by the significant increase in the number of platform

Figure 4. Selective reduction of A�42 levels markedly delays the onset of tau pathology. To assess the effects of genetically reducing A�42 levels on the onset and progression of tau pathology,
sections from 6-, 12-, and 18-month-old APP/tau mice were immunostained using different anti-tau antibodies and compared with age- and gender-matched 3xTg-AD and PS1/tau mice (n � 10
mice/group/time point). A–C, Robust somatodendritic tau accumulation was detected in the brains of 3xTg-AD mice at 6, 12, and 18 months of age using the human specific tau antibody HT7. D–F,
In contrast, only a background staining was detected in the brains of 6- and 12-month-old APP/tau mice and some somatodendritic tau deposits start to be apparent in the CA1 regions of
18-month-old mice. G–I, No somatodendritic tau accumulation was detected in the PS1/tau mice with HT7. J–O, The reduction in somatodendritic tau accumulation in the APP/tau and PS1/tau
mice was further confirmed using additional anti-tau antibodies. To determine whether the HT7-positive deposits detected in the brains of 18-month-old APP/tau mice (F ) were phosphorylated,
sections from these mice were stained with AT8 and AT100 and compared with age- and gender-matched 3xTg-AD mice. P–S, A strong immunoreactivity with both AT8 and AT100 was detected
in the 3xTg-AD mice whereas such immunoreactivity was absent in the APP/tau mice. Together, these data clearly indicate that reduction of A�42 levels delays the onset and progression of tau
pathology despite the fact that tau pathology in the APP/tau mice is driven by its own transgene.
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location crosses and time spent in the target quadrant (Fig. 5B).
Notably the APP/tau mice performed similarly to the NonTg and
the PS1/tau mice. Hence, despite equivalent levels of tau expres-
sion between the APP/tau and the PS1/tau mice (Table 1), replac-
ing the mutant PS1 gene with its wild-type counterpart, is suffi-
cient to delay the onset of the cognitive decline.

As the mice age, the cognitive deficits in the 3xTg-AD mice
worsen, and at 12 months of age, 6 d of training are required for
them to reach criterion (Fig. 5C). The APP/tau mice performed
better, reaching criterion after 5 d of training (Fig. 5C). Never-
theless, it took 1 d extra for the 12-month-old compared with
6-month-old APP/tau mice, indicating that there is an age-
dependent cognitive decline in these mice. Statistical analysis in-
dicated that the 3xTg-AD performed worse than the NonTg and
the PS1/tau mice at days 3, 4, and 5 ( p � 0.0051 and p � 0.0041,
respectively for day 3, p � 0.004 and p � 0.002, respectively for
day 4, p � 0.0013 and p � 0.0079, respectively for day 5). The
escape latency for the APP/tau mice was significantly lower com-
pared with the 3xTg-AD mice at days 4 and 5 ( p � 0.0236 and
p � 0.0221, respectively). Notably, during the probe trials, the
APP/tau mice performed similarly to the NonTg and PS1/tau
mice but significantly better than the 3xTg-AD mice in all the
measurements taken (Fig. 5C).

At 18 months of age, after 6 d of training the 3xTg-AD and the
APP/tau did not reach criterion (escape latency 33.7 and 21.7 s,
respectively), nevertheless, the escape latency at days 5 and 6 was

significantly lower for the APP/tau versus the 3xTg-AD mice
( p � 0.432 and p � 0.173, respectively), indicating that the APP/
tau mice still learn faster and better than the 3xTg-AD mice (Fig.
5D). During the probe trials, we found that the APP/tau mice
performed significantly better than the 3xTg-AD mice in all mea-
surements (Fig. 5D).

Not surprisingly, these data indicate that replacing the mutant
PS1 allele with its wild-type counterpart and thus changing the
A� and tau pathology, delays the onset and progression of cog-
nitive decline. Notably, the APP/tau mice performed similarly to
the PS1/tau mice, suggesting that the early cognitive decline oc-
curring in the 3xTg-AD mice is attributable to A� buildup and is
consistent with our previous work indicating that intraneuronal
A� accumulation is responsible for the onset of cognitive decline
in the 3xTg-AD mice (Oddo et al., 2004, 2006a,b).

A�42 immunization delays the development of tau pathology
The data presented here show that the onset and progression of
the tau pathology, and the subsequent cognitive decline in the
APP/tau mice is markedly different compared with age- and
gender-matched 3xTg-AD mice. These changes appear to be me-
diated by the selective reduction of A�42 and not by a direct
interaction between mutant PS1 and tau. To more directly access
whether this effect is mediated by A�, we used a different ap-
proach and actively immunized prepathological, 2-month-old
3xTg-AD mice against fibrillar A�42 for 12 months (Fig. 6A).

Figure 5. Replacing the mutant allele with its wild-type counterpart delays cognitive impairments. Mice of different genotypes were evaluated in the spatial reference versions of the MWM. A,
At 2 months of age, all four groups of mice learned the task equally well, and no impairments were found during the probe trials as determined by time spent in the opposite and target quadrant and
number of platform location crosses, indicating that short- and long-term memory is similar among the different genotypes. B, At 6 months of age, the 3xTg-AD mice required more trials to reach
criterion, as determined by an escape latency of �20 s. Notably, both PS1/tau and APP/tau mice were indistinguishable from the NonTg and learned the task faster than the 3xTg-AD mice. To
measure short- and long-term memory, probe trials were conducted 1.5 and 24 h after the last training trial. The 3xTg-AD mice performed significantly worse than the NonTg and PS1/tau mice.
Notably, replacing the PS1 mutant with the wild-type allele rescued both short- and long-term memory as the APP/tau mice performed similarly to the NonTg and PS1/tau mice. C, Twelve-month-
old 3xTg-AD required 6 d of training to reach criterion, whereas age- and gender-matched APP/tau mice learn the task faster and reach criterion after 5 d of training. Although the APP/tau mice
performed better than the 3xTg-AD mice, it took them an extra day to reach criterion compared with NonTg and PS1/tau mice. Notably, short- and long-term memory in the APP/tau mice was similar
to the NonTg and PS1/tau and significantly better than the 3xTg-AD mice in all the measurements taken. D, Although 18-month-old 3xTg-AD and APP/tau did not reach criterion after 6 d of training
(escape latency 33.7 and 21.7 s, respectively), the escape latency at days 5 and 6 was significantly lower for the APP/tau mice compared with the 3xTg-AD mice, indicating that the APP/tau mice still
learn better and faster than the 3xTg-AD mice. The probe trials indicated that short- and long-term memory was significantly better in the APP/tau mice compared with the 3xTg-AD mice in all the
measurements taken. *Significant difference between the 3xTg-AD and all the other 3 genotypes; #significant difference between the 3xTg-AD and the APP/tau mice. Error bars indicate SEM.
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Figure 6. A�42 immunization of prepathological 3xTg-AD mice delays the development of tau pathology. To further support the role of A�42 in the onset and progression of the tau pathology,
we actively immunized 2-month-old 3xTg-AD mice with fibrillar A�42 with the goal of preventing A� accumulation and determining its effect on the onset and progression of tau pathology. A, Six
2-month-old mice were injected with 100 �g of fA�42 formulated with 50 �g (initial injection) or 20 �g (subsequent injections) of QuailA adjuvant in a total volume of 100 �l adjusted with PBS.
As a control, six mice were injected with adjuvant only and six mice remained untreated. All the mice received a second injection 10 d after the first and monthly thereafter until they were
13.5-month-old. B, Antibody response was only detected in some mice immunized with fA�42, therefore allowing us to use the low responders as an extra control group. C–E, The steady-state levels
of full-length APP were similar among all groups (C), whereas we found a reduction in soluble and insoluble A�40 and A�42 levels in the brains of the mice with a robust antibody response (D–E).
Notably, the insoluble A� levels, both 40 and 42, were below detection levels in the immunized mice. F–Q, Whereas the control groups and the low responders show a robust intraneuronal and
extracellular A� staining, no A� deposits were detected in the brains of the mice with a robust antibody response. R–U, Representative photographs indicating that somatodendritic tau levels were
drastically reduced in the immunized mice with a robust antibody response (U ) compared with untreated (R), adjuvant-treated (S), or low-responder mice (T ). V, Western blot analysis indicated that
the steady-state levels of tau were similar between all the groups.
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Eighteen 2-month-old 3xTg-AD mice
were randomly assigned to one of three
groups: (1) untreated; (2) adjuvant only;
(3) fibrillar A�42 (fA�42). This latter group
was injected with 100 �g of fA�42 formu-
lated with 50 �g (initial injection) or 20 �g
(subsequent injections) of QuailA adju-
vant in a total volume of 100 �l adjusted
with PBS. Antibody response was mea-
sured before and at 14 h and 7 d after each
immunization, as well as at the end of the
experiment. Fortuitously, not all mice
produced a good antibody response (Fig.
6B), allowing us to correlate the degree of
pathology with the antibody titer. All the
mice were 13.5 months old at the end of
the immunization paradigm.

We first measured the steady-state lev-
els of APP and found that A� immuniza-
tion did not alter the expression levels of
the transgene (Fig. 6C). To determine the
effect of the immunization on the A� pa-
thology, we then measured the A� levels
by sandwich ELISA. Our data indicate that
the immunized mice with a high antibody
titer had a significant decrease in soluble
A�40 and A�42 compared with the control groups and the immu-
nized mice with low antibody response (Fig. 6D). Notably, insol-
uble A� levels, both 40 and 42, were not detected in the brains of
high responders (Fig. 6E). To determine how A� immunization
effected the A� deposition, we stained sections from untreated,
adjuvant, low-responders and immunized mice with an anti-A�
antibody. At this age, neurons in the CA1/subiculum region con-
tain robust intracellular A� immunoreactivity and also several
extracellular A� plaques are readily apparent (Fig. 6F–H). Com-
parable degrees of A� pathology was detected in the brains of
adjuvant-treated and nonresponder mice (Fig. 6 I–N). In con-
trast, we found that immunization with fA�42 prevented the ac-
cumulation of intraneuronal and extracellular A� deposits (Fig.
6O–Q). These data are consistent with other reports showing that
immunization of prepathological mice can prevent the buildup
of A�.

We previously showed that a single intrahippocampal injec-
tion of an anti-A� antibody reduced not only A� deposits but
more importantly led to the clearance of early tau pathology, but
not late, hyperphosphorylated tau aggregates (Oddo et al., 2004).
To determine whether these hyperphosphorylated tau aggregates
can be prevented by blocking A� accumulation, we stained sec-
tions from untreated, adjuvant, low-responders and immunized
mice with an anti-tau antibody and found that tau accumulation
in the somatodendritic compartment was evident in the brains of
untreated, adjuvant-only and nonresponder mice (Fig. 6R–T,
respectively), whereas only background staining was detected in
the brains of immunized mice (Fig. 6U). These studies clearly
show that A� immunization in these mice can prevent the devel-
opment of tau pathology despite the fact that the expression levels
of the tau transgene were unaffected by this immunization para-
digm (Fig. 6V). These data, together with the genetic data pre-
sented earlier, clearly indicate that the development of the tau
pathology in the 3xTg-AD mice is highly dependent on A� accu-
mulation and suggest that preventing it to occur may have strong
therapeutic values as it will have an effect on both A� and tau
deposits.

CHIP is a key molecular link between A� and tau pathologies
Using a genetic and an immunological approach, we showed that
reducing A�42 levels markedly delays the onset of the tau pathol-
ogy. The molecular mechanisms underlying the link between A�
and tau, however, remain to be determined. Evidence from dif-
ferent groups points to ubiquitin/proteasome pathway as playing
a critical role in the pathogenesis of AD. In particular, it has been
shown that CHIP is a tau ubiquitin ligase and its deletion leads to
the accumulation of tau (Dickey et al., 2006). Moreover, we and
others have previously shown that A� can interfere with protea-
somal function (Gregori et al., 1995; Oddo et al., 2004; Oh et al.,
2005; Almeida et al., 2006; Tseng et al., 2008). To determine
whether CHIP levels are altered by A�, we measured CHIP levels
in HEK cells stably transfected with APP695 and found that there
was a 35.1 � 7.7% reduction in CHIP levels in cells overexpress-
ing APP compared with control cells (Fig. 7A). Notably, CHIP
levels were restored when we reduced APP levels using siRNA
(Fig. 7B,C). To determine whether this change was attributable
to A� or to APP, HEK cells overexpressing APP were treated with
a �-secretase inhibitor. We found that CHIP levels were restored
to normal levels by blocking A� production (Fig. 7D). Hence, we
conclude that A�, and not full-length APP, is responsible for the
reduction in CHIP levels.

To determine how CHIP levels change in vivo, we measured
CHIP levels in the brains of the 3xTg-AD mice at different ages,
corresponding with different degrees of pathology. We found
that in 9- and 12-month-old 3xTg-AD mice the levels of CHIP
were significantly lower compared with age-matched NonTg
mice (Fig. 8A). Hence, we were next interested in determining
whether reducing A� levels in vivo could restore CHIP levels to
physiological levels. To address this issue, we analyzed CHIP lev-
els from 12- and 18-month-old APP/tau mice and compared
their levels to those found in NonTg, PS1/tau, and 3xTg-AD
mice. Notably, we found that CHIP levels in the PS1/tau and
APP/tau mice were similar to the CHIP levels measured in
NonTg mice, which correlates with the low A� levels present in
the brains of these mice (Fig. 8B). To further understand the

Figure 7. Inverse relationship between A� and CHIP levels. To determine the mechanism by which A� and tau interact, we
measured CHIP levels (which has previously been involved in tau turnover) in HEK cells stably transfected with APPswe. A,
Representative Western blot from proteins obtained from lysates from cells expressing APP or control cells. Densitometric analysis
indicates that in the presence of APP there is a 35.1�7.7% reduction in CHIP levels. B, C, CHIP levels were rescued by reducing APP
expression using siRNA. To determine whether the effect on CHIP were mediated by full-length APP or A�, cells overexpressing
APP were treated with a �-secretase inhibitor to block A� formation. D, Western blot analyses showed that blocking A�
production, CHIP levels were restored to control levels, indicating that A�, and not APP, is responsible for the decrease in CHIP
levels. *p � 0.05.
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relationship between A� and CHIP levels, we next use an immu-
nological approach to decrease A� levels. Toward this end,
6-month-old 3xTg-AD mice were injected the anti-A� antibody
1560 (control mice were injected with PBS) into the cerebral
ventricle (4 mice/group). This single antibody injection was suf-
ficient to remove A� deposits from the brains of these mice (data
not shown), consistent with our previous reports (Oddo et al.,
2004, 2006b). We found a 26.7 � 4.3% increase in CHIP levels in
the immunized mice compared with PBS-injected 3xTg-AD mice
(Fig. 8C). To further support these data, we next measured CHIP
levels in the brains of actively immunized mice and found that
preventing A� accumulation also restored the CHIP levels to
NonTg levels (Fig. 8D). Based on the data presented here, it
appears that A�42 (either directly or indirectly) reduces CHIP
levels, which is sufficient to interfere with tau turnover and deg-
radation, thereby facilitating the buildup of tau aggregates.

To more conclusively demonstrate the critical role that CHIP
plays as a molecular mediator of A�-induced tau pathology, we
sought to determine whether the A�-induced effects on tau could
be reestablished by elevating CHIP levels even in the presence of
A�. To address this issue, we injected 3 �l of a CHIP-expressing
lentivirus (1.2 � 10 6 transducing particles/ml) into the left hip-
pocampi of 12- and 18-month-old 3xTg-AD mice. As a control,
the right hippocampi received injection of a control lentivirus.
Seven days after injection, mice were killed and their hippocampi
extracted and processed for analysis (n � 8/time point). In pro-
tein extracts from the left hippocampus, which received the
CHIP-expressing lentivirus, Western blot analysis showed a sig-
nificant increase in CHIP steady-state levels compared with pro-
tein extract harvested from the right, control-virus injected hip-
pocampi; the effect was apparent in both 12- and 18-month-old
mice (Fig. 9A,B). The increase in CHIP levels led to a decrease in

Figure 8. A� accumulation decreases CHIP levels in vivo. To further understand the relationship between A� and CHIP, we measured CHIP levels in the brains of the 3xTg-AD mice as a function
of age. A, Representative Western blots from proteins extracted from brains of 3-, 6-, 9-, and 12-month-old 3xTg-AD mice. Densitometric analysis showed a significant decrease in CHIP levels in the
brains of 9- and 12-month-old mice. B, The decrease in CHIP levels are rescued in the APP/tau mice after selectively reducing A�42 levels, indicating that even in vivo, A� can alter CHIP levels. We
next determine whether CHIP levels could be restored by reducing A� levels via A� immunization. C, Representative Western blot from proteins extracted from the brains of 6-month-old mice
injected with the anti-A� antibody 1560 or PBS. Densitometric analysis showed a 26.7 � 4.3% increase in CHIP levels in the immunized mice. D, Representative Western blots from proteins
extracted from actively immunized mice with fA�42, which prevented A� accumulation (Fig. 6). Densitometric analysis indicated that CHIP levels were restored to NonTg levels in the brains of
immunized mice showing a high antibody-response. *p � 0.05.
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phosphorylated tau as detected by the AT180 and AT8 phospho-
specific tau antibodies, whereas the steady-state levels of the tau
transgene remained unaltered (Fig. 9A,B). We next determined
whether the increase in CHIP levels had any effect on the soma-
todendritic tau accumulation. We first analyzed the brains of
12-month-old mice and found that tau deposits were signifi-
cantly decreased in sections close to the injection site (left hip-

pocampi), whereas its levels were not altered on the right hip-
pocampi, receiving the control virus (Fig. 9C–E,J). Notably, in
sections distal to the site of injection, somatodendritic tau immu-
noreactivity was comparable between the left and right hip-
pocampi, consistent with the relatively small zone of infectivity
exhibited by lentiviral vectors (Fig. 9F–G,K). In 18-month-old
mice, where tau phosphorylation and aggregation is more ad-

Figure 9. Increasing CHIP levels ameliorates tau pathology in vivo. CHIP-expressing lentivirus was injected into the left hippocampi of 12- and 18-month-old 3xTg-AD mice, whereas the right
hippocampi were injected with a control lentivirus. A, Representative Western blot indicating that CHIP levels are increased in the hippocampi receiving the CHIP-expressing virus (ipsilateral)
compared with the hippocampi injected with the control virus (contralateral), whereas the expression levels of tau, as detected by HT7 remained unchanged. The increase in CHIP levels led to a
reduction of tau phosphorylation as detected by AT180 and AT8. �-Actin was used as a loading control. B, Quantification analysis shows that the steady-state levels of CHIP were significantly higher
in the hippocampi of the mice receiving the CHIP-expressing lentivirus compared with mice receiving a control virus (n � 4/time point), which led to a significant reduction in AT180 and AT8 level
both in 12- and 18-month-old mice. To determine whether the somatodendritic tau deposits were altered by increasing CHIP levels, sections from injected mice were stained for tau. C,
Representative microphotograph from 12-month-old mice showing a decrease in somatodendritic tau deposits in the left hippocampus, receiving the CHIP-expressing lentivirus (ipsilateral)
compared with the contralateral hippocampus, receiving the control virus. D, E, High-magnification view of C. When sections distal to the injection sites were stained for tau we found no differences
in the somatodendritic tau deposits (F, G). In 18-month-old mice, a significant reduction in somatodendritic tau levels was also observed in the left hippocampi (ipsilateral) receiving the CHIP
expressing virus compared with the right hippocampi (contralateral) receiving the control virus (H, I ). J, Quantification analysis of the immunohistochemical data from sections close to the injection
site. Notably, the reduction in tau pathology was more robust in 12-month-old mice compared with 18-month-old mice. K, Quantification analysis of the immunohistochemical data from sections
distal to the injection site. *p � 0.05; **p � 0.01.
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vanced compared with 12-month-old mice (Oddo et al., 2003b),
we also observed a significant reduction in somatodendritic tau
levels in the left versus right hippocampi (Fig. 9H–I,K), although
the effect was not as robust as those saw in 12-month-old mice.
Based on the cumulative evidence presented here from our in
vitro and in vivo studies, using both genetic and immunological
approaches, we conclude that CHIP plays a major role in medi-
ating the A�-induced tau pathology.

Discussion
The pivotal role A� plays in the pathogenesis of AD is widely
accepted and evidence from different laboratories shows that A�
accumulation underlies the memory loss in transgenic mice (Bill-
ings et al., 2005; Cleary et al., 2005; Lesné et al., 2006). Recent
evidence points to tau as a necessary component of the A�-
induced cognitive dysfunction (Roberson et al., 2007), suggesting
that either a direct or indirect interaction between A� and tau
may be central to the development of AD dementia. Hence, ex-
ploration of the possible mechanistic links between A� and tau
pathology may greatly aid our understanding of the disease.

Despite the fact that the 3xTg-AD mice harbor an indepen-
dent transgene that drives the expression of mutant human tau,
here we present experimental evidence showing that the develop-
ment of tau pathology is strongly dependent on the A�42 levels.
We first used a genetic approach to replace the mutant PS1 gene
with its wild-type counterpart. As expected, compared with the
3xTg-AD mice, the APP/tau mice show a selective decrease in
A�42 levels, whereas A�40 levels remained unaltered. Notably,
reducing A�42 levels markedly delayed the onset of A� deposi-
tion, and no plaque deposits were apparent in the brains of 18-
month-old APP/tau mice. The most significant finding emerging
from these studies is that this selective reduction in A�42 levels
markedly delayed the onset and progression of tau pathology.
Indeed, somatodendritic tau accumulation, which is a sign of
early tau pathology, is not detected until 18-month of age in the
APP/tau mice and is significantly less in extent compared with
6-month-old 3xTg-AD mice. To our knowledge, this is the first
report showing that preventing A�42 accumulation alters the on-
set and progression of tau pathology.

A� immunization has been successfully used to decrease A�
pathology from the brains of transgenic mice (Schenk et al., 1999;
Janus et al., 2000; Morgan et al., 2000). We previously showed
that A� immunotherapy suffices to remove early but not late
hyperphosphorylated tau lesions (Oddo et al., 2004, 2006a). In
this study, to further understand the relationship between A�
and tau, we also used an immunological strategy and found that
immunizing young prepathological mice with fA�42 was suffi-
cient to prevent A� accumulation. Most importantly, mimicking
the results obtained by genetically reducing A�42 levels, the pre-
vention of A� accumulation markedly delayed the onset of tau
pathology despite no changes in the steady-state levels of the tau
transgene. This finding is remarkable as the 3xTg-AD mice con-
tain an independent transgene that drives expression of mutant
human tau and despite that, the development of the tau pathol-
ogy is highly dependent on A�42 levels. These findings provide
clear evidence that A� plays a critical role in inducing tau
pathology.

Several neurodegenerative disorders (including AD) are char-
acterized by the abnormal accumulation of proteins, implying
that alterations of the UPS may play a role in their pathogenesis
and indeed, previous studies have implicated UPS dysfunction in
AD (Keller et al., 2000; Bertram et al., 2005). In particular, we
previously showed that A� accumulation may impair proteaso-

mal function and lead to tau accumulation (Oddo et al., 2004;
Tseng et al., 2008). The molecular mechanisms underlying the
effects of A� accumulation on the UPS are not well understood.
In this study, we provide the first experimental evidence that A�
accumulation decreases CHIP levels, which is a link between
chaperones and the UPS (McDonough and Patterson, 2003).
Moreover, we showed that the A�-induced effects on the tau
pathology are rescued by overexpressing CHIP, providing evi-
dence that CHIP plays a major role in the A�-induced tau pathol-
ogy. Future studies are needed to determine whether A� alters
CHIP levels directly or indirectly through its influence on other
components of the UPS. Nevertheless, the finding that A� alters
CHIP levels are highly significant as CHIP, in addition of regu-
lating tau turnover, plays a critical role in cellular protein control
(McDonough and Patterson, 2003). Particularly, CHIP positively
regulates the stress response by activating heat shock factor 1 (Dai
et al., 2003), a key regulator of the cellular stress response that
decreases with aging (Hsu et al., 2003). By diminishing CHIP
levels, A� accumulation may accelerate the normal age-
dependent decrease in the heat shock protein response, thus fa-
cilitating cellular aging.

One of the main therapeutic targets in AD is A�, and a major
effort is being conducted to the design � and � secretase inhibi-
tors and a clinical trial is currently ongoing using passive A�
immunization. The data presented here have profound clinical
implications, supporting the utility of this approach, as com-
pounds designed to lower A� production and accumulation are
expected to have beneficial effects on the tau pathology as well.
This is highly relevant as tau accumulation alone, in the absence
of A�, can cause cognitive decline (Ballatore et al., 2007). Fur-
thermore, we previously showed that A� immunotherapy leads
to the clearance of early but not late hyperphosphorylated tau
aggregates (Oddo et al., 2004). Here we showed that reestablish-
ing CHIP levels has a beneficial effect even in old mice (18-
month-old mice) with advanced pathology, suggesting that a
combined therapeutic approach, targeting A� and increasing
proteasomal function may further the pathological sequelae of
AD. Our results suggest that increasing CHIP levels may have
beneficial effects as it decreases the tau pathology. This is not only
relevant for AD but also for other neurodegenerative disorders
such as, frontotemporal dementia characterized by the accumu-
lation of tau.
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Gómez-Isla T, Growdon WB, McNamara MJ, Nochlin D, Bird TD, Arango
JC, Lopera F, Kosik KS, Lantos PL, Cairns NJ, Hyman BT (1999) The
impact of different presenilin 1 andpresenilin 2 mutations on amyloid
deposition, neurofibrillary changes and neuronal loss in the familial Alz-
heimer’s disease brain: evidence for other phenotype-modifying factors.
Brain 122:1709 –1719.
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