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Expression of the human � amyloid peptide (A�) in transgenic
Caenorhabditis elegans animals can lead to the formation of
intracellular immunoreactive deposits as well as the formation of
intracellular amyloid. We have used this model to identify proteins
that interact with intracellular A� in vivo. Mass spectrometry
analysis of proteins that specifically coimmunoprecipitate with A�
has identified six likely chaperone proteins: two members of the
HSP70 family, three �B-crystallin-related small heat shock proteins
(HSP-16s), and a putative ortholog of a mammalian small glu-
tamine-rich tetratricopeptide repeat-containing protein proposed
to regulate HSP70 function. Quantitative reverse transcription–PCR
analysis shows that the small heat shock proteins are also tran-
scriptionally induced by A� expression. Immunohistochemistry
demonstrates that HSP-16 protein closely colocalizes with intra-
cellular A� in this model. Transgenic animals expressing a nonaggre-
gating A� variant, a single-chain A� dimer, show an altered pattern
of coimmunoprecipitating proteins and an altered cellular distribu-
tion of HSP-16. Double-stranded RNA inhibition of R05F9.10, the
putative C. elegans ortholog of the human small glutamine-rich
tetratricopeptide-repeat-containing protein (SGT), results in suppres-
sion of toxicity associated with A� expression. These results suggest
that chaperone function can play a role in modulating intracellular A�
metabolism and toxicity.

A large body of genetic, transgenic, and cell culture studies
has implicated the � amyloid peptide (A�), a primary

component of the extracellular senile plaques characteristic of
Alzheimer’s disease (AD), as playing a central role in the
pathology of this disease (1). However, there is also substantial
evidence from transgenic mouse models that A�-dependent
toxicity can occur independently of extracellular plaque forma-
tion per se. Neuronal pathology preceding plaque formation has
been demonstrated in transgenic mice expressing human FAD
mutant PS1 (2), FAD mutant APP (3–5), or both mutant
proteins (6). These studies suggest that A�-dependent toxicity
can occur before significant extracellular accumulation, possibly
involving intracellular A� accumulation. Numerous studies with
neuronal cell culture have demonstrated that A� can accumulate
intracellularly (7–10), after either endogenous A� production or
uptake of extracellular A�. Intracellular A� dimers have been
detected in primary human neurons and in neuronal cell lines
(11), and intraneuronal A�42 has also been demonstrated in
human brain (12). Immunohistochemical analysis has been used
to argue that intraneuronal A� contributes to plaque formation
after neuronal lysis (13), and that intraneuronal A� distribution
correlates with expression of the �7 nicotinic acetylcholine
receptor (14).

If intracellular A� contributes to AD pathology, it would be
informative to identify proteins that interact with A� intracel-
lularly, as these proteins may be directly involved in A� metab-
olism or toxicity. Although many serum proteins have been
identified that bind to A� and�or senile plaques, only a few
studies have sought to identify candidate intracellular A�-
binding proteins (15, 16), presumably due to the difficulty of
performing coimmunoprecipitation studies against a small non-
abundant intracellular peptide. One intracellular protein,

HADH II, was initially found to interact with A� by yeast
two-hybrid studies (17).

We have developed a transgenic Caenorhabditis elegans model
that is well suited for identifying intracellular A�-interacting
proteins. In this model, a strong muscle-specific promoter drives
the expression of a chimeric signal peptide�human A�1–42
minigene designed to route A� into the secretory pathway (18).
These animals express high intracellular levels of human A�1–42
(19), leading to the formation of intracellular � amyloid (20) and
a concomitant progressive paralysis phenotype. We have now
used this model to define intracellular binding partners of A�
that may contribute to, or be a response against, A� toxicity.

Materials and Methods
Strains and General Methods. Construction of transgenic strains
CL2006 (dvIs2) and CL3109 (dvIs10) has been previously de-
scribed (18, 19). Strain CL2179 [smg-1ts(cc546); dvEx179] con-
tains a high-transmittance extrachromosomal array containing
Fire lab expression vector L3808 [myo-3�green fluorescent
protein (GFP), body wall muscle-specific GFP (see http:��
ftp.ciwemb.edu�PNF:byName:�FireLabWeb�FireLabInfo�
FireLabVectors�) and pRF4 [rol-6(su1006), the dominant Roller
morphological marker used in the construction of strains
CL2006 and CL3109]. Strains were propagated at 20°C. Large-
scale synchronized populations were prepared by alkaline hy-
pochlorite egg purification and propagation of staged animals on
100-mm Petri plates containing nematode growth media sup-
plemented with 2% peptone (21).

Immunoprecipitation. A coimmunoprecipitation protocol was de-
veloped on the basis of previously described procedures (22).
Transgenic animals (mixed-stage populations) were resus-
pended in protease inhibitor, then flash frozen in liquid nitrogen.
Frozen pellets were ground with a mortar and pestle, and the
resulting slurry was resuspended in a Tris�Triton X-100 immu-
noprecipitation buffer [50 mM Tris�HCl, pH 7.5�0.1% Triton
X-100�100 mM NaCl�15 mM EDTA�1 mM 4-(2-aminoethyl)-
benzenesulfonyl f luoride�1 mM DTT�1 mM phenylmethylsul-
fonyl f luoride]. After pelleting insoluble material, the lysate was
incubated with antibody [0.3 �g�ml of lysate for anti-A� mono-
clonal 4G8 (Signet Laboratories, Dedham, MA) or 0.2 �g�ml for
anti-GFP monoclonal antibody (Quantum Biotechnologies,
Montreal, Quebec, Canada)] on ice for 90 min, and then the
antibody�antigen complexes were recovered by incubation with
protein A-Sepharose beads. After pelleting and washing of the
beads, recovered proteins were fractionated by SDS�PAGE on
4–20% polyacrylamide Novex gels (Invitrogen).

Mass Spectrometry. Protein gels were stained with silver nitrate
under conditions compatible for in-gel digestion with modified
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trypsin protease (Promega) and mass spectrometry (23, 24).
Peptides were desalted�concentrated by using C18 ZipTips
(Millipore) before target-mixing with �-cyano-4-hydroxycin-
namic acid matrix (10 mg�ml in 80% acetonitrile) and mass
analysis by using a Voyager DE-STR matrix-assisted laser de-
sorption�ionization time-of-f light mass spectrometer (Applied
Biosystems) operated in delayed extraction and reflectron mode.
Trypsin autolytic peptides (m�z � 515.33, 842.51, 1045.56,
2211.10) were used to internally calibrate each mass spectrum to
a mass accuracy within 50 ppm. Mass spectrometry was per-
formed in the Biochemical Mass Spectrometry Facility, School
of Pharmacy, University of Colorado Health Sciences Center.

Quantitative Reverse Transcription–PCR (RT-PCR). Total RNA was
prepared from staged worms by using the acid-phenol method
(Trizol, GIBCO�BRL). Synthesis of single-stranded cDNA was
performed by using an oligo(dT) primer with the SuperScript
cDNA synthesis kit (Invitrogen). Gene-specific primers were
designed by using PRIMER EXPRESS software (ABI Prism), and
quantitative RT-PCR was performed on the cDNAs by using the
SYBR green chemistry on an ABI Prism 7000 (Applied Biosys-
tems). Relative quantitation of mRNA levels was determined by
standardizing against a nonvariable control gene (F23B2.13),
and data analysis was performed by using methods as described
in ABI Prism 7000 user bulletin no. 2. All determinations were
replicated at least three times.

RNA Inhibition (RNAi) by Feeding. To construct Escherichia coli
strains expressing specific double-stranded RNAs (dsRNA),
genomic sequence encompassing all of a specific C. elegans gene
(e.g., R05F9.10) was amplified by using forward and reverse
primers containing 5� extensions encoding a T7 promoter se-
quence (TGAATTGTAATACGACTCACTATAGGGAGA),
and the resulting PCR product was cloned into a TOPO XL
vector (Invitrogen). The resulting dsRNA-expressing plasmid

was subsequently transformed into E. coli strain HT115, and lawns
of induced (dsRNA-expressing) bacteria were prepared on nema-
tode growth media � isopropyl �-D-thiogalactoside � kanamycin
plates as previously described (25). Third-larval-stage CL2006
animals were propagated on feeding RNAi plates until they reached
adulthood, then transferred to fresh RNAi plates and allowed to lay
eggs for 2–4 h. After removal of the adult parental animals, the
synchronous progeny populations were allowed to reach adulthood
(�5 days), then scored for paralysis.

Results
The well characterized anti-A� monoclonal antibody 4G8 (26)
was used to immunoprecipitate A� from mixed-stage popula-
tions of transgenic line CL2006 and control wild-type animals.
As shown in Fig. 1, fractionation of immunoprecipitates by
SDS�PAGE identified �10 bands that specifically coimmuno-
precipitated with lysate from A�-expressing line CL2006 (Fig. 1,
lanes 2 and 4). These bands were not observed in control
immunoprecipitations by using a monoclonal antibody against
GFP (Fig. 1, lanes 3, 5, 6). All protein bands detectable by silver
staining were excised, digested in gel with trypsin, and subjected
to matrix-assisted laser desorption ionization�time-of-f light
mass spectrometry. Six proteins were successfully identified by
comparison of tryptic peptide masses to the set of predicted C.
elegans proteins (see Table 1). All of the identified proteins have
a likely role in chaperone function. The identified proteins
include two HSP70 homologs (C15H9.6 and F26D10.3), three
small heat shock proteins with homology to �B-crystallin
[T27E4.3 (HSP-16–1), Y46H3A.d (HSP-16–2), and T27E4.3
(HSP-16–48)], and a tetratricopeptide repeat-containing pro-
tein (R05F9.10) that is the apparent ortholog of the human small
glutamine-rich tetratricopeptide-repeat-containing protein
(SGT), which has been reported to bind to hsc7C (27).

To confirm the identification of HSP-16 proteins in the
coimmunoprecipitates, an immunoblot of immunoprecipitated

Fig. 1. Specific proteins coimmunoprecipitate with intracellular A�. Lysates of adult wild-type, CL2006 (A�-expressing), or CL2179 (GFP-expressing) animals
were incubated with mAb 4G8 or control anti-GFP mAb, and the resulting immunoprecipitates were fractionated on SDS 4–20% polyacrylamide gels and
visualized by silver staining. Lane 1, wild-type animals immunoprecipitated with 4G8; lane 2, CL2006 animals immunoprecipitated with 4G8; lane 3, CL2006
animals immunoprecipitated with anti-GFP; lane 4, CL2006 animals immunoprecipitated with 4G8; lane 5, heat-shocked CL2179 animals immunoprecipitated
with anti-GFP; lane 6, untreated CL2179 animals immunoprecipitated with anti-GFP. Specific bands reproducibly identified in all CL2006 immunoprecipitation
performed to date (nine independent immunoprecipitations) are indicated with asterisks (lanes 2 and 4). All visible bands in lane 2 were subjected to mass
spectrometry analysis. The boxes in lane 2 indicate faint bands also recovered for MS analysis. The heavy GFP band in lanes 5 and 6 was confirmed by immunoblot
(data not shown). IgG HC, Ig heavy chains; IgG LC, Ig light chains.
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proteins was sequentially probed with mAb 4G8 and a polyclonal
antibody raised against an HSP-16–2 peptide (28). This antibody
reacts strongly against the closely related HSP-16–1�HSP-16–2
family of small heat shock proteins and weakly against the more
distantly related HSP-16–41�HSP-16–48 class. As shown in Fig.

2A, HSP-16 coimmunoprecipitates with A�. In complementary
experiments immunoprecipitating with anti-HSP-16 antibody,
A� is also found to coimmunoprecipitate in CL2006 lysates (Fig.
2A, lane 6). Interestingly, the species of A� that coimmunopre-
cipitated with HSP-16 appeared to be predominantly multimeric.

Table 1. Coimmunoprecipitating proteins identified by mass spectrometry and microarray analysis (RNA expression)

Gene product Description

Molecular mass, kDa
Molecular weight

search score
Z

score

Protein
coverage,

%
A�1-42 fold
induction

A� dimer
fold inductionApparent Predicted

C15H9.6 HSP70C, BiP/GRP78 ortholog 71 73 2.3 � 105 (7.94) 1.76 16 0.8 (0.69–0.89) 0.5 (0.42–0.6)
F26D10.3 HSP70A, cytoplasmic HSP70 70 69.7 4.8 � 106 (23.3) 2.41 31 0.55 (0.4–0.76) 0.86 (0.74–0.98)
R05F9.10 SGT ortholog 37 36.5 363 (77) 1.19 20 0.86 (0.72–1.05) 0.6 (0.52–0.69)
T27E4.2 HSP-16-1, �B-crystallin homolog 16 16.4 5.9 � 104 (97.3)* 1.93* 46 9.9 (7.5–11.6) 4.3 (3.4–5.4)
Y46H3A.d HSP-16-2, �B-crystallin homolog 16 16.4 5.5 � 103 (178)*† 0.45*† 34 9.5 (6.9–13.0) 6.0 (5.6–6.7)
T27E4.3 HSP-16-48, �B-crystallin homolog 13 16.4 407 (148) 0.97 59 14 (11.6–20.0) 6.7 (6.2–8.3)

*Ions derived from A� (m�z � 1,325.65 and 1,336.63) included in searches did not match identified proteins but did reduce significance scores.
†Found in a mixture with HSP-16-1. Lower significance scores were due to masses in common between HSP-16-1 and -2.
Peptide mass maps were acquired by MALDI-TOF mass spectrometry and used to search the SWISSPROT and NCBInr databases (all species) by using the MS-FIT

(http:��prospector.ucsf.edu�ucsfhtml4.0�msfit.htm) and PROFOUND (www.proteometrics.com) algorithms. Significant molecular weight search scores (bold) are
at least one order of magnitude greater than the next best match (value in parentheses) that represents a nonhomologous protein. Significant Z scores (bold)
are within the 95% confidence interval. Protein coverage (%) reflects the amount of protein sequence accounted for among the tryptic peptides matched in
the search. Fold induction determined by assaying transcript levels by quantitative reverse transcription–PCR for transgenic strains CL2006 (A�1-42) and CL3109
(A� single-chain dimer), then comparing these values to those determined for control transgenic strain CL2179 (GFP). Values are presented as average relative
induction and standard deviation-derived range. Genes with significant induction highlighted in bold.

Fig. 2. Association of A� with HSP-16. (A) Coimmunoprecipitation of A� and HSP-16. Lysates from CL2006 were immunoprecipitated with either mAb 4G8 (lanes 1–5)
or anti-HSP-16 antibody (lane 6) and fractionated along with control preparations on a Tris-Bicine�SDS polyacrylamide gel, and then blotted and sequentially probed
with 4G8 (Upper) and anti-HSP16 antibody (Lower). Lane 1, synthetic A�1–42; lane 2, total CL2006 lysate; lane 3, CL2006 4G8 immunoprecipitate; lane 4, concentrated
post-4G8-IP lysate; lane 5, heat-shocked wild-type animals; lane 6, CL2006 anti-HSP-16 immunoprecipitate (run on a separate gel, resulting in different mobilities than
lanes 1–5). Note both A� and HSP-16 proteins detected in both immunoprecipitates (lanes 3 and 6). (B) Immunohistochemical localization of A�, HSP-16, and amyloid
dye-reactive deposits in CL2006. CL2006 animals were vitally stained with the amyloid-specific dye X-34 and then fixed, permeabilized, and probed with 4G8 and
anti-HSP-16 antibody. (Top) Digitally fused differential contrast (DIC)�shortwave epifluorescence (X-34) image; (Middle) fused X-34�4G8 epifluorescence image;
(Bottom) fused X-34�anti-HSP-16 epifluorescence image. (All epifluorescence images are false color.) Note nearly identical patterns of A�- and HSP-16-reactive deposits
(straight arrows), which do not generally overlap with X-34-reactive amyloid deposits (curved arrows). (Bar � 25 �m.)
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To determine whether this A��HSP-16 interaction occurs in
vivo, CL2006 transgenic animals were fixed and probed with
mAb 4G8, the amyloid-specific dye X-34 (29), and anti-HSP-16
antibody. HSP-16 was found to tightly colocalize with immuno-
reactive A� deposits but not with the fully amyloidic A� detected
by X-34.

To examine the specificity of this apparent interaction of A�
with chaperone proteins in this transgenic model, we repeated
the coimmunoprecipitations with a transgenic line, CL3109, that
expresses a nonamyloidic A� variant, the single-chain A� dimer.
These transgenic animals contain a muscle promoter-A� mini-
gene construct similar to that expressed in CL2006 but express
a protein consisting of two A�1–42 sequences joined by a short
linker peptide. Although this strain expresses high levels of this
single-chain dimer protein, these animals do not produce de-
tectable amyloid deposits (19) and show significantly reduced
levels of paralysis (Fig. 3A). The pattern of proteins immuno-
precipitated with mAb 4G8 from CL3109 is significantly differ-
ent from that of CL2006 (Fig. 3B), with the F26D10.3 HSP70 and
HSP-16 bands reduced or absent. The reduction of HSP-16 in the
immunoprecipitate was confirmed by immunoblot (data not
shown). In addition, CL3109 animals probed with 4G8 and
anti-HSP-16 antibody do not show the tight colocalization of A�
and HSP-16 observed in CL2006, with many (but not all)
4G8-reactive deposits lacking detectable anti-HSP-16 antibody
binding (Fig. 3C). These results suggest that in this model, the
chaperone response to intracellular A� is specifically associated
with some conformational or toxic property of A� and is not due
to a general response to high expression to a foreign protein. We
also note that neither HSP-16 nor HSP70 (F26D10.3) bands are
found in control experiments in which GFP is immunoprecipi-
tated from heat-shocked CL2179 animals, which have high-level
muscle-specific expression of GFP (Fig. 1, lane 5). This
result further supports the specific association of these proteins
with A�.

The differential recovery of proteins immunoprecipitated
from CL2006 and CL3109 could result from differential asso-
ciation of chaperone proteins with A� and the A� dimer or from

differential induction of the chaperone proteins (or both). We
measured transcript levels of the identified chaperone proteins
by quantitative PCR in CL2006, CL3109, and control transgenic
strain CL2179 (Table 1). We found that the HSP-16 transcripts
showed significant up-regulation in both A�-expressing strains.
Relative to control strain CL2179, CL2006 animals had an �10-
to 15-fold increase in HSP-16 transcripts, whereas CL3109
showed an �4- to 6-fold increase. The reduced recovery of
HSP-16 proteins in coimmunoprecipitation experiments with
CL3109 may therefore result in part from a weaker induction of
these proteins by the A� dimer variant. In contrast, transcript
levels of the cytoplasmic HSP70 (F26D10.3) were not increased
in either CL2006 or CL3109. These results suggest the specific
coimmunoprecipitation of cytoplasmic HSP70 with A�1–42
results from a specific interaction that does not occur with the
nonaggregating A� dimer variant. Interestingly, although HSP70
(F26D10.3) and HSP-16 are both transcriptionally induced
by heat shock (30, 31), they apparently are not coordinately
transcriptionally up-regulated in response to constitutive A�
expression.

To investigate the role of the coimmunoprecipitating proteins
in the pathological phenotype exhibited by the transgenic ani-
mals, we attempted to alter the endogenous chaperone response
in these animals by inhibiting expression of the identified
coimmunoprecipitating proteins by dsRNAi. The most informa-
tive of these experiments (see Discussion) resulted from RNAi
of R05F9.10, the C. elegans ortholog of the human SGT protein.
The SGT protein binds to the C terminus of HSP70 and appears
to be a negative regulator of HSP70-dependent chaperone
function, based on in vitro luciferase activity reconstitution
experiments (32). Thus, inhibition of R05F9.10 would be pre-
dicted to enhance HSP70-dependent chaperone function. To
inhibit R05F9.10 expression, CL2006 animals were propagated
on an E. coli strain expressing dsR05F9.10 RNA (feeding RNAi;
ref. 33). (Body wall muscle cells are particularly susceptible to
this form of specific gene inhibition, one of the rationales for
using this transgenic model.) RNAi of R05F9.10 suppressed the
progressive paralysis in CL2006 animals, with the fraction of

Fig. 3. Altered phenotype and A��protein interaction in transgenic animals expressing A�1–42 single-chain dimer. (A) Synchronous CL2006 and CL3109 (A�

single-chain dimer-expressing) animals were raised at 20°C and scored for paralysis as young adults. (B) Silver-stained SDS 4–20% polyacrylamide gel of 4G8
immunoprecipitatesfromCL2006(lane1)andCL3109(lane2).NotestrongreductionofHSP70(F26D10.3)andHSP-16(T27E4.2,Y46H3A.d,andT27E4.3)bands inCL3109
immunoprecipitates. (A� or A� dimer was efficiently recovered in immunoprecipitations as determined by immunoblot; data not shown.) (C) CL3109 animal fixed,
permeabilized, and probed with 4G8 (Middle) and anti-HSP-16 (Bottom) (1). Note absence of A��HSP-16 colocalization, arrows (compare with Fig. 2B). (Bar � 25 �m.)

9442 � www.pnas.org�cgi�doi�10.1073�pnas.152313999 Fonte et al.



young adult animals paralyzed reduced from 54% (�6.4 SEM)
in animals exposed to control GFP RNAi to 17% (�3.8 SEM)
in animals exposed to R05F9.10 RNAi. These suppressed ani-
mals showed no detectable change in the amount or distribution
of A�, HSP-16, or X-34-reactive deposits (data not shown).

Discussion
Previous studies have suggested the involvement of chaperone
proteins in AD pathology. Early studies using immunohisto-
chemistry and immunoblotting suggested that expression of both
HSP70-class (34, 35) and �B-crystallin-related proteins (36, 37)
was increased in AD brains, and both classes of proteins were
associated with senile plaques. A more recent study using
two-dimensional PAGE coupled with mass spectrometry con-
firmed the increased expression of �B-crystallin but found that
specific HSP70-class proteins may be increased (HSPA4), de-
creased (HSPA8), or unchanged (HSPA1B, HSPA5) in specific
regions of AD brains (38). Interpretation of these analyses of
postmortem AD tissue is difficult, because it cannot be deter-
mined at what stage in the disease these changes occurred or how
directly the chaperone proteins are involved in the pathological
process. Our finding that chaperone proteins interact with
intracellular A� suggests that these proteins may play an early
role in A� metabolism. We note that, although our studies were
designed to identify A�-interacting proteins in an unbiased
manner, to date the only interacting proteins we have positively
identified are likely chaperone proteins.

We find that �B-crystallin-homologous HSP-16 proteins
closely colocalize with intracellular A�. In vitro, �B-crystallin
can physically interact with A�1–40 (39) and has been reported
to inhibit fibril formation by A�1–42 (40). However, A�1–40
preparations preincubated with �B-crystallin have been re-
ported to have enhanced toxicity, despite reduced fibril forma-
tion (41). We observed HSP-16 protein associated with 4G8-
immunoreactive deposits but not with amyloid aggregates
detected with the amyloid-specific dye X-34. Thus, HSP-16 is
likely to interact with A� monomer or some prefibrillar A�
oligomer. Whether HSP-16 induction by and binding to A� are
protective in this transgenic C. elegans model is unclear, as we
have been unable to completely ablate HSP-16 expression by
RNAi (likely due to the family of closely related genes encoding
this protein class).

The predominant protein in A� coimmunoprecipitates is
F26D10.3, which is a cytoplasmic HSP70 whose human ho-
mologs are encoded by the HSPA1�2 gene family. This HSP70
apparently has an essential role in C. elegans development,
because RNA inhibition of F26D10.3 leads to embryonic lethal-
ity or developmental arrest (unpublished observations). The
interaction of A�1–42 and F26D10.3 appears highly specific,
because this protein is not efficiently recovered in immunopre-
cipitates from transgenic animals expressing an A�1–42 single-

chain dimer. This observation suggests A�1–42 can attain a
conformation that the nonamyloidic single-chain dimer cannot.
There is strong evidence for the involvement of HSP70 in
neurodegenerative diseases (reviewed in ref. 42). HSP70 over-
expression can reverse polyglutamine-repeat-dependent toxicity
in fly (43), cell culture (44), and mouse (45) models. Expression
of a human HSPA1-class HSP70 has also recently been shown to
suppress �-synuclein-dependent toxicity in a fly Parkinson’s
disease model (46). We have used dsRNA inhibition of a
putative negative regulator of HSP70 function to endogenously
increase HSP70 chaperone activity, and we similarly see protec-
tion against A�-dependent toxicity. Our results suggest that, as
proposed for other age-associated neurodegenerative diseases,
chaperone function may play a direct and early role in AD.

Our experiments cannot determine whether the identified
chaperone proteins associate with A� individually or as part of
a multicomponent complex. Interestingly, both a cytoplasmic
HSP70 (F26D10.3) and an endoplasmic reticulum-localized
HSP70 (C15H9.6, orthologous to GRP78�BiP) are recovered in
A� immunoprecipitates. We have also performed RNAi exper-
iments against C15H9.6; however, the results of these experi-
ments are difficult to interpret, because RNAi of C15H9.6 leads
to the strong up-regulation of another chaperone protein (V.K.,
unpublished observations). The identification of C15H9.6 as a
coimmunoprecipitating protein is consistent with the routing of
A� to the secretory pathway, as expected with the signal
peptide-containing A� minigene used in this model. However,
A� is not effectively secreted from muscle cells in transgenic
animals and ultimately appears cytoplasmic, as observed by
immuno-electron microscopy (20). We hypothesize that in this
transgenic C. elegans model, A� is recognized as an abnormal
protein and actively rerouted from the secretory pathway to an
alternative compartment for refolding or degradation. This
metabolism of A� may parallel that of prion protein (PrP)
expressed in transfected cells, which is apparently continually
subjected to endoplasmic reticulum quality control and retro-
grade transport, and where proteasome inhibitor treatment leads
to cytoplasmic accumulation of PrP colocalized with HSP70
(47). It is of particular interest whether this proposed intracel-
lular A� metabolism also occurs to some degree in human
neurons. We speculate that the ability of some nonsteroidal
anti-inflammatory drugs to inhibit A�1–42 secretion from cul-
tured cells (48) and to reduce plaque load in transgenic A� mice
(49) may result from the previously demonstrated ability of these
drugs to modulate cellular chaperone functions (50–52).
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