
Abstract Misfolded secretory and membrane proteins
are known to be exported from the endoplasmic reticu-
lum (ER) to the cytosol where they are degraded by
proteasomes. When the amount of exported misfolded
proteins exceeds the capacity of this degradation mecha-
nism the proteins accumulate in the form of pericentri-
olar aggregates called aggresomes. Here, we show that
the amyloid β-peptide (Aβ) forms cytosolic aggregates
after its export from the ER. These aggregates share 
several constituents with aggresomes. However, Aβ ag-
gregates are distinct from aggresomes in that they do not
accumulate around the centrosome but are distributed
randomly around the nucleus. In addition to these cyto-
solic aggregates, Aβ forms intranuclear aggregates
which have as yet not been found for proteins exported
from the ER. These findings show that proteins exported
from the ER to the cytosol which escape degradation by
the proteasome are not necessarily incorporated into 
aggresomes. We conclude that several distinct aggrega-
tion pathways may exist for proteins exported from the
ER to the cytosol.
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Introduction

Protein aggregation is a common phenomenon occurring
under physiological and pathophysiological conditions in
intracellular compartments and in the extracellular space.
Under physiological conditions aggregation is a means
to regulate the availability and utilization of a specific
protein for downstream processes. Several intensely
studied aggregation processes are well-known for their

physiological relevance: (1) the availability of thyro-
globulin for the proteolytic release of thyroid hormones
is mainly regulated by its aggregation in the extracellular
space of the thyroid follicle lumen (Herzog et al. 1992;
Klein et al. 2000; Saber-Lichtenberg et al. 2000; Schmitz
et al. 2002a) and (2) the packaging of exportable 
proteins in the secretion granules of exocrine glands or
the aggregation of peptide hormones such as insulin in
the trans Golgi network and β granules are integral parts
of regulated secretion (for a recent review, see Tooze et
al. 2001). In contrast to these physiologically regulated
processes, aggregation also occurs when the synthesis of
misfolded proteins exceeds the capacity of the cell to 
degrade them. Such pathological aggregation is often
found due to protein misfolding in the endoplasmic retic-
ulum (ER; for review, see Ellgaard et al. 1999; Fassio
and Sitia 2002; Roth et al. 2002) and may be either the
cause or the consequence of cellular malfunction. In
most cases aggregation is due to mutations, for example,
in the Z allele of alpha-1 antitrypsin which forms aggre-
gates in the ER (Lomas et al. 1992), in aquaporin-2
which induces formation of Mallory bodies (Hirano et al.
2002), or in the ∆F508 mutation of cystic fibrosis trans-
membrane conductance regulator (CFTR) which is ex-
ported from the ER and forms aggregates in the cytosol
(Johnston et al. 1998). For CFTR it has been shown that
the aggregate formation is not a totally uncontrolled 
process. Instead, the cell collects the CFTR-containing
aggregates, named aggresomes, around the centrosome
by the use of a microtubule-dependent transport system
(Johnston et al. 1998). Moreover, expression of different
aggregating proteins in the same cell revealed that these
proteins do not coalesce into one mixed aggregate but 
into different aggregates which, nevertheless, are trans-
ported to the centrosome (Rajan et al. 2001). However,
protein aggregation may result not only from increased
generation of the aggregating protein but also from its
reduced clearance. Thus, in the case of alpha-1 antitryp-
sin the rate of its degradation determines the rate of 
aggregate formation in the ER and subsequently the de-
gree of liver injury (Wu et al. 1994).
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Aggregation of the amyloid β-peptide (Aβ) is one of
the hallmarks of Alzheimer’s disease giving rise to the
pathomorphologically characteristic amyloid plaques. In
most cases of familiar, early onset Alzheimer’s disease
mutations in the amyloid precursor protein or in the pres-
enilins cause an increased generation of Aβ (for review,
see Selkoe 2001) which may occur in different cellular
compartments including the ER (Schmitz et al. 2002b).
In contrast, there is accumulating evidence that in the
sporadic Alzheimer’s disease of the elderly the reason
for the accumulation of Aβ may lie in the reduced clear-
ance of Aβ which is generated at the normal rate (Glabe
2000). Recently, we observed that ER-localized Aβ can
be degraded by either of two proteases, the proteasome
or insulin-degrading enzyme, and that the inhibition of
these proteases results in the cytosolic accumulation of
Aβ in a partially insoluble, aggregated form (unpub-
lished work).

In this report, we studied whether the cytoplasmic Aβ
aggregates share features with aggresomes. For this 
purpose, we examined their composition and cellular 
localization in more detail. Using CHO cells expressing
Aβ in the ER we demonstrate that a fraction of Aβ is 
exported to the cytosol where it forms large aggregates
containing ubiquitin, proteasomes, and Hsc70. The 
aggregates were not concentrated around the centrosome
but were found distributed randomly around and inside
the nucleus. Thus, the Aβ aggregates share some compo-
nents with aggresomes but they differ in their cellular 
localization and may, therefore, represent a specific form
of protein aggregation in the cytosol and the nucleus.

Materials and methods

Plasmid construction

For the construction of the signal peptide-containing Aβ42
(sAβ42) the sequences coding exactly for the signal peptide or the
Aβ42 region of APP, respectively, were amplified by PCR using
the cDNA of human APP695 as a template. The 3′-primer for the
amplification of the signal peptide sequence and the 5′-primer for
the amplification of the Aβ42 sequence contained an Esp3I restric-
tion site allowing the ligation of the amplified sequences in such a
way that no additional amino acids were introduced into the 
protein (see Fig. 1a). The 3′-primer for the amplification of the
Aβ42 region introduced a stop codon after amino acid 42 of Aβ.
The ligated PCR products were cloned into the vector pCI-neo
(Promega, Madison, Wis., USA) and denoted pCIsAβ42.

Cell culture and transfection

The CHO-K1 cells were seeded on coverslips in six-well plates
the day before transfection. Cells were transfected with 2 µg
pCIsAβ42 or 2 µg pCI-neo, respectively, using 6 µl Fugene 6
(Roche, Mannheim, Germany). Twenty hours after transfection the
medium (F12-Ham’s) was changed and the cells were cultivated
for an additional day before analysis.

Immunofluorescence microscopy

Cells were washed twice in warm (37°C) phosphate-buffered 
saline (PBS) and fixed for 30 min with 3% paraformaldehyde

(PFA) in PBS (37°C). After washing with PBS the cells were incu-
bated for 10 min at room temperature with 70% formic acid to 
improve labeling of Aβ aggregates. After washing in PBS the cells
were permeabilized for 10 min with 0.2% Triton X-100 in PBS
and washed again. For the tubulin staining the cells were fixed for
8 min in ice-cold methanol and the formic acid treatment and the
permeabilization were omitted. After blocking for 30 min with 3%
bovine serum albumin (BSA) in PBS and washing with 0.1% BSA
in PBS the cells were incubated overnight at 4°C in a wet chamber
with the primary antibody diluted in 0.1% BSA in PBS. After
washing the cells were incubated for 90 min at 37°C with the 
secondary antibody diluted in 0.1% BSA in PBS. For double
staining the cells were washed and treated with the second pair of
antibodies exactly as above. Then the cells were washed with
PBS, once with water, and mounted in GelMount (Biomeda, 
Foster City, Calif., USA) containing 5% 1,4-diazabicyclo(2.2.2)
octane as antifading agent.

Primary antibodies were mouse anti-Aβ monoclonal 4G8 
(isotype IgG2b; Signet Pathology Systems, Dedham, Mass.,
USA), mouse anti-PDI monoclonal (isotype IgG1; StressGen 
Biotechnologies, Victoria, Canada), rabbit anti-ubiquitin antise-
rum (StressGen Biotechnologies), rabbit anti-Hsc70 antiserum
(Frydman et al. 1994), mouse anti-α7 monoclonal (isotype IgG1;
Affiniti Research Products, Mamhead, UK), and rat anti-tubulin
monoclonal (LabGen/NatuTec, Frankfurt, Germany). Secondary
antibodies were Cy2 or Cy3 goat anti-mouse IgG (Jackson Im-
munoresearch, West Grove, Pa., USA), TRITC goat anti-mouse
IgG1 (Southern Biotechnology Associates, Birmingham, Ala.,
USA), FITC goat anti-mouse IgG2b (Southern Biotechnology 
Associates), Cy2 or Cy3 goat anti-rabbit IgG (Jackson Immunore-
search), and DTAF goat anti-rat IgG (Jackson Immunoresearch).
When mouse monoclonal antibodies were used for colocalization
studies they were of different isotypes. The secondary antibodies
were isotype-specific and did not crossreact with the other iso-
types (data not shown).

Pictures were taken with a Zeiss confocal laser scanning 
microscope LSM 510 (Zeiss, Jena, Germany) equipped with an ar-
gon and a helium/neon mixed gas laser with excitation wave-
lengths of 488 and 543 nm. Scans were taken at a resolution of
1,024×1,024 pixels in the line averaging mode at a pinhole setting
of one airy unit using the LSM software, version 2.8 SP1. Color
coding and overlays were done using the Image Pro-Plus software,
version 4.0 (Media Cybernetics, Silver Spring, Md., USA).

Electron microscopy

Immunogold labeling of ultrathin cryosections was performed 
according to the Tokuyasu method as suggested by Slot and Geuze
(Slot and Geuze 1985; Tokuyasu 1973). The Aβ-transfected CHO
cells (see above) were fixed for 2 h at room temperature with 2%
PFA and 0.2% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2.
The cells were embedded in 10% gelatine and frozen in liquid ni-
trogen as small blocks. Ultrathin (60 nm) sections were cut with a
diamond knife, recovered with 2% methyl cellulose/1.2 M 
sucrose, and placed on Formvar-coated copper grids. Sections
were labeled with anti-Aβ monoclonal antibody 4G8 followed by
a secondary antibody coupled with 12-nm colloidal gold (Jackson
Immunoresearch). The labeled sections were contrasted with 2%
unbuffered uranyl acetate, embedded into methyl cellulose/uranyl
acetate, and viewed under a Philips CM120 electron microscope
(Philips, Eindhoven, Netherlands) at 80 kV.

Western blot

Cells transfected as described above were lysed in 0.5% Triton 
X-100, 10 mM EDTA, 1 µg/ml aprotinin, 10 µM E-64, 1 µM 
pepstatin, 50 µM leupeptin, 1 mM phenylmethylsulfonyl fluoride
in PBS for 30 min on ice. After centrifugation (18,300 g, 15 min,
4°C) the supernatant containing the soluble fraction was removed
and both the supernatant and the pellet containing the insoluble
fraction were boiled for 5 min in sample loading buffer. The pellet
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fraction was sonicated for 3 min. The proteins were separated on a
10% NuPAGE gel using the MES running buffer (Invitrogen,
Groningen, Netherlands). After transfer onto a PVDF membrane
Aβ42 was detected with antibody 6E10 using ECL (Amersham
Biosciences, Little Chalfont, UK).

Results

When Aβ42 was expressed in the ER of CHO cells by 
N-terminal fusion to the signal peptide of APP (Fig. 1a)
it was exported from the ER to the cytosol where it was
degraded by insulin-degrading enzyme and by the pro-
teasome (unpublished work). The reason why Aβ42 was
targeted to the ER-associated degradation pathway is as
yet unknown. The degradation was, however, incomplete
and a fraction of the exported Aβ42 was found in an 
insoluble state (Fig. 1b). The slight difference in the 
migration pattern of soluble and insoluble Aβ42 was only
inconsistently found and, therefore, does not imply 
different Aβ forms. As the insoluble Aβ42 might form
aggregates in the cytosol a morphological investigation
of the cellular localization and structure of the aggregat-
ed Aβ42 was performed in the present study. As expected
immunofluorescence analysis of the transfected cells 
revealed a reticular staining pattern of Aβ42 indicative of
its presence in the ER (Fig. 2b). The same reticular stain-
ing pattern was seen when the cells were stained for the
ER-resident protein PDI (Fig. 2a) and both signals
showed considerable overlap (Fig. 2c) verifying the pres-
ence of Aβ42 in the ER.

However, in about half of the transfected cells spheri-
cal structures which were positive for Aβ42 but negative

for PDI were found in the perinuclear region and inside
the nucleus (Fig. 2d). It should be noted that these Aβ
aggregates were not caused by the formaldehyde fixation
or the formic acid treatment as they were also observed
in cells fixed with ice-cold methanol (see Fig. 6). To test
whether the perinuclear structures were lysosomes CHO
cells transfected with sAβ42 were treated for 90 min with
lysotracker and then stained for Aβ42. The lysotracker
and Aβ42-positive structures did not colocalize (data not
shown) arguing against the possible lysosomal nature of
these structures.
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Fig. 1a, b Expression of amyloid β-peptide 42 (Aβ42) in CHO
cells. a For the construction of signal peptide-containing Aβ42
(sAβ42) the signal peptide (SP, broken line) of APP was directly
fused to the N-terminus of Aβ42 (unbroken line). The arrow indi-
cates the predicted cleavage site of signal peptidase. b CHO cells
were transfected with pCIsAβ42 or vector, respectively. Two days
after transfection the cells were lysed and separated into Triton X-
100 soluble and insoluble fractions. Aβ42 was detected by immu-
noblotting

Fig. 2a–d Aβ42 is localized in the endoplasmic reticulum (ER)
and in aggregates outside the ER. CHO cells were transfected with
Aβ42 which was targeted to the ER by fusion with a signal peptide.
Two days after transfection the ER was visualized by immuno-
staining of PDI (a) and Aβ42 was stained with anti-Aβ antibody
(b). Overlay (c) of Aβ (green) and PDI (red). Aβ and PDI colocal-
ize in the ER (yellow). In addition, dense round structures which
are positive for Aβ but negative for PDI are seen in the nucleus
(d). Bar 10 µM



After their export from the ER several misfolded
transmembrane proteins form cytosolic aggregates locat-
ed near the nucleus. These so-called aggresomes contain
ubiquitin, the chaperone Hsp70/Hsc70, and proteasomes
(Garcia-Mata et al. 1999; Johnston et al. 1998). As the
Aβ aggregates resembled aggresomes their colocaliza-
tion with these proteins was investigated. It should be
noted that all three proteins, ubiquitin, Hsc70, and the
proteasome have been found not only in the cytosol but

also in the nucleus (Mandell and Feldherr 1990; Palmer
et al. 1996; Peters et al. 1994; Schwartz et al. 1988).

Co-staining of ubiquitin (Fig. 3a) and Aβ (Fig. 3b) 
revealed colocalization of both proteins in the Aβ42 ag-
gregates (Fig. 3c). This finding suggested that the pres-
ence of the Aβ aggregates in the cytosol induced the 
accumulation of ubiquitin from a diffuse cytosolic distri-
bution to the Aβ aggregates. To test this assumption non-
transfected (Fig. 3d) and sAβ42-transfected (Fig. 3e)
CHO cells were stained for ubiquitin. Indeed, upon
transfection with sAβ42 ubiquitin was found in addition
to the regular diffuse cytosolic staining in dense round
structures which appeared indistinguishable from the Aβ
aggregates. As these structures were stained by single
staining with anti-ubiquitin antibodies any potential
crossreactivity between the secondary antibodies which
might mock colocalization in the co-staining protocol
could be excluded.

Double-labeling of the sAβ42-transfected cells with
antibodies against Hsp70/Hsc70 (Fig. 4a) and Aβ
(Fig. 4b) showed that both proteins were colocalized in
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Fig. 3a–e Aβ42 and ubiquitin colocalize in the Aβ aggregates.
Aβ42-transfected CHO cells were immunostained for ubiquitin (a)
and Aβ (b). Overlay (c) of ubiquitin (red) and Aβ (green). Aβ and
ubiquitin colocalize in dense perinuclear structures (yellow).
Ubiquitin was immunolabeled in untransfected CHO cells (con-
trol; d) and Aβ-transfected CHO cells (e). Large dense structures
positive for ubiquitin are seen only in Aβ-transfected cells. Bar
10 µM

Fig. 4a–c Aβ42 and Hsc70 colocalize in the Aβ aggregates. Hsc70
(a) and Aβ (b) were immunolabeled in sAβ42-transfected CHO
cells. Overlay (c) of Hsc70 (green) and Aβ (red). Aβ and Hsc70
colocalize (yellow) in perinuclear and intranuclear structures. Bar
10 µM



the Aβ aggregates (Fig. 4c). As with ubiquitin, the dif-
fuse distribution of Hsp70/Hsc70 in non-transfected cells
was changed upon transfection with sAβ resulting in the
enrichment of Hsp70/Hsc70 in the Aβ aggregates (data
not shown).

The sAβ42-transfected cells were stained for proteaso-
mes using an antibody recognizing the α7 subunit of the
20 S core complex (Fig. 5a). Aggregated Aβ42 (Fig. 5b)
colocalized with proteasomes (Fig. 5c). Taken together,
these findings show that the Aβ42 aggregates contain all
of the currently reported marker proteins of aggresomes,
ubiquitin, Hsc70, and proteasomes.

Typically, aggresomes form around the centrosome
which is localized at the microtubule-organizing center
at one side of the nucleus. In contrast, Aβ42 aggregates
were not concentrated on one side of the nucleus but ap-
peared to be randomly dispersed around the nucleus and
were found even inside the nucleus arguing against a
pericentriolar localization of the Aβ42 aggregates. Never-
theless, co-staining of γ-tubulin, a marker for the centro-
some, and Aβ42 was performed to investigate the spatial
relationship between the aggregates and the centrosome
in more detail. Aβ42 and γ-tubulin were not found to co-
localize (data not shown). The finding that Aβ42 aggre-

gates were not sequestered around the microtubule-orga-
nizing center might have been caused by the disruption
of the microtubules in the sAβ42-transfected cells. Immu-
nostaining of the microtubules revealed, however, an 
intact microtubule cytoskeleton (Fig. 6) excluding this
possibility.

It has been reported that Aβ interacts with the ER-
associated Aβ-binding protein (ERAB) which is found
attached to the cytosolic face of the ER membrane but
redistributes to the plasma membrane when Aβ is added
to the cell culture medium (Yan et al. 1997). Therefore,
ERAB might also be redistributed to the Aβ42 aggre-
gates. However, redistribution of ERAB to the Aβ aggre-
gates was not observed (data not shown).

To exclude the possibility that the Aβ aggregates
were contained in vesicles and to visualize the structure
of the Aβ aggregates in more detail sAβ42-transfected
cells were examined by immunoelectron microscopy.
Neither the aggregates found in the perinuclear region of
the cytosol (Fig. 7a) nor the aggregates found in the 
nucleus (Fig. 7b) were surrounded by a membrane ex-
cluding their localization in vesicles. The aggregates in
both locations showed the same structure characterized
by a relatively loose meshwork of electron-dense materi-
al. Aβ fibrils which are found when Aβ is aged in vitro
(Garzon-Rodriguez et al. 2000) were not detected. The
reticular appearance of the nuclear aggregates could
have been the result of an aggregation in the nucleolus.
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Fig. 5a–c Aβ42 and proteasomes colocalize in the Aβ aggregates.
sAβ42-transfected CHO cells were immunostained for proteaso-
mes (a) and Aβ (b). Overlay (c) of proteasomes (red) and Aβ
(green). Aβ and proteasomes colocalize (yellow) in structures sim-
ilar to that labeled with ubiquitin and Hsc70. Bar 10 µM

Fig. 6a–c Microtubules are not disrupted in sAβ42-transfected
cells. Microtubules (a–c) and Aβ (c) were immunolabeled in un-
transfected (a) and sAβ42-transfected (b, c) CHO cells. Bar 10 µM



However, colocalization with several nucleolar markers
was not observed (data not shown).

A further feature of aggresomes is that they increase
in number when the proteolytic activity of the protea-
some is inhibited. Therefore sAβ42-transfected cells were
treated with lactacystin, a specific inhibitor of the protea-
some (Fenteany et al. 1995). Upon lactacystin treatment
the number of cells containing Aβ42-positive aggregates
increased from 13% to 45% (Fig. 8). In addition, the
Aβ42-positive cells showed an increase in the staining 
intensity.

Taken together, these findings indicate that the Aβ42
aggregates share some features with aggresomes such as
part of their composition and the dependence on the
functional state of the proteasomes but are distinct as far
as their cellular localization is concerned. As they are
not concentrated around the centrosome and are found
not only in the cytosol but also in the nucleus they might
represent a new aggregation pathway of proteins export-
ed from the ER.

Discussion

In this study we demonstrate that a fraction of Aβ42 tar-
geted to the secretory pathway is found in the cytosol in
the form of aggregates. These cytosolic aggregates are
different, in shape and composition, from tangles which
are fibrils formed of aggregated cytoskeletal proteins
such as tau. The Aβ aggregates are preferentially located
near the nucleus of the cell. Thus they are reminiscent of
the so-called aggresomes (for review, see Kopito and 
Sitia 2000). Aggresomes appear to be a reaction of the
cell to misfolded membrane proteins exported from the
ER (Johnston et al. 1998; Wigley et al. 1999) as well as
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Fig. 7a, b Electron microscope examination of Aβ aggregates.
Aggregates in sAβ42-transfected CHO cells were labeled with an-
ti-Aβ antibody and visualized with gold-coupled secondary anti-
body. Cytosolic perinuclear (a) and intranuclear (b) aggregates
show an electron-dense relatively loose meshwork. N Nucleus.
Bar 200 nm

Fig. 8 Inhibition of proteasomes increases Aβ aggregates. sAβ42-
transfected CHO cells were cultured for 24 h in the presence of
20 µM lactacystin or the solvent DMSO. Cells containing Aβ-pos-
itive aggregates were counted and are expressed as percentage of
total cells. Error bars represent the standard error



to misfolded cytosolic proteins (Garcia-Mata et al.
1999). They form when the degradation of these proteins
does not compensate their generation. This may be due
to impaired degradation or to overexpression of the mis-
folded proteins. Characteristically, aggresomes contain
components of the proteasome-dependent degradation
apparatus such as the proteasome itself, ubiquitin, or
Hsc70 (Johnston et al. 1998; Wigley et al. 1999). This
feature is shared by the Aβ42 aggregates. However, in
contrast to misfolded membrane proteins, export of Aβ42
from the ER is independent of its ubiquitinylation 
(unpublished work). Nevertheless, ubiquitin is found 
colocalized with the Aβ42 aggregates. Therefore, ubiqui-
tinylation may possibly represent an attempt of the cell
to eliminate Aβ42 after its aggregation. In this context it
is interesting that components of the aggresome such 
as Hsc70 can be attracted after aggresome formation 
(Garcia-Mata et al. 1999).

A clear difference between aggresomes and the Aβ42
aggregates is that typically only one aggresome is
formed in the pericentriolar region of the cell whereas
several Aβ42 aggregates are found in the cytosol and in
the nucleus. Aggregate formation in the nucleus is well
known for polyglutamine repeat-containing proteins 
associated with neurodegenerative diseases such as the
nuclear protein ataxin in spinocerebellar ataxia (Matilla
et al. 1997; Skinner et al. 1997) or the normally cytosolic
protein huntingtin in Huntington’s disease (Davies et al.
1997; DiFiglia et al. 1997). To our knowledge, this re-
port on the nuclear aggregation of Aβ is the first descrip-
tion on the formation of nuclear aggregates being formed
of proteins which are exported from the ER. Nuclear ag-
gregates were also formed after overexpression of a mu-
tant form of the peroxisomal protein urate oxidase which
was not efficiently imported into peroxisomes (Yokota et
al. 2000). Thus, the formation of nuclear aggregates ap-
pears to be a phenomenon common to several proteins
and not to depend on their cellular provenance.

By cytosolic expression of Aβ in transgenic mice 
(LaFerla et al. 1995) and a cell culture model system
(Yan et al. 1997) as well as by microinjection of Aβ42
into the cytosol of cultured neurons (Zhang et al. 2002) it
has been demonstrated that cytosolic Aβ is able to in-
duce apoptosis even in the absence of fibrils. Therefore,
the aggregation of Aβ in the nucleus and the cytosol may
also have functional consequences even if it does not re-
sult in fibril formation but in loose aggregates.

The localization of the cytosolic Aβ aggregates re-
sembles the situation when the formation of aggresomes
is prevented by interfering with microtubule-dependent
transport. When CFTR-transfected cells are treated with
nocodazole which disrupts microtubules aggresome for-
mation is prevented and the CFTR aggregates are dis-
persed throughout the cell (Johnston et al. 1998). Also,
when dynamitin is overexpressed in cells transfected
with an aggresome-forming GFP chimera the formation
of the aggresome is inhibited and the GFP aggregates re-
main dispersed in the cell (Garcia-Mata et al. 1999).
Overexpressed dynamitin interferes with dynein-depen-

dent transport along the microtubules. As the microtu-
bules in the cells containing Aβ42 aggregates were intact
it can be speculated that Aβ aggregates differ from 
aggresome-forming aggregates in that they are not sub-
strates for microtubule-dependent transport to the centro-
some. This notion is supported by the finding of Aβ
aggregates in the nucleus where microtubules are not
found. The molecular basis for this difference is not
known. The comparison of the two kinds of aggregates,
Aβ-containing and CFTR-containing aggregates, may
help to elucidate the molecular mechanisms by which
cells cope with the formation of aggregates in the cyto-
sol.
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