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Abstract

Background: Mutations in the presenilin (PSEN)
genes are responsible for the majority of early-onset
Alzheimer disease (AD) cases. PSEN1 is a compo-
nent of a high molecular weight, endoplasmic retic-
ulum, membrane-bound protein complex, including
�-catenin. Pathogenic PSEN1 mutations were de-
monstrated to have an effect on �-catenin and glyco-
gen synthase kinase-3�(GSK-3�), two members of
the wingless Wnt pathway. The nuclear transloca-
tion and the stability of �-catenin, and the interac-
tion between GSK3� and PSEN1 were influenced.
Materials and Methods: Stably transfected human
embryonic kidney (HEK) 293 cells overexpressing
wild-type (wt) and mutant (mt) PSEN1, treated with
and without LiCl, were used to isolate cytoplasmic
and nuclear fractions. By Western blot analysis, en-
dogenous �-catenin levels were examined. By ana-
lyzing cytosolic fractions of PSEN1, transfected and
nontransfected HEK 293 cells, and total brain extracts
of AD patients and controls, we evaluated the effect of
PSEN1 overexpression on �-catenin stability. Finally,
we analyzed the effect of pathogenic PSEN1 muta-
tions on the interaction between PSEN1 and GSK3�
by co-immunoprecipitation experiments.

Results: We report reduced nuclear translocation of
�-catenin in cells stably expressing I143T, G384A,
and T113-114ins PSEN1. The G384A PSEN1 muta-
tion showed a similar pronounced effect on nuclear
translocation of �-catenin, as reported for processing
of amyloid precursor protein (APP) into amyloid
�(A�). Overexpression of PSEN1 and the presence
of pathogenic mutations in PSEN1 had no signifi-
cant effect on the stability of �-catenin. Nonspecific
binding of overexpressed PSEN1 to endogenous
GSK3� was observed when GSK3� was immuno-
precipitated. Immunoprecipitation of PSEN1 in cells
overexpressing PSEN1 and in native cells, however,
did not result in co-immunoprecipitation of endoge-
nous GSK3�. 
Conclusion: Our results further establish the nu-
clear translocation assay of �-catenin as an adequate
alternative for traditional A� measurement to evalu-
ate the effect of PSEN1 mutations on biochemical
processes. We detected no significant effect of
overexpressed wt or mt PSEN1 on the stabilty of �-
catenin. Finally, co-immunoprecipitation between
PSEN1 and GSK3� was not observed in our experi-
mental setup.
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Introduction
Mutations in the presenilin (PSEN) genes are
responsible for the majority of early-onset
Alzheimer disease (AD) cases (1). PSEN1 is a
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serpentine-like integral protein of mainly the
endoplasmic reticulum and early-Golgi mem-
branes (2–4), but it is also observed in the
nuclear envelope (4,5). PSEN1 is constitutively
cleaved by an unknown protease, termed
presenilinase, resulting in the generation of an
N-terminal fragment (NTF) of ~30 kDa and a
C-terminal fragment (CTF) of ~20 kDa (6,7).
PSEN1 NTF and CTF bind to form a stable 250
kDa complex (8–10). The fragments in the
protein complex are probably the functional
state of PSEN1, since they are resistant to
degradation; whereas, the holoprotein is de-
graded rapidly by the proteasome (11,12).
PSEN1 is involved in the processing of amy-
loid precursor protein (APP) and NOTCH-1
(13–16). Whether this involvement is direct, by
a physical interaction and proteolytic activity
of PSEN1, or indirect, by transporting APP and
NOTCH-1 to a specific cellular compartment
where they are processed, is not clear yet. 

PSEN1 is also postulated to play a role in
the wingless (Wnt) pathway. Pathogenic PSEN1
mutations reduce the nuclear translocation of 
�-catenin after stimulation of the Wnt/�-catenin
signal transduction pathway in human fibro-
blasts and human embryonic kidney (HEK) 293
cells (17). The Wnt pathway signals inductive
events during development, such as segmenta-
tion, central nervous system patterning, and
control of asymmetric cell division (18). Re-
cently, Wnts secreted by postsynaptic granule
cells also were found to be involved in axon and
growth cone remodeling of presynaptic mossy
fibers (19). Binding of Wnt ligands to their re-
ceptors initiates a cytoplasmic signal, resulting
downstream in the inactivation of GSK-3� and
the translocation of �-catenin to the nucleus.
Binding of �-catenin to Tcf/Lef transcription fac-
tors results in transcription of sensitive genes in
the nucleus. Without Wnt stimulation, �-catenin
is phosphorylated by active glycogen synthaser
kinase-3� (GSK-3�) and, subsequently, de-
graded by the 26S proteasome in an ubiquitin-
dependent manner. Physical interactions be-
tween PSEN1 and, respectively, �-catenin and
GSK-3� were demonstrated (8,20). Moreover,
using glycerol velocity gradient centrifugation,
�-catenin was demonstrated to comigrate with
PSEN1 NTF and CTF in the 250 kDa fraction, il-
lustrating that �-catenin was a part of the func-
tional active PSEN1 NTF/CTF complex (8). The
PSEN1/�-catenin interaction is lost when
PSEN1 CTF is cleaved by caspase after stau-
rosporine-induced cell death (21). Potentially,

PSEN1 mutations also reduce the stability of �-
catenin and increase its subsequent degradation
(22). However, others suggest that mutant (mt)
PSEN1 was shown not to promote the associa-
tion between GSK3� and �-catenin, resulting in
increased steady-state levels of endogenous �-
catenin in brains of transgenic mice (23). Fur-
thermore, the interaction between PSEN1 and a
new member of the catenin family, termed �-
catenin, was identified using the yeast two-hy-
brid technique (24–26). 

We evaluated different aspects of the
involvement of PSEN1 and the pathogenic
mutation, therein, on Wnt signaling through
its interaction with �-catenin. Reduced nu-
clear translocation of �-catenin by three path-
ogenic PSEN1 mutations (I143T, G384A and
T113-114ins), compared with wild-type (wt)
PSEN1, was confirmed. The G384A PSEN1
mutation showed the most pronounced re-
duction. No significant effect of mt PSEN1 on
the stability of �-catenin was observed, neither
in cells nor in brain extracts. Nonspecific bind-
ing of overexpressed PSEN1 to endogenous
GSK3� in HEK 293 cells was demonstrated.
At physiological levels, however, PSEN1 and
GSK3� did not bind in our experimental setup. 

Materials and Methods
Cell Lines

Monoclonal HEK 293 cell lines, stably ex-
pressing wild-type (wt) or I143T, G384A,
T113– 114ins PSEN1 were previously estab-
lished by resistance to 800 �g/ml G418
(Promega, Madison, WI) (27,28) and were cul-
tured in (OPTIMEM 1 culture medium), sup-
plemented with 10% fetal bovine serum (FBS),
100 IU/ml streptomycin, and 100 �g/ml peni-
cillin (Gibco BRL, Gaithersburg, MD). A poly-
clonal HEK 293 cell line expressing C263R
PSEN1 was established following the earlier
described protocol (27). The mutated C263R
PSEN1 cDNA was obtained by QuikChange®

Site-directed mutagenesis (Stratagene, La
Jolla, CA). 

Antibodies 

The mouse monoclonal antibodies against �-
catenin and GSK3� were purchased from Trans-
duction Laboratories, San Diego, CA. SB129 is
an antiserum raised in rabbits against the syn-
thetic peptide LPAPLSYFQNAQMSE, corre-
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sponding to amino acids 3-18 of PSEN1 (28).
Anti-PARP poly(ADP-ribose)polymerase was
purchased from Pharmingen, Becton Dickinson,
and anti-�-actin from Sigma, St. Louis, MO.

�-catenin Nuclear Translocation Assay

The assay was essentially performed as de-
scribed previously (17). In brief, HEK 293 cells
stably expressing wt, I143T, G384A, or T113–
114ins PSEN1 were grown in a 60 mm dish to
90% confluency. Cells were treated with LiCl
(25 mM final concentration) for 1 hr or not
treated. Nuclear fractions were isolated in a 
two-step lysis. Cells were harvested in 500 �l
low-salt buffer [10 mM N-2-hydroxyethylpiper-
azine-N-2-ethane sulfonic acid (HEPES) pH 7.9,
10 mM KCl, 0.1 mM EDTA, 0.5 mM DL-Dithio-
threitol (DTT), protease inhibitors], centrifuged
at 1300 � g and resuspended in 50 �l high-salt
buffer (20 mM Hepes pH 7.9, 400 mM NaCl, 
1 mM EDTA, 10% glycerol, protease in-
hibitors). Cadherin-bound �-catenin was re-
moved using Con A sepharose beads (Amar-
sham Pharmacia Biotech, Buckinghamshire,
UK). Protein concentration was determined us-
ing BioRad protein assay (BioRad, Hercules,
CA) in triplet. 5 �g of nuclear proteins were
loaded onto a 10% sodium dodecyl sulfate
(SDS)-polyacrylamide gel and blotted onto 
a polyvinylidenedifluoride(PVDF) membrane.
Western blots were probed with 1/4000 anti-�-
catenin and were developed with a peroxidase-
conjugated secondary anti-mouse antibody us-
ing enhanced chemiluminescence (Renaissance,
NEN, Boston, MA). 

Brain Extracts

Frozen cortical brain tissue was homogenized 
in radio-immunoprecipitation assay (RIPA)
buffer (150 mM NaCl, 1% NP-40, 0.5% Na 
Deoxycholate, 0.1% SDS, 50 mM Tris pH 8.0)
containing protease inhibitors (Complete®,
Boehringer Mannheim, Wheaton, Millville, NY)
using a Dounce homogenizer. Cell debris was
removed by centrifugation for 30 min at 14,000
rpm after sonication. Protein concentration was
determined using the BCA system (Pierce,
Rockford, IL). Cell lysates were separated by
SDS-PAGE on a 10% Tris/Glycine gel and blot-
ted onto PVDF membranes.

Co-immunoprecipitation

1-2.106 HEK 293T cells in a 10 cm culture dish
were transfected with wt or mt full-length

PSEN1 cDNA using Fugene 6 (Boehringer
Mannheim, Mannheim, Germany) or the same
amount of stable HEK 293 cells were used 40
hr post transfection or seeding, cells were har-
vested and the proteins were extracted in 500
�l lysis buffer (0.2% NP40, 40 mM Tris.HCl pH
7.4, 150 mM NaCl, 2 mM EDTA, 2 mM DTT,
10% glycerol, protease inhibitors (Complete®,
Boehringer Mannheim) and phosphatase in-
hibitors (50 mM NaF and 1 mM Na Ortho-
vanadate ; Sigma). Co-immunoprecipitations
were performed essentially as described be-
fore (12). Lysates were precleared with anti-
mouse immunoglobulin G (IgG) and protein G
sepharose when anti-GSK3� was used to im-
munoprecipitate.

Statistics

A nonparametric Kruskal-Wallis test, based on
a �2 distribution, was used to evaluate the dif-
ferences between nuclear translocation before
and after LiCl stimulation in wt and mt PSEN1
HEK 293 cell lines. A correction for ties was
made. The experiment-wise error was adjusted
for multiple comparisons.

Results
Effect of Pathogenic PSEN1 Mutations on Nuclear
Translocation of �-catenin

HEK 293 cell lines stably expressing either wt
or mt PSEN1 were analyzed for PSEN1 expres-
sion. Clones that showed comparable PSEN1
expression (Fig. 1A) were selected. HEK 293
cells are highly appropriate to evaluate the ef-
fect of PSEN1 mutations on nuclear transloca-
tion of �-catenin, since HEK 293 cells show all
cell biological features of AD-associated pro-
teins, observed in primary neuronal cells (9).
Stable HEK 293 cells were stimulated with
LiCl, which blocks the activity of GSK3�, a
negative regulator of �-catenin. Total cellular
�-catenin, PSEN1, and GSK3� levels were
influenced only slightly by LiCl stimulation
(Fig. 1A). To correct for protein concentration
and loading errors, expression of �-actin was
evaluated. No detectable differences in endoge-
nous �-actin levels were observed, when com-
paring wt and mt PSEN1 stable cell lines. LiCl
stimulation did not have an effect on total �-
actin levels in either wt or mt cell lines (Fig. 1A). 

Cytoplasmic and nuclear fractions were
isolated and evaluated for endogenous �-catenin
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nonstimulated stable wt and mt PSEN1 HEK
293 cells (Fig. 1B). Cytosolic free �-catenin lev-
els increased after 1 hr of LiCl stimulation, in-
dicating that less �-catenin was degraded by
the proteasome. The �-catenin signals were
analyzed densitometrically and values were
normalized for �-actin expression. The relative
increase in free cytosolic �-catenin levels after
1 hr of LiCl stimulation of five independent
experiments was plotted (Fig. 2A). Overall

Fig. 1. Nuclear translocation assay. (A) Total
cell (TC) lysates of stable human embryonic kid-
ney (HEK) 293 cells expressing wild type (wt) or
mutant (mt) (I143T, G384A, T113–114ins) PSEN1,
were evaluated for presenilin (PSEN1), �-catenin,
glycogen synthase kinase-3� (GSK3�), and �-actin
expression levels before (0 min) and after (60 min)
LiCl stimulation. 10 �g of total proteins were sep-
arated on a 10 or 14% Tris/Glycine polyacrylamide
gel, blotted onto polyvinylidenedifluoride (PVDF)
membranes and developed using the specified an-
tibodies. (B) To obtain cytosolic-free fractions
(CFF), cytosolic fractions were incubated overnight
with concanavalin A sepharose beads to remove
cadherin-bound �-catenin. 5 �g of proteins were
separated on a 10% Tris/Glycine polyacrylamide
gel and immunoblotting was performed using
1/4000 mouse monoclonal anti-�-catenin. (C) Nu-
clear free fractions (NFF) were obtained after
overnight incubation with concanavalin A
sepharose. Immunoblotting was performed using
1/4000 anti-PARP and 1/4000 anti-�-catenin.

expression. Cadherin-bound �-catenin was
removed by incubating the fractions with con-
canavalin A Sepharose beads, potently binding
cell surface glycoproteins. Endogenous cy-
tosolic free �-catenin levels were similar in

Fig. 2. Scatter plots of the increase in free
�-catenin levels in stable presenilin PSEN1 hu-
man embryonic kidney HEK 293 cells. (A) Plot
of the increase in free cytosolic b-catenin levels. The
ratio of the amount of normalized cytosolic-free �-
catenin after 1 hr of LiCl stimulation to the amount
of normalized cytosolic-free �-catenin before LiCl
stimulation (fold increase) of five independent ex-
periments were plotted. (B) Plot of the increase in
free nuclear �-catenin levels. The ratio of the
amount of normalized nuclear-free �-catenin after 1
hr of LiCl stimulation to the amount of normalized
nuclear-free �-catenin before LiCl stimulation (fold
increase) of six independent experiments were
plotted. Symbols: data points are plotted using
black boxes (�); the black horizontal bar (—) indi-
cates the median of each set of data. WT, wild type.
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evaluation of the median of wt versus mt cell
lines showed no significant differences in free
cytosolic �-catenin levels (Fig. 2A). Statistical
analysis did not result in rejection of null hy-
pothesis (H0) (p � 0.26) when evaluating the
four different groups.

Nonstimulated, endogenous nuclear �-
catenin levels were comparable (Fig. 1C). After
1 hr of LiCl stimulation, however, reduced 
nuclear translocation was observed in cells 
expressing mt PSEN1, compared with cells ex-
pressing wt PSEN1 (Fig. 1C). The �-catenin
signals were analyzed densitometrically and 
�-catenin values were normalized for (PARP)
expression, an exclusively nuclear protein that
was not a downstream member of the Wnt
pathway (Fig. 1C). The relative increase in free
nuclear �-catenin levels of six independent ex-
periments was plotted (Fig. 2B). Overall evalu-
ation of the median of wt versus mt cell lines
showed a clear reduction in nuclear transloca-
tion of �-catenin in the mt cells, compared with
the wt cells. Statistical analysis resulted in re-
jection of H0 (p � 0.02) when comparing the
four different groups. Comparison of the wt
group with the different mt groups resulted in
a significantly reduced nuclear translocation of
�-catenin in G384A PSEN1 (p � 0.001) and
I143T PSEN1 (p � 0.034) stable HEK 293 cells.
The nuclear translocation in the T113–114ins
PSEN1 stable HEK 293 cells was reduced, but
not significantly (p � 0.089). When the experi-
ment-wise error was adjusted for multiple test-
ing, only the G384A PSEN1 cell line remained
significantly different from the wt PSEN1 cell
line. Similar data were obtained using different
monoclonal HEK 293 cells expressing the same
PSEN1 mutations (data not shown). The neu-

tral PSEN1 polymorphism E318G (29) showed
nuclear translocation of �-catenin comparable
to wt PSEN1 (data not shown), demonstrating
that only pathogenic PSEN1 mutations exerted
a reduction in nuclear translocation. 

To exclude the possibility that the differ-
ences in nuclear translocation of �-catenin were
due to a difference in the major catabolic path-
way of �-catenin, cells were treated with 25 �M
N-acetyl-L-leucinal-L-norleucinal (ALLN), an
inhibitor of proteasomal activity, for different
time periods (0 hr, 3 hr, and 6 hr). Total cell
lysates were analyzed for �-catenin expression
and normalized for �-actin levels. The relative
increases in �-catenin levels after 6 hr of ALLN
treatment were similar in wt and mt PSEN sta-
ble HEK 293 cells (Fig. 3). 

Effect of Pathogenic PSEN1 Mutations on the
Stability of b-catenin

In order to evaluate the effect of PSEN1 over-
expression on the stability of �-catenin, cytoso-
lic fractions of HEK 293 cells stably expressing
wt and mt PSEN1 were analyzed for free
�-catenin levels and compared with free
�-catenin levels in nontransfected HEK 293
cells. Small differences in free cytosolic �-
catenin levels between the nontransfected and
transfected cells were observed (Fig. 4A). The
free cytsolic �-catenin levels before and after
LiCl stimulation were different, but compara-
ble among wt, mt PSEN1 cells and nontrans-
fected HEK 293 cells. Cytosolic free �-catenin
levels of each stable PSEN1 cell line and of the
nontransfected HEK 293 cells were determined
in five independent experiments and the nor-
malized densitometric �-catenin values were
plotted (Fig. 4B). Although some variability

Fig. 3. Effect of presenilin PSEN1 mutations
on the proteasomal degradation of �-catenin.
Stable HEK 293 cells were treated with 25 �M 
N-acetyl-L-leucinal-L-norleucinal (ALLN), a pro-
teasome inhibitor, for 0 hr, 3 hr, and 6 hr. 10 �g of

total cell lysate was separated on a 10% SDS gel
and immunoblotted using 1/4000 anti-�-catenin.
Endogenous �-catenin levels were normalised for
endogenous �-actin levels.
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was observed in �-catenin values, statistical
analysis for independence of the five different
groups (4 PSEN1 transfected HEK 293 cells
and 1 nontransfected HEK 293), did not result in
the rejection of H0 (p = 0.13). In conclusion,
although small differences in �-catenin levels
between nontransfected and transfected cells
and between cells expressing wt and mt
PSEN1 occurred, overall statistically significant
differences were not observed.

The determination of expression levels of
�-catenin in brain extracts from PSEN1 AD
cases, allowed the evaluation of the influence
of PSEN1 mutations on �-catenin stability in
vivo. Brain extracts from I143T or G384A pa-
tients showed similar levels of �-catenin ex-
pression, compared with sporadic AD cases
and controls (Fig. 4C). As demonstrated previ-
ously, levels of NTF and CTF PSEN1 fragments
were indistinguishable in brains from I143T or
G384A PSEN1 AD cases, sporadic AD cases, or
controls (30).

Fig. 4. Effect of PSEN1 mutations on the sta-
bility of �-catenin. (A) 10 �g of cystolic-free frac-
tion (CFF) proteins of nonstimulated (0 min) and
LiCl-stimulated (60 min) stable transfected wild
type (wt) and mutant (mt; I143T, G384A and T113-
114ins) presenilin (PSEN1) (HEK) 293 cells and
nontransfected HEK 293 cells (293), were sepa-
rated on a 10% sodium dodecyl sulphate (SDS) gel
and evaluated for �-catenin expression. (B) Plot of

normalized cytosolic-free �-catenin values without
LiCl stimulation of five independent experiments.
Symbols: data points are plotted using black dots;
the black horizontal bar (—) indicates the median
of each set of data. (C) 10 �g of total brain extract
of I143T PSEN1 Alzheimer disease (AD) patients,
G384A PSEN1 AD patients, sporadic AD patients,
and controls were separated on a 10% SDS gel and
immunoblotted with anti-�-catenin.

Effect of Pathogenic PSEN1 Mutations on PSEN1 
and GSK3� Binding

To evaluate the effect of pathogenic PSEN1
mutations on the binding between PSEN1 and
GSK3�, HEK 293T cells were transfected with
wt or mt PSEN1. Since Takashima et al. (20)
reported that PSEN1 mutations located in the
GSK3� binding region of PSEN1 (between
amino acids 250–298) increased the PSEN1/
GSK3� interaction 3-fold, we included cells
expressing the C263R PSEN1 cDNA in the co-
immunoprecipitation experiments. Comparable
amounts of immunoprecipitated GSK3� (Fig.
5Aii) resulted in the detection of variable
amounts of full-length PSEN1 (Fig. 5Ai), corre-
lating with the amount of full-length PSEN1
expressed in the lysates (Fig. 5Aiii), but no NTF
was detected in the immunocomplex. Endoge-
nous levels of GSK3� were identical (Fig.
5Aiv). As a negative control, proteins in cells
expressing wt PSEN1 were immunoprecipi-
tated using anti-mouse IgG1, surprisingly
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showing full-length PSEN1 in the immuno-
complex (Fig. 5Ai). As a positive control, the
interaction between PSEN1 and Flag-tagged
HC5 (12), a 20S proteasome subunit, was used.
Immunoprecipitation of endogenous GSK3� in
the mock-transfected cells did not result in the
detection of NTF or full-length PSEN1.

Immunoprecipitating comparable amounts
of NTF and full-length PSEN1 in cells stably
expressing wt or mt PSEN1 (Fig. 5Bii) did not
result in the detection of GSK3� in the immuno-
complex (Fig. 5Bi). Levels of overexpressed
PSEN1 and endogenous GSK3� detected in the
lysates of the different cell lines were compara-
ble (Fig. 5Biii and iv). Proteins in cells express-
ing wt PSEN1 were immunoprecipitated using
anti-rabbit IgG as a negative control. When en-
dogenous PSEN1 was immunoprecipitated from
mock cells, no endogenous GSK3� was detected
in the immunocomplex.

Discussion
We investigated the effect of two PSEN1 mis-
sense mutation (I143T and G384A), leading to
an early age–of–onset and a severe AD pheno-
type in two autosomal dominant AD families
(31) on the nuclear translocation of �-catenin in
stable PSEN1 HEK 293 cells. We also analyzed
a PSEN1 insertion mutation (T113–114ins),
also leading to autosomal dominant early-
onset AD (28). Reduced nuclear translocation of

�-catenin after chemical induction of the Wnt
pathway by LiCl stimulation is observed in
cells expressing the three different PSEN1 mu-
tations, compared with wt PSEN1-expressing
cells. The differences in �-catenin nuclear
translocation cannot be explained by differ-
ences in proteasomal degradation of �-catenin.
Also, the pool of free cytosolic �-catenin is not
significantly different in wt versus mt PSEN1
cells. Finally, Nishimura and colleagues (17)
demonstrated that there was no PSEN1 present
in the nuclear fraction of either wt or mt HEK
293 cells, indicating that the reduced nuclear
translocation in mt PSEN1 cells results from a
trafficking effect, rather than a defect in local-
ization of the PSEN1-�-catenin complex. More-
over, the proteolytic release and nuclear
translocation of NOTCH-1 is also impaired by
pathogenic PSEN1 mutations (16), again indi-
cating that PSEN1 might be involved with traf-
ficking. The G384A PSEN1 mutation shows the
most pronounced reduction of nuclear translo-
cation of �-catenin. Interestingly, the same mu-
tation also has the strongest increase reported
on A�42 secretion (27,32), indicating that
PSEN1 mutations can have dramatic effects on
different cellular events. Notably, G384A is sit-
uated in the arm repeat (amino acids 372–399)
in PSEN1, the region required for binding to
the armadillo proteins (26). Moreover, G384A
is adjacent to D385, a critical residue in terms of
PSEN1 endoproteolysis and �-secretase cleav-
age of APP (33). Together, our results further
establish the nuclear translocation assay of �-
catenin as an adequate alternative for the A�
ELISA to evaluate the effect of PSEN1 muta-
tions. However, we have to admit that the 
observed reduction of nuclear translocation of
�-catenin observed in cells expressing mt
PSEN1 is rather small and, therefore, could be
an artifact. The exact mechanism behind the
translocation of �-catenin to the nucleus is not
known, but it was demonstrated to be inde-
pendent of a nuclear localization signal and im-
portin or karyophin transporter molecules (34).
Since �-catenin has a molecular weight of 92
kDa, the nuclear translocation is due presum-
ably to active transport through the nuclear
pore complex, although no data are available to
support this. The fact that full-length PSEN1 is
localized mainly in the nuclear membrane,
however (4), is not at least, in contradiction
with the observed effect of PSEN1 on �-catenin
nuclear translocation.

Contradictory data have been published

Fig. 5. Effect of PSEN1 mutations on the inter-
action between PSEN1 and GSK3�. (A)Proteins
were immunoprecipitated from equal amounts of
cells (�2.106) transiently overexpressing 
presenilin (PSEN1) using 2.5 �g of monoclonal
anti-glycogen synthase kinase-3� (GSK3�) or 
anti-mouse immunoglobulin G1 (IgG1). The 
immunocomplexes were washed four times in
binding buffer, were seperated on a 14% SDS gel
and immunoblotted with 1/5000 SB129 (i). 1/720
and 1/360 of the original lysate was evaluated for
PSEN1 (iii) and GSK3� (iv) expression, respec-
tively. One-quarter of the immunocomplex was
tested for the presence of GSK3� (ii). (B) Proteins
were immunoprecipitated from equal amounts of
cells (�2.106) stably overexpressing PSEN1 using
approximately 10 �g of polyclonal SB129 or anti-
rabbit IgG. The immunocomplexes were washed
four times in binding buffer, were seperated on a
14% SDS gel, and immunoblotted with 1/4000
anti-GSK3� (i). 1/720 and 1/360 of the original
lysate was evaluated for PSEN1 (iii) and
GSK3�(iv) expression, respectively. One-quarter of
the immunocomplex was tested for the presence of
SB129 (ii). colP, co-immunoprecipitation; IP, im-
munoprecipitation; FL, full length; NTF, N-terminal
fragment; WT, wild type; mock.
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concerning a potential effect of pathogenic
PSEN1 mutations on the stability of �-catenin
(22,23). We evaluated endogenous �-catenin
expression in HEK 293 cells, stably expressing
wt and mt PSEN1 and in brain extracts from
PSEN1 AD patients. Overexpression of wt or
mt PSEN1 does not result significantly in pro-
nounced degradation of �-catenin. Also, no
significant differences in �-catenin levels are
observed among PSEN1 AD cases, sporadic AD
cases, and controls.

Conflicting results concerning the interac-
tion between PSEN1 and GSK3� also are re-
ported. One report states that PSEN1 mutations
situated in the PSEN1 binding region (amino
acids 250–290) enhance the binding between
PSEN1 and GSK3� (20). Another report
demonstrates binding between GSK3� and wt
PSEN1, but no detectable co-immunoprecipita-
tion between GSK3� and PSEN1 bearing the
M146L and �exon9 mutations (23). We, there-
fore, evaluated the effect of pathogenic PSEN1
mutations on the interaction between PSEN1
and GSK3� by co-immunoprecipitations in
cells transiently and stably overexpressing
PSEN1. Immunoprecipitation of endogenous
GSK3� results in a detectable, but nonspecific
interaction between overexpressed full-length
PSEN1 and endogenous GSK3�, independent
of the presence of mutations in PSEN1. Indeed,
full-length PSEN1 also is detected in the anti-
mouse IgG1 immunocomplex in cells express-
ing wt PSEN1. No full-length PSEN1 is de-
tected in the anti-GSK3� immunocomplex in
mock-transfected cells, thus, at physiological
PSEN1 levels. Therefore, the observed PSEN1-
GSK3� interaction is more likely to be an arti-
fact resulting from overexpression of full-
length PSEN1, although the interaction at
physiological levels could be missed due to
Western blot sensitivity limitations. The sticky
nature of overexpressed full-length PSEN1 was
shown before (12). Also, the C263R PSEN1
mutation, situated in the GSK3� binding re-
gion, does not show an increased affinity to-
wards GSK3�. Further, immunoprecipitation
of overexpressed PSEN1 shows no co-im-
munoprecipitation of endogenous GSK3�.
Anti-rabbit IgG and protein A sepharose do
not nonspecifically bind to PSEN1. In conclu-
sion, no specific binding between PSEN1 and
GSK3� could be demonstrated in our experi-
mental setup, neither at overexpressed nor at
endogenous expression levels. 

In summary, PSEN1 plays a role in Wnt

signaling through its interaction with �-
catenin. We confirm reduced nuclear transloca-
tion of �-catenin in cells overexpressing mt
PSEN1. The downstream effect of reduced �-
catenin translocation on transcription of Tcf/Lef
transcription factors sensitive genes is not ad-
dressed. We are unable to confirm the reported
effects of PSEN1 mutations on the stability 
of �-catenin and on the interaction between
PSEN1 and GSK3�. An interaction between
overexpressed PSEN1 and endogenous GSK3�
is demonstrated, but proves to be nonspecific.
At physiological levels, no interaction between
PSEN1 and GSK3� was detected in our exper-
imental setup, indicating that data obtained
from overexpressed proteins need to be inter-
preted with great care. 
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