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Amyloid precursor protein (APP), a key protein in pathogenesis of Alzheimer’s disease (AD), is a type I
transmembrane protein which can be cleaved by B- and y-secretase to release the amyloidogenic p-amy-
loid peptides (AB) and the APP intracellular domain (AICD). While A has been widely believed to initiate
pathogenic cascades culminating AD, the physiological functions and regulations of AICD remain elusive.
In present study, endogenous AICD was demonstrated to be increased by canonical Wnt signal. Instead of
due to y-secretase activity, enhanced AICD expression was found due to the increased protein stability by
Transcriptional activity Wnt/ B-catgnin. B—Cateqin was demppstrated tq be'an associating partner of AICD, capable of promoting
Wht/B-catenin AICD mediated transcriptional activity. Investigation by AICD mutants proved that Fe65, a previously
Fe65 identified AICD binding partner, is not involved in this regulation. Taken together, our results suggest that
AICD is stabilized and the AICD mediated transcriptional activity is promoted by canonical Wnt/B-catenin
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signaling independent of Fe65.
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1. Introduction

Amyloid precursor protein (APP), with the topology resembles
of a membrane receptor protein which has a large extracellular
portion, a single transmembrane segment, and a cytoplasmic tail
domain that interacts with several proteins, is implicated in the
pathogenesis of Alzheimer’s disease [1]. APP can be cleaved by
at least three “secretases”: o-, B- and y-secretase. When cleaved
by B-secretase, APP releases the soluble BAPP and a membrane-
linked C-terminal fragment (BCTFs) which is further cleaved by
v-secretase in membrane to release B-amyloid protein (AB) and
intracellular domain (AICD). o-Secretase, cleaves within the AB
region, yielding soluble oAPP and a membrane-linked C-terminal
fragment (oCTFs) which is further processed by y-secretase into
P3 peptide and AICD [2].

Due to the receptor-like architecture of APP [1] and the similar-
ity of AICD to NICD, an intracellular domain of Notch protein, AICD
was considered as a key protein in Alzheimer disease [3]. It has
been reported that AICD can exert a variety of physiological and
pathological functions by interacting with different proteins such
as X11, Shc, IRS-1, brain GTP-binding protein Go, APP-BP1,
UV-DDB, JIP1 (JNK Interacting Protein 1) and Pinl [4-10]. A
well-characterized binding protein of AICD is Fe65 which was
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found by Yeast two-hybrid system. Fe65 stabilizes AICD and the
Fe65-AICD complex translocates into the nucleus and activates
the transcription of genes including KAI1, GSK38, APP, BACE and
Tip60 [3,11]. Noticeably, the ®82YENPTY®®” (APP695 isoform num-
bering) motif of AICD is very important for the interaction. Deletion
of this motif or mutation of the tyrosine residues in this motif will
block the interaction [4]. Recently, phosphorylation of APP intra-
cellular domain at Thr668 was also reported to be essential for
the binding activity, stability, localization and functions of AICD
[10,12,13]. For example, the neuron-specific c-Jun N-Terminal Ki-
nase 3 can mediate the phosphorylation at Thr668, and this phos-
phorylation affects its binding to Fe65, its stability and its nuclear
translocation, although it is still arguable whether phosphorylation
plays a positive or negative role in these aspects [12,13]. Another
study found that Pin1 could bind the phosphorylated Thr668-Pro
motif and regulate the conformational change of the intracellular
domain of APP and therefore APP processing [10]. In addition, AICD
fragment C31, cleaved by caspase-8 and caspase-9, was reported to
induce apoptosis in Na cells and in AD brains [14]. These findings
suggest that AICD plays a pivotal role in the pathogenesis of AD.
Wnt signaling plays a crucial role in cell fate determination
during animal development, and deregulation of this signaling
leads to tumorigenesis [15]. Activation of canonical Wnt signaling
prevents the phosphorylation, ubiquitination and proteasomal
degradation of B-catenin, resulting its translocation into nucleus
where it forms transcriptional complexes with TCF/LEF and
regulates gene transcription [15-18]. Wnt signaling has been
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implicated in AD progression by influencing the formation of
hyperphosphorylated tau, another important risk factor in AD
[19,20]. A recent study has demonstrated that GSK3p phosphoryla-
tion level is higher in AICD transgenic mouse than in wild-type
mouse [21]. Moreover, AICD induces GSK3p expression and tau
phosphorylation in NGF-treated PC12 cells and rat primary cortical
neurons [12]. Overexpression of disheveled (Dvl), a key mediator of
Wnt signaling, increases souble o« APP production via both JNK and
PKC/MAP kinase [22]. Collectively, many Wnt signaling compo-
nents, including Dvl, GSK3p, and B-catenin, were implicated in
APP processing and AD progression. In this study, we report that
the protein stability and transcriptional activity of AICD is Fe65
independently stabilized by Wnt/B-catenin signaling. First, in-
creased endogenous AICD was found in Wnt1 expressing neuronal
cells. Second, B-catenin, the essential mediator of canonical Wnt
signaling component was showed to associate with AICD, causing
increased AICD-dependent transactivation. Third, Wnt/p-catenin
was proved to promote protein stability of AICD. In the end, we
provide evidences that these regulations are independent of
Fe65. Altogether, the present work implied a positive regulatory
link of AICD by canonical Wnt.

2. Materials and methods
2.1. Constructions and reagent

AICD (C57, the last 57 AA of APP695 isoform) was PCR from
pCl-neo-APP695 plasmid and subcloned into pcDNA3.1/Myc-His
with EcoRI and Xhol and into pcDNA3.1(+)-Gal4 construct with
Kpnl and EcoRI, respectively. The mutants T682A (AENPTY), 3A
(AEAPTA) and T668A of AICD were generated by PCR-mediated
mutagenesis using appropriate primers and subcloned into
pcDNA3.1/Myc-His vector or into pcDNA3.1-Gal4 to form fusion
protein. All of the sequences were verified by DNA sequencing.
Wnt1 and B-cateninSA (S29A, S33A, S37A, T41A and S45A) and
Notch 1delta E plasmids were as described previously [23-25].
APP C-terminal specific 369 antibody, 4G8 and 6E10 antibodies
were as described previously [26]. Cycloheximide (CHX) and
MG132 were obtained from Sigma (USA).

A Control Wnt1 15
Cell expressed 015
APP(22C11) ]
OCDntroI Whnt1
B Control Wnt1 ~ *
Secreted :
SAPPQ | S |
(6e10) 5
Control Wnt1
C Control Wnt1 15
5
Secreted
el B T
© Control Wnt1
D Control Wnt1 2
AICD i P I
(369) ll l 0

Contrel Wnt1

2.2. Cell lines and cell culture

HEK293 and HEK293T cells were cultured in Dulbecco’s modi-
fied Eagle’s medium (GIBCO) supplemented with 10% fetal bovine
serum (Hyclone). N,a cells were cultured in 50% Dulbecco’s modi-
fied Eagle’s medium and 50% OPTI-MEM (GIBCO) supplemented
with 5% fetal bovine serum and 200 pig/ml G418 (GIBCO) for stable
cell lines. All cells cultured in a 5% CO,-containing atmosphere at
37 °C.

2.3. Transfection, Immunoprecipitation, and Immunoblotting

HEK293T cells were transiently transfected using the calcium
phosphate method or Lipofectamine (Invitrogen, USA). Nja cells
were transiently transfected using Lipofectamine 2000 (Invitrogen,
USA). Immunoprecipitation was performed as previously described
[23,27,28]. Immunoblotting was performed with specific antibody
and secondary anti-mouse or anti-rabbit antibodies that were con-
jugated to horseradish peroxidase (Amersham Biosciences). Immu-
nodetection of AR was carried out as reported [29].

2.4. Luciferase reporter assays

As previously described [30]; HEK293 cells were transfected
with various plasmids as indicated in the figures. Cells were har-
vested and luciferase activities were measured by a luminometer
(Berthold Technologies). Reporter activity was normalized to the
control Renilla. Experiments were repeated in triplicate.

3. Results
3.1. Wnt activation increases endogenous AICD

It has been reported that Dvl stimulates a-secretase activity
[22]. To examine whether Wnt sigaling affects APP processing,
Wnt-1 was expressed into mouse neuroblastoma Nja cells stably
expressing APP [31]. As shown in Fig. 1A and B, Wnt-1 had no
effect on the total expression of APP but resulted in a threefold
increase of sAPPa production, indicating that o-secretase activity
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Fig. 1. Activation of Wnt signaling increases endogenous AICD protein level, (A-D) Examination of APP processing by Wnt-1 activation; Control and Wnt1 expressing N,a APP
cells were harvested and the total expression of APP was assessed by the N-terminal antibody 22C11 (A), the sAPPa produced by a-secretase was demonstrated by Western
blots of concentrated media using 6E10 antibody (B), the Ap was detected with concentrated media using 4G8 and 6E10 antibodies (C) and the AICD was probed by APP
C-terminal 369 antibody (D and E), APP stably expressed N,a cells were transfected with Wnt-1 and constitutive active B-cateninSA. At 36 h post-transfection, cells were
harvested and the amount of cell lysates was used for immunoprecipitation with 369 antibody. Concentrated APP C-terminal splicing forms were immunoblotted with 369
antibody. The protein expression was confirmed by anti-FLAG immunoblotting with the total cell lysates (middle panel). Tubulin was immunoblotted as loading control

(lower panel).



70 F. Zhou et al./Biochemical and Biophysical Research Communications 412 (2011) 68-73

was stimulated by Wnt-1. Accordingly, AB secreted in the medium
was decreased (Fig. 1C) while the cytosolic AICD level was obvi-
ously increased by Wnt-1 (Fig. 1D). Consistent with these data,
Wnt-1 or B-catenin(SA), a constitutive active B-catenin mutant
which can not be phosphorylated by GSK3B and thus is resistant
to proteasome-mediated degradation [32], led to a higher level of
oCTF and AICD (Fig. 1E). Together, these results suggested that
Wnt signaling enhanced o-secretase activity and increased the
AICD protein level.

3.2. Wnt/p-catenin promotes transcriptional activity of AICD via
interaction

AICD was reported as a transcriptional factor and its transcrip-
tional activity could be dramatically enhanced by Fe65. The above
results suggest that Wnt signaling increases AICD thus may
enhance the transcriptional activity of AICD. To further explore this
possibility, Gal4-AICD was cotransfected with Gal4-Luci or
Gal4-TK-Luci reporter with or without Wnt signaling activation.
In Gal4-TK-Luci reporter system, Gal4-AICD showed a transactiva-
tion activity, and its transcriptional activity was obvious enhanced
by Wnt-1 and B-cateninSA (Fig. 2A). In the Gal4-Luci system,
Gal4-AICD itself exhibited little transcriptional activity, but its
transcriptional activity was also enhanced by Wnt-1 and more
obviously by B-cateninSA (Fig. 2B). As B-catenin is a crucial tran-
scriptional activator of canonical Wnt signaling pathway, we tested
whether B-catenin interact with AICD. Immunoprecipitation and
immunoblotting analysis revealed that exogenously expressed
AICD interacted with endogenous B-catenin (Fig. 2C). All these data
indicated that Wnt/B-catenin induced AICD expression thus
promoted its transcriptional activity.

3.3. AICD is stabilized by Wnt/B-catenin activation

Since exogenous AICD initiated transcriptional activity was
promoted by Wnt/B-catenin. Increased endogenous AICD might
not due to increased y-secretase activity. We next extend to iden-
tify this hypothesis. To this end, Myc-tagged Notch1 delta N was
overexpressed with or without Wnt-1 or p-catenin SA in
HEK293T cells. As shown in Fig. 3A, NICD (Notch1 intracellular
domain) that was cleaved by y-secretase from Notchl delta N
was not increased with Wnt activation. This indicated that Wnt
signaling could not enhance the activity of y-secretase. AICD
has been reported to be very unstable protein, and then we asked
whether AICD was stabilized by Wnt/B-catenin due to association.
If this hypothesis is true, tagged AICD should also be stabilized.
Indeed, exogenous AICD was stabilized by Wnt-1 or B-cateninSA
(Fig. 3B). To further confirm this, AICD with or without Wnt-1
were treated with the protein synthesis inhibitor cycloheximide
(CHX). As shown in Fig. 3C, Wnt-1 slowed down the degradation
of AICD. Statistical analysis of the degradation rate was shown in
Fig. 3D. Similar results were obtained by using B-cateninSA (data
not shown). Taken together, Wnt/p-catenin induced stabilization
of AICD.

3.4. Wnt/B-catenin stabilizes AICD independent of Fe65

It has been reported that adaptor protein Fe65 interacts with
AICD, stabilizes it and translocates it into nucleus to form Fe65-
AICD-Tip60 complex and activates transcription of downstream
genes [33]. Moreover, the YENPTY sequence of AICD is important
for the AICD-Fe65 interaction. To explore whether Fe65 is required
for the Wnt/B-catenin-mediated stabilization of AICD, several AICD
mutants with residues replaced in this sequence were constructed
(Fig. 4A). These AICD mutants were coexpressed with Fe65 and
their ability to interact with Fe65 was detected by immunoprecip-
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Fig. 2. Wnt/B-catenin signaling enhances the transcriptional activity of AICD, (A
and B) HEK293T cells were transiently transfected with Gal4-TK-Luci (A) or Gal4-
Luci reporter (B), Renilla, and the indicated Gal4-AICD, Fe65, Wnt-1 and B-cateninSA
constructs. At 36 h post-transfection, the transfected cells were harvested for
luciferase analysis. Fe65 was used as a positive control in both experiments, (C)
Interaction between AICD and B-catenin. HEK293T were transiently transfected
with Myc-AICD or control pcDNA vector (negative) plasmids. At 36 h post-
transfection, cells were harvested for immunoprecipitation with anti-Myc antibody.
AlCD-associated endogenous B-catenin was revealed by anti-p-catenin immuno-
blotting (upper panel). The immunoprecipitated AICD was confirmed by anti-Myc
immunoblotting (lower panels).

itation. Consistent with the previous reports, T668A greatly
reduced the interaction between Fe65 and AICD, and AICD (1A)
and AICD (3A) completely lost the ability to interact with Fe65
(Fig. 4B). To distinguish whether Fe65 was involved in the Wnt sig-
naling stimulated-stabilization of AICD, wild-type (WT) and AICD
mutants were coexpressed with Wnt-1 or B-cateninSA. Similar
with wild-type, AICD mutants were still slightly enhanced by
Wnt-1 (Fig. 4C), and more obviously by B-cateninSA (Fig. 4D). In
Gal4-Luci reporter assay, Fe65 greatly promoted the transactiva-
tion activity of AICD (WT) while the promoting effect is partially
impaired on AICD (T668) and AICD (1A), and completely lost on
AICD (Fig. 4E). However, B-catenin SA enhanced the transcriptional
activity of both wild-type AICD and mutants (Fig. 4E). Taken to-
gether, these results indicated that Wnt/B-catenin stabilized AICD
in a Fe65-independent manner.



F. Zhou et al./Biochemical and Biophysical Research Communications 412 (2011) 68-73 71

A Notch deltaE: + + B
Wnt1: - +

Notch deltaE »

NICD »

AICD-Myc-His: - + + + o+ o+
Wwnt1: - -+ = = =
Flag-B-cateninSA: - - - -+ -
GFP. - - - - st

Cc AICD-MycHis: + + + +
CHX(h): 0 1 2 3

Ni-NTA PPT

IB: anti-Tubulin |

Ni-NTA PPT
1B: anti-Myc

IB: anti-Tubulin

Ni-NTA PPT -— *‘ -
IB: anti-Myc
IB: anti-Tubulin [ S S S | B S
D - CHX Treatment
-*2 —4— -Wnt1
20100 —»———
s \\‘ ﬁ : +Wnt1
) £ 75 S
;é Q.'\
< 50 .
z \ C
Wnt 1 8 25 \\‘
2 T
E 0 1 1 M

CHX(h): 0 1 2 3

Fig. 3. Wnt/p-catenin stabilizes AICD by increasing the protein half-life, (A) HEK293T cells were cotransfected with C-terminal Myc-tagged mouse Notch1 delta N plasmid
with or without Wnt-1. At 36 h post-transfection, cells were harvested for immunoblotting by anti-Myc antibody, (B) HEK293T cells were cotransfected with Myc-His-AICD,
Wnt-1, FLAG-B-cateninSA or GFP constructs as indicated. At 36 h post-transfection, cells were harvested for Nickel pull-down by Ni-NTA beads and anti-Myc immunoblotting.
The protein expression was confirmed by anti-FLAG from total cell lysates. Tubulin was immunoblotted as loading control (lower panel), (C and D) Myc-His-AICD
overexpressed HEK293T cells were seeded in two batches of 60-mm dishes with or without Wnt1 stimulation. 12 h after stimulation, cells were treated with CHX (20 pg/ml)
for 0-3 h as indicated. The same amount of cell lysis were harvested for Nickel pull-down and followed with immunoblotting with anti-Myc antibody. Protein intensity was
quantitated by BCA kit and the total protein for loading was equal shown by anti-tubulin immunoblotting. The data shown are representative of three such experiments. The

protein level at time 0 was set as 100% (D).

4. Discussion

AICD is being studied only in latest decade due to its great
susceptibility to degradation. However, as a byproduct of APP that
cleaved by vy-secretase, AICD increases along with A in AD
patients. AICD has been disputing since the day it was discovered.
While some findings support a biologic role of AICD in regulating
gene expression and cell signaling [34,35], others think it is
unusable [36]. Our results here bring a new perspective to the field
of AICD research, suggesting that there is interplay between AICD
and Wnt/B-catenin signaling.

APP shares similar proteolysis with Notch, a key protein in
Notch signal transduction pathway that controls cell fates in
metazoans, which raise the intriguing possibility that APP is a cell
surface receptor that also traduces signals by releasing and trans-
locating AICD into the nucleus. Several studies have demonstrated
that AICD translocated from cytoplasm to nucleus, promoted gene
transcription and induced apoptosis [3,12,35]. In this study, we
found that Wnt signaling leads to the accumulation of endoge-
nous AICD in neuronal cells. Increased AICD level appears not
due to y-secretase cleavage since the Notch intracellular domain
(NICD), which proved also the product of y-secretase cleavage,
was not affected. The results that exogenous AICD was also
stabilized by associated Wnt/B-catenin promoted us to check
the protein stability of AICD. Due to the property of very unstable,
detection of AICD was proved to be difficult even in over-ex-
pressed state. In the presence of Wnt, We indeed observed
increased half-life of AICD.

The fact that transcriptional factor Fe65 was identified as an
AICD interacting protein suggests AICD is involved in transcrip-
tional regulation. Recent study discovered by microarray in neu-
roblastoma cells that AICD up-regulates genes such as IGFBP3,

TAGLN related to cytoskeletal dynamics which is critical to cell
differentiation, also confirmed on neuronal cell differentiation
[37]. These findings lead us to check regulation of AICD-mediated
transcription. Promising evidences come from reporter gene essay
that AICD promoted transactivation is enhanced by Wnt/p-
catenin.

The mechanism that Wnt/B-catenin stabilized AICD may inde-
pendent of Fe65. The AICD mutants lacking the Fe65 binding ability
were still found to be stabilized by Wnt/B-catenin. This opens a
new field of study how AICD stability is regulated besides Fe65
in cells. As AICD degradation through the lysosome pathway has
been reported [38], we found similar with endogenous, exogenous
AICD was accumulated in the presence of either lysosome inhibi-
tors or proteasome inhibitors (our unpublished result). Several ly-
sine residues in AICD appear to be involved in its great speed of
degradation, awaiting further investigations.

AICD was also reported to associate with tumor suppressor
gene p53 and triggers apoptosis through the p53-dependent mech-
anisms [39]. A recent study reported that endogenous AICD di-
rectly binds to EGFR promoter and mediates transcriptional
regulation of EGFR, indicating an important role of PS/y-secre-
tase-generated APP metabolite AICD in gene transcription and in
EGFR-mediated tumorigenesis [40]. Here we afford a new clue that
AICD is regulated and involved in the tumorigenesis-related Wnt
signaling, highlight the possible mechanism of AICD accumulation
by Wnt activation and the subsequent effects on neural cell prolif-
eration and differentiation, indicating the existence of a well-bal-
anced AICD is important in vivo. Regulated by Wnt/B-catenin,
AICD seems also modulates Wnt/B-catenin signaling as a negative
regulator (our unpublished results). Thus a Wnt triggered, APP in-
volved negative feedback loop may exist in neuronal cells, awaiting
our further investigations.
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Fig. 4. Wnt/p-catenin stabilizes AICD independent of Fe65, (A) Schematic representative of AICD mutants. AICD contains a Fe65 interacting motif (YENPTY) and a critical
phosphorylation site (T) in position 668 (APP695 isoform numbering), (B) Association between Fe65 and AICD mutants. HEK293T cells were transfected with FLAG-tag Fe65
and wild-type or truncation Myc-His-tag AICD mutants as indicated. At 40 h post-transfection, the cells were harvested for pull-down by Ni-NTA beads. AICD associated Fe65
was revealed by anti-FLAG immunoblotting (upper panel). The protein expression was confirmed by anti-Myc or anti-FLAG immunoblotting (middle and lower panels), (C
and D), AICD mutants were stabilized by Wnt-1(C) or B-catenin (D). HEK293T cells were co-transfected with Myc-His-AICD, Wnt-1, and FLAG-B-cateninSA as indicated. At
36 h post-transfection, cells were harvested and AICD were detected by Ni-NTA beads pull-down and anti-Myc immunoblotting. The B-catenin expression was confirmed by
anti-FLAG from total cell lysates. Tubulin was immunoblotted as loading control (lower panel), (E) HEK293 cells were transiently transfected with Gal4-Luci reporter, Renilla,
and the indicated Fe65, Wnt1, B-cateninSA and Gal4-AICD mutant constructs. At 36 h post-transfection, the transfected cells were harvested for luciferase analysis.
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