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Brief Communications

Activation of NMDA Receptors Upregulates A Disintegrin
and Metalloproteinase 10 via a Wnt/MAPK Signaling
Pathway
Xian-Zi Wan,1* Bei Li,2* Yi-Chen Li,1 Xiang-Ling Yang,1 Wei Zhang,1 Ling Zhong,1 and Shao-Jun Tang2
1School of Pharmaceutical Sciences, Sun Yat-Sen University, Guangzhou 510006, Peoples Republic of China, and 2Department of Neuroscience and Cell
Biology, University of Texas Medical Branch, Galveston, Texas 77555

A disintegrin and metalloproteinase 10 (ADAM10) is the constitutive ␣-secretase that governs the nonamyloidogenic pathway of
␤-amyloid precursor protein processing and is an attractive drug target for treating Alzheimer’s disease. To date, little is known about the
mechanism by which ADAM10 is regulated in neurons. Using mouse primary cortical neurons, we show here that NMDA receptor
(NMDAR) activation led to upregulation of the genes encoding ADAM10 and ␤-catenin proteins. Interestingly, the ADAM10 upregulation
was abolished by inhibitors of Wnt/␤-catenin signaling. Conversely, activation of the Wnt/␤-catenin signaling pathway by recombinant
Wnt3a stimulated ADAM10 expression. We further showed that both the NMDAR- and Wnt3a-induced ADAM10 upregulation was
blocked by ERK inhibitors. We suggest that the NMDARs control ADAM10 expression via a Wnt/MAPK signaling pathway.

Introduction
Amyloid-␤ (A␤) peptides (A␤1– 40 and A␤1– 42) are the proteolytic products of ␤-amyloid precursor protein (APP), and they
likely play a central role in the pathogenesis of Alzheimer’s disease (AD). A␤ accumulation in the brain has been shown to impair
neurotransmitter release, long-term potentiation, synapse formation (Hu et al., 2009), and learning and other cognitive functions
(Johnson-Wood et al., 1997). Although APP processing can undergo
the amyloidogenic pathway to generate A␤, it may also go through
the nonamyloidogenic pathway to block A␤ production and generate soluble APP ␣ (sAPP␣). sAPP␣ is known to play neuroprotective
and neurotrophic roles (Cheng et al., 2002; Stein et al., 2004). Thus,
effective therapeutic approaches could be involved in switching APP
processing to the nonamyloidogenic pathway (Dewachter and Van
Leuven, 2002).
While the amyloidogenic pathway is mediated by the ␤- and
␥-secretases (BACE1 and presenilin1/2, respectively), the nonamyloidogenic pathway is regulated by the ␣- and ␥-secretases (Lichtenthaler, 2011). ␣-Secretase is the key proteinase that controls APP
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processing in the nonamyloidogenic pathway. A disintegrin and
metalloproteinase (ADAM) family, including ADAM9, ADAM10,
and ADAM17, constitutes the main ␣-secretase candidates (Lichtenthaler, 2011). Among them, ADAM10 is the primary endogenous
␣-secretase (Jorissen et al., 2010; Kuhn et al., 2010). Evidence from
both AD mouse models and AD human patients suggests the involvement of ADAM10 in the regulation of AD pathogenesis (Epis et
al., 2010; Kim et al., 2010). In addition to APP processing, ADAM10
is involved in the shedding of many other biologically important
proteins (e.g., Notch, N-cadherin, and Nectin-1) from cell membranes (Hartmann et al., 2002; Uemura et al., 2007; Kim et al., 2010).
Our understanding of the mechanisms that regulate ADAM10
activity in neurons is limited. ADAM10 may be regulated at multiple levels, including mRNA translation (Lammich et al., 2010)
and processing of the pro-ADAM10 (Anders et al., 2001). Retinoic acid receptors can increase the expression of ADAM10, leading to a decrease in A␤ peptides (Tippmann et al., 2009; Donmez
et al., 2010). The activity of ADAM10 is regulated by NMDA
receptors (NMDARs), which modulate synaptic trafficking of
ADAM10 via synapse-associated protein-97 (SAP97) (Marcello
et al., 2007). Interference of the interaction between ADAM10
and SAP97 causes sporadic AD (Epis et al., 2010).
In the current study, we found that NMDAR activation
increased ADAM10 protein expression in primary cortical
cultures. Furthermore, we also revealed that this NMDARregulated ADAM10 protein expression was mediated by Wnt
and MAPK/ERK signaling. Our findings uncover novel molecular mechanisms that control synaptic activity-induced synthesis of ADAM10.

Materials and Methods
Primary cortical cultures. Primary cortical cultures from mouse embryos
of either sex were prepared as described previously (Hoey et al., 2009).
Briefly, cortices were dissected from C57BL/6J mouse embryos (E18) and
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Figure 1. NMDAR activation increases ADAM10 protein in cortical cultures. A, NMDA toxicity. Cultures were treated with NMDA for 90 min, and cell viability was measured by MTT 24 h later. B,
NMDA-induced ADAM10 upregulation. Cortical cultures (10DIV) were stimulated with 50 M NMDA, and cell lysates were analyzed by immunoblotting with BACE1 or ADAM10 antibody (n ⫽ 5,
***p ⬍ 0.001 vs 0 min). C, NMDA-induced ␣-secretase activity revealed by immunoblotting of APP-CTFs (C83 and C99) (*p ⬍ 0.05, **p ⬍ 0.01, ***p ⬍ 0.001 vs 0 min). D, D-APV blocks
NMDA-induced ADAM10. Cultures preincubated with 100 M D-APV for 30 min were treated with 50 M NMDA for 15 min (n ⫽ 4). E, Effect of actinomycin D on NMDA-induced ADAM10. Cultures
were treated with 25 M actinomycin D for 30 min before NMDA administration (15 min); both actinomycin D and NMDA were dissolved in 0.1% DMSO, and cultures treated with 0.1% DMSO were
used as controls (n ⫽ 3). The signal intensity of the bands on immunoblots was normalized to GAPDH. F, Effect of ␣-amanitin on NMDA-induced ADAM10. G, NMDA-regulated ADAM10 transcription.
Cultures were treated with 50 M NMDA. The mRNA level of ADAM10 was measured by quantitative PCR and normalized to ␤-actin mRNA (n ⫽ 4, *p ⬍ 0.05, ***p ⬍ 0.001 vs 0 min).
washed in HBSS (Invitrogen). Meninges and excess white matter were
removed. Cortical slices (⬃0.5 mm 2) were prepared with microscopic
pinches and transferred to a sterile tube containing HBSS. Cortical slices
were treated with 0.25% trypsin (Sigma) for 8 min at 37° and were dissociated to single-cell suspension, followed by centrifugation at 120 ⫻ g
for 5 min. The cell pellets were resuspended in DMEM (Invitrogen)
containing 10% FBS and 1% penicillin-streptomycin (Weijia). Cells were
planted on culture plates coated with 20 g/ml poly-D-lysine (Sigma) in
0.1 M borate buffer, pH 8.5 (50 mM H3BO3, 12.5 mM Na2B4O7(10H2O)).
Two hours later, DMEM was replaced with Neurobasal Medium (Invitrogen) supplemented with 2% B27 (Invitrogen), 1% penicillinstreptomycin, and 0.5 mM L-glutamine (Invitrogen). Cells were cultured
at 37° in a humidified incubator of 95% air and 5% CO2. One-third of the
medium was replenished every 3 d until 10 d in vitro (DIV). Under our
culturing conditions, 90% of the cells were neurons, as revealed by MAP2
staining.
MTT assay. Cortical cultures in 96-well plates at 9DIV were treated
with NMDA for 90⬘, followed by continued culturing in fresh medium
for 24 h. For MTT assays, 20 l of 5 mg/ml MTT (Sigma) was added to
individual wells and incubated for 4 h. The water-insoluble formazan was

dissolved in dimethyl sulfoxide (DMSO), and the optical absorbance was
measured at 490 nm using Multiskan Ascent.
Antibodies. Millipore); mouse monoclonal ␤-catenin antibody (1:
1000, Cell Signaling Technology); rabbit APP C-terminal antibody (1:
8000, Sigma); mouse monoclonal BACE1 antibody (1:1000, R&D
Systems); mouse monoclonal p-ERK1/2 antibody (1:500, Santa Cruz
Biotechnology); rabbit ERK1 antibody (1:500, Santa Cruz Biotechnology); rabbit ERK2 antibody (1:500, Santa Cruz Biotechnology); mouse
monoclonal GAPDH antibody (1:1000, Santa Cruz Biotechnology);
HRP-conjugated mouse IgG antibody (1:10,000, Pierce); and HRPconjugated rabbit IgG antibody (1:5000, Pierce).
Western blotting and quantification. Cortical cultures (10DIV; 0.5 ⫻
10 6 cells/well on 12-well plates) were lysed with 100 ml of 2⫻ SDS sample
buffer (62.5 mM Tris-HCl buffer, pH 6.8, 10% glycerol, 2% SDS, 5%
␤-mercaptoethanol, and 0.01% bromophenol blue). Lysates were transferred to 1.5 ml Eppendorf tubes, boiled for 10 min, and centrifuged at
13,400 ⫻ g at 4° for 5 min. Total protein (40 g) was loaded on 10%
SDS-PAGE. After electrophoresis, the protein was transferred to a 0.2
m polyvinylidene fluoride membrane (Millipore). The membrane with
transferred protein was blocked with 5% skim milk in TBS-T (20 mM
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Figure 2. Blockage of Wnt/␤-catenin signaling inhibits NMDAR-dependent ADAM10 expression. A, NMDA stimulation caused ␤-catenin increase. Cortical cultures were stimulated with 50 M
NMDA before immunoblotting (n ⫽ 5; *p ⬍ 0.05 vs 0 min). B, DKK1 impaired NMDA-induced ADAM10 increase. Cultures were treated with or without DKK1 and/or NMDA. When cotreated with
both, cultures were pretreated with 100 ng/ml DKK1 for 60 min before NMDA administration (50 M; 15 min) (n ⫽ 4). C, Anti-Wnt3a antibody diminished NMDA-induced ADAM10 increase. Wnt3a
antibody was used to neutralize Wnt3a in the medium. (n ⫽ 3). D, Indo (50 M, 30 min) and XAV939 (1 M, 30 min) abolish NMDA-induced ␤-catenin increase. (n ⫽ 3). E, Indo (50 M, 30 min)
and XAV939 (1 M, 30 min) abolish NMDA-induced ADAM10 upregulation (n ⫽ 3). F, G, Effects of IWR-1 (10 M, 30 min) on NMDA-induced ␤-catenin and ADAM10, respectively.
Tris-HCl, pH 7.4, 0.15 M NaCl, 0.1% Tween 20) for 2 h at room temperature (RT), incubated with primary antibodies in blocking solution overnight at 4°, and washed with TBST (3⫻ 10 min). After incubating with
HRP-conjugated anti-mouse or rabbit secondary antibodies (1 h at RT)
and washing, protein bands were detected with an ECL kit (Pierce),
according to manufacturer’s instructions. The optical density of each
band was quantified using Quantity One 4.6.2 (Bio-Rad).
Quantitative RT-PCR. Cortical cultures (10DIV) were stimulated with
50 M NMDA. Total RNA was purified from the cultures with TRIZOL
(Invitrogen) according to the manufacturer’s instructions. Total RNA
(0.5 g) was used for reverse transcription, followed by quantitative
real-time PCR using PrimeScript RT reagent kit (TaKaRa). Real-time
PCRs [25 l mixture, which contains 12.5 l of 2⫻ SYBR Premix Ex Taq,
0.5 l of PCR forward primer (10 M), 0.5 l of PCR reverse primer (10
M), 9.5 l of H2O, and 2 l of cDNA] were performed with the iQ5
system (Bio-Rad; cycling protocol: preincubation at 95°C for 30 s followed by 40 cycles of 95°C/5 s and 60°C/20 s). Primer sequences were as
follows: ADAM10 reverse primer: 5⬘-ACCACTGAACTGCTTGCTCCAC-3⬘; ADAM10 forward primer: 5⬘-TTATGCCATGTTTGCTG
CATGA-3⬘; ␤-actin reverse primer: 5⬘-GCAATGCCTGGGTACATG-

GTGG-3⬘; ␤-actin forward primer: 5⬘-ACGCGTCGACCTCCTTGCAGTCCATTTT-3⬘.
Statistical analysis. Data in summary graphs (mean ⫾ SEM) were from
at least three independent experiments. One-way ANOVA was performed with SPSS 16.0.

Results
NMDAR activation increases ADAM10 protein
NMDAR activation is known to stimulate ␣-secretase activity,
which is responsible for shedding APP and other membrane proteins (Uemura et al., 2007; Hoey et al., 2009). Because ADAM10 is
the primary candidate of ␣-secretase (Jorissen et al., 2010; Kuhn
et al., 2010), we tested the hypothesis that ADAM10 synthesis is
regulated by NMDARs. Cultures were stimulated with different
concentrations of NMDA. Stimulation with up to 50 M NMDA
did not change cell viability (Fig. 1 A). After stimulation with 50
M NMDA, ADAM10 and APP protein levels were measured by
Western blotting analysis. NMDA caused a rapid transient increase
of ADAM10 protein, which peaked with a 1.7-fold increase at 15 min
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Blockage of Wnt/␤-catenin signaling
inhibits NMDAR-dependent
ADAM10 upregulation
Previous studies indicate that NMDAR
activation leads to Wnt release and nuclear accumulation of ␤-catenin in hippocampal slices (Chen et al., 2006).
Because both NMDAR activation (Hoey
et al., 2009; Tampellini et al., 2009) and
Wnt/␤-catenin signaling (De Ferrari et al.,
2003) have protective effects on AD pathologies, we tested whether NMDAR activation stimulated ADAM10 synthesis
via Wnt/␤-catenin signaling. To this end,
we first determined the effect of NMDA
Figure 3. Wnt3a induces ADAM10 expression. A, Time course of Wnt3a-induced ADAM10 expression. Immunoblots of stimulation on ␤-catenin in cortical cul␤-catenin, BACE1, and ADAM10 from cultures treated with recombinant Wnt3a (100 ng/ml) for various time [n ⫽ 4, *p ⬍ 0.05 vs tures. As shown in Fig. 2 A, ␤-catenin
0 min (␤-catenin); #p ⬍ 0.05 vs 0 min (ADAM10)]. B, Dose effect of Wnt3a on ADAM10 expression. Immunoblots of ␤-catenin, protein started to elevate at 5 min and
BACE1, and ADAM10 from cultures treated with different amounts of recombinant Wnt3a [n ⫽ 4, *p ⬍ 0.05, **p ⬍ 0.01 vs 0 min last until 30 min after 50 M NMDA
(␤-catenin); ##p ⬍ 0.01 vs 0 min (ADAM10)].
application, indicating that NMDAR
activation resulted in upregulation of
␤-catenin signaling in cortical cultures.
after NMDA administration and returned to basal level by 60 min
This NMDA-stimulated ␤-catenin increase was blocked by pre(Fig. 1B). On the other hand, NMDA stimulation did not change
treatment with 100 ng/ml recombinant DKK1 protein (a specific
BACE1 (Fig. 1B), suggesting that NMDA stimulation specifically
endogenous antagonist for the Wnt/␤-catenin signaling) at 60
upregulated ␣-secretase ADAM10. Because ADAM10 is a major
min before NMDA administration (Fig. 2 B), indicating that ND␣-secretase in APP processing, we sought to determine whether
MAR stimulation activated this pathway. Next, we investigated
NMDA stimulation also elevated the ␣-cleavage of APP processing.
whether NMDA-stimulated ADAM10 expression was the result
To this end, immunoblotting was performed to measure the levels of
of the NMDA-induced upregulation of Wnt/␤-catenin signaling.
C-terminal fragments (CTFs) of APP. The results showed that the
DKK1 diminished the ADAM10 increase induced by NMDA
ratio between C83-CTF (an AAP processing product from
(Fig. 2 B). Since NMDAR activation causes the secretion of
␣-cleavage mediated by ␣-secretase) and C99 (an AAP processing
Wnt3a (Chen et al., 2006), which is a prototypic Wnt ligand for
product from ␤-cleavage) was elevated following NMDA stimulathe Wnt/␤-catenin pathway, we specifically tested the involvetion (Fig. 1C). This result suggested that NMDAR activation faciliment of Wnt3a in NMDA-induced ADAM10 upregulation. In
tated ␣-cleavage, which was consistent with the findings reported
this experiment, we used Wnt3a antibody to neutralize Wnt3a.
earlier (Hoey et al., 2009). Interestingly, although NMDA stimulaAs shown in Fig. 2C, the Wnt3a antibody completely abolished
tion promoted the APP ␣-cleavage, we did not observe significant
the ADAM10 increase. The inhibitory activity of the antibody on
concomitant decrease of full-length APP (Fig. 1C), probably because
Wnt/␤-catenin signaling was verified by its blockage of NMDAonly a small fraction of APP was processed.
induced ␤-catenin upregulation (Fig. 2C).
To confirm that the observed effect was mediated by
Next, we performed experiments to test the role of
NMDARs, we determined the effect of NMDA in the presence of
␤-catenin, using pharmacological approaches. Indomethacin
D-APV (100 M, pretreated for 30 min), a specific antagonist of
(Indo) and XAV939, two different inhibitors of ␤-catenin exNMDARs. D-APV abolished NMDA-induced ADAM10 increase
pression (Goessling et al., 2009; Huang et al., 2009), were used
(Fig. 1 D).
in these experiments. The cultures were pretreated with Indo
To determine whether NMDA stimulates ADAM10 protein up(50 M) or XAV939 (1 M) for 30 min, followed by NMDA (50
regulation by transcription activation, we tested the effect of actinoM) stimulation for 15 min before harvesting for immunomycin D, a transcription inhibitor. As shown in Fig. 1E, 25 M
blotting. The results showed that treatments of cortical
actinomycin D abolished NMDA-induced ADAM10 increase. Ancultures with either inhibitor completely blocked NMDAother transcription inhibitor, ␣-amanitin, showed a similar effect
induced ␤-catenin increase (Fig. 2 D). Importantly, these in(Fig. 1F). These results suggest that NMDAR-activation elicited
hibitors also abolished the NMDA-induced ADAM10 increase
ADAM10 protein synthesis by activating ADAM10 gene transcrip(Fig. 2 E). These observations were further confirmed with
tion. To investigate this possibility further, we measured the level of
another recently developed small molecule (IWR-1) that proADAM10 mRNA by quantitative real-time RT-PCR, and obmotes ␤-catenin degradation by abrogating Axin2 turnover
served that ADAM10 mRNA was upregulated by NMDA in a
(Chen et al., 2009) (Fig. 2 F, G). Collectively, these results sugtime-dependent manner (Fig. 1G). It appeared that the signifigest that the Wnt/␤-catenin signaling is critical for NMDAcant increase of ADAM10 protein (Fig. 1 B) preceded that in
stimulated ADAM10 synthesis.
mRNA (Fig. 1G). This discrepancy is probably due to NMDAstimulated rapid translation from pre-existing mRNA, as sugWnt3a stimulates ADAM10 increase
gested by previous studies (Ouyang et al., 1999; Gong et al., 2006;
The results described above indicate that secretion of Wnt3a followLi et al., 2012). Also, the ADAM10 protein increase is more traning NMDAR activation is required for NMDAR-elicited ADAM10
sient that the increase of ADAM10 mRNA (Fig. 1 B, G), indicating
increase. Next, we sought to investigate whether Wnt3a is able to
that there probably is a negative feedback mechanism that tightly
stimulate ADAM10 expression. To this end, we determined the time
controls ADAM10 protein level.
course and dose effects of Wnt3a on ADAM10 protein level. As
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Figure 4. MAPK/ERK pathway is involved in ADAM10 regulation. A, PD98059 blocked NMDA-induced ADAM10 increase. When cotreated with PD98059 and NMDA, PD98059 (20 M) was applied
30 min before NDMA (50 M), followed by an additional 15 min of coincubation before cell harvest for immunoblotting. Both PD98059 and NDMA were dissolved in 0.05% DMSO, which was used
in vehicle controls (n ⫽ 4; both p-ERK1 and p-ERK2 were included in quantification). B, C, Time course (B) and dose effect (C) of Wnt3a on ERK phosphorylation (n ⫽ 4; *p ⬍ 0.05, **p ⬍ 0.01,
***p ⬍ 0.001 vs 0 min or 0 ng/ml). D, PD98059 inhibited Wnt3a-induced ADAM10 increase. When cotreated with both PD98059 and Wnt3a, cultures were preincubated with PD98059 (20 M) for
30 min before adding Wnt3a (100 ng/ml), and coincubation was continued for 60 min before cell harvest for immunoblotting. DMSO (0.05%) was used as vehicle for both PD98059 and Wnt3a and
in control treatment (n ⫽ 3). E, A model of NMDAR/Wnt/MAPK signaling in the regulation of ADAM10 expression. NMDAR activation stimulates the secretion of Wnt3a, which then activates ERKs
to elicit ADAM10 expression, likely via ␤-catenin.

shown in Fig. 3A, addition of recombinant Wnt3a to cultures caused
a time-dependent increase of ␤-catenin, demonstrating the activity
of the purified Wnt3a in activating the Wnt/␤-catenin pathway. Importantly, ADAM10 protein was also elevated by Wnt3a; the
ADAM10 increase peaked at 30 min after Wnt3a application (Fig.
3A). In dosage experiments, we measured ADAM10 protein levels in
cortical cultures treated with various concentrations (0, 25, 50, or
100 ng/ml) of recombinant Wnt3a for 60 min. As expected, Wnt3a
caused a dose-dependent increase of ␤-catenin (Fig. 3B). Importantly, ADAM10 protein also displayed a similar profile, with a 1.7fold increase at 100 ng/ml Wnt3a (Fig. 3B). In contrast, Wnt3a
treatment did not change BACE1 (Fig. 3A,B). Together, these results show that Wnt3a is sufficient to specifically induce the upregulation of ADAM10 protein.
Both NMDAR- and Wnt3a-dependent ADAM10 increases are
mediated by the MAPK/ERK pathway
We sought to further understand the potential mechanism by
which NMDARs and Wnt3a regulate ADAM10. Because the
MAPK pathway is critically involved in NMDAR-regulated protein synthesis (Kelleher et al., 2004; Gong and Tang, 2006; Wayman et al., 2006) and major components in the MAPK signaling
cascades (including p38, JNKs and ERKs) are regulated by Wnt

signaling (Yun et al., 2005; Bikkavilli and Malbon, 2009), we
investigated the role of MAPK signaling in NMDAR- and Wnt3aregulated ADAM10 expression. As shown in Fig. 4 A, NMDA
stimulation activated the MAPK/ERK pathway, as indicated by
the increase of phosphorylated ERK1/2. Importantly, pretreatment of the cultures with a specific ERK inhibitor, PD98059 (20
M), blocked NMDAR-induced ADAM10 increase (Fig. 4 A).
These results indicate that ERK is critical for the upregulation of
ADAM10 by NMDARs. Next, we investigated whether MAPK/
ERK signaling was also involved in Wnt3a-stimulated ADAM10
upregulation. We observed that Wnt3a administration also stimulated ERK1/2 phosphorylation in a time- and dose-dependent
manner (Fig. 4 B, C). Furthermore, PD98059 abolished Wnt3ainduced ADAM10 upregulation (Fig. 4 D). Thus, these observations suggest that NMDA and Wnt3a stimulate the ADAM10
increase via the MAPK/ERK pathway.

Discussion
We show here that NMDAR activation stimulates ADAM10 protein expression and that this NMDAR-dependent ADAM10 expression is elicited via a Wnt/MAPK/ERK signaling pathway.
Previous studies revealed that synaptic activity stimulated
␣-secretase, and thereby reduced A␤ generation and release
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(Hoey et al., 2009; Tampellini et al., 2009; Kim et al., 2010). How
synaptic activity regulates ␣-secretase remains unclear. Here, we
reveal a novel pathway by which NMDARs control ADAM10
activity. Our results revealed that ADAM10 expression was increased by NMDA stimulation and abolished by D-APV (Fig.
1 B, C). These observations suggest that synaptic activity may
stimulate ␣-secretase activity by upregulation of ADAM10 protein as a result of NMDAR activation.
Our studies further uncover a novel mechanism by which
NMDARs regulate ADAM10 expression. Chen et al. (2006) previously reported that NMDAR activation in response to tetanus
elicited rapid Wnt3a secretion in hippocampal slices. In support
of this notion, stimulation of hippocampal and cortical neurons
in cultures by glutamate or NMDA also leads to Wnt3a secretion
(unpublished observations). We observed that either DKK1 or
Wnt3a antibody blocks NMDAR-induced ADAM10 upregulation (Fig. 2 B, C) and that inhibition of ␤-catenin with two different inhibitors abolished the upregulation. Thus, we conclude that
the canonical Wnt signaling activated by Wnt3a is critical for
NMDAR activation to lead to upregulation of ADAM10.
Furthermore, we showed that exogenous Wnt3a induced
ADAM10 expression (Fig. 3). Because NMDAR activation is
known to elicit Wnt3a secretion (Chen et al., 2006), this finding
suggests that NMDAR activation causes ADAM10 expression by
stimulating Wnt3a secretion. Previous work indicates that the
canonical Wnt signaling has a protective effect on AD development in animal models (De Ferrari et al., 2003). Our findings of
Wnt3a as a positive regulator of the expression of the ␣-secretase
ADAM10 suggest that Wnt3a may downregulate A␤ production
and thus A␤ toxicity.
We observed that Wnt3a stimulated ERK activity (Fig. 4 B).
Consistent with our findings, prior studies revealed that Wnt3a
induced a rapid and ␤-catenin-independent activation of ERKs
in non-neuronal cells (Yun et al., 2005; Caverzasio and Manen,
2007). Interestingly, ERK inhibitors suppressed not only
NMDAR-dependent but also Wnt3a-induced ADAM10 increase
(Fig. 4 A, D). These findings suggest that the MAPK/ERK signaling is essential for NMDAR and Wnt3a to stimulate ADAM10
expression. Together, we propose that an NMDAR/Wnt/MAPK
signaling pathway (Fig. 4 E) controls synaptic activity-regulated
expression of ADAM10.

References
Anders A, Gilbert S, Garten W, Postina R, Fahrenholz F (2001) Regulation
of the alpha-secretase ADAM10 by its prodomain and proprotein convertases. FASEB J 15:1837–1839.
Bikkavilli RK, Malbon CC (2009) Mitogen-activated protein kinases and
Wnt/beta-catenin signaling: molecular conversations among signaling
pathways. Commun Integr Biol 2:46 – 49.
Caverzasio J, Manen D (2007) Essential role of Wnt3a-mediated activation
of mitogen-activated protein kinase p38 for the stimulation of alkaline
phosphatase activity and matrix mineralization in C3H10T1/2 mesenchymal cells. Endocrinology 148:5323–5330.
Chen B, Dodge ME, Tang W, Lu J, Ma Z, Fan CW, Wei S, Hao W, Kilgore J,
Williams NS, Roth MG, Amatruda JF, Chen C, Lum L (2009) Small
molecule-mediated disruption of Wnt-dependent signaling in tissue regeneration and cancer. Nat Chem Biol 5:100 –107.
Chen J, Park CS, Tang SJ (2006) Activity-dependent synaptic Wnt release
regulates hippocampal long term potentiation. J Biol Chem
281:11910 –11916.
Cheng G, Yu Z, Zhou D, Mattson MP (2002) Phosphatidylinositol-3kinase-Akt kinase and p42/p44 mitogen-activated protein kinases mediate neurotrophic and excitoprotective actions of a secreted form of
amyloid precursor protein. Exp Neurol 175:407– 414.
De Ferrari GV, Chacón MA, Barría MI, Garrido JL, Godoy JA, Olivares G,
Reyes AE, Alvarez A, Bronfman M, Inestrosa NC (2003) Activation of

J. Neurosci., March 14, 2012 • 32(11):3910 –3916 • 3915
Wnt signaling rescues neurodegeneration and behavioral impairments
induced by beta-amyloid fibrils. Molecular psychiatry 8:195–208.
Dewachter I, Van Leuven F (2002) Secretases as targets for the treatment of
Alzheimer’s disease: the prospects. Lancet Neurol 1:409 – 416.
Donmez G, Wang D, Cohen DE, Guarente L (2010) SIRT1 suppresses betaamyloid production by activating the alpha-secretase gene ADAM10. Cell
142:320 –332.
Epis R, Marcello E, Gardoni F, Vastagh C, Malinverno M, Balducci C, Colombo A, Borroni B, Vara H, Dell’Agli M, Cattabeni F, Giustetto M,
Borsello T, Forloni G, Padovani A, Di Luca M (2010) Blocking
ADAM10 synaptic trafficking generates a model of sporadic Alzheimer’s
disease. Brain 133:3323–3335.
Goessling W, North TE, Loewer S, Lord AM, Lee S, Stoick-Cooper CL, Weidinger G, Puder M, Daley GQ, Moon RT, Zon LI (2009) Genetic interaction of PGE2 and Wnt signaling regulates developmental specification
of stem cells and regeneration. Cell 136:1136 –1147.
Gong R, Tang SJ (2006) Mitogen-activated protein kinase signaling is essential for activity-dependent dendritic protein synthesis. Neuroreport
17:1575–1578.
Gong R, Park CS, Abbassi NR, Tang SJ (2006) Roles of Glutamate Receptors
and the Mammalian Target of Rapamycin (mTOR) Signaling Pathway in
Activity-dependent Dendritic Protein Synthesis in Hippocampal Neurons. J Biol Chem 281:18802–18815.
Hartmann D, de Strooper B, Serneels L, Craessaerts K, Herreman A, Annaert
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