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Abstract

Background: We have recently found that Wnt-5a regulates
the synaptic structure and function in hippocampal neu-
rons. This ligand is expressed in the hippocampus, stimu-
lates dendritic spine morphogenesis and increases gluta-
matergic neurotransmission. Moreover, we have also shown
that Wnt-5a induces the clustering of PSD-95. Objective: To
explore the role of Wnt-5a in the formation of synaptic con-
tacts. Methods: Primary rat hippocampal neurons were ex-
posed to a formylated hexapeptide (Foxy-5) derived from
the sequence of Wnt-5a to study synapse formation and
function. Results: In short-term experiments, Wnt-5a only
induced the clustering of PSD-95 but had no effect on the
density of presynaptic puncta, while in long-term experi-
ments, it induced both pre- and postsynaptic protein clus-
tering and the number of synaptic contacts, in agreement
with electrophysiological studies. In long-term experiments,
Foxy-5 increased miniature excitatory postsynaptic current

amplitude and frequency. Conclusion: Our findings indicate
that Wnt-5a induces synapse formation in hippocampal neu-
rons. In addition, we discuss recent findings indicating a neu-
roprotective action of Wnt-5a against AR neurotoxicity.
Copyright © 2012 S. Karger AG, Basel

Wnt signaling is activated by the interaction of a mem-
ber of the Wnt family of secreted proteins with the Friz-
zled (Fz) family of 7 transmembrane cell surface re-
ceptors. Different pathways have been described down-
stream of Fz receptors: the canonical Wnt/B-catenin
pathway thatleads to stabilization and nuclear accumula-
tion of 3-catenin that acts as a transcriptional coactivator
of TCF/LEF transcription factors resulting in the expres-
sion of Wnt target genes, and the noncanonical ones
which involve intracellular signaling by Ca?* (Wnt/Ca**
pathway) and the Jun N-terminal kinase cascade (the
Wnt/Jun N-terminal kinase pathway) [1, 2]. In addition
to Fz receptors, Ror2 and Ryk have been identified more
recently as alternative Wnt receptors [3].

Wnt signaling controls several processes during de-
velopment such as specification of cell fate, cell prolifera-
tion, migration and morphogenesis [2, 3]. In the nervous
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Fig. 1. The formylated hexapeptide Foxy-5 derived from the se-
quence of Wnt-5a ligand induces synaptic contact density. a Hip-
pocampal neurons at 14 days in vitro were incubated with 50 pm
Foxy-5 or a control scrambled peptide (Scr) for different periods.
PSD-95 and SV2 were detected by immunofluorescence. Scale
bar: 10 pm. Quantification of 3 independent experiments of PSD-
95 clusters (b), SV2 puncta (c) and synapse numbers identified by
close apposition of both markers (d) per neurite length, in neu-
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rons treated with 50 wM Foxy-5 (black bars) or Scr (white bars).
The number of synapses (d) represents values taken at 24 h of
treatment. e Miniature current traces of whole-cell patch clamp
in neurons exposed to Foxy-5 for 1, 3 or 24 h. f, g Plot of total
mEPSC amplitude (f) or frequency (g) of neurons recorded in e.
The bars are means * SE from 12 different cells. * p < 0.05;
** p < 0.01.
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system, it plays key roles in neuronal patterning and dif-
ferentiation, hippocampal formation, dendritic morpho-
genesis, axon guidance and synapse formation [3]. Dif-
terent Wnt ligands have been shown to modulate the pre-
synaptic region [4, 5]. On the other hand, Wnt-5a has
shown postsynaptic effects stimulating dendrite spine
morphogenesis and synaptic function [6]. In addition,
Wnt-5a upregulates NMDA receptor-mediated currents
and facilitates induction of long-term potentiation [7].
Recently, a role for Wnt-7a was also determined in
dendritic spine morphogenesis through activation of
CaMKII [8]. The physiological relevance of the Wnt path-
way at the synapse was shown by treatment with Wnt
scavengers that decreased spine density, miniature excit-
atory postsynaptic currents (nEPSC), and the amplitude
of field excitatory postsynaptic potentials, supporting
that endogenous Wnt signaling plays a relevant role in the
normal synaptic structure and function [6].

Our previous findings on Wnt-5a regulating spine
morphogenesis and PSD-95 clustering as well as glutama-
tergic synapses [6, 9] have led us to suggest that Wnt-5a is
postsynaptically regulating the synapse; however, an im-
portant question remains: is this ligand ultimately in-
volved in synapse formation? To assess this possibility,
hippocampal neurons at 14 days in vitro were incubated
for different time periods with a formylated hexapeptide
(Foxy-5) derived from the sequence of Wnt-5a that in
neurons and other systems has shown to mimic the full
Wnt-5a molecule action [9, 10]. Treatment with 50 uM
Foxy-5 increased the number of PSD-95 clusters com-
pared to control neurons treated with the scrambled ver-
sion of the hexapeptide (fig. 1a). Previous studies indicate
that Wnt-5a induces an increase in PSD-95 clustering
starting after 30 min of treatment with a peak effect after
1 h [9]. No significant differences were found after longer
exposures (fig. 1b). The number of puncta of the presyn-
aptic protein synaptic vesicle protein 2 (SV2) per neurite
length was not increased after 1, 3 and 6 h, indicating a
specific postsynaptic effect of Wnt-5a (fig. 1a, c). How-
ever, after 12 and 24 h of treatment, a significant increase
in the number of SV2 clusters was observed. Indeed, as
shown in figure 1d, the number of synaptic contacts sig-
nificantly increased after 24 h of treatment (Scry j: 71.11
* 5.50, Foxy-5; : 71.00 £ 3.55; Scrpsp,: 78.39 * 5.28,
Foxy-5,41: 118.53 £ 8.14, p < 0.01). Interestingly, our re-
sults suggest that Wnt-5a rapidly increases the number of
PSD-95 clusters lacking a presynaptic counterpart that
afterwards finds a presynaptic terminal increasing the
number of synapses. In agreement with these findings,
we determined that neurons incubated for 1 h with 50 uM
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Foxy-5 showed an increase in mEPSC amplitude (fig. le,
f), and in neurons treated for 6 and 24 h there was a
significant increase in the amplitude and frequency of
mEPSC (fig. 1f, g). Immunofluorescence data together
with electrophysiological recordings suggest that Foxy-5
rapidly induces synaptic function by modulating pre-
formed synapses. In fact, it was recently shown that Wnt-
5a acutely and specifically upregulates synaptic NMDA
receptor currents in rat hippocampal slices by increasing
the proportion of NR2B containing NMDA receptors at
the synapse [7]. In longer treatments, Wnt-5a also in-
creases the number of synaptic contacts and therefore in-
creases the frequency and amplitude of mEPSC.

In addition to its synaptic role, we have studied
whether Wnt-5a is able to protect neurons against amy-
loid-3 (AB) oligomer synaptotoxicity [11]. Deregulation
of the Wnt signaling has been suggested as an etiological
cause for Alzheimer’s disease [2], which is the most com-
mon neurodegenerative disorder, characterized by pro-
gressive memory and cognitive impairment and ce-
rebral accumulation of extracellular amyloid plaques
composed mainly of AP peptide aggregates, and intra-
neuronal neurofibrillary tangles composed of hyper-
phosphorylated twisted filaments of the microtubule-
associated protein tau [12]. Synaptic pathology is an ear-
ly eventin Alzheimer’s disease, and soluble A3 oligomers
are responsible for the synaptic failure that occurs before
the plaque deposition and neuronal death [13, 14]. We
have recently determined a neuroprotective effect of
Wnt-5a against AP toxicity [11]. Electrophysiological
analysis of Schaffer collaterals-CA1 glutamatergic trans-
mission in hippocampal slices demonstrated that Wnt-
5a prevents the decrease in the amplitude of field excit-
atory postsynaptic potentials and EPSCs, indicating that
Wnt-5a prevents the synaptic damage triggered by A
oligomers. Moreover, Wnt-5a prevented the decrease in
the postsynaptic density scaffold protein PSD-95 and
synaptic loss in cultured hippocampal neurons [11]. In
conclusion, our findings indicate that Wnt-5a is a syn-
aptic factor that regulates normal brain function as well
as improves synaptic function in the presence of A{.
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