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Abstract

Actin-capping and anti-capping proteins are crucial regulators of actin dynamics. Recent studies have indicated that these proteins
may be heavily involved in all stages of synaptogenesis, from the emergence of filopodia, through neuritogenesis and synaptic
contact stabilization, to the structural changes occurring at the synapse during potentiation phenomena. In this review, we focus on
recent evidence pointing to an active role of actin-capping and anti-capping proteins in orchestrating the processes controlling
neuronal connectivity and plasticity.

Introduction

Neural circuits are defined by the structure of axons and dendrites,
with single axons contacting and controlling the function of multiple
targets, and individual dendrites integrating inputs from several
sources. The molecular processes involved in establishing proper
neuronal connectivity are not exclusively activated during brain
development, because, even in the adult brain, continuous remodel-
ling, accompanied by synapse formation and elimination, underlies the
process of memory formation (Chklovskii et al., 2004; Bruel-Junger-
man et al., 2007; Fu & Zuo, 2011). Deciphering the molecular
mechanisms by which neurite extension and synaptogenesis occur is
therefore critical to our understanding of brain ontogenesis, synaptic
remodelling, and plasticity.

It is widely accepted that filopodia, which are highly motile, narrow
extensions containing bundles of filamentous actin, play important
roles at initial stages of synaptogenesis (Fiala et al., 1998; Craig et al.,
2006; Geraldo & Gordon-Weeks, 2009). Also, growth and stabiliza-
tion of filopodia for the formation of new synaptic contacts occur
during long-term potentiation (Luscher et al., 2000; Jourdain et al.,
2003; Nikonenko et al., 2003). Filopodia emerge from all neuronal
compartments: those extending at the tips of axonal growth cones
mainly mediate neurite navigation and axonal pathfinding (Koleske,
2003). Filopodia emerging from developing axons, which are
characterized by the presence of actively recycling synaptic vesicles,
are thought, instead, to represent precursors of presynaptic boutons
(Chang & De Camilli, 2001; Matteoli et al., 2004). On the other hand,
dendritic filopodia may serve as precursors of new spines in the
context of activity-dependent synaptogenesis (Jontes & Smith, 2000;
Wong et al., 2000; Portera-Cailliau et al., 2003; Yuste & Bonhoeffer,
2004; Knott & Holtmaat, 2008). The transition from filopodia to
spines upon contact with a presynaptic bouton has been directly

demonstrated (Ziv & Smith, 1996; Kayser et al., 2008; Heiman &
Shaham, 2010; Arstikaitis et al., 2011).
It is generally thought that filopodial actin filaments originate from

the lamellipodium, a flat membrane protrusion that is almost
invariably seen at the leading edge of migratory cells. The diverse
morphological features of lamellipodia and filopodia are mirrored by
their architecturally diverse actin backbones. An extended meshwork
of actin filaments of variable length and orientation supports the
former protrusions, whereas filopodia are composed of bundles of long
and linear actin filaments.
A number of actin-binding proteins have been implicated in

regulating the equilibrium between filopodia and lamellipodia (Gupton
et al., 2007; Drees & Gertler, 2008; Le Clainche & Carlier, 2008). In
particular, the formation of lamellipodia mainly involves the activity
of a minimal key set of actin regulatory proteins (see below), and of
the Arp2 ⁄ 3 complex, a branched actin filament nucleator that works in
concert with actin-capping proteins. These latter proteins, by binding
to the barbed ends of densely packed, plasma membrane-localized
actin filaments, control not only their lifetime, but also the architecture
of the resulting meshwork (Akin & Mullins, 2008). Filopodial
initiation and extension requires, instead, the coordinated and balanced
activities of actin-capping and anti-capping proteins that, together with
linear filament elongators, including formin and vasodilator-stimulated
phosphoprotein (VASP) family proteins, promote the formation of
long filaments; the latter then converge to form bundles, which
subsequently become tightly cross-linked through the action of
proteins such as fascin (Mejillano et al., 2004; Mogilner & Rubin-
stein, 2005; Drees & Gertler, 2008; Mattila & Lappalainen, 2008;
Ridley, 2011) (Fig. 1).
Given that the mechanisms regulating the formation of neuronal

filopodia directly impact on neuronal connectivity and network
plasticity, we focus here on recent evidence pointing to an active
role of actin-capping and anti-capping proteins in orchestrating the
formation of neuronal filopodia, as well as in controlling neuritogen-
esis and spine morphology.
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The formation of filopodia in neurons: a role for
actin-capping and anti-capping proteins

The core structural and dynamic components of filopodia are actin
filaments, whose dynamic formation and topological organization are
controlled by ensembles of actin-binding proteins. The actin regula-
tory machinery responsible for filopodia consists of different classes of
proteins, such as F-actin nucleators (e.g. Arp2 ⁄ 3, formins), filament
bundlers (e.g. fascin), membrane-deforming factors (e.g. BAR domain
proteins), regulators of actin polymerization (e.g. Ena ⁄ VASP family
proteins, profilin, and actin-capping proteins) or disassembly (e.g.
ADF ⁄ cofilin), and actin-associated motors (e.g. myosin II and myosin
X) (Ono, 2007; Le Clainche & Carlier, 2008; Chesarone & Goode,
2009).
The mechanism of filopodia formation is a controversial topic

(Svitkina et al., 2003; Vignjevic et al., 2006; Gupton et al., 2007;
Mattila & Lappalainen, 2008; Faix et al., 2009; Mellor, 2010). Two
alternative models have been suggested: the convergent elongation
model proposes that Arp2 ⁄ 3-seeded actin filaments are elongated by
factors, such as Ena ⁄ VASP family proteins, that also protect them
from capping, and are assembled into filopodial bundles by fascin; in
contrast, the de novo nucleation model proposes that linear filament
nucleators and elongators, such as formin and Ena ⁄ VASP family
proteins, assemble into submembranous complexes, thereby promot-
ing the processive elongation of parallel actin filaments, which are
cross-linked into filopodial actin bundles. It must be pointed out that
these two models are not necessarily exclusive, as both mechanisms
may operate in cells in response to distinct sets of conditions, such as
the abundance of specific cytoskeletal components, different signalling
pathways, and diverse microenvironmental conditions, including the
composition of the extracellular matrix in which cells are embedded.
The activity of actin-capping proteins, according to the convergent

elongation model, is crucial for controlling the resultant architectural
organization of actin in these protrusions. When the capping activity is
high, newly nucleated branched filaments become rapidly capped; this
also causes a local increase in the concentrations of available actin
monomers, which further feed Arp2 ⁄ 3 nucleation ⁄ branching activity,
ultimately promoting the generation of a dense and highly branched

dendritic array of short actin filaments at the leading edge of
lamellipodia. Conversely, when capping activity is low, local mono-
mer availability is reduced, as G-actin becomes incorporated into long
and uncapped actin filaments (Mogilner & Rubinstein, 2005; Akin &
Mullins, 2008; Korobova & Svitkina, 2008). Factors such as VASP
family members or ill-defined components of the filopodia tip
complex may then promote the transient association of actin filaments,
which can be further stabilized by other bundlers, such as fascin, thus
permitting the formation of actin bundles and filopodia (Mogilner &
Rubinstein, 2005). According to the de novo nucleation model,
formins (Pellegrin & Mellor, 2005; Schirenbeck et al., 2005; Yang
et al., 2007; Block et al., 2008) or VASP tetramers, particularly when
clustered along the plasma membrane (Breitsprecher et al., 2008,
2011; Hansen & Mullins, 2010), may be responsible for promoting
filopodial initiation. Also in this case, however, filaments must be
protected from cappers, which have been shown, in the case of the
capping protein (CP), to compete, either directly or indirectly, with
VASP as well as with formins for barbed-end binding (Breitsprecher
et al., 2008).
Actin-capping proteins appear to play a role in regulating lamel-

lipodia and filopodia formation in neurons. Gelsolin, for example,
which severs actin filaments in a calcium-dependent manner and caps
the plus ends of severed filaments, preventing the addition of actin
monomers, appears to function in the initiation of filopodial retraction
and in its smooth progression (Lu et al., 1997). Another example is
the actin-capping and regulatory protein Eps8, which is regulated,
unlike gelsolin, not by calcium levels, but by protein–protein
interactions and phosphorylation (see below). Eps8 is the prototype
of a family of proteins involved in the regulation of actin remodelling
(Offenhauser et al., 2004). It is able to activate Rac, which in turn
regulates the actin cytoskeleton. Moreover, Eps8 directly controls
actin dynamics and the architecture of actin structures by capping
barbed ends and cross-linking actin filaments, respectively (Croce
et al., 2004; Disanza et al., 2006). The barbed-end-capping activity of
Eps8 resides in its conserved C-terminal effector domain, and it is
functional when the protein is associated with Abi1 (Disanza et al.,
2004). Conversely, Eps8 must associate with insulin receptor tyrosine
kinase substrate of 53 kDa (IRSp53), also known as binding partner of
the brain-specific angiogenesis inhibitor 1 (Abbott et al., 1999; Oda
et al., 1999), to efficiently cross-link actin filaments (Disanza et al.,
2006). These multiple actin regulatory roles of Eps8 in vitro are
reflected by the observation that, in vivo, Eps8 is required for optimal
actin-based motility, intestinal morphogenesis, and filopodia-like
extension (Croce et al., 2004; Disanza et al., 2004 and 2006). In
hippocampal neurons, overexpression of Eps8 causes the formation of
flat, actin-rich protrusions along axons, which resemble lamellipodia
extensions; on the other hand, protein silencing leads to increased
filopodia formation in the axonal and dendritic compartments (Menna
et al., 2009; Fig. 2A). Using fluorescence recovery after photoble-
aching measurements of actin in developing neurons, which allows
measurement of fluorescence recovery as an indication of the
movement of fluorophores after perturbation by photobleaching, we
show here that the process of Eps8 removal is accompanied by an
alteration in actin dynamics at the growth cone, as indicated by the
reduction in the half-time of recovery (t1 ⁄ 2) after photobleaching
(Fig. 2B and C). Interestingly, the increased axonal filopodia forma-
tion in Eps8 null hippocampal neurons is significantly reduced upon
interference with VASP functions through dominant-negative ap-
proaches, suggesting functional competition between the capping
activity of Eps8 and the actin-regulatory properties of VASP (Menna
et al., 2009).

Capping protein
ATP-actin

Fascin

ADP-actin

Arp2/3 complex

Formin

Ena/VASP

Fig. 1. Actin-binding proteins regulate the equilibrium between lamellipodia
and filopodia. Left: the lamellipodial structure is maintained by the concerted
actions of actin-capping and branching proteins. Right: filopodia formation is
favoured by the removal of capping proteins and by the concomitant activity of
actin-cross-linking (bundling) proteins.
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The regulation of capping activity in filopodia formation:
intrinsic and extrinsic cues

In a simplified view, actin-capping proteins can be seen as inhibitors,
whereas bundling proteins are among the necessary components for
filopodia formation. Consistent with this picture, removal of CP, even
in non-neuronal cells, causes an increase in the number of filopodia
(Mejillano et al., 2004; Applewhite et al., 2007), whereas cells devoid
of the actin cross-linker fascin show a reduced amount of filopodia
(Vignjevic et al., 2006). Eps8 can efficiently cap barbed ends when
bound to Abi-1 (Disanza et al., 2004), whereas it cross-links actin
filaments, particularly when it associates with IRSp53, a potent
inducer of filopodia via its ability to bind actin filaments and deform
the plasma membrane (Scita et al., 2008). Consistent with its dual
function, the role of Eps8 in filopodia formation is cell context-
dependent. In HeLa and other epithelial cell lines, overexpression of
Eps8 promotes the formation of filopodia (Disanza et al., 2006),
whereas in primary hippocampal neurons, genetic removal of Eps8
increases the formation of axonal and dendritic filopodia (Menna
et al., 2009). By the use of a combination of in vivo and in vitro
experiments, together with a system of ordinary differential equations,
a mathematical model was recently generated that allowed us to
explain how filopodia are formed in different cellular contexts (Vaggi
et al., 2011). This study showed that the biochemical activities of
Eps8 as a capper and bundler are a function of the dynamic
interactions established by Eps8, IRSp53 and VASP with actin
filaments. Eps8 therefore represents a molecular switch in the
transduction of signalling, directing the cells towards either reduced
or increased formation of filopodia, mainly depending on the relative
concentrations of the components of the protein network underlying
filopodia formation (Vaggi et al., 2011).

One open question is how extracellular cues are translated into
changes in the protein network, which operate in a dynamic interplay
to control the actin cytoskeleton remodelling that is important for
filopodia formation. Different cues in the extracellular environment
have been found to modulate the dynamics of lamellipodia and
filopodia, inducing either increased protrusions or collapse (McAll-
ister, 2007; Lundquist, 2009; Mai et al., 2009; Valiente & Martini,
2009). However, the signalling pathways by which these stimuli
impact on actin dynamics are largely unknown. In sensory neurons,
nerve growth factor (NGF) promotes the formation of axonal filopodia
and branches. With the use of chicken sensory neurons and live
imaging of enhanced yellow fluorescent protein–actin dynamics, it has
been found that NGF induces the formation of microdomains of
phosphatidylinositol 3,4,5-trisphosphate and actin patches from which
filopodia could emerge. However, NGF does not directly promote the
emergence of filopodia from patches themselves (Ketschek & Gallo,
2010). The cytoskeletal proteins downstream of NGF–phosphoinosi-
tide 3-kinase signalling are presently not characterized, although the
bundling protein fascin might be implicated (Ketschek et al., 2011).
More detailed insights into the signal transduction process by which

an extracellular cue may regulate the formation of axonal filopodia
have been obtained for the neurotrophin brain-derived neurotrophic
factor (BDNF), a protein secreted by synaptic targets to modulate
neuronal survival and differentiation, and which induces filopodia
formation (Fass et al., 2004; Gehler et al., 2004; Chen et al., 2006). In
particular, a direct link between extracellular BDNF and axonal
filopodia formation was shown to involve Eps8 capping activity.
BDNF, through the activation of Trk receptor tyrosine kinases and
activation of mitogen-activated protein kinase (MAPK) signalling,
was found to induce phosphorylation of Eps8, thus inhibiting the

A B

C D

Fig. 2. Removal of capping proteins favours filopodia formation in neurons: the case of Eps8. (A) Increased number of filopodia in neurons from Eps8 knockout
(KO) mice relative to wild-type (WT) mice. Staining for the synaptic vesicle synaptobrevin is shown. Reprinted from Menna et al. (2009). (B) An axonal growth
cone of 6 days in vitro hippocampal neurons expressing yellow fluorescent protein–actin selectively photobleached by high-intensity laser light (514 nm).
Fluorescence recovery was followed by collecting images at rates of one image every 500 ms for 2.5 min. Scale bar: 5 lm. The red circle represents the region of
interest used for both the photobleaching and the fluorescence recovery analysis. For interpretation of color references in figure legend, please refer to the Web
version of this article. (C) Actin dynamics at the axonal growth cone are significantly accelerated in the absence of the actin-capping protein Eps8. Number of growth
cones: WT, 31; and and Eps8 KO, 25. (Mann–Whitney rank sum test, P = 0.017.) (D) Actin dynamics, measured at the axonal growth cone, are significantly
accelerated after BDNF treatment, which increases filopodia formation (see text for details). The increase in actin dynamics is prevented by treatment with the MAPK
blocker PD98059 (PD). Number of growth cones: control (CTR), 18; BDNF, 18; PD + BDNF, 16. (Kruskal–Wallis one way anova on ranks, P = 0.002).
*P < 0.05; **P < 0.01.
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capping activity of the protein and causing its subcellular redistribu-
tion away from actin-rich structures (Menna et al., 2009) (Fig. 3A).
Also, neuronal exposure to BDNF led to an alteration in actin
dynamics, that is, a reduction in the half-time of recovery, as revealed
by fluorescence recovery after photobleaching. The MAPK inhibitor
PD98059 completely prevented this effect (Fig. 2D). Therefore,
inhibition of actin-capping proteins and consequent alterations in
actin dynamics appear to represent key events in filopodia formation.
These data also open the possibility that, in response to an external
signal such as BDNF, asymmetric deactivation of Eps8 by MAPK on
one side of the cell or growth cone may lead to the formation of
polarized filopodial protrusions, resulting in altered outgrowth and
guidance (Lundquist, 2009). Interestingly, the NGF and BDNF
pathways might work in concert, promoting, respectively, the
matching between the formation of actin patches and the rate of
emergence of filopodia from patches. On the other hand, lack of
MAPK activation could decrease the possibility of filopodial extension
from actin patches that are formed through the action of phosphoino-
sitide 3-kinase (Ketschek et al., 2011).

Loss of filopodia impairs neuritogenesis: involvement of
actin-capping and anti-capping proteins

In recent years, the concept has clearly emerged that the formation of
axonal filopodia represents the first step in neuritogenesis. Neurito-
genesis and collateral branching, that is, the processes by which
postmitotic neurons extend long primary axons towards targets to
form appropriate connections, are crucial processes for correct wiring
of the brain and for the generation of appropriate synaptic networks
(Garner et al., 2006; Korobova & Svitkina, 2008). Ena ⁄ VASP family
proteins bind actin and regulate the assembly of F-actin networks by
antagonizing actin-capping proteins, by enhancing processive elonga-
tion, and by promoting the clustering and convergence of filaments at
their barbed ends (Bear et al., 2002; Krause et al., 2003; Applewhite
et al., 2007; Breitsprecher et al., 2008, 2011; Hansen & Mullins,
2010). Notably, loss of the anti-capping proteins Ena and VASP

causes a striking reduction in filopodia formation in stage 1 cortical
neurons. Failure to form filopodia in Ena ⁄ VASP-deficient neurons
induces a neurite initiation defect and blocks axon fibre tract formation
in the cortex (Kwiatkowski et al., 2007). Therefore, reduction of
filopodial extension, resulting from loss of Ena ⁄ VASP, may be the
primary cause of the block in neuritogenesis. Interestingly, neurito-
genesis in Ena ⁄ VASP-null neurons could be rescued by restoring
filopodia formation through ectopic expression of the motor protein
myosin X or the actin-nucleating protein mDia2, or by plating cells on
the extracellular matrix protein laminin, which promotes the formation
of filopodia-like actin-rich protrusions (Dent et al., 2007). These latter
observations indicate that there are multiple and possibly independent
molecular mechanisms to promote filopodial extension. In the same
study, the authors also showed that neurite initiation requires
microtubule extension into filopodia, suggesting that interactions
between actin filament bundles and dynamic microtubules within
filopodia are crucial for neuritogenesis (Dent et al., 2007). This is in
line with the concept that actin bundles within filopodia serve as tracks
for microtubule exploration (Schaefer et al., 2002) and that neurite
formation occurs when actin filaments are destabilized, filopodia are
extended, and microtubules invade filopodia (Georges et al., 2008).
Therefore, a failure in filopodia formation may lead to a secondary
defect in the microtubule-dependent functions required for neurito-
genesis. At least one of the molecular components mediating the
interaction between microtubules and filopodial F-actin has been
identified as drebrin, an F-actin-associated protein that binds directly
to the microtubule-binding protein EB3. Indeed, when this interaction
is disrupted, the formation of growth cones and the extension of
neurites are impaired (Geraldo et al., 2008). Whereas loss of anti-
capping proteins impairs neuritogenesis, the genetic absence of actin-
capping proteins enhances neuritogenesis. This has been shown in
Eps8-deficient neurons, which, in culture, show a significantly higher
number of neurites (Fig. 4). Thus, actin-capping and anti-capping
proteins, through modulation of filopodia formation, appear to play a
crucial role in neuritogenesis.

From filopodia to synapses: actin-capping and
anti-capping proteins at neuronal contacts

Filopodia are thought to play an active role in synaptogenesis; in fact,
they appear to guide the coordinated growth of presynaptic and
postsynaptic partners (Dailey & Smith, 1996; Ziv & Smith, 1996;
Fiala et al., 1998; Dunaevsky et al., 1999; Okabe et al., 2001; Evers
et al., 2006). This concept is particularly well established in the case
of dendritic filopodia, which participate in synaptic contact formation.
These protrusions switch to more stable dendritic spines through the
actions of synapse-inducing factors and neuronal activity (Jontes &
Smith, 2000; Bhatt et al., 2009; Hotulainen et al., 2009; Hotulainen
and Hoogenraad, 2010). Although less well investigated, axonal
filopodia, which emerge from the shaft of axonal branches and contain
small synaptic vesicle clusters, are also thought to be involved in
initiating synapse formation (Chang & De Camilli, 2001). Accord-
ingly, the actin-based motility of axonal filopodia is inversely
correlated with contact with postsynaptic targets (Tashiro et al.,
2003), whereas the emergence of axonal filopodia from varicosities
enriched in synaptic vesicles favours assembly of the neuromuscular
junction (Li et al., 2011).
Recent data have provided further evidence to support the long-

standing concept that control of filopodia motility and number is only
one aspect of establishing a synapse. Indeed, the extension of
filopodial protrusions must be followed by the establishment of a

Fig. 3. Neurotrophic factors may control filopodia formation by regulating
actin-capping proteins. A model depicting the effect of BDNF in regulating
filopodia formation is shown. The neurotrophin, through MAPK activation,
phosphorylates Eps8, inducing its detachment from actin barbed ends. This
leads to actin elongation and filopodia formation. PPP, phosphorylation.
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transcellular interaction to stabilize the nascent contact. The two
processes may be concomitantly controlled, as in the case of EphB,
which, by increasing dendritic filopodia motility to initiate presynaptic
and postsynaptic contact and by stabilizing nascent synapses through
trans-synaptic interactions, mediates a filopodia-based synaptogenesis
process (Ethell et al., 2001; Kayser et al., 2008). Arstikaitis et al.
(2011), using a filopodia-inducing motif that is found in growth-
associated protein-43, found enhanced filopodia numbers and motility,
but a reduced probability of the formation of a stable axon–dendrite
contact; conversely, expression of neuroligin-1 results in a decrease in
filopodia motility, but an increase in the number of stable axonal
contacts. Hence, enhancing filopodia formation and mobility may not
necessarily lead to more stable axon–dendrite contacts. Rather, the
production of stable synapses seems to be dependent on key members
of the postsynaptic scaffolding complex (Arstikaitis et al., 2011).

It is presently not clear whether actin-capping and anti-capping
proteins control the process of synaptogenesis from filopodia,
modulating either their density or stability. Notably, however, actin-
capping and anti-capping proteins have been recently detected in
dendritic spines. Platinum replica electron microscopy analysis has
recently revealed that spine heads are characterized by a branched
actin filament network containing the Arp2 ⁄ 3 complex and actin-
capping proteins, a cytoskeletal organization resembling the conven-
tional lamellipodial structure (Hotulainen & Hoogenraad, 2010).
Notably, the actin-capping protein CP, a regulator of actin filament
growth, has been found recently to be essential for spine development
and maturation, leading to functional synapses (Fan et al., 2011).
Presynaptic boutons, as well as spine necks and bases, also contain a
very similar branched network of actin cytoskeleton (Korobova &
Svitkina, 2010). Furthermore, it has been found that the anti-capping
protein VASP is enriched in spine heads and synapses (Lin et al.,
2010). VASP expression increases the size of the spine head and
results in a significant increase in the amount of actin filaments and
uncapped barbed ends available for further actin polymerization in
spines (Lin et al., 2010). Ena ⁄ VASP was identified as a protein kinase
A effector downstream of syndecan-2; in particular, syndecan-2 was
found to activate, via neurofibromin, protein kinase A, which in turn
phosphorylates Ena ⁄ VASP, thus promoting filopodium and spine
formation (Lin et al., 2007). Interestingly, in spines, VASP elevates
the amount of postsynaptic density scaffolding proteins, including
PSD95, Homer, and Shank, and increases the number and retention of
glutamate receptor type 1-containing AMPA receptors, thus ultimately

potentiating AMPA receptor-mediated synaptic transmission (Takah-
ashi et al., 2003; Lin et al., 2010).
Notably, using fimbria–fornix transection as a model of memory

deficit, coupled with a proteomic approach, Kitanishi and coworkers
identified the F-actin-capping protein CapZ (Schafer & Cooper, 1995)
among the candidate proteins showing a reduction in level after
fimbria–fornix transection. CapZ, which has been previously shown to
regulate growth cone morphology and neurite outgrowth in cultured
hippocampal neurons (Davis et al., 2009), was detected in dendritic
spines of neurons in vitro, where its expression was reduced after
silencing of neuronal activity by tetrodotoxin. Accordingly, unilateral
administration of high-frequency stimuli to the medial perforant path
in awake rats increased CapZ immunoreactivity (Kitanishi et al.,
2010). Activity-dependent CapZ accumulation supported a possible
role for the protein in the regulation of actin dynamics in response to
synaptic inputs and eventually in synaptic plasticity. All together,
these data suggest that regulation of capping activity is involved in

A B

Fig. 4. Removal of the capping protein Eps8 enhances neuritogenesis. (A) bIII-tubulin staining of wild type (WT) and Eps8 knockout (KO) neurons reveals that
protein removal induces a significant increase in neurite formation (reprinted from Menna et al., 2009). (B) Cumulative analysis of neurite number in WT and Eps8
KO mice (Kolmogorov–Smirnov test, P = 0.001).

AMPA receptors

NMDA receptors

Arp2/3 complex

Capping proteins

Postsynaptic density

Fig. 5. Actin-capping and branching proteins in spine enlargement. The model
depicts the possible involvement of actin-capping and branching proteins in
favouring the spine head enlargement that occurs during long-term potentiation
(based on Tada and Sheng, 2006; Hotulainen and Hoogenraad, 2010).
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synapse formation and postsynaptic stabilization, as well as in spine
plasticity processes (Fig. 5).

Conclusions and perspectives

Actin-capping and anti-capping proteins are crucial regulators of actin
dynamics. Recent studies have indicated that these proteins may be
heavily involved in all stages of synaptogenesis, from the emergence
of filopodia in developing neurons, through the processes of
neuritogenesis and contact stabilization, to the structural changes
occurring at the synapse during plasticity phenomena. In recent years,
it has become evident that many psychiatric disorders, in particular
autism and mental retardation, are accompanied by alterations in spine
morphology and synapse number (Comery et al., 1997; Irwin et al.,
2001; Bourgeron, 2009; Pfeiffer & Huber, 2009; Hutsler & Zhang,
2010; Pfeiffer et al., 2010). It is expected that future genetic studies
will identify new mutations in actin-capping and anti-capping proteins
that, by altering either the process of filopodia-driven synaptogenesis
and ⁄ or spine actin regulation, may result in abnormalities of spine
morphology and synapse dysfunction.
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