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Synapse remodeling, which involves 
changes in the synaptic structure 

and their molecular composition, is 
required for the maturation and refine-
ment of neural circuits. Although syn-
apse remodeling is known to be tightly 
dependent on the assembly of local actin 
cytoskeleton, how actin directs the struc-
tural changes of synapse and targeting 
of synaptic proteins are not fully under-
stood. Recently, we identified ephexin1, a 
Rho guanine nucleotide exchange factor 
(GEF) that regulates actin dynamics, to 
play an essential role in the maturation 
and functioning of the mammalian neu-
romuscular junction (NMJ). We showed 
that ephexin1 regulates the synaptic 
organization of the neurotransmitter 
receptor acetylcholine receptor (AChR) 
clusters through RhoA-dependent actin 
reorganization. Interestingly, ephexin1 
has been implicated in the regulation 
of postsynaptic structure as well as the 
presynaptic vesicle release at various 
types of synapses. Our findings thus 
establish a novel function of ephexin1 in 
synapse remodeling through regulating 
the synaptic targeting of neurotransmit-
ter receptors, revealing a versatile role of 
ephexin1 at synapses.

The precise function of neural circuits is 
determined by accurate synaptic connec-
tions between neurons and their target 
cells. The dynamic regulation of the forma-
tion, maturation and elimination of indi-
vidual synapses represents a key process 
during the development and refinement of 
the neural circuits.1 Such synapse remod-
eling is believed to be tightly controlled 
by the actin cytoskeleton, a fundamental 
element for directing the shaping of the 
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synaptic architecture as well as the accu-
mulation of synaptic proteins, especially 
neurotransmitter receptors, to the synap-
tic sites.2 A number of actin regulators, 
such as the Rho GTPase family (includ-
ing RhoA, Rac1 and Cdc42), have been 
shown to be crucial for synapse remodel-
ing.3 Work from our laboratory recently 
reported that ephexin1, a Rho guanine 
nucleotide exchange factor (GEF), con-
trols the postsynaptic maturation of the 
mammalian neuromuscular junction 
(NMJ), a specialized synapse between 
the motor neuron and skeletal muscle. 
We revealed that ephexin1 functions to 
destabilize the neurotransmitter receptor 
acetylcholine receptors (AChRs) through 
weakening the cytoskeletal anchorage of 
the receptors in a RhoA-dependent man-
ner. Importantly, this effect of ephexin1 is 
essential for the proper synaptic transmis-
sion at adult NMJ and may thus be impor-
tant for certain motor responses such as 
the maintenance of muscle strength. Our 
finding reveals a pivotal role of ephexin1 
in synapse remodeling by regulating the 
synaptic organization of neurotransmitter 
receptors (Fig. 1).

We demonstrated that the ephexin1-
dependent RhoA activation leads to the 
dissociation of AChR clusters from the 
actin cytoskeleton, followed by disassem-
bly of these receptor clusters. Importantly, 
ROCK-mediated pathway is required for 
this ephexin1-dependent receptor cluster 
dispersal. RhoA-ROCK-mediated path-
ways have been implicated in membrane 
trafficking and endocytic pathways,4 and 
one of its downstream effectors cofilin 
has been reported to regulate the synap-
tic organization of AChR clusters through 
actin-dependent vesicular trafficking.5 It 
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synaptic targeting of AMPA receptors 
through regulating RhoA activity in CNS 
neurons.

Synaptic strength is controlled by both 
the remodeling of neurotransmitter recep-
tors and the re-organization of synaptic 
structure. We showed that in addition 
to regulating the maturation of AChR 
clusters, ephexin1 is also important for 
remodeling the postsynaptic structure at 
the NMJ. Ephexin1 regulates the proper 
formation of junctional folds, specialized 
postsynaptic membrane invaginations 
at the NMJ that increase the postsynap-
tic area as well as spatially separate dif-
ferent membrane receptors.13 A number 

the localization, recruitment and traffick-
ing of both AMPA and NMDA recep-
tors.8,9 For example, Oligophrenin1, a 
Rho GTPase-activating protein (GAP) 
whose mutations are associated with men-
tal retardation, is involved in regulating 
the stability of AMPA receptors through 
downregulation of RhoA.10,11 In particu-
lar, activation of Oligophrenin1 upon 
synaptic activity inactivates RhoA, which 
leads to the decrease of AMPA receptor 
endocytosis and enhancement of synap-
tic transmission. Given that ephexin1 is 
abundantly expressed in the brain,12 it 
will be of interest to investigate whether 
ephexin1 is a critical Rho GEF for the 

is therefore possible that synaptic AChR 
receptors are removed by ephexin1 via 
cofilin-mediated endocytosis, a hypothesis 
that awaits further investigation. Notably, 
Rho GTPase-dependent pathways have 
also been shown to regulate the synaptic 
targeting of other types of neurotransmit-
ter receptors in the brain, such as AMPA 
and NMDA receptors at the glutamatergic 
excitatory synapses of the central nervous 
system (CNS). Similar to AChRs, AMPA 
and NMDA receptors are associated with 
the actin cytoskeleton through specific 
scaffolds and actin-binding proteins.6,7  
In addition, regulation of the actin 
dynamics has been shown to modulate 

Figure 1. multiple roles of the rho geF ephexin1 during synapse formation and remodeling. (A) During early development of synapse formation, 
ephexin1 is an important regulator for the axon guidance of retina ganglion cells via activation of rhoA.12,20 (B) At mature hippocampal synapses and 
the neuromuscular junction, ephexin1 plays important roles at both pre- and postsynaptic sites.17,21 presynaptically, ephexin1 regulates the homeo-
static vesicle release, as shown at the drosophila NmJ. postsynaptically, ephexin1 modulates both the localization of neurotransmitter receptors 
and the synaptic structural remodeling. In particular, ephexin1 functions to disperse the synaptic AChr clusters at the mammalian NmJ. In addition, 
ephexin1 is important for the structural remodeling of both the postsynaptic muscle membrane of the NmJ and the dendritic spines of the hippocam-
pal neurons.
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when growth cones develop into presyn-
aptic specializations following synapse for-
mation. Recent study on Drosophila NMJ 
indicates that presynaptic ephexin, the 
Drosophila homolog of ephexin1, plays a 
crucial role in the homeostatic modula-
tion of vesicle release.21 Surprisingly, this 
effect of ephexin does not require RhoA, 
but instead depends on Cdc42, another 
member of the Rho GTPase family. The 
detailed mechanism underlying how 
ephexin1 regulates vesicle release remains 
to be determined. In this context, it will be 
important to investigate whether ephexin1 
exerts similar presynaptic function at the 
mammalian glutamatergic synapses.
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of proteins that link AChR receptors to 
the extracellular matrix and intracellular 
cytoskeleton, including the dystrophin-
glycoprotein complex (DGC) and neu-
ral cell-adhesion molecule (NCAM), are 
essential for junctional fold formation.14-16 
How ephexin1, either through RhoA-
dependent mechanism or cooperate with 
the DGC or NCAM, controls the forma-
tion of junctional folds remains to be elu-
cidated. Ephexin1 also plays an important 
role in regulating postsynaptic structure 
in CNS neurons. Our previous finding 
revealed that ephexin1 is involved in the 
retraction of dendritic spines, which are 
the specialized dendritic protrusions where 
most excitatory synapses in the brain are 
located.17 The structural remodeling of 
dendritic spines mainly depends on the 
dynamics of local actin cytoskeleton.2,3 
Ephexin1 was shown to be a critical mol-
ecule that mediates ephrin-Eph signaling 
towards activation of RhoA, leading to 
local actin rearrangement and retraction 
of the spines.17 This effect of ephexin1 is 
important for proper synaptic transmis-
sion. Indeed, RhoA have been well char-
acterized for its role in dendritic spine 
maintenance and synapse remodeling.3,18 
Furthermore, dysregulation of RhoA has 
been reported in neurological disorders 
including mental retardation.19 It will thus 
be pivotal to elucidate whether ephexin1 is 
a critical target for the altered RhoA activ-
ity during pathological conditions.

Besides being an essential Rho GEF 
in the postsynaptic apparatus, the role 
of ephexin1 for presynaptic function is 
beginning to be unraveled. Ephexin1 was 
initially identified to be important for the 
guidance of growing axons.12,20 The fact 
that ephexin1 is enriched in the axonal 
growth cones makes ephexin1 a poten-
tial regulator of presynaptic development, 


