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The effect of drebrin on plasticity of dendritic spines 
and synapses in neurons
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Abstract: Development regulation brain protein (drebrin) is a kind of actin binding proteins which are associated 
with brain development. Drebrin is located in the dendritic spines in neurons, and plays an important role in den-
dritic spine morphology and synaptic plasticity. The morphology and function of dendritic spines are responsible 
for the conditions of synapse development and are involved in the mechanisms of learning and memory functions. 
The decline in the level of drebrin results in the abnormal dendritic spine morphology and synaptic plasticity, which 
cognitive impairment as clinical manifestations. Therefore, it is of great importance to assess the effect of drebrin 
on plasticity of dendritic spines in neurons and to examine its regulation mechanisms, which will provide a new 
target in the treatment of cognitive impairment and related diseases. In this paper, we present a review on research 
progress about the effect of drebrin on the plasticity of dendritic spines in neurons. 
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Introduction

Development regulation brain protein (drebrin), 
a regulatory protein associated with brain 
development, plays a critical role in regulating 
the morphological plasticity of dendritic spines. 
The morphology and function of dendritic 
spines are responsible for the conditions of 
synapse development and are involved in the 
mechanisms of learning and memory func-
tions. Drebrin fulfills its regulatory role in the 
morphological occurrence and synaptic plastic-
ity of neurons by adjusting the aggregation of 
the cytoskeletal protein F-actin. A significant 
decrease in drebrin expression has been 
observed in the upper region of the temporal 
lobe among patients with Alzheimer’s disease 
(AD) and mild cognitive impairment [1]. 
Therefore, it is of great importance to assess 
the effect of drebrin on plasticity of dendritic 
spines in neurons and to examine its regulation 
mechanisms, which will provide a new target  
in the treatment of cognitive impairment and 
related diseases. In this paper, we present a 
review on research progress about the effect of 
drebrin on the plasticity of dendritic spines in 
neurons. 

Sources and distribution of drebrin

Drebrin, a type of actin-binding protein (ABP), is 
related to neuronal growth and regulation of 
brain development [2]. Shirao et al. first discov-
ered drebrin in the chick embryo in 1986 [3]. 
Drebrin has a molecular weight of 70 kD, and 
mammalian drebrin can be divided into four 
subtypes: drebrin E1, drebrin E2, drebrin A, and 
s-drebrin A. These four subtypes are common 
in that they are all derived from the same gene, 
which expresses different subtypes of drebrin 
probably by alternative splicing of varying 
mRNAs at the late stage [4, 5]. Drebrin A is 
expressed in non-nervous tissue, while the 
other three subtypes are only expressed in ner-
vous tissue.

There are two isoforms of drebrin: embryonic 
type (drebrin E) and adult type (drebrin A). The 
embryonic type can be further subdivided into 
drebrin E1 and E2. Moreover, a small, truncated 
drebrin A has been isolated from mouse brain 
at the mRNA level, called s-drebrin A. Therefore, 
mammalian drebrin includes four subtypes in 
total. Drebrin E is present in brain neurons dur-
ing brain development and is also expressed 
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outside the brain. In the early stage of brain 
development, drebrin E is dominantly expressed 
as a common isomer [6]. During brain develop-
ment, drebrin E expression decreases, while 
drebrin A expression gradually increases. 
During late-stage brain development, drebrin A 
holds a distinct dominance in the adult brain. 
Drebrin A is a neuron-specific subtype primarily 
distributed in dendritic spines of mature neu-
rons, and occasionally present in the cell bod-
ies and dendrites. Therefore, only drebrin A is 
present in the mature brain tissue to promote 
the formation of dendritic spines and influence 
plasticity [7-9]. 

Drebrin and dendritic spines/synapses

Neuronal synapses have two basic elements: 
the postsynaptic structure consists mostly of 
dendritic spines, and the presynaptic structure 
consists of axon terminals. Dendritic spines, 
which are abundant subcellular structures with 
dynamic changes in the actin cytoskeleton, 
exist in the postsynaptic region of most excit-
atory neurons in the adult brain. Morphologically, 
dendritic spines are tiny dendritic projections 
on neuronal dendrites [10, 11]. Drebrin A is 
mainly concentrated in the dendritic spines of 
excitatory synapses. Dendritic spines are the 
major component maintaining the basic mor-
phology and function of synapses, and their 
main structures include the actin cytoskeleton, 
postsynaptic density (PSD), and neurotransmit-
ter receptor. Abnormalities in dendritic spines 
affect the overall structure and function of syn-
apses. The formation of dendritic spines 
depends on expression and content of dendrit-
ic spine protein (drebrin), which is related to the 
morphology of dendritic spines. Drebrin regu-
lates the formation and plasticity of dendritic 
spines by binding to or disassociating from 
F-actin [7].

Cognitive impairment in early AD is associated 
with synaptic degeneration [12]. Drebrin A 
aggregates have been observed in new axon-
dendrite connections in the dendritic mem-
brane area. This finding suggests that drebrin A 
expression occurs during the initial stage of 
synapse formation; inhibition of drebrin A 
expression through antisense oligonucleotides 
can lead to cognitive deficits [13, 14]. Moreover, 
significant decreases in the size, number, and 
density of dendritic spines have been found in 

the brain of AD patients and animal models, 
wherein drebrin expression was also markedly 
reduced [15, 16].

Role of drebrin

Drebrin, together with F-actin, has a critical role 
in the morphological changes of dendritic 
spines in neurons [17]. Drebrin can also pro-
mote the formation and influence plasticity of 
dendritic spines, facilitate migration and pro-
mote neuronal repair, and regulate intracellular 
signal transduction.

Promotion of dendritic spine formation

Under physiological conditions, drebrin regu-
lates the developmental formation of dendritic 
spines, which ensure the development of pre-
synaptic components and thereby maintain 
normal physiological functions of the nervous 
system. Numerous neurological diseases asso-
ciated with cognitive decline present with an 
abnormal dendritic spine morphology and a 
decreased number of dendritic spines in hippo-
campal neurons [18-20]. Drebrin affects the 
morphology and structure of dendritic spines 
and further causes synaptic changes. Drebrin 
plays a role in regulating the structure of the 
actin cytoskeleton, as well as in maintaining 
and regulating the morphology and plasticity of 
dendritic spines. Therefore, any degree of 
decline in drebrin levels will lead directly to mor-
phological abnormalities of dendritic spines, 
such as collapse and shrinkage. Morphological 
changes in dendritic spines correlate with syn-
aptic function, thus resulting in synaptic dys-
function and cognitive impairment [21].

The drebrin-actin complex, comprised drebrin A 
and actin, is responsible for the conversion 
from filopodia to dendritic spines and plays a 
critical role in regulating dendritic spine mor-
phology [22]. Blocking the formation of the  
drebrin-actin complex prevents postsynaptic 
aggregation of post synaptic density-95 (PSD-
95) and leads to synaptic dysfunction. Drebrin 
is mainly expressed in dendritic spines of neu-
rons and adjusts dendritic spine morphology by 
binding to or disassociating from fibrous actin. 
Inhibition of drebrin A expression in developing 
neurons affects the cluster formation of F-actin 
and PSD-95 and reduces filopodia density, 
thereby inhibiting spine formation [13]. 
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Abnormal changes in dendritic spines were 
found to be associated with abnormal drebrin 
expression in in vitro cell culture. Overexpression 
of drebrin A in mature neuronal cells leads to 
longer dendritic spines, with a wide and large 
shape [24]. At 21 days in primary neuronal cul-
ture of drebrin A expression in dendritic spines 
mainly presents as blotchy aggregation. 
Conversely, if drebrin A expression is inhibited, 
the density of dendritic spines decreases cor-
respondingly [23]. Therefore, overly high or low 
levels of drebrin protein expression affect the 
morphology and number of dendritic spines 
[24]. Overexpression of drebrin A can cause 
extension of dendritic spines, while inhibition of 
drebrin A reduces the density of dendritic 
spines, thus forming finer mature spines [23].

Animal experiments have revealed a decline in 
drebrin expression level at the early onset of 
AD, which is accompanied by morphological 
changes in dendritic spines. Quantitative immu-
noelectron microscopy of APP/PS1 knockin AD 
model mice revealed significantly decreased 
drebrin-immunoreactive dendritic spines in the 
cerebral cortex, as well as deformed and disor-
dered dendrites in hippocampal neurons and a 
reduced density of dendritic spines in the hip-
pocampus [9, 15, 16]. These observations indi-
cate that decreased drebrin expression leads 
to dendritic spine transformation and cognitive 
deficits.

Regulation of dendritic spine plasticity

In the central nervous system, the hippocam-
pus is involved in learning and memory func-
tions. Synaptic plasticity forms a neurobiologi-
cal basis for learning and memory, and changes 
can result in learning and memory impairment 
[25, 26]. Decreased drebrin expression could 
be responsible for the loss of dendritic spine 
plasticity. A significant reduction in drebrin 
expression has been observed in postmortem 
brain tissue of clinical AD patients; drebrin 
expression was not only reduced in the hippo-
campus, but also markedly decreased in the 
entire cerebral cortex of AD patients [27]. 

Drebrin in neural spines not only regulates the 
morphological changes of neural spines and 
synaptic plasticity, but it is also required for 
growth of neuronal axons. In healthy individu-
als, drebrin levels gradually decline with age 
[28]. Dendritic spines are the structural basis 

for signaling transmission of mature synapses 
and plasticity. The ability to alter spine shape or 
length, or the stability of synaptic connections, 
provides powerful mechanisms for excitatory 
synaptic plasticity of the cerebral cortex and 
marginal region (e.g., hippocampus and amyg-
dala) [29]. In the cerebral cortex, approximately 
75% of neurons have a high density of den-
drites, and the majority of them are excitatory 
neurons [30]. Moreover, most cortical excitato-
ry synapses have connections with dendritic 
spines of other excitatory neurons [31]. 
Excitatory synaptic plasticity involves more 
advanced brain functions, such as learning, 
memory, or cognition, and is believed to alter 
based on the shape and density of dendritic 
spines [30, 31]. In APPsw mice, activation of 
cysteine protease and cleavage of actin in the 
brain leads to a considerable loss of drebrin 
and cytoskeletal collapse, thereby affecting 
spine synapse plasticity. A behavioral study of 
drebrin A knockout rats found that a reduction 
of drebrin induces defects in cognitive function 
other than spatial memory, likely due to hypo-
function of synaptic spines [17]. 

Promotion of neuronal migration

The formation of a functional nervous system 
requires migration of neurons to the correct 
site in the developing brain. At the embryonic 
stage, most neurons are immature. Around the 
newborn stage, the number of neurons tends to 
stabilize and a relatively complete neural net-
work is formed. Changes in the cytoskeleton 
structure form a kinetic and morphological 
foundation for cell differentiation and migra-
tion, synapse formation, and neuronal network 
establishment. It is unknown how environmen-
tal factors are coupled to a specific cytoskele-
ton to generate and guide the dominant pro-
cess. Drebrin acts as an actin-binding protein 
and causes protrusions in various cell types, 
thus playing a critical role in regulating neuro-
nal morphology. Using motor neurons as a 
migration model, results showed that drebrin 
plays a vital role in generating and guiding the 
dominant processes. Without drebrin, the dom-
inant process is not formed and neuronal cells 
do not migrate, although axonal growth is not 
seriously affected [32-36].

Drebrin is essential in two phases of neuronal 
migration: one is the generation of the domi-
nant process and onset of cell migration; the 
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other is correct orientation and navigation pro-
cess, namely, the track of cell bodies. The abil-
ity of neurons to maintain function in the cells 
is essential to generating and maintaining the 
proper connections [37, 38]. However, drebrin 
has also been shown to induce direct migration 
that is unrelated to axonal guidance in separate 
motor neurons [32]. Recently, the genomic and 
chromosomal localization of drebrin 1 (Dbn1), a 
mouse drebrin gene, have been reported, and 
preliminary research shows that Dbn1 may reg-
ulate the formation of dendritic spines and 
migration of neurons [39].

Promotion of neuronal repair

Animal studies have examined drebrin changes 
in rat spinal motor neurons using immunohis- 
tochemical methods after unilateral sciatic 
nerve transection. Immunohistochemical re- 
sults showed that after 3 days, drebrin is con-
siderably decreased in motor neurons on the 
injured side, and laser confocal microscopy of 
motor neurons revealed a significant increase 
of drebrin in the cell membrane region. At 10 
days, drebrin expression on the injured side 
dropped to a level with no significant difference 
from the non-injured side. These observations 
suggest that drebrin plays a critical role in syn-
aptic repair after axotomy of motor neurons 
[40]. PSD includes receptors, signal transduc-
tion proteins, and cytoskeletal proteins [41]. 
The positioning of drebrin, CaMKII, and 
α-actin-2 relies on F-actin. Although N-methyl-
D-aspartic acid receptor (NMDA) receptors and 
PSD-95 are independent, their mRNA signals 
are attenuated after axotomy [42].

Regulatory mechanisms of drebrin

Currently, the molecular mechanisms of drebrin 
and related signal transduction pathways are 
still being explored and remain unclear. The fol-
lowing points are summarized in accordance 
with the literature. 

AMPA and NMDA receptor modulation

Drebrin aggregation has been shown to be 
related to the stability regulated by a-amino-
3-hydroxy-5-methyl-4-isoxa-zolep-propionate 
(AMPA) receptors and the mobility regulated by 
NMDA receptors. On the one hand, AMPA recep-
tor activation maintains the increase of stable 
drebrin within drebrin spines; on the other 

hand, NMDA receptor activation leads to 
decreased mobility of drebrin [43]. The actin 
cytoskeleton, which is the major cytoskeletal 
component in dendritic spines, regulates NMDA 
receptors in a calcium-dependent manner. 
Drebrin is a major actin-binding protein capable 
of inhibiting the actin-binding activity of fascin 
and α-actinin. Moreover, drebrin can induce 
tropomyosin to separate from actin fibers [44]. 
When subjected to external stimuli, drebrin dis-
appears from dendritic spines and reappears in 
dendritic axons and cell bodies. This process 
results in shape changes in dendritic spines 
andis thus closely associated with synaptic 
plasticity and intracellular signal transduction.

Interaction between myosin and actin

Drebrin A connects with actin filaments through 
one drebrin molecule and 5-6 actin molecules. 
Drebrin A reduces the Mg-ATPase activity of 
myosin V, and in vitro motion analysis has 
revealed that drebrin A is responsible for the 
connection of F-actin to a glass surface coated 
with myosin V. However, once it is connected to 
the surface, drebrin A will not affect the sliding 
rate of F-actin. This finding indicates that dre-
brin A reduces the interaction between actin 
and myosin V in neurons, which probably 
affects spine kinetics, vesicle trafficking, and 
other activities driven by myosin V [45]. Drebrin 
E and F-actin are co-localized in the cell body of 
developing neurons, especially in the base area 
of filopodia [46]. Inhibition of drebrin A by anti-
sense RNA promotes PSD protein aggregation 
[47]. Additionally, inhibition of drebrin A expres-
sion by antisense RNA results in increased 
activity and anger-like behavior in mice, sug-
gesting that drebrin A impacts spine activity 
[14].

Intracytoplasmic signal molecule regulation

Drebrin is an upstream regulator for a variety of 
ABPs. In addition to directly binding to F-actin, 
drebrin competes with other ABPs for F-actin 
and modulates the interaction of F-actin and 
ABPs. Cofilin and drebrin competitively bind  
to actin and thereby regulate the morphology  
and plasticity changes of dendritic spines. 
Phosphorylation of the PAK signaling pathway 
mediates activity of cofilin and actin [49]. The 
main component of senile plaque, Aβ, has neu-
rotoxic effects. Research has shown that Aβ42 
oligomer-induced reduction of drebrin expres-
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sion is regulated and affected by PAK overex-
pression [50]. In addition to PAK, drebrin is 
regulated by a variety of molecules. For exam-
ple, drebrin is directly decomposed by cas-
pase-6. TNF-α has been observed in AD 
patients, while IL-1b expression results in 
decreased drebrin by activating pro-apoptotic 
factors and caspase-3 [3]. 

Moreover, drebrin has been found to be regu-
lated by Ras, a downstream regulatory site in 
calcium-dependent signaling pathways [51]. 
Curcumin can reduce Sim2 expression, leading 
to increased neuronal expression of drebrin in 
a high blood sugar environment [8]. Thus, dre-
brin can bind to and interact with a variety of 
signal transduction proteins and play a role in 
the maintenance of neural activity.

Conclusion

In summary, drebrin is an actin-binding protein 
located in the dendritic spines of neurons, 
which, together with actin filaments, regulate 
the morphological changes of dendritic spines 
and synaptic plasticity. Decreased drebrin 
expression can result in abnormal dendritic 
spine morphology and synaptic function, fur-
ther leading to cognitive impairment and relat-
ed diseases. Therefore, the study of drebrin A 
is of great importance to further our under-
standing of the brain’s advanced learning and 
memory functions, the pathogenesis of cogni-
tive impairment-related diseases, and the 
development of clinical treatment strategies.
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