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18The kinetics of cytoskeletal networks, with actin as a key factor, play a key role in regulating themorphology and
19function of dendritic spines. Drebrin is a neuron growth and brain development-related actin-binding protein
20and is present in 70% of the dendritic spines of excitatory synapses. It regulates the development and formation
21of dendritic spines and well-developed dendritic spines pave the way for presynaptic elements. Well-developed
22and mature synapses are prerequisite for maintaining nervous system physiology. Abnormal morphology of
23dendritic spines and loss of synapses are seen in many neurologic diseases associated with cognitive decline.
24However, the mechanisms governing these pathologic changes and their correlation with drebrin remain
25unclear. Exploring the relationship between drebrin and cognitive function may provide insight into the early
26prevention of cognitive impairment and in the diagnosis and treatment of Alzheimer’s disease.
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49

50 1. Introduction

51 Alzheimer’s disease (AD) is a degenerative disease of the nervous
52 system, marked by insidious onset and slow progression. Its main

53clinical manifestations include mental changes such as progressive
54memory impairment, cognitive dysfunction, personality changes, and
55behavioral disorders, which can seriously lower the quality of life in
56elderly individuals [1]. Loss of synapses has been found in the brains
57of AD patients, and the loss of synapses was closely correlated with
58the severity of dementia [2]. Further studies have demonstrated chang-
59es in nervous tissues in the early stage of cognitive dysfunction and that
60development regulation brain protein (drebrin), a developmentally
61regulated brain protein, plays key roles in regulating the morphology
62and remodeling of dendritic spines and synapses. While research has
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63 shown that the loss of synapses is related to drebrin, the specific mech-
64 anisms governing the pathological changes of synapses in the brains of
65 AD patients and the potential correlation between drebrin and synapses
66 remain unclear. In this article, we will review the roles of drebrin in the
67 occurrence and development of cognitive dysfunction.

68 2. Sources and activities of drebrin

69 Synapses are functional connections between neurons, and the bio-
70 logical signals are passed from the presynaptic membrane to the post-
71 synaptic membrane. Dendritic spines are tiny protrusions on dendritic
72 shafts. As one of the postsynaptic elements, they contain structures
73 such as an actin cytoskeleton, postsynaptic density, and neurotransmit-
74 ter receptors, which can maintain the fundamental morphology
75 and functions of the synapses. Drebrin is a neuron growth and brain
76 development-related actin-binding protein [4,5] and is present in 70%
77 of the dendritic spines of excitatory synapses. It has two subtypes: E
78 and A. Drebrin E is mainly found during early brain development, and
79 drebrin A specifically localizes at dendritic spines and is the predomi-
80 nant form in immature neurons [6]. The amino-terminal domain of
81 drebrin A has high-affinity binding sites for actin, and the carboxyl-
82 terminal has affinity binding sites for profilin. Drebrin can regulate the
83 morphology of dendritic spines and synaptic plasticity by act in filament
84 (F-actin) polymerization and fibrous actin binding or dissociation [7].
85 Interestingly, Roppongi RT found that decreased drebrin and F-actin
86 can occur at the dendritic spines without morphologic changes [8].
87 Drebrin regulates neuroblast migration in the postnatal mammalian
88 brain [9] and plays a role in inducing long-term potentiation (LTP),
89 promoting the migration of neurons and their repair.

90 3. Drebrin and cognitive dysfunction

91 Cognition is a reflection of the complex and sophisticated functions
92 of the cerebral cortex. Any direct or indirect factors that may cause
93 chronic impairment of cerebral cortex structure and function can result
94 in cognitive dysfunction via different mechanisms. The hippocampus is
95 involved in learning andmemory formation, and the synaptic plasticity
96 in this region is the neurobiological basis for learning and memory.
97 Neuronal dendritic spine-based drebrin, together with F-actin, can reg-
98 ulate the plasticity of dendritic spines [5]. Previous studies in humans
99 and animal models and those at cellular and molecular levels have
100 shown that drebrin is associated with cognitive dysfunction.

101 3.1. Studies conducted in AD patients

102 Drebrin is closely related to cognitive function, as demonstrated in
103 many AD patients. AD is a disease of synaptic dysfunction. Autopsies
104 of clinical AD patients have shown significantly decreased drebrin in
105 the cerebral cortex and hippocampus [10,11]. Golgi staining has
106 shown that the number of neuronal dendritic spines in the hippocam-
107 pus was decreased in AD [12]. Furthermore, the drebrin level was also
108 significantly decreased in the entire cerebral cortex. In patients with
109 mild cognitive impairment, the expression of drebrin in the temporal
110 lobe was also significantly lower [13]. Drebrin was reduced by approx-
111 imately 40% in the hippocampus of mild cognitive impairment (MCI)
112 and AD compared to normal subjects [14]. Thus, the decreased drebrin
113 level may contribute to the reduced plasticity of dendritic spines. By af-
114 fecting dendritic spine morphology and structure, drebrin can cause
115 synaptic changes, blocking the connections among many functional
116 pathways in the brain causing dysfunction. Thus, disordered synaptic
117 plasticity due to the depletion or decrease of drebrin is one of the path-
118 ological contributors to AD [10,15,16].
119 Themain pathological changes of AD include the deposition of senile
120 plaques after the aggregation of β-amyloid protein (Aβ) outside cortical
121 and hippocampal neurons, the formation of neurofibrillary tangles due
122 to the abnormal aggregation of Tau protein in neurons, and the loss of

123neurons. The accumulation of Aβ is central to AD pathogenesis, and
124the aggregation and oligomerization of Aβ can occur in the neurons
125in dementia-affected brains [17]. The Aβ oligomers can selectively ag-
126gregate at dendrites and synapses [18,19], and the increased Aβ causes
127AMPA receptor-mediated endocytosis on the cellular surface and pro-
128trusions, resulting in NMDA receptor loss and eventually morphological
129changes and decreased number of drebrin-positive dendritic spines
130[16].

1313.2. Animal model

132Animal studies have been conducted in drebrin A knockout rats,
133APP/PS1transgenic AD mice, and Tg2576 mice. The drebrin located on
134the neural spines regulates the morphological changes and plays a key
135role in controlling synaptic plasticity. The drebrin knockout rats are
136more susceptible to schizophrenia-related behaviors such as stubborn-
137ness and increased activity, as well as impaired pre-pulse inhibition
138and increased sensitivity to mental stimulants, suggesting that the
139decreased drebrin can impair cognitive function byweakening the func-
140tion of synaptic spines [20].
141In AD transgenic mouse models, the dendrites of hippocampal
142neurons developed deformations and disturbances [21], and the dendrit-
143ic spine density clearly decreased [22]. Quantitative immunoelectron
144microscopy studies showed that the percentage of drebrin-positive den-
145dritic spines in the cerebral cortexwas significantly lower inAD transgen-
146ic mice models than in wild-type mice [6]. As shown in the above
147literature, drebrin expression level declines in the early stage of AD, ac-
148companied by morphological changes in dendritic spines.

1493.3. Cellular and molecular levels

150The cytoskeleton constitutes the dynamic and morphological foun-
151dations of cellular differentiation/migration, synapse formation, and
152neural network formation [23], with F-actin being the main protein in
153the cytoskeleton. The actin-binding proteins include tropomyosin,
154drebrin, gelsolin, α-actinin, and α-myosin. Drebrin can inhibit the
155F-actin-binding activity of tropomyosin and α-actin. By competitively
156binding with F-actin [24], drebrin can regulate the plasticity of the
157actin network and the dynamics of actin cytoskeleton network, thus
158changing the morphology of dendritic spines.
159In vitro culture of the B104 neuroblastoma cells showed that overex-
160pression of drebrin in neurons resulted in increased neurite length; in
161contrast, when the drebrin expression inside cells was inhibited, the
162growth of cell axons slowed. Therefore, drebrinmay regulate intracellu-
163lar F-actin assembly and thus be involved in the formation of dendrites
164and axons during neuronal development [25]. Molecular biological
165studies have found that the drebrin mRNA level was decreased in the
166brains of AD patients, and drebrin mRNA expression was correlated
167with drebrin protein expression and sim2. The down-regulation of
168drebrinmRNA expression played a key role in AD andwas closely corre-
169lated with disease progression [26].

1704. Mechanisms governing the effects of drebrin on cognition

171The kinetics of cytoskeletal networks, with actin as a key factor, play
172a key role in regulating themorphology and function of dendritic spines.
173Physiologically, drebrin regulates the development and formation of
174dendritic spines, and well-developed dendritic spines pave the way
175for the development of presynaptic elements. Well-developed and
176mature synapses are a prerequisite for maintaining the physiological
177function of the nervous system. Pathologically, abnormal morphology
178of dendritic spines and loss of synapses are seen in many neurological
179diseases associated with cognitive decline. However, the specific mech-
180anisms governing the pathological changes of synapses in the brains of
181ADpatients and the potential correlation between drebrin and synapses
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