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Arfic{e history: The structure and dynamics of dendritic spines reflect the strength of synapses, which are severely
Received 27 July 2015 affected in different brain diseases. Therefore, understanding the ultra-structure, molecular signaling
Received in revised form 20 August 2015 mechanism(s) regulating dendritic spine dynamics is crucial. Although, since last century, dynamics of

Accepted 7 September 2015

Available online 10 November 2015 spine have been explored by several investigators in different neurological diseases, but despite countless

efforts, a comprehensive understanding of the fundamental etiology and molecular signaling pathways
involved in spine pathology is lacking. The purpose of this review is to provide a contextual framework

gi{lvg‘r)gz:spme of our current understanding of the molecular mechanisms of dendritic spine signaling, as well as their
Synaptic plasticity potential impact on different neurodegenerative and psychiatric diseases, as a format for highlighting
Neurodegenerative diseases some commonalities in function, as well as providing a format for new insights and perspectives into
Psychiatric disorders this critical area of research. Additionally, the potential strategies to restore spine structure-function in
Glutamate receptor different diseases are also pointed out. Overall, these informations should help researchers to design new
Calcium signaling drugs to restore the structure-function of dendritic spine, a “hot site” of synaptic plasticity.
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1. Introduction

The brains of most vertebrates communicate and store informa-
tion by changing their nervous system through a fundamental pro-
cess known as synaptic plasticity (Nicoll and Schmitz, 2005; Voglis
and Tavernarakis, 2006; Zucker and Regehr, 2002). This involves
several mechanisms, including alteration of existing synapses, or
substitution of aged synapses to new ones (Nicoll and Schmitz,
2005; Voglis and Tavernarakis, 2006; Zucker and Regehr, 2002).
These alterations, or plasticity, involve numerous tiny, special-
ized, semi-autonomous, postsynaptic compartments that protrude
from main dendritic shaft, known as dendritic spine (Hering and
Sheng, 2001). These spines are knob-like structures with various
shapes and sizes which ultimately are responsible for excitatory
postsynaptic input (Hering and Sheng, 2001). They also have rapid
rearrangement capabilities, depending on stimulus, cellular envi-
ronment and location. The spines undergoes constant turnover
throughout life and play a fundamental role in information pro-
cessing in the mammalian nervous system, especially for excitatory
synaptic transmission (Fiala et al., 2002; Hering and Sheng, 2001;
Sala and Segal, 2014). They are highly plastic in nature and their
morphological variations determine the strength of a synapse
(Voglis and Tavernarakis, 2006). That is why dendritic spines are
considered as the “hot spot” of synaptic plasticity (Bourne and
Harris, 2008; Eccles, 1979; Engert and Bonhoeffer, 1999; Maiti et al.,
2015). Since their first demonstration as a genuine structure of the

synapse by Santiago Ramén y Cajal, it is now widely accepted that
they are specialized and distinct compartments, containing sev-
eral neurotransmitter receptors, actin filaments, polyribosomes,
and several cellular organelles, including the spine apparatus and
coated vesicles (Sala and Segal, 2014). The morphology of spines
not only determine the strength, stability and synaptic transmis-
sion, but they also control the calcium dynamics, receptor content,
and the ability to change their shape and size over time (Bloodgood
and Sabatini, 2007; Hering and Sheng, 2001; Sabatini and Svoboda,
2000; Sala and Segal, 2014). Most interestingly, the majority of
spines are stable in mature neurons, but under certain conditions,
such as in sensory input, social interactions, stress, environmental
enrichment, learning and other behavioral paradigm, this steady
state is impaired and they are remodeled to appropriately sub
serve specific functions (Fiala et al., 2002; Hering and Sheng,
2001). Further, rearrangement of the structures and functions
of most spines can influence synaptic connectivity and neuronal
plasticity, which could control our learning, memory, behavior,
and motor coordination (Fiala et al.,, 2002). In contrast, aberrant
spines are highly associated with several psychiatric disorders,
including autism spectrum disorders, schizophrenia, mental retar-
dation, attention deficit hypersensitive disorders (ADHD), Fragile
X-syndrome, Down syndrome, drug addiction, hypoxic/ischemic
stress, and epilepsy (Fiala et al., 2002; Hering and Sheng, 2001;
Sala and Segal, 2014). Similarly, in several neurodegenerative dis-
eases, particularly those exhibiting cognitive impairments such as
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