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Silent synapse activation in epilepsy
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SUMMARY

Epilepsy is a life-threatening chronic disease in a state of neuronal over electric activity.
The precise nature of the seizure recurrence has not been clearly. Synapses can be divided
into silent and functional synapse.Silent synapses, defined as structural specializations for
neurotransmission that do not produce a physiological response in the receiving cell, may
occur frequently in neural circuits. Models of synaptic plasticity, such as long-term potentiation
(LTP) and long-term depression (LTD) of glutamatergic synapses, are believed to underlie the
seizure occurrence. Silent synapses containing only NMDA receptors are transformed within
minutes into activated synapses postsynaptically AMPA receptor insertion and presynaptic
transmitter releasing (BDNF-Cdc42 (brain derived neurotrophic factor-) signaling, Calcium
influx,cAMP(Cyclic Adenosine monophosphate) signal pathway. All previous mentioned genes
and proteins were abnormal in epilepsy patients and animal models. Future experimental and
clinical studies are needed a better understanding on the mechanisms of silent synapses in
epilepsy.
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Discussion hydroxyl-5-methyl-4-isoxazole propionate)-type

Epilepsy is a chronic neurological disorder glutamate receptors. Functional synapse would

. have all its normal structural components, and
characterized by recurrent (two or more)

also possess an appropriate complement of the

unprovoked or spontaneous seizures due to . . .
p p v essential presynaptic molecules and postsynaptic

abnormal  hyperexcitable, ~hypersynchronous eptors.

neuronal population activity. This disease

« . » .
is extremely dangerous and life threatening. Some synapses appear “silent” in young or old

However, the mechanisms of epilepsy and animal and people brain regions [3], such as
hippocampus, cerebral cortex, the spinal cord.
Silent synapses contain only NMDA receptors.
It can been transformed into activated synapse

containing both NMDA and AMPA receptors

the neural consequences of epileptic neuronal
activity were unclear [1, 2] . These different ideas
regarding seizure have been suggested as previous
study including excitatory or inhibitory synaptic

neurotransmission [1,2].

In the central nervous systems (CNS), synapses
canbedividedintosilentand functional synapse.A
silent synapse is an excitatory glutamatergic
synapse whose postsynaptic membrane contains
NMDA-type(N-methyl-D-aspartic acid)
glutamate receptors but no AMPA(ai-amino-3-

within minutes by simultaneous presynaptic
and postsynaptic depolarization [4]. Silent
synapses, defined as structural specializations
for neurotransmission that do not produce a
physiological response in the receiving cell, may
occur frequently in neural circuits. Silent synapses
include incompletely assembled synapses that lack
structural components, insufficient availability
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of key presynaptic proteins, and nonfunctional
postsynaptic receptors, or presence of receptors
that do not mediate a postsynaptic response
except under specific conditions (conditionally

[4,5]. The available silent

synapses can often be rapidly activated, and

silent  synapses)

conversely, active synapses appear to be rapidly
silenced in many instances. Their recruitment to
physiological effectiveness may be an important
component of circuit modification.

The included:(1)
postsynaptically AMPA receptor insertion [4]

conversion  mechanism

(2) presynaptic transmitter releasing:BDNF-
Cdc42(brain  derived neurotrophic factor-)
signaling [6];Calcium influx [7];cAMP(Cyclic
Adenosine monophosphate) signal pathway
[5]. All previous mentioned genes and proteins
were abnormal in epilepsy patients and animal
Activity-dependent
synaptic function and structure is emerging as

models. modulation of
one of the key mechanisms in epilepsy treatment
(Figure 1).

A seizure is the result of an excessive discharge
cerebrocortical  neurons.

hyperexcitability

were caused by ion channel citations, increased

of  hyperexcitable
Mechanisms of neuronal
excitatory synaptic neurotransmission, decreased
inhibitory neurotransmission. In the CNS the
majority of excitatory synaptic transmission
occurs at glutamatergic synapses and is mediated
via the AMPA, NMDA, and kainate-type
[8-10]. Experimental
studies using animal epilepsy models have
shown that NMDA, AMPA and kainite agonists

induce seizure activity, whereas their antagonists

glutamate receptors

suppress seizure activity [11-15].
m Silent synapse and LTP

Models of synaptic plasticity, such as long-term
potentiation (LTP) and long-term depression
(LTD) of glutamatergic synapses, are believed to
underlie the seizure occurrence in the adult brain
and the activity-dependent regulation of synapse
formation in developing brain [16]. Glutamate
receptors sensitive to AMPA are ligand- activated
cation channels that mediate the fast component
of excitatory postsynaptic currents in neurons of
the central nervous system. There is emerging
evidence that AMPA receptors may play a role
in epileptogenesis and in seizure-induced brain
damage [8]. Efforts targeting AMPAR, such as
perampanel [13], CPP [17], dizocilpine [14],
D-2-amino-5-phosphonopen-  tanoate (AP5)
[18] have been focused on the identification of

ligands as potential therapeutic agents useful
in the prevention and treatment of a variety
of neurological and non-neurological diseases
[11,12]. The phencyclidine and ketamine were
identiied as channel-blocking (uncompetitive)
NMDA receptor antagonists in the epilepsy
treatment [19].

m Presynaptic silent synapse activation in
epilepsy
The

activation of presynaptic silent synapses and their

molecular  mechanisms  underlying
contribution to long-term synaptic plasticity are
widely unknown. The activation of presynaptic
silent synapses is dependent on calcium [20-22],

cAMP-dependent protein kinase [21,23], and
BDNF-Cdc42 signaling [6,24].

m Ca2+ influx

Presynaptic LTP of synaptic transmission
activates silent synapses and potentiates existing
active synapses. Calcium is a major signaling
molecule in neurons. Ca2+ influx through the
L-type Ca2+ channels is much greater in the
CA3 area of spontaneously epileptic rat than in
that of normal animals [7]. During the latency
phase, Ca2+ role in epileptogenesis remains
elevated and initiates many second messenger
effects that produce long-lasting plasticity
changes in these neurons [7,10]. Topiramate
modulates hippocampus NMDA receptors via
the increased neuronal Ca2+ in pentylentetrazol-
induced epilepsy of rats [10].

Ca2+ is known as the primary mediator of

“excitotoxic”  neuronal  damage. Increase

of concentration of Ca2+, activates many
calcium-dependent enzymes, including
CaMKlla [25], protein kinase C (PKC) [26],
nitric oxide synthase (NOS), and various
proteases and endonucleases, gene and protein
expression [22,23], neurotransmitters release
from presynaptic sites, and neuronal excitable
regulation. These enzymes may have direct
effects on structural proteins, and may modify
the functions of enzymes, receptors or ion
by

some neurons,

channels altering  phosphorylation. In
Ca2+

spikerepolarization and after-hyperpolarizations

influx contributes to

[23,24]. Ca2+-induced genetic expression can
be mediated by cAMP-response element binding
protein (CREB), the activation of transcription
factor CREB requires phosphorylation induced
by CaMKIIow [20]. All previous proteins and
genes were abnormal in epilepsy patients and
animal models. In vitro studies, perampanel
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Figure 1: The pathway and mechanism of silent synapse in epilepsy: BDNF, brain derived neurotrophic factor; TrkB, Camp, cyclic adenosine monophosphate;
protein kinase C (PKC); AMPA (a-amino-3-hydroxyl-5-methyl-4-isoxazole propionate)

potently inhibited AMPA-induced increases
in intracellular [Ca2+] in cultured rat cortical
neurons [13].

= cAMP

cAMP is a classic second messenger. It can elicit
a long-lasting increase in transmitter release
at many central synapses by activating cAMP-
dependent protein kinase (PKA) [21,23].
PKA is believed to be a major modulator of
synaptic transmission and underlie long-term
potentiation of synaptic efficacy in epilepsy
and enhance the release of transmitters and
hormones [8,16,17]. Previous study also found
that the activity of PKA was increased both in
neocortex and hippocampus of epilepsy patients
and animal models [27].

= BDNF-CDC42 signaling pathway

A novel mechanism underlying activity-
induced rapid presynaptic maturation of silent
synapse was induced by activation of BDNF-

CDC42 signaling at presynaptic release sites
[6]. This rapid presynaptic maturation can
be abolished by treatments BDNF inhibitor
while BDNF can promote the synaptic rapidly
maturation. The mechanism might be increased
the presynaptic glutamate release and actin
polymerization. Kindled seizures dramatically
increased expression of BDNF and TrkB in the
dentate gyrus [28], mossy fiber axons [29]. In
our previous study, we also found that CDC42
was higher in the brain tissue of epilepsy patients
compared with the control tissue [30].

BDNF is required for the induction of a
presynaptic component of the functional
conversion of silent synapses [24]. Over-
expressed BDNF associated with this LTP in
epileptic patients and animal models [24,31],
increases the excitation and decreases the
inhibition in the brain and induces up-regulation
of TtkB receptors, which in turn trigger many
downstream signals. BDNF probably modulates
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GABAA

involving

receptors  through  mechanisms
PKC  phosphorylation. BDNF
binding to TrkB results in receptor dimerization,
enhanced activity of the CDC42 [32]. CDC42
is the downstreampathway of BDNE-TrkB
signaling in mediating activity- dependent
presynaptic maturation and plasticity [6].The
mechanism of Cdc42 induced rapid conversion
of silent synapses might be actin cytoskeleton
remodeling, and then induce the trafficking
or scaffolding of vesicles or key exocytosis
molecules to the presynaptic terminal [6]. TrkB.
Expression of BDNF mRNA and protein is
obviously increased in a seizure of multiple
animal models and the hippocampus of humans
with temporal lobe epilepsy. Administration of
BDNF and transgenic overexpression of BDNF
enhance limbic epileptogenesis [32].

m Postsynaptical silent synapses activation
in epilepsy

Postsynaptically silent synapses and their
conversion into functional ones via AMPA
receptor play an
important role in constructing neuronal
microcircuits [33]. AMPARs inserted during the
induction of LTP and removed during induction
of LTD are depended on GluRI(glutamate
that
AMPARs within the postsynaptic membrane,

trafficking mechanisms

receptor)-associated  processes stabilize

and GluR2-containing receptors processes that
adjust AMPAR trafficking in the active and
silent state, respectively, by the postsynaptic
density scaffold proteins PICK and GRIP

[34]. Glutamate receptor channels mediate

most excitatory transmission at synapses in the
brain, and are critically important in synaptic
plasticity,
interactions in seizure occurrence [35]. GluRl1
and GluR2 are abundandy distributed in the
neuronal layers of hippocampus hippocampus
and changed in posttraumatic epilepsy [36], in
the WAG/Rjj rat model of absence epilepsy [37].

Glutamate receptor antagonists protects against

transmission, and  protein—protein

seizure-induced excitotoxic cell death in the brain
[38]. Previous mentioned proteins and genes are
abnormal in epilepsy patients and animal model,
therefore we speculated that epilepsy is associated
with postsynaptic silent synapses activation.

Conclusion

There is a substantial body of evidence from basic
research that indicate an important role of silent
synapse activation in epilepsy pathogenesis.
The activation included postsynaptical and
presynaptic silent synapses. Taken these results
together, it is reasonable to purpose that silent
synapse conversion may attenuate the frequency
of seizures. Obviously, future experimental
and clinical studies are needed to gain a better
understanding of these and other possible
mechanisms of silent synapse in epilepsy.
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