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Silent synapse-mediated synaptic plasticity in adult brain
Yu-zhang L

EDITORIAL

Long time ago, people used to believe that the adult brain is rather fixed. 
With several decades of research, now we all come to agreement that the 

brain reserves the potential of changing, i.e., plasticity (1), even till the later 
age, though some of the plasticity is harmful to our health. Among a bunch 
of studies investigating the mechanisms of adult brain plasticity, the silent 
synapse, especially AMPA receptor-silent synapse, is one of the most studied 
topics.

AMPA receptor-silent synapses are thought to be the immature synapses that 
lacking AMPA receptors (AMPAR) on the postsynapses, and NMDA receptors 
(NMDAR) are not responsive at resting potentials due to the blockade of 
Mg2+ (2,3). AMPAR-silent synapses are widely existed in developing brains. 
As the brain developed, the AMPARs gradually insert into the postsynaptic 
membranes, and the silent synapses turn into functional synapses. Silent 
synapses play important roles during development. Previous study from our 
lab showed that the maturation of silent synapses is sufficient to govern the 
duration of critical period for ocular dominance plasticity in the visual 
cortex (4).

More and more research found that in adult brains, AMPAR-silent synapses 
re-emerge under certain circumstances. It is best known in addiction. 
After application of cocaine either actively or passively (5-7), the AMPAR-
silent synapse ratio increases, and is coupled with craving and locomotor 
sensitization (8). The newly emerged AMPAR-silent synapses are found to be 
generated de novo, but not from re-silencing the existing functional synapses 
(5). Another evidence is from the neurogenesis of the dentate gyrus (DG) in 
adult brain. The new born granule cells in DG show similar developmental 
stage as it in the neonates, i.e. they lack AMPARs as well. Unsilencing 
these AMPAR-silent synapses also requires excitatory activities, here is the 
cooperation of GABA synaptic depolarization together with the NMDA 
receptors (9). Under pathology conditions, AMPARs could be silenced 
again. Amyloid-β oligomers — which are cumulated in the brain of patients 
with Alzheimer’s disease — are found to remove the AMPARs by long-
term depression mechanism. Loss of AMPARs is the reason of reduction 
of dendritic spines and synaptic NMDA responses, and further causes the 
deficits in cognition (10).

Abnormality in maturation of AMPAR-silent synapses could cause 
neurodevelopment disorders. In the animal model of fragile X syndrome, 
which is usually companied by autism, AMPAR-silent synapses persist till 
later stage of development in the barrel cortex (11). But excessive maturation 
does not equal to superior. Animals exposed to graded global hypoxia at 
early age experienced neonatal seizure, and result in autism-like behavior in 
adulthood (12). When checking the hippocampus, there is a reduction of 
AMPAR-silent synapses.

Science is not only about principles, but also works for improvement 
of the quality of life. As the Precision Medicine Initiative leaded by NIH 
and multiple research centers, for the foreseeable future, the disease risk 
will be better predicted, the pathology will be better understood, and the 
patients will receive improved diagnosis and treatments. Neuroscience is a 
fundamental basis serves for cure of nervous system disorder. AMPAR-silent 
synapses is an approach with many drug binding sites, but this still needs 
more efforts on the mechanisms on cellular and molecular levels.
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