
 
 
 
 

TITLE:    Neuromodulators and GABAergic synaptic plasticity 

Activity-dependent mechanisms of synaptic plasticity are generally viewed as a probable 
cellular substrate of the learning machinery in the brain. Most investigation of long-term 
changes (potentiation or depression) in synaptic transmission has been carried out on excitatory 
synapses. Even though the essential role of GABAergic inhibitory synapses in the information 
processing in the brain, the induction, expression and maintain of long-term synaptic plasticity in 
the functional inhibitory synapses has received much less attention. In the last years, growing 
experimental evidence has showed that different neuroactive substances can modulate the 
GABAergic synaptic efficacy and brain plasticity. Using a combination of electrophysiology and 
pharmacological tools, as well as Ca

2+
 imaging and molecular biology approaches we explore 

the cellular and molecular mechanisms by which different neurotrasmitters, neuromodulators 
and neurotrophic factor (acetylcholine, endocannabinoids and wnt signaling) modify inhibitory 
synaptic transmission. First, we show that the co-activation of presynaptic type-1 
endocannabinoids and muscarinic receptors can induce activity-dependent long-term 
depression of GABAergic synapses. This form of synaptic depression is independent of the 
activation of nicotinic and GABAB receptors or G protein-coupled postsynaptic receptors at 
pyramidal neurons. We propose that temporal and spatial interaction of endocannabinoids and 
cholinergic system in CCK

+
 synaptic terminal is essential to induce activity-dependent 

GABAergic LTD in CA1 pyramidal neurons.  

On the other hand, we found that Wnt ligands can modulate excitatory synapses through 
remodeling both presynaptic and postsynaptic regions. We found also that Wnt-5a: (a) induces 
the insertion and clustering of GABA receptors in the membrane; (b) increases the amplitude of 
GABA-currents due exclusively to postsynaptic mechanisms; (c) does not affect the endocytic 
process, but increases the receptor recycling. Finally, all these effects on the GABA-R are 
mediated by the activation of CaMKII.  

We consider that elucidating the cellular mechanism that modulates the GABA strength and 
what are the effects on synaptic plasticity in different brain areas is critical to understand many 
aspects of the cognitive function.  
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