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Summary 

Astrocytes are major cellular drivers of synapse formation and remodeling. They have a 
spectacularly complex morphology with processes that infiltrate the neuropil, the extracellular 
space occupied by axons and dendrites, to interact with neurons and synapses. Of high 
importance is the role of astrocytes in regulating the formation and function of synapses. 
Through physical contact and protein secretion, astrocytes regulate pre- and postsynaptic sides, 
neuronal activity, and extracellular ion concentration. Neurons cannot establish proper 
connectivity when astrocytes are not functional. Even though we now appreciate the great 
importance of these glial cells in brain circuits and their control of innate behaviors, we have a 
poor understanding of how the astrocytes control circuit remodeling in adult brains and how 
astrocytes contribute to the regulation of complex behaviors, such as learning and performance 
of operant behaviors. Our research activity has two main objectives: 1) Study the astrocytic 
structural changes upon learning and performance of goal-directed behaviors. 2) Understand 
how these morphological changes correlate to the formation/elimination of excitatory and 
inhibitory synapses.  

 
Methodology 

To achieve these objectives, we section frozen brain tissues for immunofluorescent analysis of 
known markers of astrocytes, as well as excitatory and inhibitory markers. Confocal imaging and 
advanced image analysis will then be performed using novel open-source software. Behavioral 
analysis is performed by specialized and authorized personnel. 

 
Activities 
Depending on their previous knowledge, curiosity, and personal and time dedication, students will 
have the opportunity to learn each step of the anatomical and behavioral experiments and 
analysis. Moreover, they can learn novel machine-learning algorithms for image processing. 
 

Requirements 
Typically, students should have passed an introductory neuroscience course. Specific training 
will be offered, but we expect students to be familiar with the basic theoretical knowledge about 
synapses and astrocytes. The main aim is to learn new things by living in an active lab 
environment and with hands-on experience. 
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