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Title: Role of fibroblast growth factors in regulating early postnatal astrocyte development  
 
The development of a functional nervous system is no small feat. Neural circuit formation occurs 
in three distinct phases: first establishment of immature synapses between axons and dendrites; 
second maturation of synapses; third erasing or pruning of synapses in excess with the intent of 
refining the connection within the neuronal circuits [1]. This complex process depends on upon 
the coordination of numerous cell types. The human brain is estimated to contain about 90 billion 
of neurons and a comparable number of non‐neuronal cells, the glial cells [2]. Of the different glial 
subtypes in the central nervous system, astrocytes appear to be the most abundant and now are 
emerging as key element in many aspects of brain development, function and disease. The initially 
passive role ascribed to these cells, of maintaining general brain homeostatic function, has been 
replaced in the past decade by many evidences demonstrating that astrocytes provide control in 
synapse formation and function [1] . Defects in neural network formation are believed to result in 
a group of diseases known as neurodevelopment disorders, such as schizophrenia, autism and 
Tourette syndrome. The realization of the crucial role of astrocytes in coordinating this 
sophisticated process raises the possibility that human neurodevelopmental disorders, may be 
consequences of altered astrocyte development [3]. 
Fibroblast growth factors (FGFs) are glial product with neurotrophic properties, particularly 
interesting because they are involved not only in the early brain development as well as 
maintenance and repair of brain throughout adult life [4]. The FGF family includes 22 FGF ligands, 
which can be divided based on homology structure and functions in several subfamilies. Some are 
endocrine and act over long distances (FGF19, FGF21 and FGF23), other are intacrine ligands 
(FGF11‐14), the rest are paracrine [5].  These ligands act binding to one of the three receptors 
expressed in the central nervous system, FGFR1, FGFR2 and FGFR3, which induce the activation of 
one downstream signaling pathways of neighbor cells, modulating development [6]. FGF ligands 
regulate, for example, the proper number of excitatory cortical neurons. Reduction of FGF 
signaling, during neural development, depletes the stem cell pool resulting in premature ending of 
neurogenesis and decreased cortical surface area [7]. To each single FGF receptors is associated a 
specific roles, FGFR2 contributes to volume expansion of the prefrontal cortex [4] while FGFR1 of 
the hippocampus [8].  In the last decades, the major roles of FGFs have been extensively 
investigated during neural development, however, their roles in adult brain need to be clarify. 
Postnatally, FGFRs are primarily expressed by astrocytes and select groups of neurons.  FGF 
signaling has been implicated in astrocyte development and potentiates the ability of secreted 
factors to promote astroglial fate in neural progenitors [9]. Perinatal loss of FGFR2 in astrocytes 
determine impairments in cognitive and social behavior together with an increase in synaptic 
molecules and elevated glutamate neurotransmitter metabolism in astroglial cells of hippocampus 
and cortex. We hypothesize that, under normal conditions, individual astrocytes occupying a 
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specific non‐overlapping domain, with their astrocytic processes restrict the number of synaptic 
connections, contact neuronal bodies and the dendrites of different neuron. Increasing evidences 
suggest that astrocyte morphology is not fixed but under dynamic control, and it affects neuronal 
and synaptic function. In the absence of FgfR2, decreased process extension and astrocyte‐neuron 
interactions would lead to overgrowth of synapses and increased neuronal excitability, as 
previously suggested in the hypothalamus [10].  The exact roles of mammalian FGFRs and their 
ligands in astrocyte morphology, and consequence association with neurons and synapses 
formation remain to be investigated. Demonstrating this will lead to major advances our 
understanding the precise role of astrocytes in synaptic and neuronal activity, during critical 
periods of plasticity.  
To assess whether inducing FGFR2 knockout in astrocytes is sufficient to alter synaptic number, 
morphology and activity in the critical period, we will develop two strategy: 
In vivomodel of inducible knockouts (iKO) of FGFR2 in astrocytes  
To generate the mouse line a GCE; FgfR2+,flox  males will be mated to FgfR2+,flox females carrying 
a biallelic Rosa YFP reporter and the progeny will be receive tamoxifen through maternal injection 
(1 mg daily IP in oil for 5 days) while nursing in the neonatal period (as we have done previously) 
to activate Cre recombination (Fig. 1). In GCE;FgfR2f,f; Rosa YFP, Cre recombination will produce a 
homozygous deletion of fgfr2 (FGFR2 iKO); in littermate mice lacking the floxed fgfr2 allele (GCE; 
FgfR2+,+; Rosa YFP ) no such deletion will be generated and they will be our controls. This 
approach will activate eGFP in both groups, allowing us to compare cell morphology and gene 
expression between astrocytes containing/lacking the fgfr2 gene. Two weeks after recombination 
(P15) and at adulthood (3 months) control and FgfR2 iKO brain mice sample will be collected for 
further analysis.  
 

 
 
Fig. 1 Inducible FGFR2 knockouts astrocytes animal model 
 
Inducible FGFR2 knockouts astrocytes by electroporation  
Electroporation of genes in rodents has been gaining as an alternative to mutant mice model 
Electroporation has several advantages: the plasmid construction is simple, versatile and it is 
applicable to numerous tissues and species. Knockdown of genes by electroporation represents a 
powerful way to elucidate the roles of the numerous candidate molecules in vivo. More recently, 
electroporation has been applied to the postnatal retina and cerebellum. In our efforts to 
understand postnatal role of FGFR2 in astrocyte development we developed a highly efficient and 
non‐invasive procedure that utilizes electroporation for manipulating gene expression in the 
subventricular zone. This method of electroporation in early postnatal animals requires neither 
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surgery nor stereotaxic apparatus, but which results in widespread expression of foreign genes in 
specific cell populations, with nearly 100% success rates. We use two different plasmid: GFAP‐
Crerecombinase and CAG‐GFP  diluted high‐purity endotoxin‐free plasmids DNA (1‐2 µg/µl). Two 
weeks after electroporation (P15) in control and FgfR2 iKO mice samples will be collected for 
further analysis. 
The final aim will be to investigate the molecular and cellular mechanisms by which astrocytes 
regulate, through FgfRactivity, synapse development. To quantify synapse number we will use the 
immunocytochemistry‐based assay previously described [11]. Briefly, after staining samples (single 
cells or neuronal tissue) for pre‐ and post‐synaptic markers with specific antibodies 
(e.g.VGlut1/PSD95 for excitatory or VGAT/Gephyrin for inhibitory synapses), and acquiring images 
with a fluorescence microscope, it is possible to quantify the number of synapses using Puncta 
Analyzer an ImageJ plugin (written by Barry Wark). This tool appears very suitable for studying 
neural circuit development. The plugin provides not only the number of co‐localized puncta, 
representing a functional synaptic connection, but also other useful out‐puts such as the separate 
count/quantification of pre‐ and post‐synaptic markers and their respective average area. 
Recent studies demonstrate that a single astrocyte is able to interact with numerous neurons not 
only using diffusible molecules but also by contact‐mediated signals. Based on this, the study of 
astrocyte morphology might be very important to understand synapse formation. As previously 
described [12] we will use Neurolucida software for studying astrocytes morphology. Astrocytes 
in the cortex and hippocampus were randomly selected and traced in each experimental group 
(Control and Fgfr1/2 iKO). Astrocytes with well‐delineated cell bodies and branches were chosen 
for reconstruction. The coordinate files obtained by the 3D reconstruction were analyzed using 
Neuroexplorer, generating data of morphological measurements such as total cell surface, 
perimeter, volume and process length 
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