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TITLE: Astrocytes control synapses formation and pruning: is Fgf signaling pathway involved? 
 

Background and Significance 
 

The development of a functional nervous system 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 [6]. This complex process depends on upon the coordination of 
numerous cell types, neurons and non-neuronal cells, the glial cells [7].  
Astrocytes, among the different glial subtypes, are emerging as key element in many aspects of 
brain development, function and disease. Under normal conditions, individual astrocytes 
occupying a specific non-overlapping domain, create a close structural and functional partnership 
with the neuronal pre- and postsynaptic structure. Through this association, astrocytes can 
monitor and alter synaptic function, thus actively controlling synaptic transmission in the adult 
brain. Recent evidences point out astrocytes role in the establishment of synaptic connectivity also 
in the developing brain [6, 8, 9] . 
Fibroblast growth factors (Fgfs) are small neurotrophic polypeptides, particularly interesting 
because they are involved not only in the early brain development as well as maintenance and 
repair of brain throughout adult life [3]. These ligands act binding to one of the three receptors 
expressed in the central nervous system, FgfR1, FgfR2 and FgfR3. Time-dependent manipulation of 
this system revealed its involvements into the formation of the cerebral cortex.  
Postnatally, all 3 FgfRs are expressed on the plasma membrane of astrocytes [10], however their 
role on astrocytes functions has just begun to be uncovered. 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. A recent work carried out on Drosophila, shown FgfR signaling increases astrocytic 
processes growth and governs their size and orientation [11].  In a similar way, we hypothesize 
that, FgfR signaling in mammalian astrocytes contribute to astrocyte differentiation and 
consequently influence their role in the tripartite synapses. We also propose that under normal 
conditions, the astrocytes morphology, with their processes would restrict the number of synaptic 
connections. Thus, the absence of FgfR1-3 decreased process extension and astrocyte-neuron 
interactions would lead to an aberrant overgrowth of synapses and increased neuronal 
excitability, as previously suggested in the hypothalamus [12] . 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. Thus, better understand  the role of 
astrocytes in coordinating this sophisticated process raises the possibility that human 
neurodevelopmental disorders, may be consequences of altered astrocyte development [13-17] 



2 
 

In 2014, during my 3rd year of PhD, I moved to the Vaccarino’s lab and also thanks to the SIF 
fellowship, I started to focus my research activity on the interesting topic of developmental 
neurobiology described above. 
Here I developed most of the analytical tools necessary to investigate the Fgf signalling in 
astrocytes, including the generation of conditional knockout mutations in the mouse and 
electroporation. 
 

Specific aims 
 

The role of Fgf signaling in prenatal brain development has been extensively investigated [1-4]. In 
contrast, less attention has put on its involvement in the postnatal period, characterized by the 
synaptic pruning, one of the most important processes occurring in the postnatal vertebrate brain. 
Preliminary data show that Fgf signaling is involved in cortical development prenatally. In 
particular it acts by increasing the proliferative ratio of both neuroepithelial and radial glial cells 
and expand the cerebral cortex [5]. Postnatally, FgfRs are predominantly expressed by astrocytes. 
During my fellowship, I start to elucidate the role Fgf signaling in astrocytes. In particular I 
investigated whether FgfRs are able to regulate astrocyte-neurons interactions at synaptic level, 
underlying the specific metabolic pathways activated and proving that a competitive interactions 
between these two cells type, is one possible mechanism that limit synaptic growth during critical 
periods of plasticity, like juvenile/adolescent period. 
Aim 1: To assess whether Fgf signalling is required in astrocytes for the regulation of synapse 
number and morphology in the postnatal plasticity period in vivo.  
Aim 2: To test whether perturbation of Fgf signaling induces changes in astrocyte morphology and 
cell adhesion properties in a cell-autonomous fashion. 
Experimental design and methods  
Aim 1: To assess whether Fgf signalling is required in astrocytes for the regulation of synapse 
number, morphology in the postnatal plasticity period in vivo.  
To test this, we will induce an astrocyte-specific loss of fgfr1/2 in the early postnatal period by 
using GFAP-CreERT2;GLASTCre ERT2 driver lines. Mutant FgfR iKO and littermate controls will be 
compared for formation or pruning of synapses, by immunocytochemistry. Serial sections will be 
immunostained for excitatory and inhibitory synaptic markers (i.e., the vesicular transporters 
vGlut1, and the postsynaptic density marker PDS95; the vesicular transporter vGat and gephyrin). 
Sections will be imaged via an ApoTome with 100x oil immersion objective and stacks of 10 images 
in the z-plane will be acquired for each layer of the medial prefrontal (PFC) and somatosensory 
cortex and CA1 region of the hippocampus. The number and size of synapses will be quantified 
using Puncta Analyzer in Image J. This will allow us to obtain an estimate of the density of pre- and 
post-synaptic markers and obtain differences between control and mutants in each region/layer, 
as shown by preliminary analyses in Fig 2. Furthermore the plugin provides not only the number of 
co-localized puncta, representing a functional synaptic connection, but also other useful outputs, 
such as the separate count/quantification of pre- and post-synaptic markers and their respective 
average area and intensity. 
Aim 2: To test whether perturbation of FgfR signaling induces changes in astrocyte morphology 
and cell adhesion properties. 
To study the morphology we will use both in vitro and in vivo model.  
-Primary cultures of wild type and FgfR1/2 iKO astrocytes will be develop in a novel 3D matrix that 
allow them to maintain a physiological morphology [18] and then compare cells size and 
morphology. After 24 h, culture will be fixed and immunostained for GFAP, ALDH or other 
astrocytic markers.  
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-Induce mosaic overexpression or deletion of FgfRs by, respectively electroporation of a 
constitutively active FgfR construct or of GFAP-Cre in Fgfr1/2 floxed in the neonatal period. After 2 
weeks, GFP+ cells can be seen in the electroporated hemisphere streaming from the white matter 
to the cerebral cortex (Fig. 4). These cells are intermixed with non- electroporated wild type cells, 
allowing us to examine the cell intrinsic effects of the FgfR perturbation in a variety of in vivo and 
in vitro assays.  
To study cell adhesion properties, we will perform in vitro experiments in which astrocytes 
isolated from the hippocampus or cortex of FgfR1/2 KO mice or wild type mice will be co-cultured 
with neuronal cells isolated from the corresponding regions of E18 wild type mice. For these 
experiments, we will use the hGFAP-Cre line to drive the cKO of fgfr floxed alleles because of its 
greater penetrance involving virtually all GFAP+ cells. Astrocytes will be cultured from P0 mice and 
used as substrate for the neuronal precursors isolated from wild type embryos; the co-cultures will 
be maintained in serum-free medium. Two days after plating, cultures will be infected with a 
Synapsin I-GFP lentivirus (SYN1-GFP) which labels developing neuronal cells. The cultures will be 
maintained for 3-4 weeks in vitro, fixed and co-immunostained for GFAP and CD44 proteins and 
the SYN1-GFP neuronal reporter, or, various glutamate and GABA synaptic markers as for the in 
vivo experiments.  
 

Preliminary Data 
 

Our preliminary data show that the induced conditional KO of FgfR1/2 driven in astrocytes by 
GFAP-CreERT2 (GCE) mice in early postnatal development causes: 
-altered behavior (Fig. 1), like long-term locomotor hyperactivity, as shown by a small but 
significant increase in distance travelled in an open field. In addition, FgfR2 iKO mice displayed 
abnormal behavior on the three-chamber social approach task. Male mice showed a greater 
preference for approaching a novel male mouse presented on one side of the apparatus than for 
approaching an empty enclosure on the other side. 
-increased synaptic markers staining (Fig. 2). We found increased expression of vesicular 
transporters for both excitatory and inhibitory synapses in the adult brain of FgfR2 iKO mice 
(postnatally induced at P0-P5), at both mRNA (data not shown) and protein level, thus suggesting 
an increased number of synaptic connections (Fig. 2A-D). Synaptic density was estimated using 
Puncta Analyzer, an ImageJ plugin. We detected a significant increase in vGAT and vGLUT1 
expression in FgfR2 iKO mice (p<0.001) (Fig. 2A-F); for both markers, the increase was more 
pronounced in supragranular (I-III) than infragranular (V-VI) layers (Fig. 2G,H). 
- decreased cell adhesion and signaling molecules at astrocyte/neurons membrane contacts in 
FgfR2 iKO mice has been detected in preliminary experiments (Fig. 3), including EphA4/Ephrin3, 
Syndecan 4 and TNFα. 
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Figures 
 
 
 

 
 
 
Fig. 1 Distance travelled in FgfR2 iKO mice vs controls. 
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Fig. 2 Quantification of synaptic density in adult mouse somatosensory cortex of control and 

FgfR2 iKO mice induced with tamoxifen at P0-P5. A-D, representative staining; E-H, 

quantification of synapse density in all layers (E,F) and upper versus lower cortical layers (G,H). 

*p<0.05, **p<0.001 iKO vs wild type mice, two way ANOVA, n=4 per group, Post hoc test 

Bonferroni. 
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Fig.3 Decrease in adhesion/synaptic molecules in FgfR iKo mice. Double FgfR1FgfR2 iKO mice have a 

47% decrease in TNF and 49% decrease in EphrinA3, with trend for Syndecan4 and the EphA3 receptor, 

in adult anterior neocortex as assayed by qPCR 

 

Fig.4 P15 mouse cortex electroporated at P0 with the hGFAP-Cre plasmid together with the cre reporter 

pCALNL-GFP. B is a low-power composite of several images, arrows point to targeted astrocytes. C and 

D are examples of GFP+ astrocytes.  
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