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RELAZIONE:  
 
The overall aim of the present project was to investigate the role of the purinergic system, and in particular 

of the P2Y2 receptor (P2Y2R) subtype, whose crucial involvement in the development and maintenance of 

inflammatory trigeminal (TG)-related pain has already been demonstrated (Magni et al., Glia 63:1256-69, 

2015), in the pathogenesis of migraine attacks in a mouse model of Familial Hemipegic Migraine type 1 

(FHM1), in order to exploit it as innovative analgesic drug target. 

In the first part of the present project I have focused my experimental work on the characterization of tissues 

from FHM1 mutant mice (as provided us by our external collaborators), by evaluating the expression of 

several glial and myelination markers and of selected purinergic receptors. 

 

In the half-period report of my fellowship, I showed that an altered astrocytic/microglial reactivity is basally 

present in the brain of R192Q animals, probably because of the increased neuronal excitability. I have also 

detected a dysregulation of the myelination process as a consequence of the neuronal Cav2.1 ion channel 

mutation expressed by these transgenic mice, which might, in turn, participate to their higher brain 

excitability. Concerning the purinergic system, I have shown that the specific genotype of FHM1 animals does 

not translate into basally increased expression of P2YRs (namely, the UTP-responsive P2Y2R and the ADP-

sensitive P2Y1R subtype as a comparison) in the TG. 

 

 

Results 

 

In the second part of my fellowship, I have initially completed the characterization of glial cells reaction in 

the CNS of FHM1 mice. Afterwards, I have set up the migraine model based on the intermittent 

administration of nitroglycerin (NTG), and evaluated the modulation of P2YRs in the TG. 



                                                                
 

1. Increased phosphorylation of ERK1/2 MAP-kinase is detected in the brain of FHM1 mice. 

Extracellular-signal-regulated kinases (ERKs) are widely expressed protein kinases that act as intracellular 

signaling molecules and are involved in several cell functions. Many different stimuli, including growth 

factors, cytokines and ligands for heterotrimeric G protein-coupled receptors, can activate the ERK pathway. 

Our laboratory has previously demonstrated that the pro-algogenic peptide CGRP released from peripheral 

sensory neurons induces glial P2YR up-regulation via the ERK1/2 MAP kinase pathway (Ceruti et al., J Neurosci 

31:3638-49, 2011); therefore, we have investigated the phosphorylation/activation state of these proteins in 

the brain and TqG of FHM1 mice by Western blotting analysis. Results show a significant increase of 

phosphorylated ERK1/1 in the cortex (Figure 1A) and a trend to increase in the striatum (Figure 1B) of FHM1 

mice compared to WT, while no changes have been detected in the TG (not shown). These data suggest that 

a basal over-activation of the kinase signaling pathway is present in the CNS of KI mice, probably as a 

consequence of the neuronal Cav2.1 ion channel mutation expressed by transgenic mice, which translates 

into a basal pro-inflammatory condition.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: increased phosphorylation of ERK1/2 MAP kinase is detected in the brain of FHM1 mice. 
Portions of the cortex (A) and of the striatum (B) from WT and KI mice were lysed in lysis buffer and prepared 
for Western blotting analysis, as described above. Filters were incubated with mouse anti-phospho-ERK1/2 
(pERK1/2) and rabbit anti-ERK1/2 primary antibodies (1:500 and 1:1,000, respectively). After ECL and 
autoradiography, the relative amount of phosphorylated protein was evaluated by the ImageJ program and 
the ratio with the corresponding total ERK1/2 value was calculated. The two bands were analyzed altogether. 
Representative images are shown on the right. Histograms show the optical density of protein bands 
expressed as mean±S.E.M.; data were obtained from 3 and 4 animals for WT and KI group, respectively. 
*P<0.05 with respect to WT, Student’s T test. 
 

2. Reactive microglia is observed in the brain of FHM1 mice. 

In the first part of my fellowship, I have investigated the expression levels of typical glial markers in the brain 

and in the TG of FHM1 mice, both in terms of protein and mRNA. A significant up-regulation of glial fibrillary 

acidic protein (GFAP) expression was detected by densitometric analysis and Western blotting in the brain of 



                                                                
FHM1 mice compared to WT, suggesting that the observed reactive gliosis is accompanied by an increased 

protein synthesis, at least in the case of astrocytes.  

We have extended this analysis to microglial cells, by performing immunofluorescence staining of Iba1 on 

the whole brain (Figure 1A) to study microglial cells reaction in different ways. First, we have counted the 

total number of Iba1+ cells in the whole brain; as shown in Figure 2B, a significant increase in the number of 

microglial cells was detected in the brain of FHM1 mice compared to WT. The same analysis has been 

performed on the brainstem, but no changes were detected (not shown).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: reactive microglia is detected in the brain of FHM1 mice. 
Three-months old WT and R192Q (KI) animals were perfused in 4% paraformaldehyde, and, after 
decapitation, the brains were removed, frozen, and cut on a cryostat. Coronal slices of the brains were stained 
with primary antibody against Iba1 (1:500). Data were obtained from 3 and 4 animals for WT and KI animals, 
respectively.  
A: representative pictures showing Iba1+ cells in the cortex of WT and KI mice, captured at 40x magnification; 
scale bars: 25 µM. Magnified details show representative cells traced with the «Simple neurite tracer» tool of 
the Fiji-ImageJ software. Junctions and branches are shown. 
B: the number of Iba1+ microglial cells was counted in the whole slice of sections captured at 20x 
magnification (not shown). Histograms show the mean±S.E.M. of Iba1+ cell number/area in the whole brain. 
*P<0.05 with respect to WT, Student’s T test. 
C: 10 randomly chosen optical fields from the cortex and striatum of each animal were acquired at 40x 
magnification, and subsequently converted in binary format by using the Fiji-ImageJ software. From each 
field, 3 random cells were traced with the «Simple neurite tracer» tool, and the area covered by the dendritic 
tree was measured. Histograms show the mean±S.E.M. of the dendridic tree area of Iba1+ cells in the cortex 
(left) and in the striatum (right) of WT and KI animals. *P<0.05 with respect to WT, Student’s T test.  



                                                                
Moreover, it is known that resting microglial cells, when subjected to a damage stimulus, start to switch to 

their activated shape by extending their processes, and only afterwards they acquire a phagocytic shape by 

retracting processes (Domercq et al., Front Cell Neurosci 7:49, 2013). Therefore, we have analyzed the 

morphology of microglial cells by means of the “Skeletonize” tool of the NIH Fiji ImageJ software (Fontainhas 

et al., PLoS One 6(1):e15973, 2011). Briefly, we have acquired at 40x magnification 10 randomly chosen 

optical fields from the cortex and striatum of each animal, converted them in binary format and 

“skeletonized” (see magnified details in Figure 2A). From each field, we have traced 3 randomly chosen cells 

with the «Simple neurite tracer» tool, and measured the area covered by the dendritic tree. Histograms in 

Figure 2C show a significant increase of the area covered by the dendritic tree both in the cortex and in the 

striatum of FHM1 mice compared to WT, thus suggesting an activated phenotype.  

 

The “Skeleton analysis” also allowed us to measure the total number of branch segments (Figure 2A, orange 

arrows) and of junctions (blue arrows) in each cell, as further parameters of process extension. To perform 

this analysis, we have compared the distribution of microglial cells (expressed as percentage of the total 

number of traced cells) in intervals of increasing number of branches and junctions. Histograms in Figure 3 

show that, in the cortex, most of microglial cells from WT mice have a low number of branches, peaking in 

the interval of 36-55 (Figure 3A), and junctions, peaking in the intervals of 11-20 and 21-30 (Figure 3B). 

Conversely, a completely different trend is observed for FHM1 mice, with 23% of the total cell number having 

more than 115 branches (Figure 3A); as for the number of junctions, the peak of the distribution is in the 21-

30 and 31-40 intervals, but around 15% of the total cell number has more than 60 junctions, while no cells 

from WT mice have been counted in this interval (Figure 3B).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                
 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
Figure 3: more branched microglial cells are detected in the cortex of FHM1 mice. 
Ten randomly chosen optical fields from the cortex of each animal were acquired at 40x magnification, and 
subsequently converted in binary format by using the Fiji-ImageJ software. From each field, 3 randomly 
chosen cells were traced with the «Simple neurite tracer» tool, and the total number of branches and junctions 
for each cell was measured with Sketeton analysis. Histograms show the distribution of Iba1+ cells in 
increasing branch (A) and junction (B) number intervals in the cortex of WT and KI animals. Data were 
obtained from 3 and 4 animals for WT and KI animals, respectively.  
 

The same trend is observed for the striatum, as shown by the histograms in Figure 4, concerning the number 

of branches (Figure 3A) and the number of junctions (Figure 3B).  

 

To summarize, data shown in figures 2, 3 and 4 clearly demonstrate that microglial cells in FHM1 mice have 

a reactive structure already under basal conditions.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: more branched microglial cells are detected in the striatum of FHM1 mice. 
Ten randomly chosen optical fields from the striatum of each animal were acquired at 40x magnification, and 
subsequently converted in binary format by using the Fiji-ImageJ software. From each field, 3 randomly 
chosen cells were traced with the «Simple neurite tracer» tool, and the total number of branches and junctions 
for each cell was measured with Sketeton analysis. Histograms show the distribution of Iba1+ cells in 
increasing branch (A) and junction (B) number intervals in the striatum of WT and KI animals. Data were 
obtained from 3 and 4 animals for WT and KI animals, respectively.  
  
 

Overall, these data suggest that an altered astrocytic/microglial reactivity is basally present in the brains of 

R192Q animals, probably as a consequence of the increased neuronal excitability. 

 

3. P2Y1R and P2Y2R protein expression in the TG is modulated following induction of migraine.  

In the last part of the project, thanks to the recently obtained authorization from the Italian Ministry of Health 

(Legislative Decree 26/2014) to perform in vivo experiments on FHM1 mice (authorized project: “Nuove 

strategie terapeutiche per il dolore trigeminale e l’emicrania: studi in vivo e in vitro su ratti e topi”. 

Responsabile: Prof. MP Abbracchio), and thanks to the collaboration with the group of Prof. Tassorelli at the 

Istituto Neurologico Mondino in Pavia, we have analyzed the expression of P2YRs in a migraine model based 

on the acute administration of nitroglycerin (NTG; Pradhan et al., 2013). Since this model of migraine is 

sensitive to CGRP antagonists (Greco et al., 2013), which are commercially available anti-migraine drugs, it 

likely represents a reliable pain paradigm to correlate results with the clinical manifestations of migraine 

attacks. To set up the model, we have performed a pilot experiment on adult male rats, since behavioral 

experiments for the evaluation of pain development are easier to perform compared to mice. Briefly, rats 

have been administered i.p. with 10 mg/kg NTG in saline solution (administered alone as control group); after 

4 hours, rats have been sacrificed, TG were excised and protein lysates were prepared for Western blotting 

analyses of P2YRs protein expression. Histograms in Figure 5 show that NTG administration induces an 

increase in both P2Y1R and P2Y2R protein expression, compared to animals treated with saline solution.  

This experiment, although preliminary, suggests that a migraine trigger such as NTG administration 

modulates P2YRs expression in the TG. Further experiments are needed in order to confirm this result, and 

set up the NTG model in transgenic FHM1 mice. 

 



                                                                
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 5: trigeminal P2Y1R and P2Y2R protein expression is modulated following induction of migraine.  
Histograms show the densitometric analysis of P2Y1R (left) and P2Y2R (right) protein bands in the trigeminal 
ganglia of mice exposed to the nitroglycerin protocol for the induction of migraine pain. Results have been 
normalized for the corresponding β-actin values, used as an internal loading control, and expressed as fold 
over CTR value set to 1. Data are the mean±S.E.M. of 3 rats per each condition from one pilot experiment. 
Representative Western blotting experiments are shown at the bottom of corresponding histograms. 
 
 

Conclusions and future plans 

 

Results obtained during my one-year fellowship clearly demonstrate that KI mice bearing the R192Q 

mutation show signs of astrogliosis and microgliosis, both in the brain and in the TG.  

It also emerged that FHM1 animals bear a general deficit in the number of OPCs expressing the purinergic-

like receptor GPR17,  and that this decrease  is more pronounced in the striatum; in parallel, we observed an 

increase in proteins related to myelination (i.e. CNPase and MBP). These observations are in agreement with 

each other, since GPR17 expression is down-regulated when oligodendrocyte differentiation takes place. 

Studies with additional markers of pre-oligodendrocytes are needed to verify whether GPR17 down-

regulation reflects either a real reduction in the overall number of OPCs in FHM1 mice or rather their 

increased terminal differentiation. 

Concerning other purinergic receptors, we have shown that the specific genotype of FHM1 animals does not 

translate into basally increased expression of P2YRs (namely, the UTP-responsive P2Y2R and the ADP-

sensitive P2Y1R subtype as a comparison) in the TG, while their expression is modulated by exposure to a 

specific pain paradigm; the next step will be to verify whether their pharmacological manipulation can 

promote analgesic effects. 

In conclusion, both purinergic receptors on glial cells and myelination pathways represent interesting targets 

to be pharmacologically modulated and exploited as innovative “druggable” targets to treat migraine in its 

different features. 
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