
                                                                

1 
 

 
NOME E COGNOME: BORTOLOTTO VALERIA  
 
UNIVERSITÀ: del Piemonte Orientale “A. Avogadro”, Novara 
 
DIPARTIMENTO: Dipartimento di Scienze del Farmaco  

TUTOR: Prof.ssa Mariagrazia Grilli 

TIPOLOGIA DI BORSA RICEVUTA: Borsa di Studio SIF MSD Italia 
 
TIPOLOGIA DI RELAZIONE (es.: metà periodo o finale): relazione di metà periodo 
 
TITOLO DELLA RELAZIONE: β2 adrenergic receptors as novel players and targets in the modulation of adult 

hippocampal neurogenesis (AHN) 

 

RELAZIONE:  
 
    The formation of new neurons in the hippocampus of adult mammalian brain represents an exciting topic 
in neuroscience. In the last decade several groups demonstrated that adult Hippocampal Neurogenesis 
(AHN) is involved in learning and memory and that it is altered in several important neurodegenerative and 
neurodevelopmental diseases characterized by cognitive deficits (1). A better knowledge of the molecular 
basis of AHN regulation may contribute to a better understanding of the pathophysiological basis of such 
disorders as well to the identification of new therapeutic avenues for AHN and potentially correlated 
cognitive deficits. In the past years our group contributed in revealing novel molecular pathways involved in 

AHN, among them the transcription factor NF-B p50 whose absence results in a significant reduction of 
AHN in vivo, associated with short-term memory defects (2). The noradrenergic neurons of Locus Coeruleus 
(LC) provide input throughout the neuraxis, modulate aspects of cognition and degenerate in several 
disorders including Alzheimer's Disease (AD) and Down Syndrome (DS). Interestingly, LC neuronal loss is an 
early event in AD, even noted in patients with mild cognitive impairment and in DS (3). Since the 
hippocampal region where Neural Progenitor Cells (NPC) reside receives a rich norepinephrine (NE) 
innervation, the relationship between AHN and NE neurotransmission is of great interest. Recently we also 
demonstrated that in vitro NE promotes neuronal differentiation of hippocampal NPC derived from wild 

type (WT) mice but is totally devoid of effects when tested on NF-B p50 knockout (KO) NPC. Interestingly 
we discovered that p50KO NPC lack expression of β2 adrenergic receptor (AR).  
Based on these preliminary observations we decide to investigate the relevance of β2-AR, compared to 

other AR subtypes, in the modulation of AHN by NE and the potential involvement of NF-B signalling. 
 
During the first months of my project I took advantage of the well established in vitro model available in 
our laboratory, namely primary culture of Neural Progenitor Cells derived from hippocampi of adult mice. 
NPC are undifferentiated and multipotential cells that in absence of growth factors stop dividing and 
differentiate giving rise to the different cell populations present in the adult central nervous system. By 
double immunolabeling for markers of neurons (MAP-2) and undifferentiated progenitors (nestin), the 
appearance of newly generated neurons (MAP-2+/nestin- cells) and neuroblasts (MAP-2+/nestin+ cells) can 
be evaluated and quantify (4). Under these experimental conditions I tested the effect of β2-AR agonists on 
WT NPC neuronal differentiation.  

When WT NPC were differentiated for 24 h in presence of salmeterol (Kiβ2 1.5 nM; 0.1-10 nM) I observed 
a significant increase in the percentage of MAP-2+/nestin- and MAP-2+/nestin+ cells compared to 
vehicle-treated cells, without any effect on apoptotic rate. Similar results were also obtained in 



                                                                

2 
 

presence of another highly selective β2-AR agonists, formoterol. These data suggest a 
proneurogenic effect induced by β2-AR agonists in vitro.  
To confirm that salmeterol proneurogenic effects are mediated by β2-AR, NPC were pretreated with ICI 
188,551 (100 nM), SR59230A (300 nM) and CGP20712 (10 nM), selective β2- β3- and β1-AR antagonist, 
respectively, in presence of 3 nM salmeterol. As expected, only ICI 188,551 completely prevented the 
proneurogenic effects induced by salmeterol, while SR59230A and CGP20712 had no effect.  
To complete the investigation of β2-AR agonists on NPC differentiation, I generated hippocampal NPC 
cultures from β2-AR KO mice. As expected, when β2-AR KO NPC were treated with salmeterol and 
formoterol no drug-mediated proneurogenic effects were observed.  
Subsenquently, in order to pharmacologically characterize the proneurogenic effects induced by NE and to 
further confirm the role of β2-AR in the promotion of neuronal differentiation in our culture system, NPC 
were exposed to NE in presence of the selective β2-AR antagonist ICI 118,551 (100 nM). The antagonist was 
able to completely prevent the significant increase in mature neuron and neuroblast percentages induced 
by NE, while no effect was observed in presence of the antagonist alone. NE was also devoid of its 
proneurogenic effects on β2-AR KO NPC. These data demonstrate that NE promotes neuronal 
differentiation of NPC through activation of β2-AR.  

In the past our group established the relevance of NF-B proteins in the proneurogenic effect of several 
drugs (5,6) and neuronal mediators on adult hippocampal NPC differentiation (4,7). For these reason I 

decide to investigate also the involvement of NF-B family members and in particular the p50 subunit in 
the proneurogenic effects of β2-AR agonists in vitro.  

The co-treatment of WT NPC with the peptidic inhibitor of NF-B p 50 nuclear translocation, SN50 

completely blocked the increase of MAP-2+/nestin- and MAP-2+/nestin+ cells induced by the β2-AR 
agonist salmeterol. 
As mentioned before, p50KO NPC do not express β2-AR, indeed both salmeterol and formoterol had no 
effects on their neuronal differentiation.  
Our preliminary data also demonstrated that p50 KO NPC are unresponsive to NE proneurogenic activity. 

To confirm that activation of NF-B p50 is required by NE to exert its proneurogenic activity, neuronal 
differentiation of WT NPC was also assessed in presence of NE and SN50. As expected SN50 counteracted 
NE in the promotion of neuronal differentiation.  
 
Altogether these preliminary data confirmed that NE and β2-AR agonists are able to promote neuronal 
differentiation of adult hippocampal NPC in vitro. Additionally, the experiments conducted to assess the 
molecular pathways underlying their proneurogenic effects, demonstrated that both β2-AR subunit and NF-

B p50 are involved. 

Future experiments are planned in order to investigate if also other members of the NF-B family are 
involved in NE and β2-AR agonists effects on NPC differentiation. Additionally, I will also try to correct β2-

AR expression in p50KO NPC and to demonstrate a cause-effect relationship between NF-B p50 absence 
and β2-AR downregulated in hippocampal NPC.  
The β2-AR agonist effect on AHN will also be measured in vivo. Indeed, at the moment a pharmacological 
treatment with a selective β2-AR agonist is ongoing.   
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