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RELAZIONE:  
 
Alzheimer’s disease is characterized by Aβ accumulation, leading to neuronal degeneration and, through the 

involvement of microglia and astrocytes, an inflammatory response that can further precipitate neuronal 

death. In physiological condition, only a small number of cells of the immune system reaches the CNS and 

exerts a role as immune surveillance. The entrance of these cells into the CNS is regulated by the blood brain 

barrier (BBB), constituted by specialized endothelial cells that strictly interact with astrocytes and pericytes 

to control drugs and solutes access towards the brain.  In several CNS diseases, modifications at the BBB 

occur and these events lead to an increased peripheral cells trans-endothelial migration. In AD there are 

several hints of BBB dysfunctions [1] . We have recently demonstrated that astrocytes play an important role 

in mediating Aβ damage on endothelial cells in an in vitro model of BBB. The release of one (or more) 

factor(s) from Aβ-challenged astrocytes increased endothelial sensitivity to Aβ, inducing tight junction (TJ) 

dysfunction and increased BBB permeability [2].  In this project we aimed to evaluate:  

I) whether Aβ exposure could modify peripheral blood mononuclear cells (PBMCs) ability to cross 

the BBB in vitro, analyzing in particular the role played by astrocytes in modulating endothelial 

interaction with immune cells 

II) the interaction between immune cells and astrocytes after Aβ exposure, considering that 

astrocytes are known to influence T cells polarization. 

A BBB in vitro model is reproduced by co-culturing human-derived astrocytes and endothelial cell lines on 

inserts of polycarbonate membranes that allow endothelial-astrocyte interaction, without direct physical 

contact. Endothelial-astrocytes co-cultures were exposed to Aβ and to a mix of inflammatory cytokines 

(TNFα and IFNγ), known to facilitate PBMCs’ trans-endothelial migration (TEM). Our intention was to 

establish a model in which PBMCs could cross the BBB, in the absence of endothelial cell death. We 

exposed endothelial cells to Aβ (2.5µM), TNF&IFN (TNF-α 10UI, IFNγ 5UI, T&I) and their association 

(Aβ+T&I) at different time points. Cultures were treated for 5, 18 and 24 hours. We then performed MTT 

assay to evaluate endothelial viability, and assessed barrier functions by measuring the permeability of the 

layer to FITC-conjugated dextran. The expression of claudin-5, evaluated in western blot analysis, was an 

indicator of junctions’ tightness. We established that 5-hour treatment was a feasible time to induce 

alterations in endothelial properties (increased permeability to dextran, and reduced claudin-5 expression) 

without affecting viability. These conditions could simulate an initial phase of the pathology, when the 

accumulation of Aβ begins, and the BBB starts modifying its functions. 
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We then wondered if, together with modifications in barrier permeability, the capability of PBMCs to 

migrate through the in vitro BBB model was modified in these experimental conditions. Endothelial cells 

and astrocytes were co-cultured on polycarbonate transwell inserts (8 μm pores), and when confluent, 

exposed to treatment for 5 hours. PBMCs, isolated from fresh heparinized blood of healthy subjects, were 

plated on the top of the endothelial (luminal) side of the inserts, and allowed to transmigrate towards the 

abluminal side for 3 and 18 hours. Migrated PBMCs were recovered from the bottom of chamber and 

enumerated by a hemocytometer. As previously demonstrated [3], PBMCs crossed more easily the in vitro 

BBB previously exposed to inflammatory insult (T&I). Surprisingly, we observed that the migration rate of 

PBMCs towards the in vitro BBB exposed to Aβ, was significantly reduced if compared to T&I, effect 

reproduced also when co-cultures were challenged simultaneously with both T&I and Aβ. Evaluation of the 

expression of adhesion molecules (ICAM-1), adherens junctions, and the release of chemoattractant factors 

by astrocytes and endothelial cells in the above described conditions is ongoing. 

At the same time, we analyzed by flow cytometry the phenotype of the lymphatic cells able to cross the 

BBB. We observed an enrichment in CD3+ (T cells) in the migrated population. Furthermore, a higher 

number of CD4+ cells was able to cross the BBB in all the conditions analyzed. This observation justifies 

our choice to co-culture astrocytes with CD4+ cells. It is in fact known that astrocytes play a role in innate 

CNS immunity. Astrocytes, interact with T cells after they cross the BBB [4] and, under inflammatory 

conditions, express chemokines known to induce T cell recruitment, and may modulate T cell polarization 

[5]. Our next step will be to understand if, when co-cultured with astrocytes, naïve CD4+ cells polarization is 

differently modulated. Purified CD4+ cells will be isolated and co-cultured with resting or Aβ-challenged 

astrocytes. 

Preliminary data indicate that astrocytes, regardless of their previous exposure to Aβ, support CD4+ survival 

and proliferation. They also influence CD4+ polarization, and our initial results show that the percentage of 

IL-4 positive cells is slightly modified when CD4+ are co-cultured with astrocytes.   
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