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RELAZIONE:  
 

Background: 

Immunosuppression in the tumor microenvironment is induced by elevated concentration of growth 

factors, inflammatory mediators and metabolites, including adenosine. Adenosine is an ATP-

derived nucleoside produced by two ectonucleotidases, CD39 and CD73, expressed on tumor and 

regulatory immune cells surfaces (1). Extracellular adenosine levels can rapidly increase in 

response to pathophysiological conditions, such as hypoxia, ischaemia, inflammation or trauma. 

Under these conditions, adenosine is released into the extracellular space and acts as an alarm signal 

(2). Extracellular adenosine is an important autocrine and paracrine factor that acts through the 

interaction with G protein-coupled cell-surface receptors (GPCRs). There exist four Adenosine 

receptor subtypes that can either stimulate (A2AR and A2BR) or inhibit (A1R and A3R) adenylate 

cyclase (3). In the tumor microenvironment, immunosuppressive effects are mainly mediated by 

cAMP-elevating adenosine receptor A2AR. However, emerging evidence suggests that A2BR may 

also play a pivotal role in adenosine-mediated tumor progression (4, 5). Stromal accumulation of 

adenosine contributes to the recruitment of type II macrophages (TAM), regulatory T cells (Tregs) 

and myeloid-derived suppressor cells (MDSCs) which are involved in immune suppression, tumor 

growth and angiogenesis (6). MDSCs are a heterogeneous population of immature myeloid cells (7) 

which can inhibit both innate and adaptive immune responses against tumors (8). T-cells are 

essential effectors of tumor immunity (9). Activation of A2A receptor significantly reduces T-cell 

receptor (TCR)-triggered effector functions, including proliferation and production of cytokines and 

chemokines, preventing T cells activation and function via cAMP/ protein kinase cAMP-dependent 

(PKA) pathways (10, 11, 12). One of the crucial signaling pathways involved in T-cell 

development, lineage selection and activation is Notch. Recent studies highlight the pivotal role of 

Notch signaling in the differentiation and function of several T cell subsets (13). It is well 

documented that Notch is activated after T-cell receptor (TCR) engagement (14) and that Notch 

signaling is required for T-cell activation and for the cytotoxic activity of CD8+ T-cells. Notch1 is 

also required for the differentiation of CD8 effector cells (15) and constitutive expression of active 

Notch1 renders CD8 cells resistant to the immune suppressive activity of MDSCs (16). Notch 

proteins (Notch 1-4) are transmembrane receptors which are activated by engagement of 

transmembrane-bound ligands (Delta-like 1, 3, 4 and Jagged 1, 2, although Delta-like 3 is likely an 

inhibitory receptor). The interaction of Notch receptors with their ligands leads to a proteolytic 

cleavage which can release the active intracellular domain of Notch (NICD). NICD translocates 

into the nucleus where it associates with the transcriptional repressor CSL (CBF1-Suppressor of 



Hairless-Lag1), recruiting a co-activator complex and resulting in the expression of genes regulated 

by CSL (17). A number of pharmacological strategies have been developed to target Notch 

signaling, including antibodies to receptors or ligands and γ-secretase inhibitors (GSIs) that can 

prevent the last cleavage of Notch, decreasing the levels of NICD (18). 

In this project I investigated the crosstalk of Adenosine-Notch pathways in the effector function and 

proliferation of CD8+T cells. 

 

Methods: 

Cell isolation_ Splenocytes were collected aseptically from the spleen of naïve C57Bl6/j mice and 

CD8+ T-cells were isolated by immunomagnetic negative selection according according to 

manufacturer's instruction (EasySep Mouse CD8+ T Cell Isolation Kit, Stem Cell Technologies).  

Isolated cells were treated with the selective agonist of A2AR, CGS-21680, or the antagonist of A2A 

receptor, ZM-241385, at the concentrations of 1-5µM, upon activation with anti-CD3/CD28 

antibody. In a set of experiments activated CD8+T cells were co-treated with the PF-03084014 at 

the concentrations of 1-5µM. 

Proliferation assay_ To study how the treatments could affect CD8+ T cells proliferation, cells 

were stained with carboxyfluorescein diacetate succinimidyl ester (CFDA-SE, Life  technologies) 

according to manufacturer’s protocol. Stimulated cells (as described above) were collected after 72 

hours and analyzed by flow cytometer (Gallios). 

Elisa_ Granzyme B and IFN-γ concentration was measured by ELISA kits (Invitrogen by Thermo 

Fisher Scientific) in the supernatant of CD8+ T cells after 72 hours of treatments described above. 

Western blotting_ Cells were collected and washed in PBS before RIPA buffer lysis (SantaCruz 

Technology) in which was freshly added 1mM Protease and Phosphatase Inhibitor Cocktail 

(Thermo Scientific), 1 mM PMSF and 1 mM sodium orthovanadate. After protein concentrations 

using Bio-Rad protein assay, samples were analyzed by 7.5% Criterion TGX Precast Gels (Bio-

Rad) and transferred eletrophoretically to PVDF membranes (Immobilion-FL Transfer Membrane). 

Odyssey blocking buffer (Licor) was used to block non-specific binding sites and membranes were 

incubated with primary antibodies to evaluate the expression of Notch1 (C-20-R, sc-6014) and actin 

(AC-15, sc-69879). After incubation with secondary antibodies membranes were exposed to Licor.  

Real time RT-PCR_ mRNA levels of WT CD8+ T-cells were analyzed by Real-time PCR. Total 

RNA was isolated from treated cells using RNeasy Mini kit (Qiagen) following the manufacture’s 

instructions. Reverse transcription was performed with random hexamer primers or specific primers 

using the First strand cDNA synthesis Kit (Fermentase Life Science Co., EU) according to the 

manual. cDNAs were amplified by real time PCR using iTaqTM SYBR Green Supermix with ROX 

(Bio-RAd, CA) for Notch1, Hes1, IFN-γ and RPL3A. Samples were run in triplicate in a 96well 

Optical Reaction plate (Applied Biosystems, CA). The PCR reaction conditions were: 50oC for 2 

min, 95oC for 5 min, 35 cycles of 95oC for 30 sec, 59oC for 1 min, 72oC for 1 min, followed by 

dissociation step. Results were analyzed by utilizing the 7300 system Software (Applied 

Biosystems, CA).  
 

 

Results: 

In the first stage of the project CD8+ T-cells proliferation and the GranzymeB and IFN-γ 

production were analysed in CD8+ T-cells treated with CGS-21680 (A2AR selective agonist) with 

or without ZM-241385 (A2AR selective antagonist) upon activation with anti-CD3/CD28 antibody. 

The results show that stimulation of A2AR in activated CD8+T cells significantly reduced 

GranzymeB and IFN-γ production, and this effect was abrogated in presence of the antagonist ZM-

241385, confirming that these effects are mediated by A2A receptor activation, as already reported 

in literature (12). Stimulation of A2B receptor with Bay 60-6583 (A2BR selective agonist) and/or its 

antagonist PSB-1115 (A2BR selective antagonist) did not induce similar effects, ruling out any role 



of A2B receptor in modulating the activation of CD8+T cells. Interestingly, we observed that the 

inhibitory effects of CGS-21680 in activated CD8+T cells was associated with reduced expression 

of Notch1 expression levels. Accordingly, treatment of cells with PF-03084014 (GSI inhibitor), 

which is able to decrease the effector function of CD8+T cells, significantly enhanced the inhibitory 

effects of CGS-21680, suggesting that one of the immune suppressive mechanisms of Adenosine 

might involve the regulation of Notch1 expression via the A2AR (Figure1B). 

A                                   B 

                                             

 

 

Figure1. A) Expression of Notch1 in CD8 T-cells treated with A2AR agonist (CGS-21680), A2AR 

antagonist (ZM-241385) and the combination (C+ZM). B) Expression of Notch1 in CD8+ T-cells treated 

with A2BR agonist (Bay 60-6583), A2BR antagonist (PSB 1115) and the combination (B+P).  

The percentage of proliferating CD8+T cells reduced upon treatment with CGS-21680 in 

combination with PF. The levels of Granzyme B (Figure 2A) and IFN-γ (Figure 2B) significantly 

reduced in activated CD8+T cells treated with CGS or PF or CGS+PF. The levels of IFN-γ were 

also detected via RT-PCR. These data indicate that activation of A2A adenosine receptor and 

inhibition of Notch pathway sinergically reduces the effector functions of activated CD8+T cells. 

A                                                                                                        B 

 
Figure2. A) Granzyme B and B) IFN-γ production in CD8 T cells treated as described above. Data 

represent mean ± S.D. and are from three different experiments.***p<0.001. 

RT-PCR analysis were performed to determine whether activation of A2AR could transcriptionally 

control the expression of Notch1. However as shown in Figure 3 A the relative expression transcript 

levels of Notch 1 remained unchanged. Conversely the mRNA levels of Notch1-target genes Hes1 

and Myc (Fig 3B and 3C, respectively) were reduced in cells treated with CGS-21680, PF-



03084014 or CGS+PF. Altogether these results suggest that the stimulation of A2AR did not 

directly control the transcript expression levels of Notch1 but interfere with Nocht1-dependent 

signalling.  

A                                                         B                                                     C 

 

Figure3. A) Notch1 B) Hes1 and C) IFN-γ mRNA levels after 24, 48 and 72 hours of treatment of CD8+ T 

cells with CGS-21680, PF-03084014 and the combination (CGS+PF) upon activation with anti-CD3/CD28 

antibody. 

 

Conclusions: 

Our results suggest that the inhibitory effects of adenosine via A2A receptor could depend on the 

interference with Notch1 signaling pathway in CD8+T cells. This led us to suppose that there is a 

possible crosstalk between the adenosine and Notch pathways that significantly affect the effector 

functions of CD8+T cells.  
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