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INTRODUCTION 

 

Adenosine is an endogenous purine nucleoside that regulates numerous cellular functions 

including inflammation (Haskó and Cronstein. 2004;2013). Extracellular levels of adenosine 

rise several-fold in response to increased metabolic demand, injury or stress such as 

ischemia and inflammation mainly by breakdown of adenosine triphosphate (ATP) that is 

released either by lysis or non-lytic mechanisms from multiple cell types (Bours et al., 2006; 

Antonioli et al., 2013). Adenosine is one of the many biomolecules that accumulate in the 

inflammatory milieu, conferring pleiotropic effects which can be beneficial or harmful. Strong 

evidence from in vitro and in vivo studies indicate that adenosine can down-regulate 

inflammation primarily through the  A2 adenosine receptor (A2A R), a member of the G-protein 

coupled receptors (Fredholm et al., 1996; Link et al., 2000; Sitkovsky 2003; Antonioli et al., 

2006; Hasko and Pacher 2008). In the extracellular space, adenosine is produced via 

enzymatic hydrolysis of extracellular ATP in a two-step enzymatic process regulated by 

ectoenzymes. In this cascade, the ectonucleoside triphosphate diphosphohydrolase 1 (CD39) 

dephosphorylates pro-inflammatory ATP to adenosine diphosphate (ADP) and adenosine 

monophosphate (AMP) whereupon ecto-5'-nucleotidase/CD73 hydrolyses AMP to anti-

inflammatory adenosine. Ecto-5'-nucleotidase/CD73 is the rate-limiting enzyme in extracellular 

adenosine production that provides a negative feedback to prevent additional tissue damage 

(Zimmermann, 2000). 

The adenosine signaling pathway has also been shown to be involved in the molecular 

mechanism of several well known anti-inflammatory drugs. Indeed, there is evidence that 

CD73 is required for the anti-inflammatory effect of methotrexate (Montesinos et al., 2007); 

furthermore, the beneficial effect of interferon (IFN)-beta in patients affected by multiple 

sclerosis has been associated to CD73 upregulation at the blood-brain barrier (Niemelä et al., 

2008); evidence shows that the anti-inflammatory effects of aspirin involves also adenosine 

accumulation, independently from COX inhibition (Cronstein et al., 1999).  

Nimesulide (N-(4-Nitro-2-phenoxyphenyl)-methanesulfonamide) is a Nonsteroidal anti-

inflammatory drug (NSAIDs), selective cyclooxygenase 2 (COX-2) inhibitor.  

Nimesulide shows some peculiar pharmacological effects that are not shared with other 

NSAIDs (whether they were non-selective inhibitors or selective COX-2 inhibitors) which does 

not seem to be attributed to COX-2 inhibition. Indeed nimesulide has been shown to inhibit 



                                                                

 

cancer cell proliferation (Shaik et al., 2004; Liang et al., 2009), to protect rats from cerebral 

ischemia (Candelario-Jalil, 2008) and to protect from nonsteroidal anti-inflammatory drug-

induced ulcers (Süleyman et al., 2002). On the inflammatory process, nimesulide shows a wide 

spectrum of actions that includes inhibition of cytokine production and of cell activation, but 

also reactive oxygen species (ROS) scavenging activity (Rainsford, 2006; Süleyman, et al., 

2008). 

Various mechanisms have been proposed to explain these particular effects: a direct 

interaction with adenosine receptors (Capecchi et al., 1993); the inhibition of the enzyme 

phosphodiesterase IV (Bevilacqua et al., 1994). Recently, it has been shown that nimesulide 

potentiates the anti-rheumatic profile of methotrexate in collagen – induced arthritis in mice. 

Authors hypothesize that both drugs might share a common mechanism involving adenosine 

release or adenosine receptor activation on immune cells (Al-Abd et al, 2010). 
 

AIM 
 

In the present study we planned to investigate the involvement of CD73/adenosine pathway in 

the anti-inflammatory effect of nimesulide by performing in vitro experiments, on J774 

macrophage cell line. 

 

MATERIALS AND METHODS  

 

Cell culture  

 

The murine monocyte/macrophage cell line J774A.1 (American Type Culture Collection, 

Rockville, MD) was grown at 37°C in humidified 5% CO2/95% air in Dulbecco's modified 

Eagle's medium (DMEM, Gibco) supplemented with 10% fetal bovine serum (FBS), 25 mM 

HEPES, 100 U/mL penicillin, 100 mg/mL streptomycin and 1% sodium pyruvate. The cells were 

maintained in 10 cm2 dishes and for experiments were plated in 24 or 96 culture wells at a 

density of 2.5×105 cells/ml/well for 18 h.  

 
Cell treatment 

Non-adherent cells were removed by washing with sterile phosphate buffered saline (PBS) and 

immediately before the experiments, the culture medium was replaced by fresh medium. Cells 

were pre-incubated with the following compounds: nimesulide (100 µM) alone or in 

combination with the A2A antagonist, ZM241385 (10 µM) or with the CD73 inhibitor, Adenosine 

5′-(α,β-methylene)diphosphate (APCP 5 µM); celecoxib (10 µM) alone or in combination with 

APCP (5 µM) and ZM241385 (10 µM); the A2A agonist, CGS21684 (1 µM) alone or in 

combination with ZM241385 (10 µM). All incubations were performed  1 h  before cell 

activation with lipopolysaccharide (LPS) from E. Coli (serotype 011:B4; 1 µg/ml). Controls 

were performed by cell incubation with DMSO (at a final concentration of 0.05 %), that was 

the vehicle for all compounds. Cells were then maintained for 24 h in a humidified incubator at 

37 °C under 5% CO2 atmosphere.  

Nitrite assay 

J774 were cultured  in 96 well plates and treated as described above. The nitrite production 

was measured in the culture medium by the Griess reaction. Briefly, 100 µl of the culture 

medium 24 hours following challenge with LPS was mixed with an equal volume of Griess 

reagent (1% sulphanilamide and 0.1% naphthylethylenediamine in 5% phosphoric acid) and 

incubated at room temperature for 10 min. The absorbance at 540 nm was recorded using 

microplate reader. The amount of nitrite (as μmol/L) was calculated by extrapolation from a 
sodium nitrite standard curve and expressed as µM.   



                                                                

 

Determination of CD73 and A2A expression by Fluorescence-activated cell sorting 
analysis  

J774 macrophages were cultured in 24-well plates and treated as described above. After 24 

hours, the cells were harvested, resuspended in MACS buffer (BSA 0.5% , EDTA 5 mM in PBS) 

and pre-incubated with FcR Blocking Reagent (Miltenyi Biotech, Auburn, CA, USA) for 10 min 

at 4 °C. 

Then the cells were stained with the following antibodies: CD11b APC-conjugated antibody 

(clone: M1/70.15.11.5; isotype: rat IgG2b; 1:100 dilution) and with Mouse 5'-

Nucleotidase/CD73 PE-conjugated Antibody (clone:496406; isotype: Rat IgG2a; 1:10 dilution) 

for 20 min at 4 °C in dark.  

In another set of experiments, cells were incubated with a mouse monoclonal antibody against 

A2A(A2A-R 7F6-G5-A2; Santa Cruz Biotechnology, 1: 400 dilution) for 1 h at 4°C and after 

washing with MACS buffer cells were incubated with a fluorescence-conjugated anti mouse 

antibody (AlexaFluor488, 1:2000 dilution, Life Technologies) for 1 h at 4° C in the dark. After 

two washings, cells were analyzed on Fluorescence-activated cell sorting analysis (FACS). 

J774A.1 were also DAPI-stained to exclude dead cells. Subsequently percentage of cells 

expressing CD73 or A2A was determined by FACS after gating CD11b+ living cells. 

FACS analysis was carried out on a FACS Calibur FACS Canto, or LSR II (BD Biosciences, 

Heidelberg, Germany). Ten thousand cells were analyzed in each sample. Data were analyzed 

using FACS Diva (BD Biosciences, Heidelberg) and expressed as a percentage of cells positive 

for CD73 and for A2A expression. 

 

Determination of CD73 activity by Ultra-Performance Liquid Chromatography 

CD73 activity was measured in 24 well plates containing J774 macrophage cell line treated as 

described above by quantifying the conversion of  1, N6- Etheno-adenosine-5‘-O-

monophosphate (ε-AMP, a bioactive, fluorescent analogue of AMP, BIOLOG) to 1, N6- Etheno-

adenosine (ε-adenosine) using Ultra-Performance Liquid Chromatography (UPLC). Briefly, cells 

were washed three times with GIBCO Hank's Balanced Salt Solution (HBSS) without ε-AMP . 

Afterwards  the cells were incubated with ε-AMP (50 µM) in HBSS for 10 minutes at 37 °C. To 

determine assay specificity, a similar analysis was performed in cells untreated in the presence 

of the CD73 inhibitor, APCP (adenosine α,β-methylene 5′-diphosphate SIGMA-ALDRICH, 50 

µM). To stop the reaction an aliquot of 60 µl of the incubation medium was transferred into an 

Eppendorf tube on ice and centrifuged at 4 °C for 2.5 min at 550 g. Aliquots of 40 µl were 

applied to an ACQUITY UPLC® H-Class Bio (WATERS Corp. Milford, MA, USA) and ε-adenosine 

was separated by running a linear gradient of buffer A (150 mM KCl/150 mM KH2PO4 at pH 6) 

and buffer B (15% (v/v) solution of acetonitrile in buffer A) with a flow profile of 0,294 mL/min  

(0-0.54 min. 100% A; 0.54-1.24 min. 97% A and 3% B; 1.24-4.17 min. 91% A and 9% B; 

4.17-7.45 min. 50% A and 50% B; 7.45-8.37 min. 50%A and 50% B; 8.37-8.45 min. 100%A) 

using a high pressure gradient mixing device. The performance was done on an Acquity 

UPLC BEH C18 column (2.1×150 mm, 1.7 µm; Waters Corp).  The analyte ε-adenosine was 

detected at 254 nm and its concentration was calculated with reference to standards of known 

concentration (ε-adenosine, BIOLOG) and expressed as µM. The EMPOWER 3 software 
(WATERS Corp.) was used for data analysis.  

Statistical analysis 

 

Data are expressed as the mean ± S.E. and analyzed by one way ANOVA followed by 

Bonferroni’s test for multiple comparisons or by Dunnett’s test. A value of p<0.05 was taken 

as statistically significant.  

 

 

 



                                                                

 

RESULTS 

Effect of treatments on nitrite production from LPS activated J774 macrophages 

First of all, we assessed the anti-inflammatory role of adenosine A2A receptor on J774 

macrophage cell line. The role of adenosine A2A receptor on J774 macrophage cell line was 

confirmed by evidence that the A2A agonist, CGS21684 (1 µM), reduced nitrite production 

following cell activation with LPS (16.9 ± 0.80 µM, ***p<0.001 vs. vehicle; n=6) and the 

observed effect was reverted by the concomitant addition of ZM241385 (10 µM), (29.4 ± 0.60 

µM, §§§p<0.001 vs. CGS21680; n=5). Then we evaluated the anti-inflammatory effect of two 

COX-2 inhibitors, nimesulide and celecoxib, as inhibition of nitrite accumulation on LPS 

stimulated J774. Both nimesulide (100 µM) and celecoxib (10 µM)  inhibited nitrite production 

from LPS – activated J774  (nimesulide, 15.6 ± 1.72 µM; celecoxib, 18.9 ± 0.59 µM; 

***p<0.001 vs. vehicle; n=6) at a concentration that inhibited PGE2 production as evident 

from our previous preliminary results. To establish if adenosine signaling through A2A were 

involved in nimesulide anti-inflammatory effect we pre-treated J774 with nimesulide and the 

A2A antagonist ZM241385 (10 µM). The effect of nimesulide was reverted when ZM241385 was 

added after 6h (25.3 ± 0.41 µM, §§§p<0.001 vs. nimesulide; n=6). Interestingly, the effect of 

ZM241385 was lost when added concomitantly to nimesulide suggesting that adenosine A2A 

receptor was likely involved but not directly activated by nimesulide. To evaluate whether our 

findings were peculiar of nimesulide or shared with other COX2 inhibitors, we also performed 

the experiment on J774 macrophage cell line pre-incubated with another selective COX2 

inhibitor, celecoxib. ZM241385 did not modified celecoxib ability to reduce nitrite accumulation 

from LPS-activated J774. In order to verify whether adenosine generated through ecto-5'-

nucleotidase/CD73 activating A2A receptor were implicated in nimesulide anti-inflammatory 

effect we used  CD73 inhibitor, APCP (5 µM). CD73 inhibitor, APCP, reverted the inhibitory 

effect of nimesulide  on nitrite accumulation (22.41 ± 1.30 µM, §§§p<0.001 vs. nimesulide; 

n=6) suggesting the involvement of the ecto-enzyme in its anti-inflammatory effect. APCP did 
not modified inhibitory effect of celecoxib on nitrite production following LPS stimulation.               

Effect of nimesulide and celecoxib on CD73 and A2A expression  

To check if nimesulide could modify CD73 and A2A expression on J774 we performed flow 

cytometry. Neither nimesulide nor celecoxib modified CD73 surface expression. LPS 

significantly increased CD73 and A2A expression on J774 (87.1 ± 3 % CD73 positive cells; 76.8 

± 2 % A2A positive cells, ***p<0.001 vs. cells; n=5) and nimesulide treatment caused a 

significantly increased of A2A expression on unstimulated J774 (76.1 ± 1.6 % positive cells,   

**p<0.01 vs. vehicle; n=5).                                  

Effect of nimesulide and celecoxib on CD73 activity  

CD73 inhibition reverted nimesulide anti-inflammatory effect but nimesulide did not modify 

CD73 surface expression. So, it was interesting to determine if nimesulide could have an effect 

on CD73 activity. CD73 activity was evaluated as ε-adenosine accumulation in the cell culture 

reaction medium following incubation with the substrate ε-AMP as described by Jamal et al., 

1988. The product ε-adenosine is neither a substrate for nor an inhibitor of adenosine 

deaminase, which catalyzes the irreversible deamination of adenosine and deoxyadenosine to 

inosine and deoxyinosine, respectively, decreasing adenosine levels. ε-AMP hydrolysis was 

rather low, suggesting a negligible  contribution of alkaline phosphates or other AMP degrading 

enzymes. First of all, we found that CD73 activity was reduced following J774 activation with 

LPS, according to previous results. It has been demonstrated that LPS-activated murine 

peritoneal macrophages show a pro-inflammatory profile characterized by reduced CD73 

activity and expression, in contrast to resident un-stimulated macrophages and to 

macrophages stimulated with IL-4 (Zanin et al., 2012).  Furthermore, LPS downregulates 

CD73 activity in cultured cortical astrocytes (Brisevac et al., 2012). We found that pre-

treatment with nimesulide strongly increased CD73 activity in naive J774, this effect was still 



                                                                

 

evident 24 hours following cell activation with LPS (0.021 ± 0.002 µM, *p<0.05 vs. vehicle /- 

LPS; 0.017 ± 0.001 µM, §p<0.05 vs. vehicle / + LPS; n=5). The increased CD73 activity 

induced by nimesulide on J774 cell line reflected a functional role as demonstrated by evidence 

that cell incubation with CD73 inhibitor, APCP, reverted nimesulide anti-inflammatory effect, 

evaluated as inhibition of nitrite accumulation. Consistent with an independence of its effect 

from adenosine signaling, celecoxib did not affect CD73 activity on J774 macrophage cell line.                                                                          

CONCLUSIONS  

In this study we have demonstrated the involvement of CD73/adenosine/A2A signaling pathway 

in the anti-inflammatory effect of nimesulide in vitro. In light of the overall results the effect on 

CD73/adenosine/A2A axis was peculiar of nimesulide and was not shared with another COX-2 

inhibitor, celecoxib, suggesting that the effects observed were not secondary to COX2 

inhibition. However  it does not unravel the crosstalk between CD73/adenosine and COX2/PGE2 

pathways. We could only speculate that COX2 inhibition by nimesulide would be subordinate to 

CD73/adenosine/A2A axis activation, hypothesis that would not surprise considering that 

mutually linked pathways contribute to modulate inflammation. Our results corroborate the 

previous hypothesis that nimesulide shares a common mechanism with methotrexate involving 

adenosine release or adenosine activation on immune cells (Al-Abd et al., 2010). Our findings 

contribute to delineate the biochemical mechanism underlying the pharmacological effect of 
nimesulide and further point at 5’-nucleotidase/CD73 as potential anti-inflammatory target. 
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