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Abstract

Background: During inflammation, stressed or infected cells can release adenosine tri-

phosphate (ATP) to the extracellular medium, which can be hydrolyzed to adenosine by 

ectonucleotidases such as ectonucleoside triphosphate diphosphohydrolase 1 (CD39) and 5’ –

nucleotidase (CD73). The role of CD73 in the modulation of cytokine release by human gingival 

fibroblasts (HGF) remains underexplored. Here, we investigated whether CD73-mediated 

hydrolysis of extracellular ATP (eATP) could affect Interleukin (IL)-1β-induced CXCL8 secretion.

Methods: The levels of mRNA expression of adenosine receptors, CD39, and CD73 of 

periodontitis samples were retrieved from a public database. Moreover, HGF mRNA levels were 

measured by RT-qPCR after 3h, 6h or 24 h of IL-1β stimulation. IL-1β-induced CXCL8 protein 

levels were measured after pretreatment with 100 μM eATP in the presence of absence of CD73 

inhibitor. The effect of eATP degradation to adenosine on CXCL8 levels was investigated using 

agonist and antagonist of adenosine receptors.

Results: Levels of CD39, CD73 and adenosine receptor mRNA were differentially modulated by 

IL-1β. ATP pretreatment impaired IL-1β-induced CXCL8 secretion and required activation of 

heme-oxygenase 1 (HO-1) and phosphorylated adenosine monophosphate–activated protein kinase 
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(pAMPK). The inhibition of CD73 or the inhibition of adenosine receptors abrogated the ATP 

effect on CXCL8 secretion.

Conclusion: CD73-generated adenosine dampens IL-1β-induced CXCL8 in HGF and involves 

HO-1 and pAMPK signaling. These results imply that CD73 is a negative regulator of the 

inflammatory microenvironment, suggesting that this ectoenzyme could be involved in the 

generation of deficient CXCL8 gradient in chronic inflammation.

Summary Statement:

ATP degradation to adenosine decreases IL-1β-induced CXCL8 and involves upregulation of 

HO-1 and pAMPK in human gingival fibroblasts.
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Introduction

Adenosine tri-phosphate (ATP) is traditionally associated with cellular energy metabolism in 

all eukaryotic and prokaryotic cells, but there is evidence that ATP and other nucleotides are 

released from cells following stress or injury during infection or inflammation1. 

Mechanistically, extracellular ATP (eATP) exerts its effects via purinergic receptors located 

on the cell surface2. eATP is not stable in aqueous medium but its half-life is also shortened 

dramatically in the presence of most cells due to degradation by ectonucleotidases, which 

are expressed on the surface of most eukaryotic cells3. Thus, adenosine is produced as an 

ATP breakdown product via spontaneous hydrolysis or by the serial dephosphorylation by 

ectonucleoside triphosphate diphosphohydrolase 1 (ENTPD1 or CD39) and 5′-nucleotidase 

(NT5E or CD73)4.

Recent awareness of the role of adenosine in the control of immune and inflammatory 

responses has prompted an interest in the potential use of adenosine-receptor-based 

therapies, especially in the treatment of chronic inflammatory conditions5. In this context, 

ATP has been shown to inhibit Interleukin (IL)-1-induced matrix metalloproteinases 

(MMPs) through the action of CD39 in primary human gingival fibroblasts (HGF)6.

Adenosine monophosphate (AMP)-activated protein kinase (AMPK) is a key regulator of 

cell metabolism with anti-inflammatory effects7. AMPK has been shown to have pleiotropic 

functions in inflammatory responses and tissue fibrosis in various models such as renal 

fibrosis8, cancer9 and osteoarthritis10. Activation of AMPK has been linked to reduced 

systemic oxidative stress through antioxidant defense pathways, preventing alveolar bone 

loss in the ligature-induced model of periodontitis11.

During cellular stress, resulting from a highly inflammatory microenvironment that is rich in 

IL-1β, the production of antioxidants such as Heme-oxygenase-1 (HO-1) can be induced12. 

HO-1 is a cytoprotective enzyme with anti-inflammatory properties that is required in the 

catabolism of free heme. HO-1 has been linked to many physiological and pathological 

processes through its ability to regulate the host inflammatory response13.
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In previous studies, we have examined the macrophage response to eATP following ligation 

of the purinergic receptor, P2X7. We found that processing and secretion IL-1β is impaired 

by the periodontal pathogen Porphyromonas gingivalis through a P2X7 signaling-dependent 

pathway3, 14. Of note, the cytokine IL-1β plays a large role in development of periodontal 

disease15. Recently, we also demonstrated that autocrine IL-1 receptor activation is 

necessary for P. gingivalis clearance and for leukocyte recruitment16.

Despite the growing interest in understanding the role of adenosine during infection-driven 

inflammation or bone-related diseases, it is still unclear whether adenosine affects 

mesenchymal cell differentiation in an inflammatory environment and whether eATP 

contributes to the effective concentrations of adenosine. Specifically, it also remains 

unknown if adenosine produced from eATP degradation contributes to CXCL8 release by 

fibroblasts and if HO-1 or AMPK could modulate this process.

Given the central role played by the chemokine CXCL8 in development of the inflammatory 

response to periodontal infection, the overall goal of this study is therefore to investigate 

whether adenosine produced from CD73-mediated hydrolysis of eATP influences IL-1β-

induced CXCL8 secretion by primary HGF, and to investigate the role that HO-1 and AMPK 

may play in modulating this response.

Materials and Methods

Gene Expression Profiling

Gene expression profile data were obtained from the National Center for Biotechnology 

Information Gene Expression Omnibus (NCBI GEO) database (accession no. GSE10334, 

http://www.ncbi.nlm.nih.gov/geo/). Analysis of the mRNA expression of the adenosine 

receptors A1, A2a, A2b and A3 and ectonucleotidases CD39 and CD73 from the NCBI 

GEO public database comparing healthy and diseased gingival tissues [dataset GSE10334]17 

was performed in 64 samples per group. We selected 64 gingival tissue samples from 

diseased sites from the same patients that had a healthy gingival sample collected from an 

unaffected site17. Statistical analysis of microarray expression data was performed using the 

GEO2R web application (http://www.ncbi.nlm.nih.gov/geo/geo2r/). Additionally, a principal 

component analysis was performed to complement and reinforce the tendency of expression 

of each gene between the two groups analyzed through conventional GEO analysis. The 

principal component analysis was performed using the visualization from BioVinci version 

1.1.5 (www.bioturing.com)¶.

Cell Culture

Human gingival fibroblasts (HGF) were purchased from ATCC (HGF-1) and also isolated 

from gingival biopsies as previously described18–20. All donors signed a written informed 

consent to participate. This study was approved by the Institutional Review Board at the 

University of the Pacific (protocol #17–66) and was conducted in accordance with the 

Helsinki Declaration of 1975, as revised in 2000. Briefly, gingival biopsies from clinically 

¶BioTuring Inc., San Diego, CA
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non-inflamed tissue were retrieved from the gingival margin. Primary cells were obtained by 

explants cultivated in Dulbecco’s Modified Eagle’s Medium# supplemented with 10% fetal 

bovine serum# and antibiotics (100 UI/mL penicillin/streptomycin)#. HGF were maintained 

at 37°C in a humidified 5% CO2 incubator and were used for experiments between the 4th 

and 8th passages.

Cell stimulation

HGF were used for experiments at ~75% confluence and were cultured for 24 hours before 

exposure to other test reagents. Cells were pre-treated with 100 μM ATP**, 0.1 μM 

CGS-15943**, 50 nM NECA†† or 100 μM α,β-Methyleneadenosine 5′-diphosphate sodium 

salt (AMP-CP) ** 1 hour prior to the 1 ng/mL IL-1β stimulation as shown in each figure 

legend. HGF were incubated with the respective reagents in a serum-free medium# for the 

time indicated in each figure legend.

RT-qPCR

Total RNAs‡‡ and cDNA§§ were obtained using Kits according to the manufacturer’s 

instructions. The qPCR was performed using the TaqMan Gene Expression PCR Master 

MixIIII and proprietary primersIIII targeting mRNA of ADORA1 (Hs00181231_m1), 

ADORA2A (Hs00169123_m1), ADORA2B (Hs00386497_m1), ADORA3 

(Hs00181232_m1), NTPD1 (Hs009b9559_m1), NT5E (Hs00159686_m1) and GAPDH 

(Hs02758991_g1). All experiments were performed in a system¶¶ using the comparative 

cycle threshold (Ct) method (ΔΔCt). The human GAPDH gene was used as the reference 

gene for all the reactions.

ELISA

IL-1β-induced CXCL8 levels were quantified in supernatants from HGF after 24 h of 

stimulation according to the manufacturer’s instructions## and as previously described19. 

The cytokine concentration was determined by interpolation from a standard curve and 

presented as pg/mL (± one standard deviation of the mean) for duplicate samples of each of 

the tested conditions.

Western Blotting

Western blotting was conducted as previously described21. Cells were resuspended and 

collected in cell-lytic solution** containing 1% of a complete protease and phosphatase 

inhibitors**. The protein concentration was obtained using the BCA method ***, and 10 μg 

of protein was subjected to 10% SDS-PAGE gel electrophoresis. The protein was transferred 

to Immobilon polyvinylidene difluoride membranes** by electroblotting†††, blocked in 5% 

#Gibco, Thermo Fisher Scientific, Waltham, MA
**Millipore Sigma, St. Louis, MO.
††Calbiochem, Sigma-Aldrich, St. Louis, MO.
‡‡Pure Link RNA mini Kit, Thermo Fisher Scientific, Waltham, MA
§§High Capacity cDNA Rev. Transcription Kit, Thermo Fisher Scientific, Waltham, MA
IIIIApplied Biosystems, Thermo Fisher Scientific Waltham, MA
¶¶StepOnePlus Real-Time PCR System, Applied Biosystems, Thermo Fisher Scientific
##R&D Systems, Minneapolis, MN.
***Pierce, Thermo Fisher Scientific, Waltham, MA
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dried milk solution diluted in Tris-buffered saline (TBS) containing 0.01% Tween 20, 

incubated with the respective primary antibodies at a dilution of 1:1000 (see figure legends), 

and treated with horseradish peroxidase (HRP)-conjugated secondary antibodies. Protein 

levels for HO-1‡‡‡, pAMPK§§§ and total AMPK§§§ were measured after 24h of IL-1β 
stimulation.

The same membranes were stripped and re-probed with antibodies against β-actin§§§ as a 

loading control (dilution 1:1000). Protein bands were detected using a chemiluminescent 

substrateIIIIII, visualized and analyzed in chemiluminescense equipment¶¶¶. Densitometric 

analyses were performed with a software###.

Statistical analyses

Statistical analyses were performed with a software****. Data were compared using one-

way ANOVA between groups and differences were identified using the Tukey’s post-test, 

with significance set at p < 0.05.

Results

Adenosine receptors and ectonucleotidases are differentially expressed in samples from 
healthy and periodontitis tissues.

To determine whether ectonucleotidases and adenosine receptors are expressed in gingival 

tissues, we first analyzed the mRNA expression of the adenosine receptors A1, A2a, A2b 

and A3 and ectonucleotidases CD39 and CD73 from the NCBI GEO public database, 

comparing mRNA expression in healthy and disease gingival tissues [dataset GSE10334]17 

as shown in Figure 1. Data from GEO dataset GSE1033417 of 64 samples per group revealed 

that mRNA expression of ENTPD1/CD39 (Figure 1A), NT5E/CD73 (Figure 1B) and 

adenosine receptors ADORA1 (Figure 1C), ADORA 2a (Figure 1D), ADORA 2b (Figure 

1E) and ADORA 3 (Figure 1F) was differentially expressed in periodontitis samples, 

compared with healthy controls. ENTPD1/CD39, ADORA 1, ADORA 2a and ADORA3 

mRNA were upregulated in periodontitis samples compared with healthy samples. To gain 

more insight into the possible association between the genes investigated here, we also 

performed a functional component analysis (PCA) (see supplemental Figure 1 in online 

Journal of Periodontology). The PCA confirmed the same profile that we observed in the 

conventional GEO analysis. All genes investigated in this study were positively associated 

with the presence of periodontitis except ADORA 2b.

†††Bio-Rad Laboratories, Hercules, CA.
‡‡‡Abcam, Cambridge, MA.
§§§Cell Signaling, Danvers, MA.
IIIIII: Clarity Max, BioRad, Hercules, CA.
¶¶¶ChemiDoc, BioRad, Hercules, CA.
###Image Lab, BioRad, Hercules, CA.
****GraphPad prism 7.0, GraphPad Software, San Diego, CA.
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Adenosine receptor and ectonucleotidase expression by IL-1β-stimulated human gingival 
fibroblasts

A large body of evidence demonstrates the relevance of IL-1β as a key inflammatory 

mediator in the pathogenesis of periodontitis22–25, so our next step was to challenge human 

gingival fibroblasts with IL-1β and check if the ectoenzymes and/or adenosine receptors 

would be modulated. We confirmed the mRNA expression of the ATP-metabolizing 

enzymes ENTPD1/CD39 (Figure 2A) and NT5E/CD73 (Figure 2B) as well as the adenosine 

receptors (Figures 2E through 2H) by human gingival fibroblasts stimulated with IL-1β for 

3h, 6h or 24 h. Protein levels for CD39 and CD73 were relatively unchanged after 24 hours 

of IL-1β stimulation (Figures 2C and 2D). Among the adenosine receptors, ADORA 2a was 

highly expressed and upregulated after 3 h or 6 h (up to 2000-fold increase) (Figure 2F). 

ADORA 1 (Figure 2E) and ADORA 2b (Figure 2G) were slightly down-regulated and 

ADORA 3 was not detectable (Figure 2H). These results are consistent with previous reports 

showing that both ectoenzymes and all adenosine receptors are expressed by HGF6.

Extracellular ATP attenuates IL-1β-induced CXCL8 secretion and increases HO-1 
expression and pAMPK activation in human gingival fibroblasts

Since adenosine can be generated as a byproduct of eATP degradation through the action of 

CD39 and CD73, we examined the effect of eATP in IL-1β-induced CXCL8 secretion by 

gingival fibroblasts. Thus, cells were pretreated with 100 μM ATP 1 h prior to IL-1β 
stimulation. Extracellular ATP attenuated IL-1β-induced CXCL8 levels (Figure 3A). 

CXCL8 is a widely studied pro-inflammatory chemokine that acts as a chemoattractant for 

neutrophils2627, 28, and gingival fibroblasts actively participate in the production of this 

chemokine19. Recently, decreased expression of CXCL8 was associated with the 

upregulation of heme-oxigenase-1(HO-1) expression and p-AMPK activation in human 

airway epithelial cells29. Thus, we investigated if HO-1 and p-AMPK are affected by IL-1β 
in HGF. As shown in Figure 3, increased levels of both HO-1 (Figures 3B and 3D) and 

pAMPK (Figures 3C and 3E) were detected after 24 h of IL-1β stimulation, and expression 

was even higher with eATP pre-treatment. These results suggested that production of 

adenosine from eATP could activate HO-1 and pAMPK, which in turn could decrease 

IL-1β-induced CXCL8 expression.

CD73-generated adenosine impairs IL-1β-induced CXCL8 secretion and involves HO-1 and 
p-AMPK

To examine whether adenosine generated from eATP degradation could impair CXCL8 

secretion induced by IL-1β, we investigated CXCL8 secretion after CD73 inhibition and 

also after adenosine receptor blockage with a non-selective antagonist (CGS-15943). Both 

CD73 inhibition (Figure 4A) and adenosine receptor blockage (Figure 4B) abrogated the 

effect of ATP in IL-1β-induced CXCL8. To evaluate whether this effect was due to 

adenosine generation, we repeated the same experiment treating the cells with a potent 

agonist of adenosine receptors (an analog of adenosine, NECA). NECA also decreased 

IL-1β-induced CXCL8 secretion and CGS restored the NECA effect (Figure 4C). Finally, to 

determine if the adenosine inhibition of IL-1β-induced CXCL8 secretion was dependent on 

HO-1 and p-AMPK expression, we checked expression of both proteins after blocking 
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adenosine receptors with CGS-15943. As expected, adenosine receptor blockage blocked the 

ATP-induced upregulation due to adenosine generation for both pAMPK (Figures 4D and 

4E) and HO-1 (Figures 4F and 4G).

Discussion

In the present study, we demonstrated for the first time that adenosine generated from eATP 

breakdown through CD73 ectonucleotidase decreases IL-1β-induced CXCL8 secretion by 

gingival fibroblasts. We also showed that IL-1β followed by adenosine receptor activation 

leads to an increase in HO-1 and pAMPK levels, since both were dampened after adenosine 

receptor blockage, unveiling a potential mechanism for the lower CXCL8 gradient generated 

by eATP-derived adenosine.

We first investigated the expression of the mRNA levels of the adenosine receptors and 

ectonucleotidases ENTPD1 and NT5E, known as CD39 and CD73, respectively in human 

samples derived from healthy or periodontitis samples. We observed that there was an 

upregulation of almost all adenosine receptors, except for ADORA 2b which was 

downregulated compared to healthy condition. ENTPD1 was upregulated and NT5E showed 

a tendency of upregulation but not significantly. One possible explanation for not observing 

differences in the NT5E expression is because we evaluated gene expression data only. It is 

possible that the mRNA expression was not significantly upregulated but the ectoenzyme 

activity on those samples could actually be higher. A principal component analysis of the 

data also confirmed the positive correlations of all the genes - except for ADORA 2b - with 

the presence of periodontitis.

As described in previous studies30, 31, professional immune cells such as T regulatory (Treg) 

cells produce adenosine following sequential degradation of ATP and ADP via CD39 and 

CD73. Also, A2a receptor stimulation was reported to decrease T helper (Th)1/Th2 

development and decrease Th17 generation, as reviewed elsewhere5. The ectoenzyme CD73 

has also been shown to be involved in adenosine generation by human gingival fibroblasts32. 

In addition, primary gingival epithelial cells (GECs) express functional adenosine A2a 

receptor and P. gingivalis exploits it to successfully survive within the host cells by 

downregulation of the pro-inflammatory response33. Thus, adenosine signaling stimulates 

intracellular growth of P. gingivalis in GECs by enhancing the downstream anti-

inflammatory effect of cyclic-AMP33. A role for adenosine in bone development was also 

strongly suggested by observation that adenosine A2b receptor-deficient mice reveal a 

decrease in bone volume34.

Since gingival fibroblasts are the most abundant resident and non-professional immune cells 

in the periodontal microenvironment, it was reasonable to investigate the effect of CD73-

dependent degradation of eATP and adenosinergic stimulation in controlling the release of 

CXCL8, a well-known chemoattractant relevant in inflammatory conditions. The expression 

of adenosine receptors, CD39 and CD73 in HGF stimulated with IL-1α was previously 

shown6. This work showed that adenosine generated from CD73-dependent degradation of 

eATP impaired MMP expression by HGF. Here, we report the effect of adenosine derived 

from eATP degradation in CXCL8 release in HGF stimulated by IL-1β. We used a potent 
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agonist of adenosine receptors to confirm that the dampening in CXCL8 secretion in the 

presence of eATP was due to eATP degradation to adenosine. We also confirmed the 

adenosine-dependent effect by using an antagonist of adenosine receptors. In addition, our 

study reveals new insights into the participation of HO-1 and pAMPK in this process.

Recent studies have shown a connection between adenosine and the enzyme HO-129, 35 

which is known to be involved in the suppression of inflammatory response13. In a murine 

model of pulmonary inflammation, the activation of HO-1 significantly decreased 

polymorphonuclear leukocyte (PMN) migration into the lung, which was abolished in A2A- 

and A2B-deficient mice35. Therefore, the anti-inflammatory effects of HO-1 seem to be 

associated with A2A/A2B-receptor signaling. HO-1 has also shown to have a protective role 

in the attenuation of NF-κB activation in in vivo and in vitro models of acute lung 

injury29Interestingly, HO-1 controls the expression of immunoregulatory cytokines during 

infection, favoring pathogen survival in the host36. Indeed, HO-1 is a stress-responsive 

enzyme important for defense against oxidant-induced injury during inflammatory processes 

and is highly inducible by various stimuli, such as LPS, cytokines, heat shock, heavy metals, 

oxidants, and its substrate heme36. Our study shows for the first time the protective effects of 

adenosine produced as a byproduct of eATP degradation in gingival fibroblasts, and that 

these anti-inflammatory effects were accompanied by HO-1 induction and AMPK 

activation.

AMPK is a key regulator of cellular metabolism, and it has been reported that AMPK 

regulates multiple pathways promoting anti-inflammatory activity in endothelial cells37. 

AMPK senses the intracellular energy status and regulates rapidly energy-demanding 

metabolic pathways. It has been previously demonstrated that extracellular adenosine 

activates AMPK in the epithelial intestinal cell line IEC-638. The effect of AMPK activation 

on cytokine-stimulated proinflammatory signaling was also previously assessed in cultured 

adipocytes. Interestingly, it has been reported that direct activation of AMPK inhibits IL-1β 
signaling in murine 3T3-L1 adipocytes and embryonic fibroblasts39. Moreover, the AMPK 

activator AICAR can inhibit CXCL8 secretion in normal human thyroid cells40, reinforcing 

the view that AMPK is a key anti-inflammatory mediator.

Finally, we would like to highlight the relevance of these observations for the CXCL8 

gradient during periodontal inflammation. The CXCL8 gradient for PMN migration could 

be disrupted in part by the in vitro observations described here. This is particularly 

significant since the effect on CXCL8 secretion by fibroblasts could have relevant effects on 

neutrophil migration if expressed locally in gingival tissue. This would provide a potential 

explanation for the CXCL8 gradient demonstrated by Tonetti et al41. This could also be a 

potential mechanism contributing to the “chronification” of the periodontal inflammation 

due to a potential dysfunctional CXCL8 gradient which was already described in chronic 

periodontitis patients26. We suggest this may happen as a consequence of the anti-

inflammatory effects of adenosine generation as a byproduct of eATP in the inflammatory 

microenvironment.
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Conclusions

Taken together, our results demonstrate that adenosine generated from eATP breakdown 

through the action of CD73 can dampen IL-1β-induced CXCL8 secretion, which involves 

the upregulation of HO-1 and pAMPK as summarized in Figure 5. Hence, this study unveils 

the role of CD73-dependent generation of adenosine as a potential mechanism for the anti-

inflammatory effects resulting of the deficient CXCL8 gradient which in turn contributes to 

the chronic inflammation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Ectonucleotidases (A, B) and adenosine receptor (C-F) mRNA expression in samples from 

healthy and periodontitis tissues from public expression database NCBI GEO by microarray 

analysis [dataset GSE10334] of 64 samples per group. *Statistically significant differences, 

p < 0.05.
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Figure 2. 
Expression of adenosine receptors and ectonucleotidase by IL-1β-stimulated human gingival 

fibroblasts (HGF). HGF were stimulated with 1 ng/mL IL-1β, and mRNA expression of 

ENTPD1 (CD39) (A) and NT5E (CD73) (B) was evaluated after 3, 6, or 24 h. Protein levels 

of the ectonucleotidases were evaluated after 24 h of IL-1β challenge (C). Quantification of 

protein expression was performed by densitometric analysis and is presented as fold increase 

compared with control (non-stimulated cells) (D). Adenosine receptor mRNA expression for 

ADORA 1 (E), ADORA 2a (F), ADORA2b (G) and ADORA 3 (H). The GAPDH gene was 

used as the reference gene for RT-qPCR and actin protein was used as a loading control for 

Western Blot. Data are representative of three independent experiments. *Statistically 

significant differences, p < 0.05 compared with control.
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Figure 3. 
Extracellular ATP attenuates IL-1β-induced CXCL8 secretion and increases the levels of 

HO-1 and pAMPK in HGF. Cells were pre-treated with 100 μM ATP for 1 hour prior to the 

1 ng/mL IL-1β stimulation, and were incubated for a total of 24 h. Protein levels of CXCL8 

(A) were measured by ELISA in cell supernatants. HO-1 (B), pAMPK and total AMPK (C) 
production were measured by Western blot. Protein quantification of HO-1 (D) and pAMPK 

(E) was performed by densitometric analysis and is presented as fold increase compared 

with control (non-stimulated cells). Data are representative of three independent 

experiments. *Statistically significant differences, p < 0.05.
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Figure 4. 
ATP impairment of IL-1β-induced CXCL8 secretion is via CD73-generated adenosine and 

involves upregulation of HO-1 and pAMPK. Cells were pre-treated with (+) or without (−) 

100 μM ATP, 0.1 μM CGS-15943, 50 nM NECA or 100 μM α,β Methyleneadenosine 5′-

diphosphate sodium salt (AMP-CP) , as indicated in each graph, 1 hour prior to stimulation 

with1 ng/mL IL-1β, and were incubated for a total of 24 h. CXCL8 levels (A,B and C) were 

measured in cell supernatants by ELISA. Protein levels of pAMPK, total AMPK (D) and 

HO-1 (F) were measured by Western blot. Protein quantification of p-AMPK (E) and HO-1 

(G) was performed by densitometric analysis and is presented as fold increase compared 

with control (non-stimulated cells). Data are representative of three independent 

experiments. *Statistically significant differences, p < 0.05. †p <0.01.
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Figure 5. 
Adenosine generated from eATP breakdown through the action of CD73 can dampen IL-1β-

induced CXCL8 secretion. This process involves the upregulation of HO-1 and pAMPK. 

Cell stimulation with IL-1β promotes CXCL8 expression and protein synthesis. 

Extracellular ATP, which has been shown to be released during cellular stress can be 

hydrolyzed to ADP/AMP by CD39. AMP can be further degraded by CD73, resulting in 

adenosine generation. Interaction of extracellular adenosine or its agonist NECA with 

adenosine receptors (A1, A2a, A2b or A3) dampens IL-1β-induced CXCL8 secretion via 

upregulation of HO-1 and pAMPK. CGS-15943 (Adenosine receptor blocker); AMP-CP 

(CD73 inhibitor).
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