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Abstract Human monocytes lacked fungicidal activity against high virulence strain of Paracoccidioides brasiliensis, even after IFN-g activation. However, monocytes treated with indomethacin exhibited an effective killing against this fungus, suggesting a role of prostaglandin E2 (PGE2) in the inhibition process. Thus, the purpose of this work was to determine whether the effect of PGE2 in fungicidal activity was related with decrease on H2O2 release, the metabolite involved in P. brasiliensis killing, and changes in the levels of TNF-a, IL-6 and IL-10. Human monocytes challenged with the fungus produced high PGE2 levels, which in turn inhibited the fungicidal activity of these cells by reducing H2O2 and TNFa production. Ó 2007 Elsevier Masson SAS. All rights reserved. Keywords: Prostaglandin E2; H2O2; Cytokines; Monocytes; Paracoccidioides brasiliensis



1. Introduction Paracoccidioidomycosis is a deep mycosis which is endemic in Latin America. This disease is caused by Paracoccidioides brasiliensis, a fungus that undergoes thermal dimorphism, developing as yeast at body temperature [1]. Since the etiological agent is considered an intracellular pathogen, studies of its interaction with phagocytic cells are essential for the understanding of the hosteparasite relationship. However, the modulation of the mononuclear phagocyteeP. brasiliensis interactions has not been fully elucidated. Previous study showed the lack of fungicidal activity by human monocytes, even after IFN-g activation. These results were associated to the fungus capacity to * Corresponding author. Tel.: þ55 015 14 3811 6058; fax: þ55 015 14 3815 3744. E-mail address: [email protected] (A.M. Victoriano de Campos Soares). 1286-4579/$ - see front matter Ó 2007 Elsevier Masson SAS. All rights reserved. doi:10.1016/j.micinf.2007.02.019



induce the release of prostaglandins, given that a significant fungicidal activity was detected after monocytes treatment with indomethacin (INDO), a cyclooxygenase inhibitor [2]. Thus, the purpose of this work was to determine the capacity of P. brasiliensis to induce PGE2 release by human monocytes and if this mediator suppresses fungicidal activity by decreasing H2O2 release, the metabolite involved in P. brasiliensis killing by human monocytes. Moreover, the effect of this mediator on the levels of cytokines, such as TNF-a, IL-6 and IL-10, was also evaluated. 2. Materials and methods 2.1. Donors This study included 20 healthy blood donors from the University Hospital of the Botucatu Medical School, S~ao Paulo State University, Brazil (aged 20e50 years). Approval from



A.P. Bordon et al. / Microbes and Infection 9 (2007) 744e747



the Ethics Committee of the Botucatu Medical School was obtained.
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Peripheral blood mononuclear cells (PBMC) were isolated from heparinized venous blood by density gradient centrifugation with HistopaqueÒ e1077 (Sigma-Aldrich, Inc., St. Louis, MO, USA). The PBMC suspension was stained with neutral red (0.02%) that is incorporated by monocytes and allows their identification and counting. Then, the mononuclear cells were suspended to 2  106 monocytes/ml in RPMI-1640 (SigmaAldrich) complete tissue culture medium (CTCM) [2] and dispensed into 100 ml/well in 96-well flat-bottom plates (Nunc, Life Tech. Inc., MD, USA) for fungicidal activity and H2O2 production. The suspensions containing 1  106 monocytes/ ml were dispensed into 1000 ml/well in 24-well flat-bottomed plates (Nunc) for culture supernatant cytokines measurement assays. After incubation for 2 h at 37 C in 5% CO2, nonadherent cells from both plates were removed and each well was rinsed twice with RPMI-1640. After adherence, the monocytes were treated at 37 C in 5% CO2 for 18 h with the following stimuli: (i) IFN-g 500 U/ml (R&D Systems, Minneapolis, MN, USA), (ii) INDO 20 mg/ml (Sigma-Aldrich), (iii) IFN-g 500 U/ml plus INDO 20 mg/ml. 2.4. Fungicidal activity and quantification of H2O2, PGE2 and cytokines After treatment, culture supernatants were removed from both plates and monolayers were challenged with a suspension containing 4  104 yeasts/ml (ratio of 1 fungus:50 monocytes) prepared in CTCM plus 10% fresh human AB serum in 5% CO2 at 37 C. After 4 h, the cells were evaluated for fungicidal activity [2] and H2O2 release [3], and supernatants for PGE2, TNF-a, IL-6 and IL-10 concentrations by ELISA (R&D Systems Kits). 2.5. Statistical analysis The results were compared by analysis of variance (ANOVA) followed by the Tukey test ( p < 0.05). 3. Results 3.1. Effect of PGE2 on the fungicidal activity of human monocytes Fig. 1A shows that nonactivated cells and even IFN-gactivated monocytes lacked fungicidal activity against Pb18. However, when human monocytes were treated with
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2.3. Monocyte isolation
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The high virulence P. brasiliensis strain 18 (Pb18) was used throughout this study. Yeast viability was determined [2] and suspensions containing more than 90% viable yeasts were used.



Fungicidal Activity (%)



50



2.2. Fungi



CTCM



IFN



3



INDO 20



IFN+INDO 20



CTCM Pb18



2,5



* +



2 + 1,5



* 1 0,5 0



CTCM



IFN



INDO 20



IFN+INDO 20



Fig. 1. Fungicidal activity (A), PGE2 (B) and H2O2 production (C) by human monocytes pretreated with IFN-g (500 U/ml), INDO (20 mg/ml) or IFN-g (500 U/ml) plus INDO (20 mg/ml) for 18 h, and either challenged - or not , with P. brasiliensis strain 18 (Pb18) for 4 h. Results are expressed as mean  SEM and were obtained from monocyte cocultures of 20 healthy donors. *p < 0.05  CTCM; þp < 0.05  CTCM þ Pb18.



INDO, significant fungicidal activity was detected. This activity was slightly increased after cells preincubation with INDO plus IFN-g, but the differences were not significant statistically. The INDO concentration was previously standardized in our laboratory for inducing higher fungicidal
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activity, and in our control studies this drug did not affect the viability of the cells.
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In order to test whether the inhibitory effect of PGE2 correlated with a decrease in H2O2 levels, the production of this metabolite was evaluated in all tested cultures. Fig. 1C shows that both nonactivated and INDO-treated monocytes released low H2O2 levels. However, when IFN-g, or INDO plus IFN-g were used, H2O2 levels were significantly increased. Nonactivated monocytes challenged with Pb18 released low levels of H2O2, whose production slightly increased when monocytes were IFN-g preactivated. However, a significant increase in H2O2 levels was obtained only when monocytes were incubated with INDO and INDO plus IFN-g. These results show that PGE2 release in fungus-challenged cultures was associated with low H2O2 levels.
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3.3. Effect of PGE2 on monocyte H2O2 production
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In order to assess whether the PGE2 inhibitory effect on fungicidal activity and H2O2 release was associated with changes in the production of important immunoregulatory cytokines, TNF-a, IL-6 and IL-10 levels were determined. In culture supernatants of nontreated monocytes, low levels of TNF-a were detected whereas when these cells were treated with IFN-g, or INDO plus IFN-g, TNF-a levels were significantly increased. These levels remained unchanged when INDO treatment was employed (Fig. 2A). After challenge, higher TNF-a levels were released after INDO and INDO plus IFN-g treatments when compared to their respective nonchallenged cultures. These results indicate that PGE2 levels inhibited TNF-a production by nonactivated and even IFN-g activated monocytes. IL-6 and IL-10 production are shown in Fig. 2B and C, respectively. The monocytes not challenged with Pb18 and cultivated with different stimuli, produced low levels of IL-6 and IL-10. In the monocyte cultures challenged with Pb18, nonactivated monocytes released higher IL-6 levels when compared
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3.4. Effect of prostaglandins on TNF-a, IL-6 and IL-10 production by human monocytes
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3.2. PGE2 production by human monocytes In order to attest that the inhibitory effect on fungicidal activity was PGE2 related, the levels of this mediator were evaluated. Nontreated monocytes produced low PGE2 levels, which were increased when monocytes were preactivated with IFN-g. PGE2 levels were significantly inhibited when cells were preincubated with INDO plus IFN-g (Fig. 1B). As expected, PGE2 release was greater in all fungus-challenged cultures than in nonchallenged cultures. However, PGE2 levels were significantly inhibited when monocytes were incubated with either INDO or INDO plus IFN-g.



800



200 150 100 50 0



CTCM



IFN



INDO 20



IFN+INDO 20



Fig. 2. TNF-a (A), IL-6 (B) and IL-10 (C) production by human monocytes pretreated with IFN-g (500 U/ml), INDO (20 mg/ml) or IFN-g (500 U/ml) plus INDO (20 mg/ml) for 18 h, and either challenged - or not , with P. brasiliensis strain 18 (Pb18) for 4 h. Results are expressed as mean  SEM and were obtained from monocyte cocultures of 20 healthy donors. *p < 0.05  CTCM; þp < 0.05  CTCM þ Pb18.



to nonchallenged ones, indicating the capacity of Pb18 to stimulate human cells to produce this cytokine. However, no change in IL-6 production was observed when treatment with IFN-g, INDO or INDO plus IFN-g was used, suggesting that PGE2 does not affect the levels of this cytokine.
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Similar results were obtained when IL-10 was assayed (Fig. 2C). 4. Discussion Our results showed that the inhibitory effect of PGE2 on monocytes fungicidal activity, even after IFN-g activation, was associated with low levels of H2O2, the metabolite involved in P. brasiliensis killing by activated human monocytes [3]. This strongly suggests that P. brasiliensis escapes from phagocytic cells activity by inducing PGE2. These findings are in agreement with other studies showing that, to evade host defenses, important pathogenic fungi develop several mechanisms, such as oxidative metabolism inhibition [4e7]. Moreover, the inhibitory effect of PGE2 on phagocytic cells functions has been observed in the interaction between these cells and other microorganisms, such as Mycobaterium sp. [8,9]. This study also investigated whether PGE2 inhibition was associated with changes in the levels of TNF-a, IL-6 and IL-10 in cocultures supernatants. The levels of TNF-a were higher in the supernatants of INDO and INDO plus IFN-g-treated cells, suggesting that PGE2 acts on H2O2 release by inhibiting TNF-a production. This effect may result in deficient monocyte activation with consequent release of low levels of this metabolite. This process may better explain P. brasiliensis killing by INDO and INDO plus IFN-g treated cells. Our data on TNF-a production are in agreement with the literature, given that several papers have shown PGE2 capacity to inhibit the production as well as the receptor expression of this cytokine [10]. In this study, P. brasiliensis was also found to stimulate human monocytes to release high levels of both IL-6 and IL-10, which, contrarily to TNF-a, were not affected by treatment with either INDO or INDO plus IFN-g, suggesting that PGE2 is not involved in the production of these cytokines after the challenge of human monocytes with P. brasiliensis. These results were not expected, since some studies have demonstrated that the inhibitory effect of PGE2 upon TNFa production would be mediated by IL-6, and that the same would apply for IL-10, as several works have shown the stimulating effect of PGE2 on this cytokine production [11e13]. However, in this study, the results obtained did not allow us to consider the inhibitory effect of PGE2 on TNF-a production to be associated with its capacity to upregulate IL-6 and IL-10. Although PGE2 did not modulate the levels of these cytokines, we must consider that IL-10 may have a role on killing inhibition. Previous studies on our laboratory have been shown that IL-10, but not TGF-b blocks the effect of TNF-a-activated monocytes and neutrophils [14,15]. Our findings together showed that the suppressor effect of PGE2 on a high virulence strain of P. brasiliensis killing by human monocytes is associated with its capacity to downregulate TNF-a and H2O2 synthesis.
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