

[image: TREM-1 Expression on the Surface of Neutrophils in Patients With Visceral Leishmaniasis Is Associated With Immunopathogenesis]
TREM-1 Expression on the Surface of Neutrophils in Patients With Visceral Leishmaniasis Is Associated With Immunopathogenesis





BRIEF RESEARCH REPORT

published: 24 March 2022

doi: 10.3389/fcimb.2022.863986

[image: image2]


TREM-1 Expression on the Surface of Neutrophils in Patients With Visceral Leishmaniasis Is Associated With Immunopathogenesis


Lays Gisele Santos Bomfim 1, Lucas Sousa Magalhães 2, Lorrany Santana Rodrigues 1, Aline Silva Barreto 2, Camilla Natália Oliveira Santos 1,2, Priscila Lima dos Santos 1,3, Cristiane Bani Corrêa 1,4, Kiyoshi Ferreira Fukutani 5, Dalmo Correia Filho 1, Angela Maria da Silva 1, Michael Wheeler Lipscomb 6 and Tatiana Rodrigues de Moura 1,4*


1 Health Sciences Graduate Program, Federal University of Sergipe, Aracaju, Brazil, 2 Laboratory of Molecular Biology and Immunology, Federal University of Sergipe, Aracaju, Brazil, 3 Department of Health Education, Federal University of Sergipe, Lagarto, Brazil, 4 Department of Morphology, Federal University of Sergipe, São Cristóvão, Brazil, 5 Instituto Gonçalo Moniz, Fundação Oswaldo Cruz (FIOCRUZ), Salvador-Bahia, Brazil, 6 Department of Biology, Howard University, Washington, DC, United States




Edited by: 

Juliana Perrone Bezerra De Menezes, Gonçalo Moniz Institute (IGM), Brazil

Reviewed by: 

Celio Geraldo Freire-de-Lima, Federal University of Rio de Janeiro, Brazil

Carla Pagliari, University of São Paulo, Brazil

*Correspondence: 

Tatiana Rodrigues de Moura
 tmoura.ufs@gmail.com 

Specialty section: 
 This article was submitted to Parasite and Host, a section of the journal Frontiers in Cellular and Infection Microbiology


Received: 27 January 2022

Accepted: 21 February 2022

Published: 24 March 2022

Citation:
Bomfim LGS, Magalhães LS, Rodrigues LS, Barreto AS, Santos CNO, Santos PLd, Corrêa CB, Fukutani KF, Filho DC, da Silva AM, Lipscomb MW and de Moura TR (2022) TREM-1 Expression on the Surface of Neutrophils in Patients With Visceral Leishmaniasis Is Associated With Immunopathogenesis. Front. Cell. Infect. Microbiol. 12:863986. doi: 10.3389/fcimb.2022.863986



Visceral leishmaniasis (VL) is a systemic chronic and potentially fatal disease for humans. Mechanisms related to the dysregulation of the inflammatory response may be involved in both the pathogenesis and prognosis of VL. Triggering Receptor Expressed on Myeloid Cells-1 (TREM-1) is a receptor constitutively expressed on neutrophils and monocyte subsets. The protein serves to regulate and amplify inflammatory responses. This study aimed to evaluate the expression profile of TREM-1 on the surface of neutrophils from patients with VL at varying time points during leishmanicidal treatment. For this purpose, neutrophils were isolated from the peripheral blood of patients with VL at different stages of treatment, which include 0, 7, and 30 days after treatment. Surface TREM-1 expression was assessed by immunophenotyping neutrophil populations. In addition, the association of TREM-1 expression on the surface of neutrophils with clinical and laboratory parameters and serum levels of inflammatory mediators was also evaluated. Results demonstrate a lower surface expression of TREM-1 in VL patients in the absence of treatment. However, increased levels of TREM-1 expression were observed 7 and 30 days after the start of treatment, with levels similar to those of healthy controls. TREM-1 expression was directly correlated with lymphocyte and erythrocyte count and indirectly correlated with spleen and liver size. Furthermore, elevated levels of TREM-1 expression were also correlated with lower serum levels of interleukin (IL)-22. Taken together, these results suggest that infection by Leishmania infantum leads to depressed TREM-1 expression on the neutrophil surface and may contribute to the inflammatory imbalance that characterizes active VL disease.
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Introduction

Visceral leishmaniasis (VL) is a systemic chronic and potentially fatal disease for humans. Typical of countries that are located in parts of the tropical and subtropical regions, VL is classified as a neglected tropical disease caused by the intracellular protozoa of the genus Leishmania (Burza et al., 2018). It is estimated that 50,000–90,000 new cases occur worldwide annually, with only 25%–45% reported to the World Health Organization (WHO). Leishmania infantum is the species most commonly involved in causing VL (Alvar et al., 2004; Dantas-Torres, 2006), with its presence endemic in 12 countries (Pan American Health Organization, 2019).

The parasite L. infantum is transmitted during the blood meal of infected female sand flies of the genus Lutzomyia. After infection, the parasite migrates from the skin to internal organs such as the spleen, liver, and bone marrow. Most individuals infected with the parasites are able to well control the infection, resulting in asymptomatic or subclinical diagnoses. However, some develop symptomatic disease resulting in high fever, weight loss, anemia, leukopenia, and hepatosplenomegaly. Furthermore, the presentation of the clinical form of the disease is associated with the virulence of the parasite strain, immune competency of the host, and other nutritional and genetic factors (Boakye et al., 2005). Importantly, the infection can be fatal in clinical symptomatic individuals if left untreated (Murray et al., 2005).

Neutrophils are the first cells to be recruited to the site of infection during VL. As one of the principal mediators of inflammation, neutrophils can eliminate pathogens through several mechanisms, which include phagocytosis, production of toxic molecules such as reactive oxygen species (ROS), defensins, release of enzymes, and neutrophil extracellular traps (NETs) (Mantovani et al., 2011; Burn et al., 2021). These immune cells also play a crucial role in the resolution of inflammation, secretion of cytokines, and production of pro-resolution mediators (Mantovani et al., 2011; Burn et al., 2021).

Innate immunity is initiated with the recognition of various pathogen-associated microbial patterns (PAMPs) by pattern recognition receptors (PRRs) such as Toll-like receptors (TLRs) (Akira et al., 2006). Neutrophils recognize the presence of PAMPs through PRRs and activate signal transduction pathways to promote pro-inflammatory events and release key inflammatory cytokines such as tumor necrosis factor (TNF)-α, interleukin (IL)-1β, IL-8, macrophage inflammatory protein (MIP)-1α, and MIP-1β (van Zandbergen et al., 2002; Mantovani et al., 2011; Burn et al., 2021). Activation of neutrophils is an important step in controlling infections, as the process can serve as a feedforward mechanism to recruit the inflammatory state, recruit more innate immune cells to the site of inflammation, and contribute to the immunomodulation of the adaptive immune response (Fortin et al., 2006). However, in severe VL cases, appropriate immune responses are curtailed, leading to an inability to adequately resolve the infection resulting in chronic immune responses that then lead to excessive collateral tissue damage (dos Santos et al., 2016; Samant et al., 2021).

Triggering Receptor Expressed on Myeloid Cells-1 (TREM-1) is a member of the immunoglobulin superfamily expressed on the cell surface of neutrophil, monocyte, and macrophage myeloid subsets (Bouchon et al., 2000). Expression of the gene in these immune cell subsets is regulated by recognition of microbial products. Furthermore, activation and expression of this receptor occur in tandem with TLR signaling, with the help of an adapter protein DNAX activation protein of 12kDa (DAP12), resulting in the production of a variety of pro-inflammatory cytokines that amplify the innate and adaptive immune responses (Arts et al., 2013). TREM-1 can also be produced in its soluble form (sTREM-1). Notably, high serum levels of this soluble form are indicative of microbial infections and non-infectious inflammatory diseases (Gibot et al., 2004; Molad et al., 2015).

Previous work by our laboratory group demonstrated that high levels of circulating sTREM-1 correlates directly with VL disease severity. Moreover, we found that neutrophils from healthy donors in vitro infected with L. infantum increase TREM-1, DAP12, and IL-8 gene expression, while increasing the presence of sTREM-1 (Bomfim et al., 2017). However, the role of the membrane-bound TREM-1 receptor is still poorly understood in the context of VL. Therefore, the present study investigated the membrane-bound expression profile of TREM-1 in neutrophils from patients with VL in different time points of leishmanicidal treatment. Lastly, the relationship of TREM-1 with clinical and laboratory parameters and serum levels of inflammatory mediators was investigated in patients with VL.



Materials and Methods


Ethics Statement

This study was approved by the Ethics Committee of the University Hospital of the Federal University of Sergipe (CAAE-53366916.8.0000.5546 and CAAE-97770318.0.0000.5546). All clinical investigations were conducted with informed consent obtained from all participants or legal guardians in accordance with the Declaration of Helsinki.



Subjects and Sample Collection

This study was performed with healthy human donors without infectious or other inflammatory diseases (experiment flow cytometry: n = 8; cytokine serum levels: n = 12) and with patients diagnosed with VL (n = 7) recruited at the Reference Center at the University Hospital in Sergipe, Brazil. The clinical criteria used for inclusion of patients with VL were clinical symptoms and signs, such as fever, weight loss, anemia, enlargement of spleen and liver, pancytopenia, and hypergammaglobulinemia. VL diagnosis was confirmed by direct observation of Leishmania in bone marrow aspirates or positive culture in Novy, Mac Neal and Nicole (NNN) media (Sigma-Aldrich, St. Louis, MO, USA) or positive rK39 serological test (KalazarDetect® Rapid Test: InBios International Inc., Seattle, WA, USA). Patients underwent standard VL treatment, and blood was collected from the patient three times: before chemotherapy for leishmaniasis (pretreatment, D0) and 7 days (D7) and 30 days (D30) after treatment initiation. Pregnant women, patients receiving immunosuppressive treatments, and patients with comorbidities such as diabetes, HIV, Human T-lymphotropic virus 1 (HTLV-1), and malignancy, were excluded.



Neutrophil Isolation and TREM-1 Detection on the Neutrophil Surface by Flow Cytometry

Neutrophils were isolated from heparinized peripheral blood by density gradient centrifugation using Histopaque 1077 (Sigma, St. Louis, MO, USA) and centrifuged at room temperature for 30 min at 400 × g. The plasma and cloud containing the mononuclear cells were removed from the top layer. The cloud containing the neutrophils (>95% of the cells) was collected, and contaminant red blood cells were removed by hypotonic lysis. Next, neutrophils were washed with Phosphate-buffered saline (PBS) and resuspended in Roswell Park Memorial Institute (RPMI) 1640 media (Gibco, USA) supplemented with 1% nutridoma (Roche, Indianapolis, IN, USA) and 1% penicillin/streptomycin.

To evaluate the TREM-1 surface expression on neutrophils, the cells (2.5 × 106 cells/ml) were incubated with 100 μl of blocking serum (2% fetal goat and 2% fetal bovine calf sera) for 20 min at 4°C to inhibit non-specific binding through FcγRs. Next, the cells were stained with CD11b-APC and anti-CD354/TREM-1-PE antibodies (BioLegend) for 20 min at 4°C and then washed and resuspended in PBS. A minimum of 30,000 events were acquired using the FACS CANTO II (BD Biosciences) and analyzed using FlowJo v10.0 software (Tree Star). For multiparameter cytometry analysis, the neutrophil population was selected using the size (Forward Scatter - FSC) and granularity (Side Scatter - SSC) parameters, into that gating was selected the CD11b+ cells, and into that gate were analyzed the expression of TREM-1+ cells. CD11b was used as a neutrophil marker (Lakschevitz et al., 2016).



Quantification of Inflammatory Mediators in Serum

Inflammatory mediators were measured in the serum (previously stored at -−80°C), that was obtained from peripheral blood of patients with VL and healthy controls (HCs). Determination of sTREM-1 concentrations was performed by specific enzyme-linked immunosorbent assay (ELISA) kit (DuoSet, R&D Systems, Abingdon, UK). The absorbance at 450 nm was measured using a microplate reader (Epoch, BioTek, Luzern, Switzerland) with a wavelength correction set at 570 nm to subtract background. A standard curve was generated for each set of samples assayed using the manufacturer’s recommended protocol.

The cytokines IL-4, IL-5, IL-6, IL-12p70, IL-17A, IL-22, TNF-α, and interferon (IFN)-γ was done by multiplex assay (ProcartaPlex Multiplex Immunoassay–Human Custom, Thermo, Waltham, MA, USA), and the cytokine concentrations were analyzed by MILLIPLEX Analist 5.1 software (Merck Millipore, Billerica, USA).



Statistical Analysis

Descriptive and statistical data analyses were performed. Kolmogorov–Smirnov normality test was applied. Differences between the groups were calculated using Student’s t test or one-way ANOVA for parametric data. Mann–Whitney test or Kruskal–Wallis test with the Dunn’s multiple comparisons test were used for non-parametric data. Correlation analysis was performed using Spearman correlation test. Differences with p < 0.05 were considered statistically significant. Analyses were performed using GraphPad Prism 8.0.2 software. Heatmaps were made to represent the expression of the TREM-1 marker through the signal intensity, as previously described (Gu et al., 2016). Unsupervised two-way hierarchical cluster analysis (Ward’s method) was utilized to test whether VL patients at different time points of leishmanicidal treatment and endemic HCs could be grouped separately based on the overall expression profile of serum markers.




Results


Demographic, Clinical, and Laboratorial Data of Patients

All patients had a diagnosis of VL confirmed by rK39 serology and/or parasite bone marrow culture. Clinical and laboratory parameters of patients with VL before and after leishmanicidal treatment were compared (Table 1). Patients with VL included in the study were composed of 43% women (n = 3) and 57% men (n = 4), with a mean age of 41 ± 15 years (mean ± SD). No significant differences in spleen or liver size were detected among cohorts over the course of treatment. As expected, it was observed that patients before starting treatment (D0) have anemia, thrombocytopenia, leukopenia coupled with significant neutropenia, and lymphopenia. Elevated levels of Aspartate transaminase (AST) enzyme were also observed in patients at time D0. On day 30 posttreatment (D30), all treated patients showed signs of recovery from the clinical symptoms (Table 1).


Table 1 | Clinical and laboratory data of patients with VL at different times of leishmanicidal treatment.



The most common symptoms presented by the patients were fever and weight loss. The duration of disease before diagnosis ranged from 20 to 270 days, with an average of 103 days. Most patients (71.44%) underwent treatment with liposomal amphotericin B, with 2 patients (28.56%) treated with pentavalent antimonials.



TREM-1 Expression in Neutrophils From Patients With Visceral Leishmaniasis at Different Time Points of Leishmanicidal Treatment

The surface expression of TREM-1 on neutrophils was measured in patients with VL at different time points of leishmanicidal treatment: before (pretreatment, D0), during (D7), and after the start of treatment (D30). Results revealed a lower frequency of TREM-1 expression on neutrophils of patients before treatment (D0) compared to that of HCs (mean ± SD: 70.39 ± 14.63 vs. 92.88 ± 9.22, respectively; p = 0.0059) (Figure 1A). The mean fluorescence intensity (MFI) was used to demonstrate increased or decreased overall levels of the receptor on the surface of neutrophils. Notably, lower TREM-1 MFI on neutrophils from pretreated VL patients (D0) was observed compared to that of HCs (mean ± SD: 1,643 ± 652.9 vs. 2,334 ± 431.5, respectively; p = 0.0292) (Figure 1B). When performing a paired analysis by comparing the expression and TREM-1 MFI of patients at different times of treatment, a difference was observed in relation to the frequency of TREM-1 between the D0 and D7 (p = 0.0099) and D0 and D30 (p = 0.0226) time points. The TREM-1 MFI was also significantly different between D0 and D7 (p = 0.0313) and D0 and D30 (p = 0.0469). These results demonstrate that in the days after the start of treatment (D7 and D30), the expression of the TREM-1 receptor in the patients’ neutrophils returned to levels similar to those found in healthy groups.




Figure 1 | Expression of surface TREM-1 in neutrophils from visceral leishmaniasis (VL) patients at different times of leishmanicidal treatment and healthy controls (HCs). Neutrophils from patients with VL (n = 8) and healthy donors (n = 8) were isolated from the peripheral blood, and (A) the frequency and (B) MFI of neutrophils expressing TREM-1 were assessed by flow cytometry. Bars represent the mean ± SEM. Mann–Whitney test or Student’s t test were used to compare patients’ treatment times (VL D0, VL D7, and VL 30) with the HC, and the Friedman test with Dunn’s posttest or one-way ANOVA were used for paired analysis of patients in treatment times (VL D0, VL D7, and VL D30). *p < 0.05; **p < 0.01. (C) Cluster analysis and heatmap expressing the frequency and MFI of TREM-1 in the neutrophils of patients with VL at different times of treatment and in HCs. Fold changes were calculated, and statistically significant differences are highlighted in blue and red.



Subsequently, a heatmap was constructed to display the expression intensity values of TREM-1 utilizing fold change values of ≤2 and ≥-2 (Figure 1C). A hierarchical cluster analysis (Ward’s method) was used to describe the expression profile of TREM-1 in neutrophils from patients with VL at different times of treatment. Patients before treatment have a lower frequency and MFI of TREM-1 compared to HCs. This reduction in TREM-1 frequency was also observed among patients at time D0 compared to patients at 7 and 30 days after treatment. After 30 days of treatment, an increase in the frequency and MFI of TREM-1 was also observed on neutrophils in VL-treated cohorts.

Since MFI is a measure that infers the fluorescence intensity of the antibody used and it is proportionally associated with the amount of molecules present on the cell surface, we used this measure to perform correlation analyses (Hogg et al., 2015). A strongly positive correlation was observed between TREM-1 MFI and the frequency of neutrophils (r = 0.5948, p = 0.0045) (Figure 2A) and with the CD11b MFI (r = 0.5539, p = 0.0230) (Figure 2B), which is a marker for myeloid subsets.




Figure 2 | Correlation between MFI of TREM-1 and (A) neutrophil frequency, (B) MFI CD11b, and (C–G) laboratory parameters and clinical and IL-22 serum levels from patients with VL at different times of leishmanicidal treatment. Spearman correlation test. Patients with VL before treatment are represent in red; and after treatment initiation with 7 days in blue, and 30 days in green.



We then evaluated how TREM-1 MFI related to patients’ clinical profile. Results revealed that the TREM-1 MFI was positively correlated with lymphocyte (r = 0.4911, p = 0.0238) and erythrocyte (r = 0.5465, p = 0.0104) counts (Figures 2C, D). A negative correlation was observed in the TREM-1 MFI with the sizes of the spleen (r = -0.5953, p = 0.0092) and liver (r = -0.5587, p = 0.0129) (Figures 2E, F).



Inflammatory Mediator Profile in Visceral Leishmaniasis Patients

Since VL is characterized by an intense circulation of several cytokines, investigations next evaluated the serum levels of some key biomarker indices related to VL and whether these were correlated with the expression of TREM-1 on neutrophils. We measured IL-4, IL-5, IL-6, IL-12p70, IL-17A, IL-22, TNF-α, and IFN-γ cytokine concentrations in the serum of VL patients and HCs. We found higher levels of IL-4, IL-6, IL-12p70, IL-17A, IL-22, IFN-γ, and sTREM-1 in patients before treatment (D0) when compared to those of HCs (Table 2). No significant differences were observed between D0 and HC for TNF-α or IL-5. After the initiation of leishmanicidal treatment, it was clearly observed that the general expression profile in VL patients at day 30 became similar to that observed in HCs, except for the mediators IL-4, IL-6, and sTREM-1, which still showed significant differences compared to HCs (Table 2).


Table 2 | Inflammatory mediator profile of patients with VL at different times of leishmanicidal treatment.



We then evaluated how TREM-1 MFI related to these inflammatory mediators within the serum. TREM-1 MFI was negatively correlated with IL-22 (r = -0.4926, p = 0.0465) (Figure 2G); no other cytokine had direct or indirect correlations. Furthermore, as IL-22 increases the production of pro-inflammatory molecules (Boniface et al., 2005), we investigated whether there was a correlation between IL-22 and the serum levels of other inflammatory mediators. We observed a positive correlation between IL-22 and IL-4, IL-5, IL-6, IL-12p70, IL-17A, and TNF-α. There was no correlation of IL-22 with sTREM-1 nor IFN-γ (Supplementary Table S1).

We also assessed whether sTREM-1 levels in the patients’ serum could be associated with influencing cytokine levels. We observed a significant positive correlation with TNF-α serum level (r = 0.5503, p = 0.0291) (Figure 3A). There were no correlations of sTREM-1 with the clinicals and laboratorial paramenters of patients (liver and spleen size, hematological parameters and, liver and kidney enzyme levels).




Figure 3 | (A) Correlation between sTREM-1 with TNF-a serum levels from patients with VL at different times of leishmanicidal treatment. Spearman correlation test. (B) Cluster analysis and heatmap expressing serum inflammatory mediators in VL patients at different times of leishmanicidal treatment. Fold changes have been calculated, and significant differences are highlighted in blue.



Finally, results of the quantification of serum inflammatory mediators were used to perform the heatmap analysis (Figure 3B). In the hierarchical cluster analysis, the formation of two large clusters was observed: sTREM-1, IL-22, IL-5, and IL-12p70 and another with IL-4, IL-17A, TNF-α, IL-6, and IFN-γ. A negative fold change was observed, with a significant difference only with TNF-α and IFN-γ between times D30 and D0.




Discussion

In the present study, we describe for the first time that low expression of the TREM-1 receptor on the surface of neutrophils is present in patients with VL. Upon anti-leishmaniasis treatment regimens, TREM-1 receptor expression returned to levels similar to those found in HCs. Ruiz-Pacheco et al. (2014)  also had similar findings upon dengue infections; the authors observed a significant decrease in TREM-1 expression in the patients’ neutrophils during infection. Here, we observed that TREM-1 levels on the surface of circulating neutrophils appear to increase as the infection waned. Studies showed that a large proportion of the neutrophils in the blood of VL patients are immature cells (Yizengaw et al., 2016; Sharma et al., 2016). We hypothesized that a lower expression of the TREM-1 receptor in the neutrophil membrane of patients with VL before treatment may be associated with the release of premature neutrophils (with low expression of TREM-1) from the bone marrow to the systemic circulation. This hypothesis corroborates with the finding of Gingras et al. (2002), who showed that TREM-1 expression was associated with the  maturation stage of myeloid cells. However, further studies are needed to investigate the bone marrow environment during Leishmania infection.

We found that the strong positive correlation between TREM-1 MFI and neutrophil frequency proves that neutrophils are a source of TREM-1 in VL. The low expression of TREM-1 in neutrophils was associated with clinical parameters of severity and bone marrow functioning, as for example, reduced levels of circulating lymphocytes and erythrocytes, and enlargement of the liver and spleen. As treatment progressed, improvement in these parameters was observed, associated with an increase in neutrophil TREM-1 expression. It is possible that L. infantum infection in the bone marrow compromises the expression of this receptor. A neutrophil with low TREM-1 expression may not perform its function correctly and thus favor the spread of the parasite and secondary infections.

Our previously published reports show that neutrophils from healthy donors infected with L. infantum have a lower expression of TREM-1 on the surface and higher concentrations of sTREM-1 in the supernatant (Bomfim et al., 2017). In particular, high levels of circulating sTREM-1 in patients were correlated directly with VL disease severity, with the highest levels of sTREM-1 observed in non-survivor VL patients (Bomfim et al., 2017). A greater reduction of TREM-1 on the surface of neutrophils and a significant increase in plasma levels of sTREM-1 also were observed in septic patients  (Oku et al., 2013) and in patients with acute dengue infection  (Ruiz-Pacheco et al., 2014).

Systemic inflammation has been described as a cause of clinical manifestations in leishmaniasis (Goto and Prianti, 2009). In VL, this inflammatory response is marked by the release of multiple cytokines (Peruhype-Magalhaes et al., 2005; Costa et al., 2012; Costa et al., 2013; dos Santos et al., 2016). Based on the finding of altered TREM-1 expression on neutrophils from VL patients, we investigated the relationship of TREM-1 expression in neutrophils with serum levels of inflammatory mediators in VL patients. Results revealed high levels of cytokines such as IL-4, IL-6, IL-12p70, IL-17A, IL-22, IFN-γ, and sTREM-1 before treatment, which after antiparasitic treatment returned to values similar to those found in HCs, corroborating data present in the literature (dos Santos et al., 2016; Araújo-Santos et al., 2017).

We found that the TREM-1 MFI was negatively correlated with IL-22 serum levels. IL-22 is a poorly studied cytokine; some studies show that it may be associated with skin and mucosal immunity against infections, but when produced at high levels or in the context of other pro-inflammatory cytokines, it promotes an increase in pathologies (Sonnenberg et al., 2010). Boniface et al. (2005) reported that IL-22 increases the production of pro-inflammatory molecules (Boniface et al., 2005). An interesting finding in the present study is that it was observed that the amount of IL-22 presented a positive correlation with the serum levels of the inflammatory mediators IL-4, IL-5, IL-6, IL-12p70, IL-17A, and TNF- α but no correlation with sTREM-1 and IFN-γ. In L. donovani infection, it was observed that IL-17 and IL-22 lead to protection against VL, and it is suggested that these cytokines act by complementing the protective role of Th1 cytokines in a non-dependent way (Pitta et al., 2009).

Previous studies have demonstrated an association between the decrease on the TREM-1 surface of neutrophils and the increase in serum levels of sTREM-1 (Oku et al., 2013). But here it was not possible perhaps because of the small sample size or because critically ill patients were not evaluated, as has been reported in previous studies (Oku et al., 2013; Bomfim et al., 2017). Here, we showed that sTREM-1 concentration was positively correlated with TNF-α levels. In neonatal sepsis, a positive correlation was observed between sTREM-1 and TNF-α and other pro-inflammatory cytokines such as IL-6 and IL-8 (Qian et al., 2014). In contrast, when leukocytes were treated with the LP17 peptide, which specifically aims to block TREM-1, the secretion of pro-inflammatory cytokines produced after exposure to Escherichia coli was attenuated (Qian et al., 2014). A study by van Bremen et al. (2013) showed that low TREM-1 expression in neutrophils may be associated with hyporesponsiveness during severe sepsis (van Bremen et al., 2013). The authors found correlations between TREM-1 expression in neutrophils and cytokine induction, suggesting the involvement of this receptor in the ability to produce cytokines.

The heatmap of inflammatory mediators at different treatment times showed a significant difference in the fold change with TNF-α and IFN-γ only, demonstrating that 30 days after the start of treatment, patients present these cytokines with reduced levels compared to the phase of pretreatment. IFN-γ is involved in parasite control (Kima and Soong, 2013). Several studies show that high levels of TNF-α have been independently implicated in VL-associated disease severity and death (Costa et al., 2013; dos Santos et al., 2016). Thus, once the patient progresses to clinical cure, a reduction in the serum levels of these cytokines is expected.

Taken together, these results suggest that infection by Leishamina infatum alters the expression of TREM-1 on the surface of neutrophils which leads to an imbalance in the regulation of inflammatory responses, which prevents adequate defense against VL disease. Furthermore, findings highlight the use of TREM-1 expression on the neutrophil surface as a biomarker for VL disease progression. Although the study was the first to assess all these biomarkers together as predictors of severity for VL, it has some limitations that should be noted, as the limited number of patients. More studies are needed for an increase in sample sizes. Studies by employing animal models to perform TREM-1 blockade and to assess the action of Leishmania in vivo, as well as, intracellular signaling and proteomic studies would also serve to elucidate the mechanistic role of the TREM-1 pathway in VL. Lastly, we also emphasize that other molecules and factors interfere in the immunopathogenesis of VL, where the combination of these can culminate in a protective or immunosuppressive response.
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