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Introduction: Hemolytic uremic syndrome (HUS) is a condition that results in acute kidney failure mainly in children, which is caused by Shiga toxin–producing Escherichia coli and inflammatory response. Although anti-inflammatory mechanisms are triggered, studies on the implication in HUS are scarce. Interleukin-10 (IL-10) regulates inflammation in vivo, and the interindividual differences in its expression are related to genetic variants. Notably, the single nucleotide polymorphism (SNP) rs1800896 −1082 (A/G), located in the IL-10 promoter, regulates cytokine expression.



Methods: Plasma and peripheral blood mononuclear cells (PBMC) were collected from healthy children and HUS patients exhibiting hemolytic anemia, thrombocytopenia, and kidney damage. Monocytes identified as CD14+ cells were analyzed within PBMC by flow cytometry. IL-10 levels were quantified by ELISA, and SNP −1082 (A/G) was analyzed by allele-specific PCR.



Results: Circulating IL-10 levels were increased in HUS patients, but PBMC from these patients exhibited a lower capacity to secrete this cytokine compared with those from healthy children. Interestingly, there was a negative association between the circulating levels of IL-10 and inflammatory cytokine IL-8. We observed that circulating IL-10 levels were threefold higher in HUS patients with −1082G allele in comparison to AA genotype. Moreover, there was relative enrichment of GG/AG genotypes in HUS patients with severe kidney failure.



Discussion: Our results suggest a possible contribution of SNP −1082 (A/G) to the severity of kidney failure in HUS patients that should be further evaluated in a larger cohort.
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1. Introduction

Hemolytic anemia, thrombocytopenia, and kidney failure characterize the epidemic form of hemolytic uremic syndrome (HUS) (1). In Argentina, it is the most common cause of acute kidney failure in children and is considered an endemic–epidemic disease. Our country has the highest incidence rate worldwide, with 12–14 cases/100,000 children under 5 years (2, 3).

Most cases of HUS are associated with gastrointestinal infections caused by Shiga toxin (Stx)–producing enterohemorrhagic Escherichia coli (STEC), with O157:H7 being the most frequent strain (4, 5). Although Stx is necessary for HUS onset, developing an inflammatory response is essential for disease progression (6). It has been reported that plasma levels of certain pro-inflammatory mediators, such as TNF-α and interleukin-6 (IL-6), are significantly increased in HUS patients with STEC infections (7). Even though anti-inflammatory mechanisms are triggered to limit inflammation, the effects of these mediators during HUS have been poorly analyzed.

IL-10 is one of the most relevant anti-inflammatory cytokines. The major sources of this mediator in vivo include monocytes (Mo), macrophages, T helper (Th) cells, and B cells (8). The levels of this cytokine are critical to immune regulation, which controls the balance between inflammatory and humoral responses. IL-10 inhibits the release of pro-inflammatory mediators, such as TNF-α, IL-8, IL-1β, IL-6, IL-12, and G-CSF; on the other hand, it increases the release of anti-inflammatory mediators such as IL-1RA, soluble TNF-α receptor, and IL-27. It also affects antigen presentation by reducing the expression of MHC II, which leads to decreased activation of T cells and the generation of Th1 and Th2 responses (9–11).

Interleukin-10 is widely studied in several pathologies due to its pleiotropic nature and sometimes contradictory effects. Elevated levels of this cytokine have been involved in the pathology of systemic lupus erythematosus (12) and several cancer types (13, 14), while lower levels have been associated with inflammatory bowel disease (15), psoriasis (16), and severe asthma (17). It has also been demonstrated that IL-10 exhibits a protective effect in reducing kidney injury, but in other cases, it aggravates defects in kidney function (18). Therefore, the interdependence of the actions of IL-10 with the effects of other cytokines and components of the immune response has been suggested as a possible reason for the protective or detrimental roles of IL-10.

Most interindividual differences observed in relation to IL-10 levels are related to genetic variants (19). The IL-10 promoter has been reported as highly polymorphic, with three single-nucleotide polymorphisms (SNPs) formerly named −1082 (G/A), −819 (C/T), and −592 (C/A) (Legacy notation) in linkage disequilibrium, forming haplotypes GCC, ACC, and ATA. Particularly, SNP rs1800896 −1082 (A/G) has been highlighted for its effects on the regulation of IL-10 expression and is also linked to various diseases. Moreover, SNP rs1800896 −1082 (A/G) tags the haplotype block, modifies the binding affinity of the transcription factor PU.1, and enhances the transcriptional levels of IL-10 (20). Consequently, the SNP −1082 AA, AG, and GG genotypes are, respectively, associated with low, intermediate, and high production of IL-10 cytokine (20, 21).

Considering both the role of IL-10 in many pathologies and the effect of SNP −1082 A>G on its expression, several studies have assessed the potential association of SNP with disease evolution (22–24). Based on this, the aim of our study was to assess the functional relationship of this IL-10 gene polymorphism with HUS outcomes in a valuable cohort of 17 infant patients with different severities of kidney disease.



2. Materials and methods


2.1. Patients and control samples

The Hospital Ethical Committee “Comité de Bioética del Hospital Municipal del Niño Prof. Dr. Ramon Exeni,” San Justo, Buenos Aires, Argentina, approved the study. All patients were enrolled in this study after obtaining informed consent from their parents. In total, 17 children admitted at the mentioned hospital from November 2017 to January 2020 were studied during the acute period of HUS disease. The criteria for diagnosis were microangiopathic hemolytic anemia with schistocytes, thrombocytopenia (platelet count < 150 × 109/L), and an abnormal creatinine level (serum creatinine >62 μmol/L if aged <5 years, >88 μmol/L if aged 6–12 years, and >88 μmol/L for girls or >102 μmol/L for boys if aged >12 years). The exclusion criteria included children without diarrhea or with atypical HUS, other kidney diseases, hematological diseases, or bloody diarrhea caused by other infectious agents. In addition, children were excluded if there was no evidence of association with STEC, which included criteria such as bacterial isolation, presence of Stx in stool, or detection of anti-lipopolysaccharide (LPS) O157 antibodies in serum or saliva.

All patients developed HUS after experiencing gastroenteritis characterized by bloody diarrhea; 47% of them were positive for Stx-producing E. coli O157 diagnosed by a multiplex PCR in fecal samples (25). There were nine girls and eight boys. Blood samples (2 ml) obtained by venipuncture were collected in heparinized tubes, and those from HUS patients were obtained prior to peritoneal dialysis to perform the experiments. Patients were classified according to Gianantonio’s criteria for kidney damage. Patients were classified as mild cases (HUS I: no anuria, n = 2), moderate cases (HUS II: ≤7 days of anuria, n = 4), or severe cases (HUS III: >7 days of anuria, n = 11). Both HUS I and HUS II patients were grouped and named HUS I+II (n = 6) since only two children belonged to the HUS I group. The classification of HUS children according to the days of anuria impacts the possibility of these patients developing chronic kidney damage. None of the evaluated patients showed major alterations in cerebral or intestinal functions since the onset of the disease, except diarrhea. Blood samples were collected from healthy children (control group, n = 18) who were admitted for routine surgical procedures unrelated to gastrointestinal, infectious, or nephrourological diseases. These samples were processed similarly to the samples of HUS patients.



2.2. Immunophenotypic studies

Measurement of the expression of CD14 and CD16 (FcγRIII) on Mo was performed by direct immunofluorescence flow cytometry using conjugated mouse anti−human monoclonal antibodies (mAb) (CD14-PECy5, Beckman Coulter, Marseille, France; CD16-FITC, BD Biosciences, San Jose, CA, United States). Peripheral blood mononuclear cells (PBMC) were stained with Turk solution and counted in a Neubauer chamber. A total of 1 × 106 PBMC were isolated by centrifugation from whole blood samples over Ficoll–Hypaque gradients, incubated with the conjugated mAb for 30 min at 4°C, and washed and fixed with 0.5% paraformaldehyde (Sigma, MO, United States). In all cases, isotype-matched antibodies (BD Biosciences, San Jose, CA, United States) were assayed in parallel, and fluorescence was measured using a three-color FACSCalibur cytometer (BD Biosciences, San Jose, CA, United States). Analysis was made on 10,000 events for each sample by using the Cell Quest software. Mo were identified and gated according to their positive CD14 expression. Analysis on CD16+ or CD16− subsets was performed within the CD14+ gate.



2.3. IL-10 in vitro assay

PBMC (1.5 × 106) were incubated in a 48-well tissue culture plate in the presence or absence (basal condition) of LPS (10 ng/ml) from Escherichia coli O111:B4 (Sigma, St. Louis, MO, United States) at 37°C in 5% CO2 for 20 h. After incubation, cells were centrifuged, and supernatants were collected and stored at −20°C.



2.4. Measurement of IL-10 levels by enzyme-linked immunosorbent assay

Following the manufacturer’s protocol, IL-10 concentrations from plasma samples and in vitro supernatants were measured using the enzyme-linked immunosorbent assay (ELISA) (Human IL-10 ELISA MAX Standard Set, BioLegend).



2.5. Genotyping of IL-10 SNP rs1800896

Genomic DNA was obtained from PBMC (5 × 106) using a commercial kit (Puro Genomic DNA, Productos Bio-lógicos Buenos Aires, Argentina) following the manufacturer’s protocol. A/G alleles of SNP rs1800896 on IL-10 promoter, −1082 (A/G) (Legacy notation), or IL-10 NG_012088.1:g.3943A>G (notation recommended by the Human Genome Variation Society, HGVS) were determined by allele-specific PCR (AS-PCR). Specific primers for the A allele (forward) 5′-CTACTAAGGCTTCTTTGGGAA-3′ or for the G allele (forward) 5′-TACTAAGGCTTCTTTGGGAG-3′ (25) and a common reverse primer 5′-GCTTCTGTGGCTGGAGTCT-3′ designed for this study to reduce the PCR product size in view of the quality were used separately to amplify a 152 bp fragment identifying the patient’s SNP rs1800896 genotype. A larger segment at CTLA4 gene was used as an internal control in a multiplex reaction (CTLA4 forward 5′-AAATGAATTGGACTGGATGGT-3′ and CTLA4 reverse 5′-TTACGAGAAAGGAAGCCGTG-3′), yielding a 247 bp amplification product. AS-PCR was performed in a final volume of 25 µl containing 200 ng of genomic DNA, 0.2 mM dNTPs, 0.2 U of Taq DNA polymerase (Promega, Argentina), 2.0 mM MgCl2, 0.4 mM of each control primer, and 0.6 mM of each allele-specific primer. Cycling conditions consisted of 1 cycle at 94°C for 3 min, followed by 30 cycles at 94°C for 30 s, precise annealing at 61.7°C for 40 s and 72°C for 40 s, and a final extension step at 72°C for 5 min. After amplification, electrophoresis was performed at 90 V for 35 min in 1x TAE buffer on a 2.0% agarose gel stained with ethidium bromide (1 µg/µl). The amplified PCR products were then visualized under UV transillumination and digitally documented.



2.6. Quantification of DNA

DNA was evaluated in plasma of healthy children (HC) or HUS patients. A 1:10 dilution of each plasma sample (in Roswell Park Memorial Institute medium) was mixed with SYBR Gold (Thermo Fisher) to a final volume of 200 μl, and the DNA content was quantified by a fluorometric assay in a DeNovix DS-11 Series Spectrophotometer/Fluorometer. Each dilution was split in half, and one part was incubated at 37°C with DNAse I (50 U/ml) for 30 min before mixing with the stain. The fluorescence signal from the DNAse-treated sample was subtracted from the untreated sample to obtain the specific DNA signal. A standard DNA concentration curve (Sigma Aldrich) was prepared in the same medium to calculate the concentration of the samples. The curve was performed by twofold serial dilution of DNA, starting from 10 μg/ml to 0.15 μg/ml in a final volume of 50 μl.



2.7. Evaluation of neutrophil elastase activity

Neutrophil elastase activity was determined in the same dilutions of plasma samples as the DNA quantification. Overnight, 2 μl of the dilutions was incubated with 10 μl of the specific substrate N-methoxysuccinyl-Ala-Ala-Pro-Val (Sigma). After incubation, absorbance at 405 nm was measured in a DeNovix DS-11 Series Spectrophotometer/Fluorometer.



2.8. Statistical analysis

Comparisons between two groups were performed by the Mann–Whitney U test. The Kruskal–Wallis test was used when more than two treatments were analyzed. If differences between medians were detected, Dunn’s post-hoc test was used. The Chi-squared test was used to test the deviation from the Hardy–Weinberg equilibrium of SNP −1082 (A/G). Genotype frequencies were compared by Fisher’s exact test. Possible associations for the genotypes were estimated by calculating the odds ratio (OR) with 95% confidence intervals (CI). Spearman’s test was used for correlation analysis. Patients were not stratified according to sex or age since no significant differences between HUS groups were found. Statistical significance was set at p < 0.05. GraphPad Prism 8.0 software was used.




3. Results


3.1. Clinical and biochemical data of HUS patients

Samples from HUS patients were obtained during hospitalization and diagnosis and were analyzed for blood and kidney parameters. According to Gianantonio’s criteria, patients were retrospectively classified as mild + moderate cases (HUS I + II) and severe cases (HUS III), considering the severity of kidney dysfunction. Table 1 details the clinical and biochemical data from patients. Although similar biochemical parameters were observed at the early stage of the disease, some patients progressed toward severe kidney compromise (HUS III), requiring more days of dialysis than HUS I + II cases (Table 1).


TABLE 1 Clinical parameters. Data are presented as the median (in boldface) and the interquartile range (25%–75%).
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3.2. Circulating IL-10 levels

Plasma samples from HUS patients and the control group were evaluated for IL-10 levels. The cytokine concentration was increased in HUS patients in comparison to the control group. Then, IL-10 levels were analyzed in patients retrospectively classified according to the severity of kidney dysfunction. We observed an increase in this cytokine, both in mild and moderate (HUS I + II) as well as in severe (HUS III) patients, although there were no statistically significant differences between these groups (Figure 1).


[image: Figure 1]
FIGURE 1
Plasma IL-10 levels. IL-10 levels were analyzed and compared between the control group HC (n = 18), HUS patients (n = 17), HUS I + II group (n = 6), and HUS III group (n = 11). Bars represent the median ± IR. *p < 0.05 and **p < 0.0001 in comparison to HC. The Kruskal–Wallis test followed by Dunn’s post-hoc test. IR, interquartile range; HUS, hemolytic uremic syndrome; HC, healthy children.




3.3. Distribution of SNP −1082A>G in HUS patients

To assess the distribution of SNP −1082A>G, genotype frequencies were analyzed and compared between HUS patients and the control group. As expected, the distribution of individual genotypes followed the Hardy–Weinberg equilibrium. The genotype frequencies were similar between HUS patients and the control group, as shown in Table 2. We observed genotype frequencies in the control group similar to the SNP distribution previously reported in a larger cohort of Argentinean population (26).


TABLE 2 Genotype frequencies of IL-10 −1082 (A/G) promoter polymorphism in HUS patients and healthy controls.
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The distribution of the SNP according to the severity of kidney disease was evaluated. As shown in Table 3, a higher percentage of GG/AG genotypes in comparison to AA was observed in the HUS III group than that in HUS I + II patients. Although no statistically significant differences were found between these genotype percentages, an OR of 5.33 (0.62–46.02) suggests a discernible tendency toward a higher percentage of GG/AG frequencies in HUS III compared with that in the HUS I + II group.


TABLE 3 Genotype frequencies of IL-10 −1082 (A/G) promoter polymorphism in HUS I + II vs. HUS III patients: risk analysis of the severity of kidney failure.
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3.4. Effect of SNP −1082A>G on circulating IL-10 levels

To determine whether SNP −1082A>G was associated with different levels of IL-10 at HUS diagnosis, genotype and plasma IL-10 concentrations were compared between HUS patients and the control group. Only one case of homozygosity −1082GG was determined in all the samples analyzed, corresponding to a HUS patient. Therefore, and taking into consideration that −1082G allele was associated with a higher release of IL-10 in the literature, a dominant model of inheritance was used to perform the statistical analysis (genotypes IL-10 [AG] and [GG] vs. [AA]). Under this model, HUS patients exhibited increased IL-10 levels than the control group for both genotypes (Figure 2). Furthermore, cytokine levels were threefold higher in HUS children with AG + GG in comparison to AA genotypes [median ± interquartile range (IR) (pg/ml) = 85.8 ± (42.8–110.6) vs. 25.5 ± (18.5–71.6)].
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FIGURE 2
Plasma IL-10 levels and SNP −1082A>G. IL-10 levels in HUS patients and HC according to −1082A>G genotypes were compared by applying the dominant model of inheritance. Bars represent the median ± IR. *p < 0.05 and **p < 0.005 in comparison to the same genotype in HC. The Kruskal–Wallis test followed by Dunn’s post-hoc test. IL-10, interleukin 10; IR, interquartile range; HUS, hemolytic uremic syndrome; HC, healthy children.




3.5. IL-10 production by stimulated PBMC

PBMC include cells such as Mo, which are the primary source of IL-10. Based on that, the absolute number of Mo was quantified according to CD14 cell expression by flow cytometry (Figure 3A). HUS patients exhibited a higher absolute number of Mo within PBMC compared with HC, as previously reported by our group (27). Then, the subpopulation of inflammatory CD14+CD16+ Mo, the main producers of IL-10 inside the Mo population (28), was quantified (Figure 3B). Even though the absolute number of inflammatory Mo was not statistically different between the two clinical groups, we have previously demonstrated an expansion of this subpopulation in HUS patients during the acute phase (27, 29).
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FIGURE 3
Circulating Mo. (A) Mo absolute numbers in HUS patients (n = 16) and HC (n = 13), *p < 0.05, Mann–Whitney test. (B) Inflammatory Mo (CD14+CD16+) absolute number in HUS patients (n = 13) and HC (n = 9). IL-10 production in basal condition or after LPS stimulation in Mo from HUS (C) or HC (D). *p < 0.05, Wilcoxon matched-paired test. Comparison of IL-10 concentrations produced in (E) basal condition and (F) after stimulation with LPS between both clinical groups. ***p < 0.05 in comparison to basal treatment in each clinical group, Mann–Whitney test. Mo, monocytes; HUS, hemolytic uremic syndrome; IL-10, interleukin 10; LPS, lipopolysaccharide; HC, healthy children.


PBMCs isolated from both HUS patients and the control group were stimulated with LPS to trigger IL-10 production. Under inflammatory treatment, there was an increase in IL-10 secretion compared with basal secretion in both clinical groups (Figures 3C,D). However, cells from HC were able to release greater amounts of IL-10 than those from HUS patients, both at basal levels (Figure 3E) and after LPS stimulation (Figure 3F).



3.6. Effect of SNP −1082A>G genotypes on IL-10 production

The HUS patients and the control group were classified according to their IL-10 genotype; then, the level of IL-10 released by Mo upon LPS stimulation was compared between the groups. HUS patients exhibited lower IL-10 production independently of their genotype in comparison to the control group. The IL-10 production did not show statistically significant differences between genotypes within each clinical group (Figure 4); however, this cytokine expression was twofold higher in samples with AG+GG genotypes than in AA in HC [(median ± IR (pg/ml) = 5,275 ± (2,119–15,346) vs. 1,958 (565–3,845)].
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FIGURE 4
IL-10 levels according to SNP rs1800896 genotypes. IL-10 concentrations produced by Mo from HUS patients and HC, segregated according to their genotypes, after LPS stimulation. Mo, monocytes; HUS, hemolytic uremic syndrome; IL-10, interleukin 10; LPS, lipopolysaccharide; HC, healthy children.




3.7. Analysis of circulating inflammatory factors and the association with IL-10 levels in HUS patients

Taking into account the ability of IL-10 to regulate inflammation in vivo, the possible association between IL-10 levels and different peripheral inflammatory parameters in HUS was analyzed. Considering the role of polymorphonuclear cells (PMN), particularly the association of neutrophilia with a poor prognosis in HUS, the cytokine IL-8, which is responsible for the activation of these leukocytes, and the production of neutrophil extracellular traps were evaluated. For this purpose, the release of circulating free DNA (cf-DNA) and elastase, considered peripheral markers of NETosis, was evaluated. HUS patients showed an increase in circulating IL-8 and cf-DNA levels as well as elastase activity in plasma, in comparison to HC (Figures 5A–C), consistent with previous reports (30, 31). Then, the analysis of associations between IL-10 levels and the mentioned inflammatory parameters showed a significant negative correlation between IL-8 and IL-10 (r = −0.5464, p = 0.037, Spearman test).
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FIGURE 5
Evaluation of peripheral inflammatory factors in HUS patients. (A) IL-8 and (B) cf-DNA levels and (C) elastase activity were evaluated in plasma from HUS and HC. *p < 0.05 in comparison to HC, Mann–Whitney test. HUS, hemolytic uremic syndrome; IL-8, interleukin 8; HC, healthy children.




3.8. Correlations

The correlation between IL-10 levels and clinical parameters in HUS patients was evaluated. There were no significant results between circulating IL-10 and clinical parameters (Table 4). However, the in vitro production of this cytokine in Mo correlated significantly to hyponatremia, which has been demonstrated to be a predictor of HUS severity (32).


TABLE 4 Correlation values between circulating IL-10 levels and clinical parameters and between IL-10 production in vitro and sodium concentration.
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4. Discussion

The development of an inflammatory response is essential for the progression from STEC infections to HUS disease. Although anti-inflammatory mechanisms are regularly triggered to limit the damage caused by inflammation, studies assessing the potential implication of anti-inflammatory mediators, such as IL-10, in HUS are scarce. We highlight this study as the first one to evaluate the possible involvement of this cytokine in defining the severity of kidney failure in HUS patients.

Our study demonstrated increased levels of circulating IL-10 in patients diagnosed with HUS, yet this increase was not statistically different between the mild/moderate and severe groups according to kidney dysfunction. These findings are in line with previous reports that showed an increase in IL-10 in HUS patients from Japan and North America (33, 34). Moreover, IL-10 levels were higher in HUS patients in comparison with those who had bloody diarrhea due to STEC infection but did not progress to HUS (34). In addition, the analysis of this cytokine in patients suffering from acute kidney failure showed an increase in serum IL-10 levels, which correlated with a poor prognosis (35). Whether this association might reflect an adverse effect of IL-10 or just a compensatory anti-inflammatory response to the inflammatory context remains unclear.

Based on this and the fact that one of the main functions of IL-10 is the capacity to regulate the synthesis of inflammatory cytokines, we evaluated possible differences in the activation of the innate immune response. We observed a negative correlation between levels of circulating IL-8 and IL-10 in HUS patients. Notably, it has been reported that IL-10 inhibits IL-8 synthesis in both mononuclear cells and PMNs after in vitro stimulation with LPS or bacteria (36, 37).

IL-10 expression differs among individuals, and these variations in constitutive levels have been associated with genetic polymorphisms. Among them, SNP −1082A>G has been highlighted due to its effects on IL-10 expression and linked to susceptibility, severity, and prevalence in several diseases (22–24, 38). We performed the study of SNP −1082A>G by AS-PCR, which is an application of conventional PCR that allows the identification of allele variants by directly detecting the specific PCR products (39). We observed that, independently of the genotype, the circulating levels of IL-10 were higher in HUS patients in comparison to the control group. HUS patients with −1082G allele tend to produce greater IL-10 levels than those with AA genotype, although this finding should be confirmed in a larger cohort. These results suggest that the presence of −1082G allele could contribute to an enhanced IL-10 response in HUS patients, which might derive from heightened promoter sensitivity to the inflammatory stimulus generated during the initial phase of HUS disease. Several transcriptional factors have been reported as essential in IL-10 regulation. One of them is the specificity protein 1 (Sp1), which has more affinity to the −1082G allele than the −1082A allele and could contribute to an increase in IL-10 expression, at least in B cells (40). On the contrary, the poly(ADP)ribose polymerase 1 (PARP-1), a factor that participates in DNA repair and also in the regulation of transcription factors that control gene expression, has been reported to specifically bind to the −1082A haplotype, inhibiting IL-10 transcription (41). PARP-1 has a specific domain that could be cleaved by certain caspases, generating two subunits with different functions implicated in cellular viability and inflammatory responses (42). Stx activates caspases that could induce the cleavage of PARP-1 in human epithelial cells (43). Based on this, signaling mechanisms involving any of these factors could regulate IL-10 expression during the initial phase of HUS. However, further studies should be performed to investigate this point.

The distribution of genotype frequencies was comparable between the HUS patients and the control group. However, we found a suggestive enrichment of GG/AG genotypes of more than 2-fold (72.7% vs. 33.3%) in cases of severe kidney failure (HUS III) over mild/moderate (HUS I + II), with an OR of 5.33 (n = 17, p = 0.16). These results support the need to extend the genetic analysis of the IL-10 promoter variant (−1082 A/G) as a risk factor for the development of severe kidney failure to a larger series in a multicenter study. Supporting our data, the allele frequency of SNP −1082A>G was evaluated in patients with chronic kidney disease, demonstrating an association between IL-10 −1082GG genotype and an increased risk for kidney failure (44, 45).

In contrast to the increase of IL-10 levels in plasma, Mo from HUS patients exhibited a lower capacity to produce this anti-inflammatory cytokine in vitro, both under basal conditions and after stimulation with LPS, compared with the control group. This decreased ability to produce and release IL-10 could suggest that cells in patients were exposed to a prolonged activating stimulus, finally leading Mo to a partially desensitized state. Consistent with this idea, our group has previously reported that Mo from HUS patients had a reduced expression of membrane CD14, a co-receptor for Toll-like receptor 4 that mediates LPS signaling (27). The expression of this antigen can be downregulated after initial exposure to LPS, resulting in a weakened response to subsequent exposure (46). Also, Mo from patients with chronic kidney disease, when cultured in vitro, produced lower IL-10 levels than that in the control group, suggesting an abnormal function, probably as a result of previous signals received in vivo (47). In line with this, Mo from HUS patients had demonstrated a reduced spontaneous secretion of IL-10, which correlates positively with sodium levels. In septic patients, the effect of hypernatremia has been linked to persistent inflammation. In this case, the cytokine levels of G-CSF and TNF-α produced by PBMC following LPS stimulation differ among septic patients with hyponatremia, eunatremia, and hypernatremia. Notably, the PBMC from hypernatremic patients had a significantly altered cytokine production, which differs from the control depending on the time of culture (48). Moreover, PBMC from healthy donors cultured in a high-salt medium produced higher levels of IL-6, TNF-α, and IL-10 compared with the control treatment (49). Based on this, the association between hyponatremia, which is considered a marker of kidney disease severity in HUS patients (32), and IL-10 production by monocytes would need further experiments to evaluate possible direct mechanisms.

The potential association between the genotypes and IL-10 secretion upon LPS stimulation was evaluated. Mo from HUS patients produced lower IL-10 levels, regardless of the genotype. However, IL-10 production in Mo with −1082G allele was threefold higher than that produced by AA genotypes in HC. Our results are in accordance with findings reported by Suarez et al. (21) that demonstrated, in a healthy population, an association between higher IL-10 concentrations released in response to LPS and genotypes with, at least, one copy of allele −1082G.

IL-10 participates in the regulation and maintenance of normal kidney function, but an abnormal expression contributes to acute and chronic kidney failure. Resident cells, such as mesangial and endothelial cells, produce IL-10 that acts as a cell growth factor inducing changes in the intraglomerular and tubulointerstitial structures that could alter normal function, generate microalbuminuria and proteinuria, and lead to kidney failure (18). Based on this, IL-10 could be considered not only a protective factor that regulates inflammation but also a detrimental factor that contributes to pathological changes leading to end-stage kidney diseases (18). In the context of HUS, it has been recently reported that the absence of IL-10 limits kidney damage in an experimental model induced by Stx (50).

The progression of infectious diseases could be partially determined by the inflammatory response, which varies among patients. Since HUS is considered an endemic–epidemic disease in our country, exhibiting the highest incidence rate of cases worldwide, the analysis of potential factors that regulate inflammation in the susceptibility, severity, and outcome of HUS might be useful. However, further confirmation of these data in a larger series of HUS patients should be accomplished before making a final statement about IL-10 SNP rs1800896 as a risk factor for severe kidney forms of HUS.
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