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Human T-lymphotropic virus 1 (HTLV-1) infected individuals remain as asymptomatic carriers (ACs) or can develop the chronic neurological disorder HTLV-1-associated myelopathy/Tropical Spastic Paraparesis (HAM/TSP) or the adult T-cell leukemia/lymphoma (ATLL), and the immunological mechanisms involved in this pathologies need to be elucidated. Recently, it has been demonstrated that induced or naturally developed IgG repertoires obtained from different groups of donors, grouped by immune status, can modulate human T and B cell functions. Here we aimed to evaluate if the IgG obtained from HTLV-1-infected ACs, HAM/TSP, and ATLL patients can differentially modulate the production of cytokines by human T and B cells. With this purpose, we cultured PBMCs with IgG purified from ACs, HAM/TSP, or ATLL donors and evaluated the frequency and intracellular cytokine production by flow cytometry. Our results indicate that IgG from HAM/TSP patients could induce an augment of IL-17-producing CD4+ T cells, reduce the frequency of IL-4-producing CD4+ T cells, increase IFN-γ-producing CD8+ T cells, and reduce IL-4-producing CD8+ T cells. IgG from ATLL could reduce the frequency of IL-4-producing CD4+ T cells, similarly to IgG from HAM/TSP /TSP, and could reduce the frequency of IFN-γ-producing γδT cells without influence on IL-17- and IL4-producing γδT and could reduce the frequency of IL-10- producing B cells. Finally, IgG from both HAM/TSP and ATLL patients could reduce the frequency of IFN-γ producing B cells. In conclusion, these results suggest that these preparations are active, partly overlapping in their effects, and able to elicit distinct effects on target populations.
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Introduction

HTLV-1 is the retrovirus responsible for HAM/TSP and ATLL (1–4). More frequently, HTLV-1 infections are related to a variety of inflammatory diseases, such as pulmonary alveolitis (5), uveitis (6), chronic arthropathy (7), dermatitis (8), conjunctivitis, interstitial keratitis, and others (9). Less frequently, 1 to 5% of these individuals develop ATLL or HAM/TSP, depending on mechanisms that need elucidation and are influenced by geographical location (10).

In the last years, a debate over the mechanisms mediated by differential induced or naturally developed IgG repertoires has intensified (11–13), but there is still scarce evidence to explain the molecular basis of this hypothesis termed “the hooks without bait” (14). This hypothesis suggested that the repertoire of IgG idiotypes induced by human exposure to environmental antigens, genetic background, and infections may, according to the developed repertoire, yields the generation of differential sets of IgG idiotypes that enable unforeseen interactions with clonal and conserved molecules expressed in T and B cells membranes and resulting in immune modulation. This hypothesis advocated that those IgG-lymphocyte interactions may result in regulatory or inflammatory effects with the potential to control or stimulate the developed immune response. The elucidation of this complex network may generate approaches to pathogenesis understanding and therapy development. Some studies performed under this hypothesis have reported that different IgG idiotypes repertoires can, per se, mediate immune modulation in murine and human lymphocytes (13, 15–19), including thymic and peripheral αβT, γδT and B cells’ cytokine production and according to the donors’ immune state. This was demonstrated when evaluating IgG from atopic individuals that modulate the production of IFN-γ by CD4+ and CD8+ T cells (20), IgG from Atopic Dermatitis patients that modulates the production of IL-17 and IL-10 by CD4+ and CD8+ T cells (21), or IgG from HIV-1-exposed non-infected and infected individuals that modulates the production of IFN-γ by αβT (CD4+ and CD8+), γδT and B cells (22).

About γδT cells, it was demonstrated that IgG from non-atopic donors could mediate the regulation of IL-17-producing γδT cells (23) and, in a similar study, also regulate IFN-γ and IL-10 production by γδT cells (24). In the context of B cells, it was recently demonstrated that human IgG from non-atopic individuals could induce IL-10-producing B cells (B10 cells) in the infant thymus and adult PBMCs (25), evidence that was generated from previous observations on murine models of allergy (26, 27). Although these studies focused on allergy development, those pieces of evidence indicate a broad spectrum of IgG-mediated regulation of cytokine production by T cells. To pave these findings from the studies cited above, its also essential to briefly highlight the following technical aspects; the described effects were obtained using as controls the commercial formulation of IgG used for human therapies, the absence of IgG, and the presence of IgG from healthy individuals; the purification method did not allow the permanence of biologically active amounts of cytokines; the IgG subclasses on all formulations were similar; the IgG formulations could directly interact with lymphocytes membranes that do not express IgG receptors; the IgG-membrane interactions did not result in the induction of apoptosis.

In the context of HTLV-1 infected patients, it was demonstrated that, compared to healthy donors or asymptomatic carriers, the HAM/TSP patients are characterized by elevated levels of pro-inflammatory cytokines, such as IL-4, IL-6, IL-8, IFN-γ, and Tumor Necrosis Factor-α (TNF-α) in their plasma (28, 29). It was also demonstrated that increased plasma levels of IL-17 can be detected in HAM/TSP patients (30), and the plasma levels of IL-10 may be elevated in some subtypes of ATLL patients (31). Using a murine model of ATLL, it was also demonstrated that IL-10 production may be significant in defining the ATLL progression (32).

The control of HTLV-1 proliferation in infected individuals is dependent on the induction of effector immune mechanisms, including the production of IgG antibodies that recognize the virus and stimulate neutrophil-mediated cytotoxic responses to HTLV-1-infected cells (27). Immunological stimulation in the decurrence of HTLV-1/host interaction may influence the clinical evolution of lifelong asymptomatic HAM/TSP or ATLL patients. Furthermore, it was described an association between HAM/TSP development with high levels of HTLV-1 antibodies (33), indicating that the intensity and/or specificity of the humoral response may, at some point, be related to the progression of the HTLV-1 infection and the manifestations of inflammatory associated diseases. Moreover, the intense inflammatory activity due to the CD4+ T cells activation, with increased levels of IFN-γ, contributes to the establishment of the chronic inflammatory process (34).

Based on those observations, in the present study, we aimed to evaluate the effect of the IgG repertoires obtained from asymptomatic, HAM/TSP, and ATLL donors on the production of cytokines by peripheral αβT- (CD4+ and CD8+), γδT- and B-cells searching for the identification of differential immunological signatures that may be related to each clinical manifestations resultant from HTLV-1 infection.



Methods


Samples

Purified IgG was obtained from randomly selected patients from a larger cohort of 233 HTLV-1-infected persons representing asymptomatic carriers (ACs; n = 14; 12 males and 2 females; Age: 52.7 ± 2.7; Pro-viral load median: 13 copies/1000 PBMCs), HAM/TSP (n = 16; 10 males and 6 females; Age: 57.4 ± 2.2; Pro-viral load median: 162 copies/1000 PBMCs), and ATLL (n = 11; 7 males and 4 females; Age: 48.4 ± 4.6; Pro-viral load median: 502 copies/1000 PBMCs) patients. HTLV-1-positive individuals were recruited from the HTLV-1 outpatient clinic at the University of São Paulo and the Institute of Infectious Diseases “Emilio Ribas.” All ACs were diagnosed as HTLV-1 carriers at the time of blood donation. Viral infection was identified by the Murex HTLV I + II (Abbott/Murex, Wiesbaden, Germany) and Vironostika HTLVI/II (bioMérieux bv, Boxtel, Netherlands) HTLV enzyme immunoassays, and infection was confirmed by HTLV BLOT 2.4 (HTLV blot 2.4, Genelabs Diagnostics, Science Park, Singapore). The clinical status of HAM/TSP was determined based on the WHO criteria for HTLV-1-associated diseases (35). Diagnostic criteria for ATLL included serologic evidence of HTLV-1 infection and cytologically or histologically proven T cell malignancy. Healthy controls (HCs) were volunteers that were diagnosed as non-infected individuals at the time of blood donation. Blood samples from healthy controls were used to obtain purified IgG (n = 30) or to obtain the PBMCs (n = 10) used in the culture experiments avoiding autologous IgG-PBMCs experiments. Written informed consent was obtained from each participant. The study was approved by the local review board.



IgG purification

IgG was purified from pooled serum following the Melon Gel IgG Spin Purification Kit protocol (Thermo, Waltham, MA, United States). Purified IgG was collected, sterilized using 0.20-micron filters (Corning, Darmstadt, Germany), and stored at −80°C for cell culture experiments. Following the manufacturer’s instructions, IgG concentrations were determined using Coomassie Protein Assay Reagent (Pierce, Waltham, MA, United States). The purity of IgG, as evaluated by SDS-PAGE, was greater than 95%, and the 5% contaminants had molecular weight lower than 10 kDa indicating that they are predominantly protein fragments that the melon gel could not capture and that they probably do not include molecules of biological importance such as cytokines. All pools were evaluated, and undetectable IgA, IgM, and IgE antibody levels were confirmed. The frequency of IgG subclasses, as evaluated by ELISA, was similar between all IgG formulations. This purification protocol was evaluated for the quality of the purified IgG, and it demonstrated higher efficiency in purifying idiotype-functional molecules and avoiding complex IgG molecules (36). Furthermore, the serum samples were exposed to UV radiation and long-period freezing to avoid the presence of infective HTLV-I.



Cell culture with PBMCs from healthy donors

Suspensions of PBMCs from healthy individuals were washed and resuspended in RPMI 1640 medium containing 10% FC-III (HyClone, Logan, UT, United States). Using a Neubauer chamber, a cell suspension aliquot was diluted in trypan blue (Sigma, United States) to evaluate the cell viability and number. Then, 1 × 106 viable PBMCs were placed in each well of a 96-well culture plate (Costar, Glendale, AZ, USA) and cultured with 100 μg/mL IgG purified from pooled serum samples from each group of patients or controls in RPMI 1640 medium containing 10% FC-III (HyClone, Logan, UT, USA). The mock condition or the addition of 100 μg/mL commercially purified IgG (IVIg) was used as an additional control. The culture plates were incubated for 3 days, and 1 μg/mL brefeldin A (Sigma, Israel) was added in the last 12 h as previously standardized (20, 21, 23, 24, 37). Cell staining was performed to evaluate cell labeling via flow cytometry.



Flow cytometry

Cell culture and flow cytometry were performed using protocols that were previously described by our group (20, 21, 38, 39). PBMCs were transferred to test tubes to perform extracellular staining, and 1 μg of each antibody was added to the cells (except to the unlabelled tubes). Then, the samples were incubated for 30 min at four °C while protected from light. Thereafter, 500 μL of PBS solution was added, and the tubes were centrifuged. The supernatant was discarded by inverting each tube. Then, PBS was added, followed by fixation in 200 μL of 1% formaldehyde for at least 10 min. PBMCs were stained with mouse anti-human CD3, γδTCR, CD4, CD8, CD19, or isotype control antibodies (BD Pharmingen, NJ, United States). The tubes were centrifuged, the supernatant was discarded, and the ideal concentration for each antibody (determined by previous titration experiments) was added to the cells (except to the unlabelled tubes) to perform intracellular labeling. Then, 100 μL of PBS containing 0.05% saponin was added, and the tubes were stored at 4°C for 30 min while protected from light. After centrifugation, the supernatant was discarded by inverting each tube, and the cells were resuspended in 300 μL of PBS solution. PBMCs were stained with mouse anti-human IFN-γ, IL-14, IL-10, and IL-17 or isotype control conjugated with the corresponding fluorochromes (BD Pharmingen, New Jersey, United States). Using an LSRII Fortessa flow cytometer (BD Biosciences, United States), 500,000 events per sample were acquired in the quadrant of lymphocytes (as determined by their relative size/granularity). Compensation was performed using adsorbed microspheres (CompBeads, BD Biosciences, USA) treated with the antibodies used for extra- and intracellular staining. Cell gating was based on the specific isotype control to identify T and B cells gating, and all the cytokines gating was verified using the fluorochrome minus 1 (FMO) setting where all the antibodies needed to perform the phenotypic labeling were added except for the one needed to label each of the cytokines. CD3 + γδTCR+ lymphocytes were considered γδT cells, CD8-CD4-CD19+ lymphocytes were considered B cells, CD4 + CD8- lymphocytes were considered CD4+ T cells, and CD8 + CD4- lymphocytes were considered CD8+ T cells. For the cell viability analysis, the cells were incubated with Live/Dead (PE-Texas red) fluorescent reagent (ThermoFisher, United States), and all analyses were performed using viable cells. Data analysis was performed using FlowJo software (Tree Star, Ashland, OR, United States).



Statistical analysis

Statistical analysis was performed with GraphPad Prism 5.0 (GraphPad Software Inc., La Jolla, CA). Data from in vitro studies were taken from 5 separate experiments with 2 PBMC donors per experiment. Differences were considered significant at p ≤ 0.05 as assessed by Student’s t-test and the Mann–Whitney U test (comparisons between two groups) or by an ANOVA test with Tukey’s test correction (comparisons among more than two conditions) because of the Gaussian distribution of the values.




Results


Differential effects of IgG from ACs, HAM/TSP, and ATLL patients on the IL-4, IL-10, IL-17, and IFN-γ production by T (CD4+, CD8+, and γδ) and B cells

To evaluate the effects of grouped IgG idiotypes repertoires, we purified and pooled IgG antibodies from ACs, HAM/TSP, and ATLL patients and performed culture experiments using PBMC from healthy non-infected individuals. As control conditions, all experiments included the mock condition (absence of IgG), the IVIg condition (therapeutical IgG formulation), and the HCs condition (IgG from healthy non-infected donors who did not donate PBMC).

After 3 days of culture, all evaluated culture conditions did not influence the frequency of CD4+ T cells (Figure 1A and Supplementary Figure S1A), and a similar equality profile was observed in the IFN-γ-producing CD4+ T cells (Figure 1B and Supplementary Figure S2). When evaluating the IL-17 production, we could observe that IgG from HAM/TSP patients could induce an augment of IL-17-producing CD4+ T cells compared to all other conditions (Figure 1B and Supplementary Figure S2). IL-4 analyses could reveal that IgG from HAM/TSP and ATLL could reduce the frequency of IL-4-producing CD4+ T cells compared to other conditions, and the evaluation of IL-10 production indicates that IgG from ACs induces the production of IL-10 by CD4+ T cells compared to all other conditions (Figure 1B and Supplementary Figure S2). We next evaluated the frequency of CD8+ T cells, and we could observe no influence on the frequency of this population between all culture conditions (Figure 2A and Supplementary Figure S1A). Otherwise, IgG from HAM/TSP patients could induce an augment of IFN-γ-producing CD8+ T cells and a reduction of IL-4-producing CD8+ T cells compared to other culture conditions (Figure 2B and Supplementary Figure S3). No difference was observed in the production of IL-17 by CD8+ T cells between all culture conditions. Evaluating IL-10 production, we could observe that IVIg and IgG from HCs could reduce the frequency of IL-10-producing CD8+ T cells compared to the mock condition, an effect that was not observed in response to IgG from ACs, HAM, and ATLL (Figure 2B and Supplementary Figure S3).
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FIGURE 1
 Modulatory effect of IgG from HTLV-1-infected patients on healthy peripheral CD4+ T cells. PBMCs from healthy donors (n = 10) were cultured in the absence of IgG (Mock) or in the presence of 100 μg/mL of IgG used for therapeutical proposes (IVIg), IgG purified from healthy non-infected controls (HCs), IgG from HTLV-1-infected asymptomatic carriers (ACs), IgG from HTLV-1-infected HAM/TSP P/TSP patients (HAM/TSP P/TSP) or IgG from HTLV-1-infected ATLL patients. After 3 days of culture, viable CD4+ T cells were evaluated by flow cytometry for frequency (A) and intracellular production of IFN-γ, IL-17, IL-4, and IL-10 (B). Symbols represent individual values obtained from five experiments, and lines represent mean ± SE. * = p < 0.05 compared to the Mock, IVIg, and HCs conditions.
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FIGURE 2
 Modulatory effect of IgG from HTLV-1-infected patients on healthy peripheral CD8+ T cells. PBMCs from healthy donors (n = 10) were cultured in the absence of IgG (Mock) or in the presence of 100 μg/mL of IgG used for therapeutical proposes (IVIg), IgG purified from healthy non-infected controls (HCs), IgG from HTLV-1-infected asymptomatic carriers (ACs), IgG from HTLV-1-infected HAM/TSP P/TSP patients (HAM/TSP P/TSP) or IgG from HTLV-1-infected ATLL patients. After 3 days of culture, viable CD8+ T cells were evaluated by flow cytometry for frequency (A) and intracellular production of IFN-γ, IL-17, IL-4, and IL-10 (B). Symbols represent individual values obtained from five experiments, and lines represent mean ± SE. *** = p < 0.05 compared to all other conditions. ** = p < 0.05 compared to the Mock, IVIg, and HCs conditions. * = p < 0.05 compared to the Mock condition.


When evaluating γδT cells, we could not detect any differences in the frequency of these cells between culture conditions (Figure 3A and Supplementary Figure S1B). Otherwise, IgG from HCs, ACs, and ATLL patients could reduce the frequency of IFN-γ-producing γδT cells compared to the mock condition. No influence of any condition could be detected in the IL-17- and IL4-producing γδT cells between all culture conditions. The production of IL-10 could be detected at a lower frequency in response to IVIg and IgG from HCs, ACs, and ATLL patients compared to mock condition (Figure 3B and Supplementary Figure S4).
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FIGURE 3
 Modulatory effect of IgG from HTLV-1-infected patients on healthy peripheral γδT cells. PBMCs from healthy donors (n = 10) were cultured in the absence of IgG (Mock) or in the presence of 100 μg/mL of IgG used for therapeutical proposes (IVIg), IgG purified from healthy non-infected controls (HCs), IgG from HTLV-1-infected asymptomatic carriers (ACs), IgG from HTLV-1-infected HAM/TSP P/TSP patients (HAM/TSP P/TSP) or IgG from HTLV-1-infected ATLL patients. After 3 days of culture, viable γδT cells were evaluated by flow cytometry for frequency (A) and intracellular production of IFN-γ, IL-17, IL-4, and IL-10 (B). Symbols represent individual values obtained from five experiments, and lines represent mean ± SE. * = p < 0.05 compared to the Mock condition.


Ultimately, we also evaluated the frequency of B cells after the culture period, and we could not detect any differences in the frequency of these cells between culture conditions (Figure 4A and Supplementary Figure S1A). By evaluating the IFN-γ production, we could observe that IgG from ACs, HAM, and ATLL patients could reduce the frequency of IFN-γ-producing B cells compared to mock, IVIg, and HCs controls (Figure 4B and Supplementary Figure S5). No influence was observed when comparing the production of IL-17 by B cells between all culture conditions. The frequency of IL-4-producing B cells was reduced in response to IgG from HCs and ATLL patients compared to mock and IVIg conditions (Figure 4B and Supplementary Figure S5). By evaluating the production of IL-10, we could also observe that IVIg, IgG from HCs, ACs, and ATLL patients could reduce the frequency of IL-10-producing B cells compared to mock conditions (Figure 4B and Supplementary Figure S5).
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FIGURE 4
 Modulatory effect of IgG from HTLV-1-infected patients on healthy peripheral B cells. PBMCs from healthy donors (n = 10) were cultured in the absence of IgG (Mock) or in the presence of 100 μg/mL of IgG used for therapeutical proposes (IVIg), IgG purified from healthy non-infected controls (HCs), IgG from HTLV-1-infected asymptomatic carriers (ACs), IgG from HTLV-1-infected HAM/TSP P/TSP patients (HAM/TSP P/TSP) or IgG from HTLV-1-infected ATLL patients. After 3 days of culture, viable CD8+ T cells were evaluated by flow cytometry for frequency (A) and intracellular production of IFN-γ, IL-17, IL-4, and IL-10 (B). Symbols represent individual values obtained from five experiments, and lines represent mean ± SE. *** = p < 0.05 compared to the Mock, IVIg, and HCs conditions. ** = p < 0.05 compared to the Mock and IVIg conditions. * = p < 0.05 compared to the Mock condition.





Discussion

HAM/TSP is potentially considered an immune-mediated disease, mainly due to impaired production of cytokines, including IFN-γ levels (36). Our observations suggested that IgG molecules may influence the described impairment and may be divergent between peripheral lymphocyte populations. Our study indicated that IgG from HAM/TSP patients could induce a remarkable augment on the production of IFN-γ by CD8+ T cells without influence on the production by CD4+ T cells and γδT cells and with a reduction on B cells. Furthermore, this observation corroborates the description that a subset of IFN-stimulated genes is overexpressed in HAM/TSP cases but not asymptomatic carriers (40). Moreover, it was demonstrated that the infiltration of HTLV-1-specific CD8+ T cells is related to HAM/TSP development (41). This effect seems to occur as a bystander neural damage mediated by the apoptosis of oligodendrocytes that were in contact with infiltrated CD8+ T cells against HTLV-1-infected CD4+ T cells. Again, our observation that only IgG from HAM/TSP patients could induce the augment of IFN-γ in CD8+ T cells corroborates with the suggested mechanism for disease development. It is interesting to highlight that it was described an association between the IFN-γ gene polymorphism and the plasma levels of this cytokine in HTLV-1-infected individuals indicating an IFN-γ-mediated response in a shorter timeframe as a trigger to HTLV-1-related symptoms (42). Transposing our findings to in vivo conditions, the IgG antibodies may collaborate, triggering an IFN-γ-mediated response and HTLV-1-related symptoms and favoring HAM/TSP development, an aspect that needs further elucidation.

Of note, our results also indicated that IgG from HAM/TSP patients could induce a higher frequency of IL-17-producing CD4+ T cells (Th17) without influencing the production of this cytokine in all other evaluated populations. This evidence corroborates with the literature that demonstrated increased plasma levels of IL-17 in HAM/TSP patients (30) since Th17 cells are the major IL-17 producers in peripheral blood. Additionally, it was demonstrated that the IL-17 production observed in HAM/TSP patients is not directly associated with the genetic background of the infected individuals since it was described the lack of association between the polymorphism in the IL-17 gene and the development of HAM/TSP (43). This evidence corroborates with a possible role of IgG in regulating the production of IL-17 against HTLV-1 infection and modulating HAM/TSP development. However, it is essential to highlight that the pivotal role of Th17 cells demonstrated in another central nervous system disease, multiple sclerosis, is not established in HAM/TSP (44), demanding more investigations on this topic.

When evaluating the production of IL-4 in response to pooled IgG, we could observe that IgG from ATLL and HAM/TSP patients inhibits the production of IL-4 by its primary source, the CD4+ T cells. This observation was significant since it was described that IL-4 could induce leukemic cell proliferation in vitro (45, 46) and that ATLL patients have a high expression of the IL-4 receptor (IL-4R) on the surface of leukemic cells from acute ATLL patients (47). Linking those pieces of evidence to our findings, the IgG repertoire induced in ATLL patients may play a protective role by mediating a negative regulation of IL-4 production that may negatively impact the proliferation of leukemic cells. Otherwise, some studies that evaluated the peripheral levels of IL-4 in HTLV-1-infected individuals did not demonstrate an association with HAM/TSP development (30, 48), suggesting that the observed IgG effect on IL-4 production may not play a substantial role in HAM/TSP pathogenesis.

We also evaluated the production of IL-10, and we could observe that IgG from asymptomatic carriers could induce augmented levels of IL-10-producing CD4+ T cells. The high levels of CD4+ T cells producing IL-10 were described in asymptomatic carriers as a possible immunoregulatory mechanism that guarantees their asymptomatic clinical status (49), and IL-10 blockage in ATLL patients collaborates with leukemia-initiating cell eradication (32). It was also demonstrated that HAM/TSP patients treated with pentoxifylline upregulate the production of IL-10, which may account for clinical improvement (50). Therefore, the IL-10 production induced in CD4+ T cells by IgG from asymptomatic carriers may collaborate with a clinical control of the disease or infection control on patients submitted to therapeutic protocols. This observation is also essential because IL-10 production is unrelated to the genetic polymorph (50), increasing the possible importance of controlling IL-10 production mediated by IgG antibodies.

Since 1990, much has been discussed about the relationship between genotypes and HTLV-1 disease progression (51). Until recent years many polymorphisms had been described as related to the progression of HTLV-1infection including human leucocyte antigen (HLA) genes (52), the immunoregulation-related gene FOXP3 (53), the vascular endothelial growth factor (VEGF) gene (54), Tax-responsive elements (TRE) gene (55), Mannose-binding lectin-associated serine protease 2 (MASP2) gene (56) and others that could be related to the pro-viral load control or development of clinical manifestations including HAM/TSP. In our in vitro model, the ACs, HAM/TSP, and ATLL patients donated only IgG antibodies, indicating that genetic factors related to any molecules other than the genes related to donnor’s IgG production could not influence the observed results. Furthermore, all PBMC samples used in our study were submitted to all culture conditions mitigating the genetic variations background between conditions and at the cellular level.

The culture protocol used in the present study allows the evaluation of the IgG repertoire effect without multiple genetic influences but had a significant limitation because we did not evaluate individual genetic aspects of the PBMC donors (ethnic origin and others), which we intend to evaluate in future studies. Although, our results indicate that the IgG repertoire may, at some point, influence the cellular immune response profile in biomarkers that can influence HTLV-I pathogenesis. This aspect was scarcely discussed in the literature, but it was demonstrated 20 years ago that IgG isolated from HAM/TSP patients could recognize the human heterogeneous nuclear ribonuclear protein-A1 (hnRNP-A1). This molecule could be listed as a target molecule mediating HAM/TSP development (57). In the same year, it was proposed that HTLV-I-specific IgG crossreaction with human conserved molecules could represent a pathological mechanism for HAM/TSP induction in HTLV-I-infected individuals (58). Unfortunately, after this suggestion, we did not find studies that could relate the production of IgG antibodies and the pathogenesis of individuals infected by HTLV-I, to the point that we have found a recent review article that no longer mention the production of antibodies as a participant in the development of HAM/TSP (59).

In conclusion, our observations could demonstrate that different populations of peripheral T (CD4+, CD8+, and γδ) and B cells can differentially produce IFN-γ, IL-4 IL-10, and IL-17 according to the repertoire of IgG produced by each group of HTLV-1-infected individuals (AC, HAM, and ATLL), what may collaborate on framing the control or development of disease. These observations open a new field of investigation that may collaborate with elucidating HTLV-1 infection pathogenesis.
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